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european space agency 

The European Space Agency was formed out of, and 
took over the rights and obligations of, the two earlier 
European Space Organisations: the European Space 
Research Organisatiori (ESRO) and the European 
Organisation for the Development and Construction of 
Space Vehicle Launchers (ELDO). The Member States 
are Austria, Belgium, Denmark, France, Germany, 
Ireland, Italy, Netherlands, Norway, Spain, Sweden, 
Switzerland and the United Kingdom. Finland is an 
Associate Member of the Agency. Canada is a 
Cooperating State. 

In the words of the Convention: The purpose of the Agen
cy shall be to provide for and to promote, for exclusively 
peaceful purposes, co-operation among European 
States in space research and technology and their space 
applications, with a view to their being used for scientific 
purposes and for operational space applications 
systems. 

(a) by elaborating and implementing a long-term Euro
pean space policy, by recommending space objec
tives to the Member States, and by concerting the 
policies of the Member States with respect to other 
national and international organisations and in
stitutions; 

(b) by elaborating and implementing activities and pro
grammes in the space field; 

(c) by co-ordinating the European space programme 
and national programmes, and by integrating the lat
ter progressively and as completely as possible into 
the European space programme, in particular as 
regards the development of applications satellites; 

(d) by elaborating and implementing the industrial 
policy appropriate to its programme and by recom
mending a coherent industrial policy to the Member 
States. 

The Agency is directed by a Council composed of 
representatives of Member States. The Director General 
is the chief executive of the Agency and its legal 
representative. 

The Directorate of the Agency consists of the Director 
General; the Inspector General; the Director of Scientific 
Programmes; the Director of the Earth Observation and 
Microgravity Programme; the Director of the Telecom
munications Programme; the Director of Space Transpor
tation Systems; the Director of the Space Station and 
Platforms Programme; the Director of ESTEC; the Direc
tor of Operations and the Director of Administration. 

The ESA HEADQUARTERS are in Paris. 

The major establishments of ESA are: 

THE EUROPEAN SPACE RESEARCH AND 
TECHNOLOGY CENTRE (ESTEC), Noordwijk, 
Netherlands. 

THE EUROPEAN SPACE OPERATIONS CENTRE 
(ESOC), Darmstadt, Germany 

ESRIN , Frascati, Italy. 

Chairman of the Council : Mr H. Grage. 

Director General: Prof. R. LOst. 

agence spatiale europeenne 

L'Agence Spatiale Europeenne est issue des deux 
Organisations spatia/es europeennes qui I'ont precedee 
- I'Organisation europeenne de recherches spatiales 
(CERS) et I'Organisation europeenne pour la mise au 
point et la construction de lanceurs d'engins spatiaux 
(CECLES) - dont el/e a repris les droits et obligations. 
Les Etats membres en sont: I'AI/emagne, I'Autriche, la 
8elgique, le Danemark, I'Espagne, la France, I'lrlande, 
/'/talie, la Norvege, les Pays-8as, le Royaume-Uni, la 
Suede et la Suisse. La Finlande est membre associe de 
I'Agence. Le Canada beneficie d 'un statut d 'Etat 
cooperant. 

Se/on les termes de la Convention: L'Agence a pour mis
sion d'assurer et de deve/opper, a des fins exclusivement 
pacifiques, la cooperation entre Etats europeens dans 
les domaines de la recherche et de la technologie 
spatiales et de leurs applications spatiales, en vue de 
leur utilisation a des fins scientifiques et pour des 
systemes spatiaux operationnels d'applications: 

(a) en elaborant et en mettant en oeuvre une politique 
spatia le europeenne a long terme, en recomman
dant aux Etats membres des objectifs en matiere 
spatia/e et en concertant les politiques des Etats 
membres a I'egard d 'autres organisations et institu
tions nation ales et internationa/es; 

(b) en elaborant et en mettant en oeuvre des activites et 
des programmes dans le domaine spatial; 

(c) en coordonnant le programme spatial europeen et 
les programmes nationaux, et en integrant ces der
niers progressivement et aussi completement que 
possible dans le programme spatial europeen, 
notamment en ce qui concerne le developpement 
de satellite d'applications. 

(d) en elaborant et en mettant en oeuvre la politique in
dustriel/e appropriee a son programme et en recom
mandant aux Etats membres une politique 
industriel/e coMrente. 

L'Agence est dirigee par un Conseil, compose de 
representants des Etats membres. Le Directeur general 
est le fonctionnaire executif superieur de l'Agence et la 
represente dans tous ses actes. 

Le Directoire de I'Agence est compose du Directeur 
general; de I'lnspecteur general; du Directeur des Pro
grammes scientifiques; du Directeur des Programmes 
d'Observation de la Terre et de Microgravite; du 
Directeur du Programme de Telecommunications; du 
Directeur des Systemes de Transport spatial; du 
Directeur du Programme Station spatia/e et Plates
formes; du Directeur de I'ESTEC, du Directeur des 
Operations et du Directeur de I'Administration. 

Le SIEGE de I'ESA est a Paris. 

Les principaux Etablissements de I'ESA sont: 

LE CENTRE EUROPEEN DE RECHERCHE ET DE 
TECHNOLOGIE SPATlALES (ESTEC), Noordwijk, 
Pays-8as. 

LE CENTRE EUROPEEN D'OPERATlONS SPATlALES 
(ESOC), Darmstadt, AI/emagne. 

ESRIN, Frascati, Italie 

President du Conseil: M H. Grage. 

Directeur general: Prof. R. LUst. 



no. 58 may 1989 

Editorial/Circulation Office 
ESA Publications Division 
clo ESTEC, Noordwijk, The Netherlands 

Publication Manager 
Bruce Battrick 

Editors 
Bruce Battrick, Duc Guyenne 

Assistant Editor 
Regina Sliwa 

Layout 
Carel Haakman 

Montage 
Keith Briddon 

Advertising 
Brigitte Kaldeich 

The ESA Bulletin is published by the 
European Space Agency. Individual articles 
may be reprinted provided that the credit line 
reads 'Reprinted from the ESA Bulletin' plus 
date of issue. Signed articles reprinted must 
bear the author's name. Advertisements are 
accepted in good faith : the Agency accepts 
no responsibility for their content or claims. 

Copyright © 1989 European Space Agency 
Printed in The Netherlands 
ISSN 0376-4265 

european space agency 
agence spatiale europeenne 

contents/sommai re 

25 Years of European Cooperation in Space 
- Celebratory Ceremony on 19 April 1989 

Foreword 
Prof R. Lust 

Address/Allocution 
Prime Minister Wilfried Martens 

European Cooperation in Industry 
Or P.G. Gyl/enhammar 

European Cooperation in Science 
Prof C. Rubbia 

European Cooperation in Space 
Prof R. Lust 

Address/Allocution 
Chancellor Helmut Kohl 

Address/Allocution 
President Franr;ois Mitterrand 

After-Dinner Speeches 
Or H. Riesenhuber 
Mr H. Grage 
Prof H. van de Hulst 

The Meteosat Programme 
R. Tessier 

The Large Telecommunications Satellite 'Olympus' 
J.H. Paul 

The Hipparcos Project 
M.A.c. Perryman & H. Hassan 

The Hubble Space Telescope 
p. Jakobsen & R.J. Laurance 

In Brief 

And 25 Years Ago 

7 

8 

12 

14 

17 

20 

24 

32 
34 
36 

45 

63 

77 

91 

102 

107 



• bulletin 58 

CHARGE SENSITIVE PREAMPLlFIER A250 

RUN SILENT - RUN FAST!!! 

700 ,----------------__ 

600 

s-
S 500 

UJ 
o 
:::> 

400 

I- 300 
--l 
a.. 
~ 200 

100 

90% 

10% 

tcr-- OUTPUT RISETIME = 3.8 ns 
(CD = OpF) 

1------------------
O~-r_-~~~~-_+-_+-_r-~ 

o 5 10 15 20 25 30 35 40 

TIME (ns) 

A NEW STATE-OF-THE-ART 

EXTERNAL FET 

FET CAN BE COOLED 

NOISE: < 100e-RMS (Room Temp.) 
< 20e-RMS (Cooled FET) 

rOWER: 19 mW typical 
SLEW RATE: > 475 V / J.I 5 

GAIN-BANDWIDTH 'T > 1.5 GHZ 



After Concorde and Ariane, 
we've set our 
sights a little higher. 

For 25 years, Aerospatiale 
has been a leader in 
supersonic transport and 
Europe's joint space effort. 

and communications 
technologies. 

Today, a new and 
compelling chapter in 
this odyssey has begun. 

One that signals the 
advent of Europe's own 
spaceplane and orbital 
stations. 
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From the Diamant 
rocket to Ariane (for which 
we are industrial architect), 
from Concorde to 
communications satellites, 
we've acquired a unique 
store of experience in space
related transportation 

But then, Aerospatiale has already been France's 
emissary to the high frontier for quite some time now. 
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aerospatiale. 
DIVISION SYSTEMES STRATEGIQUES ET SPATIAUX 

B.P. 96 - 78133 Les Mureaux Cedex - France 



l>rpuis 1975 Volvo 
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CELEBRATORY CEREMONY 
WEDNESDAY 19 APRIL 1989 

AT THE 
INTERNATIONAL CONFERENCE CENTRE 

19 AVENUE KLEBER, PARIS 



25-year jubilee celebration 

Foreword 

A Silver Jubilee Celebration is both a time to reflect and a time to look ahead. 
For those who have lived close to European space events for the past twenty
five years, it is also a moment to wonder at their rapidity and growth in so 
short a time. 

We have progressed from sounding rockets and small satellite payloads to the 
multiple launches of the heavy applications satellites of today; from the single
discipline satellite concepts to the wide-ranging plans for regularly manned 
space stations, and probes travelling far out into our solar system. Who can 
doubt that this will rank as one of the major scientific and technological 
achievements of this century. 

That all of this has been achieved through the united efforts of nations and 
cultures long-split by enmity and suspicion is sometimes forgotten , yet 
European space ventures have shown just how barriers can be lowered in 
pursuit of peaceful objectives. That political will , scientific curiosity, and 
industrial know-how can be harvested for the common good. 

This issue of the ESA Bulletin is made up of two elements. One contains the 
addresses given and speeches made by our distinguished guests at the 
Celebratory Jubilee Ceremony in Paris on 19 April 1989. The other consists of 
articles detailing the histories and development of four of the Agency's space 
projects with launches scheduled for this, the Agency's 25th year -
Operational Meteosat (already launched successfully) , Olympus, Hipparcos, 
and Space Telescope (Shuttle launch recently delayed until early 1990). 

This Bulletin is therefore both a reflection on the Agency's past achievements, 
and a glimpse into its immediate future. 

In this context, I would like to take this opportunity to thank all of those who 
have worked so hard in the last 25 years in the cooperative European space 
endeavour, and to wish them even greater success in the years to come. 

Prof. Reimar LOst 
Director General , ESA 
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Address 

Mr Wilfried Martens 
Prime Minister of Belgium 

It is already 25 years since the European 
Organisation for the Development and 
Construction of Space Vehicle Launchers 
(ELDO) and the European Space Research 
Organisation (ESRO) were set up; 25 years 
of making history together and developing a 
really coherent space policy for Europe. 

I am most honoured this evening to be able 
to mention some of the attributes of this 
extremely active European cooperative 
venture, and I do so with great pleasure. In 
going over some of the aspects of develop
ments in European space activities - which 
have not always been free of problems -
I was once again able to note the consist
ency of Belgian policy in this field and the 
key role played by various Belgian Ministers 
at what were often crucial points in these 
developments. 

Thus it was that, during the European Space 
Conference sessions held in Brussels in July 
1970 and December 1972, with the Belgian 
Minister Theo Lefevre as Chairman, the 
decision was taken to merge ELDO and 
ESRO and set up a single space organis
ation within which European space policy 
was to be formulated and carried out from 
then on. 

This decision was confirmed in 1973 at the 
next Ministerial Meeting, which was also held 
in Brussels, and was chaired on that occas
ion by the Belgian Minister Charles Hanin 
who, in September of the same year, was to 
sign the Spacelab Agreement between the 
United States and Europe on behalf of all the 
European countries. 

After a whole series of difficulties, it was 
again in Brussels, under the chairmanship of 
Belgium - represented this time by Minister 
Gaston Geens - that in April 1975 the 
Ministers approved the Draft Convention for 
the establishment of a European Space 
Agency. 

So three Belgian Ministers had the 
satisfaction, when chairing the Space 
Conference, of being responsible for three 
milestones essential to the setting up of our 
Space Agency and drawing up its first 
programme. 

There is no doubt that we owe today's 25th 
Anniversary celebrations to the success of 
those Ministerial Meetings. 



Allocution 

M Wilfried Martens 
Premier Ministre du Royaume de Belgique 

25 ans ! 25 ans deja nous separent de la 
creation de I'Organisation Europeenne pour 
le Oeveloppement de Lanceurs (ELOO) 
d'une part, et de l'Organisation Europeenne 
pour la Recherche Spatiale (ESRO) d'autre 
part. 

25 ans d'histoire commune, 25 ans pendant 
lesquels I'Europe a pu developper une 
veritable politique spatiale. 

Je suis tres honore de pouvoir, ce soir, etre 
le premier a evoquer quelques aspects de 
cette composante tres vivante de la 
cooperation europeenne. J'en suis egalement 
tres heureux car, en rassemblant ces 
quelques elements du developpement de 
l'Europe spatiale - developpement qui ne 
fut pas toujours sans problemes - j'ai pu, a 
cette occasion, constater une fois de plus la 
constance de la politique beige dans ce 
domaine et le role moteur joue par differents 
Ministres beiges a des moments souvent 
critiques de ce developpement. 

Ainsi, c'est lors de sessions de la Conference 
spatiale europeenne, tenues a Bruxelles en 
juillet 1970 et en decembre 1972, confe
rences que presidait le Ministre beige Theo 
Lefevre, que fut decidee la creation d'une 
organisation spatiale unique, formee par la 
fusion de I'ELOO et de I'ESRO, organisation 
au sein de laquelle la politique spatiale 
europeenne serait desormais elaboree et 
executee. 

Cette decision fut confirmee en 1973 lors de 
la reunion ministerielle suivante, egalement a 
Bruxelles et presidee par le Ministre beige 
Charles Hanin. Ce dernier devait signer, en 
septembre de la meme annee, et au nom de 
tous les pays europeens, I'accord entre les 
Etats-Unis et l'Europe sur Spacelab. 

Apres bien des difficultes, c'est toujours a 
Bruxelles et sous presidence beige, en 
I'occurrence celle du Ministre Gaston Geens, 

qu'en avril 1975 les Ministres approuvent le 
projet de Convention portant creation d'une 
Agence Spatiale Europeenne. 

Trois Ministres beiges ont ainsi eu la 
satisfaction, en leur qualite de President de 
la Conference spatiale, de planter trois jalons 
essentiels pour la creation de notre Agence 
spatiale et pour I'etablissement de son 
premier programme. 

C'est sans aucun doute grace notamment 
aux succes de ces reunions ministerielles 
que nous pouvons aujourd'hui celebrer ce 
25eme anniversaire. 

Ce soutien beige au programme spatial 
europeen dans les annees 1970, je suis 
d'ailleurs fier de dire qu'il ne s'est pas 
dementi dans les annees 80 lorsque, sur la 
base des succes obtenus, il s'est agi de 
definir et de concretiser les nouveaux 
objectifs d'une politique spatiale europeenne 
a long terme, politique visant a I'autonomie 
complete de l'Europe en matiere spatiale, y 
compris dans le domaine des vols 
habites. 

C'est ainsi que le Ministre Philippe Maystadt 
et ses successeurs, les Ministres Guy 
Verhofstadt et Hugo Schiltz ont, notamment 
lors des deux dernieres Conferences 
Ministerielles de Rome et de La Haye, et au 
nom du Gouvernement beige, non seulement 
approuve politiquement les programmes du 
nouveau plan a long terme mais, egalement, 
d~cide d'amplifier notre soutien budgetaire a 
ces programmes: avec une contribution 
moyenne de plus de 4,5%, sensiblement 
superieure a son PNB relatif au sein de 
I'Agence, la Belgique en sera le cinquieme 
contri buteu r. 

C'est a ce titre d'ailleurs que nous attachons 
un grand prix aux etablissements de I'ESA 
sur notre territoire: la station de Redu, dont 
on vient de celebrer le 20eme anniversaire, 

25-year jubilee celebration 
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I am also proud to be able to say that 
Belgium's support for the European space 
programme in the 1970s continued 
undiminished in the 1980s when, on the 
basis of the successes achieved, the time 
came to set and attain new objectives for a 
long-term European space policy, designed 
to make Europe fully autonomous in space 
activities, including crewed flights. 

At the last two Ministerial Meetings, in Rome 
and The Hague, Minister Philippe Maystadt 
and his successors, Ministers Guy 
Verhofstadt and Hugo Schiltz, representing 
the Belgian Government, continued on the 
course that led to political approval of the 
programmes in the new Long-Term Plan. In 
addition, we took the decision to increase 
our financial support for those programmes 
to an average of over 4.5%, considerably 
more than the rate would be if geared solely 
to GNP This makes Belgium the fifth largest 
contributor to the Agency. 

This is, moreover, why we set great store by 
the ESA Establishments on our territory, i.e. 
the Redu Station, whose 20th Anniversary 
has just been celebrated, and the future 
Hermes Pilot Training Centre outside 
Brussels. 

Why do we attach such importance to 
European space activities? The reasons are 
numerous: 

- from the political viewpoint, they have 
provided, and continue to provide, an 
example of and focal point for European 
cooperation , and are therefore important 
for Europe's rank and image in the World ; 

- from the technological and scientific 
viewpoints, they enable our firms and 
researchers to take part in developments 
that it would be difficult for anyone 
country to carry out on its own; 

- from the economic viewpoint, they enable 
Europe, and with it Belgium in particular, 
to be autonomous in exploiting the 
possibilities offered by space technology. 

And above all, we must not forget the 
growing interest being taken in the problems 
our planet is facing on a global scale -
space technology will certainly have a major 
role to play in providing us with the data 
and, by implication, the key to solving them. 

It is this combination of interests that leads 
me to conclude by saying that what can be 
achieved by space activities, and in 
particular by European cooperation in this 
field, is extremely important and justifies a 

considerable effort. I can assure you that 
Belgium is ready to play its part in this. 

I believe that the decisions taken in The 
Hague are a sign that the vast majority of 
European States share this view. 

It remains for me to express the hope that 
the intentions, which have been realised in 
the case of the 'infrastructure' programmes 
(Ariane-5, Hermes and Columbus), will like
wise be given expression in the corres
ponding 'user' programmes. These are the 
programmes that really justify the need for 
Europe to be autonomous, not only for its 
own requirements, but also for the services it 
can offer the World as a whole and the 
Developing Countries in particular. 



et le futur centre de formation des pilotes 
d'Hermes dans les environs de Bruxelies. 

Pourquoi accordons-nous une telie 
importance aux activites spatiales 
europeennes? Les raisons en sont multiples: 
- sur le plan politique, elies ont constitue et 

continuent Et constituer un exemple et un 
creuset de la cooperation europeenne et, 
en consequence, un element important de 
la place et de I'image de l'Europe dans le 
monde; 

- sur les plans technologiques et 
scientifiques, elies permettent Et nos 
industriels et Et nos chercheurs de 
participer Et une evolution difficilement 
concevable sur le plan national ; 

- sur le plan economique, elies permettent 
Et l'Europe, et donc Et la Belgique en 
particulier, d'exploiter de fa<;on autonome, 
toutes les possibilites offertes par les 
techniques spatiales. 

Et n'oublions surtout pas I'interet croissant 
pour les problemes globaux de notre 
planete: les techniques spatiales 
contribueront certainement tres largement Et 
nous en fournir les donnees et donc les 
elements de leur solution. 

C'est cette combinaison d'interets qui me 
permet de dire - et ce sera ma conclusion 
- que les enjeux des activites spatiales, et, 
en particulier, de la cooperation europeenne 
dans ce domaine, sont extremement 

TO PREPARE FOR 
THE 21 ST CENTURY 
2S YEARS OF EUROPEAN 
COOPERATION IN SPACE 

2S ANS DE COOPERATION 
SPAT~LEEUROPEENNE 
POUR PREPARER 
LE 21 EME S IECLE 

importants et justifient un effort considerable 
auquel, pour ma part, je peux vous assurer 
que la Belgique est prete Et participer. 

Les decisions prises Et La Haye m'indiquent 
que la tres grande majorite des Etats 
europeens partagent ce point de vue. 

lime reste Et souhaiter que les volontes 
exprimees et concretisees pour les 
programmes dits 'd'i nfrastructu re' (Ariane-5, 
Hermes et Columbus) se concretisent de la 
meme maniere pour les programmes dits 
'utilisateurs' de cette infrastructure. Ce sont 
ces derniers, en effet, qui justifient en realite 
la necessite de I'autonomie europeenne, non 
seulement pour ses besoins propres mais 
egalement pour les services qu'elie peut offrir 
Et la communaute mondiale et, en particulier, 
aux pays en voie de developpement. 

25-year jubilee celebration 
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European Cooperation in Industry 

Dr Pehr G. Gyllenhammar 
Chief Executive Officer, Valva, Sweden 

It is perfectly possible to convey the 
important industrial impact and future 
potential of the European Space Agency's 
programmes, but such a message may not 
be adequate in itself. Initiatives and 
programmes such as those of ESA, CERN 
and EUREKA have come to symbolise 
European cooperation at its very best. 

Perhaps I can explain better with reference 
to Jean Monnet and a gearbox - yes a 
gearbox! 

At the recent ceremonial in Paris for the 
centennial of the birth of Jean Monnet, 
President Mitterrand spoke of Europe's need 
to offer great examples, such as Monsieur 
Monnet, to its youth . Europe is not lacking in 
great examples, but perhaps we in industry 
do not fully recognise the need to offer such 
great examples. We have one in the 
European Space Agency, and particularly in 
the Ariane Programme. 

All of us present today will remember 
10 September 1982. In the early hours of 
that day, what the press called 'a somewhat 
unorthodox European gearbox' became 
internationally famous (eventually featuring in 
lead articles in the Financial Times, Le 
Monde and Newsweek). When it became 
famous - or rather infamous - this gearbox 
was in an unusual place, working hard. It 
was 200 km up in the air, travelling at 
25000 km/h and running a turbopump 
which was turning at 61 000 rpm to power 
liquid hydrogen and oxygen into the third 
stage of an Ariane rocket on its first 
operational flight. Then came the malfunction 
involving the gearbox - just 14 minutes after 
lift-off, the Ariane rocket and its two-satellite 
payload fell into the ocean. 

1982 was a bad year for Europe as a whole. 
The Ariane failure seemed to capture and 
summarise what was called 'Europessimism'. 
As preparations got under way for the next 

(June 1983) Ariane launch, Newsweek 
magazine commented ' ... the Ariane project 
has come to symbolise the promise - and 
problems - of European cooperation in high 
technology. Should Ariane's June test go 
wrong, it would signal not only the flameout 
of another joint European venture, but the 
failure of Europe's technology to reach the 
heights'. Europe's and ESA's competitors 
were watching and waiting for June 1983 
- probably with some unavoidable element 
of schadenfreude. 

The critical June 1983 Ariane flight was a 
success, and since then the programme has 
gone from strength to strength . Ariane now 
claims almost half the global market for 
commercial satellite launches, making it a 
World leader in this segment. 

The total space segment of the European 
aerospace industry is admittedly small -
currently worth around 2.5 billion ECUs of 
output, or nearly 6% of the total European 
aerospace business. But its growth rate has 
been impressive - around 20% per annum 
in real terms in the 1980s, to date. And we 
are set for a significant further expansion in 
the 1990s with the new ESA budgets for the 
Ariane Programme and projects such as 
Hermes and Columbus. 

Nonetheless, despite the new funding, we 
still have something of a 'David and Goliath' 
situation when we compare European space 
activities with those of the US or the USSR. 
Funding for non-military programmes under 
NASA auspices in the USA, for example, is 
running at about 10 billion ECUs per annum, 
whereas ESA's budget is projected to rise to 
around 3 billion ECUs a year by the 
mid-1990s. Hence even if we add other 
European national funding for civil space 
programmes to the ESA budget figure, we 
still fall far short of the NASA financial effort. 
In fact, the total 1988 budget for US space 
activities, military and commercial, was 



30 billion ECUs, or more than ten times our 
joint efforts. 

This David and Goliath situation is worrying 
because of the strategic technological and 
industrial importance of the space business 
(which can be described as 'leading edge' 
or 'spearhead'). The space business can 
both pull and push industrial development 
elsewhere. Space activities provide an 
important outlet for many industries -
telecommunications, computers, electronics, 
chemical combustion motors, scientific 
instruments - and are a source of much 
innovation. Rigorous disciplines in quality 
control do widen participating companies' 
knowledge and improve their competitive
ness elsewhere. International consortium 
programmes provide invaluable, rewarding 
challenge and stimulus for engineers. This 
we know from experience. 

From another standpoint, the principle of 
giving all European governments the 
opportunity of membership of ESA is of great 
importance for smaller countries such as 
Sweden. The high competence in certain 
fields that some of the smaller European 
countries possess can only be fully applied, 
exploited and further developed in 
partnership programmes. 

When we hear the frequent question 'Does 
European cooperation work?', we can now 
answer in three words: 'European Space 
Agency '. We have an incontestable success 
on our hands, which makes this 25th 
Anniversary of ESA such a pleasure and a 
privilege to attend. But we have to spread 
the good news as part of our efforts to 
capitalise on success; to bring more success. 

Opinion leaders and formers face a major 
challenge in the 1990s; this is the challenge 
of securing economic growth and environ
mental protection. All of us here today 
understand the potential of the space 
business in terms of economic progress and 
environmental protection programmes. 
Perhaps this could be one of the many 
examples we need to offer? 

On the much wider subject of European 
integration and cooperation, ESA can lay 
claim to be a practical example of what 
Europe means by 'successful variable 
geometry'. It can also represent a 
specification for those so-often ill-defined 
knowledge- and skill-intensive industries of 
the future. If we can get European public 
opinion to appreciate what is at stake in the 
space programme, we will be in a better 

position to give our 'David' some extra 
resources for future meetings with the 
'Goliaths', which could well include Japan 
and China. 

I began my address by mentioning Jean 
Monnet - and a gearbox! Some, if not all of 
you must have wondered what flight of the 
imagination could possibly link the two. It 
was certainly not an Anglo-Saxon reference 
to the multiple meaning of I'engrenage! The 
story of what drove Monsieur Monnet must 
be told to Europeans, particularly young 
Europeans. The story of what drove the 
Ariane Programme after the gearbox incident 
must also be told. We need the examples. 
And we need not just the stories of the past, 
but also those of the future. 

It is said that Monsieur Monnet sometimes 
quoted his American friend, Dwight Morrow, 
who told him that there were two types of 
people in this World - those who want to be 
someone, and those who want to do some
thing . In fact, there is a third type - those 
who want to do something, go on to do it, 
and as a result become someone. Monsieur 
Monnet and all the people involved in the 
European Space Agency's achievements are 
examples of the 'third type'. 

25-year jubilee celebration 
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European Cooperation in Science 
- CERN: A Seedbed of Ideas for the Construction of 
Europe 

Prof. Carlo Rubbia 
Director General, CERN, Geneva 

The 25th Anniversary of the European 
Space Agency is an occasion of very great 
significance for our family of European 
scientific organisations. CERN, which was 
founded in 1954, is the oldest member of 
this family. It is, therefore, in the guise of 
elder brother, if I may put it that way, that I 
have the honour of addressing you today. 

When discussing international cooperation in 
the field of science, there is always a danger 
of lapsing into platitudes. Science is nothing 
if it is not international. When human reason 
is rewarded for its efforts by the discovery 
that the Earth is round, or that the Universe 
is 15 billion years old, or that matter is made 
up of quarks and leptons, such truths 
become firmly rooted, irreversible, 
inalienable, and enter into the common stock 
of property, so to speak, owned by the 
whole of humanity. This self-evident fact has 
always spurred 'men of science' to 
cooperate across national frontiers. From the 
birth - in Europe, let us not forget - of 
modern science, from the days of Galileo, 
Descartes or Newton, the free exchange of 
ideas was always the natural way, and the 
only organisations necessary then were the 
embryonic Academies. Subsequently, when 
the nation states developed in 19th-century 
Europe, scientists' natural propensity to 
share knowledge was restricted, although 
never totally suppressed. It was not to be 
until our Continent had been devastated by 
two World Wars that the humanistic value of 
a fresh approach to international scientific 
cooperation gained currency. 

The creation, starting in the 1950s, of the 
leading international scientific organisations 
in Europe, stemmed from the confluence of 
two currents: 
(i) the desire to take action, to enable the 

people of Europe to recover from the 
devastation of war, by engaging in 
peaceful endeavours that would 
restore an essential part of their 

heritage and their contribution to World 
civilisation; 

(ii) the very nature of the development of 
certain sciences, demanding 
instruments and resources that were 
increasingly beyond the range of 
individual countries. 

To get a better understanding of how this 
came about, let us look briefly at the 
circumstances, almost 40 years ago, that led 
to the birth of CERN. In telling you about 
this, I shall be following the time-honoured 
practice of elder brothers, who talk about 
practically nothing but themselves, when 
they are supposed to be wishing their 
siblings a happy birthday! 

It was in 1950, at a Unesco meeting in 
Florence, that a distinguished American 
physicist, Isidore Rabi , was struck by the 
contrast between the enormous intellectual 
and scientific potential latent in the countries 
of Europe, and the fact that none of these 
countries, laid waste by war, would ever 
again be able, on its own, to afford the 
increasingly costly facilities needed to 
conduct research on the structure of matter. 
He saw this as a threat to the future of World 
science - and for American science itself, 
which would go into decline, if there was 
no-one else in the field and it had to carry 
on this research alone. So, he persuaded the 
United States' delegation to back a draft 
resolution calling upon the European 
countries to pool their resources in order to 
create a research establishment with the 
necessary facilities. 

This resolution came at a time when, not 
only in scientific circles, Europe was looking 
out for joint projects. Less than three years 
later a Convention was signed by twelve 
European countries. This was brought about 
by the efforts of a small number of 
individuals, two of whom were Pierre Auger 
from France and Edoardo Amaldi from Italy. 



Remarkably enough, both these men also 
had a hand in the developments leading up 
to the foundation of the European Space 
Agency. Edoardo Amaldi had been an 
advocate of European cooperation in space 
back in the 1950s, while Pierre Auger, as 
you know, was Director General of ESRO, 
one of ESA's immediate forebears. 

Our mission, as you will be aware, is 
research into the ultimate constituents of 
matter and their interactions. This calls for a 
powerful array of equipment. Particle 
accelerators are to us what telescopes and 
space probes are to astronomers. We are 
penetrating smaller and smaller distances, 
and that, according to the Heisenberg 
uncertainty principle, necessitates particles 
with more and more energy. Not content 
with probing space, however, we are also 
travell ing back in time! With collisions of very 
high-energy particles, it is possible to create 
forms of very unstable matter that have not 
been present in the Universe since the very 
earliest instants of its existence, 15 billion 
years ago. This is another respect in which 
parallels can be drawn between our 
concerns and those of astronomers. 

Today, Europe's physicists have largely 
fulfilled the most ambitious hopes of those 
visionaries of the 1950s. CERN now has a 
whole series of accelerators for the various 
stages of the particle acceleration process. 
This summer we hope to bring into service 
the biggest of the lot, the LEP, an 
accelerator ring 27 km in circumference, 
which will coll ide electrons and positrons. 
There is, therefore, an analogy of sorts 
between the accelerators at CERN and the 
vehicles used to launch satellites into space, 
in which acceleration of the payload is 
achieved by means of a series of stages. 

Fourteen countries participate in the CERN 
programme: ten EEC countries and four 
others - Switzerland , Austria, Sweden and 
Norway. They contribute to the budget in 
proportion to their GNP. The four largest 
contributors, in order, are the Federal 
Republic of Germany, France, Italy and 
Great Britain. The funding arrangements are 
different, as you know, but it is interesting to 
note the almost exact match between ESA's 
membership and CERN 's (Portugal is a 
Member State of CERN only, and Ireland of 
ESA only). 

One of CERN 's original features is that, 
although the majority of its researchers are 
scientists trained at institutes and universities 
in its Member States, some of them received 

their training in other countries. It has about 
5000 users, over 20% of them from 
countries outside Western Europe. CERN 
has become a research establishment of 
importance, not only in Europe, but 
throughout the World. 

European physicists have now 
progressed far beyond the stage of being 
the acceptable talking partners that their 
American godfathers of the 1950s saw them 
to be! 

There are currently more young American 
physicists coming to Europe for training than 
Europeans going to the United States. The 
contrast with the post-war period could not 
be more marked. Pierre Auger, whose 90th 
birthday we were celebrating the other day, 
recalled the concern of the more far-sighted 
Europeans in the 1950s to stem the brain 
drain. Thanks to CERN, ESA and many 
others, that aim has been largely achieved 
and Europeans can now look to the future 
with confidence. 

It is interesting to note that it took a certain 
amount of time before this became true. The 
first two decades were a period of renais
sance in European science. Europeans 
regained some confidence in themselves 
and the respect - a little condescending on 
occasion - of their American colleagues. 
That was a normal progression, and I don't 
doubt that your experience has been similar. 

Nevertheless, material achievements are not 
enough to bring real worldwide pre
eminence: there also has to be the courage 
to pursue innovative ideas. CERN owes its 
success of the 1980s first and foremost to 
the fact that we in Europe plumped for a 
new and extremely bold technical option 
when we went in for colliders, whereas the 
Americans and Soviets had, historically, 
distinguished themselves in the tradition of 
fixed-target machines. As a result, Europe 
had the basis on which to meet the 
challenges of the early 1980s, when it 
became clear that the key to our theoretical 
understanding of matter was an amount of 
energy available to create particles that was 
greater by an order of magnitude than what 
could be achieved with a fixed-target 
machine. 

As has been known in principle for years, 
what has to be done is to bring about a 
frontal collision between two moving 
particles, so as to recover all the energy 
released by the collision. When it came to 
the technology, however, the challenges were 
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enormous, chiefly because beams of 
particles are much less dense media than 
solid targets. Solutions were tested in Europe: 
in Italy and France with electron-positron 
rings back in the 1960s, and at CERN in 
1970, with the construction of ISR proton
proton storage rings. 

Without going into details here, I would say 
that the investment put into construction of 
the LEP is going to keep alive Europe's 
chances of retaining its worldwide 
competitiveness if it now undertakes 
expenditure on a far more modest scale. The 
LEP is an evolutive machine, and we are 
hoping to be able to install a second ring of 
superconducting magnets in the tunnel, 
towards the middle of the next decade, so as 
to be able to investigate the same physical 
phenomena as the SSC (US Super
conducting Super Collider) years in advance 
of the United States and at a quarter or a 
fifth of the cost and, here again, it is our 
much more advanced technology that makes 
the difference. 

I am struck by the analogy between the 
situation in our field and in European space 
activities, the achievements of which we are 
celebrating today. Back in the 1970s, the 
Cos-B satellite demonstrated the possibilities 
opened up by observation of high-energy 
gamma rays, both for very bright sources 
and for diffuse interstellar matter. Cos-B 
supplied about ten times as much data as its 
American predecessor, SAS-2. We can 
compare this with the valuable high-precision 
work done with our SPS, which consolidated 
and lent additional depth to the work on 
muon and neutrino beams that had started 
in the United States and (like Cos-B) laid the 
foundations for future successes. I note that 
the Americans did not believe in the Giotto 
programme and took no part in the study of 
Halley's Comet. This perhaps takes on its full 
significance when seen in the context of the 
European programmes now being 
prepared. 

Europe is currently working on ISO, which 
will be the biggest infrared space observ
atory ever launched, and Hipparcos, the only 
astrometric satellite. These projects seem to 
me to share the same spirit of innovation as 
our collider physics. 

When CERN was created in the 1950s, many 
people were sceptical about the ability of 
scientific teams drawn from countries with 
different languages and customs to interact 
and work together. 

CERN was a pathfinder in that regard, 
setting an example which demonstrated that 
cultural diversity could be a fertile asset 
when used to good effect in a joint project. 
Nowadays, the point hardly seems worth 
making, when so many other European 
cooperative ventures in science and industry, 
foremost among them the aerospace 
industry, have been operating successfully. 
My impression is that we in our field, and 
you in space physics, have shown the way, 
and I believe that the spread of this kind of 
cooperation, in all areas where it is 
warranted by the scale of projects, will help 
to shape a European profile and to gather 
together the talents that will bring success. 

Clearly, the idea of creating CERN won 
acceptance so quickly in the 1950s because 
there was a more general desire among 
Europeans to build something that would 
cement the reconciliation of our peoples 
following the war. That is no longer so much 
of a factor now that Europe is perceived as a 
tangible presence in so many fields. But let 
us not forget the division of Europe at Yalta. 
As matters stand today, all the signs are that 
the status quo might not be all that 
permanent. In my opinion, there could be 
another instance of a coming together of 
scientists heralding a more general political 
coming together. 

The time has come to conclude. ESA today 
is in an even better position than CERN was 
ten years ago when it celebrated its 25th 
Anniversary. The instruments available to 
European scientists then gave them the 
status of respected colleagues, with the 
prospect of better things to come in the near 
future. 

Director General, your Agency has an 
ambitious programme ahead. With Columbus 
and the Hermes spaceplane, it is going to 
give Europe the means to operate in all 
areas of space activity. With the creative 
dynamism of the Continent's 350 million 
people, there will be no limits tq what you 
can achieve. On behalf of our Organisation 
and all its Members, may I congratulate you, 
Director General, on all the magnificent 
accomplishments of these 25 years and wish 
you every possible success for the period 
you are now embarking upon. 
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European Cooperation in Space 

Prof. Reimar Liist 
Director General, ESA 

A quarter of a century is a rather short time 
compared with the scope of the historical 
events being celebrated in France this year. 
However, 25 years of successful European 
cooperation do mark an important milestone, 
since we are still at the beginning of the 
formation of a unified Europe. 

25 years is a time span the early days of 
which are still in the memories of quite a 
number of those present today. For me, 
these rooms bring back vivid memories of 
23 March 1964, when I attended the first 
meeting of the Council of the European 
Space Research Organisation (ESRO). 
That was the formal beginning of Europe in 
space. 

Those of us who had taken part in the 
preliminary work, in my case as Scientific 
Director from 1962, knew that those would 
be exciting times. Science was once more on 
the move, quietly overcoming cultural and 
linguistic barriers, as it sought further 
knowledge on the Earth , the Sun, the 
Planets, and the entire Universe. 

The placing of instruments in orbit beyond 
the inhibiting effects of the Earth's 
atmosphere must rank as one of the most 
significant advances in the history of science; 
and Europe was determined that its long 
tradition of scientific discovery should 
continue in this field . 

Certainly, it was not all smooth sailing: we 
were young and full of enthusiasm and 
imagination, rather than experienced in the 
organisation and administration of such an 
international venture. Few, if any, of the 
proponents of a joint European venture could 
have predicted the number of successes in 
just 25 years. We faced scepticism, even 
from well-known scientists, but perhaps that 
only spurred us on. 

The collaborative spirit of the scientists all 
over Europe was backed by the skill and 
hard work of the engineers and technicians 
in the new technical centres of ESRo. We 
were also fortunate in that our governments 
listened to the scientists, and accepted that 
science should prevail over political 
considerations in the choice of the first 
European space activities. 

While it would be going too far to say that 
the governments have always taken our 
advice, it is true that - whatever their 
political persuasion - they have seen the 
advantages of a joint European effort in 
space, culminating in the political will to 
announce, as a future objective, European 
autonomy in space. 

17 



• bulletin 58 

18 

These 25 years of European cooperation in 
space were started by two organisations -
the European Space Research Organisation, 
ESRO, and the European Launcher Develop
ment Organisation, ELDO, and have been 
continued by ESA from 1975. We might ask: 
What advantages have they brought to 
Europe, to its people, its governments and its 
industries? 

(i) It has been successfully demonstrated 
that a European community in science 
does exist and many new and 
fascinating scientific results have been 
obtained, for example with the Giotto 
spacecraft, named after the Italian 
14th-century painter Giotto di Bondone. 
Thanks to Giotto, European scientists 
obtained the first picture of the nucleus 
of a comet, Comet Halley, the tail of 
which has been observed by man for 
more than 2000 years, at intervals of 
76 years each time Halley approaches 
the sun. 

In addition to the important scientific 
results, these scientific missions paved 
the way for many fields of applications. 
Communication via satellite is now taken 
for granted - operated by Eutelsat, the 
European organisation for space 
telecommunications - due mainly to the 
pioneering wor,k by ESA. Furthermore, 
one should not forget the reliable 
telephone communications with ships on 
the high seas, which have been 
established using ESA's two Marecs 
satellites, leased for operation to the 
international maritime organisation 
Inmarsat. 

The European meteorology satellites 
merely marked the beginning of Earth 
observation and monitoring of our 
environment from space. After all, every 
one of us is already used to seeing 
satellite images of Europe daily in our 
television weather forecasts. The four 
Meteosat spacecraft that deliver these 
photographs were developed and built 
by ESA. and are now operated by the 
European meteorological organisation 
Eumetsat. 

We are becoming increasingly aware 
that our planet is facing severe 
environmental problems. Climatic 
changes and pollution are a threat to 
everybody, not only here in Europe but 
around the World. Since these are 
global problems, they need to be 
studied and solved with the help of 

global data sets, for which observation 
from space is essential. Satellite data 
can thus assist governments in making 
the necessary, and hopefully the right, 
decisions. 

(ii) So much for the direct impact of 
European cooperation in space. Beyond 
this, ESA and its predecessors have 
demonstrated that European industry 
and European engineers can work 
together effectively in the field of high 
technology. 

One demonstration of this is the 25 
satellites - 14 scientific and 11 
applications spacecraft - that have 
been developed by ESA and 
constructed by European industry: they 
have all worked according to 
specification, most of them for much 
longer than their original design 
lifetimes. 

Another demonstration of what can be 
achieved jointly in Europe is the Ariane 
launcher. In the course of the last 20 
months, it has successfully put 19 
satellites into orbit. Marketing and sale of 
the Ariane launchers was commercial
ised quite some time ago. 

25 years of cooperation in space have 
made the common European market, at 
least in the space sector, a reality for 
several years already. This has certainly 
contributed quite a lot to the present 
competence and scope of European 
industry. 

(iii) European cooperation in space has not 
only proved our ability to collaborate in 
science, in space applications, and in 
the development of new technologies, it 
has also demonstrated the existence, in 
spite of the different national interests, of 
a common political will in Europe. The 
decision by the Ministerial Council in 
The Hague establishing our Long.:rerm 
Plan leads us into the next century. 
According to this Plan, space will be 
used for the benefit of the people of 
Europe. Europe can and must become 
autonomous in space in all fields, 
including the possibility of sending man 
into space whenever it is necessary or 
useful. 

For Europe, autonomy means becoming 
a competitive partner for wider 
international cooperation. The Space 
Station, which ESA will jointly construct 



with the United States, Canada and 
Japan, is only one example of such 
broad international cooperation. We are 
also looking forward to much wider 
cooperation with the Soviet Union in 
particular, and with all other space 
nations. 

Last but not least, we want to lend a 
hand to all the developing countries. 
Remote sensing of natural resources 
and teaching via satellite are good 
examples of space applications that 
could be of particular benefit to them. 

It gives me great pleasure to thank every
body who has contributed to these efforts in 
the course of the past 25 years: in particular 
the governments of Europe for their support 
and financing; European industry for its 
noble and precise work; Europe's scientists 
for their efficient collaboration; and last but 
not least all our present and former staff for 
their dedication and devotion to Europe in 
space. 

Let me finally get back to the subject of 
cooperation in Europe. During these 25 

years of close involvement, I have often been 
reminded of a statement by Robert Schuman 
who, at the beginning of the fifties, together 
with Jean Monnet, introduced the first plan 
for European cooperation. At the time he 
wrote: 'Europe will not be achieved 
overnight, and not all at once. It will 
gradually come to exist as a result of 
practical achievements which in the first 
instance give rise to real solidarity '. 

It remains to be judged by you , Europe's 
politicians, industrialists and scientists, 
whether we, ESA, have contributed to this 
goal or not. Of all our achievements, this one 
would certainly give us particular satisfaction. 

25-year jubilee celebration 

19 



• bulletin 58 

20 

Address 

Or Helmut Kohl 
Chancellor of the Federal Republic of Germany 

We are today celebrating the 25th 
Anniversary of European cooperation in 
space. Over the last 25 years, the European 
Space Agency has rendered outstanding 
services, both in the opening up of space 
and in organising Europe's contribution to 
that process. 

As a result of the Agency's efforts and 
achievements, Europe has now taken on a 
leading role in the drive towards a future in 
which space-related science and technology 
will play a decisive part. 

Thanks to ESA, Europe is well to the fore in 
many areas of space technology - for 
example, communications, meteorology and 
satellite launch systems. 

In its missions so far, European space 
research has also achieved major scientific 
breakthroughs at international level. 

On the basis of the impetus created by ESA's 
programmes, European space industry has 
achieved considerable maturity. It has made 
its mark on the World market in a number of 
areas and has qualified Europe for crewed 
space flight. 

European space industry is bringing into our 
national economies innovations and tech
nologies of such a high level as to guarantee 
that Europe will be able to maintain its 
position in the future and ensure its 
continued prosperity. 

But space is not only of scientific, tech
nological and industrial importance. It is also 
helping to unite Europe by means of joint, 
forward-looking ventures. 

The joint European conquest and utilisation 
of space also strengthens the European 
identity, and this makes ESA's activities a 
major factor in building Europe as a political 
entity. 

European unification is more than a matter of 
declarations. It must also prove itself in a 
field like space, which is so important for the 
future. 

The continuation of our successful coopera
tion with our American friends is part of this, 
but the future will also see increased 
cooperation with other partners. 

The decisions you took in 1987, to develop 



Allocution 

Or Helmut Kohl 
Chancelier de la Republique federale d'Allemagne 

Nous celebrons aujourd'hui le 25eme 
anniversaire du debut de la 
cooperation europeenne dans le domaine 
spatial. 

Au cours de ces 25 annees, I'Agence 
spatiale europeenne a fait progresser la 
conquete de I'espace, tout en assurant a 
l'Europe la place qui lui revient dans ce 
domaine. 

Ses efforts et ses succes ont permis a 
l'Europe de jouer desormais un role de 
premier plan au seuil d 'une ere nouvelle 
dans laquelle les sciences et les techniques 
utilisant des vehicules spatiaux auront une 
importance decisive. 

Grace a I'ESA, I'Europe occupe aujourd'hui 
une place de choix dans de nombreux 
secteurs de la technologie spatiale : je me 
contenterai de citer a ce propos les 
telecommunications, la meteorologie et les 
lanceurs de satellites. 

Avec les missions qu'elle a a son actif, la 
recherche spatiale europeenne a enregistre 
des succes scientifiques de tout premier 
plan, meme a I'echelle internationale. 

Les programmes de I'ESA ont stimule notre 
industrie spatiale europeenne, qui beneficie 
desormais d'un excellent niveau de maturite. 
Elle a pu ainsi s'imposer sur le marche 
mondial dans de nombreux domaines et est 
maintenant apte a s'engager dans des vols 
spatiaux habites. 

Cindustrie spatiale europeenne fait beneficier 
notre economie d'innovations et de 
technologies d~nt le niveau eleve offre a 
l'Europe la garantie de pouvoir preserver son 
rang et sa prosperite a I'avenir. 

Toutefois, I'espace n'a pas que des 
incidences scientifiques, technologiques et 
industrielles. 11 contribue egalement a assurer 

la cohesion de I'Europe par la poursuite 
d 'objectifs communs, orientes vers I 'avenir. 

La conquete et I'exploitation en commun de 
I'espace renforcent egalement I'identite 
europeenne. Les activites de I'ESA 
representent donc une contribution 
importante a la construction d'une Europe 
politique. 

Cunion europeenne ne se realise pas par 
des declarations, mais doit egalement se 
verifier dans un secteur porteur d'avenir, 
comme celui de I'espace. 

C'est dans cette optique que s'inscrit la 
poursuite de notre cooperation fructueuse 
avec nos amis americains. Nous serons 
egalement conduits a I'avenir a collaborer 
plus etroitement avec d'autres partenaires. 

La realisation d'une infrastructure spatiale 
europeenne autonome, que vous avez 
decide d'entreprendre en 1987, de meme 
que la participation de I'ESA au programe de 
la Station spatiale internationale temoignent 
de la volonte d'autonomie de I'Europe, qui 
est egalement prete a une cooperation a 
I'echelle transatlantique et mondiale. 

De ce fait , l'Europe apparaTt comme un 
partenaire interessant pour d'autres pays, 
notamment ceux du tiers-monde, mais aussi 
pour d'autres puissances spatiales, comme 
I'Union sovietique. 

Cespace ne joue pas seulement un role 
important pour notre avenir dans les 
domaines scientifique et technologique. 11 
conditionne egalement notre politique en 
matiere d'environnement, de communication 
et aussi de securite. 

La conquete de I'espace n'est pas pour 
l'Europe une question de puissance ou de 
prestige. Elle represente a nos yeux bien 
plus un defi a relever pour resoudre les 
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an autonomous European space infra
structure, and to participate in the 
international Space Station Programme, 
testify both to Europe's will to achieve 
autonomy and to its readiness for 
transatlantic and worldwide cooperation . 

Europe is becoming an attractive partner for 
other countries too, for example in the Third 
World, as well as for nations with a 
developed space capability, like the Soviet 
Union. 

The importance of space for our future is not 
only scientific and technological. It also has 
consequences for environmental and media 
policy, and indeed for security. 

For Europe, the conquest of space is more 
than a question of power and prestige. It is a 
challenge to solve the great problems of the 
Earth's future: the mastery of energy 
resources, exploration for new raw materials, 
and the conquest of poverty. 

In this endeavour, we shall also be striving to 
make a major contribution to achieving a 
stable peace. 

I should like to stress above all the 
importance of space technology in solving 
the ecological problems facing our planet. 

It is not enough to conjure up the spectre of 
the destruction of the environment. Action is 
needed and it is precisely modern tech
nologies such as space technology that will 
put us in the position to identify, monitor and 
solve environmental problems. 

Let me briefly mention the keywords 'climate' 
and 'ozone'. Here humanity is looking to 
space technology for a special contribution 
to the solution of the problem of how our 
Earth's limited resources can be used 
responsibly, in a way that does not damage 
the environment. 

The express reference in the ESA Convention 
to the exclusively peaceful purposes of your 
Agency sets clear limits on the choice of 
future activities. 

Nevertheless, we must not fail to recognise 
the importance of space in safeguarding 
peace. For example, European observation 
satellites could enable us, in the future, to 
monitor compliance with arms control 
agreements using our own resources. 

In the coming years too, the European 
space endeavour has major tasks before it. 

We must, above all , think in terms of the 
future, but without losing sight of what is 
realistic. 

I am confident that, thanks to your efforts, 
Europe will continue to play a leading role in 
a future in which space technology will be a 
determining factor. 

In so doing, we shall be able to fulfil our 
duty to the younger generation to meet the 
challenge of progress, while at the same 
time maintaining the environment intact and 
safeguarding peace and freedom. 



problemes majeurs auxquels la planete devra 
faire face : protection de I'environnement, 
approvisionnement energetique, prospection 
de matieres premieres, lutte contre la 
pauvrete. 

Dans cette optique, notre intention est 
d'apporter une contribution essentielle au 
maintien de la paix. 

Je tiens tout particulierement a. souligner 
I'importance que revet la technologie spatiale 
dans la resolution des problemes ecolo
giques de notre planete. 

11 ne suffit pas de condamner la destruction 
de I'environnement. Nous devons agir et les 
technologies modernes, comme les 
techniques spatiales, nous offrent les moyens 
de mettre en evidence les problemes 
d'environnement, de les controler et de les 
resoudre. 

Je me contenterai a. ce propos de citer deux 
mots : climat et ozone. C'est dans ce 
contexte que I'humanite attend de la 
conquete spatiale qu'elie contribue 
notamment a. resoudre les problemes que 
pose une utilisation raisonnable des 
ressources limitees de notre planete, dans le 
respect de I'environnement. 

Les objectifs pacifiques de votre organisation, 
expressement consignes dans la Convention 

TO PREPARE FOR 
THE 21 ST CENTURY 
25 YEARS OF EUROPEAN 
COOPERATION IN SPACE 

25 ANS DE COOPERATION 
SPAT~LEEUROPEENNE 
POUR PREPARER 
LE 21 EME SIECLE 

de I'ESA, imposent des limites claires et 
precises pour le choix des activites futures. 

Nous ne devons toutefois pas meconnaTtre le 
role qui incombe a. I'espace pour garantir la 
paix. A titre d'exemple, des satellites 
d'observation europeens nous donneraient a. 
I'avenir la possibilite de verifier par nos 
propres moyens le respect des accords sur 
le controle des armements. 

LEurope spatiale aura encore d 'importantes 
missions a. remplir au cours des prochaines 
annees. II est necessaire, a. cet egard , de 
penser en termes de secteurs porteurs 
d'avenir tout en conservant a. I'esprit le sens 
des realites. 

Je fais confiance a. l'Europe pour continuer a. 
jouer, grace a. ses efforts, un role de premier 
plan dans la periode future ou I'espace est 
appele a. occuper une place de choix. 

Nous aurons ainsi assume nos 
responsabilites vis-a.-vis des jeunes 
generations en favorisant le progres et en 
preservant I'integrite de notre environnement 
et le maintien de la paix dans la liberte. 
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Address 

Mr Fran~ois Mitterrand 
President of the French Republic 

I am quite simply happy to celebrate with 
you this 25th Anniversary of the European 
Space Agency. 

What could be more symbolic and more 
encouraging than to celebrate the 
anniversary of a body whose statute was, 
from the outset, European, and whose 
success in meeting its aims in a highly 
competitive field has been even greater than 
hoped for. Thanks to your Agency, this 
Europe of ours has become a space power 
respected, and sometimes even feared, by its 
competitors. 

You will remember that in the wake of the 
second World War, European science had 
been drained of its life blood. Many 
European scientists, among them Einstein, 
Fermi and Bethe, had stayed on in the 
United States, to which they had had to 
emigrate. 

The countries of Europe decided at that time 
to unite their efforts, as has already been 
mentioned by other speakers, in three 
exemplary scientific fields: particle physics, 
the astronomy of the southern hemisphere, 
and the conquest of space. 

As a result of these initiatives, major 
breakthroughs have been achieved by 
Europe's scientists and technologists. I would 
like to mention here Prof. Carlo Rubbia, 
Nobel Prize winner for physics, and Director 
General of CERN , the European nuclear 
research centre in Geneva, who has 
reminded us of the success achieved in 
particle physics in 1983. 

The same scientists - Pierre Auger of 
France, Edoardo Amaldi of Italy, etc. - were 
the founding fathers of both CERN and the 
European Space Agency. And shortly after 
the launch of the first Sputnik in October 
1957, the US space agency, NASA, was set 
up. The countries of Europe did not wish to 

stand on the sidelines as the Soviet Union 
and the USA embarked on the ensuing 
space race, and therefore decided to work 
together on space exploration. 

Allow me to remind you of the first 
Intergovernmental Conference, attended by 
twelve countries, which in November 1960 
decided to set up a European Preparatory 
Commission for Space Research . And of the 
two European organisations which came into 
being just twenty-five years ago - a space 
research organisation specialising in the 
satellite field and a more technical 
organisation dedicated to the launch of 
spacecraft. 

And it was in May 1975 that these two 
organisations merged to form the Space 
Agency whose anniversary we are 
celebrating today. Several of the countries 
gathered here today are no doubt founding 
members of the Agency. The Federal 
Republic of Germany and France, which 
make up 54% of the budget, but other 
countries too, which, though not in a position 
to contribute as much, make up for this in 
the quality of their input - and that is 
difficult to calculate. We are delighted that 
these countries are involved in this 
endeavour and that they are working 



Allocution 

M. Fran~ois Mitterrand 
President de la Republique fran<;aise 

Je suis tres simplement heureux de celebrer 
avec vous ce 25eme anniversaire de 
l'Agence spatiale europeenne. 

Quoi de plus symbolique et de plus 
encourageant que de feter un organisme 
dont le statut fut, des I'origine, europeen et 
qui atteint ses objectifs dans un domaine 
extremement competitif avec un succes qui 
depasse meme les esperances. Grace a 
votre Agence, notre Europe est devenue une 
puissance spatiale respectee, parfois meme 
redoutee par ses concurrents. 

Vous vous souvenez qu'au lendemain de la 
derniere guerre mondiale, l'Europe 
scientifique etait exsangue. De nombreux 
savants europeens, je citerai Einstein, Fermi , 
8ethe demeuraient aux Etats-Unis 
d 'Amerique ou ils avaient dO emigrer. 

Nos pays d 'Europe ont alors decide d'unir 
leurs efforts comme cela vient d'etre rappele 
par d'autres que par moi. Dans trois 
domaines scientifiques exemplaires: la 
physique des particules, I'astronomie de 
I'hemisphere austral et la conquete de 
I'espace. 

Grace a ces initiatives, les scientifiques et les 
techniciens ont obtenu de grandes reussites. 
Je citerai Prof. Carlo Rubbia, Prix Nobel de 
Physique et Directeur general du Centre 
Europeen de Recherches Nuc1eaires, le 
CERN a Geneve qui a rappele le succes de 
1983 en physique des particules. 

Ce sont les memes savants, Prof. Pierre 
Auger, FranQais, Prof. Edoardo Amaldi 
d'ltalie, etc. qui sont a I'origine du meme 
CERN et de I'Agence spatiale europeenne. Et 
peu apres le lancement du premier Spoutnik 
en octobre 1957 a ete creee l'Agence 
spatiale americaine, la NASA. Dans cette 
course vers I'espace a laquelle se sont alors 
livres Sovietiques et Americains, les 
Europeens ont voulu et re presents et c'est 

pour cela qu'ils ont decide de travailler en 
commun a I'exploration de I'espace. 

Je vous rappellerai la premiere Conference 
Intergouvernementale qui a regroupe 12 
pays en novembre 1960 et decide la mise en 
place d'une Commission preparatoire 
europeenne pour les recherches spatiales. 
Deux organisations europeennes ont vu le 
jour, il y a tout juste 25 ans: une organisation 
scientifique appelee a exercer son activite 
dans le domaine des satellites et une 
organisation plus technique destinee a 
s'occuper du lancement d'engins spatiaux. 

Et c'est en mai 1975, je cite ces dates qui 
sont dans vos memoires, pour bien marquer 
la progression, que ces deux organisations 
ont fusion ne pour donner naissance a 
I'Agence spatiale que nous celebrons 
aujourd 'hui. Les Etats membres fondateurs 
de l'Agence sont sans doute plusieurs des 
pays ici rassembles, la Republique federale 
d 'allemagne, la France qui representent 54% 
du budget. Mais d'autres pays qui ne sont 
pas en mesure de fournir autant apportent 

. en qualite ce qu'ils representent. Et la le 
calcul deviendrait difficile. Nous nous 
rejouissons que ces pays soient associes et 
finalement qu'ils travaillent fraternellement. Je 
citerai d'abord la 8elgique et je salue son 
Premier Ministre que j'ai grand plaisir a 
retrouver ici depuis les annees que nous 
sommes amenes a nous rencontrer. La 
8elgique, l'ltalie, le Danemark, l'Espagne, 
l'lrlande, les Pays-8as, le Royaume-Uni, la 
Suede, la Suisse et, en 1986, I'Autriche, la 
Norvege auxquels se sont associes la 
Finlande, le Canada. 

L'exploration de I'espace, vous I'avez dit, 
M. le Directeur general, c'est d 'abord une 
meilleure connaissance de l'Univers qui nous 
entoure. Je citerai un grand responsable 
politique franQais, Georges Clemenceau, qui 
ecrivait ceci: '11 y a quelque chose de moi 
dans I'etoile que je ne verrai jamais; il y a 
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together in a spirit of solidarity. First of all I 
would like to mention Belgium, and I greet its 
Prime Minister, whom I am very pleased to 
meet here once again, after so many 
meetings over the years, Italy, Denmark, 
Spain , Ireland, the Netherlands, the United 
Kingdom, Sweden, Switzerland and, in 1986, 
Austria and Norway, and the associate 
members, Finland and Canada. 

Space exploration is, first of all , as you have 
said, Director General , a better under
standing of the Universe surrounding us. I 
would like to quote a great French 
statesman, Georges Clemenceau, who wrote 
'there is something of me in the star I shall 
never see; there is something of it deep 
within me'. 

Clemenceau was shown to be right by the 
astronomers who proved that we are made 
of the same substance as stars, and the 
European Space Agency is today revealing 
to us stars that our ancestors could not see. 

You have referred to the Giotto probe as one 
of the Agency's most outstanding missions. 
I well remember the day when you visited 
me to present the results of your work, and 
since then I have had the opportunity to see 
an authentic and original Giotto painting on 
which you modelled the logo for your 
mission to Halley's Comet. There was no 
small element of risk when the probe passed 
by Halley's Comet in March 1986, and it is 
thanks to that probe that European 
astronomers have acquired the greatest 
knowledge of a comet, which for centuries 
now, and each time it has passed close to 
Earth, has fascinated mankind. 

It is a fact that the Universe bathes us in 
radiation. The ultraviolet rays emitted by all 
hot stars, from which we seek to shield 
ourselves, and which are being analysed by 
the International Ultraviolet Explorer (IUE), 
and the X- and gamma-rays, used in 
radiography, have been observed thanks to 
two other satellites, Exosat and Cos-B. Finally, 
the future Infrared Space Observatory (ISO) 
will provide the most effective means of 
detecting infrared radiation, which is invisible 
from the ground. 

The Agency is of course, quite rightly, 
working together with the United States of 
America on the development and use of a 
Space Telescope that will be launched on 
11 December 1989 and will circle the Earth 
in a high-orbit 500 km above the ground. 
This will enable it to observe stars one 
hundred times less bright than those that 

can be seen from the Earth's surface. We will 
then see very distant galaxies, which is to 
say galaxies that have existed since the 
earliest time, and also planets orbiting other 
suns. 

All this cannot but fill the mind with wonder 
and scientists with delight. But it will also be 
of great benefit to humanity as a whole, 
whose destiny it is to master all aspects of 
matter. 

You have, Ladies and Gentlemen, many 
other projects for astronomical satellites that 
will explore the planets and the electro
magnetic environment of the Sun. I believe 
you refer to these fundamental projects in 
your Science Programme as 'Cornerstones'. 

As our countries' leaders, we are bound to 
contribute to your work, give you 
encouragement and provide you with the 
resources to succeed. 

I would like to say a word on meteorology, a 
subject that is closer to the everyday 
concerns of individual Europeans. The 
Meteosat-1 and -2 satellites are at work, and 
the climatic conditions in the Earth's 
atmosphere are being monitored by satellites 
which form a very coherent whole with our 
national Spot Programme. Space research 
does not, however, stop there, as of course 
you realise. It includes microgravity research , 
materials science, fluids physics, biology and 
space medicine. Experiments first performed 
on the Spacelab platform will be carried out 
on a larger scale on the Columbus Space 
Station , on which Europe is working with the 
USA. 

All this amounts to an ambitious programme, 
complemented by the current telecom
munications satellite programmes, the 
culminating point of which is at present the 
Olympus satellite. 

Access to space is not only a means of 
better admiring the heavens, but also of 
improving meteorological monitoring and, 
hence, surveillance of the Earth's climate. 
And the work you have done in advanced 
technological research and you are pursuing 
in the best telecommunications and television 
systems is a shining example of intellectual 
rigour. 

Since the organisation specialising in 
launcher development became a part of the 
Agency, the latter has established a 
technology programme devoted to the 
development of platforms and launchers. This 



quelque chose d'elle au plus profond de 
moi'. 

Les astronomes ont donne raison a 
Ch§menceau en demontrant que nous 
sommes fabriques de la m€lme matiere que 
les etoiles et l'Agence spatiale europeenne 
nous revele aujourd'hui les etoiles que nos 
anciens ne voyaient pas. 

Parmi les belles missions de I'Agence, vous 
avez cite la sonde Giotto, je me sou vi ens du 
jour ou vous €ltes venu me voir pour me 
presenter les resultats de vos travaux et j'ai 
d'ailleurs eu I'occasion de voir depuis un 
authentique et original tableau de Giotto dont 
vous vous €ltes inspire pour le logo de votre 
entreprise sur la comete de Halley. En effet 
cette sonde s'est approchee, non sans 
risque, en mars 1986 de la comete de Halley 
et grace a cette sonde les astronomes 
europeens ont acquis la meilleure 
connaissance de la comete qui, depuis des 
siecies, et a chacun de ses passages, 
continue de fasciner les hommes. 

C'est vrai que I'Univers nous baigne de ses 
rayonnements. Lultraviolet dont nous 
cherchons a nous proteger mais qui est emis 
par toute etoile chaude et qui est analyse 
par le satellite international IUE, les 
rayonnements X et gamma, utilises en 
radiographie, ont ete observes grace a deux 
autres satellites, Exosat et Cos-B. Quant aux 
infrarouges, le futur observatoire spatial 
infrarouge ISO constituera le meilleur moyen 
de deceler ces rayonnements invisibles 
depuis le sol. 

Certes l'Agence, et elle agit bien , collabore 
avec les Etats-Unis d'Amerique a la 
realisation et a I'exploitation du telescope 
spatial qui sera lance le 11 decembre 1989 
et qui evoluera autour de la terre a une 
orbite haute de 500 kilometres, lui permettant 
ainsi d'observer des astres cent fois moins 
lumineux que ceux que I'on aperc;oit 
aujourd 'hui depuis le sol. Alors nous verrons 
des galaxies tres eloignees et donc formees 
depuis I'origine des temps, ainsi que des 
planetes qui tournent autour d'autres soleils. 

Voila ce qui peut emerveiller I'esprit, ce qui 
peut plaire aux savants et ce qui sera fort 
utile a I'humanite tout entiere dont le destin 
est de maTtriser tous les aspects de la 
m atie re. 

Vous avez, Mesdames et Messieurs, bien 
d 'autres projets de satellites astronomiques 
pour explorer les planetes, I'environnement 
electromagnetique du soleil et je crois que 

vous donnez le nom de 'pierres angulaires' a 
ces projets fondamentaux de votre 
programme scientifique. 

Nous, responsables de nos pays, nous ne 
pouvons qu'y contribuer, vous encourager et 
vous donner les moyens d'aboutir. 

Je dirai un mot de la meteorologie comme 
cela vient d '€ltre fait , plus proche des 
preoccupations quotidiennes, de chaque 
Europeen. Les satellites Meteosat-1 et 2 sont 
a I'oeuvre, les ciimats de I'atmosphere 
terrestre qui sont surveilles par des satellites 
qui forment un ensemble tres coherent avec 
notre programme national Spot. Enfin, la 
recherche spatiale ne s'arr€lte pas la et ce 
n'est pas a vous que je I'apprendrai. Elle 
inclut la microgravite, la science des 
materiaux, la physique des flu ides, la 
biologie, la medecine spatiale. Des 
experiences d'abord realisees sur la plate
forme Spacelab seront entreprises a plus 
grande echelle sur la station spatiale 
Columbus a laquelle l'Europe collabore avec 
les Etats-Unis d'Amerique. 

Voila un programme ambitieux qui se 
complete par les programmes de satellites 
de telecommunications en preparation dont 
le point culminant actuel est le satellite 
Olympus. 

LaCCeS a I'espace ne permet pas seulement 
de mieux admirer le ciel mais d'ameliorer la 
surveillance de la meteorologie, donc des 
climats terrestres. Et ce que vous avez 
entrepris en matiere de recherches 
technologiques poussees que vous realisez 
dans les meilleurs systemes de 
telecommunication et de television est un 
exemple de rigueur de I'esprit. 

Depuis la fusion de I'organisation specialisee 
dans la realisation des lanceurs a I'interieur 
de I'Agence, celle-ci a etabli un programme 
technologique de realisation de plates-formes 
et de lanceurs que je crois tout a fait reussi 
et dont nous sommes tres fiers, dont vous 
€ltes, j'imagine, avec nous tres fiers. 

11 s'agit assurement du programme Ariane 
dont le premier lancement fut effectue en 
1979, succes qui pratiquement est total si I'on 
compte les quelques deboires qui ont 
certainement contribue a la connaissance de 
ces choses comme en matiere scientifique 
cela arrive le plus souvent. 

D'ailleurs on me disait, alors que je venais ici 
precisement vous rencontrer, que la societe 
Arianespace vient de signer le contrat le plus 
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programme is, I believe, a complete success, 
one of which we are very proud, a pride I 
imagine you share. 

I am, of course, talking about the Ariane 
Programme, which began its series of 
launches in 1979 and which has been a 
virtually total success, despite the few 
setbacks that undoubtedly contributed to the 
understanding of these matters, as is often 
the case where science is concerned . 

And just now on my way to meet you , I was 
advised that Arianespace has just concluded 
the biggest ever launch contract with Intelsat, 
the telecommunications satellite organisation. 
This is a further success, on which I 
congratulate you . 

Ariane - which of us has not dreamt of 
taking this kind of project further? What has 
already been done is in itself a precious 
achievement. Thus, twenty-five years after the 
founding of the two organisations to which I 
referred, and which were later to merge to 
form the Agency, we are able to affirm the 
excellence of a body of scientific and 
technological endeavour which today puts 
Europe in the forefront of space exploration. 

It has to be accepted that Europe is not just 
a collection of countries each with its own 
culture, language and particular customs, 
united by no more than economic and 
commercial interests. Those who th ink that 
are on the wrong track and in the end will 
have to recognise that, if that were the case, 
the whole project would fall apart. Their 
desire to straitjacket Europe would backfire. 
We are talking about a civil isation . 

Ladies and Gentlemen, you have played a 
part in developing, in giving birth to this 
civilisation - which is to say, you have 
projected human intelligence, imagination 
and expertise across the vast reaches of 
space. 

This Agency's scientists, engineers, and 
technologists work in such a variety of places 
as Paris, Noordwijk in the Netherlands, 
Darmstadt in the Federal Republic of 
Germany, Frascati in Italy, Kourou in French 
Guiana, etc. I should like to extend a 
greeting to all of them and to thank them 
one and all. We are greatly indebted to them 
and it is important they should know this, 
even if we know that tomorrow morning they 
will be back at work without further thought 
to the compliments made, but firm in the 
conviction that their duty is clearly mapped 
out. 

I was visiting yesterday, in the company of 
some of the people I see here today, an 
exhibition entitled 'Science and the 
Revolution' currently taking place at the Cite 
des Sciences et de I'lndustrie at La Villette. 
And I was absolutely astonished - I should 
have known it, and no doubt I did know it, 
but I had not given it enough thought - to 
see how fantastic a flowering of scientific 
discoveries and technical achievements 
occurred in the last decade of the eighteenth 
century. And although I am talking about my 
own country, it was not alone in this. I could 
mention twenty or so of the greatest names 
in our scientific history, whose achievements 
were concentrated in this short period of 
time, in part perhaps because intellectual 
excitement and the desire for freedom 
implicit in great movements of ideas have a 
chain effect across all intellectual fields. I 
would like to hope that the construction of 
Europe will produce a similar shock, if of a 
different order, which will have a persuasive 
and infectious force and generate in the last 
ten years of this century a determination that 
will carry all before it. The scientists are 
there; we have the technologists. What is 
perhaps lacking is a surge of enthusiasm. 
Enthusiasm that produces resolve, always 
remembering that scientific resolve cannot do 
without political will , as it is th is that decides 
the fate of nations. 

Would you not agree that it is that fate which 
is decided in the fields we call culture and 
science, which all too often are ignored or 
neglected. For my part, I am convinced th is 
is so. All the rest is to the good, all the rest is 
necessary. What will bind Europe together 
will be the development of science in 
association with culture; in short, all the 
functions of the mind. Seen from space, 
Europe is showing the way forward by its 
actions. 

I am sure all Europeans would have to agree 
with this. And this is being done by 
scientists, technologists and researchers, men 
and women who have decided to devote 
their lives to research that is often severely 
demanding, and strewn with disappointments 
with , from time to time, the great happiness 
that comes from a success that is no more 
than an accident and was only made 
possible by the chain you have built between 
yourselves. A chain across time, but also 
across space; European space which is now 
an indivisible part of universal space. All th is 
proves that it is right to bel ieve in the future. 
Ladies and Gentlemen, let us jointly affirm 
our belief in it at th is gathering. 



important de lanceurs avec I'organisation 
Intelsat de satellites de telecommunication . 
Voila un succes nouveau dont je vous felicite 
et sur lequel je comptais m'arreter un 
moment, mais le temps passe. 

Je ne continuerai pas sur cette lancee. 
Ariane, qui d 'entre nous n'a pas reve de 
mener plus loin ce type d'experience? Ce qui 
est, represente deja un acquis. Voila que 25 
ans apres la creation des deux organismes 
que j'ai cites, qui apres devaient fusionner 
dans I'Agence, voila que nous pouvons 
constater I'excellence d 'une activite 
scientifique et technologique et qui nous 
permet de dire que I'Europe est desormais 
au premier rang de I'exploration spatiale. 

11 faut bien se rendre compte que l'Europe 
n'est pas simplement une collection de pays 
avec chacun sa culture, son langage, ses 
moeurs specifiques, unis par une 
communaute redu ite a des interets 
economiques et commerciaux. Ceux qui 
s'imaginent cela font fausse route car il faut 
bien qu'ils se convainquent que si c'etait 
cela, cela ne tiendrait pas. lis seraient floues 
dans leur volonte de cantonner l'Europe. 
C'est une affaire de civilisation. 

Mesdames et Messieurs, vous avez contribue 
a developper, a faire naTtre cette civilisation. 
C'est-a-dire vous avez projete les capacites 
de I'intelligence et de I'imagination et de la 
competence humaine sur I'immensite de 
I'espace. 

Les scientifiques, les ingenieurs, les 
techniciens de cette Agence travaillent un 
peu partout dans des lieux aussi divers que 
Paris, Noordwijk aux Pays-Bas, Darmstadt en 
Allemagne Federale, Frascati en Italie, 
Kourou en Guyane fran<;aise, etc ... Je 
voudrais les saluer tous, les remercier tous et 
chacun . Nous leur devons beaucoup et il 
faut qu 'ils le sachent meme si I'on sait qu'ils 
reprendront demain matin leur travail sans 
plus s'occuper des compliments, mais avec 
le sentiment que leur devoir est tout trace. 

Je visitais hier, en compagnie de quelques
unes des personnes que j'aper<;ois ici, une 
exposition qui se deroule actuellement a la 
Villette, a la Cite des Sciences et de 
l'lndustrie, qui se nomme 'La Science et la 
Revolution'. Et j'etais absolument stupefait, 
j'aurais dO le savoir, je le savais sans doute, 
mais je n'y avais pas suffisamment reflechi, a 
quel point les dix dernieres annees du 
XVllleme siecle ont connu - je parle pour 
mon pays, pas le seul - une prodigieuse 
floraison de decouvertes scientifiques et de 

realisations techniques. J'aurais pu citer au 
cours de cette Exposition une vingtaine des 
plus grands noms de notre histoire 
scientifique accumules simplement sur cette 
courte periode, peut-etre aussi parce que 
I'effervescence intellectuelle, les aspirations 
de liberte de grands mouvements de pensee 
a une valeur d'entraTnement dans tous les 
domaines de I'esprit. La je ne peux que 
rever que la construction de I'Europe puisse 
provoquer un choc, d'un autre ordre sans 
doute, mais une valeur de persuasion, 
d 'entraTnement, de contagion, une volonte 
victorieuse dans les dix dernieres annees de 
ce siecle. Les savants sont la, les techniciens, 
nous les possedons. Ce qui manque peut
etre c'est I'elan. Lelan qui est generateur de 
la volonte, etant entendu que la volonte 
scientifique ne peut pas se passer de la 
volonte politique puisque c'est ainsi que se 
decide le sort des nations. 

Et, ne croyez-vous pas qu 'il se decide ce 
sort la dans des domaines trop sou vent 
ignores ou delaisses que I'on appelle la 
culture et la science. Moi , j'ai cette 
conviction. Tout le reste est bien , tout le reste 
est necessaire. Le ciment de l'Europe, ce 
sera le developpement de la science 
associee a la culture. Bref, toutes les 
fonctions de I'esprit. Vu de I'espace, l'Europe 
agit de telle sorte que I'exemple est montre. 

Je pense que tout Europeen ne peut que 
s'en convaincre. Et le fait que ce soit des 
savants, que ce soit des techniciens, des 
chercheurs, que ce soit des femmes et des 
hommes qui ont decide de consacrer leur 
existence a des recherches souvent 
-eprouvantes, parsemees de deception avec 
de temps a autre la merveilleuse joie d'une 
reussite qui n'est qu 'un accident et que vous 
n'avez pu reussir qu 'en creant la chaTne entre 
vous. La chaTne a travers le temps, mais la 
chaTne a travers I'espace. Lespace europeen 
qui se confond desormais avec I'espace 
universel. Tout cela montre bien que I'on a 
raison de croire en I'avenir. Mesdames et 
Messieurs, croyons-y en cette heure ou nous 
sommes ensemble. 

25-year jubilee celebration 
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Or PG. Gyllenhammar, Prof. R. wst (ESA). 
Or J. Morgan and Prof. C. Rubbia 
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Or K.-E. Reuter (ESA) escorting 
Prof. P Auger and Mrs F. Perrin 

Mr G. van Reeth (ESA) escorting 
Prime Minister Martens and 
Vice Prime Minister Schiltz of 
Belgium 

Mr J.A. Oinkespiler, Prof. G. Puppi. 
Mr R. Gibson and Mr M. Oepasse 

Arrival of President Mitterrand of 
France and Chancellor Kohl of the 
German Federal Republic 



Chancellor Kohl signs the Agency's Silver Jubilee 
Commemorative Book 

2S-year jubilee celebration 

Prof. R. LOst (ESA) addresses the 
assembled guests 

Photography: S. Vermeer, ESA 

President Mitterrand receives a copy of the 
Silver Jubilee Album from Prof. R. LOst (ESA) 
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After-Dinner Speech 

Or Heinz Riesenhuber 
Minister for Research and Technology, Federal Republic of Germany 

Thank you very much for inviting me to say 
a few words on behalf of the nations that are 
members of ESA's Ministerial Council. The 
first thing I want to say is 'thank you ' to 
everybody here in this room . I think all of 
you have contributed to ESA's success; you 
have all contributed your time today, or will 
contribute in the future to what we are going 
to do - and this in a good spirit. 

Four hundred and ninety-eight years ago, on 
3 August, Columbus started out on his trip 
over the darkness of the oceans, following 
the Sun to new horizons, and bearing in 
mind why he was sent there - namely to 
spread the word of God, and to fight for the 
interests of Isabella of Castile and Ferdinand 
of Aragon . This was the official mission, but I 
think the real idea behind it was different: 
namely the fact that there was a new 
horizon, that there was the challenge of the 
unknown, that there were new worlds to be 
discovered, since the beginning of mankind. 
I think this was the main challenge, and it 
was rationalised in different ways. 

We are always facing a new challenge. 
Prime Minister Martens described the very 
difficult time when ESA took up the 
challenge of space 25 years ago - nobody 
knew where the way might lead. There were 
doubts as to whether those were the right 
questions to address; there were doubts as 
to whether Europe was suited to tackling 
such large tasks. What has been set up over 
the last 25 years is a good organisation with 
an excellent staff, and we have been lucky 
in having excellent Di rectors General. 
Without going into detail , Professor LOst, you 
are going to leave the Agency all too 
quickly, so we are praising you now for what 
you have already done. I know you enjoy 
the challenge, the pressure of engaging in 
new tasks. Also, for what the staff have done 
in the past, I have to thank you all , in 
Noordwijk, in Darmstadt, and wherever you 
may be, and, of course, here in Paris. 

I think that what has grown up at the same 
time has been the spirit of a sound 
community, integrating administrations, 
scientists, engineers and enterprises to meet 
the challenge of the future. This has been 
achieved as a community and its spirit 
reaches beyond what we are doing in 
space. I have to thank especially some of 
the grey, grand old men among us today 
who began what we are currently pursuing, 
who built up what is now being exploited 
and carried forward into the future. I am not 
going to mention any names, but I was very 
impressed today to meet some of these 
gentlemen, legendary names who laid the 
foundation for the future. 

We have heard brill iant speeches today; we 
have heard many words of pride and of 
encouragement - of pride in what we have 
achieved together, in fields that we know are 
beyond the reach of any of us single
handedly. But together we can achieve 
our goals and pursue these ideas, from 
which Europe can grow. We can discuss the 
successes in basic research , in Earth 
observation, in technology, in large projects, 
in Ariane, in Spacelab. We can talk about 
the plans for Hermes and Columbus and 
Sanger - but the other factor is the spirit in 
which we are creating the future. 

Knowing that we have to understand the 
new technologies, that we have to integrate 
them, even more so that we have to identify 
the new challenges, to take responsibility for 
our confined Earth - this vulnerable Earth , 
the ecology of which we have yet to 
understand - we will have to use the best 
possible technologies to find out what is 
happening and again, jointly, take the right 
precautions in due course to cope with the 
problems. The challenges of science, the 
origin of the solar system, the formation of 
the stars, the future of the galaxy, are all 
basic questions that have been occupying 
mankind since the very beginning of life -



,. 

now we have a new level of understanding. 
The sole result of this new understanding is 
the creation of new questions, which lead 
mankind towards a future of unlimited 
striving for understanding, not least of 
ourselves. This is an open-ended world that 
continually develops, and we discover in 
these details that we can only develop in it if 
we do it jointly - jointly in Europe to 
achieve the best technology, the best 
science, the best preparedness. But even 
then, success is something beyond the 
figures you leave behind in the balance 
sheets. 

Success is also measured in terms of the 
spirit in which we proceed, by our ability to 
show that we can cope with the most 
complex challenges and, as far as 
technology is concerned, the complexity of 
integrating different sciences; there is no 
challenge like that of the space technologies. 

What is developing now is worldwide 
cooperation. What we are discovering now, 
even outside Europe, is that there are tasks 
that are beyond the reach even of continents 

acting alone, and that we can take up space 
tasks that might be beyond our present 
imagination. Many years ago, Tchaikovsky 
said that 'Earth is the grey home of 
humanity', but nobody told us that mankind 
should always remain in the grey! This 
seems to be beyond our imagination, 
beyond any reasonable thinking , but the 
more we understand that this might be 
attainable if mankind sticks together, the 
better we might cross new frontiers, beyond 
the frontiers we have now. This calls for 
peace in the world. But knowing that we 
have such skills is an excellent basis for 
peace. Peace is not based on compromises; 
peace is not based on negotiations; peace is 
based on the knowledge that we have tasks 
ahead of us for which we need each other, 
and I think that ESA has taken up its work in 
this spirit. ESA, young as it is - 25 years is 
not really very old - may lead Europe 
towards a good future in a very important 
field . 

In partnership, in cooperation , in competition 
and with the challenge always to be the 
best, but also with the awareness of our 
overall responsibility - in this spirit, I hope 
that ESA - I wish that all of us, responsible 
in different fields, in science, in industry, in 
ESA, in politics, wherever - will cooperate 
for the future, that we will cooperate and 
contribute what we can towards establishing 
a peaceful, successful world. In this spirit, I 
wish you another good 25 years, and then 
let us meet again. 
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After-Dinner Speech 

Mr Henrik Grage 
Chairman of ESA Council 

It is a special pleasure for me to speak on 
this enjoyable occasion commemorating a 
great event in the history of European efforts 
in space. 

By the time a person has reached the age of 
25, a new individual has been established, 
physical maturity has been achieved, and 
important experiences have been undergone. 
There will have been some successes and 
some disappointments. Most important of all, 
a unique entity with an as yet largely 
undetermined potential will have come into 
being. 

On its 25th birthday, the European Space 
Agency is just such an entity. Just as with a 
25-year old person, we have a certain 
amount of learning experience behind us; 

we have tasted both remarkable successes 
and some failures, though happily more of 
the former than the latter. In particular, the 
initial years were difficult as the fledgling 
Agency sought to find a firm footing on the 
new and uncertain ground of space 
exploration. 

In the midst of such technical achievements 
over the past 25 years, we must not forget 
the human endeavours at the heart of all our 
successes. It is human success that we 
celebrate today. 

The past successes were achieved thanks to 
the spirit of European cooperation among all 
the Member States. ESA has shown, and 
continues to show, that scientists, engineers, 
industries and governments can overcome 
national and institutional prejudices and 
ambitions, to join in a cooperative venture 
that has secured a prominent position in 
space for Europe. 

We owe much to the staff members of the 
Agency, who gave of their time and energy 
so unsparingly during that period. Their 
partners included many thousands of others, 
working in industry and the academic 
community, and not least our delegates from 
the various government bodies and 
agencies. 

In an international organisation like ESA, 
progress can be made only by agreement 
through compromise. Those who have 
attended a meeting of the ESA Council , or a 
European Space Conference, will know that it 
is no easy task to reconcile the divergent 
views and desires of 13 Member States. 
Delegates sometimes have to persuade their 
Ministers back home who, whatever their 
personal enthusiasm for space, are faced 
with competing demands for government 
funds from other areas; I am thinking 
particularly of information technology, energy, 
biotechnology and the like. 



Often the positive decisions have been due 
to the personal dedication of individual 
delegates who, whenever possible, have put 
the European interest before the national 
interest. 

I believe it is fitting on this occasion to pay 
tribute to all those who, by their competence, 
their patience and their dedication, have 
helped to overcome obstacles that could 
have prevented us from continuing on the 
successful path we have followed. 

Taking part in space activities is often 
regarded as a visible sign of a country's 
ability to compete internationally. Coming 
from a 'not so large' member country, I know 
how valuable it can be, because of the 
opportunities offered at the scientific and 
industrial level , for the smaller countries to 
participate in ESA's programmes, which strike 
a balance between infrastructure and user 
programmes. 

On this Anniversary, as we contemplate the 
solid achievements that European space 

cooperation can demonstrate, I feel confident 
that the spirit that led Europe into space in 
the early sixties is with us again , perhaps 
more mature, and if anything even better 
justified, and that a promising future is 
opening up for the Agency. 

Exactly as with a person, the future looked at 
from the perspective of a 25-year old is full of 
challenge, excitement and opportunity. I 
would only ask you to consider, for example, 
that during the 12 months that follow our 
25 th Anniversary, we shall see, among other 
events: 
- the launch of Olympus-1 
- the launch of Hipparcos, and 
- the launch of the Hubble Space 

Telescope. 

May the next 25 years be as successful as 
the last! 
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After-Dinner Speech 

Prof Henk van de Hulst 
The Netherlands 

Let me say two serious things before I start; 
the first is: 'Thank you , Reimar '. At that time, 
to which you just referred, your first assign
ment - I was a bit jealous I remember -
was to travel around to European capitals to 
find out what everybody was doing and was 
planning to do in space. That was in early 
1960, I think. Generally, it is inadvisable for 
somebody who knows the organisation's 
history as well as you to be in a highly 
responsible position later, but your example 
shows that this is not always true. The 
second serious thing I want to say is: 'Happy 
Birthday, ESA'. It hasn't been said yet, but 
Happy 25th Birthday! 

I would like to take this opportunity to recall a 
few things from the old days. I have a vivid 
memory of that rectangular, white marble 
table around which we were standing in a 
conference room in Nice during a lunch 
break, when Pierre Auger said to about ten 
of us there, 'Let's do something in Europe'. 
That was the beginning of what later became 
ESA. 

I also have a distinct memory of later that 
same year, still in 1960 - in November or 
December - when the formal meeting was 
called at Meyrin at the home of CERN . It 
was one of those rare days on which, from 
that meeting room, you could see Mont 
Blanc in all its splendour. But I also 
remember from that meeting that we spent 
several days arguing, my older colleague 
Van der Maas from Holland and I, that there 
should be 'technology' in the preamble to 
the Convention of the preliminary organis
ation (COPERS). Now it is really hard to 
believe that there were certain people then 
who said that the Organisation should do 
only science and never do technology. We 
argued that one of the aims mentioned in the 
preamble should be technology. Well , now 
we have it! 

The rest of what I would like to say is largely 
a vote of thanks, not to anyone in particular, 

but to all of you . What comes to mind is the 
Chilean song 'Gracias a la vida que me ha 
dado tanto', and there follows in one of the 
strophes 'que me ha dado la risa y ha dado 
el lIanto'. We therefore have both the laughs 
and the tears, and there have been plenty of 
each during those thirty years of space 
research in Europe. I have been personally 
very happy to have been able to participate 
in the birth of new fields: first radio astron
omy, and then space research . Fortunately, 
the computer industry has come just some 
five or ten years too late for me, so I have 
never become a computer freak, and I still 
do my integrals by counting squares on 
graph paper. 

I think Cos-B deserves highlighting more. It 
was not only one of ESA's most successful 
satellites, it was also the first that was not a 
mUlti-experiment satellite, where one of the 
experiments might fail , but the others still 
work and provide useful data. Cos-B was 
one concept, one way to get at gamma rays, 
which required different parts of the 
instruments built in different laboratories to 
work flawlessly together, or we would have 
had nothing. Our American friends said: 'You 
are crazy to try to build such a joint 
instrument with people from five laboratories 
speaking four different languages - how 
can that ever work?' Well , it worked - it 
even worked for far longer than we had 
planned. I will come back to the languages 
in a moment. 

I was also happy today to walk around this 
building again and to recall the niche in the 
corridor where Freddy Lines and I once had 
a two-hour discussion about the concept of 
the Blue Book that was to contain the plans 
of what ESRO was going to do; one of many 
personal nostalgic memories. 

In the formal sessions of Council and later of 
the Scientific Programme Committee, I often 
felt like Margaret Mead, or a person of that 
type, with never a dull moment. There was 



always some strange ritual going on, and in 
order to understand it well you had of course 
to live in this community and to participate 
fully in this ritual , and so I did. 

I noticed I had scribbled in my notes for 
today the name 'Auger '. But the scribble was 
not very neat, and it looked like 'anger', so 
let us consider anger! As one of the 
emotions that may easily flare up during 
such meetings, it is an interesting example. 
My first time in the chair was probably in this 
building. Sir Harrie Massey was chairing the 
meeting and was getting more and more fed 
up. At a certain moment - it was about five 
in the afternoon - he couldn't take it any 
longer; he just stalked out of the room and 
said , in passing, to me 'You take the chair! ', 
because I was Vice-President. A minute later, 
he had to send somebody into the meeting 
room to get his glasses, which he had 
forgotten - that is how angry he was! 

The first intervention once I was in the chair 
was from another angry Delegate - I don't 
remember from which country - who asked 
whether the last remark of yet another 
Delegate was a new proposal or an amend
ment. Well , that is how I started - and that 
was long before you could measure the 
anger of the Spanish Delegate by simply 
counting the number of times the word 
'Villafranca' occurred during his speech! 

Only much later was I to learn some of the 
tricks of being in the chair. Here I really have 
to give a sincere vote of thanks to the 
Executive, by which I mean all the people 
who draw up all the Committee papers and 
make sure there are no errors in them. I 
found out that on the penultimate page of 
those papers, there always is something that 
the Council , or the Committee, is asked 
either to take note of or to approve. So, when 
a discussion began to be more and more 
confused, I could always add a seeming 
remark of wisdom by choosing the right 
moment to say 'But, gentlemen, listen, on 
page so-and-so it says the Committee is 
asked simply to approve. So let us approve', 
and then proceed to the vote. 

I am not trained to be an actor, so I cannot 
really demonstrate how people get angry 
- some go white, some go red , some talk a 
lot, and some suddenly stop talking - there 
are all kinds of ways. But why do they get 
angry? Now, one thing I have been able to 
diagnose is that people get angry because 
they are frustrated. That does not happen 
often during these organisational meetings, 
but I have seen it in scientific meetings since. 

People get frustrated because they have 
been working for years and years on a 
project, and finally that project is not chosen . 
Although it has been explained hundreds of 
times that there is competitive selection and 
only one project will eventually be chosen, 
still it is taken as a personal insult and 
people remain angry for a long long time. 

On these occasions, apple blossoms always 
come to mind - I think of the thousands of 
apple blossoms, and the couple of hundred 
apples that finally mature on the tree. How 
should the other blossoms feel, should they 
all feel frustrated? But, by and large, I have 
not been able to trace why people get angry. 
Here songs and poetry help - I won't sing! 
One of the Beatles' songs has a line 'I said 
something wrong, what it was she didn't say'. 
A much more poetic expression is to be 
found in one of the poems of Shelley, where 
the three beautiful words 'some rich anger' 
appear. The context is: 'and when your 
mistress some rich anger shows, emprison 
her soft hand and let her rave, and feed 
deep, deep upon her peerless eyes'. Well , 
that is not literally applicable to the ESA 
Council, but to let the people rave is 
sometimes good! That is a piece of good 
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counsel. And also Chaucer, well before 
Giotto in the 12th century, wrote a ballad of 
'bon conseil', of which I remember one line 
very clearly: 'Tempest thee not all crooked to 
redresse', i.e. 'don't try to put all crooked 
things straight'. That is sometimes also a 
useful piece of advice! 

Now I said earlier I would return to the 
question of languages, but I first wish to 
thank also all the interpreters - who have 
been busy, as always, throughout the 
afternoon striving at what is often an almost 
impossible task - for all the work they have 
done. I normally prefer to listen to the 
speakers as they speak, even if I don't 
understand, because you get the gist of it. 
I would like to make a philosophical point 
here, and that is that one of the blessings for 
Europe is that we have many languages. 
People think of that as a disadvantage and, 
of course, when you look at finances, all 
those translation costs and so on, it is a 
disadvantage. However, by and large, I think 
one should look at it as an asset. 

Sometimes, in my more gloomy moods, I 
have compared the space effort to building 
the Tower of Babel. The analogy is not very 
far-fetched, because it was a tower reaching 
into Heaven. As you know, at a certain 
moment it didn't work any more because 
people didn't understand each other due to 
the fact that they were speaking different 
languages. Funnily enough, when I make the 

analogy with the space situation, I always 
think of NASA, and not of ESA, and I 
wondered how come? I think that the biggest 
danger is that you all think you talk the same 
language, which of course the Americans 
think. In Europe we know we don't talk the 
same language, so we make a much greater 
effort to understand and to explain what we 
really mean, and that is really an incentive to 
understand. 

I remember M. Levy once, chairing one of 
the more emotional meetings, used the word 
'mandarins'. Occhialini didn't like it, and 
returned after the lunch break carrying two 
volumes under his arm; one was the latest 
edition of the 'Dictionnaire des mots 
nouveaux', and he was quoting from there 
what the word 'mandarin' meant. 

Anyhow, a real linguistic effort is required to 
try to reach understanding, and this adds a 
certain flexibility, it adds a certain shock
absorbing effect. It's like riding on rubber 
tyres instead of on the rattling iron wheels of 
an old wagon , the way in which these 
different languages force you into a moment 
of reflection. 

Well, I have tried to deliver these words a bit 
in the spirit of Erasmus, who had to come 
back from Italy and, travelling all the way on 
horseback, wrote to his friend, Thomas 
Moore in England, 'Riding on this horse, 
I didn't feel like doing anything serious, so I 
conceived a little booklet' - and that was 
the 'Stultitiae Laus' for which Erasmus has 
become most famous! 

Erasmus tells us that prima donna Folly has 
several ladies in waiting , one of whom is 
Flattery, whose function is to keep up what in 
modern language would be called a 'mutual 
admiration society'. But, Erasmus continues, 
do not think that this is a bad thing ; it is 
normal. For what is more efficient than when 
'muli mutuum scabunt', i.e. 'when mules 
mutually scrub'. Well , I would now like to say, 
but I didn't have time to look up what the 
perfectum of 'scabere' is, that 'I have 
scrubbed', but instead I will say 'I have 
spoken', dixi! 



Prof. Minoru Oda, Prof. Roger 
Bonnet, Prof. Bengt Hultqvist and 
Mr Charles Bigot 

25-year jubilee celebration 

Prof Reimar Lust introducing the 
after-dinner speakers 

Photographs: 
M.-P Hubrecht, J. Denimal 

Mr Jean Audouze, Prof. Pierre 
Auger, Mrs F Perrin and Minister 
Hubert Curien 
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The best weathercock in the universe. 

It's always easier to forecast today 

which way the wind will blow to

morrow if you're high above the 

clouds. Buta weather satellite does 

more than just take impressive 

pictures of the earth: they measure 

and record all types of changes 

in the atmosphere. And they give 

our weathermen a long-distance 

view of what the heavens have in 

store for us over the horizon. In 

fact the weather chart on TV 

wouldn't be quite so convincing 

without Meteosat. At ANT we can 

also be pretty certain about the 

life and quality of our satellites -

after all we are familiar with the in

ternal workings of over 40 satelli

tes. And where weather satellites 

are concerned, we are masters at 

bringing the heavens down to 

earth. 

ANT Nachrichtentechnik GmbH 

Gerberstr. 33, D-71S0 Backnang 

Tel.: West Germany (7191) 130 

Meteosat by ESA carry illg a communica
tioll s pay load developed alld built by A NT. 

Telecommunications 



When an earth-observation or 
telecommunications satellite is placed 
in orbit, there is no room for 
uncertainty, error or failure, however 
small. 
Crouzet is on hand to meet this fail-safe 
requirement by offering a 
comprehensive range of services 
to space agencies and contractors. 
For the vital functions of satellites, 
launchers, interplanetary space probes 
and orbital infrastructure, Crouzet 
offers all the services you can expect 
from a high-calibre partner. 
In data handling, processing and 
storage and software engineering for 
example, Crouzet participates at a very 
early stage in subsystem conceptual 
design. 
For power conditioning systems, 
we are particularly involved in energy 
conversion, protection and monitoring. 
In addition, Crouzet has solid 
experience of wide-band analog 
signal processing for effective signal 
detection, extraction and processing. 
And we also design tailor-made 
instruments to meet specific mission 
requirements. 
In 25 years, Crouzet has played an 
active part in 60 space programmes, 
involving the supply of more than 
700 items of equipment. Today, 
the company is collaborating in all 
the major programmes of this decade. 
Crouzet meets the requirements 
of a demanding world. 

Crouzet SA - Division Aerospatial 
26027 Valence Cedex - France 

Tel. 75.79.85.11 - Telex 345807 F 

Crouzet 
® 



MIL STD 1750A -16 Bit Microprocessor 
MAS281 Microprocessors are MIL-STD-1750A, 

16-bit Central Processing Units.They 
consist of three large-scale integration chips: the MA 17501 
Execution Unit, The MA 17502 Con
trol Unit, and the MA 17503 Interrupt 
Unit. These three units are mounted 
on and interconnected within a 64-
pin dual in-line ceramic substrate. 
The processor is also available as a 

3-chip set without the ceramic substrate. Manufactured in CMOS 
Silicon on Sapphire the MAS281 has the advantage of low power 
and higher speed due to reduced parasitic capacitances. 

The Sapphire substrate eliminates the 
risk of latch-up making CMOS-SOS 
the only commercially available ra
diation hard technology proven to be 
suitable for use in electrically hostile 
environments. 

The totally integrated radiation 
hard solution from 

Marconi Electronic Devices Ltd. 
Integrated Circuit Division, 
Doddington Road, 
Lincoln LN6 3LF England. 
Tel : 0522 500500 Telex: 56380 
Fax: 0522 500550 

Ma .. c:oni 
Electronic Devices 

Marconi Circuit Technology Corp. , 
45 Davids Drive, Hauppauge, 
New York 11788 U.S.A. 
Tel: 5162317710 
Telex: 275801 
Fax: 516 231 7923 

Marconi Electronic Devices, 
2 Rue Henri-Bergson, 
92600, Asnieres, France 
Tel : (1) 4080 54 00 
Telex: 612850 
Fax: (1) 4733 11 31 

Marconi Elektronik 
Landsberger Strasse 65 
8034, Germering, West Germany 
Tel : 089849360 
Telex: 5212642 
Fax: 089841 91 42 



The activities of MBB's Space 
Systems Group range from 
ARIANE to S.A.NGER. As a part
ner in international programs, 
Europe's largest civil space 
complex is just as committed to 
the transatlantic partnership 
as to the European space com
munitiy. 

--

Partner in International Programs. 

MBB is a space systems archi
tect. It is the prime contractor 
for the COLUMBUS program. It 
is responsible for major work 
shares in satellite supported te
lecommunications systems and 
their application scenarios, in 
the ARIANE family of launchers 
and in the manned space glider 
HERMES - important elements 
in the establishment of an 
independent European infra
structure in space and its con
tinuous use by the public and 
private sectors. 

MBB 

MBB is also constructing the 
EURECA experimental platform 
for Europe. With proven sys
tems and a future-oriented in
frastructure MBB is creating 
new applications and participa
tion opportunities for research, 
science and industry. 

Other highlights of MBB 's 
space efforts include direct 
broadcasting satellites like 
TV-SATITDF 1 + 2, communi
cations satellites like OFS 
Kopernikus, the EUTELSA T and 

Messerschmitt-8olkow-8Iohm GmbH 
Space Systems Group 
Federal Republic of Germany 

INTELSA T group of satellites 
and innovative applications in 
private communications net
works with VideoCom and 
ComLink. Weather satellites, 
scientific satellite programs 
and remote-sensing systems 
round off the range of activities. 

We have our sights on the fu
ture. With a wide range of pro
grams and projects for utilizing 
space to the benefit of science 
and industry and people on 
earth. 
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the meteosat programme 

The Meteosat Programme 

R. Tessier 
Meteosat Operational Programme, Directorate of Earth Observation and 
Microgravity Programmes, ESA, Paris 

The beginnings of European space 
meteorology 
In early November 1968, a meeting took 
place in Stockholm at which the Directors of 
Western Europe's weather services discussed 
European involvement in space meteorology 
for the first time. Two prime objectives of that 
meeting were: to evaluate the desirability of 
Europe getting involved in space meteor
ology, and to make the policy makers 
conscious of it. 

Some of the ten countries participating in the 
Stockholm meeting could already claim to be 
active in exploring the possibilities of space 

ESRO, one of the two predecessor organisations of ESA (together 
with ELDO), was first set up in the early sixties to develop and 
exploit scientific satellites. In approximately the same time frame, 
space technology was starting to be used in the USA for 
applications that would 'benefit mankind', particularly 
telecommunications satellites and meteorological satellites. Other 
more complex applications, such as Earth observation and 
environmental monitoring, were also already being contemplated. 

The future significance of these so-called 'applications missions' 
did not go unnoticed in Europe, with the result that considerable 
efforts were made at the European Space Conferences in Rome in 
1967 and in Bad Godesberg in 1968, to broaden ESRO's mandate to 
include space applications as well as scientific activities. One of 
ESRO's first and most successful applications programmes to date 
was to turn out to be Meteosat. 

meteorology, but none of their satellite 
feasibility studies had yet reached the 
developmental stage. France had its 'EOLE' 
spacecraft under development (a position
locating satellite coupled with a fleet of 
balloons to study wind fields), and the United 
Kingdom was providing a sounder for the 
American Nimbus satellite's payload. For its 
part, ESRO presented a concept for 
European Atmospheric Research Satellites, or 
'EARS', carrying radiometers, photometers, 
ozone monitors, ultraviolet sensors, etc. 
(Fig. 1). 

The results already being achieved with the 
American Tiros satellite series, the first of 
which had been launched in 1960, helped to 
convince European meteorologists of the 
usefulness of space-acquired data. The 
Stockholm meeting therefore concluded 
almost unanimously that: 
- the feasibility of a European 

meteorological satellite programme should 
be urgently explored; 

- the first satellite should be simple and 
suitable for launch by a Scout rocket no 
later than 1973; 

- the payload should include an 
atmospheric sounder and perhaps an 
infrared imager; 

- a longer term programme should be 
prepared for a launch in 1975; 

- a body of representatives from the 
national Meteorological Services should 
be formed to advise ESRO on these 
programmes. 

During the meeting, the French Delegation 
described a national proposal, already under 
consideration by their authorities, which 
included a geostationary satellite and two 
near-Earth satellites, one in an equatorial and 
one in a high-inclination orbit. 

The advisory body recommended at the 
Stockholm meeting was duly formed, and 
convened for the first time in June 1969; it 
was known as the 'Ad-hoc Group on Space 
Meteorology'. The existence of this Group 
gave the Directors of the Meteorological 
Services who were its members the 
opportunity to discuss other problems also. 
This in turn fostered wider cooperation 
between meteorologists at the European 
level, and this was later formalised as the 
'Conference of European Meteorological 
Services Directors'. 

To avoid duplication with the existing French 
geostationary-satellite project and with a 
small orbiting satellite (X4) then under 
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SOLAR UV MONITOR 

MOVING SOLAR 

BASIC RADIOMETER 

SCANNING 
RADIOMETER/PHOTOMETER FLYWHEEL 

Figure 1. One of ESRO's 
earliest meteorological 
satellite concepts, EARS-I, 
presented in 1969 

Figure 2. Basic 
configuration of the EMOS 
spacecraft developed by 
ESRO and presented in 
1970 
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consideration in the United Kingdom, the Ad
hoc Group initially advised ESRO to 
concentrate its activities on the definition of a 
large polar spacecraft that would be of 
interest for both scientific and operational 
meteorology. This was the origin of the 
EMOS (European Meteorological Operational 
Satellite) project, developed in-house by 
ESRO and first presented in October 1970 
(Fig. 2). A variant of this project was based 
on re-use of the TD1 scientific satellite's 
design, with a view to reducing costs. 

In the meantime, the Ad-hoc Group had 
continued to study the future European 
programme and had become convinced that 
the emphasis needed to be put on the 
operational aspects. They also concluded 

that the large polar spacecraft agreed upon 
at their first meeting was not in fact the 
highest of the priorities for their countries, 
when the World Meteorological Organisation's 
(WMO's) World Weather-Watch Programme -
an international undertaking to monitor the 
state of the Earth's atmosphere - was taken 
into accou nt. 

By that time, two Itos (improved Tiros) polar
orbiting spacecraft were available, but no 
geostationary spacecraft comparable to the 
planned American SMS/GOES (Synchronous 
Meteorological Satellite) was available to 
cover the European longitudes. Since the 
geostationary satellite announced by France 
at the Stockholm meeting had been 
confirmed to be an experimental venture, the 
Ad-hoc Group concluded that there was 
scope for a Geostationary European 
Meteorological Satellite (GEMS). 

This provisional conclusion was confirmed in 
February 1971 during discussions between 
members of the Ad-hoc Group and ESRO 
staff, and representatives from NASA and 
NOAA. The Americans keenly supported the 
European initiative, pointing out that there 
was already an overabundance of polar
satellite data. 

This basic change in orientation of the 
European programme was confirmed more 
and more firmly during 1971. The ESRO 
study programme was redirected to take this 
change into account; in particular, studies of 
temperature sounding, space-to-space data 
relay (with a polar spacecraft) from 
geostationary altitudes, as well as a suitable 
ground data-processing system, were 
initiated. However, the co-existence of the 
French project and the European 
geostationary project was creating growing 
difficulties which were jeopardising European 
cooperation. 

The Europeanisation of Meteosat 
The first proposal for a national geostationary 
meteorological satellite had been made by 
the French national space agency (CNES) in 
February 1969, following internal studies on 
imaging from space with radiometers. Its 
mission was defined by July of the same 
year. Payload and platform studies were 
conducted and, by June 1971 , CNES had 
invested about 35 man-years and placed 
some 15 contracts with French industry. Little 
had been done on the ground-segment side, 
however, as it was assumed to be the 
national meteorological service's responsibility 
to attend to data management and ground 
processing . The launch was 



supposed to be provided free of charge by 
the Americans on a Thor-Delta vehicle. A 
final decision by the French Government was 
awaited by July 1971. 

The parallelism between the definition of this 
French 'Meteosat' project and the Ad-hoc 
Group's decision in favour of Geostationary 
European Meteorological Satellites (GEMS) 
became ever more apparent during this 
period (Fig. 3). Clearly, there was going to be 
some redundancy if these two projects were 
to proceed in the same time frame. This 
duplicatiOn was emphasised even further by 
the compatibility needed at an international 
level with other projects of the same kind, 
such as the American SMS/GOES mission. 

Given the truly global role of geostationary 
meteorological satellites, and the need for 
longer-duration programmes in order to serve 
operational meteorology to the fullest, in a 
letter dated 28 June 1981 the French 
Delegation to ESRO proposed, at the request 
of their Authorities, that their Meteosat 
concept be 'Europeanised'. 

This proposal served to combine the best of 
both worlds: on the one hand, the expertise 
that had already been developed in the 
French national space agency (CNES) would 
be made available to Europe; on the other, 
the much enlarged international participation 
would provide the best possible basis for 
supporting the project in both the medium 
and long term. 

At this stage, four tasks had to be completed: 

- negotiation of the best organisational 
scheme for the project; 

- analysis of the technical feasibility of the 
French proposal; 

- completion of the mission studies made 
under French auspices, as well as 
enlargement of the mission's scope to 
meet the wider European needs; 

- definition of a European ground segment. 

The organisational scheme proved to be the 
most controversial issue but, after protracted 

discussions, an acceptable compromise was 
agreed: 
- the project would be conducted as a 

normal ESRO project by a European 
project team and the usual industrial 
policy would be applied; 

- France would make available, free of 
charge, 14 CNES staff who had already 
worked on Meteosat during its pre
European phase; 

- the ESRO team would be based at the 
CNES premises in southwest France 
(Centre Spatial de Toulouse). 

The technical feasibility of the Meteosat 
mission was confirmed by an ESRO team in 
November 1971. Completion of the mission
related task had been rather straightforward 
as the European users' needs had already 
been defined in detail. 

The detailed deHnition of the meteorological 
ground segment took more time, because 
this was an entirely new and complex 

the meteosat programme 

Figure 3. Concept for the 
imaging radiometer for the 
GEMS satellite, presented 
in 1971 
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Figure 4. Construction of 
the 15m-dlameter Meteosat 
antenna (for data 
acquisition, telecommand 
and tracking), In the 
Odenwald, W.Germany 
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venture; there were long discussions 
concerning the optimal configuration. A 
centralised ground-segment approach was 
finally adopted for three principal reasons: 
- to avoid wasting the geostationary 

spacecraft 's data-dissemination 
capabilities; 

- to economise on operational exploitation 
costs; 

- to foster system security and reliability. 

By December 1971 , the ESRO Council had 
adopted a reform of its Organisation and 
approved three applications programmes for 
further consideration (aeronautical, 
telecommunications and meteorological). 
Given the advanced state of definition of the 
meteorological proposal, therefore, there was 
an immediate need to formalise the situation 
by establishing an Agreement between the 
participating Member States and ESRO, as 
well as between ESRO and CNES. This 
Agreement provided for the setting up of a 
Meteorological Programme Board, which was 
to be responsible for the Meteosat 
Programme and for the taking of all related 
decisions. 

The Meteosat Pre-operatlonal Programme 
The Agreement between ESRO and CNES 
was approved by the ESRO Council on 
9 May 1972; the 'Programme Declaration' 
was signed by Belgium, Denmark, France, 
Italy, Germany, the United Kingdom, Sweden 
and Switzerland. The 'Arrangement' covering 
the Programme's practical execution was also 
opened for signature. 

Meteosat's 'Europeanisation' was 
subsequently approved on 12 June 1972. 

Acknowledging the importance of the French 
initiative, the European Delegations analysing 
the programme proposal decided to retain 
the name Meteosat, and to abandon the 
GEMS acronym. 

The Arrangement covered: 
- the development of the satellite; 
- the procurement of two flight units; 
- the launching of one flight unit; 
- the production of a central ground facility 

and of prototype user stations; 
- six months of operations following 

Meteosat's launch. 

Initially, the Arrangement excluded some 
specific tasks of a meteorological nature, 
such as provision of the software needed to 
extract meteorological parameters from the 
satellite data, and the interface to the 
meteorological telecommunications network. 
These elements, which were originally 
supposed to be funded by the national 
meteorological services, were finally included 
in the Meteosat Programme in May 1973, to 
avoid any further delays being incurred whilst 
those services sought the necessary funding. 

The funding of operations beyond six months 
after launch was left open at that time. A 
temporary solution was found only three 
years later, with the signing of a first 
'Protocol'. A second one was later negotiated 
to cover Meteosat's exploitation until the end 
of November 1983. The Programme's 
financial envelope amounted to 115 MAU· 
(at 1972 price levels), 53 MAU of which were 
earmarked for the satellite's procurement. 

The Meteorological Programme Board, set 
up to steer the newly approved Meteosat 
Programme, met for the first time on 21 
March 1972. It was subsequently assisted in 
its tasks by a Scientific and Technical 
Advisory Committee (STAG). 

It had been recognised by ESRO at a very 
early stage that the global nature of 
meteorological satellites required a specific 
international coordination scheme with the 
other entities around the World involved in 
the provision of similar spacecraft, particularly 
in the USA, Japan and the USSR. ESRO 
therefore suggested the creation of an 
informal international body to study 
compatibil ity-related matters; the first such 
'Coordination Meeting on Geostationary 
Meteorological Satellites' (CGMS) was 

• MAU = Million Accounting Units. 



organised in Washington in September 1972 
by the US participants - the 18th CGMS 
meeting is currently in preparation! 

Meteosat-1 (F1) 
Most of 1973 was devoted to a detailed 
definition of the Meteosat system in 
accordance with the mission requirements 
confirmed by the Meteorological Programme 
Board and its Scientific and Technical 
Advisory Group. For the space-segment 
definition phase (Phase-B), contracts were 
awarded to two European industrial 
consortia, COSMOS and MESH, resulting in 
two competitive offers for the subsequent 
satellite design and development phases 
(Phases C and D). 

The Meteosat ground segment, the most 
complex for an ESRO programme thus far, 
was defined by an in-house effort. 

Design and development of the Meteosat 
system started at the end of 1973 with the 
awarding of the satellite's main development 
to Mrospatiale (Cannes), as COSMOS prime 
contractor. Almost simultaneously, the first 
contracts were placed with European 
industry for the design, development and 
installation of the various ground-segment 
elements. Manufacture was started of the 
satellite engineering model (P1), integration of 
which was carried out in 1975, following 
successful completion of structural- and 
thermal-model tests (Fig. 5). 

1975 also saw the finalisation of the long
awaited Meteosat 'Protocol' by the 
Programme Board. This first Protocol, which 
had been signed by all participating Member 
States except Sweden., assigned ESRO, 
which by this time had become ESA, the 
task of operating the Meteosat system for 
three years after the first successful launch. 
During this period, ESA was not only to be 
responsible for the satellite, but also for the 
processing and archiving of the data and the 
extraction of meteorological parameters on 
behalf of the users. 

In the course of 1976, the satellite protoflight 
model (P2, later launched as Meteosat-3; see 
below) was integrated, the hardware for the 
two flight models F1 and F2 (Fig. 6) was 
manufactured, the major part of the ground 
segment was successfully tested, and 
ground/space compatibility tests were started. 

During 1977, the system and environmental 
tests on both the P2 and the flight-model (F1) 
spacecraft were completed. Towards the end 
of that year, on 23 November, Meteosat-1 

was successfully launched by a Thor-Oelta 
rocket from Eastern Test Range in the USA. 
This was the first ESA satellite to be injected 
into a geostationary orbit (Fig . 7). 

The primary objectives in the months after 
launch were to provide a useful daily 
contribution to WMO's World Weather Watch 
Programme and to prepare the system for 
participation in the First GARP Global 
Experiment (FGGE). Meteosat-1 successfully 
achieved both of these objectives and the 
system made a substantial contribution to 
meteorology and other Earth sciences during 

the meteosat programme 

Figure 5. Integration of the 
Meteosat engineering 
model (P1) at SNIAS, in 
Cannes (F) 

Figure 6. Work in progress 
on the Meteosat 
radiometer 
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Figure 7. Launch of the 
Meteosat-1 spacecraft, on 
23 November 1977 

Figure 8. First image 
(visible band) received 
from Meteosat-1, on 
9 December 1977 

50 

its two years of operation, until 24 November 
1979. At that time, an on-board component 
failure (a resistor in a protection device!) put 
the satellite's imaging and data-dissemination 
system out of action. The spacecraft's Data
Collection Mission, however, continued 
unimpaired. 

Meteosat-2 (F2) 
In early 1977, convinced that the 
Programme's success would be greatly 
enhanced by a longer exploitation period , 
the Meteosat Programme Board approved 
the launch of Meteosat-2 as principal 
passenger on the third Ariane test flight 
(L03) in the early eighties. This decision was 
the first confirmation that the Meteosat-1 
launch might indeed not represent a singular 
event, but rather be the start of a European 
meteorological programme relying on 
geostationary satellites. 

Meteosat-2 was, in fact, launched from ESA's 
launch base in Kourou , (Fig . 9) French 
Guiana, on 19 June 1981. It began routine 
operations on 12 August and was used in 
this role until 11 August 1988. However, due 
to a failure in the satellite's Data-Collection 
System (DCS) during launch, measures had 
to be taken to exploit the still operational 
DCS element of Meteosat-1 . From October 
1985 until July 1988, this backup role was 
served by an American GOES-4 spacecraft. 

In the period between Meteosat-1's launch in 
1977, and 23 November 1983, when it 
officially came to an end, the Meteosat Pre
operational Programme both fulfilled the 
needs of its scientific users working in the 
fields of climatology and atmospheric 
physics, and provided a wealth of 
meteorological data for use in operational 
meteorology. Moreover, it had also become 
clear that Meteosat, as a remote-sensing 
system for operational meteorology, had a 
range of applications far beyond those 
initially foreseen . 

Meteosat-3 (formerly P2) 
By early 1976, ESA was already deeply 
involved in trying to convince the 
meteorological community that decisions 
were required on the prolongation of the 
Meteosat Programme in order to avoid 
having a major discontinuity in the space
provided data. It was, of course, extremely 
difficult to convince this community to 
continue a programme that at that time 
(Meteosat-1 was not launched until 23 
November 1977) was still to provide its first 
data! 



The first obvious proposal was the extension 
of the Meteosat series with two more flight 
units. A much more modest proposal aimed 
at upgrading the P2 prototype to flight 
specification and taking advantage of an 
Ariane test flight for its launch also received 
a limited amount of study. 

By the early eighties, the problem of data 
continuity was becoming very acute. In 
conjunction with the preparatory discussions 
on the Meteosat Operational Programme 
(discussed below), it was once more agreed 
that launching of the upgraded P2 spacecraft 
was the only viable solution for filling the gap 
between the end of Meteosat-2's expected 
lifetime and the availability of the first satellite 
in the Meteosat Operational Programme 
(MOP-1). 

A small supplementary programme was 
therefore organised which took advantage of 
the first test flight of the new Ariane-4 
launcher. The old P2 prototype, upgraded 
and now called Meteosat-3, was launched on 
Ariane flight 401 on 15 June 1988. On 11 
August last year, it replaced Meteosat-2 as 
the primary Meteosat satellite. When 
Meteosat MOP-1 (M eteosat-4) , launched on 6 
March 1989, is commissioned in orbit, 
Meteosat-3 will assume a backup role. As 
Meteosat-3, however, also carries a laser
based clock-synchronisation experiment 
(LASSO)(Fig . 10), it will continue to be used 
for these non-meteorological studies, 
including clock synchronisation across the 
Atlantic. 

The Meteosat Operational Programme 
The prospects offered by the Pre-operational 
Meteosat Programme, and its subsequent 
success, encouraged many European 
countries to increase their efforts to agree 
upon a new programme that could extend 
the project beyond the two initial satellites. 
This also meant that users would be called 
upon to support the financial burden of the 
new programme. To be able to do so, they 
had to organise themselves into a suitable 
legal framework. 

The need for a special operational European 
meteorological organisation had already 
been acknowledged during the European
isation of the Meteosat project in the early 
seventies. By June 1976, a Space 
Meteorology Working Group (SMWG) had 
been set up within ESA to formulate 
proposals for future space-meteorology 
programmes. In mid-1977, another attempt at 
the setting up of such a European 
organisation was initiated at the request of 
the Conference of Meteorological Services 
Directors. Two avenues were explored: 

- the creation of a legal entity in 
accordance with either international law or 
the national law of a particular State; 

- the use of an existing legal entity, i.e. a 
Meteorological Service, the European 
Economic Community (EEC), the World 
Meteorological Organisation (WMO), the 
European Centre for Medium-Range 
Weather Forecasting (ECMWF) or the 
European Space Agency (ESA). 

the meteosat programme 

Figure 9. Meteosat-2 being 
readied for its launch 
(Ariane flight L03), 
together with India's Apple 
satellite (centre) and the 
Ariane Technological 
Capsule (below) 

Figure 10. LASSO 
retroreflector (centre) on 
the Meteosat-3 satellite 
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Figure 11. Meteosat-2 
image of the Earth's disc 

52 

After more detailed studies of the ESA and 
WMO options, both of which had declared 
their willingness to host the new structure, 
and after further consideration of the ECMWF 
option, the idea of a new independent 
organisation was again floated and an in
depth study made. In March 1979, the 
decision was taken to prepare a Draft 
Convention for the establishment of a 
European Meteorological Satellite 
Organisation (EUMETSAT). This was a big 
step forward, although quite disparate views 
still abounded regarding the legal identity of 
the future setup. By June 1980, a complete 
Draft Convention was available. 

For its part, ESA was busy preparing a 
proposal for the space system due to take 
over from the pre-operational satellites and a 
Protocol concerning the setting up and 
exploitation of an Operational Meteosat 
System was drafted. This proposal involved 
the launching of five satellites closely related 
to the pre-operational spacecraft, as well as 
an upgrading of the ground segment. A 
complete proposal, including the financial 
considerations, was issued by August 1980 
for consideration by the European 
Meteorological Services and their governing 
bodies. 

Three programme options were considered 
which were directly based upon the available 
Meteosat design, with operations beginning 

in early 1983: 
- three spacecraft with an overall 6.5 yr 

period of operation; 
- five spacecraft with an overall 10 yr 

exploitation period; 
- three improved spacecraft designed for 

an overall 8.5 yr of exploitation. 

The Inter-Governmental Conferences 
While the legal and technical matters relating 
to continuation beyond the Meteosat Pre
operational Programme were making 
significant progress, it became obvious that a 
formal step was required to provide the 
necessary high-level political support. 

At its June 1980 meeting, the ESA Council 
decided that the Agency should host an 
Inter-Governmental Conference of potentially 
interested European States to discuss the 
feasibility and means for creating an 
operational meteorological satellite system. 
Seventeen countries eventually participated in 
this Conference, which was held at ESA's 
Headquarters in Paris on 28-29 January 
1981 ; they were: Austria, Belgium, Denmark, 
Spain, France, Germany, Greece, Ireland, 
Italy, Norway, the Netherlands, Portugal, 
Sweden, Switzerland, Turkey, the United 
Kingdom and Yugoslavia. 

The results of the preliminary studies and 
proposals mentioned above were presented 
to the Conference. All participants agreed 
that the creation of an operational space 
system would bring substantial advantages 
and would constitute a worthwhile 
contribution by Europe to the Global 
Observing System of the World Weather 
Watch of WMO. They also accepted the 
principle of a 'EUMETSAT' organisation 
endowed with legal responsibility. 

They also decided to set up a Meteosat 
Operational Programme Working Group to 
be charged with elaborating system 
requirements and recommending the most 
appropriate legal framework for the 
Programme's establishment. The conclusions 
of this Group were to be presented at a 
second session of the Inter-Governmental 
Conference. 

Although it started working almost 
immediately after the Conference's closure, 
progress by the MOP Working Group proved 
to be much slower than foreseen. About 
twenty-five meetings of the Group and of its 
sub-groups were needed to complete the 
tasks delegated by the first Conference. If 
agreement was soon reached on the 



technical aspects of the Operational 
Programme (three improved satellites option), 
the setting up of the European 
meteorologists' organisation was a much 
more contentious matter. Long sessions had 
to be held to overcome strong nationally 
oriented positions, and to hammer out the 
final details of the EUMETSAT Convention. 

In parallel with this Group's activities, ESA 
was preparing a complete technical proposal 
for the system agreed upon. As the Agency 
was to be committed for a comparatively 
long period, every effort was made to ensure 
that this proposal was of the highest quality. 

A Draft Convention that was finally 
considered acceptable was achieved in 
February 1983. Consequently, the second 
session of the Inter-Governmental Conference 
could not take place until 21-23 March 1983 
(Fig. 12). 

This second session of the Conference was 
presented with : 
- the conclusions of the MOP Working 

Group; 
- ESA's technical and financial proposals; 
- the Draft EUMETSAT Convention. 

The Conference was also presented with a 
series of transitional measures aimed at 
initiating the Meteosat Operational 
Programme without delay. This was 
necessary because the EUMETSAT 
Convention had to be ratified by national 
Parliaments before entering into force, and 
this process was expected to take 
approximately two years. 

These transitional measures were based 
upon the ESA Council 's willingness to initiate 
the MOP as an 'Optional Programme' of the 
Agency. A Programme Declaration had been 
opened for signature and ESA had 
undertaken the very difficult task of obtaining 
financial commitments from national 
partici pants. 

The Conference adopted the Working 
Group's recommendation according to which 
execution of the Operational Programme was 
to be entrusted to ESA. It endorsed the Draft 
EUMETSAT Convention and also welcomed 
the starting up of an interim ESA Optional 
Programme, pending the entry into force of 
the EUMETSAT Convention proper. It also 
urged the Governments that had not yet 
signified their intention to contribute to the 
Programme to do so. 

To help get the EUMETSAT organisation on 
its feet as it awaited Parliamentary ratification, 
ESA proposed the setting up of a 
EUMETSAT interim unit, part of which it 
hosted at its own premises. 

As a side issue, the ESA proposal to fill the 
probable gap in exploitation between 
Meteosat-2's end-of-life and the availability in 
orbit of the first MOP spacecraft, was also 
accepted. (This resulted in the upgrading of 
the P2 spacecraft and its launch on the first 
Ariane-4 test flight, discussed earlier). 

The second session of the Inter-Govern
mental Conference also agreed to the calling 

the meteosat programme 

Figure 12. Second Inter
Governmental Conference 
in session at ESA 
Headquarters in Paris in 
March 1983 
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Figure 13. Celebration of 
the signing of the 
EUMETSAT Convention, in 
Geneva, on 20 May 1983 
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of a Conference of Plenipotentiaries for the 
signing of the EUMETSAT Convention. This 
Conference was to take place on 20 May 
1983 in Geneva. On that day, thirteen 
Plenipotentiaries signed the Convention: 
Belgium, Denmark, Spain, France, Germany, 
Italy, Norway, The Netherlands, Portugal, 
Sweden, Switzerland, Turkey, and the United 
Kingdom. Finland, Greece and Ireland 
attended as observers (Fig. 13). 

By mid-1983, the Meteosat Operational 
Programme had thus received the green 
light, after seven years of constant effort on 
the parts of a wide community of scientists, 
engineers, meteorologists and politicians. The 
Meteosat Operational Programme was at last 
under way. 

By June 1986, fourteen countries had ratified 
the EUMETSAT Convention. A special 
Conference of Participating States noted that 
all necessary conditions for entry into force 
of the Convention had been fulfilled and this 
was confirmed on the 19th of that month. 

In January 1987, EUMETSAT took over the 
overall and financial responsibility for the 
Meteosat Operational Programme (MOP). 
ESA continues to play the role to which it 
committed itself in its 1983 proposal, and the 
European meteorological community 
therefore now has at its disposal all the major 
elements that it needs to achieve full maturity 
in the domain of space meteorology. 

The Meteosat operational spacecraft 
The Meteosat system has been the subject of 
a large number of publications over a period 
of almost twenty years. Satellite and system 
descriptions are available in many 
publications; in particular, an excellent 
summary is to be found in the document 
'Introduction to the Meteosat Operational 

System', available from ESA Publications 
Division (ESA BR-32). A brief resume of the 
basic features of the system, both space 
segment and ground segment, is provided in 
the accompanying panels. 

The Meteosat Operational Programme, 
approved by 1983, covered: 
- the development and launching of three 

MOP spacecraft of an improved design 
compared with the pre-operational 
satellites; 

- the construction of a complete set of 
spares; 

- the exploitation of one spacecraft 
independently of its origin (Pre-operational 
or Operational Programme) from 
November 1983 until November 1995. 

The new features of the operational Meteosat 
satellites compared with their forerunners are 
as follows (Fig . 14): 
- all three imaging channels (visible, 

infrared, and water-vapour) are 
redundantly configured, and not just the 
infrared channel; 

- the water-vapour channel becomes fully 
operational without any time sharing with 
other channels; 

- all image data are 8-bit encoded, not just 
the infrared channel; 

- a black body is available for the 
calibration of the water-vapour channel ; 

- the raw data rate is doubled (333 kbitls); 
- S-band telecommunication is used for 

tracking, telemetry and control (TTC) 
instead of VHF; 

- the payload includes a new 
Meteorological Data Dissemination 
mission (MOD); 

- the original interrogation capability of the 
Data-Collection Platforms (DC Ps), which 
was never used, has been dropped; 

- the spacecraft design lifetime is now five 
years instead of three. 

Meteosat-3 (formerly P2), not being an 
operational spacecraft, does not incorporate 
these improvements. 

Conclusion 
An attempt has been made here to provide a 
comprehensive insight into the lengthy and 
often quite involved process that led to the 
establishment of the Meteosat satellites in 
orbit. Although the impression gained may 
be one of an overly detailed presentation of 
events, many have in fact been omitted. The 
author's prime objective was to underline the 
critical role of European cooperation in what 
has now become the obvious success of the 
Meteosat Programme. 
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Figure 14. The fundamental 
elements of the Meteosat 
operational system 

It is important that we reflect from time to 
time on such successes, which should never 
be taken for granted. Programmes were no 
easier to initiate when Meteosat was 
conceived than they are now, when the 
European ideal is much more to the 
forefront. 

For ESRO, later ESA, Meteosat was a first in 
many respects. It was the first applications 
programme to be undertaken by Europe. It 
was also the first European geostationary 
satellite project; the first spacecraft injected 
into geostationary orbit by ESOC; the first 
and largest family of operationally exploited 
European satellites; and its ground system 
was one of the most advanced, non-military 
data-processing facilities to be installed in 
Europe. 

Further satisfaction can be drawn from the 
fact that Meteosat is by far the best known of 
ESA's satellite programmes. Beyond its value 
to the professional meteorologist, its data are 
presented daily to the general public by most 
of the European television networks. 

On the institutional side, the Meteosat Pre
operational and Operational Programmes 
have fundamentally promoted the 
development of European meteorology. The 
instigation of cooperation between the 
European Meteorological Services was a 

byproduct of these Programmes, along with 
the global cooperation within the CGMS 
framework. One might say that ESA nursed 
the European space-meteorological family to 
the point where EUMETSAT has been able to 
provide it with a permanent home! 

The next chapters in the history of European 
space meteorology will be written by that 
new organisation, to which all we veterans 
who have been involved in Meteosat's birth 
wish lasting success. 

the meteosat programme 
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Figure 15. The Meteosat 
Control Centre, at ESOC In 
Darmstadt, W. Germany 
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The Meteosat System 
The two major components of the Meteosat System are 
the space segment and the supporting ground segment 
(Fig. 14). 

The space segment consists of one or more spin
stabilised Meteosat satellites in geostationary orbit at an 
altitude of 35 800 km over the Gulf of Guinea. The primary 
satellite is located at the intersection of the equator and the 
Greenwich meridian (OON, OOE). 

The main components of the Meteosat ground system are 
the Data Acquisition, Telecommand and Tracking Station 
(DATTS), the Meteosat Ground Computer System (MGCS), 
the Meteosat Operations Control Centre (MOCC), and the 
Meteorological Information Extraction Centre (MIEC). The 
MGCS, MOCC and MIEC are all located at ESA's 
European Space Operations Centre (ESOC) , in 
Darmstadt, near Frankfurt. The DATTS is located in the 
Odenwald, about 40 km from Darmstadt. 

The primary goals of the Meteosat Operational 
Programme are: 
- Earth imaging 
- dissemination of imagery and other meteorological 

data 
- data collection and distribution, 

together with the additional tasks of meteorological 
processing and data archiving and retrieval. 

The spacecraft 
Each Meteosat is 2.1 m in diameter and 3.2 m high. Its 
weight at the beginning of its life in orbit is 320 kg, 
including 39 kg of hydrazine propellant to be used for 

orbital manoeuvring. Once in orbit, the satellite spins at 
100 rpm about its longitudinal axis, which is aligned 
almost parallel with the Earth's north-south axis. 

Meteosat's main cylindrical body contains most of the 
satellite subsystems, as well as the prime payload element, 
the multispectral (four-channel) imaging radiometer. 

The main spacecraft body's cylindrical surface is covered 
with solar cells, to provide the necessary electrical power. 
The surface of the smaller, upper drum-shaped element of 
the spacecraft carries an array of dipole antenna 
elements. Electronics within the drum activate these 
individual elements in sequence, in reverse order to the 
satellite's sense of spin, thereby providing an electronically 
despun antenna (S-band). The two thinner cylindrical units 
on top of the spacecraft are toroidal antennas for S-band 
and low-UHF transmissions. 

Meteosat's multispectral radiometer allows continuous 
imaging of the Earth's disc in three spectral bands: 
- 0.5-0.9 microns (visible band) 
- 5.7-7.1 microns (infrared water-vapour absorption 
band) 
- 10.5-12.5 microns (thermal-infrared band). 

With every rotation of the spacecraft, the radiometer's 
telescope makes a new line-scan approximately 5 km 
north of the previous scan line. The telescope can be 
made to scan through an angle of 18° from south-to-north, 
thereby producing a full Earth scan of 2500 lines in 
25 min. East-ta-west scanning is provided by the spinning 
motion of the satellite (Fig. 17). A new image of the Earth's 
disc can be acquired in three spectral bands once every 
half an hour (5 min is required for the telescope to return 
to its start position and for the optics to stabilise). 

The radiometer telescope can also be commanded to 
scan smaller areas than the full Earth's disc, allowing more 
frequent images to be obtained between selected latitude 
limits. 

Image dissemination 
Meteosat is equipped with high-power amplifiers to allow 
its imagery and other meteorological data to be relayed to 
small user reception stations. The data transmitted are 
mainly processed Meteosat image data, but also include 
conventional meteorological charts received at ESOC from 
the German Weather Service and images of the Western 
Atlantic and the Americas generated by the US GOES 
satellites. 

Two forms of image transmission are used: high-resolution 
digital data, for reception by Primary Data User Stations 
(PDUSs), and analogue (WE FAX) data, for reception by 
Secondary Data User Stations (SDUSs). 

Data collection and distribution 
Figure 16. Meteosat has a total of sixty-six telecommunications 
Meteout P2 channels, designed for the collection of environmental 
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data from automatic or semi-automatic 
Data-Collection Platforms (DCPs). These 
may be located on ships, buoys, 
balloons or aircraft anywhere within the 
Meteosat coverage area. 

Figure 17. Scanning geometry used by Meteosat'. 
radiometer for lmaglng the Earth'. disc 

Meteosat acts simply as a relay station in 
these cases, so that environmental data 
transmitted by the DCP are passed on to 
ESOC, from where they can be 
redistributed in a variety of different ways. 

Meteorological processing 

METEOSAT 

Another role of the Meteosat system is the extraction of 
meteorological parameters from the basic image data, 
and their distribution. The Meteorological Information 
Extraction Centre (MIEC) at ESOC routinely produces and 
disseminates seven meteorological products: 
- cloud-motion winds 
- sea-surface temperatures 
- cloud-top-height maps 
- cloud-coverage data 
- upper-tropospheric humidity values 
- a basic climatological data set 
- precipitation indices. 

The resolution of the cloud-top-height maps is about 
20 km, while the other products are based on a grid with 

Figure 18. First Image 
received from the 
Meteosat·P2 satellite, 
at 13.30 GMT on 
29 June 1988 

approximately 200 km resolution. 

Archiving and retrieval 
The Meteosat System's objectives are completed by the 
requirement to archive all images, image-related data, 
and meteorological products. Each raw image consists 
of some 300x106 bits of information, and so there is a 
vast amount of data to be archived. 

The primary archive medium is currently 9-track, 
6250 bit/inch computer-compatible magnetic tape. 
Twelve tapes are needed to store the data from one day 
of Meteosat operation. Individual images can be 
retrieved from this archive and used as input to a laser
beam recorder which produces high-quality 
photographic images (see Fig. 18). 
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Traveling Wave llIbes 
for Satellites and 

Satellite Ground Stations. 
Since 1964 AEG is actively engaged 

in the development of communica

tions satellite traveling wave tube 

technology with cathodes for out

put power levels up to 450 W (CW) 

and 5,000 W (pulsed). AEG is now 

one ofthe leading manufacturers of 

a highly reliable and sophisticated 

product range including : 

Communications satellite TWTs 

4 to 20 GHz with output power up 

to 130 W. 

Direct broadcast satellite TWTs 

12 GHz, radiation cooled, with out

put power range 200 W to 450 W. 

TWTs for earth observation 

satellites: High power, pulsed 

satellite TWTs at 5 GHz and 

9 GHz and medium power pulsed 

TWTs at 13 GHz for radar altimeter 

TWTs for intersatellite communi

cation links between satellites in 

low orbit and geostationary 

satellites at 30 GHz and 60 GHz. 

TWTs for maritime and mobile 

satellite communications in L-band 

for highly linear back-off operation. 
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Strasse 100 . D-7900 Ulm . Phone 
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A new star is born 
The new generation of Alcatel Bell Telephone 
local oscillators is intended for the radio com
munication network of the future European 
space infrastructure. It encompasses features 
such as frequency flexibility and ultra low 
phase noise up to Ka-band, completely 
realized in mass saving thin film technology. 

Other activities are: TT &C systems, advan
ced modems, spaceborne- and microgravity 
electronics, remote sensing receivers, EGSE 
& Data Systems. 

For full information and references contact 
the address below. 

BELL TELEPHONE 
Bell Telephone Manufacturing Company Space systems department 

Francis Wellesplein 1 - B-2018 Antwerp - Belgium 
Tel. : +323/237.17.17 - Telex: 72128 bello b - Fax: +323/237.98.80 



Selenia Spazio has been responsible for the overall telecommunications 
system design and integration of the Olympus satellite of the European Space Agency . 

. In particular, it has designed and developed the Direct TV Broadcasting mission, 
which will be used by RAJ and other EUROVlSION countries 

for TV transmission experiments. 
SELENIA SPAZIO - Via Saccomurro 24 - 00131 Rome - Italy - Ph. 39-6-43681 - Fax 4090621 - Telex 614337 - IRI FINMECCANICA 





the olympus programme 

The Large Telecommunications Satellite 
'Olympus' 

J.H. Paul 
Olympus Project Division, ESA Telecommunications Directorate, 
ESTEC, Noordwijk, The Netherlands 

The goals of the large-satellite (L-Sat) 
development phase approved in January 
1982 were defined as: 

- The development, launch, and in-orbit 
operation of a multi-purpose large 
platform, designed for a range of future 
telecommunications applications, on a 
basis that would maximise the future 
competitiveness on the world market of 
the industries involved. 

Following the launch of a number of European experimental and 
pre-operatlonal communications satellites between 1974 and 1978 
(Symphonle-1 and -2, Slrlo and OTS), ESA embarked on the 
construction of a series of medium-sized operational satellites to 
support the planned Eutelsat, Inmarsat, and French Telecom-1 
systems. ESA had already anticipated the need for a larger class of 
communications satellite, and studies of the so-called 'heavy 
satellite', or 'H-Sat', consisting of a full Arlane-1 class platform 
associated with a mainly direct-broadcast (DBS) payload, were 
under way. An accelerated programme of supporting research and 
technology-development contracts was also started. 

In 1979, however, work on H-Sat was terminated due to the Franco
German decision to develop the operational TV-Sat series on a 
bl-Iateral basis. ESA then conducted a more general and extensive 
survey of the future market for large telecommunications satellites, 
and concluded that a larger class of satellite would be needed for a 
number of reasons. These Included: the Introduction of new types 
of satellite-based services operating with small ground terminals, 
putting greater demands on the space segment; the use of a single 
satellite to support several payloads dedicated to different types of 
services, to gain economic advantages; and a general Increase In 
capacity requirements for satellites dedicated to a particular type of 
service. 

After design studies by Industry (so-called 'Phase-B'), the 
declaration for the development phase of the 'L-Sat' or 'Large 
Satellite' Programme as It was then called, later to become the 
Olympus Programme, was approved In January 1982 by eight of 
ESA's Member States: Austria, Belgium, Canada, Denmark, Spain, 
Italy, The Netherlands and the United Kingdom. 

- The development, in conjunction with the 
spacecraft platform, of a series of 
telecommunications payloads, and their 
in-orbit operation, to advance industry's 
technological capabilities, stimulate users, 
and promote new market applications 
through a comprehensive test, demonst
ration and utilisation programme. 

At the time the declaration was approved, 
the first launch of an 'L-Sat', Olympus-1 as 
we now call it, was foreseen to take place 
before Ariane-4 would be operational. To 
make it compatible with the Ariane-3 vehicle's 
lesser lift capability, Olympus-1 was therefore 
conceived as a demonstration mission with 
reduced power and mass, carrying the 
following payloads: 
- A 12/20/30 GHz Propagation Package to 

complement and verify propagation 
statistics in the higher frequency ranges. 

- A 12/14 GHz Specialised-Services Payload 
for advanced communications exper
iments between small earth terminals. 

- A Direct-Broadcast Payload with two 
channels, one for pre-operational Italian 
use, and the other for European use. 

- A 20/30 GHz Communications Payload for 
point-to-point and multi point tele
conferencing and other experimental 
applications. 

The full capabilities of the Olympus design, 
referred to as 'Olympus-Max', and those of 
Olympus-1, currently scheduled for launch on 
22 June 1989, are compared in Table l 

Industrial arrangement 
British Aerospace (Space Systems) Ltd. (UK) 
is the prime contractor for Olympus-l 
Selenia Spazio of Italy is responsible for 
coordination of the four communications 
payloads, including the design and 
development of the television Direct
Broadcast and the 20/30 GHz
Communications Payloads. 
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Table 1 - Comparison of O/ympus-1 with O/ympus-Max 

OIympus-Max OIympus-1 

Mission life 
Launch vehicle 
Mass 

Array power (end of life) 

Total 
Payload 

10 years· 
STS and Ariane-3 
3300 kg 
600 kg 
7.0 kW 

5 years 
Ariane-3 
2600 kg 
360 kg 
3.5 kW 

• All Olympus equipment designed for a 10 year orbital lifetime 

Marconi Space Systems (UK) is responsible 
for the 12/14 GHz Specialised-Services 
Payload, and BTM (B) for the Propagation
Package Payload. 

SPAR Aerospace Ltd. (Can.) has overall 
responsibility for the solar arrays, with major 
subcontracts to AEG (0) and Fokker (NL). 
The combined propulsion system has been 
integrated and tested by SNIA-BPO in 
Colleferro, Italy, and environmental and final 
testing of the satellite has been conducted at 
the Canadian Government's Oavid Florida 
Laboratories in Ottawa. 

20/30 GHz ANTENNA --============2=:::::::::~ 

SOLAR ARRAY 

COMMUNICATIONS ------' 
EQUIPMENT PANEL 

SPECIALISED SERVICES 
MULTIBEAM ANTENNA ----L-

PROPULSION MODULE--------~~~il!!!!Iillll11 

SERVICE MODULE --_____ -1 

Figure 1. Exploded view of 
the Olympus satellite 
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Not counting parts suppliers, a total of more 
than sixty companies have been involved in 
the production of equipment for Olympus-l 

Platform description 
An exploded view of the Olympus satellite is 
shown in Figure 1, which also indicates the 
antennas used by the various subsystems. 
The spacecraft structure (Fokker, NL), which 
uses conventional materials throughout, is 
designed to withstand both Ariane and 
Shuttle launch loads. 

The spacecraft itself consists of three main 
modules: the 'Service Module', containing the 
majority of the platform equipment; the 
'Propulsion Module', containing the propellant 
and pressurant tanks and associated 
pipework; and the 'Communications Module' 
comprised of the north and south radiating 
panels (Aeritalia, I) and the Earth-facing floor, 
which provides the majority of the payload 
mounting area. The east and west faces of 
the spacecraft carry the European broadcast
beam and specialised-services antennas. 

'S' BAND n & C ANTENNA 

TV B3 RECEIVE ANTENNA 

1 2/20/30 GHz BEACON HORNS 

_ ---12 GHz TV B1 ANTENNA TRANSMIT 

, __ ----TV B2 TRANSMIT 

ANTENNA 

COMMUNICATION 
EQUIPMENT PANE 

SOLAR 
ARRAY 



Passive thermal control (Aeritalia, I) is used, 
with mirror radiators on the spacecraft's north 
and south faces, and with Mylar and Kapton 
electrically conductive multilayer insulation 
blankets for internal equipment and for the 
other four spacecraft faces. Constant
conductivity heat-pipe assemblies are moun
ted on the honeycomb north and south faces 
in areas carrying equipment requiring high 
heat dissipation, such as the travelling-wave
tube amplifiers (TWTAs). Batteries are 
mounted on separate north-south oriented 
radiator panels carrying cutouts or honey
comb radiators. Electrical heaters are used 

where necessary, controlled either auto
matically or by telecommand. 

Special attention has been paid to elimin
ating the risks of electrostatic discharge: in 
addition to the use of conductively coated 
material for the thermal blankets, conductive 
thermal paints have also been applied. 

Spacecraft attitude control (British Aerospace) 
is based on a zero-momentum system 
employing reaction wheels for each of the 
three axes. This system is tolerant to the 
inertia changes that will result from the use 
of different sizes of solar arrays in the future 
(output powers ranging from 2.0 to 7.0 kW) 
and from other mission-specific mass 
changes, without modification to the system 
hardware. Changes to suit different missions 
need to be made only in the software of the 
microprocessor-driven control electronics. 
The reaction wheels and thrusters are 
controlled by a microprocessor unit, which 
receives its inputs from infrared sensors, Sun 

sensors, gyroscopes and telecommands 
(certain functions can be telecommanded 
independently of the microprocessor). 

New equipment has not been developed for 
Olympus except where absolutely necessary. 
The infrared Earth sensor, Sun acquisition 
sensor, digital Sun sensor and gyroscopes 
have all been used in previous ESA 
programmes. Other equipment has also 
been derived directly from previously used 
items. 

The Olympus-1 solar (Fig. 2) array is sized to 

produce 3.5 kW of power, compared with the 
7.0 kW foreseen for Olympus-Max. To provide 
this flexibility, the array's design concept 
must be easily adaptable, with minimum 
design impact resulting from changes in 
array power requirements. Accordingly, the 
concept that has been selected employs 
flexible panel arrays, using well-proven solar 
cells (AEG, D) bonded to a glass-fibre/ 
Kapton laminate that forms the substrate. The 
panel is extended using an Astromast (Spar 
Aerospace, Can.), based on designs 
developed for various NASA programmes, 
including Voyager. Unlike some applications 
of this boom, however, the Olympus 
Astromast is extended using a motor drive 
rather than a motorised release mechanism. 
This eliminates the need for the deployed 
part of the mast to rotate and ensures that 
the deployed elements are rigidly configured . 

At launch, the solar array will be stowed in a 
folded concertina form. Both the primary and 
secondary deployments will take place 

the olympus programme 

Figure 2. One wing of the 
Olympus solar array during 
deployment testing at the 
David Florida Laboratories 
in Ottawa, Canada. The 
array is supported by 
complex ground equipment 
that simulates the zero-g 
deployment environment in 
space (photo courtesy of 
CRC, Ottawa) 
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Figure 3. Reverse side of 
the fully deployed solar 
array (photo courtesy of 
CRC, Ottawa) 
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before Olympus's apogee engine is fired. 
Extensive tests have been conducted on 
representative models for all the deploy
ments, including the primary release, which 
has also been performed under thermal
vacuum conditions on the flight spacecraft. 

The reverse side of the array in its fully 
deployed condition is shown in Figure 3. 
The Astromast that deploys and supports the 
solar array is clearly visible. The heritage of 
this array can be found in CTS-1, the 
Canadian satellite launched in 1976, and the 

Spot-1 and Space.:relescope arrays, as well 
as NASA's SAFE experiment. 

The Olympus power subsystem (British 
Aerospace) is similar to that used on the 
Agency's OTS-Marecs-ECS series of 
telecommunications satellites, with a single 
fully regulated 50 V power bus. As for ECS, 
many additional controls and reliability 
features are incorporated in the system. Up 
to four batteries may be carried, using either 
nickel-cadmium (NiCd) or nickel-hydrogen 
(NiH2) cells, or a combination of both (typical 
capacities 60-70 Ah per battery). 

Olympus-1 carries two batteries, one NiCd 
and one NiH2• Battery charging and 
discharging are controlled and monitored by 
a Battery Management Unit, which also 

provides subsystem protection. 

The combined propulsion system is a 
bi-propellant system using monomethyl 
hydrazine (MMH) and nitrogen tetroxide 
(NTO). It combines the functions of apogee 
injection using a 400 Newton engine, and 
station acquisition , station-keeping and 
momentum dumping using smaller 
22 Newton engines. The propulsion system's 
construction is designed to minimise the 
number of joints, and titanium tanks and 
pipework are used. The spherical tanks can 

be extended by inserting cylindrical sections 
to provide increased propellant capacity for 
larger versions of the satellite. 

The firing of the apogee engine is 
accomplished in an active-pressure-regulated 
mode, which is inhibited once the apogee 
manoeuvres have been completed. Orbit 
insertion will be achieved with a single 
apogee-engine firing , although a second 
burn opportunity is provided for in the 
sequence of mission events. 

The Olympus tracking, telemetry and 
command subsystem (British Aerospace) 
operates at S-band and employs 
conventional technology. It is highly 
redundant and uses dual receive/transmit 
transponders working through an axially-



slotted cylindrical antenna mounted on the 
tower. A fill-in antenna is mounted on the 
opposite face of the spacecraft body. 

The payloads 
The prime purpose of the Propagation
Package Payload (BTM, B) is to gather 
reliable information on signal attenuation, 
depolarisation and any other signal 
impairment introduced by the propagation 
of radio waves through the Earth's 
atmosphere. Direct measurements will be 
made of signals from stable beacons at 20 
and 30 GHz, whilst a 12.5 GHz beacon will 
serve the study of frequency scaling of 
propagation characteristics. 

The 12/14 GHz Specialised-Services Payload 
(Marconi, UK) consists of a multiple-beam 
antenna providing five beams in both receive 
and transmit bands, and a repeater with four 
receive chains and four transmit chains 
interconnected by a programmable switching 
system for Satellite-Switched Time-Division 
Multiple Access (SS.:rDMA) experiments. 
Frequency re-use by spot-beam discrim
ination assisted by polarisation discrimination 
is incorporated. 

Power dividers in the receive chains and a 
multiplexer in the output network allow both 
television distribution and multi point video
teleconferencing experiments between small 
earth stations (using Frequency-Division 
Multiple Access, or FDMA). Input and output 
waveguide switching networks provide 
flexibility and redundancy. 

The antenna has a simple offset parabolic 
reflector, which is folded against the east 
face of the satellite body during launch and 
then deployed in-orbit. Five identical 
hexagonal transmit/receive feed horns each 
serve one of the five beams. The antenna 
reflector is mounted on a pointing mech
anism, which allows the whole five-beam 
cluster to be moved from the nominal 
pointing over Europe to any other point on 
the Earth visible from the satellite's planned 
station at 19°W longitude. 

The Direct-Broadcast Payload (Selenia 
Spazio, I) contains two transmit channels, 
one to be used by the Italian Television 
Agency RAI for a pre-operational Italian 
service, and the other for European 
programme experiments. The steerable 
elliptical reflector for the RAI channel , 
designated TVB1 in Figure 1, is shaped for 
optimal Italian coverage. The European beam 
antenna, designated TVB2, is also steerable. 
The common receive function is provided by 

a dedicated receive antenna, TVB3, gener
ating European coverage. 

A radio-frequency sensing subsystem 
provides a closed-loop pointing facility for the 
TVB1 antenna during on-station operations. A 
beacon signal transmitted from the ground in 
Italy will be processed onboard the satellite 
in such a way that information about the 
antenna boresight direction with respect to 
the beacon is continuously available. The 
loop will stabilise the radio-frequency 
boresight of the antenna with respect to the 
ground station to within 0.2~ irrespective of 
changes in orientation of the spacecraft body 
during station-keeping manoeuvres. 

The 20/30 GHz Communications Payload 
(Selenia, I) has been designed in cooper
ation both with industrial contractors and an 
Ad Hoc Group of interested parties. This Ad 
Hoc Group, with members drawn from 
governments, telecommunications 
administrations, research institutes and 
industries in the ESA Member States 
(primarily those participating in the Olympus 
Programme), envisages a range of 
experiments, including: 
- point-to-point video teleconferencing 
- mUlti-point video teleconferencing 
- tele-education 
- data and video transmission. 

Wideband transmission experiments using 
the full inherent bandwidth of the trans
ponder (some 700 MHz) have also been 

the olympus programme 

Figure 4. The Olympus 
flight-model satellite In 
production at British 
Aerospace In Stevenage 
(UK) (photo courtesy of 
BAe) 
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Figure 5. The Olympus 
flight-model spacecraft 
being unloaded from Its 
Belfast transport aircraft at 
Ontario International 
Airport, Los Angeles, en 
route for JPL In Pasadena 
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proposed, and the necessary payload 
switching has been incorporated. 

The payload includes two independently
steerable transmit/receive spot-beam 
antennas generating 0.60 nominal-coverage 
spot beams, two wide band receive chains, 
three transmit chains, and an arrangement of 
interconnecting switches and filters. 

Testing 
At the time the Olympus Programme was 
planned, it appeared that sufficiently large 
environmental test facilities would not be 
available soon enough for satellite-level 
testing to take place in Europe. The 
environmental and system test programme 
has therefore been conducted in the David 
Florida Laboratories of the Canadian 
Government in Ottawa, with the initial solar
simulation testing being carried out at Jet 
Propulsion Laboratory in Pasadena, 
California. 

This is the first time that final integration and 
testing of an ESA satellite have taken place 
outside Europe, and this posed some 
significant problems in terms of logistics and 
communications for both ESA and industry. 
To be able to support ongoing activities at 
short notice, ESA has maintained a small 
resident staff at the David Florida 
Laboratories since the spacecraft arrived 
there in mid-198? This was augmented by 
additional engineering staff from ESTEC for 
specific reviews and meetings. British 
Aerospace, the prime contractor, has 
maintained a permanent staff in Ottawa of 

between 40 and 50 people during the same 
period. 

Figure 5 shows the Olympus flight model in 
its shipping container being unloaded from a 
Belfast aircraft in the United States, en route 
from Europe to JPL in Pasadena. Figure 6 
shows the satellite during later testing in the 
anechoic chamber at the David Florida 
Laboratories in Ottawa. 

Earth stations 
In general, earth stations will be provided by 
the user organisations, but several transport
able units have been built for loan to 
experimenters as part of the Olympus 
development programme. 

As part of the coordination activities 
proceeding under the auspices of the 
Olympus Propagation Experimenters Group 
(see ESA Bulletin No. 54), a great deal of 
thought has been given to the design of 
suitable beacon receivers for the propagation 
payload. This has resulted in a 'Handbook 
for Beacon Receiver Design', which has been 
endorsed by the Group as a whole and 
widely distributed. Most of the scientific 
establishments involved will at least partially 
construct their own receiving stations. Various 
industrial companies have, however, already 
designed Olympus reception stations that 
can be purchased either as a complete unit 
or in component form , depending on the 
wishes and resources of the experimenter 
concerned. 

For the 12/14 GHz Specialised-Services 
Payload, ESA has procured two transportable 
earth stations, called Test and Demonstration 
Stations-4 (TDS-4), which can be used to 
access the payload from anywhere inside the 
coverage area. These stations, manufactured 
by British Aerospace, have antenna 
diameters of 3.5 m (Fig . 8) . There are also a 
number of other ground stations available 
from PTT administrations which will be used, 
in particular, for SS.:rDMA experiments with 
this payload. 

For the Direct-Broadcast Payload, ESA has 
procured a 4 m-diameter, transportable earth 
station (TDS-5) from Selenia Spazio (I) , which 
can be used to send television signals to 
either of the Olympus repeaters. This TDS-5 
station (Fig. 9) will be available on a loan 
basis to broadcasters who wish to run pilot 
experiments to assess the benefits of direct 
television broadcasting in their region. The 
station's first application will be to uplink 
programmes and data from London on behalf 
of the BBC and groups of British distance-
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Figure 6. The Olympus 
satellite undergoing testing 
In the anecholc chamber at 
David Florida laboratories 
In Ottawa, Canada 

Figure 7. Test and 
checkout equipment being 
used for Olympus testing 
at Davld Florida 
Laboratories 
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Figure 8. The TDS·4 earth 
station 
Transmit frequency band : 
13-13.25 and 14-14.3 GHz 
Receive frequency band : 
12.5-12.75 GHz 
Maximum EIRP : 73 dBW 
Antenna diameter : 3.5 m 
Transmit power : 2x250W 
GfT : 25.5 dB (1/K) 
Polarisation : Linear 

Figure 9. The TDS·5 earth 
station 
Transmit frequency band : 
17.3-18.1 GHz 
Receive frequency band : 
11.7-12.5 GHz 
Maximum EIRP : 82 dBW 
Antenna diameter: 4 m 
Transmit power : 500 W 
GfT : 24 dB (1/K) 
Number of selectable 
channels : 40 
Polarisation : Circular, RH 
and LH 

Figure 10. The TDS-6 earth 
station antenna (photo 
courtesy of GEe Research, 
UK) 
Transmit frequency band : 
28-28.7 GHz 
Receive frequency band : 
18.85-19.55 GHz 
Maximum EIRP : 77 dBW 
Antenna diameter: 2.5 m 
Transmit power : 2 x 350 W 
GfT : 25.5 dB (1/K) 
Polarisation : Linear 
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learning organisations. The uplink station for 
the Italian channel , also being built by 
Selenia Spazio, will be located near Rome. 
A typical receive installation for Direct
Broadcast Satellite (DBS) reception will have 
an antenna diameter of 60 cm. 

Earth stations are being built in Canada, the 
United Kingdom, Italy, Austria and The 
Netherlands for the various experiments to 
be performed with the 20/30 GHz 
Communications Payload. There are currently 
twelve stations of the 2 or 3 m-diameter 
transmiUreceive class, plus numerous small 
stations for thin-route transmiUreceive and 
receive-only applications. The Agency has 
itself procured three stations - TDS-6A, B 
and C (Fig.10) - which are land-, sea- and 
air-transportable, from Marconi (UK). They 
will be used initially for a business
communications experiment, but will also be 
employed later for the Eureca Inter-Orbit 
Communications Experiment. The latter will 

10 

involve the relaying of data and signals to 
and from ESA's European Retrievable Carrier. 
The three TDS-6 ground stations will also be 
used on a time-shared basis for outside
broadcast experiments. 

Use of the Olympus payloads 
Approximately thirty scientific and technical 
establishments already plan to make use of 
the Olympus Propagation Payload. They are 
co-ordinated by the Olympus Propagation 
Experimenters Group (OPEX), chaired by 
Prof. G. Brussaard of the Technical University 
of Eindhoven (NL). The coordination work at 
ESTEC is in the hands of the Wave
Propagation Division. Particular ESA activities 
involve distribution of data collected, and 
analysis as well as publication of 
propagation-measuring station information. 
All the users are based in Europe, with the 
exception of one in Canada and one in the 
United States. 



The work of OPEX is proceeding well. Four 
of the stations are already established to 
receive the beacon signals. Many others are 
currently being constructed, and it is 
anticipated that approximately twenty will be 
ready by the time Olympus starts operation. 
A Conference of all Olympus users was held 
in Vienna on 12-14 April 1989 at which 
several papers were presented by 
propagation experts who are members of 
OPEX. 

There are twenty-seven separate 
organisations planning to use the 
Specialised-Services Payload on Olympus, 
thirteen of which are scheduled to use the 
satellite in its first nine months of operation. 
Applications that are international or 
European in nature are being coordinated 
with Eutelsat within the terms of the 
ESAlEutelsat Agreement. Most of the users 
are drawn from PTT administrations, scientific 
establishments and technical universities 
which have the necessary facilities and 
resources to access the satellite. There is one 
Agency-initiated experiment, called 'Olympus 
for Africa', which will involve many additional 
small stations being located on the African 
Continent at a later date. 

The Italian transponder of the Direct
Broadcast Payload is allocated to the RAI 
under the terms of an ESAlRAI Agreement, 
and they will schedule its use entirely. The 
European-beam transponder will be allocated 
to BBC Enterprises during the prime-time 
period of 17.00 h to 01.00 h GMT each day. 

Much of the daytime usage of the European 
DBS channel will be allocated to 
transmissions from over 300 collaborating 
organisations who will demonstrate 
educational services. Thirty-eight of the fifty
two individual projects are led by universities 
and government agencies, and coordination 
of the transmissions into a suitable 
programme stream is currently being 
arranged. 

There are approximately forty organisations 
planning to use the 30/20 GHz Com
munications Payload. Of these, thirteen have 
been scheduled provisionally to commence 
operations in the first year. The applications 
involve transmission tests, tele-education, 
satellite news gathering, video-conferencing 
and other related satellite-communication 
topics. The organisations involved include 
PTT administrations, private service providers, 
educational and scientific establishments. 

As with the Specialised-Services Payload, 
international as opposed to national 
experiments within Europe are being 
coordinated in collaboration with Eutelsat 
under the terms of an ESAlEutelsat 
Agreement for the Utilisation of Olympus' 
Fixed-Services Payload. There are two 
Agency-initiated experiments: the Direct Inter
establishment Communications Experiment 
(DICE), and the Cooperative Olympus Data 
Experiment (CODE). CODE in particular 
involves a further ten to twenty small-station 
users. There are also a number of users in 
Canada (co-ordinated by the Canadian 
Communications Research Centre), and one 
in the United States. 

Clearly, the large number of Olympus users 
has made considerable overall coordination 
necessary, and this has been supplied by 
the Olympus Utilisation Board, a group 
chaired and manned by staff from ESA's 
Directorate of Telecommunications. The day
to-day running of the programme is the 
responsibility of the Olympus Payload 
Utilisation Secretariat (OPUS), which deals 
directly with users and potential users in 
terms of provision of information, 
applications, approvals and scheduling . • 

Further Reading 

Other articles on the Olympus Programme 
that have appeared in earlier editions of 
the ESA Bulletin include: 

Bulletin 50, May 1987 
The Olympus Utilisation Programme, C.D. 
Hughes and P. Bartholome. 

Bulletin 54, May 1988 
The Olympus Propagation Experiment 
OPEX - A Unique Example of European 
Cooperation, G. Brussaard. 

Bulletin 56, November 1988 
The ESA Olympus Satellite and Distance
Learning in Europe - An Opportunity for 
Educators, J. Chaplin. 

Bulletin 57, February 1989 
High-Definition Television Broadcasting via 
Satellite, G. Mica. 

the olympus programme 
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----.- When you want to know 

more about the stars, you 

have to go right up and 

look at them. That can be 

a long strip. With ESA's 

Hipparcos astrometry 

satellite, Matra Espace is going to 

participate in one of the greatest 

scientific adventures of our era. 

vital for acquiring new knowledge of 

the universe, its origins and evolu

tion. 

Matra Espace has been chosen as 

prime contractor for Hipparcos 

because of our leading edge know

how in telescope instrumentation, 

our champion management capa

city and an exemplary record of 

cooperation. Not to mention a 

certain taste for success. Because in 

space, the urge to be a champion is 

always rewarded. 

Write to us at Matra Espace. 

P.O.Boxl-78146 Velizy Cedex France. 

Together we'll make space ours. 



Saab Space represents 25 years 

of experience in space computer 

technology. We have supplied 

state-of-the art computers and 

Europe's Specialist 
in Space Computer 
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a great num

ber of Euro-

such as manned space flights 

which require higher perform

ance and greater reliability than 

regular space missions, Saab 

Space offers computers featuring 

upgraded functions and built-in 

fault tolerance - two of the 

many good reasons why Saab 

Space has been chosen to de

velop the central computer sys

tem for Hermes. We have also 
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for the Ariane-5 on-board com

puter. 

Technology pean satellite programs. For the 

Hipparcos project, our areas of 
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into a high performance On

board Data Handling subsystem. 

For demanding applications, 

Saab Space computers - the obvious choice! 
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The demands made on individual 
electronic systems and their com
ponents increase with the degree 
:Jf complexity of satellites and 
:;pace transport systems. Cable 
:;ystems are no exception. During 
'1scent and while in orbit, they are 
:;ubjected to extraordinary stress, 
:;uch as the extreme mechanical 
oad during lift-off, outgassing pro
:esses while entering the vacuum 
3.nd continual bombardment by 
Jltraviolet and hard gamma radia
ion during the entire operation 
ime. Successful cable systems 
Tlust remain intact throughout and 
unction reliably. 
::lORE offers High Voltage Cable 
:::onstructions for travelling wave 
:ubes and other high voltage 
3.pplications. These high voltage 
~ables are designed for extremely 
'apid gas emission. Emission rates 
are unequalled, thanks to use of 
Draided exterior shieldin~ made of 
rn icroporous GORE-TEX . Air and 
Dther enclosed gasses can 
escape fully and freely into the 
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~harges inside micro gaps in the 
hsulation material of cables 
caused by strong electrical fields 
are called corona. Until now, the 
corona process led to the destruc
Ion of the insulation and thus to 
he unavoidable failure of the 
(able. GORE High Voltage Cable 
=:onstructions feature superior 
~orona resistance characteristics, 
r anks to dielectrics made of CR
fTFE (Corona-Resistant-PTFE), the 
Dest insulation material now known 
pr high voltage applications. 
GORE Cable Systems assure 
outstanding performance in tough 

ryday use. One reason is appli
,..",cm'".,.., development of 
GORE believes, cables 
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ng parts at an early 

ment stage of any space 
Frequently it's thanks to 

Cable Systems that techni
concepts become 

. So contact us right now. 
you and design your 

ual cable system, provide a 
' rr,·t"l\""", and begin manufactur

the shortest period of 
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The Hipparcos Project 

M.A.C. Perryman 
Astrophysics Division, ESA Space Science Department, ESTEC, Noordwijk, 
The Netherlands 

H. Hassan 
Hipparcos Project, ESA Scientific Projects Department, ESTEC, Noordwijk, 
The Netherlands 

Historical context 
While the Earth was assumed to be spherical 
by the Pythagorian School as early as the 
sixth century BC, and Aristotle in De Caelo 
(around 340 BC) presented various evidence 
to support this idea, it was not until about 
240 BC that Eratosthenes made one of the 
first scientific estimates of the Earth's size. 
While the principle of the measurement of 
the distance between the Earth and the 
Moon had already been described by 
Aristarchus of Samos around 250 BC, it was 
about 120 BC before Hipparchus first 
calculated this distance by measuring the 
Moon's parallax. 

A comparison of Hipparchus' star catalogue 
of 1080 stars with the work of his predec
essors led to the discovery of the precession 
of the equinoxes and the eccentricity of the 
Sun's path . All of this was achieved by 
measurements with the naked eye, the 

The accuracy achievable in measuring the positions of stars from 
the ground is limited by numerous observational difficulties. The 
most important of these involve the effects of an inhomogeneous 
and fluctuating Earth atmosphere, instrument flexure, and the 
inability to observe all parts of the celestial sphere simultaneously 
from any single observing location. There are, nevertheless, 
important astronomical and astrophysical reasons why more precise 
stellar positlonal measurements are urgently needed. 

A dramatic and long-awaited improvement in the observational 
situation was heralded when, at the request of tHe scientific 
community, and following an internal feasibility study supported by 
its Member-State scientists, ESA decided to undertake the 
Hlpparcos space mission. This spacecraft, scheduled for launch on 
an Arlane-4 in July 1989, Is dedicated to measuring the precise 
positions of some 120 000 stars. 

The final outcome of the mission will be a catalogue of star 
positions, parallaxes and proper motions, along with photometric 
and other data on the stars observed. This catalogue, of unprec
edented precision, should be available to the scientific community 
in the course of 1995. 

resolving power of which is limited to about 
one minute of arc (although these early 
observations were rarely accurate to better 
than about 30 minutes of arc, due to the 
primitive instruments used). 

As with other branches of science, astro
metry made little advance during the 
millenium of the 'Middle Ages', in which 
western civilisation remained with the 
concept of a Universe with the Earth at its 
centre. But the awakening of man's scientific 
curiosity at the time of the Reformation led to 
revised interest in astrometry. 

Copernicus propounded the heliocentric 
concept, and Tycho Brahe, using his brass 
azimuth quadrant and many other new 
instruments, carried out a long series of 
observations during the second half of the 
sixteenth century. These observations were to 
provide the basis for Kepler's laws of 
planetary motion. 

By 1609 Galileo had invented the optical 
telescope, and this landmark was to be of 
particular significance for astrometry. The 
angular error in astrometric measurements 
fell to about 15 seconds of arc by 1700, and 
to about 8 seconds of arc by 1725. This 
made it possible to detect stellar aberration 
(small positional displacements due to the 
vectorial composition of the velocity of light 
to the Earth's orbital velocity) and nutation 
(an 18.6 year wobble in the Earth's spin axis 
produced by the gravitational influences of 
the Sun and the Moon). 

Approximately eighteen hundred years after 
Hipparchus, Edmund Halley set about 
remeasuring the rate of precession by 
comparing contemporary observations with 
those that Hipparchus and others had made. 
While most of the stars displayed a general 
drift amounting to a precession of about 50 
seconds of arc per year, Halley announced 
in 1718 that three stars, Aldebaran , Sirius and 
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1400 

Figure 1. Improvement In 
the observational error In 
astrometrlc measurements 
of stellar positions as a 
function of time 

Figure 2. Artist's 
Impression of the 
Hlpparcos satellite. The 
solar panels, pointing 
towards the Sun, the 
apogee boost motor, the 
antennas linking the 
satellite to the control 
centre on Earth, and the 
entrance apertures of the 
telescope are all visible 
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Arcturus, were displaced from their expected 
positions by large fractions of a degree. 
Halley deduced that each of these stars had 
its own 'proper motion'. 

The precision of astronomical observations 
improved again during the 18th century 
(Fig. 1), revealing the motions of many more 
stars, and in 1783 William Herschel found 
that he could partly explain these motions by 
assuming that the Sun itself was moving. 
This suggested that some stars might be 
relatively close to the Sun, and so astron
omers intensified their efforts to detect 
'trigonometric parallax', the apparent 
oscillation in a star's position arising from the 
Earth's annual motion around the Sun. 

Friedrich Bessel was the first to publish a 
parallax value, following his studies of the 
motion of 61 Cygni. Thomas Henderson is 
credited with the first measurement of stellar 

parallax, that of the bright star Alpha 
Centauri, from observations made at the 
Cape of Good Hope in 1832-33, although he 
did not analyse the measurements for some 
years. The two components of this star, 
together with a faint companion called 
Proxima Centauri, form the nearest known 
group of stars to the Sun, at a distance of a 
little more than 4 light years (1 light year 
being 9.5 x 1012 km). Wilhelm Struve 
measured the parallax of Vega in 1837-38. 

The invention of the photographic camera 
gave astrometry yet another new tool, and 
since the early part of this century astron
omers have determined trigonometric 
parallaxes photographically at more than a 
dozen observatories. The technique is to 
measure the shift of the selected star relative 
t6 a few stars surrounding it on some 20 or 
more plates taken over a number of years. 
Several thousand such trigonometric 
parallaxes have now been measured; 
however, even now only a few hundred are 
known with an accuracy of better than about 
20 %. The launch of the Hipparcos mission 
(Fig. 2) will revolutionise this long, difficult 
and very important task. 

The scientific role of Hlpparcos 
Optical astrometry today may be summarised 
as having two main scientific objectives: 

(a) that of providing a non-rotating stellar 
reference frame to which the motions of 
objects in the Solar System and stars in 
the Galaxy may be referred, and which 
can be used as a reference framework for 
relating optical observations to those in 
other regions of the electromagnetic 
spectrum; 



(b) that of providing, through the use of such 
a framework, basic observational data for 
the studies of stellar luminosities, the 
spatial distribution of stars within the 
Galaxy, and their motions. 

The position of an object in space may be 
described by its direction with respect to 
some coordinate system (direction cosines), 
its heliocentric distance, and the rates of 
change of these quantities with time. Relative 
angular measurements made from 
astronomical observatories at two well
separated epochs yield, in principle, the 
direction cosines and their time dependence. 
Combined with the knowledge of the 

distance to the star, this angular movement, 
or 'proper motion', can be converted into a 
velocity projected onto the celestial sphere. 
A sequence of observations of a given object 
with respect to distant background stars, as 
the Earth travels in its annual orbit around 
the Sun, furthermore yields the distance to 
the object through the determination of its 
parallax (Fig. 3). 

The space motion of an object in the radial 
direction, or radial velocity, is most conven
iently determined by measuring its Doppler 
shift, and this quantity is normally omitted 
from the set of five remaining 'astrometric 
parameters': two positional coordinates, the 
rate of change of these coordinates with time 
(or the proper motion), and the parallax 
(inversely proportional to the object's 
distance). 

Fundamental though these quantities are, the 
angles involved are extremely small (typically 
parallaxes and annual proper motions are 

measured in milliarcsec), and the measure
ments required to quantify them must be 
extremely precise. Conditions experienced 
from ground-based astronomical 
observatories, such as the perturbing 
atmosphere, lack of all-sky visibility, and 
gravitational and thermal flexure of teles
copes, complicate the measurement and the 
separability of the positional and time
dependent parameters. They have also 
tended, in recent years, to result in a limit 
beyond which progress has proved 
technologically complex and observationally 
time-consuming. 

Just as the scientific objectives of optical 

astrometry may conveniently be separated 
into discussions of the reference frame, and 
of the physical interpretation of the parallaxes 
and proper motions, so ground-based 
measurement techniques have evolved into 
two broad categories: large-angle and small
angle techniques. The current strategy 
adopted for reference frame construction, for 
example, is based on large-angle techniques, 
in which a fundamental frame based on 
meridian observations of a few thousand 
bright (m less than 8 mag) stars, is 
supplemented by meridian observations of 
additional reference stars reduced 
differentially with respect to the fundamental 
stars, and further interpolated by means of 
photographic surveys. Photographic parallax 
determinations, by contrast, are derived by 
small-angle (differential) measurement 
techniques. 

Resulting positional catalogues generally fall 
into the category of small but precise 
catalogues, such as the FK5 Catalogue of a 

the hipparcos project 

Figure 3. Parallax, and the 
principles of parallax 
measurements. As the 
Earth moves In Its yearly 
orbit around the Sun, the 
movement of the observer 
results In an elliptical 
component of the apparent 
motion of the nearby stars, 
which can therefore be 
distinguished from the 
star's proper motion 
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few thousand stars with mean positional error 
at the catalogue central epoch (1949 in the 
case of FK5) of 0.019 arcsec, or large but 
less precise catalogues, an extreme example 
being the soon-to-be-completed Hubble 
Space Telescope (HST) Guide Star Catalqgue 
of some 20 million objects with external 
coordinate errors in the range of 1-2 arcsec. 

A complete separability of the goals and 
measurement techniques is, however, neither 
technically possible nor scientifically 
desirable: the accuracy of the reference 
frame deteriorates with time, due to the 
errors in the determinations of the individual 
space motions, and small-scale angular 
measurements typically give relative rather 
than absolute parallaxes. In consequence, a 
discussion of the errors on parallaxes or 
proper motions is complicated by the effects 
of external errors on the reference system to 
which such measurements are related. The 
important point to stress is that, while the 
latter techniques may also reach positional 
accuracies of a few milliarcsec, such meas
urements are generally local, while the 
Hipparcos measurements will span the whole 
sky. 

What makes the Hipparcos mission unique, 
and the expected results so dramatic, is the 
all-sky visibility of the satellite, the absence of 
a perturbing atmosphere, and the instrum
ental stability brought about by the absence 
of gravitational instrument flexure, together 
with the provision of a stable thermal 
environment. Differential angular measure
ments are made over large angles, at many 
different orientations, and at many different 
epochs. The parallaxes will consequently be 
absolute, and regional or systematic errors in 
positions and annual proper motions are 
expected to be well below the milliarcsec 
level. 

The main mission goals are summarised in 
Table 1. 

The evolution of the Hipparcos project 
Over the past one hundred years or so, 
observational uncertainties in astrometric 
measurements have been reduced by an 
order of magnitude due to instrument 
refinements. However, further rapid progress 
on the ground has been considered unlikely 
since the most significant uncertainties 
remaining are caused by the Earth's 
atmosphere. Averaging out the dominant 
effects of atmospheric turbulence has proved 
to be relatively efficient, but comparisons 
between results from different observatories 

still show systematic differences due to slowly 
varying refraction effects which cannot be 
studied accurately and cannot, therefore, be 
reduced with confidence. In the 1960s some 
astronomers considered that the best 
prospect for making major advances in this 
field was to go into space - beyond the 
atmosphere. 

A preliminary proposal for a space 
astrometry mission was submitted by 
P Lacroute to the Centre National de la 
Recherche Scientifique (CNRS) in France in 
March 1966. The proposal made was to 
build up a reference system using about 
700 stars brighter than 7 mag, with relative 
positions known to better than about 
0.01 arc sec. 

In August 1967, a new version of the project 
was presented in Prague at the Congress of 
the International Astronomical Union. A 
revision of this proposal was then presented 
to the Centre National d'Etudes Spatiales 
(CNES) in France in November 1967. Some 
funds were subsequently made available by 
CNES for optical calculations, and for the 
trial manufacture of a 'beam-combining 
mirror' in 1969. It proved to be impossible, 
however, to construct such a mirror that 
would be able to resist the vibrations 
encountered during a launch. 

In August 1970 a paper was presented at the 
International Astronomical Union's Congress 
in Brighton on the subject of astrometric 
measurements from space. New ideas were 
introduced, but featuring the same kind of 
characteristics, at the Astrometry Symposium 
in Perth in 1973. A description of the mission 
was presented at a meeting of the ESRO 

Table 1 - Summary of expected results 

Main experiment 
Number of stars 
Limiting magnitude 
Completeness 
Positional accuracy 
Parallax accuracy 
Proper-motion accuracy 

Systematic errors 

Tycho experiment 
Number of stars 
Limiting magnitude 
Positional accuracy 
Photometric accuracy 
Observations per star 

120000 
V- 12.4 mag 
7.3-9.0 mag· 
0.002 arcsec (9 - 9 mag) 
0.002 arcsec (9 - 9 mag) 
0.002 arcsec per year 
(9 - 9 mag) 
< 0.001 arcsec 

>400000 
9-10-11 mag 
0.03 arcsec (9 - 10 mag) 
0.05 mag in 9 and V 
-100 

• Depending on galactic latitude and spectral type. 



Astronomy Working Group in Frascati in 
1973. The Working Group selected thirteen 
projects that merited further consideration . 

This was followed by a 'Space Astrometry' 
symposium organised by ESRO, soon to 
become ESA. in October 1974 in Frascati. 
The goal of this symposium was to assess 
the support for these ideas among 
astronomers. 

A mission-definition study was subsequently 
carried out by a group of European 
astronomers with the support of ESA 
personnel. This study was able to define a 
mission with more emphasis on the 
astrophysical aspects of an astrometry 
satellite, because new technical ideas made 
it possible to observe a larger number of 
stars, and also faint ones, with a higher 
precision than previously, even with the use 
of a smaller telescope aperture. 

The preferred mission was a dedicated 
astrometric satellite with a lifetime of three 
years during which the positions, parallaxes 
and annual proper motions of about 100 000 
selected stars would be obtained to approx
imately 0.002 arcsec accuracy. 

The study results were presented at an 
International Colloquium on Space 
Astrometry held at Copenhagen University in 
June 1976. Shortly afterwards, ESA approved 
a feasibility study of the project. 

The mathematical problem of deriving the 
astrometric data from one-dimensional 
measurements of the sky by a scanning 
satellite was subsequently studied, and the 
problem was demonstrated to be solvable. 

When the feasibility study started in February 
1977, ESA had just decided that the Ariane 
launcher should be used for future missions. 
This opened the way for a heavier payload 
and a geostationary orbit. These new 
possibilities were exploited by the science 
team and the previous concept of a near
Earth spacecraft in polar Sun-synchronous 
orbit was abandoned. Consequently, active 
attitude stabilisation had to replace the older 
ideas of passive stabilisation by the gradient 
of the Earth's gravity field , since the 
gravitational stabilising force is too small at 
the geostationary distance from Earth . 

The proposed active attitude control was 
based on the use of reaction wheels in the 
spacecraft, although the small disturbances 
(or 'attitude jitter') from the mechanical 
bearings might have jeopardised the 

astrometric mission aiming at angular 
measurements in the range of 2 milliarcsec. 
In fact, the studies were never able to supply 
reliable estimates of the attitude jitter before 
the attitude control by cold-gas jets was 
introduced by the satellite prime contractor in 
1982. This control provides the same very 
smooth attitude motion between each jet 
firing as the passive stabilisation would have 
given. The smooth motion can be used to 
improve the precision for bright stars by 
'dynamical smoothing'. 

Between June 1978 and February 1980, a 
large promotional campaign was conducted 
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throughout Europe in favour of Hipparcos. 
An early and informal call for stars to be 
included in the observing programme, in an 
attempt to judge the scientific interest in the 
project, solicited about 170 research 
proposals, drawn up by 125 astronomers 
from 12 countries. Interest was generated in 
numerous scientific institutes and laboratories 
concerning the hardware and software 
aspects of the mission. As a result, the 
project received increasing attention from the 
members of ESA's Science Programme 
Committee. 

The dialogue with the international scientific 
community was continued at specialised 
meetings: at the Congresses of the Intern
ational Astronomical Union in Grenoble in 
1976 and in Montreal in 1979, and at the 
Colloquium on European Satellite Astrometry 
in Padua, Italy in 1978. Coordination with 
ground-based astrophysical observations of 
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Figure 4. The key features 
of the Hlpparcos payload. 
Light from the stars visible 
In two distinct fields of 
view (shown In red and 
blue In the figure) enters 
the telescope through the 
external baffles and Is 
brought together by the 
beam comblner, which 
takes the light from the 
two fields of view and 
superimposes It on the 
spherical mirror. This light 
Is then focussed onto a 
regular grid at the focal 
surface of the telescope, 
which modulates the light 
Signal from the stars 
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the stars to be selected for Hipparcos was 
emphasised at these meetings, and so was 
coordination with the planned space astrom
etry from the Hubble Space Telescope. 

Technical studies by ESA and outside 
contractors were continued and members of 
the ESA science team investigated the data
reduction aspects, leading up to the adoption 
of the project by ESA in March 1980. The · 
detailed design study was completed in 
December 1983, and the hardware 
development phase began early in 1984. 

Many of the astronomers and other scientists 
involved in the early assessment studies have 
continued their involvement with the mission, 
both through the ESA advisory teams, and 
through the setting up, in 1982, of the 
consortia who have assumed responsibility 
for the scientific aspects of this project. 

A late enhancement to the project, which 
emerged during the detailed design study, 
was the addition of the two star-mapper 
c.hannels that led to the Tycho experiment. 

Satellite description 
The payload, the primary characteristics of 
which are listed in Table 2, is centred around 
an optical all-reflective Schmidt telescope 
(Fig. 4). A novel feature of the telescope is 
the 'beam-combining' mirror, which brings 
the light from the two 0.90 x 0.90 fields of 

Table 2 - Payload and satellite 
characteristics 

Optics 
Telescope configuration All-reflective Schmidt 
Field of view 0.90 x 0.90 

Separation between fields 580 

Diameter of primary mirror 290 mm 
Mirror surface accuracy Al60 rms 

Primary Detection System 
Modulating grid 2688 slits 
Slit period 1.2 arcsec (8.2 I'm) 
Detector Image dissector tube 
Photocathode S20 
Sensitive field of view 
Spectral range 
Sampling frequency 

38 arcsec diameter 
375-750 nm 
1200 Hz 

Star Mapper (Tycho) System 
M9dulating grid Four perpendicular to scan 

Detectors 
Photocathode 
Spectral range (B) 
Spectral range M 
Sampling period 

Satellite Parameters 
Launch mass 
Power requirements 
Uplink data rate 
Downlink data rate 
Satellite orbit 
Inclination to Sun 
Spin rate 

Four at ±45° inclination 
Photomultiplier tubes 
Bi-alkali 
~=430 nm, ~h = 90 nm 
heff=530 nm, ~h = 100nm 

600 Hz 

1140 kg 
295W 
2 kbitls 
24 kbitls 
Geostationary 
43 0 

168 arcsec/s 



view, separated by about 58~ to a common 
focal surface, thereby allowing both large
and small-field measurements to be 
conducted simultaneously. The satellite will 
sweep out great circles over the celestial 
sphere (Fig. 5), and the star images from the 
two fields of view are modulated by a highly 
regular grid of 2688 opaque and transparent 
parallel slits located at the focal surface and 
covering an area of 2.5 x 2.5 cm2 . The 
construction of the aspheric asymmetric 
beam-combining mirror and of the highly 
accurate modulating grid (by electron beam 
lithography) were key technical challenges to 
be overcome during the payload's 
development. 

The satellite is designed to spin slowly, 
completing a single rotation in just over 2 h. 
At the same time it can be controlled such 
that there is a slow change in the direction of 
the axis of rotation. This will allow the 
telescope to scan the complete celestial 
sphere several times during its 2.5-yr mission. 
As the telescope scans the sky, the star's 
light will be modulated by the slit system, 
and this modulated light will be sampled by 
an image dissector tube detector, at a 
frequency of 1200 Hz. At anyone time, some 
four or five of the selected (or programme) 
stars will be present in the combined fields of 
view. The detector has a small sensitive area 
which covers a field about 38 arcsec in 
diameter (projected on the sky). The detector 
can only follow the path of one star at a time, 
but can be switched, under rapid computer 
control, to all the programme stars for short 
intervals of time during their passage across 
the field, which takes about 20 s. 

The telescope will continually compare the 
relative positions of the programme stars, 
which will appear in successive fields of view 
due to the satellite's rotation. In this way, 
several comparisons with different stars can 
be made. As the scans will also overlap 
'sideways' as the satellite's axis of rotation 
changes on each sweep of the sky, the stars 
will appear again, but this time compared 
with other stars. In this way, a dense net of 
measurements of the relative angular 
separations of all of the stars will be 
progressively built up. 

In addition to the main instrument, the 
payload includes two star mappers (one 
redundant), the function of which is to 
provide data allowing both real-time satellite 
attitude determination (a task performed 
onboard the satellite), and a posteriori 
attitude reconstruction (a task carried out on 
the ground). The star mapper data is also to 
be used by the Tycho experiment to perform 
astrometric and two-colour photometric 
measurements on about 400000 stars, down 
to about 10-11 mag. 

Each star mapper consists of an aperiodic 
modulating grid located at the sides of the 
primary modulating grid, and two photo
multipliers measuring the light transmitted by 
the complete star-mapper grid in two 
different spectral bands (roughly 
corresponding to the Johnson blue and 
visual bands). The spectral separation 
(Table 2) is performed by means of a 
dichroic beam splitter. Each star mapper 
consists of two sets of four slits, each set 
being at a different inclination with respect to 
the scanning direction, so that the satellite's 

the hipparcos project 

Figure 5. The scanning 
principle of the Hlpparcos 
satellite. As the satellite 
sweeps out a great circle 
across the sky, stars 
continually enter and leave 
the telescope's fields of 
view 
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Figure 6. The Hlpparcos 
satellite under test at 
ESTEC In Noordwljk (NI) 
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attitude can be derived from the detector 
signals as the star images move across the 
grid. The modulated light signal is converted 
into photon counts by the two photomultiplier 
tubes, which are sampled at a frequency of 
600 Hz. 

From the digitised photon counts from the 
main detector sent to the ground, along with 
relevant attitude information from the 
satellite's star mappers and other house
keeping data, the relative phases of the star 
images present within the combined field of 
view can be derived. The data processing 
will be carried out on the ground and will 
lead, after a full analysis of the data collected 
during the mission lifetime (nominally 2.5 yr), 
to the final catalogue of star positions, 
parallaxes and proper motions. 

Figure 6 shows the Hipparcos satellite during 
integration and testing. 

Technical and scientific Involvement In 
Hlpparcos 
ESA has taken overall responsibility for the 
satellite's design and hardware manufacture, 
which was contracted out to a European 
industrial consortium with Matra (F) as 
industrial prime contractor, and with Aeritalia 
(I) responsible for procurement of the 
spacecraft, as well as for the integration and 
testing of the complete satellite. Industrial 
responsibility at system level covered 
management, engineering and assembly, as 
well as integration and testing of the 
complete satellite. This responsibility was 
shared by eleven European companies, with 
some thirty-five European firms and a total of 
about 1800 individuals participating at all 
levels. 

European scientific teams, who have worked 
closely with ESA since the project's approval 
in 1980, have undertaken the scientific tasks 
necessary for the successful completion of 
the project as a whole. This has included 
advising the Agency on detailed scientific 
considerations relating to the payload's 
design and development, and operational 
and calibration aspects both before and after 
launch. While the scientific-advisory-role 
approach that has been so essential to the 
successful design of the mission concept is 
one shared by all ESA scientific missions, the 
scientific participation in the Hipparcos 
project has been especially fundamental due 
to the setting up of four autonomous 
scientific consortia. 

One aspect of this scientific involvement has 
been the preparation of the Hipparcos Input 
Catalogue by a consortium of institutes 
known as the Input Catalogue Consortium. 
This Consortium was selected by ESA on the 
basis of responses to an Announcement of 
Opportunity issued in 1981. The Consortium 
was subsequently entrusted with the task of 
defining, on the basis of scientific merit and 
satellite operational requirements, the unique 
list of stars that will be observed by the 
Hipparcos satellite. (Such a concise 
description of the Consortium's tasks does 
not do justice to the enormous effort and 
considerable scientific and administrative 
complexity which has been involved in the 
construction of the Input Catalogue). 

The complete reduction of data from the 
satellite, from some 1012 bits of photon counts 
and ancillary data to a catalogue of 
astrometric parameters and magnitudes for 
the 120000 programme stars, is a complex 
and substantial task. It is being undertaken 
independently by two scientific consortia, the 
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Northern Data Analysis Consortium (NDAC) 
and the Fundamental Astronomy by Space 
Techniques (FAST) Consortium. Both 
Consortia were also selected on the basis of 
responses to an Announcement of 
Opportunity issued by ESA in 1981. The 
selection of two parallel data-reduction teams 
was motivated by the size and complexity of 
the reductions, and has been adopted in an 
attempt to ensure the validity of the results. 
The end product will be a single, agreed
upon catalogue. 

The star-mapper photon records contain 
extremely valuable photometric and 
astrometric information for hundreds of 
thousands of stars. The Tycho Data Analysis 
Consortium (TDAC) was set up to analyse the 
star-mapper data stream, and the processing 
of these largely serendipitous data will greatly 
enhance the scientific return from the 
mission. 

The close collaboration between the Agency 
and the scientific teams has led to a satellite 
design that fully reflects the scientific 
requirements. The activities of all of the 
participating scientific institutes are funded by 
national agencies, universities, and private 
foundations. Nearly 200 scientists are 
involved in the work of the four scientific 
consortia. 

The data reductions 
The satellite will produce some 24 000 bits of 
data per second, mostly image dissector 
tube data and two-colour data from the star 
mapper. Approximately 1012 bits of data will 
therefore be generated during the satellite's 
lifetime of 2.5 yr, corresponding to the 
measurement of some 150 x 106 grid 
coordinates. In the reduction process, some 
106 attitude unknowns and some 20000 
instrument unknowns (essentially the time-, 
position-, and colour-dependent coefficients 
representing the geometrical properties of 
the measurement system) are either to be 
eliminated or solved for. 

The problem is essentially one of solving a 
very large and sparse set of normal 
equations with a large number of unknowns. 
Whilst being too substantial to be treated in 
any direct manner, the problem lends itself to 
linear decomposition by the formation of 
certain intermediate quantities - the star 
abscissae along the great circles swept out 
by the scanning motion of the satellite. While 
more rigorous solutions to the problem of the 
attitude and sphere reconstruction are still 
being studied, both data-reduction consortia 
have adopted a three-step approach as their 
baseline (see accompanying box for details). 

Main Steps in the Hipparcos Data Reductions 
Step 1: 
The image dissector tube photon counts are extracted 
from the data stream, and fitted to a star intensity model 
of the general form 

I = B+lo (1 + M1 cos(wt + 1/11) + M2 cos(2wt + 1/12)) 

where B is the background, 10 the unmodulated star 
intensity, w the satellite spin rate, M1 and M2 the first and 
second harmonic instrument modulation coefficients, and 
1/11 and 1/12 the unknown signal phases. The phases are 
treated in data segments corresponding to a 'reference 
great circle', of about 12 h duration, which is selected with 
the celestial pole close to the mean position of the 
instrument's spin axis over this period. The star abscissae, 
the along-scan attitude parameters, and a set of 
instrument parameters describing the geometric 
transformation between the celestial sphere and the 
measurement system, are solved independently for each 
reference great circle by a least-squares process (Fig. 7). 

Step 2: 
The resulting star abscissae for a 'well-behaved' subset of 
some 40 000 of the programme stars are combined in a 
subsequent least-squares process, referred to as the 
sphere reconstitution, which brings together all the 

different reference great circles into a single global system. 
In this step, the abscissae are used as observations, and 
the astrometric parameters of the same stars, along with 
a single abscissa zero point for each reference great circle, 
as unknowns. The astrometric parameters are eliminated, 
and the remaining system of normal equations is solved 
for the abscissae zero points (Fig. 8). 

Step 3: 
Relative abscissae determined in Step 1 are converted into 
absolute abscissae, by adjustment to the origin of the 
reference great-circle systems determined in Step 2. 
Finally, the astrometric parameters of each star are deter
mined by a least-squares combination of its abscissae on 
different reference great circles. 

This three-step decomposition yields a tractable data 
reduction problem: Step 1 requires the solution of rather 
sparse normal equations with about 2000 unknowns, and 
these will be solved by direct-solution methods based on 
Cholesky factorisation of the normal equations. Some 
2000 such reference great circles will be generated over 
the 2.5 yr mission. Step 2 produces a very dense system 
of normal equations with the 2000 abscissae zero points 
as unknowns. This will be solved by iterative methods. 
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Figure 7. The principles 
underlying the phase 
determination of the 
modulated star signals, 
and hence the 
determination of the 
relative separations along 
the direction of scan of the 
stars simultaneously 
present within the 
telescope's two fields of 
view 

Figure 8. The final stage In 
the Hlpparcos data 
processing Is the sphere 
reconstitution. All the star 
measurements over the 
entire celestial sphere are 
taken together (right), and 
a small area of the sky Is 
shown In greater detail In 
the figure at the top left. 
Different great circles yield 
measurements of the star 
positions at different 
epochs, projected onto 
these great circles 
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Outside the three-step process are the 
related activities of calibration, photometry 
and double-star analysis. The accurate 
photometric measurements (to about 
0.01 mag in the Hipparcos magnitude system 
at about 8 mag for each of the 100 or so 
grid crossings per star during the mission), 
and the detailed detection of double or 
multiple stars with separations larger than 
about 0.1-0.2 arcsec for magnitude 
differences less than about 3 mag, will be 
important byproducts of the astrometric 
measurements. 

The attitude data are to be used both for the 
on-ground attitude reconstruction, and as 
input to the reductions leading to the 
construction of the Tycho Catalogue (Fig. 9). 
The Tycho Catalogue will be an additional 
catalogue of lower-precision astrometric data 
and two-colour photometric data for some 
400 000 stars down to a limiting magnitude 

of about 11 mag, which will rely on a 
separate 'input catalogue' of star positions 
provided through a collaboration with the 
Hubble Space Telescope Guide Star 
Catalogue team. 

One important satellite design concept is 
related to the choice and development of the 
attitude and orbit control system. Since the 
basic measurements are essentially quasi
simultaneous, a wide spectrum of attitude 
jitter was, in principle, acceptable. However, 
by a suitable choice of attitude control 
system (cold gas jets) , the attitude motion 
has been made sufficiently smooth for stars 
not simultaneously present in the combined 
fields of view to still be tied 'directly' to each 
other through an extrapolation of the satellite 
attitude motion - a concept referred to as 
'dynamical smoothing'. This leads to an 
effectively larger field of view, to an 
improvement in the great-circle rigidity, and 
hence to an improvement in the final star 
positions (in particular for the brighter stars 
which contribute directly to the rigidity of the 
reference frame) . 

Satellite operations 
Mission operations will be conducted from 
the European Space Operations Centre 
(ESOC), in Germany. The ground station will 
periodically uplink segments of the observing 
programme, and this information will control 
both the observations and the scanning 
motion of the satellite. Data sent down from 
the satellite will be monitored, merged with 
auxiliary parameters such as satellite orbit 
information, and dispatched to the data
reduction consortia for subsequent 
processing. 



After launch, Hipparcos will be manoeuvred 
from its transfer orbit into its final geostat
ionary orbit by means of its apogee boost 
motor (Fig. 10). Once on station, the satellite 
will be despun, its spin axis will be oriented 
towards the Sun, and the 'scanning law' 
progressively acquired by means of star
pattern recognition using the star mapper. 
About 30 days are foreseen for payload 
commissioning, during which time 
preliminary estimates of the geometric and 
photometric properties of the payload, its 
stability as a function of time, and quantities 
such as the modulation coefficients, detector 
response profile, and star-mapper calibration 
parameters will be determined. Routine 
operations will commence at the end of 
commissioning. 

Payload monitoring activities will be carried 
out at the ESOC ground station throughout 
the mission, and the comprehensive data 
treatment carried out by the data-reduction 
consortia will identify significant instrument 
changes (once the mission is under way it is 
expected that the data treatment will lag 
behind data production by some 2-3 
weeks). A 'first-look' facility, implemented by 
the FAST Consortium, will process a set of 
about 12 h of data per week - its function 
being to validate, as swiftly as possible, the 
data coming from ESOC, and to provide the 
results of initial data-calibration quantities to 
both the FAST main processing chain and to 
the Operations Centre. 

Conclusion 
The final results of the Hipparcos mission, in 
the form of a single star catalogue, will be 
published and made available to the 
scientific community in about 1995. 

Just as astrometric measurements made over 
the past two millenia have led to pictures of 
stellar motion and stellar evolution in our 
Galaxy, leading to an increasing awareness 
and comprehension of man's place in the 
dynamic exploding Universe around us, so 
the Hipparcos mission will allow many more 
pieces of the 'cosmic jigsaw' to be set in 
their place. • 
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Figure 9. Stages In the 
processing of the Tycho 
data. The raw data related 
to a particular star are 
extracted from the data 
stream on the basis of the 
satellite's attitude 
(determined by the main 
reduction process) and the 
approximate star poSition, 
known before launch 

Figure 10. The early stages 
of the Sun acquisition, 
deployment of the solar 
panels, and Initialisation of 
the scanning of the 
celestial sphere by the 
Hlpparcos satellite 
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ONE MORE ACHIEVEMENT OF SIEMENS TELECOMUNICAZIONI 
IN SPACE PROGRAMMES 

1976 

1990 

1st ON BOARD PARAMETRIC AMPLIFIER 
On January 17th, 1976 a parametric amplifier 
was flown for the first time on board a telecom
munications satellite (CTS - HERMES). So far 
Siemens Telecomunicazioni paramps have cu-

mulated a total of 1.3 million operating hours 
without failure (CTS, OTS 2, ANIK 8 , ECS 1, 

ECS 2, ECS 4, ECS 5, TELECOM 1 A, 
TELECOM 18, TELECOM 1C). 

1st ON BOARD 147 Mb/s BURST MODE QPSK COHERENT DEMODULATOR* 
Planned for launch in mid-1990, ITALSAT will be the first regenerative telecommunications satellite. 
Its 9 demodulators, developed and manufactured by Siemens Telecomunicazioni , represent a further step 
towards exploitation of Satellite Telecommunications. 
Siemens Telecomunicazioni (formerly GTE Telecomunicazioni) have given important contributions to many 
space programs for more than 15 years, leading to a total backlog of more than 20 satellites. 
Presently we are involved in : DFS, TELE-X, OLYMPUS, ITALSAT, EUTELSAT 11 . 

Siemens Telecomunicazioni 
Headquarters and Marketing 
20093 Cologno Monzese (Milano) 
V.le Europa, 46 - Italy 

·Work under SES contract for ASI. Tel. (02) 25131 - Telex 330346 - Telefax (02) 2536135 



Dornier - Milestones in Space. 

From the beginning of space research 
in Europe Dornier has participated 
in all important national and ESROI 
ESA-projects for space exploration . 

Dornier, for instance was prime 
contractor for the satellite projects 
AEROS A/B, ISEE-B, UlysseslISPM, 
and the complex space systems 
FOe and IPS. 

GEOS , mOTTO, Spacelab and 
ARIANE . At present Dornier is prime 
contractor for the development of 
ROSAT (German X-ray satellite) and 
ERS-l (ESA European Remote Sensing 
Satellite) together with national and 
international partners. 

As a modern and successful aircraft 
enterprise Dornier has accepted the 
challenge of space technology. 

Dornier moreover designed major Dornier will also make an all-out effort 
subsystems for the projects HELlOS, to contribute all their expertise to the 

current large-scale European projects: 
ARIANE 5, HERMES, eOLUMBUS. 

Today's progress ensures tomorrow's 
world . Dornier. 

Dornier GmbH 
P 0 Box 1420, D-7990 Friedrichshafen 1 
Federal Republic of Germany 

, Dornier 
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the hubble space telescope 

The Hubble Space Telescope 

P. Jakobsen 
Astrophysics Division, ESA Space Science Department, ESTEC, Noordwijk, 
The Netherlands 

R. J. Laurance 
ESA Scientific Programmes Department, ESTEC, Noordwijk, The Netherlands 

A limit to 'seeing' 
Like all astronomical telescopes, the Hubble 
Space Telescope consists basically of a 
reflecting telescope, which collects and 
focusses light from celestial objects, followed 
by several different scientific instruments that 
can be used to analyse the light gathered. 
With a primary mirror diameter of 2.4 m, HST 
is by no means a huge telescope by modern 
standards; both the 5 m Hale Telescope on 
Mount Palomar (USA) and the 6 m telescope 
of the Crimean Observatory (USSR) have 
mirrors more than twice as large. Moreover, 

The NASA/ESA Hubble Space Telescope (HST), which is scheduled 
to be launched in December 1989, is one of the most ambitious and 
demanding projects in space astronomy ever undertaken. Yet, in 
concept, it is one of the simplest: to place a two-met re-class 
astronomical telescope and its associated instrumentation into low 
Earth orbit and maintain and operate it over an extended period as 
an international multipurpose astronomical observatory - in much 
the same way that large ground-based telescopes are used by 
astronomers on clear nights at observatories all over the World 
today. However, operating above the Earth's atmosphere, HST will 
provide astronomers with a far clearer and much more detailed view 
of the Universe throughout the ultraviolet, visible and near-infrared 
parts of the spectrum. Observations obtained with HST are 
therefore expected to have a profound impact on nearly all fields of 
modern astronomy. 

Figure 1. Artist's 
Impression of the Hubble 
Space Telescope (HST) In 
orbit 

several huge 8-10 m class telescopes are 
currently under construction at various sites 
around the World. 

Nonetheless, HST - operating above the 
Earth's atmosphere - is expected to 
outperform these Earth-bound giant 
telescopes by a comfortable margin. The 
main reason for this has to do with the 
adverse effects on images of celestial objects 
obtained from the ground caused by 
scattering during light's passage through the 
turbulent layers of the Earth's atmosphere. 
Irrespective of the size of the telescope, this 
unavoidable blurring - or 'seeing' as it is 

termed by astronomers - effectively limits 
the resolution that can be obtained in 
ground-based astronomical images to about 
one second of arc (1 arcsec). The level of 
detail that can be seen in images taken with 
the best telescopes from the ground is 
roughly equivalent to reading the headlines 
of a newspaper from a distance of one 
kilometre. 

Because of the adverse effects of the 
intervening atmosphere, carrying out 
astronomical observations from the ground 
has been likened (somewhat exaggeratedly) 
to 'bird-watching from the bottom of a lake'. 
In space, on the other hand, light propagates 
freely - stars do not twinkle in space, for 
instance - and the limiting performance of 
any telescope is determined solely by the 
inherent quality of the optics and the 
accuracy with which it can be kept pointed 
during an exposure. The images taken with 
the Hubble Space Telescope are expected to 
show about ten times more detail than similar 
images taken from the ground. This increase 
in performance is roughly equivalent to 
reading not only the headlines, but also the 
fine print of a newspaper one kilometre away. 

It is primarily in this dramatic tenfold 
improvement in image quality that the 
motivation and promise of HST lies. HST will 
enable astronomers not only to study already 
known astronomical objects at a much 
higher level of discernible detail, but also to 
detect and study hitherto unknown objects 
some thirty times fainter - or five times more 
distant - than observable from the ground. 
In this way HST will expand the volume of 
space accessible to astronomical observation 
by a factor of more than 100. 

A further important advantage of a telescope 
operating in space is that light radiated by 
astronomical objects in a large region of the 
electromagnetic spectrum will enter the 
telescope and be focussed. In contrast, 
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Figure 2. Cutaway view of 
HST, showing both the 
telescope and Its scientific 
Instruments 
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because of absorption in the Earth's 
atmosphere, only a small fraction of the total 
emitted spectrum reaches a telescope 
situated on the ground. Hence HST will be 
capable of viewing celestial objects not only 
in visible light, but also in the ultraviolet and 
infrared. The ultraviolet spectral region 
(wavelengths between 90 and 330 nm) is 
of particular importance to astronomers since 
it contains most of the so-called 'atomic 
transitions' of the most common elements. All 
chemical elements have their own 
characteristic signature in terms of being 
able to absorb and emit light, and it is by 
identifying these signatures in the spectra of 
celestial objects that their chemical 
composition, temperature and physical 
properties can be determined. 

A joint NASA/ESA project 
The potential advantages of carrying out 
astronomical observations from space, 
beyond the Earth's atmosphere, were pointed 
out by the German rocket pioneer H. Oberth 
back in 1923. The first serious recommend
ations that a large astronomical space 
telescope be built were received 40 years 
later by NASA. in the early sixties. Following 
a series of feasibility studies, the present joint 
NASA/ESA programme was finally approved 
and initiated in 1977. 

The ESA contribution to the HST project 
consists of three elements: 

(i) The Faint Object Camera (or FOG), one of 
the prime focal-plane instruments on 
board Space Telescope. 

(ii) The solar arrays, which provide power to 
the spacecraft. 

(iii) Scientific and technical personnel to staff 
the Space~elescope Science Institute in 
Baltimore, Maryland, and the European 
Coordinating Facility for Space Telescope, 
at the European Southern Observatory in 
Garching, West Germany. 

In return for this contribution, European 
astronomers from ESA Member States will be 
guaranteed a minimum of 15% of the 
available observing time with HST. 

The spacecraft: designing for a long life 
The fully assembled Hubble Space 
Telescope is 14 m long, has a diameter of 
4 m, and weighs more than 11 t. It will be 
launched by the Space Shuttle into a 590 km 
high, 28.5° inclination low Earth orbit. The 
most recent NASA launch manifest targets 
HST for launch on 11 December 1989 on 
board the Space Shuttle 'Discovery '. 

A key aspect of the Space Telescope 
observatory is its planned 15-year lifetime, 
with the possibility for maintenance and 
upgrading in orbit. All scientific instruments 
and many of the critical spacecraft 
subsystems are designed so that they can be 
repaired or replaced by a space-suited 
astronaut in orbit. The Space Shuttle is 
expected to visit HST approximately once 
every three years. It will therefore be possible 
to gradually refurbish or replace the various 
scientific instruments as they fail or become 
obsolete during the observatory's lifetime. 

To achieve these objectives with maintenance 
missions not more than once every three 
years requ ires a number of special features. 
Firstly, HST will be placed in a relatively high 
orbit at 590 km. This is twice the altitude 
flown by most of the Shuttle missions, and 
will ensure that the orbital decay caused by 
residual atmospheric drag is not a limiting 
factor. Additionally, the HST attitude control 
system uses no consumables such as gas or 
propellant, relying instead on so-called 
'reaction wheels' (excess accumulated 
angular momentum will be off-loaded using 
magnetic torquers reacting with the Earth's 
magnetic field) . The maintenance 
requirements are therefore based on the 
need to replace those items that fail , wear 
out or become obsolete. This has resulted in 
a modular approach in HST's design. 

One of the more critical subsystems of the 
spacecraft, where the design requirements 
for a long lifetime are especially important, 
can be found among ESA's contributions to 



the HST mission - namely the solar arrays 
that power the HST spacecraft by converting 
sunlight into electricity. The performance of 
these arrays will degrade with time due to 
the accumulated effects of radiation 
bombardment, and the repeated heating and 
cooling as the orbiting HST passes from 
sunlight to shadow, causing fatigue in the 
electrical interconnections. This will limit the 
useful life of the solar arrays to approximately 
five years and they have therefore been 
designed to be easily replaceable in orbit. 

A typical HST maintenance mission will 
involve a Space Shuttle mission carrying all 
the spare subsystems needed, including two 
new solar arrays, on a special carrier in its 
cargo bay. The Flight Support System 
maintenance platform first used on the Solar 
Maximum Repair Mission in 1984 will also be 
carried. The Space Shuttle will rendezvous 
with the Hubble Space Telescope and the 
Shuttle's crew will capture it using the 
Remote Manipulator System and mount it on 
the maintenance platform. The solar arrays 
will be retracted and the HST observatory will 
enter a dormant mode. Two crew members 
will then exit through the Shuttle aft airlock 
and start the maintenance activities. 

Usually several units will have to be 
replaced, and a new set of batteries will 
probably also be installed routinely, at each 
maintenance visit. During maintenance of the 
solar arrays, one of the old arrays will first be 
removed by releasing a clamp at its base 
and moving that wing to a temporary storage 
bracket. The first of the new wings will then 
be removed from the carrier and fitted to 
HST. This process will then be repeated for 
the second wing. The new solar arrays will 
then be deployed either partially or fully prior 
to the Shuttle reboosting back to the nominal 

590 km altitude where the HST observatory 
will be redeployed and reactivated. 

The payload: an astronomer's tool box 
The Space Telescope proper is a 2.4 m
diameter reflecting telescope; it has an 
effective focal length of 57 m, which is 
achieved by folding the light path in a 
so-called 'Ritchey-ChrE3tien Cassegrain 
configuration'. The two mirrors of the 
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Figure 3. The assembled 
Faint Object Camera (FOC). 
The yellow handles are to 
assist the astronauts In 
handling the Instrument In 
orbit 

Figure 4. One of the ESA
supplied HST solar arrays 
undergoing testing. HST 
has two such arrays, which 
together provide 4.5 kW of 
power to the spacecraft 
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Figure 5. The 2.4-m 
diameter primary mirror 
blank of the HST. Its 
reflecting surface Is 
figured to an accuracy of 
better than five millionths 
of a centimetre (courtesy 
of Perkln-Elmer) 

Mirror Construction 

LIGHTWEIGHT 
CORE 

OUTER 
EDGEBAND 

REAR 
FACESHEET 

Figure 6. The completed 
primary mirror for Space 
Telescope (courtesy of 
Perkln-Elmer) 
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telescope are coated with aluminium and 
magnesium fluoride and reflect light with 
wavelengths between about 115 nm and 
1 mm. The figures of the telescope surfaces 
have been polished to an extremely high 
accuracy of better than five millionths of a 
centimetre. Combined with an expected 
pointing stability of 0.007 arcsec, this should 
permit HST to resolve two objects in the sky 
separated by as little as 0.1 arcsec. 

Light entering the telescope can be analysed 
by one or more of five scientific instruments 
and three fine-guidance sensors, which are 
used to keep HST accurately pointed during 
an observation. The first generation of 
scientific instruments to be flown aboard HST 
will consist of two direct-imaging cameras, 
two spectrographs and a photometer. This 

complement of instruments essentially spans 
the full range of tools used by astronomers. 

The two cameras on board HST are extremely 
sensitive, television-camera-type systems that 
take pictures of the sky through the Space 
Telescope. The Wide Field/Planetary Camera 
0NF/PC) is capable of operating in two 
modes: a 'Wide Field' mode with a 
2.7x2.7 arcmin field of view, and a higher 
magnification 'Planetary' mode with a 
1.2x1.2 arcmin field of view. The WF/PC is 
also equipped with a large bank of filters, 
prisms, gratings and polarisers. 

The light detectors of the WF/PC are eight 
so-called 'Charge-Coupled Device' (CCO) 
semiconductor chips. These CCO detectors 
consist of an array of 800x800 individual , 
15x15 micron, solid-state silicon detectors. 
Each element of the CCO chip effectively 
converts incoming light quanta into single 
electrons, which are held trapped for the 
duration of the exposure. When the exposure 
is complete, the total accumulated charge in 
each of the individual CCO elements is 'read 
out', amplified electronically, and telemetered 
to the astronomers on the ground. 

The Faint Object Camera, which has been 
designed and built by ESA and European 
industry, is in many respects complementary 
to the WF/PC. It is capable of operating in 
four basic modes: direct imaging at 
magnifications of 2, 4 and 12 times, as well 
as in a so-called 'long-slit' spectrographic 
mode. Whereas the WF/PC provides a 
slightly undersampled image of a 'wide' 
region of the sky, the FOC is designed to 
fully exploit the unique imaging capability of 
the Hubble Space Telescope and provide 
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images of the highest possible resolution and 
limiting sensitivity. However, the fields of view 
in the three nominal imaging modes are very 
small : 22x22, 11x11 , and 4x4 arcsec, 
respectively. Moreover, whereas the WF/PC 
operates best at longer wavelengths, the 
FOC is most sensitive in the blue and 
ultraviolet spectral regions. The FOC is also 
equipped with a large number of filters, 
prisms and polarisers, in addition to two 
coronographic 'fingers'. The latter can be 
used to block out light from bright stars and 
permit better study of their immediate 
surroundings. 

The FOC uses two separate imaging 'photon
counting' light detectors consisting of three
stage intensifier tubes coupled to television 
cameras. The operating principle of these 
detectors is illustrated in Figure 7. 

A second important tool for the astronomer is 
the spectrograph. Spectrographs separate 
light into its various colours by means of 
prisms and diffraction gratings, thereby 
enabling a detailed analysis to be made of 
the light emitted by celestial bodies. In 
addition to several spectrographic modes 
included in the FOC and the WF/PC, the 
HST also carries two specially designed, 
dedicated spectrographs. 

The Faint Object Spectrograph (FOS) and 
Goddard High-Resolution Spectrograph 
(GHRS) both use one-dimensional 'Digicon' 
devices as their basic detectors. Like those 
of the FOC, these detectors are also capable 
of detecting and counting individual quanta 
of light. A key figure of merit for any 
spectrograph is its 'resolving power', i.e. the 

1-----1.- OUTPUT TO 
SCIENTIFIC 
DATA STORE 

VIDEO PROCESSING 
UNIT 

ability to separate light into its various 
components. The FOS is capable of 
operating in both a low-resolution and an 
intermediate-resolution mode. It also has 
spectro-polarimetric capabilities. The spectral 
response range of the FOS is 115-850 nm. 
The GHRS, on the other hand, operates in 
three very-high-resolution modes. It is the 
only true ultraviolet instrument on board 
Space Telescope in that its spectral response 
is limited to the 115-320 nm region. 

Another tool for the astronomer to be found 
aboard HST is the High-Speed Photometer 
(HSP). Photometers are used to measure the 
intensity of light accurately. The HSP is the 
simplest of the first-generation Space
Telescope instruments. It contains no moving 
parts and consists of four photon-counting 
image-dissector tubes, a photomultiplier and 
more than fifty focal-plane filter/aperture 
combinations. The various filters span the 
115-700 nm range. The HSP can also 
measure the polarisation of light, and it is 
capable of detecting rapid fluctuations in the 
light from celestial sources by measuring the 
arrival time of individual photons to an 
accuracy of better than 20 microseconds. 

The capabilities of the 'sixth' scientific 
instrument on board HST, namely the three 
Fine-Guidance Sensors (FGSs) , are also 
worth mentioning. These instruments are 
located at the outermost edge of the HST's 
focal plane and consist of highly 
sophisticated interferometric devices. During 
an observation, the FGSs will 'lock on' to 
pre-selected guide stars in the vicinity of the 
target and assist in keeping the telescope 
pointed steadily at the target to an accuracy 

Figure 7. Schematic 
showing the operating 
principle of the Faint 
Object Camera. Individual 
light quanta striking the 
front-end photo-cathode of 
the Intensifier release 
single photoelectrons 
which are amplified 
through a cascade process. 
The electron cloud releas
ed Is electromagnetically 
focussed and accelerated 
to Impact on the phosphor
coated output window of 
the Intensifier tube. In this 
way, each detected photon 
produces an Intense flash 
of light In the output 
phosphor. The output 
window of the Intensifier 
tube Is continuously view
ed by a scanning television 
camera, the signal from 
which Is fed to a micro
processor. This micro
processor, In turn, Is pro
grammed to determine the 
exact location and size of 
each flash. If the event In 
question fulfils the various 
validation criteria set by 
the discrimination logic, 
then the microprocessor 
gives the command to In
crement by one the 
register In an electronic 
memory corresponding to 
the event location. Using 
this technique, an Image Is 
gradually built up In the 
memory during an ex
posure that may last for 
many hours. The contents 
of this memory are then 
telemetered to the ground, 
once the exposure Is 
complete. 
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Figure 8. This illustration 
demonstrates the dramatic 
tenfold Increase In Image 
quality attainable with HST. 
The leftmost picture shows 
how a hypothetical, very 
distant globular star 
cluster appears to a 
ground-based telescope. 
The right hand picture 
shows how the same 
cluster will appear when 
viewed with HST. 

In fact, the picture on the 
right Is an Image of the 
globular cluster M15, 
located In the constellation 
Pegasus, obtained with an 
engineering model of the 
Faint Object Camera used 
on the 1.8-m telescope of 
the Aslago Observatory. 
The Image was then 
computer-processed to 
produce the Image on the 
left. 

Globular clusters such as 
M15 are among the oldest 
objects In the Galaxy and 
will be extensively studied 
with HST 
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of 0.007 arcsec. Since only two FGS 
interferometers are needed to point the 
spacecraft at any given time, the third FGS is 
free to measure the relative positions of other 
stars within its field of view. It is hoped that a 
positional accuracy of 0.002 arcsec can be 
achieved in this way. 

This accuracy is similar to what will be 
achieved by the Hipparcos mission, but the 
HST will study astrometrically a much more 
limited number of stars in a far less 
systematic manner than will Hipparcos. In 
particular, HST astrometry will result in 
measurements over only a small field at any 
given time, and will never yield a general 
reference frame like Hipparcos. 

Several of the next generation of instruments 
for installation in HST are already either in 
the process of being built or on the drawing 
board . In addition to the WF/PC 'clone' that 
is presently being assembled for possible 
installation in HST in 1993, two other 

'second-generation' instruments for Space 
Telescope have been selected by NASA. 
These are a near-infrared cameral 
spectrograph - the Near-Infrared Camera 
and Multi-Object Spectrometer (NICMOS) -
and a second-generation ultraviolet-through
visible spectro-graph - the Space:J"elescope 
Imaging Spectrograph (STIS). The near
infrared instrument is expected to be installed 
on board HST around 1995, and installation 
of the STIS is foreseen for 1998. 

Scientific results: great expectations 
The Hubble Space Telescope is a truly 
multidisciplinary observatory. The scientific 
opportunities presented by its complement of 
instruments are therefore extremely broad in 
scope. Observations carried out from HST 
are expected to have a profound impact on 

nearly all fields of modern astronomy. Of 
course, the most exciting results from HST 
will be those that are entirely unanticipated 
discoveries. 

Figure 8 illustrates the dramatic effect of the 
factor-of-ten increase in spatial resolution 
anticipated from HST images. WF/PC and 
FOC images of Jupiter and Saturn will be 
comparable in quality to the Voyager flyby 
pictures, and images of the outermost 
planets will be comparable to the best 
ground-based images of Jupiter and Saturn 
available today. Attempts to detect extra-solar 
planets and proto-planetary nebulae directly 
will be made using the coronographic 
facilities of the FOe. HST images of relatively 
nearby galaxies, such as the Andromeda 
Nebula, will appear much as our galaxy's 
two small neighbouring satellite galaxies, the 
Magellanic Clouds, appear to ground-based 
observers today, thereby permitting detailed 
studies of their stellar populations for the first 
time. 

By obtaining much higher quality spectra of 
much fainter objects in the ultraviolet, the 
FOS and GHRS spectrographs will allow 
astronomers to expand greatly upon and 
follow up the impressive series of discoveries 
already made by the extremely successful 
NASNSERC*/ESA International Ultraviolet 
Explorer (IUE) satellite. FOS and GHRS 
ultraviolet observations of stars within our 
own Galaxy will undoubtedly lead to major 
advances in our understanding of stellar 
atmospheres, winds, mass loss and 
chromospheres. The GHRS will also be used 
extensively to study the tenuous gas present 
in the vast voids of interstellar and 
intergalactic space. 

* UK Science and Engineering Research Council 



The High-Speed Photometer will, among 
other things, be used to search for the 
extremely rapid flickering expected in the 
light emitted by compact objects such as 
binary star systems containing neutron stars 
and black-hole candidates. It will almost 
certainly also be used to study the newly
born, extremely rapidly spinning pulsar 
recently discovered in Supernova 1987A in 
the Large Magellanic Cloud. 

Another exciting task for HST, and one that 
will involve observations taken with essentially 
all of its instruments, is that of unravelling the 
goings-on in galaxies showing violent activity 
with in their central nuclei and in the more 
extreme, but very poorly understood, 
quasars. One popular theory holds that the 
enormous energy outputs seen in these 
objects stem from the release of gravitational 
energy by matter in the form of stars and 
gas being drawn into massive black holes 
lurking in the centres of the active galaxies. 
With its tenfold increase in resolving power, 
HST will permit these ideas to be checked, 
as it will provide direct images of regions 
closer to the hypothetical black hole. It will 
also be possible to study the host galaxies 
assumed to surround the extremely bright 
and remote quasars, by using the occulting 
fi ngers of the FOC. Yet other predictions of 
the accreting-black-hole theory will be 
checked against observation by obtaining 
detailed spectra of quasars in the ultraviolet 
using the FOS, GHRS and FOC spectro
graphs. 

Gauging the Universe: the quest for 
Hubble's Constant 
Another crucial, but much more long-term 
task for HST - its importance being reflected 
in the choice of the name - is to 
dramatically improve our knowledge of the 
overall size and age of the Universe. In 1929, 
Edwin P. Hubble discovered that the 
Universe is expanding in a uniform manner, 
such that galaxies move away from us at a 
speed that is proportional to their distance 
away (see box). The constant ratio of 
recession velocity to distance describing this 
expansion is today called the 'Hubble 
Constant'. The Hubble Constant - referred 
to as Ho (pronounced 'aitch nought') by 
astronomers - is hence a measure of both 
the overall size of the Universe and of the 
time that has elapsed since its birth in the 
'Big Bang'. Ho is therefore one of the 
fundamental parameters of modern 
cosmology. 

Unfortunately, however, the Hubble Constant 
is very difficult to measure and its value is 

currently only known to within a factor of two 
at best. In fact, some current measurements 
of Ho lead to a paradoxically low age for the 
Universe of about 10 billion years - which is 
less than the estimated ages of the oldest 
known stars! 

One component of the Hubble Constant, the 
recession velocities of remote galaxies, is 
relatively easily determined via measure
ments of the Doppler shifting of galaxy 
spectra. The other component, their 
distances, can only be deduced by indirect 
means. The cosmic distance scale is 
determined by astronomers in a very 
laborious step-by-step fashion that gradually 
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Figure 9. M31, beHer 
known as the Andromeda 
Galaxy, Is a spiral galaxy 
very similar to our own 
Milky Way. It contains 
some 100 billion stars. At a 
distance of only 2 million 
light years, M31 Is one of 
the closest of the nearby 
galaxies. 

Observations obtained with 
HST will permit detailed 
studies of Its stellar 
content for the first time 

Figure 10. Portion of the 
Large Magellanlc Cloud 
showing Supernova 1987A, 
whose evolution will be 
extensively monitored with 
HST In the coming 
decades 
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Figure 11. A remote cluster 
of galaxies found in the 
constellation of Coma, 
approximately 400 million 
light years from Earth. 
They are moving away 
from us at a speed of 
24 million kilometres per 
hour. 

Observations of these and 
similar galaxies obtained 
with HST will permit their 
distances to be determined 
much more accurately 
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moves out to span greater and greater 
distances. The first two rungs of this so-called 
'Cosmic Distance Ladder' start very close to 
home, with the size of the Solar System 
determined by radar ranging, and the 
distances to nearby stars determined by a 
geometrical parallax technique. To climb the 
next rungs, however, astronomers must rely 
on various classes of progressively brighter 
stars, and ultimately entire galaxies, that can 
be recognised at greater and greater 
distances and used as 'standard candles'. 
This technique relies on the fact that the 
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amount of light received from a celestial 
object drops off inversely with the square of 
its distance. Hence, by accurately measuring 
the apparent brightness of a remote galaxy 
and assuming its intrinsic brightness, its 
distance can be estimated. 

The Cosmic Distance Ladder built up so far 
by astronomers is admittedly somewhat 
rickety. However, there is hope that it will be 
considerably strengthened and overhauled in 
the coming years. Whereas the Hipparcos 
mission will dramatically stabilise the 
foundation, the Hubble Space Telescope 
- with its ability to see a given type of 
object five times further away - will greatly 
strengthen the upper parts of the ladder by 
permitting use of the most reliable standard 
candles to much greater distances, thereby 
leaping over several of the more question
able rungs of the current ladder. Once the 
value of Hubble's Constant has been 
accurately determined, astronomers will use 

HST to address an even more difficult task, 
namely that of determining whether the 
Universe is infinite or closed in space. 

Operations: an automated observatory 
The overall scientific utilisation of the Space 
Telescope will be managed by the Space 
Telescope Science Institute (STScI), housed 
on the campus of the Johns Hopkins 
University in Baltimore, Maryland (USA). 
STScl staff will be responsible for the day-to
day scheduling of HST observations and will 
act as the primary point of contact between 
astronomers using HST and the HST project 
staff. Fifteen ESA staff members are working 
in different branches of the STScI and form 
an integral part of the Institution. 

European astronomers will also be supported 
by the ESA/ESO European Coordinating 
Facility for Space Telescope (ST-ECF) located 
within the European Southern Observatory 
(ESO) near Munich, West Germany. The 
main functions of the ST-ECF are to provide 
Europe with a convenient local source of up
to-date knowledge of the workings and status 
of the scientific instruments on board HST, 
software for the analysis of HST data, and 
access to the HST data archives. 

The data telemetered from HST will flow via 
NASA's Tracking and Data-Relay Satellite 
System (TDRSS) to the NASA Goddard 
Operations Center, and finally to the STScI for 
scientific analysis and archival. HST will not 
be operated like several previous 
astronomical satellite observatories, that is 
with observing time being allocated to 
astronomers in blocks or shifts. Instead, a 
detailed monthly observing plan will be 
worked out approximately six months in 
advance, and the exposures of the various 
programmes planned for this period will be 
taken in a pre-scheduled , optimised 
sequence in order to maximise the overall 
operating efficiency of the low-Earth orbiting 
observatory. 

Since it will not always be in contact with the 
Earth, HST is designed to carry out its 
sequence of astronomical exposures in a 
fully autonomous manner. This includes 
slewing and locking onto new targets and 
telemetering the accumulated data during 
contacts with the TDRSS. It is hoped that a 
steady-state observing efficiency of 25-35% 
will be achieved once sufficient experience in 
operating the very complex spacecraft has 
been accumulated. 

If all goes well, the Hubble Space Telescope 
will be declared officially operational some 



six months after launch, after the initial 
engineering checkout and in-orbit 
calibration/performance evaluation phases 
have been completed. From this point on, 
HST will become accessible to 'General 
Observers' from the worldwide astronomical 
c.ommunity, via a peer-reviewed proposal
submission process, and the amount of 
observing time taken up by 'Guaranteed~ime 
Observers' (i.e. the instrument teams) will 
gradually diminish. ESA Member-State 
astronomers wishing to use HST will respond 
directly to the Announcements of Opportunity 
issued by the STScl. European observers will 
be able to apply for time on all five scientific 
instruments, and they will have no special 
claims to time on the FOC. 

Astronomers will also have access to HST 
data via the Data Archive and Distribution 
System. The basic concept for this system is 
similar to that used for the highly productive 
IUE and Exosat projects - all raw and 
calibrated HST data, upon reception at the 
STScI , will be placed in the archives, and will 
become generally available once the original 
observer's proprietary period of access 
(normally one year) has elapsed. A copy of 
the HST data archives will be kept at the 
European Coordinating Facility (ST-ECF), 
where ESA Member-State astronomers will 
have full access to it. 

The first Announcement of Opportunity for 
'General Observing Time' with the Hubble 
Space Telescope was issued by the STScl in 
late 1985. A total of 563 proposals involving 
proposers from 29 different counties were 
received in response to this first call. Of 
these, 111 are led by Principal Investigators 
from the Agency's Member States. The 563 
proposals together involve more than 600 
investigators from ESA Member States. All of 
the proposals will be reviewed in the spring 
of 1989 and successful applicants will be 
notified during the summer. 

The present first complement of HST 
observing proposals spans virtually all fields 
of modern astronomy, from the planetary 
sciences to cosmology. More than six times 
the available HST observing time has been 
requested. This enthusiastic response attests 
to both the great versatility of the Hubble 
Space Telescope as an astronomical 
observatory and the great expectations that 
the scientific community has for this 
ambitious project. 

Who was Edwln P. Hubble? 

One of the great pioneers of modern 
astronomy, the American astronomer 
Edwin Powell Hubble (1889-1953) started 
out by getting a law degree and serving 
in World War I. However, after practising 
law for one year, he decided to: 'chuck 
law for astronomy and I knew that, even if 
I were second rate or third rate, it was 
astronomy that mattered'. 

He completed a PhD thesis on the 
'Photographic Investigation of Faint 
Nebulae' at the University of Chicago, and 
then continued his work at Mount Wilson 
Observatory, studying the faint patches of 
luminous 'fog' or nebulae in the night sky. 

Using the largest telescope of its day, a 
2.5 m reflector, he studied Andromeda 
and a number of other nebulae and 
proved that they were other star systems 
(galaxies) similar to our own Milky Way. 

He devised the classification scheme for 
galaxies that is still in use today, and 
obtained extensive evidence that the laws 
of physics outside the Galaxy are the 
same as on Earth - in his own words: 
'verifying the principle of the uniformity of 
nature'. 

In 1929, Hubble analysed the speeds of 
recession of a number of galaxies and 
showed that the speed at which a galaxy 
moves away from us is proportional to its 
distance (Hubble's Law). This discovery of 
the expanding Universe marked the birth 
of the 'Big Bang Theory', and is one of 
the greatest triumphs of 20 th century 
astronomy. 

In fact, Hubble's remarkable discovery 
could have been predicted some ten 
years earlier by none other than Albert 
Einstein. In 1917, Einstein applied his 
newly developed General Theory of 
Relativity to the problem of the Universe 
as a whole. Einstein was very disturbed to 
discover that his theory predicted that the 
Universe could not be static, but had to 
either expand or contract. Einstein found 
this prediction so unbelievable that he 
went back and modified his original 
theory in order to avoid this problem. 
Upon learning of Hubble's discoveries, 
Einstein later referred to this as 'the 
biggest blunder of his life'. 

the hubble space telescope 

Edwln P. Hubble 
(1889-1953) 
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Hardware status and things to come 
The Hubble Space Telescope is currently 
stored in a large clean room in Sunnyvale, 
California. All five scientific instruments have 
been installed and a minimal amount of 
reworking and retesting of certain spacecraft 
subsystems is being carried out. A number 
of tests involving the Operations Control 
Center at NASA's Goddard Space Flight 
Center and the Space Telescope Science 
Institute are being prepared to validate the 
HST ground-system software. 

The ESA-provided Faint Object Camera was 
delivered to NASA in 1983 for interface 
testing. It was first installed in the Space 
Telescope in 1985. It has since been 
removed a number of times to allow 
reworking of both the FOC and HST. It was 
last re-installed in the HST in August 1988. 

The other hardware contributed by ESA, the 
solar arrays, was first delivered to NASA in 
1986. The launch delay caused by the Space 
Shuttle 'Challenger' accident was used to 
return the arrays to Europe in order to 
upgrade their power output and to apply 
atomic-oxygen protection to lengthen their 
lifetime during the impending solar 
maximum. The arrays have now been 
reassembled and are about to be redelivered 
to NASA. Their power output has been 
increased from 4 to 4.5 kW by replacing the 
original solar cells with a newer, more 
efficient type. This additional power will 
permit greater operational flexibility and allow 
more than one of HST's scientific instruments 
to be operated at the same time. 

The Hubble Space Telescope is expected to 
be flown to Kennedy Space Center on a C5A 
transport aircraft this August, and to be 
launched on Space Shuttle 'Discovery' on 
11 December 1989. 

The second set of solar arrays required for 
the maintenance mission are now being built 
and will be ready early in 1991 . The Solar 
Array Carrier has completed its critical 
design review. The first HST maintenance 
mission is presently planned for 1995, but a 
contingency maintenance mission could be 
flown as early as 1991. • 
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Industrial contributions 

Figure 12. The assembled 
HST spacecraft undergoing 
final testing in California 
(LMSC, Sunnyvale) 

The Faint Object Camera design and development was 
coordinated by the ESA HST Project Team at ESTEC, with 
industrial contracts with British Aerospace (UK) for the Photon 
Detector Assemblies and Dornier System (D) and co-contractor 
Matra (F) for the Camera Module. The Solar Arrays were 
procured from British Aerospace (UK), with AEG (D) as 
subcontractor for the Solar Blankets. 
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First Operational 
Meteosat Spacecraft 
Launched Successfully 
Europe's first operational meteor
ological satellite (MOP-1) was launched 
from Kourou, French Guiana, on board 
an Ariane-4 vehicle (flight V29) on 6 
March 1989. It was placed first into an 
elliptical transfer orbit, and then two 
days later into geostationary orbit. 

This marks the first of a series of three 
such launches of operational 
Meteosats, the other two being 
scheduled for 1990 and 1993. 

'This is part of Europe's contribution in 
response to the crucial need to monitor 
our global environment: according to 
Philip Goldsmith, ESA's Director of 
Earth Observation and Microgravity 
Programmes. 

MOP-1 is now positioned in a 
geostationary orbit over the Gulf of 
Guinea, at the point where the 
Greenwich meridian crosses the 
equator, and is generating images of 
the Earth's disc at half-hourly intervals. 

The satellite is operated from the 
Meteosat Operations Control Centre at 
ESA's European Space Operations 
Centre (ESOC) , in Darmstadt, 
W. Germany. After processing at the 
Meteosat facility in Darmstadt, the 
image data (sectorised images) are 
retransmitted, via the satellite, to the 
smaller ground stations within its field 
of view. This makes it possible for 
weather forecasters to have immediate 
and accurate information to hand. 

MOP-1 follows three pre-operational 
Meteosats, which were launched in 
November 1977, June 1981 and June 
1988, respectively. These satellites, 
funded and developed by ESA, have 
been part of the network of satellites 

. used by meteorologists world-wide. 
Meteosat satellite images are seen 
every day by more than three hundred 
million European viewers during 
television weather forecasts. 

To capitalise on the initial success of 
the Meteosat satellites, the European 
Meteorological Satellite Organisation, 
Eumetsat, was set up to fund and 
administrate the operational pro
gramme in January 1987. ESA has 
continued to develop and operate the 
satellites. ~ 



First Image from 
Meteosat MOP-1 

After its successful Ariane-4 launch on 
6 March 1989 (see previous page), 
Meteosat MOP-1 has now arrived at its 
operating location in geostationary orbit 
(at 0°). 

On 19 April , the radiometer was 
switched on and the first image, shown 
here, was acquired. 

Further testing will now be conducted 
until the end of May, when the 
spacecraft will be turned over to the 
international organisation Eumetsat, 
which is funding the Meteosat 
Operational Programme. The satellite 
will continue to be operated by ESOC 
in Darmstadt (w. Germany), and 
will henceforth be known as 
Meteosat-4. ~ 

First In-Flight Phone 
Calls via ESA's 
Marecs-B2 Satellite 

in brief 

The first commercial public satellite 
telephone calls from an aircraft were 
completed on 14 February 1989 via 
ESA's Marecs-B2 satellite, operated by 
Inmarsat. 

The Marecs-B2 satellite, designed and 
developed by ESA, was launched on 
the second Ariane-3 flight in November 
1984 and is positioned at 177.5°E. 
Calls were made aboard a specially 
equipped British Airways Boeing 747, 
flying from London to New York. One 
such call was broadcast live on BBC 
Television'S science news programme 
Tomorrow's World'. 

Using a blade-type phased-array 
antenna mounted on the aircraft's 
fuselage, the calls were beamed via 
Marecs-B2 to a ground station at 
Goonhilly in the UK, and then switched 
via the international telecommuni
cations network to their final 
destination. 
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ESA Selects 
Huygens Probe 
In Cassini Project 

ESA's Science Programme Committee 
has selected Huygens, the probe 
studied by Marconi Space Systems, as 
the Agency's contribution to the 
cooperative international Cassini 
project to investigate the Saturn 
environment and analyse the 
atmosphere of Titan, Saturn's largest 
moon. 

The Cassini mission is a combined 
effort by ESA and NASA and 
represents ESA's second venture into 
deep space, after Giotto's successful 
encounter with Halley's Comet in 
March 1986. NASA wi ll be responsible 
for Cassini, the Saturn orbiter. 

FRONT SHIELD 

BERYLLIUM FORE CONE 
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JETTlSONABLE DECELERATOR 

BERYLLIUM SHIELD 

JETTISONABLE 
EXPERIMENT COVER 

BERYLLlUM NOSE CAP 

Cassini , which is named in honour of 
the French-Italian astronomer Giovanni 
Cassini , who discovered several of 
Saturn's moons and ring features, is 
scheduled for launch in April 1996 and 
will act as mothership, carrying ESA's 
Huygens probe, named after the Dutch 
astronomer Christian Huygens, who 
discovered Titan and the Saturn ring 
system. Arrival is projected to be 
December 2002. 

Once Huygens has been released and 
targetted to Titan, the Cassini 
spacecraft will continue to orbit Saturn , 
whilst the probe descends through 
Titan's atmosphere to its surface. It is 
during this two-hour descent that the 
important, and possibly historical, 
measurements of the atmosphere's 
composition will take place. The low
velocity impact with the moon's surface 
(5 m/s) may be soft enough to allow 
analysis of the surface before the 
probe dies. 

Analytical data acquired during the 
descent and landing will be transmitted 
back to Earth from the probe via the 
Cassini Saturn orbiter. 

Titan's atmosphere is composed of 
methane, nitrogen and hydrocarbons, 
but lacks molecular oxygen. These 
elements are much like those that 
probably existed on Earth shortly after 
its birth and, as such, should provide 
an insight into the very genesis of our 
own planet. G 



High-Level Meeting 
Between ESA and the 
CEC 

ESA's Director General, Prof. Reimar 
LOst, met recently with Mr. Jacques 
Delors, President of the Commission of 
the European Communities (CEC), and 
other members of the Commission, to 
explore the possibilities emerging from 
the close integration of the space effort 
with the mechanics of the building of 
Europe. 

Since ESA adopted its Longl'erm 
Programme in late 1987, substantially 
opening up the prospects for Europe, 
the two organisations have stressed the 
need for Europe to take account of the 
industrial, commercial and technolog
ical aspects of the development and 
use of space technologies which have 
resulted from ESA's efforts and 
successes, in order to jointly defend 
and promote Europe's space interests 
on the international stage. 

Both ESA and the CEC expressed their 
satisfaction with the outcome of the 
cooperative projects already 
undertaken, and look forward to 
developing more comprehensive, 
systematic and global forms of 
cooperation directed at combining the 
general skills of the EEC with the 
specific skills of ESA. 

Discussions centred mainly on three 
major areas of space-technology 
applications: Earth observation, 
telecommunications, and microgravity. 
In addition, it was agreed there is a 
need for cooperation in addressing the 
industrial aspects of space exploitation 
and Europe's ability to launch a 
systematic and coordinated effort in 
meeting growing international 
competition, especially at the 
commercial level. 

Earth observation 
Agreement was reached on a joint 
initiative involving an environmental 
research and monitoring project at the 
synoptic scale permitted by space 
technologies, covering operational 
applications and Europe's contribution 
to international cooperation for the 
global study of our planet. 

Telecommunications 
The EEC will give priority to the 

LASSO Experiment 
Working Well 
The LASSO (Laser Synchronisation 
from Stationary Orbit) experiment has 
successfully begun to demonstrate the 
feasibility of achieving an accuracy of 
one billionth of a second in a new 
operational method of time-standard 
synchronisation over intercontinental 
distances. 

This laser experiment, carried on ESA's 
Meteosat-P2 satellite, involves laser 
ground stations firing light pulses at 
instruments onboard the spacecraft (a 
passive retro-reflector array and an 
optical pulse detector linked to a time 
annotation system). This is the first time 
any process has been capable of 
measuring the range from ground to 
spacecraft with an accuracy of 5 to 10 
centimetres. 

Differences between time standards 
can be derived from the travel times of 
laser pulses emitted by the ground 
station and returned by the satellite, 
and from the onboard time annotation 
of these pulses. 

Later stages of the experiment should 
make it possible to achieve time 
synchronisation between many stations 
in Europe and America to an accuracy 
of one billionth of a second. 

integration of the 'satellite component' 
into their telecomunications policy 
(statutory and regulatory aspects). 
Specific cooperation in other areas will 
cover: the use of ESA's Olympus 
satellite for demonstration experiments 
involving the EEC's technological 
development programmes and their 
policies; studies on possible synergy 
between the Community's RACE 
programmes and ESA's PSDE 
programmes; mobile communications; 
and an examination of the role of 
satellites in organising assistance in the 
event of accidents or natural disasters. 

Microgravity 
An initial cooperative project will take 
the form of a joint analysis of prospects 
in the field of microgravity, of the 
elements necessary for a genuine 
long-term European strategy for the 
utilisation of the infrastructure 

in brief 

The LASSO retro-reflector on Meteosat-P2 

The LASSO experiment is controlled 
from the Telespazio ground station at 
Fucino in Italy, working in collaboration 
with the Meteosat Operations Control 
Centre at ESA's European Space 
Operations Centre (ESOC) in 
Darmstadt, W. Germany. ~ 

developed by ESA. and the 
Community's role in the strategy. 

The Meeting concluded with an 
agreement that the CEC and ESA 
would join forces in preparing a 
European initiative to promote 
environmental research and monitoring 
through the exploitation of the 
opportunities offered in this area by 
space technology. ~ 
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EUROSTEP Assists 
Education with Satellite 
Communications 
A major outcome of last month's 
Olympus Utilisation Conference in 
Vienna, from 10 to 15 April , was the 
establishment of EUROSTEp, a 
European association of telecom
munication satellite users in training 
and education programmes. The 
elected president is Prof. L.N. Mavridis 
from the University of Thessaloniki (Gr) . 

More than 50 projects are already 
planned using an ESA Olympus direct
broadcast satellite channel to demon
strate and develop distance-learning 

Olympus-1 Readied For 
Launch 

The Agency's Olympus-1 commun
ications satellite, built by a consortium 
of aerospace companies led by British 
Aerospace (Prime Contractor), has 
arrived in Kourou, French Guiana, 
where it will be prepared for its Ariane 
launch in June 1989. 

When in orbit, Olympus-1 will be the 
World's most powerful civil commun
ications satellite and will serve as a 
technology demonstrator for a future 
class of larger and more powerful 
communications satellites. 

Prior to shipment, Olympus-1 
successfully completed a series of 
rigorous environmental and mechanical 
tests at the David Florida Laboratories 
and the National Aeronautical 
Establishment, in Ottawa, Canada. 

The main body of the Olympus-1 
spacecraft is 2.9 m wide and 5.5 m 
high. In orbit, the satellite's deployed 
solar arrays will extend 25.6 m from tip 
to tip, which is approximately half the 
width of a football pitch. 
Future Olympus satellites could have 
solar arrays up to 56 m across, 
providing up to 7.7 kW of electrical 
power - enough to power 40 
channels of direct-broadcast television 
or up to 250 000 simultaneous 
telephone calls. 

Olympus-1 carries four separate 
communications payloads, which will 
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services for Europeans in their homes 
and offices. 

Twenty countries and more than 300 
institutes are already involved in 
EUROSTEp, which will be responsible 
for the overall coordination and 
management of the association. 

EUROSTEP is currently negotiating a 
detailed agreement with ESA, which 
will allow EUROSTEP to use Olympus 
for nine hours of broadcasting daily to 
most of Europe. 

A wide mix of experimental 
programmes is planned, including 
professional education, schools 

assist in the development of new 
communications services within 
Europe. The experimental applications 
will include tele-educational services, 
data transmission, video conferencing, 
high-power direct-broadcast television, 
and atmospheric attenuation measure
ments at high frequencies. 

A detailed description and history of 
the Olympus Programme can be found 
on page •• of this issue. ~ 

Tele-X Satellite 
Launched by Ariane 
The Scandinavian Tele-X communica
tions satellite was launched into a 
geostationary transfer orbit (GTO) by an 
Ariane-2 from Kourou in French 
Guiana on 2 April 1989. This was the 
30th launch of an Ariane vehicle. 

broadcasts, language learning, and 
instructional arts programmes. Further 
proposals are being actively sought. 

Further information can be obtained 
from : 

R. Benders 
EUROSTEP Headquarters 
Leiden (NL) 
Tel. (31)71-277268 
or 
J. Chaplin 
ESA Communications Satellites Dept. 
ESTEC, Noordwijk (NL) 
Tel. (31)1719-83146 ~ 

The satellite's orbit has since been 
circularised by means of the three 
foreseen apogee-boost-motor firings, 
the solar panels have been fully 
deployed, as too has the transmit 
antenna reflector. 

Tele-X reached its final operating 
position of 5°E on 14 April. All satellite 
subsystems are functioning nominally 
and the general condition of the 
spacecraft is very satisfactory. 

Produced by Aerospatiale/Eurosatellite 
and Saab Space, as Prime Contractors 
to the Swedish Space Corporation 
- the latter representing the system's 
owners, Nordiska Satellitaktiebolaget 
- Tele-X is a television direct
broadcasting and data-transmission 
satellite. It is equipped with three high
power channels (230 W) for the TV 
mission in the 17/12 GHz band, and 
two channels in the 14/12 GHz band 
for data transmission. 
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• InC. 
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EUROPEAN SPACE RESEARCH ORGANISATION 

CERS - ESRO 36, rue La Perouse, Tel: 225 24-02 30 June 1964 

NEiWS IN BRIEF 

FIRST LAUNCHINGS: The payloads for the first ESRO experiments 

have been mounted at ESTEC on two Skylark Rockets. They 

consist of baryum and ammonium releases at an altitude of 

approximately 200 km for the study of diffusion and photo

ionisation phenomena. One of the main reasons for the choice 

ef those experiments is to prepare for more important space 

experiments, which would produce an artificial comet. If all 

goes according to plan, these rockets are to be launched at 

sunset or sunrise during the period 2 - 16 July, from Salto

di-Quirra, Sardinia. This period, which immediately precedes 

and follows the new moon, was chosen in order to minimise 

interference caused by moonlight. 

STAFF MEMBERS WHO HAVE JOINED: Since May 15, 5 new engineers 

at ESTEC : 

In the Projects Directorate Mr. OPALKA (F.R.G.) and 

Mr. EARNS HAW (U.K.) for BOunding rockets; in the Instrumenta

tion Division, Mr. FINNAMORE (U.K.) and Mr. LE PELTIER 

(France); to Civil Engineering Planning for Tracking Stations 

Mr. ROBISHAW (U.K.). 

PARTICIPATION IN CONGRESSES AND CONFERENCES 

- Professor Auger inaugurated a series of lectures on the 

Engineer and Space at Lausanne University (8 May) and spoke 

on space radiations at the Royal Society of Arts, London 

(13 May). 

- COSPAR Assembly and Space Science Symposium (8-20 May, 

Florence): Sir Harrie Massey (member of the Executive 

Committee of COSPAR), Professor Auger, Dr. Lust, Mr. Beattie, 

Dr. Dattner, Dr. Grossmann-Doerth, Professor di Benedetto. 

- Second Scientific and Parliamentary Conference (23-27 May, 

Vienna): Mrs. Labeyrie-Menahem. 

- European Conference on Satellite Communications: 

- at the sub-committee appoint.ed to examine the possibilities 

for co-operation with other European Organisations (8 June, 

Paris) Mr. Bertrand and Dr. Dattner; 

- at the Plenary (Rome, 25 June): Prof. Auger and Dr. Dattner • 

• Reports on meetings, and news of the Establishments will be 

combined in News in Brief, N° 5. 
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_ In additi,n a c,nf.r.n" waS b.ld in Lond,n ,n 9 Jun' und" 
tb' .bair .. ~abi' ,f Sir Rar,i' Masa.'~ witb tb' ~'Cti.i •• ,,'n 
,f Dr. Ortn.

r
, t' ,utlin' t' Unit •d K, •• d' • • b,a,.,sts th' 

.,ssibiliti' S " th. ESFD .ro., .. ··· 
pa.ge 2 

~ _ R •• "t ,r th' ~o,k<n. Gr'u, ,n tb' tor" ,st"n,n

i

•

al 

Sa.te~~it e (220 pp-)-_ "lntrodU.H,n to sun-Ea,th R.].a"oOs" - .""u

t 

50 ,,,tur'

s 

d.,iV. ,.d at tb' First ESFD S .... r Cou,s' (.,.

b 

•• 

b 

1963) 
.,. to b' .ubliab.d b, th. R.id.l c,·, Do,t,.·h

t
, ~.tb." .. dB' 

_ "'. briHsb .ub"saH'" ~'TuRE .ub"BhOd, in "5 .. 30 Ma, 19
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T 

(15 Ms' 1964) ,,' tb' .,nstro.ti,n 
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it 
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•
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,i.
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In addition th' s,er,tariat has r,e,i
ved 

the t,X

t 

of ,ar

lier 

a.greements¥. : _ Exehang' of notes b,twe,n tbe United States and th' United 
Kingdom on Co_op,ration in Space R,sea

reh 
(196

1

), 
_ Memorandum of understanding between the Norwegian Spa

e

' 
Research committee, Tb' lonosph,rie R,.,a

reh 
labOratorY d. 

tb' Royal T,ehni
eal 

Institute 0' Denmark and tbe United 
States National AeronautiCS and Space AdminiatratiOn to 
sponsOr .eienti'ie asunding rocket studies of tbe D_regi°n 

of the ionosphere (19
63

)' . o 
o 0 

At the recent ,e •• 
ion 

of the ScientifiC and Technical Sub
committee of tbe U.N. Co .. ittee on tbe pssee'

ul 
Use. of Outer 

Space, Mr. Blagonravov (U.S.S ••• ) and Dr. Rug
b 

Dryd

en 

(U.S.) 

announced a UNITED STATES-U.S,S," AG ....... ' 
1) on the co_ordinated launeh"g o. ","EORO>OG

ICAL 
SATELLITES. 

(Tbi' agreement provides for the creation o. a Washington-
Mose

ow 
teleeo .. unieations link for the exehang

e 

o. 
meteorologieal data .upplied by satellites), 

2) on seienti'ie eo_operation in the fieldS 0' SPACE M£DEOINE 

Furtbermore, NEGOTIATIONS are proeeeding ,or the joint and BIOLOGY. 

utilisation o. teleeommunieations .atellites, 

AGREEMENT between the EURATOM caM'ISSION and tbe UNITED STATES 
ATOMIC ENERGY COM'lSSION (USAEO) on the implem .. tation o. a 
eomprehen.ive eo_operation progr"'. eovering the develo .. ·nt 0' rapid reae

tors
• USAEC i. alsO to supplY EDBATOM witb 

o 

plutonium and enriched uranium. o 
o 0 

<LOO' the .ir
st 

experiOental launehing of the Blue str

eek 

rocket took place on 5th June at Woom
era

• 
o 

o 0 

2Bth MaY' experimental launehing of the Ato,," eapaul

e 

by 

means of a SATURNE rocket (c~e. NASA) • 

• Fur

tber 

inforoation on this agreement ean be obtai

n

•

d 

on 

application to the Secretariat. 

in brief 
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First too-~' te,eph
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• of ,ontri.ution. to Europe" ... ,e or ... 
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The Department of Aeronautics & Astronautics has been a major centre 
for training spacecraft engineers for Europe and other countries since 1974. 

Short Courses on the following spacecraft-related topics are offered:-

1. Spacecraft Systems 1 week 

2. Spacecraft Technology 2 weeks 

* 3. Spacecraft Systems Engineering 1 week 

4. Hypersonic Vehicle Aerothermodynamics 

5. Automatic Control (Introductory Course) 

* This is a closed course run at ESTEC for ESA 

For details of the courses write, quoting Reference EB 1, to :

The Short Course Secretary 

Dept of Aeronautics & Astronautics 

The University 

Southampton 

Hants S09 5NH 

1 week 

1 week 

UK Tel: (0703) 559122 Ext 2353. Telex: 47661 SOTONU G. Telefax: 0703 671778 

advertisement 

THE MISSING LINK ..... 
Engineers may think that they understand the 
criticality of the system; the system designer 
may be skilled in software but the integration 
of engineering discipline with software skills is 
still a young profession. 

We at CSE offer a high level of skill and 
expertise as Systems/Software Engineers. 

CSE is a rapidly expanding company with a 
reputation for the verification and validation 
of high integrity systems, often safetycritical. 
We have expertise not only in Formal Methods 
(VDM, Z, CSP) but also in many other methods, 
for example FTA, FMEA and Cause-Effect. 

Whatever your problem, we will use the 
appropriate technique most suited to you and 
your industry. We are familiar. with the 
requirements of Def Stan, HSE PES, I EC, 
AQAPS and many others. 

CSE is an independent Software Engineering 
Consultancyenjoyinga high profile, nationally 
and internationally, as an authority on the 
assessment and development of high integrity/ 
safety critical systems and the application of 
software engineering methods. 

If you are concerned with the production of 
systems which are high integrity/safety critical 
and need the services of one of our 
Consultants, call: 

-~~ -------_iiiiiiiiiii j= 
The Confidence Builders 

The Centre for Software Engineering Ltd . 
Bellwin Drive, Flixborough, 
Scunthorpe, S. Humberside DN15 8RT. 
Tel : 0724 862169 



PROBLEM .. SOL VING A T () X SIMULATION 
PERHAPS you are facing a problem of selecting a material which is required 

to be durable enough to serve faultlessly in LEO sp,ac;e environment 

MAY BE you are worried by a possible de~adation of this material when it 
will be exposed to the ATOX and lose some functional performance 

THE MOST crucial question is W HEN: 
- WHEN will it start to degrade? 
- WHEN will it mal-function and effect the system's reliability? 
- WHEN will it need inspection or require maintanance ? 

MYLAR film, AI Metallized, BEFORE 
being exposed to the flux of ATOX 

MYLAR film subjected to DEGRADATION 
by the ATOX, due to FAILURE 
of the "PROTECTIVE" metallic layer 

WE ,OFFER AN ATOMIC-OXYGEN BEAM (2 E+15 Atoms/cm 2 s .. Av. energy of - 30 eV) 

SIMULATION-FACILITY FOR THE HAZARDS WHICH THREATEN 

YOUR MATERIALS 

THIS IS NOT ENOUGH! 

WE OFFER OUR TEAM OF EXPERTS * TO HELP YOU: (* a problem-oriented team 
already experienced in space-projects) 

- to analyze the functional problematics of your materiah 
- to design and perform the adequate set of ATOX exposure experiments 
- to design and perform the appropriate set of inspections and the functional 

tests of your material/part before and after exposure to the ATOX as well 
as after accelerated period of stressed service 

- to recommend the best-choice materials and ATOX protective processing 
of your systems' external-layers. 

IN OTHER WORDS, WE OFFER THE ROUTE AND TOOLS TO SOL YE THE ATOX 
PROBLEMS OF YOUR SPACE-SYSTEM AND TO SOOTHE 
YOUR ATOX WORRIES AS WELL 

CONTACT: Dr. Y. Haruvy, tel. ++972-84-34-583, telex ++ 3-81-455 
or Dr. Y. Cbavet, tel. ++972-84-34-4~8, telefax ++972-84-37-364 

SOREQ NRC, YA VNE 70600 ISRAEL 
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LOGICA NV ISA, a subsidiary 
of Logica plc, is a young, dyna
mic Belgian system and soft
ware house with a 60-strong 
staff. Current space activities in 
Logica SA/NV include the defi
nition, design and development 
of major components of the soft
ware for ANTHRORACK, invol
vement in studies of utilisation 
aspects for COLUMBUS and 
design of a high speed data 
acquisition, recording and archi
ving system. At present, Logica 
has over 3400 employees in 
Belgium, Italy, the United States, 
Holland, Canada, Sweden, Aus
tralia, Denmark, Germany, the 
United Kingdom, Hong Kong 
and Malaysia. The Logica plc 
group of companies is specia
lized in developing real-time in
teractive computer systems. 
Operating in the computing, 
communications, finance, indus
try, energy, government and 
aerospace sectors, we are active 
in more than 50 countries. 

s • • L o G c A 

LOGICA GENERAL SYSTEMS SPA 
is one of the largest Italian soft
ware houses and operates in 
many fields of industry and fi
nance. It is a joint venture of 
Data Management spa (part of 
the IRI Group) and Logica plc. 

Current space activities in Logica 
General Systems include the de
velopment of ground operations 
facilities for future ESA space
craft missions and processing fa
cilities for images received from 
weather satellites. 

SOFTWARE 
ENGINEERING EXPERTS 
We seek staH for Belgium and Northern Italy 
(Milano and Torino) familiar with the informa
tion technology aspects of space-related appli
cations. 

• You have experience in developing real-time 
systems on micro- and mini-computers. You 
have a foreign language capability (Dutch 
and/or French and English) (Italian and 
English) and you have a university degree. 

• You are interested in a career in a fast-moving 
company where you can contribute to the 
growth. You desire more responsibility and 
work in a creative environment. You want to 
start projects and stay with them all the way 
from concept to implementation. 

Successful candidates will contribute at the de
finition stage of advanced space projects and 
then lead development teams to deliver on sche-

d ule. Ability to build and sustain business rela
tionships with our clients in essential. 
As well as career opportunities provided by 
growth, we offer competitive salaries and a wide 
range of benefits. 

At LOGICA, your career and remuneration de
pend on your experience, achievements and 
potential. We offer a stimulating and project
oriented work environment. H you want a posi
tion within a team that can offer you an interes
ting future, please send your Curriculum: Vitae to: 

Belgium: Mr Rony ROTTHIER 
Logica NV /SA 
Place Stephanie 20/2 - 1050 Brussels 

Italy: Mr Franco Giaj LEVRA 
Logica General Systems 
Via S. Pio V 27 - 10125 Torino 

'~~ca~ ____________________ _ 





publications 

Publications Available from ESA Publications Division 

Publication Number of Scope/Contente Availability Source 
Inues per year 

Periodicals 

ESA Bulletin 4 ESA's magazine Free of charge ESA Publications Division, ESTEC, 
ESA Journal 4 ESA's learned journal 2200 AG Noordwijk, The Netherlands 
Earth Observation Quarterly 4 Remote sensing newspaper 

(English or French) 
Columbus Logbook 4 Space Station/Columbus newspaper 

News & Views 6 ESA Information ESRIN , Via Galileo Galilei, 
Retrieval Service's newspaper CP64, 00044 Frascati , Italy 

Monographs Code 
Conference Proceedings (SP-xxx) Volumes on specific Conference subjects Prices below ESA Publications Division, ESTEC, 
ScientificlTechnical Monographs (SP-xxxx) Specific/detailed information on 2200 AG Noordwijk, The Netherlands 

graduate-level subjects 

ESA Brochures (BR-xxx) Summary of less than 50 pages 
on a specific subject 

ESA Folders (F-xxx) 'Folders' giving short description of a Free of charge ESA Publications Division, ESTEC, 
subject for the space-interested layman 2200 AG Noordwijk, The Netherlands 

Scientific & Technical Reports (STR-xxx) Graduate level - reflecting ESA's Prices below 
position on a given subject 

Scientific & Technical Memoranda (STM-xxx) Graduate level - latest but not finalised 
thinking on a given subject 

Procedures, Standards & Specifications (PSS-xxx) Definitive requirements in support of 
contracts 

Other Publications 

Contractor Reports (CR-xxx) Study reports from contractors: Prices below ESA Publications Division, ESTEC 
CR(P) given unlimited distribution 2200 AG Noordwijk, The Netherlands 
CR(X) confined to certain ESA Member 
States 

Technical Translations (TT-xxx) Translations of national space-related Prices from ESRIN ESRIN, Via Galileo Galilei, 

Public-relations material 

Charges for prfnted documente 
Number of pages in document: 
Price (Dutch Guilders) 

EO 
1-50 
20 

documents - (Microfiche or 
photocopy only) 

General literature, posters 
photographs, films, etc. 

E1 
51-100 
30 

1. Cheques to be made payable to: ESA Publications Division 
2. Prices subject to change without prior notice 

E2 
101-200 
40 

3. Postal charges (non Member States only): Australia Dfl. 25; Canada Dfl. 20; O,ther Countries Dfl. 15. 

CP64, 00044 Frascati, Italy, 
or ESAIIRS Office, 8-10 Mario Nikis 
75738 Paris 15, France 

ESA Public Relations Service 
8-10 rue Mario-Nikis 
75738 Paris 15, France 

E3 
201-400 
60 

E4 

401-600 
80 
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Order Form for ESA Publications 

RETURN TO: DISTRIBUTION OFFICE ATTN.: F. DE ZWAAN 
ESA PUBLICATIONS DIVISION 
ESTEC, POSTBUS 299 
2200 AG NOORDWIJK 
THE NETHERLANDS 

No. of ESA 
Title 

Price per Total 
copies Reference copy, Dfl. Dfl. 

Postal charges 
(non Member States only: Australia Dfl. 25; Canada Dfl. 20; Other countries Ofl. 15): 

Total Amount to be Invoiced: Dfl. 

IF OUT OF PRINT 
SUPPLY MICROFICHE 

IN 
DO NOT SUPPLY PHOTOCOPY 

MAILING AND INVOICING ADDRESS (Print carefully) 

Name . .... ..... .. ... . .. .... .. . ..... .. .... ....... .. . ............ ......... ..... . 

Function ...................................................................... 

Organisation . ... ... .. ... ....... . ... ............ .. .. ........... ...... .. ........ . 

Mailing Address ......... . ..... . ... ...... . ......... .. ..... ....... .... ....... .. .. 

. . .. . . ... . . ... . . . . . . . . ... . . . . . . ..................... . . ....... . . . 

Town & Postal Code .. .... ...... ....... ... . ...................... . . ....... ....... 

Country ....................................................................... 

Customer's Ref. ........................... Signature . .............. ....... .. ... 

Date ............... .............. .. 

ADDITIONAL INFORMATION 
1. Publications are available in printed form (as long as stocks last). in microfiche and as photocopies. 
2. Publications in the ESA TT series are not available in printed form . 

120 



Mechanical requirements - Copy dates 

Printing material: 1 positive offset film (right reading, emulsion side 
down). 

Usable material : Negative, artwork ready for reproduction. All 
production charges are invoiced separately. 

Copy date: 
(in Noordwijk) 

Type area: 

Ready for printing: 30 days before publication. 
Requiring translation or adaptation: 45 days before 
publication. 
Any difficulty in observing these deadlines after 
reservation should be notified immediately 
tlx 39098 - te!. (31) (0) 1719-83794 

1/1 page 
1 /2 page vertical 
1/2 page horizontal 
1/4 page vertical 
1/4 page horizontal 

185/265 mm high 
91/265 mm high 

185/131 mm high 
91/131 mm high 

185/ 65 mm high 

Issue dates 

ESA Bulletin: February, May, August and November 

Rates in Dutch Guilders 

1 x 4x 8x 

1/1 page BfW 2000.- 1600.- 1200.-

1/2 page BfW 1200.- 1000.- 800.-

1/4 page BfW 800.- 700.- 600.-

Extra charge for 4 colour processing: 1 500.- Dutch Guilders. 
Loose inserts (by application only) 1/A4 - 3000.-. 

Advertising Management 

Brigitte Kaldeich 
ESA Publications Division 
ESTEC, Keplerlaan 1 
2200 AG Noordwijk, The Netherlands 
Tel. (31) (0) 1719-83794 

Circulation 
Algeria Lebanon 
Andorra Lesotho 
Argentina Liberia 
Australia Liechtenstei n 
Austria Libya 
Bahrain Luxembourg 
Bangladesh Madagascar 
Belgium Mali 
Benin Malta 
Bolivia Mauritius 
Botswana Mexico 
Brazil Monaco 
Bulgaria Mongolia 
Burkina Faso Morocco 

(U pper Volta) Mozambique 
Burma Netherlands 
Burundi New Guinea 
Canada New Zealand 
Chile Nicaragua 
China (People's Niger 
Republic) Nigeria 
Colombia Norway 
Congo Pakistan 
Cuba Papua 
Cyprus New Guinea 
Czechoslovakia Peru 
Denmark Philippines 
Ecuador Poland 
Egypt Portugal 
El Salvador Puerto Rico 
Ethiopia Qatar 
Falkland Islands Romania 
Faroe Islands Rwanda 
Federal Republic of Sao Tome 

Germany Principe 
Finland Saudi Arabia 
France Senegal 
French Guiana Sierra Leone 
Gambia Singapore 
Gabon South Africa 
German Democratic Soviet Union 

Republic Spain 
Ghana Sri Lanka 
Gibralta Sudan 
Greece Surinam 
Hong Kong Sweden 
Hungary Switzerland 
Iceland Syria 
India Taiwan 
Indonesia Tanzania 
Iran Thailand 
Iraq Trinidad 
Ireland Tunisia 
Israel Turkey 
Italy Uganda 
Ivory Coast Uruguay 
Jamaica United Kingdom 
Japan USA 
Jordan Venezuela 
Kenya Yugoslavia 
Korea Zaire 
Kuwait Zimbabwe 
Lagos 



esa 
european space agency 
agence spatiale europeenne 
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