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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 
Organlsallon (ESRO) and the European Organisation for the 
Development and Construction 01 Space Vehicle Launchers 
(ELDO) The Member States are Belgium, Denmark, France, 
Germany, Italy, Netherlands, Spain, Sweden, SWitzerland and 
the United Kingdom. Ireland has Signed the ESA Convention 
and will become a Member State upon Its ratification Austria, 
Canada and Norway have been granted Observer status 

In the words of the Convention The purpose of the Agency 
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 appllcallons, With a 
view to their being used for sCientific purposes and for 
operational space applications systems, 

(a) by elaborating and Implementing a long-term 
European space POliCY, by recommending space 
oblectlves to the Member States, and by concerting the 
poliCies of the Member States With respect to other 
national and International organisations and 
InSlltutlOns, 

(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 Integra ling the lalter 
progressively and as completely as possible Into the 
European space programme, In particular as regards 
the development of appllcallons satellites, 

(d) by elaborallng and Implementing the Industrial poliCY 
appropriate to ItS programme and by recommending a 
coherent industrial poliCY to the Member States 

The Agency IS directed by a Council composed of 
representatives of Member States. The Director Generalis the 
chlet execullve of the Agency and Its legal representative 

The Directorate of the Agency consists of the Director 
General; the Director of Planning and Future Programmes: 
the Director of Administration; the Director of SCientific 
Programmes: the Director of Applications Programmes; the 
Director of the Spacelab Programme, the Technical Director 
and the Director of ESOC. 

The ESA HEADOUARTERS are In Paris 

The mal or establishments of ESA are: 

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

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

ESRIN, Frascatl, Italy 

Chairman of the Council Mr J St,ernstedt (Sweden). 

Director General Mr R Glbson 

agence spatia le europeenne 

L 'Agence SpatJale Europeenne est Issue des deux Organisa­
tions spaliales europeennes qUi I' ont precedee - I' Organlsa­
lion europeenne de recherches spallales ICERS) et I'Organe 
satlon europeenne pour la mise au pomt et la construction de 
lanceurs d'engms spaliaux ICECLES) - dont eJle a repns les 
drolts et obligations Les Etats membres en sont: I'AJlemagne. 
la Belglque, le Oanemark, I'Espagne, la France. I'ltalle, les 
Pays-Bas, le Royaumfr-Unl, la Suede et la SUlsse. L 'Irlande a 
slgne la Convenlion de I'ESA et devlendra Etat membre de 
I'Agence lorsque la Convenlion aura ete raliflee L 'Autnche, 
le Canada et la Norvege beneflclent d'un statut d'observa­
teur. 

Selon les termes de la Convenlion L 'Agence a pour miSSion 
d'assurer et de dflVelopper, a des fms excluslVement 
pacd,ques, la cooperalion entre Etats europeens dans les 
domames de la recherche et de la technologle spaliales et de 
leurs appllcalions spallales, en vue de leur utlllsaliOn a des 
fins sClentlflques et pour des systemes spaliaux operatlonnels 
d'appl/catlons. 

la) en elaborant et en mettant en oeuvre une pollllque 
spallale europeenne a long terme, en recommandant 
aux Etats membres des obleclifs en mallere spaliale et 
en concertant les pol/liques des Etats membres a 
I'egard d'autres organisations et mslitut,ons natlona­
les et mternatlonales. 

Ib) en elaborant et en mettant en oeuvre des actlvltes et 
des programmes dans le domame spatial. 

Ic) en coordonnant le programme spalial europeen et les 
programmes nalionaux, et en mtegrant ces dernlers 
progresslvement et aussl completement que possible 
dans le programme spalial europeen, notamment en 
ce qUi concerne le developpement de satellites 
d'appl/calions. 

Id) en elaborant et en mettant en oeuvre la pollllque 
mdustnelle appropnee a son programme et en 
recommandant aux Etats membres une pollllque 
mdustnelle coMrente 

L 'Agence est dlflgee par un Consell, compose de represen­
tants des Etats membres. Le Olfecteur general est le 
/oncllOnnalfe executd sup(meur de ,. Agence et la represente 
dans tous ses actes 

Le Olfectolfe de I'Agence est compose du Olfecteur gem!ral, 
du Olfecteur des Programmes futurs et des Plans. du 
Olfecteur de I' Admmlstrallon, du Olfecteur des Programmes 
sClentdlques, du Olfecteur des Programmes d·Appllcatlons. 
du Olfecteur du Programme Spacelab, du Olfecteur techne 
que et du Olfecteur de I'ESOC 

Le SIEGE de I' ESA est a Pans 

Les pnnclpaux Etabllssements de I'ESA sont 

LE CENTRE EUROPEEN DE RECHERCHE ET DE TECHNO­
LOGIE SPA TlALES IESTEC), Noordwllk, Pays-Bas 

LE CENTRE EUROPEEN ° 'OPERA TlONS SPA TlALES 
IESOC), Oarmstadt. Allemagne 

ESRIN, Frascatl, Italle 

President du Conseli. M J Sliernstedt I Suede) 

Olfecteur general. M R Glbson 
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LAUNCH VEHICLES ... 
AEROSPATIALE'S 
BUSINESS 

Since 1965 when the Diamant launcher made France the world's third power in space, 
launch vehicles have been our business. The companies that designed, built, 

and launched Diamant are now part of Aerospatiale. 
The same teams today are developing Ariane, Europe's heavy launcher, 

which will open up a whole new field of applications possibilities for the 1980's. 
Industrial architect, system integrator, and stage contractor for Ariane, 
at all program levels launch vehicles are our business at Aerospatiale. 

aerospatiale Division Systemes Balistiques et Spatiaux S.P. 96 78130 Les Mureaux 
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advertisement 

European 
leader in 
solar array technology 
The Dynamics Group of British Aerospace at Bristol is responsible - as prime contractor to the 
European Space Agency - for developing and building the solar arrays to power the NASA/ESA* Space 
Telescope during its 10- 15 year working life. But the credentials which establish the Group as European 
leader in solar array technology extend far beyond this multi-million pound contract. 

The Bristol factory has built more solar arrays for more satellites than any other manufacturer in the Western World 
outside the U.S.A. and in so doing has assembled more solar cells into satellite arrays than all other European 
manufacturers combined. It has specialised in power supplies for Space applications since the early 1970s, building 
solar arrays or array structures for the global series of Intelsat IV and IVA satellites, the U.S.A.'s COMSTAR "domestic" 
satellites, the Ariel III and IV and UK6 scientific satellites, the Prospero X-3 technology satellite, and the COS-B 
cosmic ray satellite. 

In addition to the solar arrays which form part of the Group's total multi-million pound package of work on the Space 
Telescope, current programmes include the first-stage contract for ESA of a 6Kw lightweight hybrid array suitable for 
use in powering direct broadcast television satellites of the 1980's. A study is also being undertaken for ESA of solar 
arrays of 25 Kw upwards that could provide additional power and orbit life for the European SPACELAB and Space 
platforms or establish a Space power station. 

* for which Lockheed is prime contractor 

BRITISH AEROSPACE @[;7!l:!ldJ!iiW!l@~ @~@&ffiJ 
Electronic & Space Systems, Filton House, Bristol BS99 7 AR, England. Telephone: Bristol 693831 Telex: 449452. 
ESS7 
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G bulletin 17 

In recent years mankind's demands for 
resources have increased rapidly, 
indeed to the pOint where we can 
anticipate demand exceeding 
availability in critical areas. In addition 
to the dangers of a resource-limited 
World, the present excessive 
consumption in developed regions 
often has a detrimental impact on the 
environment which can be felt 
throughout the World as a whole. This 
is inherently an unstable situation, and 
also an unfair one in the many cases 
today where the availability and 
utilisation of resources are unevenly 
distributed. These imbalances are, 
however, minor compared with the 
problems we are likely to face in the 
future unless positive action is taken to 
understand what resources are 
available and how they are being 
managed, and to establish a durable 
balance between resources 
consumption and availability and 
environment. 

* Based on a paper presented at the International 
Symposium on Remote Sensing for Observation 
and Inventory of Earth Resources and the 
Endangered Environment, in Freiburg, July 1978. 
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The ESA Remote-Sensing 
Programme: Present Activities 
and Future Plans* 

J. Plevin, Directorate of Planning and Future Programmes, 
ESA, Paris 
I. Pryke, Directorate of Applications Programmes, ESA, 
Toulouse 

To achieve a lasting balance it is 
necessary to improve our understanding 
of the dynamic interactions between 
man and his use of resources and the 
impact of this use on the Earth's 
environment. We are presently far from 
reaching this understanding. For 
progress to be made, accurate and 
timely sources of information are 
required that can feed into the resources 
and environmental models presently 
under development. A key difficulty that 
must be overcome is that the situation 
under study often changes more rapidly 
than can be followed by the information 
sources that are set up to describe it. 
New information sources are certainly 
needed, and the newly available remote­
sensing techniques are attracting 
increasing attention, particularly 
spaceborne remote-sensing methods 
because of their potential ability to 
provide accurate, timely and repetitive 
information over large areas. 

The promise and potential importance of 
spaceborne remote-sensing techniques 
are so great that Europe cannot afford 
to play a passive role in their 
exploitation, not simply because they are 
relevant to her own needs, but also 
because of their importance to the 
developing World and to global 
problems of the oceans and 
environment. 

In the identification of European interest 
and definition of the elements of a 
European remote-sensing space 
programme, ESA activities have 
concentrated on: 

definition of mission objectives and 
measurement requiremel'lts 

gaining of access to already 
available remote-sensing satellite 
data through the Earthnet 
programme 
preparation of remote-sensing 
experiments for use on Spacelab 
definition of the elements of the 
future European remote-sensing 
satellite programme. 

Each of these aspects is described in 
more detail in the following paragraphs. 

Overall mission objectives 
Many different types of remote-sensing 
satellite systems can be envisaged for 
both regional and global applications: 
Regional satellites 

to monitor dynamic features in 
developed regions such as Europe, 
and 
to provide basic resources 
information for developing regions, 
to be used within the framework of 
development-aid programmes. 

Global satellites 
to monitor the global oceans 
to monitor the global atmosphere, 
particularly climate and climatic 
changes and air-quality 
measurements, and 
to map global resources such as 
basic food supplies, soils and 
forests. 

The extent of European involvement will 
depend on internal European priorities. It 
seems clear, however, that high priority 
will be given initially to the 
implementation of regional space 
systems providing data that can be 
applied both in Europe and within the 
framework of development-aid 
programmes. 
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(i) European regional needs 
The main emphasis in Europe is placed 
on the management and conservation 
of known resources, rather than on the 
exploration and exploitation of new 
resources at national level. The two 
main exceptions to this general rule are 
the continental-shelf areas and 
Greenland. 

The key missions of immediate interest 
within the European region are: 

statistical information gathering for 
agricultural products (e.g. crop 
inventory, yield prediction for key 
crops, forest inventories) 
land-use classification and mapping 
water-resources management (e.g. 
snow melt, soil moisture, storm run­
off) 
coastal-zone surveys (e.g. 
continental-shelf operations, traffic 

monitoring, sea-ice, oil pollution, 
fisheries) 
monitoring of the northern polar 
region (e.g. Greenland, ice surveys). 

(ii) Oevelopment-aid programmes 
The development of financial and 
technical assistance to developing 
countries, either through bilateral 
agreements or via international bodies 
such as the United Nations and its 
specialised agencies, has long been an 
important element of European foreign 
policy. The potential importance of 
satellite remote-sensing data to 
developing countries is now widely 
recognised. Important applications of 
these data include: 

sustained production of food, fibres 
and animals 
mineral exploration aimed mainly at 
providing sources of foreign 

remote sensing 

Figure 1 - Payload applications for the 
European Remote-Sensing Satellite 
Programme. 

currency to fund development 
programmes 
disaster warning and damage 
assessment. 

Two key features of most of the above 
applications are the dynamic nature of 
the measurements to be made, and the 
worldwide scale of interest in the 
information acquired. These two factors 
will necessitate the development of low 
earth-orbiting satellites that are capable 
both of ensuring near-global coverage, 
and providing high-spatial-resolution 
data in a number of spectral channels 
extending from visible to microwave in 
the electromagnetic spectrum. 

System studies carried out by ESA have 
indicated that as a first step towards 
meeting European requirements, satellite 
systems for both land and ocean 
applications will need to be developed 
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(Fig. 1). In order to minimise the overall 
costs of such an activity, a common 
satellite platform will have to be 
produced that is capable of carrying 
different sensor payloads for the 
different missions. These aspects are 
covered in greater detail later. 

Earthnet 
A major objective of Earthnet is to 
provide European investigators with 
early access to remote-sensi ng satellite 
data, to allow promising applications to 
be identified and valuable experience to 
be gained in the use of these new 
techniques for European problems and 
situations. 

Earthnet comprises a number of data­
reception and preprocessing facilities 
located in Europe that acquire, pre­
process, distribute and archive satellite 
remote-sensing data. The network 
operates at present wi th data from 
NASA satell ites (Landsat, Seasat, HCMM 
and Nimbus-G), but is expected to form 
the basic elements for the acquisition of 
data from the European remote-sensing 
satellites once these are developed. 

The various elements of the Earthnet 
network are shown in Figure 2; a more 
detailed description of the Earthnet 
Programme can be found in an earlier 
Bulletin (ESA Bulletin No. 13, pp 41-46). 

Space lab experiments 
There are two main and interrelated 
objectives associated with any 
experimental earth-observation 
programme using advanced sensing 
methods: 

8 

to understand the capabilities and 
limitations of the various sensor 
systems proposed and to develop 
measurement techniques that can 
be applied to the different areas of 
application under investigation 
using the proven remote-sensing 
instruments and methods derived 
above, to conduct experiments in 
the earth-observation disciplines 
aimed either a1 purely scientific 

Figure 2 - Main elements of the 
Earthnet Programme. 
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objectives or at perfecting 
measurement methods for later 
applications- oriented missions. 

Many of the contributions required to 
achieve these two objectives will come 
from careful and exhaustive ground­
based and airborne measurement 
programmes. These measurements are, 
however, not in themselves sufficient to 
define and specify later automatic 
satellite systems completely. An 
intermediate orbital phase will often be 
required relying on the flexibility and 
increased capabilities of manned space 
programmes such as Spacelab. 

The role of Spacelab in meeting the two 
objectives is illustrated in Figure 3, wh ich 
shows how the manned space 
laboratory can act as a bridge between 
the initial ground and airborne 
measurements and final systems based 
on long-life, automatic satell ites. 

It is planned to fly two remote-sensing 
experiments, the Metric Camera, and the 
Microwave Remote-Sensing Experiment, 
as part of the First Spacelab Payload 

(FSLP), presently scheduled for launch 
by the Space Shuttle in 1981 . Both 
experiments are provided to the Agency 
by the Federal Republic of Germany, as 
general instrumentation for the FSLP. 

Metric Camera 
The pnmary objective of this experiment 
is to test the mapping capabilities of 
high-resolution space photography on 
large film format (23 cm x 23 cm) The 
high-resolution data will also be 
evaluated for other thematic 
applications, such as land-use studies 
and geology. 

The camera to be flown on the FSLP 
will be a modified Zeiss Aerial Survey 
Camera. The ground resolution of the 
images will be a function of the type of 
film used, but will be some 10-20 m. 
Vanous film-filter combinations are 
presently under evaluation and the final 
choice will depend in part on the 
number of film magazines that can be 
carried. Panchromatic, true-colour, 
infrared and colour-infrared are being 
considered. 
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Microwave Remote-Sensing Experiment 
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The MRSE instrument is designed to 
operate in three different modes: 
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Table 1 - Microwave Remote-Sensing 
Experiment: general characteristics 

Resolution 

2 FS mode 

1 DB footprint 

SAR mode 

(depression angle 40 ) 

Image width 

Image length 

Ground resolution 

Radiometer mode 

9 km x9 km 

8.5 km 

2500 km 

25 mx25 m 

Surface temp. sensitivity ± 1 C 

Antenna 

Paraboloid section with 

Cassegrain feed 

Dimensions 

Frequency 

Field of view 

Polarisation 

Power 

Antenna pedestal 

Elevation angle 

Azimuth 

Accuracy with respect 

to orbiter 

Angular rate 

AxiS configuration 

10 

1 mx2 m 

9.6 GHz approx. 

1.6 x3.1 

free 

~100w 

32 to 55 

+34 to-34 

±0.5 

5 /s max. 

Azimuth-elevation 

Figure 5 - Microwave Remote-Sensing 
Experiment (MRSE) for the First 
Spacelab Payload (FSLP). 

measurement of the naturally­
emitted microwave energy from the 
Earth). 

Unlike the Metric Camera, the 
Microwave Experiment has to be 
developed specifically for the FSLP to 
the following schedule (defined by 
DFVLR): 
Start of manufacture July 1977 
Testing of qualification model July 1979 
Flight-unit delivery November 1979 

Calls for experiment proposals for 
investigations using data acquired by 

both the Metric Camera and the 
Microwave Experiment were issued by 
ESA early last summer and replies have 
already been received from many 
countries. These replies are currently 
being evaluated with the aim of defining 
a coherent international experiment. 

Further flights of remote-sensing 
instruments on Spacelab are planned 
following the FSLP mission. Of 
immediate interest is the Demonstration 
Mission (DM2) to be flown in the period 
1982-83, which will concentrate on 
carrying out multidisciplinary earth-
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Figure 6 - Candidate pay/oads for the 
European Remote-Sensing Satellite 
Programme. 
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observation experiments. In addition to 
re-flying the Metric Camera and MRSE 
instruments, studies are presently 
underway to include a high-performance 
synthetic-aperture radar in the OM 
payload as an intermediate step towards 
incorporating radar sensors on future 
automatic remote-sensing satellites. 

ESA studies relating to the definition of 
remote-sensing satellite systems 

Background 
Key missions in the context of a 
European remote-sensing satellite 

TO IMR(2) FOR 
FUTURE MISSION] 

programme were briefly discussed in the 
opening paragraphs. We will now 
consider further the studies that are 
under way relating to the definition of 
satellite systems for the land-applications 
and coastal ocean monitoring missions. 

These studies can be classified into 
three categories: 

satellite-systems studies (Phase-A 
studies) 
instrument-definition studies, based 
on specifications derived from user 
requirements 
subsystem studies. 

remote sensing 

Figure 6 shows the instruments that will 
form the payloads for the missions in 
question; their general characteristics 
are listed in Table 2. In addition to the 
remote-sensing instrumentation, each 
payload will include a Data-Collection 
Platform (DCP) subsystem. 

In the case of the Synthetic-Aperture 
Radars (SAR), specific studies (Phase-A) 
have been carried out, whereas for the 
Optical Imaging Instruments (011) and 
the Imaging Microwave Radiometer 
(IMR), instrument definition will form one 
(major) element of the satellite systems 
studies. 

Synthetic-aperture radar Phase-A studies 
Two parallel industrial Phase-A studies 
on SAR systems, initiated by the Agency 
in March 1978, were completed last 
October [Prime Contractors Thomson­
CSF (F) and Marconi Research 
Laboratories (UK)]. The aim of both 
studies was the definition of a single­
frequency, single-polarisation SAR 
system that would form one element of 
a remote-sensing payload to be carried 
by a spacecraft platform suitable for 
launch on the Agency's Ariane vehicle. 
The studies also evaluated the growth 
potential of such a system in terms of: 

improved spatial resolution 
different frequency(ies) 
additional frequency(ies) 
additional polarisation(s). 

The general system parameters of 
candidate baseline SARs that were 
considered in the study are listed in 
Table 3. 

A number of important conclusions can 
already be drawn from the SAR Phase-A 
studies: 

The feasibility of implementing a C­
band single-polarisation SAR 
(providing a spatial resolution of up 
to 30 m x 30 m), along with an 
optical payload, on an Ariane­
compatible payload, has been 
demonstrated. Such an SAR would 
have applications in: 
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Table 2 - General characteristics of candidate sensors 

Instrument Spectral 

range 

011 (1) visible & 

infrared 

011 (2) visible & 

infrared 

011 (3) visible & 

infrared 

SAR (1) microwave 

(active) 

SAR (2) microwave 

(active) 

Scatterometer microwave 

(active) 

Altimeter microwave 

(active) 

Imaglng microwave 

microwave (passive) 

radiometer (1) 

Imaging microwave 

microwave (passive) 

radiometer (2) 

• soil-moisture measurement 
• coastal ocean monitoring 
• some areas of agricultural 

monitoring. 
An SAR of this type (C-band) would 
have a power requirement of 
approximately 1.2 kW 

Solar-array feasibility studies 
Two studies have been carried out 
(initiated May 1978) involving 
assessment of the feasibility of two 
flexible-solar-array concepts (one per 
study). The two concepts, which differed 
in deployment (roll-out and fold-out) and 
storage mechanisms, have been 
analysed in relation to the Ariane­
compatible platform used in the SAR 
and satellite-system studies. 
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Results indicate that the implementation 
of a 3 kW array should pose no major 
problems and that such an array has 
the flexibility to cover the 1-6 kW range 
without major modifications to the 
concept 

The main study outputs were: 
estimates of feasibility of achieving 
the required power levels 
provision of data for use in the 
dynamic analysis of spacecraft 
equipped with large solar arrays 
'black box' specifications for 
relevant solar-array systems for 
input to the satellite-system studies. 

Satellite-system Phase-A studies 
In May 1978, two Calls for Tender were 

Notes 

land surface features 

cloud cover and sea surface 

temperature measurements 

narrow bands for chlorophyll 

concentrations, turbidity, 

etc. 

all-weather operations 

e.g. soil, moisture, radar 

single-frequency 

ocean surface and geoid 

(geodesy) 

multi-frequency 

multi-frequency 

issued by ESA relating to Phase-A 
studies of: 

a Land Applications Satellite System 
(LASS); 
a Coastal Ocean Monitoring 
Satellite System (COMSS). 

The main objectives are: 
to establish a feasible baseline 
system concept, the main elements 
of which will be: 

• the pay!oads specified in Figure 6 
• an Ariane-compatible platform 

(specification provided to 
contractors) 

. a ground segment (based on an 
extension of Earthnet for the 
European coverage zone) 
to establish development and cost 
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Table 3 - Baseline SAR characteristics 

System parameters 
Soil mOisture 

SAR 

Spatial resolution 100 m x 100 m 

Swath width (km) 100 

Sigma minimum (dB) - 18 

Angle off nadir 20 

Frequency (GHz) 5.3 

Grey-level resolution (dB) < 1 

Polarisation HH or VV 

plans for the implied programme, 
assuming the launch of a first 
satellite in the mid-1980s 
to identify critical areas in overall 
systems development and in 
subsystems technology, and to 
provide recommendations for the 
definition of an appropriate 
Supporting Research and 
Technology Plan 
to identify the necessary growth 
potential in order to fulfil the mission 
requirements to the greatest 
possible extent, and to develop a 
follow-on programme plan relating 
to evolution of system capability. 

The two studies were initiated on 
31 August (LASS) and on 1 September 
(COMSS) 1978. Each satellite will , as 
discussed earlier, carry an Optical 
Imaglng Instrument (011) and a Synthetic 
Aperture Radar (SAR), the instrument 
specifications differing for each mission. 
If feasible, the Coastal Ocean Monitoring 
payload may also contain an Imaging 
Microwave Radiometer (IMR) . Whereas 
the Oll(s) and IMR definitions will form 
major elements of the system studies, 
the specifications for the SARs (plus 
costing and SRT plan data) are being 
drawn from the radar studies conducted 
by Thomson-CSF and Marconi. Further 
study inputs are being derived from the 
solar-array studies. 

The interim results from these satellite­
system studies should be available by 
the end of 1978, and the final results by 

Coastal ocean Agricultural 

SAR SAR 

3Om x 30m 30m x 30m 

100 100 

- 18 - 25 (nominal) 

20 45 

5.3 5.3 or 10 

2.5 (nominal) 2.5 (nominal) 

HH or VV HH and VV 

the end of the fi rst quarter of 1979. 
These results will represent a key 
element in the preparation of the 
proposal for a European Remote­
Sensing Satellite Programme that ESA 
will present to its Member States in 1979. 

Conclusions 
The preceding sections have outlined 
the main European interest and 
objectives in spaceborne remote 
sensing, and have described the actions 
(Earthnet, Spacelab experiments) and 
studies presently under way or planned 
which should lead to the implementation 
of a European remote-sensing satellite 
programme by the mid-1980s. 

It seems clear that Europe and, indeed, 
the rest of the World, with their 
Increasing requirements for accurate 
and timely information on the Earth's 
resources and environment, need the 
new data that can be supplied by 
remote-sensing satellites. Although many 
problems still need to be resolved 
concerning the use of the data and the 
technical elements to be developed, it is 
firmly believed that Europe has the 
experience and capability to overcome 
them. Perhaps the greatest challenge we 
face in incorporating this new 
technology into our daily lives is the 
more abstract one of convincing Europe 
that she cannot afford to abstain from 
making her proper contribution to . this 
original and exciting space-applications 
activity. 

remote sensing 
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It is vital for future life on Earth that we 
arrive at a complete understanding of 
all the processes controlling our 
climate. For this reason, the Global 
Atmospheric Research Programme 
(GARP), organised several years ago 
under the auspices of the World 
Meteorological Organisation (WMO) 
and the International Council of 
Scientific Unions (IC5U), has as its 
second major objective the 
investigation of the physical basis of 
climate. This research requires joint 
theoretical and experimental efforts to 
monitor various climatic parameters 
and model their interactions, which in 
most cases are nonlinear in character. 
Within GARP, and also under the 
sponsorship of many national and 
international organisations, intensive 
research has already begun, and the 
observational capabilities of Earth­
orbiting satellites provide a solid basis 
for these ambitious plans. 

• Contributed by the ESA SCientifiC Consultant 
Group for the SEOCS mission. 

Figure 1 - Representation of the Earth 's 
radiation budget. 
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Potential European Climatological 
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The scientific background' 
Climate 
At any particular time and over any 
particular area of the Earth, the climate 
represents the statistical behaviour of all 
parameters describing the state of the 
atmosphere and of its lower boundary, 
the land - ocean - ice system. It shows 
fluctuations primarily of natural origin 
over various time scales. To some extent, 
particularly over smaller regions, these 
fluctuations may also be modulated by 
man-made effects. 

Radiation budget 
One particularly crucial climatic 
parameter is the radiation budget at the 
top of the Earth's atmosphere (Fig. 1). It 
is here that the upper boundary to the 
energetics of the atmosphere - ocean -
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Table 1 - Components of the planetary radiation budget 

Components 

Incoming solar 
radiation, Os 

Reflected solar 
radiation, OR 

Emitted terreslrial 
radlalion, OE 

Spectral range 
of about 95% 
energy 

0.2 - 3.5 pm 

0.34- 3.0 pm 

4.0 -50 pm 

scales in time and space) : 
O N= O s- OR- O E 

or 
O N= Os (1 - A) - O E 

where A= O R1 0 A is the planetary albedo. 

Accurate measurements of these 
planetary radiation-budget components 
constitute a solid basis for further 
cl imatic studies, for example: 

studies of the energetics of the 
general circulation on various scales 
in space and time (e.g. energy and 
momentum transfer) 
studies of the climatic phenomena 
and associated reactions (e.g. cloud 
effects) 
calibration and tuning of cl imate 
models, and of general circulation 
models 
determination of the radiation 
budget at the ground, etc. 

To establish a valid data base for such 
applications, accuracies have to be 

Primary origin; 
Remarks 

Photosphere of the Sun; Os may be calculated 
from the 'solar constant' 

Land and ice surfaces, primarily clouds and 
aerosols in Ihe atmosphere 

Earth's surface, cloud lops, atmospheric gases 

defined for the measurements of the 
individual components, accuracies that 
represent a compromise between the 
requirements formulated by the 
modellers and the technological 
feasibilities (Table 2). 

Current ESA activities related to 
climatology 
ESA is presently engaged in feasibility 
studies of two space missions which, if 
pursued, will go a long way towards 
providing the kind of information, in 
terms of both density and accuracy, 
which we need for these climatic studies: 
they are 

SEOCS: Sun-Earth Observatory and 
Climatology Satellite, and 
BIRAMIS: Bilan Radiatif de 
l'Atmosphere par Micro­
accelerometrie Spatiale (French 
acronym for Earth-radiation-budget 
determination by means of a 
space borne micro-accelerometer) . 

Table 2 - Desired accuracies for the radiation-budget components 

Parameter Scale/Frequency Accuracy/Precision 

Total solar flux . . /monthly 1 W /m'l0.1% 

Solar UV flux ... .1 daily 1fY'/o/nm/ 1%/nm 

Op, OE global 1 annual ... . /0. 1% or 
(averages) 0.4-1.5 W 1 m2 of ON 

zonal (10 ) 1 monthly -2% or -5 W /m2 of ON 

synopt scale 115 d ,r 1')°'0 of Op and QE 

climatological satell ites 

The SEOCS study, awarded in July 1977 
and completed last April, was 
undertaken by an industrial team led by 
Dornier System (Germany). supported by 
British Aerospace (UK) and DFVLR 
(Germany). and with the assistance of 
two consultant groups appointed by 
ESA, a Scientific Consultant Group to 
advise on the scientific aspects of the 
mission and an Instrument Definition 
Group to prepare detailed reports on the 
instruments needed for the mission. 

The BIRAMIS activities consist of a 
payload-definition study, awarded to 
ONERA (France) in January 1978 and to 
be completed by the end of 1978, again 
with the assistance of an ESA Scientific 
Consultant Group, and a satellite 
definition study, awarded to Aeritalia 
(supported by BAe and CNES) in 
November 1978 and to be completed by 
June 1979. 

The SEOCS mission 
The SEOCS mission has been designed 
to contribute significantly to the scientific 
objectives of establishing: 

accurate spatial and temporal 
statistics of all radiation-budget 
components at the top of the 
atmosphere 
relations between variations in all 
radiation-budget components and 
the atmospheric and ground-state 
properties. 

The meeting of these objectives requ ires 
simultaneous measurements of the 
electromagnetic radiation from the Sun 
and over all areas of the Earth, with 
instrumental and other sampling biases 
kept to a minimum. Such measurements 
must be made continuously for at least 
five years to provide the necessary 
statistical confidence. 

Preferred orbit 
The monitoring of the Earth's radiation 
budget requires measurement of the 
various radiation fluxes for each 'surface 
element' (here 250 km x 250 km), i.e. 
global Earth coverage, and also a high 
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Figure 2 - SEOCS instrumentation. 

FIgure 3 - Intercalibration scheme for 
SEOCS instruments. 
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frequency of measurement repetition so 
that daily variations in these quantities 
can be established, i.e. local time 
coverage. Clearly, to achieve both of 
these objectives more than one satellite 
is necessary and various studies of the 
so-called 'sampling problem' have been 
performed to determine both the 
minimum number of satellites needed 
and their orbital characteristics. 

The basic orbit proposed by the 
Scientific Consultant Group for SEOCS 
is a circular one, altitude 1150 km and 
inclined at 57.5 . The orbital period is 
108 min and the line of nodes precesses, 
due to Earth 's oblate ness, at a rate 
n= - 3 deg/day; consequently, the drift 

rate relative to the Sun is - 4 deg/day. 
This so-called 'drifting orbit' will provide 
satisfactory spatial, as well as temporal 
coverage. The spatial coverage will 
extend, at subsatellite point, up to a 
latitude equal to the orbit inclination 
(57SO), which corresponds to 86% of the 
Earth's surface. For this particular orbit 
the diurnal cycle will be 45 days. 

It is assumed that full Earth coverage 
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that daily variations in these quantities 
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extend, at subsatellite point, up to a 
latitude equal to the orbit inclination 
(57SO), which corresponds to 86% of the 
Earth's surface. For this particular orbit 
the diurnal cycle will be 45 days. 

It is assumed that full Earth coverage 



Figure 4 - Conical scan radiometer 
proposed for SEOCS. 

would be completed by a polar or Sun­
synchronous spacecraft carrying a 
second set of SEOCS instruments. 

Payload concept 
The payload contains six instruments, 
the most ambitious of which, the 
scanning radiometer, is a concept only 
at the present time although it is judged 
to be feasible in engineering terms. The 
solar-flux spectrometer is in an 
advanced stage of design, and the other 
Instruments exist in ground-based form. 
For clarity, the main features of the 
Instruments are shown in Figure 2. 

Intercalibration of the six instruments is 
a umque and important aspect of the 
SEOCS mission. Figure 3 is an attempt 
to illustrate how they might be expected 
to Interact: 
(i) Pyrheliometer. The objectives for this 
instrument are two-fold. It will make an 
accurate measurement of the solar 
constant and look for any variation 

during the life of the mission. It will also 
act as the flux standard for the 
calibration of the other instruments on 
the spacecraft. 
(Ii) Pyrradiometer: This is a wide field of 
view instrument for the measurement of 
the total up-welling radiation from the 
part of the Earth visible from the 
spacecraft at any given moment. 
(iii) Pyranometer: This is a pyrradiometer 
with a glass bowl to filter out radiation 
above 4 pm. 
(iv) Spectropyranometer: This instrument 
is to make continuous, wide-angle 
measurements of the radiation up­
welling from the Earth in ten spectral 
bands related to specific features. 
(v) Solar-flux spectrometer: This 
spectrometer will search for variations in 
the solar spectrum during the mission 
life, determine the altitude profiles of 
ozone in the Earth 's atmosphere, and 
act as a spectral standard for the 
payload. 
(VI) Multichannel scanning radiometer: 

climatological satellites 

The role of this instrument is to make a 
detailed analysis of the radiation up­
welling from the Earth, with a spatial 
resolution of about 50 km x 50 km at 
the surface. An instrument employing a 
conical scan pattern (Fig. 4) has been 
studied and is judged to be feasible, 
although further scan-pattern 
optimisation is needed. Conical 
scanning was chosen to make the 
instrument independent of SEOCS's yaw 
motion about the local vertical. 

One of the major problems associated 
with this payload concept is calibration 
of the six instruments for in-orbit 
operation, in view of the high accuracy 
and stability requirements demanded 
from the measurements. 

An original method for in-orbit 
intercalibration making use of a rotating 
filter wheel operating in Sun-viewing 
mode has in fact been proposed by the 
ESA Scientific Consultant Group. 
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Figure 5 - The SEOCS spacecraft. 
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Approximately once a week, the Earth­
viewing face of the spacecraft will be 
rotated to view the Sun for six orbits and 
deep space for 45 min. The deep-space 
viewing will be used to set the 
instruments' zero point, identify the 
background noise and calibrate the 
shutter radiation for the three 'absolute' 
instruments (pyrheliometer, pyrradiometer 
and pyranometer). In the Sun-viewing 
mode, one orbit will be used to establish 
thermal equilibrium and allow all 
instruments to make undisturbed solar 
measurements and the rest are to be 
used for calibration by rotating the 
single, large filter wheel. 

This wheel carries the ten filters of the 
spectropyranometer and is designed so 
that the filters can be passed over the 
apertures of the pyrheliometer and solar 

VAW IZI 

flux spectrometer. The pyrheliometer will 
establish whether there has been a 
change in the absorption of the filter by 
measuring the total amount of solar 
radiation that passes through it and the 
solar flux spectrometer will measure the 
band pass. The knowledge of the 
transmitted flux levels from the 
pyrheliometer measurement also allows 
the sensitivity of the solar-flux 
spectrometer in the ultraviolet and visible 
channels to be calibrated. As the filters 
step over the spectropyranometer 
elements any differential ageing of the 
diffuser-lens arrangement will be 
detected. 

Spacecraft concept 
The major factors that influence the 
spacecraft concept for the scientific 
mission envisaged are as follows: 
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Figure 6 - The SEOCS satellite's 
experiment panel, showing the large 
rotating filter wheel. 
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use of the Ariane launcher in dual­
launch configuration 
circular drifting orbit, resulting in 
Sun irradiation from all directions 
three different operational modes 
(with experiment platform pointing 
to Earth, Sun and space). thus 
imposing heavy thermal-control 
constraints 
continuous scientific measurements 
throughout Sun phases and 
ecl ipses, making both high battery 
power and high data-storage 
capacity mandatory 
lifetime of three years with 
consumables (solar-array power 
and propellant budget) to be 
designed for five years of life. 

The SEOCS spacecraft concept selected 
(Fig. 5) relies on three-axis stabilisation, 
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with deployable and rotatable solar­
array panels. Normal Sun incidence to 
the solar-array panels is achieved by 
slow spacecraft rotation about the yaw 
axis (Z-axis aligned with the local 
vertical) . The Attitude and Measurement 
Control system (AM CS) is based on a 
three-axis gyro system in conjunction 
with reaction wheels and a cold-gas 
system for momentum dumping. 8y 
these means, a pointing accuracy of 0.2 
can be achieved in the Earth-pointing 
mode, and 1 in the Sun-pointing mode. 

The spacecraft structure consists of a 
cube of 1.5 m side with a conical 
adaptor. The side panels have each 
been allocated specific funct ions to ease 
integration and testing. One panel 
supports all the scientific instruments 
and carries the filter wheel (Fig. 6). 

Power (830 W at beginning of life) is 
provided by 8.2 m2 of solar panel with 
batteries to permit operation during 
eclipse. A data rate of up to 7 kbitls is 
expected, with data transmitted at S­
band to the ground stations. Real-time 
data are to be interleaved with data 
read out from a 150 Mbit magnetic 
bubble memory. 

The complete SEOCS spacecraft weighs 
about 400 kg, including 64 kg of 
instrumentation. A three-model 
development programme, including a 
structural model, an integration model 
and a flight model, is proposed. The 
Project Definition and Main Development 
Phases (8 and CID) would last nine 
months and thirty-eight months, 
respectively. 
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The BIRAMIS mission 
The detailed analysis of measurements 
made by the French D5B 'Castor' 
satellite, which was launched in May 
1975 and which carries a very sensitive 
three-axis micro-accelerometer called 
'CACTUS', suggested the possibility of 
utilising such measurements for the 
determination of the Earth's radiation 
budget. Although the primary scientific 
objectives of the D5B mission were air­
density measurement, micro meteoroid 
detection, and study of the Earth's 
gravitational field, the in-flight 
performance of the CACTUS instrument 
was found to be better than predicted 
prior to flight, permitting estimates to be 
made of accelerations due to solar­
radiation pressure and the Earth­
radiation pressure by judicious use of 
interesting parts of the orbit (eclipse, 
apogee, etc.). 

At the Agency's request, a preliminary 
study was performed jointly in 1976-77 
by CERGA, ONERA and the French 
Meteorological Office. The objectives 
were to investigate the feasibility and 
capabilities of the proposed technique 
and also to try to define preliminary 
requirements for a possible future 
mission. On the basis of the very 
promising results obtained, the Agency 
decided to undertake a further study 
programme in 1978 and 1979 covering 
payload definition and satellite definition, 
both of which are described below. 

The main difficulty In determining the 
Earth 's radiation budget by radiometric 
techniques, as proposed for SEOCS, is 
the high accuracy and stability required 
over long periods as a result of the fact 
that the radiation budget is the 
difference between two large, and in 
average close, numbers. The novelty of 
using a spaceborne micro-accelerometer 
to determine the radiation balance is 
that it provides an integrated 
measurement. 

The micro-accelerometer can be 
considered as a wide field-of-view 
sensor, the spacecraft skin coating 
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Figure 7 - Principle of the CACTUS 
micro-accelerometer. 
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being the sensitive area by which the 
various radiation fluxes are transformed 
into forces and accelerations. It should 
be noted that the relatively simple 
technique which is proposed has some 
limitations compared with radiometric 
techniques, since little or no information 
will be provided on such features as 
spectral distribution, space and time 
resolution, individual radiation-flux 
components, etc. The prime interest in 
this technique is therefore expected to 
stem from its potential role as a cost­
effective means of measuring the Earth's 
radiation budget directly. 

Payload concept 
The payload proposed for the BIRAMIS 
mission consists basically of the micro­
accelerometer and the spacecraft skin 
coating. 

The micro-accelerometer will take the 
form of an improved, second-generation 
CACTUS, with greater sensitivity. 

CACTUS is essentially a spherical proof 
mass or ball, 4 cm in diameter, made of 

TELEMETRY 

1 

rhodiated platinum and suspended 
electrostatically in a spherical cage. The 
gap between the ball and the cage is of 
the order of 85 pm (Fig. 7) . 

Three position detectors, placed along 
the mutually orthogonal axes, transform 
the capacitance variations of a pair of 
diametrically opposed electrodes into a 
voltage proportional to the ball's 
displacement. Their resolution extends to 
10 - 3 pm. 

The actuating forces are obtained by 
applying DC voltages to the activating 
electrodes, which are concentric with the 
detection electrodes. As these voltages 
are proportional to the displacements, 
the relation between force and 
displacement follows a quadratic law. 

The complete instrument for space 
application includes electronic circuits 
for servo-control, converters to deliver 
the necessary voltages, and the 
necessary spacecraft interfaces (power 
supply, remote controls, telemetry 
signals, and an opening to space 
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vacuum). It takes the form of an 
autonomous cylinder equipped with a 
fixing flange and connecting sockets. 

As we have said, the results achieved in 
flight with CACTUS (a few x 1O - 9m/s2) 
were better than predicted (1O - I1'n/s2), 
but the performances to be expected 
from the second-generation CACTUS 
designed for BIRAMIS have been shown 
to be still better (by a factor 10): 
- threshold about 10 - 10 m/s2 
- resolution 
- max. measurable 

acceleration 
- response time 

5 x 10 - 11 m/s2 

5xlO - 6 m/s2 

~10 s 

The mass and dimensions of the 
instrument are essentially unchanged. 

The various radiation fluxes to be 
measured will be transformed into forces 
and accelerations via the spacecraft 
skin, and it is therefore essential to 
establish its 'transfer function ' by 
measuring the skin 's optical properties 
at various wavelengths between 0.25 
and 45)1m for different incidences; any 
variation in this 'transfer function ' with 
time must also be estimated. 

Furthermore, the skin coating will also 
have to contribute to spacecraft thermal 
control, which restricts the choice of 
material. 

If the rad iation balance is to be 
established correctly, it wi ll be necessary 
to fi nd materials with spectral response 
characteristics as uniform as possible 
over the entire wavelength range, 
covering both the solar and Earth 
rad iation. Moreover, since a 
comparatively large area of the 
spacecraft's external skin must carry the 
solar cells needed to power the satellite, 
their effect on the 'transfer function ' 
must also be taken into account when 
establishing the final accuracy for the 
(local) radiation balance. 

The studies conducted so far have 
already shown that nondiffusing 

materials, either totally reflecting such as 
a mechanically polished aluminium 
coated with Mg F2, or totally absorbing 
such as a black-painted honeycomb, 
open on one side so that it acts as a 
radiation trap, could be adequate for 
the BIRAMIS mission. These two 
materials and a representative solar-cell 
sample have therefore been fully 
characterised for various wavelengths 
and angles of incidence. 

A complete simulation of the main 
elements of the experiment - spacecraft 
skin, accelerometer, spacecraft attitude, 
thermal gradient, perturbing forces, etc. 
- is now being performed to obtain 
estimates of the final accuracy expected 
for BIRAMIS's measurement of the 
Earth's radiation budget. 

climatological satellites 

- the second relies on a highly sensitive 
triaxial micro-accelerometer which 
gives a direct measure of the 
acceleration resulting from the 
various flux radiation pressures. It is 
antiCipated that this wide field-of-view 
sensor will provide a relatively simple 
means of measuring the Earth's 
radiation balance. 

Study of the Earth's climate and 
determination of its radiation balance 
require long observation periods 
(decades) and a well-organised satellite 
system, with several spacecraft operating 
simultaneously in an appropriate set of 
orbits. It is hoped that the results 
obtained from the SEOCS and BIRAMIS 
studies presented here will constitute a 
useful European contribution to further 
discussions on any future World 
climatology research/study 

Satellite definition study programme. 
A definition study was started by 
industry last November to derive a 
preferred spacecraft design that satisfies 
mission requirements/constraints, to 
assess the system's performance, and to 
provide a sound cost and time envelope. 
In other words, the ultimate objective of 
thi s study is to demonstrate that the 
BIRAMIS mission can indeed be 
performed and at reasonable cost. 

Conclusion 
For two or three years, the Agency has 
been pursuing a programme of studies 
of possible space missions aimed at 
determining the Earth 's radiation budget, 
which is seen as holding one of the 
most promising keys to the improvement 
of our knowledge of our planet's climatic 
processes. Two different approaches 
have been proposed and analysed in 
detail: 
- the first makes use of radiometric 

techniques with an appropriate set of 
radiometers and a novel in-orbit 
calibration system, the emphasis of 
the mission being on the provision of 
rapid local-time Earth coverage via 
an appropriate choice of orbit 
(drifting orbit) 
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climatological satellites 

- the second relies on a highly sensitive 
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antiCipated that this wide field-of-view 
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Conclusion 
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calibration system, the emphasis of 
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Depuis I'entree en vigueur 'de facto' de 
la Convention en 1975, l'Agence 
spatia le europeenne a vu ses relations 
internationales se developper 
parallelement it ses programmes. Le 
Conseil de I' Agence siegeant au 
niveau ministeriel en fevrier 1977 a 
adopte une Resolution reconnaissant 
que 'pour faire connailre ses activites 
et ses programmes, il est important 
que I' Agence etablisse, entretienne et 
developpe ses relations avec les Etats 
non membres et les Organisations 
internationales'. Le role de I' Agence 
dans le domaine des relations 
internationales revet des formes 
variees et, bien que non mesurable 
quantitativement, contribue it la 
construction europeenne et favorise la 
competitivite des industries de pointe 
de ses Etats membres. 
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Le developpement des relations 
internationales de I' Agence 

J. Arets 
Chef du Service des Affaires internationales, ESA, Paris 

Le besoin de cooperation 
L'Agence Spatiale Europeenne a ete 
creee pour developper la cooperation 
entre Etats europeens en elaborant une 
politique spatiale a long terme et en 
mettant en oeuvre des programmes 
spatiaux qui doivent constituer un 
programme coherent et complet. Les 
Etats membres ont consenti a cette fin 
un effort financier qui reste modeste par 
rapport aux budgets spatiaux sovietique 
et americain mais qui constitue 
neanmoins la tentative de cooperation 
scientifique et technique la plus 
importante qui ait ete entreprise par les 
Etats europeens, 

Les programmes de l'Agence portent sur 
les satellites scientifiques ou 
d'application et les systemes de 
transport spatiaux, lis font place tant 
aux realisations proprement 
europeennes qu'aux cooperations 
entreprises avec la NASA americaine. 

Le caractere complet et ambitieux de ce 
programme est le resultat d'une volonte 
politique qui s'est exprimee 
institutionnellement par la redaction de 
la Convention de I'Agence, 

Depuis I'entree en vigueur 'de facto ' de 
cette Convention le 30 mai 1975, les 
relations internationales de l'Agence se 
sont developpees parallelement aux 
programmes de celle-ci , Dans le cadre 
d'une Organisation internationale, la 
notion de relations internationales peut 
etre ambigue. Au sein de l'Agence, on 
entend par ce terme les relations avec 
les Etats non membres, les 
Organisations internationales et les 
Institutions nationales des Etats 

membres avec lesquels l'Agence n'a pas 
de relations etablies. 

Deja l'Organisation Europeenne de 
Recherche Spatiale (CERS/ESRO), qui 
avait precede l'Agence, avait developpe 
une cooperation intense avec la NASA 
americaine, Celle-ci a -au depart -
contribue largement au succes de cette 
Organisation et de nombreux projets ont 
ete menes en commun. En outre, la 
NASA a fourni a l'Europe les moyens de 
lancement, dont celle-ci ne disposait pas 
encore, pour ses satellites scientifiques 
et pour ses satellites experimentaux 
d'application. Par ailleurs, la contribution 
europeenne au systeme americain de 
transport spatial (Navette) a pris la 
forme du developpement du laboratoire 
spatial habite (Spacelab) qui constitue le 
plus important programme de 
cooperation jamais entrepris entre deux 
Agences spatiales, 

Au fur et a mesure que le programme 
spatial europeen prenait de la 
consistance et touchait a I'ensemble de 
I'activite spatia le (science, applications, 
moyens de lancement), les Etats 
membres de l'Agence pouvaient 
davantage envisager de cooperer avec 
d'autres partenaires (Etats non membres 
ou Organisations internationales) qui 
atteignaient sensiblement le meme 
niveau d'activite ou avec des pays qui 
pouvaient etre mteresses a util iser les 
techn iques ou les systemes spatiaux 
developpes en Europe, 

Les raisons de ce souci de cooperer 
avec des Etats non membres sont 
multiples. On peut les classer selon leur 
nature pol itique ou economique. 
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Figure 1 - Premiere reunion du Conseil 
au niveau ministeriel au Siege de I'ESA 
(Paris 14-15 fevrier 1977). 

Sur le plan politique 
L'Agence n'a pas en soi de mission 
politique a remplir en dehors du 
domaine de l'Espace. Son activite se 
situe essentiellement sur le plan 
technique. II n'en reste pas moins que la 
mise en oeuvre du programme de 
I'Agence constitue une realite dont on 
ne peut nier les effets politiques. La 
realisation par l'Europe d'un programme 
spatial coherent et rigoureux pe ut 
constituer un element important de la 
politique europeenne tant comme 
facteur de cohesion des Etats membres 
que comme affirmation de la realite 
europeenne sur la scene mondiale. 

Cette presence europeenne dans le 
domaine de l'Espace est ressentie a 
I'exterieur de l'Europe par de nombreux 
pays qui ne peuvent encore participer 
eux-memes a des programmes spatiaux. 
Ces pays se rejouissent de voir qu'en 

dehors des programmes americains et 
sovietiques, d'autres programmes 
spatiaux executes par d'autres pays ou 
groupes de pays permettront d'eviter les 
situations de monopole et faciliteront 
certainement la mise en place d'une 
.reglementation des activites spatiales 
qui, conformement a toutes les 
proclamations des Nations-Unies, 
doivent etre reellement entreprises pour 
le benefice de I'humanite toute entiere. 

Sur le plan economique 
Les Etats europeens ant investi des 
sommes importantes dans le domaine 
spatial. lis ant voulu que leurs industries 
accedent aux technologies de pointe et 
restent competitives, permettant ainsi a 
I'Europe de garder son independance 
economique. De plus, I'importance du 
marche spatial et des marches qui lui 
sont connexes (segment sol) justifie que 
I'industrie europeenne s'efforce d'y 

relations internationales 

prendre place et d'en occuper un 
pourcentage qui corresponde aces 
capacites et a son importance. 

La vente de systemes spatiaux ou 
d'elements de systemes spatiaux en 
dehors des Etats membres constitue une 
necessite pour I'industrie europeenne et 
les redacteurs de la Convention ont 
reconnu que la politique industrielle de 
I'Agence devait etre con<;:ue de maniere 
a ameliorer la competitivite de I'industrie 
europeenne dans le monde. 

Cette participation de I'industrie aux 
grands marches internationaux est 
souhaitable a la fois pour rentabiliser les 
investissements consentis et aussi pour 
beneficier des effets induits qu'elle ne 
manquera pas d'engendrer. La mise en 
place de systemes spatiaux europeens 
constituera certainement un facteur de 
confiance dans la competence des 
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industriels europeens; cette confiance 
peut d'ailleurs deborder le cadre 
strictement spatial. 

Actions de I' Agence sur le plan 
international 
L'Agence doit s'efforcer d'aider ses Etats 
membres a atteindre les objectifs 
politiques et economiques qu'ils se sont 
fixes en entreprenant en commun un 
programme spatial et en signant la 
Convention de I'ESA. Le moyen le plus 
sur dont dispose l'Agence a cet effet est 
de realiser de la fac;;on la plus efficace 
(c'est-a-dire avec le meilleur rapport de 
qualite/prix/delai) les programmes dont 
la realisation lu i a ete confiee. C'est a 
cette tache que l'Agence consacre 
I'essentiel de ses efforts. 

Cependant, il ne suffit pas toujours de 
mener a bien un programme de qualite 
pour que les benefices que I'on en 
escompte en decoulent 
automatiquement. L'existence d'un 
programme et sa qualite doivent etre 
portees en temps opportun a la 
connaissance de ceux qui sont appeles 
un jour a en tenir compte. Ce n'est pas 
assez de disposer du savoir-faire, encore 
faut-il le faire savoir. C'est pour cette 
raison que le Conseil de l'Agence 
siegeant au niveau des Ministres a 
adopte en fevrier 1977 une Resolution 
qui reconnaft que 'pour faire connaftre 
ses activites et ses programmes, il est 
important que l'Agence etablisse, 
entretienne et developpe ses relations 
avec les Etats non membres et les 
Organisations internationales'. A Vheure 
actuelle, cette action d'information reste 
la plus importante que l'Agence 
accomplisse dans le cadre de ses 
relations exterieures. 

Les acllons de cooperation constituent, 
pour la plupart. des complements 
d'actions d'information. Toutefois, dans 
des cas particuliers, et on peut penser 
que ces cas se multiplieront a I'avenir, 
de veritables cooperations sont d'ores et 
deja entrepnses. Les diverses actions 
menees dans le domaine international 
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Figure 2 - Demonstration du systeme 
Meteosat devant des membres du 
Gouvernement marocain conduits par 
M. M. Naceur, Ministre des Transports 
(Rabat 7 decembre 1978). 

peuvent etre classees comme suit: 

Actions d ' information 
L'information des Etats non membres et 
des Organisations internationales prend 
des formes variees. 

Publications 
Outre les publications scientifiques et 
techniques diverses (Actes de colloques, 
rapports, monographies), l'Agence 
assure le service de deux periodiques: le 
present Bulletin a I'intention du grand 
public, et la revue savante 'ESA Journal '. 
Ces publications sont tout d'abord 
destinees aux milieux spatiaux des Etats 
membres, mais aussi, en dehors de 
l'Europe, a un nombre croissant de 
personnes et d'organismes interesses 
par les activites de I'ESA. De plus, 
l'Agence a conclu avec divers Etats non 
membres des accords pour I'echange 
de publications et d'informations. Ces 
accords constituent des cadres qui 
peuvent favoriser la naissance d'activites 
cooperatives. 

Organisation de colloques 
Chaque an nee, l'Agence organise, 
souvent conjointement avec d'autres 
institutions des Etats membres, des 
colloques ou seminaires sur des themes 

scientifiques ou techniques specialises. 
De maniere generale, ces reunions sont 
principalement destinees aux specialistes 
europeens. Neanmoins, un nombre 
croissant de techniciens et de 
scientifiques non europeens demandent 
a participier aux travaux et ces marques 
d'interet permettent d'apprecier 
I'elargissement du rayonnement de 
l'Agence. 

Presentations de I'Agence et de ses 
activites 
De plus en plus frequemment, l'Agence 
est invitee El decrire ses institut ions et 
mecanismes de cooperation au sein des 
Etats membres alnsi que ses activltes et 
programmes. Dans le cadre de 
manifestations organisees soit par des 
Organisations internatlonales, telles que 
les Nations-Unies et les Agences 
specia lisees qUI en relevent, soit par des 
institutions d'Etats non membres, il est 
devenu normal depuis peu d'inscrire une 
presentation generale de I'ESA qui 
constltue une institution de cooperation 
internationale regionale, remarquable a 
la fois par ses buts pacifiques et non 
commerciaux et par son degre 
d'efficacite. 

L'exemple de l'Agence est utile pour de 
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Figure 3a,b - Demonstration de la 
reception des images de television de la 
BBC au Caire via le satellite OTS. 
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nombreux pays qui n'ont pas les 
moyens de participer a des activites 
spatiales sur une base nationale et qui 
souhaitent s'organiser sur une base 
regionale pour ne pas rester absents 
d'une activite dont tout le monde 
reconnait aujourd'hui I'importance. 

Demonstrations 
Les programmes et activites de l'Agence 
ont maintenant atteint un stade qui 
permet de demontrer concretement les 
realisations et capacites de l'Europe en 
matiere spatia le. 

Des presentations du Service de 
Ressaisie de l'lnformation (IRS, 
anciennement Service de Documentation 
Spatiale, SDS) permettent d'informer les 
milieux competents d'Etats non membres 
sur I'ensemble des activites de I'ESA. 
Grace a I'initiative de I'UNESCO, nombre 
de ces demonstrations ont suscite a ce 
jour un tres vif interet. 

Depuis peu, les premiers satellites 
d'application de l'Agence sont en orbite 
et leur fonctionnement peut etre montre 
a des organismes interesses soit a leur 
utilisation directe, soit a I'utilisation de 
technologies europeennes. Le lancement 
de Meteosat a fourni I'occasion pour 

I'Agence d'informer les pays africains 
des possibilites d'utilisation de ce 
satellite. Une station mobile de reception 
de donnees meteorologiques a ete 
conduite dans differents pays africains 
en vue de montrer I'existence de moyens 
spatiaux facilement accessibles et 
directement utiles. Ces demonstrations 
ont eu pour but, d'une part, d'inciter les 
services meteorologiques a utiliser 
Meteosat et, d'autre part, d'expliquer a 
d'autres services interesses aux 
problemes de teledetection I'utilisation 
non negligeable qu'ils pourraient faire 
de Meteosat dans ce domaine. 

De nombreux pays africains envisagent 
de se doter d'un equipement de 
reception de Meteosat et aussi d'utiliser 
la fonction 'plate-forme de collecte de 
donnees' tant pour des buts strictement 
meteorologiques que pour des buts 
connexes (agro-meteorologie, 
hydrologie, etc.) . 

Le satellite OTS a aussi permis de 
proceder a de nombreuses experiences 
qui, en raison de sa zone de couverture, 
se situent principalement dans les Etats 
europeens. Toutefois, a I'occasion d'une 
recente conference sur l'Espace 
organisee par l'Academie de la 

relations internationales 

Recherche Scientifique et Technique 
d'Egypte, une station de reception d'OTS 
a ete installee pour une semaine au 
Caire. Elle a permis de recevoir dans 
d'excellentes conditions les programmes 
de television de la BBC. 

Actions d'information complementaires 
Lorsque des pays non europeens ont 
re<;:u des informations sur les activites de 
l'Agence, ils souhaitent en general en 
connaTtre davantage. Differentes 
delegations d'Etats non membres ont 
recemment visite les etablissements d~ 
l'Agence et les firmes industrielles des 
Etats membres. 

II arrive egalement que des 
gouvernements souhaitent que 
quelques-uns de leurs agents fassent 
des sejours prolonges d'information ou 
de formation au sein de l'Agence. 11 
s'agit la d'une amorce de cooperation 
dont le resultat essentiel pour le moment 
reste d'assurer une bonne information 
des Etats sur I'activite spatia le 
europeenne. 

Par ailleurs l'Agence s'associe a 
I'organisation de cours de formation qui 
se tiennent sous I'egide des Institutions 
specialisees des Nations-Unies. Ces 
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Figure 3a,b - Demonstration de la 
reception des images de television de la 
BBC au Caire via le satellite OTS. 

III 
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Figure 4 - Visite 8 I'ESTEC par le Prof. 
S. Ohawan (8 droite), President de 
I'ISRO (6 novembre 1978). 

Figure 5 - Visite 8 I'ESTEC par une 
delegation de parlementaires 
neerlandais conduite par M. Peijnenburg 
(au centre), Ministre de la Politique 
scientifique. 
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cours ont pour but de familiariser les 
stagiaires a. I'utilisation de techniques 
spatiales et notamment des techniques 
developpees en Europe. II est donc 
important d'assurer dans ce domaine 
une information appropriee. 

Ces diverses actions sont restees 
actuellement a. un niveau mineur. Mais il 
faut noter que la formation du personnel 
des pays en voie de developpement 
constitue un element essentiel de toute 
cooperation avec ces pays. Les besoins 
sont immenses et toute action vis-a.-vis 
de ces pays qui n'accorde pas a. la 
formation une situation privilegiee risque 
de perdre beaucoup de son interet et de 
son efficacite. 

Actions de cooperation 
Stagiaires 
Outre les visites plus ou moins 
prolongees mentionnees plus haut, 
l'Agence accueille en son sein quelques 
stagiaires d'Etats non membres pour des 
periodes de I'ordre de six mois. Issus en 
general d'organismes spatiaux, ces 
stagiaires cherchent a. se familiariser 
avec les techniques de I'ESA en vue de 
leur adaptation aux besoins de leurs 
pays. Cette action de formation devra 
necessairement se developper, car la 
Resolution sur les relations exterieures 
adoptee par le Conseil siegeant au 
nivsau mi"nisteriel a expressement 
reconnu la necessite d'une action de 
l'Agence dans ce domaine. 

Programmes cooperatifs 
Outre les nombreux programmes de 
cooperation entrepris avec les Etats-

, Unis, l'Agence offre egalement de 
cooperer avec d'autres pays. L'emport, 
par le 3eme vol de qualification de la 
fusee Ariane, du satellite experimental de 
telecommunications Apple developpe 
par l'Organisation Indienne de 
Recherche Spatiale (ISRO) en constitue 
I'exemple le plus important. 

L'experience de la chambre metrique qui 
volera a. bord du premier vol de 
Spacelab perm et egalement d'organiser 
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Figure 6 - Visite au Laboratoire de 
batteries spatiales de J'ESTEC par le 
Groupe d 'etude des Technologies 
spatiales de la Republique populaire de 
Chine (29 novembre 1978). 

une cooperation avec de nombreuses 
institutions d'Etats non membres. 

Enfin, I'interet manifeste par l'Afrique 
pour le satellite Meteosat de l'Agence 
permet d'envisager une cooperation 
trilaterale pour I'utilisation de ce satellite 
par les pays africains grace a une 
participation financiere de la 
Commission des Communautes 
Europeennes (Fonds Europeen de 
Developpement). 

Assistance Technique 
L'Agence peut et re appelee a apporter 
son assistance a des organismes 
internationaux ou d'Etats non membres 
qui decident de s'engager dans des 
programmes spatiaux mais souhaitent 
recevoir I'aide d'une organisation 
internationale non commerciale. Ainsi 
I'Agence a participe a la redaction des 
specifications de I'appel d'offre pour le 
satellite indien Insat. Ce type 
d'assistance technique - qui peut aussi 
comporter I'utilisation d'equipements de 
tests de l'Agence, le detachement 
temporaire de personnel ESA specialise 
et une participation a des reunions de 
revue de projet - est appele 
vraisemblablement a se developper dans 

la mesure ou davantage de pays 
souhaiteront acquerir une certaine 
autonomie dans le domaine spatial. 

Conclusion 

Les actions que l'Agence mene dans le 
domaine des relations exterieures en 
sont encore a leur stade initial. Le 
developpement des relations 
internationales est lent et la credibilite 
d'une organisation technique s'etablit 
seulement lorsque les resultats des 
programmes qu'elle a entrepris 
deviennent evidents. 

La maniere dont l'Agence s'acquilte de 
celte mission ne peut se mesurer 
quantitativement. Son role ne devra pas 
se substituer a celui des Gouvernements 
des Etats membres ni a celui des 
industriels. Les duplications seront 
evitees et la complementarite rechercMe. 
Les efforts de l'Agence porteront autant 
sur la recherche d'une concertation 
entre les divers partenaires europeens 
que sur les relations directes avec les 
Etats non membres. 

L'Agence accomplira sa tache dans ce 

relations internationales 

domaine si elle contribue, dans la limite 
de ses moyens, a porter temoignage 
d'une politique europeenne concertee 
dans le domaine spatial et a favoriser la 
competitivite de I'industrie de pointe de 
ses Etats membres. ~ 
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In the course of 1978, a number of 
important recommendations were 
passed by other international bodies 
which have a relevance to the 
Agency's work. The Assembly of the 
Western European Union in June 
passed Recommendation 316 on US -
European co-operation and competition 
in advanced technology, 
Recommendations 317 and 326 on 
applications satellites, and 
Recommendation 328 on weather 
forecasting. The Parliamentary 
Assembly of the Council of Europe was 
similarly active in ESA's field, 
producing Recommendation 844 
specifically on the Agency and 
Recommendation 845 on Europe's 
needs in the field of remote-sensing. 

Rather than reproduce these 
Recommendations, which reflect a 
substantial constructive interest in 
ESA's work on the part of 
Parliamentarians, in extenso, the 
following is an attempt to summarise 
the features most important to those 
interested in or responsible for the 
Agency's future. 
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Council of Europe and Western 
European Union pass 
Recommendations relating to ESA 

Parliamentary Assembly of the Council 
of Europe 
Recommendation 844 (1978) on the 
European Space Agency: recommends 
in particular that the Committee of 
Ministers invite Member Governments to 
take steps: 

to see to the rapid launching of a 
European remote-sensing satellite 
programme; 
to ensure that the Marecs maritime 
satellite programme can form the 
basis, within the Inmarsat system, of 
a global maritime satellite system; 
to promote the use of the Ariane 
launcher not only for European 
programmes, but also for those of 
countries outSide Europe and of 
international organisations - in 
particular Intelsat; 
to prepare for the long-term 
planning of space activities in 
Europe, especially in new fields such 
as the production of solar energy 
by satellite and to ensure the taking 
of long-term or at least medium­
term financial decisions with respect 
to the appropriate future level of 
ESA activities. 

Recommendation 845 (1978) on 
Europe's needs in the field of remote­
sensing: recommends in particular that 
the Committee of Ministers request the 
European Space Agency: 

to take the initiative of creating a 
study group open to non-Member 
St8tes in the Agency, in order to 
er tJre that remote-sensing 
programmes and techniques are 
compatible and complementary; 
to create a co-ordination group 
charged with forwarding 

recommendations to the Council of 
ESA in order that industrial 
commitments entered into under 
national programmes do not impair 
the organisation of a European 
remote-sensing programme or the 
'Europeanisation' of national 
programmes; 
to arrange for a series of economic 
studies on the use of remote­
sensing techniques in specific fields, 
highlighting the cost/benefit aspects; 
to promote the development of a 
European remote-senSing satellite 
programme, directed to particular 
European needs in agriculture, 
forestry and fisheries. 

Assembly of the Western European 
Union 
Recommendation 316 on United States 
- European co-operation and 
competition in advanced technology: 
recommends in particular that the WEU 
Council urge member governments 

to instruct ESA to study the 
possibilities either of participating in 
the US tracking and data-relay 
satellite system and building the 
required European ground station, 
or of building its own TORS system; 
to draw up gUidelines for working 
with the US authorities on the 
development of the Space Shuttle 
transportation system; 

Recommendation 317 on applications 
satellites: recommends in particular that 
the WEU Council 

invite the Governments concerned 
to accelerate ratification on the ESA 
Convention; 
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invite the Governments of ESA 
Member States 

• to adopt a three-year ceiling for 
compulsory expenditure; 

• to make sure that Europe will be 
associated with future development 
of the US Space Transport system; 

• to ensure the pursuit and 
development of European activities 
in earth-observation, including 
meteorology and remote-sensing by 
satellites; 

with a view to further strengthening 
Europe's industrial potential in 
aerospace matters. 

Recommendation 326 on applications 
satellites: recommends in particular that 
the WEU Council urge member states: 

to instruct ESA to study the 
possibility of 

• establishing a more sophisticated 
global communications network in 

which the data gathered by remote­
senslll g, environmental and 
meteorological satellites could be 
combined; 

• building a small prototype solar 
power satellite providing electrical 
capacity 

and to release the financial means 
necessary for these studies; 
to indicate at the next ESA Council 
meetings which elements of ESA's 
draft Spacelab Follow-on 
Development Programme are to be 
carried out; 
to prepare a policy defining the 
medium- and long-term goals of 
ESA and their financial implications 
and to have a draft long-term 
budget drawn up, inter alia .to 
ensure, in the future, the existence 
of a study group to establish a 
coherent programme. 

european recommendations 

Recommendation 328 on weather 
forecasting : recommends in particular 
that the WEU Council promote the 
formation of an organisation by the 
European meteorological services or 
institutes to start the operational phase 
of a European meteorological satellite 
system 'Eurometsat' similar to the 
'Eutelsat' of the European postal 
authorities. E 
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La technologie tend it devenir source 
de pouvoir et de prosperite. Aussi, les 
Etats doivent-ils proteger, par des 
instruments juridiques appropries, les 
fruits de leur effort de recherche et de 
developpement. Le brevet est la 
methode de protection classique des 
inventions. Dans cette epoque de libre 
concurrence et de libre circulation des 
produits et des idees, iI est I'un des 
derniers monopoles juridiques qui so it 
reste bien vivant. A ce titre, iI peut 
constituer un element de puissance 
economique et est souvent utilise 
comme tel. 
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Brevets et savoir-faire technique 
dans une organisation de 
technologie de pointe 

J. de Reuse, Departement Affaires juridiques et Propriete 
intellectuelle, ESA, Paris 

L'idee que se faisait jadis le public du 
chercheur ou de I'inventeur sous la 
forme d'un personnage un peu bizarre, 
penche sur ses eprouvettes et ses 
alambics a la faQon des alchimistes est 
bel et bien depassee. Les Etats 
modernes se sont rendu compte que la 
recherche de techniques nouvelles 
constitue un element important de leur 
croissance industrielle; ils en ont tire les 
conclusions concernant aussi bien la 
promotion de la recherche elle-meme 
que les brevets permettant de proteger 
les inventions qui en resultent. C'est ainsi 
que le 1er juin 1978 a commence a 
fonctionner l'Organisation ambitieuse 
que constitue l'Office Europeen des 
Brevets (Fig. 1). 11 s'agit la de 
I'aboutissement d'une idee lancee 
depuis 1949 au Conseil de l'Europe a 
Strasbourg. 

L'Office Europeen des Brevets est le 
resultat d'une cooperation qui s'etend 
au-dela des frontieres de la 
Communaute Economique Europeenne 
et des autres organisations 
europeennes. Outre sa mission 
primordiale qui est la delivrance du 
brevet europeen, il constitue I'un des 
elements qui doivent contribuer a 
I'unification de l'Europe. Ce brevet 
couvrira, quand tous les pays 
signataires auront ratifie la Convention, 
16 pays, dont tous les pays membres de 
I'ESA (a I'exception de I'Espagne qui n'a 
pas signe la Convention). soit un 

. marche englobant environ 290 millions 
d'habitants; il offrira aux inventeurs une 
protection moins chere, moins 
compliquee et plus sOre que I'ensemble 
des divers brevets nationaux. 

L'Emorme effort en personnel et en 
argent qui est ainsi consacre par les 
Gouvernements europeens a une 
protection plus efficace des inventions 
traduit une volonte politique, a un 
moment ou les industriels europeens se 
voient confrontes a une concurrence 
grandissante, de la part non seulement 
des deux autres grands blocs 
economiques, mais egalement du tiers 
monde. 

11 est en effet devenu clair aux yeux des 
responsables politiques que le transfert 
de technologies nouvelles, c'est-a-dire de 
19 capacite de produire des produits et 
des procedes nouveaux, revet un 
caractere economique important. La 
technologie est en effet consideree de 
plus en plus comme source de pouvoir 
et de prosperite. C'est la raison pour 
laquelle les pays en voie de 
developpement souhaitent que les 
legislations en matiere de brevets des 
pays dits 'industrialises' soient modifiees 
en vue de rendre le transfert des 
technologies plus commode. 

Protection juridique des inventions 
Quelle que soit la politique qu'on voudra 
suivre dans ce domaine, il convient en 
premier lieu de proteger, par des 
instruments juridiques appropries, les 
fruits de la recherche et du 
developpement qu'on a finances. A quoi 
bon sacrifier des millions d'unites de 
compte a la mise au point d'un 
equipement d'avant-garde si la 
concurrence peut librement reproduire 
ce materiel sans avoir a participer d'une 
faQon quelconque a I'amortissement des 
frais de recherche? 
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Figure 1 - Le nouveau batiment de 
I' Office Europeen des Brevets en cours 
de construction au bord de I' lsar El 
Munich. 

Les moyens dont dispose le chercheur 
pour se proteger sont varies selon les 
buts poursuivis: but commercial, 
promotion de la recherche, aide aux 
Industries en perte de vitesse, etc. La 
methode la plus classique est le brevet 
d 'invention : il s'agit d'un instrument 
juridique public par lequel I'autorite 
publique accorde a I'auteur d'une 
invention nouvelle et originale, un 
monopole temporaire pour la fabrication 
et la commercialisation de son invention. 

L'obtention d'un brevet coute cher; il 
s'agit d'un veritable investissement, qui 
doit etre rentable a terme. C'est 
pourquoi les acheteurs de technologies 
de pOlnte, tels que l'Agence, doivent 
veiller a ne pas imposer a leurs 
contractants d~s contraintes de nature a 
dlmlnuer la valeur economique du 
brevet. Le contractant peut preferer, 
dans ces conditions, se proteger en 
gardant le secret. La mise au secret est 
un moyen de protection precaire et 
incertain, mais Ii est le seul moyen de 

protection possible pour les donnees 
techniques non brevetables souvent 
designees sous le vocable de 'savoi r 
faire' ('know-how'). 11 peut se poser dans 
ce domaine un conflit d'interet entre 
I'Agence et ses contractants, ceux-ci 
souhaitant proteger par la mise au 
secret le fruit de leur travail et l'Agence 
souhaitant promouvoir une large 
diffusion des donnees techniques parmi 
la communaute formee par les industries 
europeennes. 

Une autre approche est la publication 
des informations: elle convient en 
premier lieu aux informations 
scientifiques. Par la publication I1 devient 
desormals Impossible a quiconque de 
s'approprier I'exclusivite sur I'information. 
La politique de publication est encore 
appl iquee systematiquement par 
l'Agence pour les informations 
scientifiques. Elle I'etait egalement par 
I'ESRO, a ses debuts, pour les 
informations techniques; mais une 
evolution a eu lieu suite a une prise de 

brevets et savoi re-faire techn ique 

conscience de la valeur economique de 
ces informations. 11 n'en demeure pas 
moins que la grande majorite de ces 
informations sont publiees sans 
restriction soit dans des publications 
officielles de l'Agence, soit par leur 
insertion dans I'IRS (Service de Ressaisie 
de l'lnformation, precEidemment appele 
Service de Documentation Spatiale). 

Mais revenons au probleme des brevets 
et a leur interet pour l'Agence. A ses 
debuts, I'ESRO etait plut6t hostile a une 
polltique active en matiere de brevets; 
cette attitude s'expliqualt par le fait que 
I'ESRO etait a ce moment - la une 
organisation purement scientifique. Or, 
depuis lors, et surtout depuis la creation 
de I'ESA, le champ des activites de 
l'Agence s'est profondement modifie. Les 
programmes dits 'facultatifs', qui 
concernent essentiellement des satellites 
et des systemes de transports spatiaux a 
vocation operationnelle, sont devenus 
I'activite majeure. En outre, l'Agence peut 
se charger de I'exploltation de ces 
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systemes pour le compte des utilisateurs. 
Cette profonde mutation de l'Agence 
pose le double probleme de la 
competitivite de I'industrie europeenne 
d'une part et de la 'gEmerosite 
scientifique' d'autre part en ce qui 
concerne la protection des technologies 
developpees en Europe. 

Par ailleurs, quinze annees apres la 
creation de I'ESRO, l'Europe a 
finalement acheve la mise en place 
d'une certaine capacite dans le domaine 
spatial qu'il y a lieu de preserver et de 
proteger. N'oublions pas enfin que dans 
cette epoque de libre concurrence et de 
libre circulation des produits ou nous 
vivons, le brevet demeure I'un des 
derniers monopoles juridiques qui soit 
reste bien vivant. A ce titre, il peut 
constituer un element de puissance 
economique et il est souvent utilise 
comme tel. Les exemples ne manquent 
pas, aussi bien dans le domaine spatial 
que dans celui de I'aeronautique. 

Les lignes de force de I'activite de 
l'Agence dans le domaine des brevets et 
du 'savoir faire' sont essentiellement 
orientees vers les quatre domaines 
suivants: 

politique de personnel 
politique vis-a-vis des contractants 
politique en matiere de transfert des 
technologies en dehors des Etats 
membres 
politique de valorisation des fruits 
de la recherche financee par 
l'Agence. 

Politique de personnel 
Une politique de personnel equilibree et 
coherente dans le domaine des brevets 
et du savoir-faire peut constituer une 
motivation profonde pour les 
chercheurs. Un premier point de cette 
politique constitue le devoir de 
discretion: iI faut que le personnel realise 
bien que la divulgation inconsideree de 
donnees techniques peut nuire aux 
interets de l'Agence et de ses 
contractants, meme si cette divulgation, 
dans un colloque ou dans une 
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publication, peut flatter I'amour propre 
de son auteur. 

Le personnel doit egalement et re motive 
a declarer spontanement les inventions 
realisees dans les etablissements. Le 
statut du personnel de I'ESA constitue a 
cet egard une amelioration sensible par 
rapport a celui de I'ESRO. Le Directeur 
General est maintenant oblige, s'il 
decide de prendre le brevet au nom de 
l'Agence, d'accorder a I'inventeur une 
prime calculee en fonction de la valeur 
de I'invention sans pouvoir etre inferieure 
a 500 unites de compte (environ 550 
dollars americains). Le nouveau statut 
est cependant susceptible d'etre 
ameliore. On pourrait prevoir un 
interessement financier variable en 
fonction de la valeur de I'exploitation 
reelle du brevet. Les resultats obtenus 
au moyen d'un pareil systeme par des 
organismes dans certains Etats 
membres, tels que le CNET (Centre 
National Fran<;:ais d'Etudes des 
Telecommunications) , sont 
encourageants. 

Politique vis-a-vis des contractants 
Les inventions et les donnees techniques 
qui resultent de travaux, recherches ou 
etudes executes par les contractants de 
I'Agence leur appartiennent en pleine 
propriete. Ce regime est applique par les 
organisations spatiales europeennes 
depuis le debut: il correspond a une 
notion du droit naturel chere aux juristes 
europeens: I'oeuvre appartient a son 
createur. 11 est interessant de noter au 
passage que ce principe, generalement 
admis en Europe, n'est pas du tout 
evident outre-Atlantique. Ainsi , la NASA 
devient elle-meme proprietaire des 
inventions resultant des contrats qu'elle 
passe, a mains qu'elle ne renonce a ce 
droit, estimant que I'interet general sera 
mieux servi si le brevet reste la propriete 
du contractant. 

La question de principe etant ainsi 
reglee en Europe, il n'en demeure pas 
mains que les autorites qui ant finance 
la recherche et le developpement ne 

souhaitent pas payer des redevances 
pour I'utilisation des brevets et du 
savoir-faire au cas ou elles en auraient 
besoin. Un ban equilibre entre les 
interets des contractants et ceux de 
l'Agence est ainsi parfois difficile a 
trouver. 

11 semble assez evident que l'Agence 
doive pouvoir disposer d'un droit 
d'usage gratuit de ces brevets et de ce 
savoir-faire en vue de I'execution de ses 
programmes. 11 est mains evident, bien 
que souhaitable, que les Etats membres 
ayant finance l'Agence avec leurs 
contributions provenant de fonds 
publics, puissent disposer du meme droit 
pour les besoins de leurs programmes 
spatiaux nationaux. Cela semble assez 
logique et acceptable pour I'industrie. Ce 
qui I'est mains c'est que des sous­
licences gratuites puissent etre 
concedees a des tiers - quels qu'ils 
soient en taus pays - du moment 
qu'elles sont utilisees pour la recherche 
et la technologie spatiales. 11 n'y a pas 
de doute que cette disposition du 
reglement ESRO actuel - et qui etait par 
ailleurs inspiree par des motifs nobles et 
genereux de libre circulation des 
informations a travers les frontieres - a 
ete ressentie par I'industrie comme une 
atteinte a ses droits de propriete. C'est 
sans doute pourquoi elle a prefere 
adopter une politique de tenue au secret 
plut6t que de prise de brevets. 

Les nouvelles lignes directrices que le 
Conseil de l'Agence a recemment 
approuvees ant maintenant supprime 
cette contrainte. Des la mise en oeuvre 
de ces nouvelles regles, sous forme de 
clauses contractuelles, le contractant ne 
devra plus conceder aucun droit 
d'uti lisation pour des buts autres que 
I'execution des programmes spatiaux de 
I'ESA et de ses Etats membres. En 
pratique cela veut dire que I'utilisation 
eventuelle par les societes concurrentes 
pour des objectifs autres que ceux 
precites se fera selon les regles 
commerclales normales. Une plus 
grande liberte d'action sera donc laissee 
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au contractant pour la 
commercialisation, a I'interieur et en 
dehors des Etats membres, des produits 
et procedes qu'il a developpes pour 
l'Espace. 

11 est a esperer que ce changement par 
rapport a la politique trop liberale de 
I'ESRO aura des effets benefiques. 11 y a 
cependant tout lieu de croire que cette 
politique est loin d'etre seule en cause. 
La necessite d'une politique active en 
matiere de brevets n'a pas toujours ete 
ressentie par les industriels. C'est 
particulierement le cas dans les pays qui 
ne pratiquent pas I'examen prealable de 
la nouveaute et de la 'brevetabilite' des 
inventions et ou fatalement les brevets 
(Ies bons comme les mauvais) ne sont 
pas apprecies a leur juste valeur, sauf 
comme argument de vente ou element 
de prestige. 

II aura fallu une menace reelle sur 
I'avenir de I'effort spatial europeen, due 
a des brevets appartenant a des 
societes non europeennes, pour que les 
industriels europeens deviennent plus 
conscients de la necessite d'une 
politique active en la matiere. Celui qui 
possede un portefeuille de brevets avec 
lequel il peut negocier des echanges de 
licences se trouve incontestablement 
dans une situation plus enviable que 
celui qui risque d'etre attaque en justice 
pour I'uti lisation d'une technique qu'il a 
lui-meme mise au point mais qu 'i l a 
omis de fa ire breveter a son nom. 

Une objection frequemment soulevee est 
que la technologie spatia le n'est pas 
encore suffisamment commercial isable 
pour justifier une poli tique de brevet 
toujours onereuse. Cette objection est 
mal fondee, au moins a long terme, et 
dementie par les fa its: les brevets 
americains sur la stabil isation des 
vehicules spatiaux qui sont maintenant 
brandis comme arme commerciale et 
juridique contre les societes 
europeennes furent deposes au debut 
des annees 60, a une epoque ou I'on 
etait loin de penser a I'exploitation 

Figure 2 - Une application interessante 
du terminal EURAB: I'affichage bilingue 
dans les aeroports. 
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commerciale de l'Espace. 

Par ailleurs, il serait etonnant que 
I'industrie spatiale europeenne n'ait pas 
pu se creer une avance technique sur le 
reste de la communaute spatia le 
mondiale dans certains domaines. 11 faut 
bien entendu identifier et circonscrire ces 
domaines avec precision; une telle 
tache, si elle etait confiee a l'Agence, 
pourrait rendre de grands services a 
I'ensemble de I'industrie europeenne. 

Transfert des technologies en dehors 
des Etats membres 
Proteger les technologies europeennes 
n'est pas simplement prendre des 
brevets ou garder au secret les donnees 
techniques valables, c'est egalement 
veiller a ce que I'exportation des 
technologies en dehors du club des 
Etats membres ne nuise pas aux interets 
politiques et economiques de ces 
derniers. 

Un premier aspect du probleme se 
presente immediatement a I'esprit, car il 
decoule directement de la mission 
decrite dans la Convention de I'ESA: 
l'Agence remplit sa mission 'a des fins 
exclusivement pacifiques'. 
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O'autres interets politiques et 
economiques meritent egalement d'etre 
sauvegardes, par exemple dans le cas 
ou une exportation de technologie est 
envisagee vers des Etats non-membres 
qui pourront s'en servir pour faire 
concurrence a I'industrie spatiale 
europeenne sur le marche mondial. 
C'est pourquoi selon l'Article XI de la 
Convention, le Conseil doit approuver 
des regles sur les conditions 
d'autorisation des transferts de 
technologies hors des territoires des 
Etats membres. 

Valorisation des fruits de la recherche 
financee par I' Agence 
La politique de l'Agence ne consiste pas 
seulement a promouvoir I'accroissement 
des connaissances techniques et le 
developpement de nouvelies 
technologies, mais egalement ales 
valoriser dans un but economique. 

Les effets economiques de la recherche 
spatia le ont deja ete precises dans un 
certain nombre d'etudes: amel ioration de 
la qualite des produits, diversification 
des activites, augmentation de la 
competence des techniciens, utilisation 
de methodes de gestion plus modernes 
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commerciale de l'Espace. 

Par ailleurs, il serait etonnant que 
I'industrie spatiale europeenne n'ait pas 
pu se creer une avance technique sur le 
reste de la communaute spatia le 
mondiale dans certains domaines. 11 faut 
bien entendu identifier et circonscrire ces 
domaines avec precision; une telle 
tache, si elle etait confiee a l'Agence, 
pourrait rendre de grands services a 
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O'autres interets politiques et 
economiques meritent egalement d'etre 
sauvegardes, par exemple dans le cas 
ou une exportation de technologie est 
envisagee vers des Etats non-membres 
qui pourront s'en servir pour faire 
concurrence a I'industrie spatiale 
europeenne sur le marche mondial. 
C'est pourquoi selon l'Article XI de la 
Convention, le Conseil doit approuver 
des regles sur les conditions 
d'autorisation des transferts de 
technologies hors des territoires des 
Etats membres. 

Valorisation des fruits de la recherche 
financee par I' Agence 
La politique de l'Agence ne consiste pas 
seulement a promouvoir I'accroissement 
des connaissances techniques et le 
developpement de nouvelies 
technologies, mais egalement ales 
valoriser dans un but economique. 

Les effets economiques de la recherche 
spatia le ont deja ete precises dans un 
certain nombre d'etudes: amel ioration de 
la qualite des produits, diversification 
des activites, augmentation de la 
competence des techniciens, utilisation 
de methodes de gestion plus modernes 
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~ bulletin 17 

Figure 3 - Demonstration a I'ESTEC du 
fonctionnement du brevet Tamburini au 
moyen d' un modele de laboratoire. 

et plus complexes et, d'une fac;;on 
generale, amelioration de la competitivite 
par une experience des techniques 
nouvelles. 

Un effet economique important est ce 
qu'il est convenu d'appeler I'innovation: 
il s'agit de la creation de nouveaux 
produits ou de nouvelles methodes, ou 
de I'amelioration de produits ou 
methodes existants. Parmi les 
innovations que les activites spatiales 
ont creees pour repondre a des besoins 
spatiaux specifiques, beaucoup ont 
donne naissance a des 'retombees' au 
benefice des economies nationales. On 
peut citer a cet egard I'oeuvre de 
diversification entreprise au 
Commissariat franc;;ais a l'Energie 
Atomique (CEA) qui a permis d'aboutir a 
un enrichissement mutuel des 
responsables et techniciens de 
disciplines differentes. 

II ne faut certes pas exagerer 
I'importance de ces retombees ni s'en 
servir comme justification exclusive d'une 
politique de technologie de pointe, 
comme certains ont cru devoir le fai,re 
On peut simplement constater que les 
responsables politiques prennent 
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aujourd'hui mieux conscience du fait 
que la recherche et la technologie 
peuvent etre des elements moteurs de 
I'economie, El condition de promouvoir 
efficacement leur valorisation dans tous 
les secteurs economiques. C'est ainsi 
qu'on assiste, depuis peu, a la creation 
dans la plupart des pays industrialises, 
d'un certain nombre de services officiels 
et prives, consacres a la valorisation des 
resultats de la recherche. Une 
proposition de loi vient d'etre deposee 
au Congres americain en vue de la 
creation d'une 'Space Industrialisation 
Corporation'. La tache de cette 
organisation serait de 'promouvoir, 
encourager et assister le developpement 
de produits, methodes et industries 
nouveaux mettant en oeuvre les 
proprietes de I'environnement spatial'. 

La tache de valorisation n'est pas 
toujours facile. 11 est souvent difficile 
d'identifier, parmi la masse de 
technologie existante, les elements 
susceptibles de donner lieu a 
I'innovation, car ils sont souvent integres 
dans des systemes de conception 
classique. Un autre handicap, particulier 
a l'Espace, est que les nouveaux 
produits repondent generalement El des 

qualifications trop elevees par rapport 
aux exigences actuelles du marche non 
spatial (par exemple en matiere 
d'encombrement et de masse). lis sont, 
par consequent, trop chers et pas 
immediatement competitifs. Enfin, il y a 
les problemes d'ordre general propres a 
tout processus d'innovation: etudes de 
marche et investissements necessaires, 
risques d'echec commercial, sans oublier 
les eventuelles repercussions sociales a 
I'interieur de I'entreprise. 

Que peut faire I'Agence pour 
promouvoir la valorisation des 
technologies spatiales en Europe? Pour 
ses propres brevets, l'Agence peut 
appliquer des criteres de depot des 
brevets qui ne seraient plus seulement 
techniques, mais egalement 
economiques. Elle pe ut identifier les 
domaines technologiques dans lesquels 
I'Europe a une avance qui merite d'etre 
efficacement protegee. Elle pourra 
utiliser pour la recherche des utilisateurs, 
les moyens disponibles dans les divers 
Etats membres et participer El des 
expositions technologiques. Enfin, pour 
les brevets interessants, elle peut en 
confier la valorisation a des organismes 
ou a des societes privees specialisees 
ou s'en charger elle-meme au moyen 
d'une politique de licences qui pourront 
etre exclusives et contre paiement de 
redevances. Une mise en place 
progressive sera necessaire en fonction 
des moyens disponibles en credits et en 
personnel. 

Pour les brevets appartenant aux 
contractants, l'Agence pourra jouer un 
role d'encouragement et eventuellement 
de coordination. La promotion de 
I'innovation est organisee dans to us les 
Etats membres, mais elle est souvent 
mal coordonnee. 

En guise de conclusion, trois cas de 
transfert technologique vers des 
domaines non spatiaux, malgre 
I'absence d'une promotion systematique 
par l'Agence, meritent d'etre mentionnes. 
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Figure 4 - La machine pour mesurer les 
moments d 'inertie, inventee par MM. 
Brazel, Beckel et Berkhout et brevetee 
par I'ESA. au cours des essais du 
satellite Geos. 

Le 30 juin 1978, l'Agence a signe avec 
la societe italienne 'SEll ' un accord de 
licence pour un terminal d'ordinateur de 
conception entierement nouvelle, brevete 
par I'ESA et capable d'afficher sur un 
me me ecran deux textes en regard ecrits 
dans des alphabets difterents. Ce 
terminal a ete invente par un membre 
du personnel de l'Agence, 
M. Orrhammar, dans le cadre des 
relations de I'IRS (Service de Ressaisie 
de l'lnformation, situe a Frascati) avec 
les pays de langue arabe. C'est ainsi 
qu'une version du systeme, baptisee 
'EURAB Terminal' permettant de 
visualiser simultanement un texte en 
caracteres arabes et un autre en 
caracteres latins, sera la premiere a etre 

commercialisee (voir Bulletin 16, pp. 46-
50). Cependant, le systeme peut etre 
applique a la visualisation de tout autre 
alphabet (Fig. 2) . 

II s'agit la d'un exemple de transfert 
technologique particulierement 
interessant, car il permettra, en liaison 
avec I'alphabet arabe voyelle et 
standardise mis au point par le 
Professeur marocain Lakhdar, de 
nombreuses applications: aeroports, 
banques, conferences internationales, 
ecoles pour I'enseignement des langues 
etrangeres. Cette invention contribuera 
ainsi a I'alphabetisation du monde 
arabe et a son acces aux technologies 
modernes. 

brevets et savoire-faire technique 

Un autre exemple est le brevet de 
M. Tamburini, ingenieur a I'ESTEC. 
11 s'agit d'un systeme de transfert de 
chaleur qui ne necessite pas de source 
exterieure d'energie. Compare aux 
caloducs, il off re I'avantage de ne pas 
etre handicape par des limitations liees 
a la gravite (Fig. 3) . 

Ce brevet, qui a ete realise dans le 
cadre des activites du Spacelab -
domaine eminemment spatial - interesse 
maintenant au premier chef les 
responsables de la recherche sur 
I'utilisation de I'energie solaire. C'est 
ainsi que quatre accords de licence en 
vue des etudes sur la mise en oeuvre 
pratique de ce brevet pour I'energie 
solaire ont ete conclus ou sont sur le 
point de I'etre. De son cote, une autre 
societe a rec;;u une licence pour des 
etudes des applications spatiales. 11 n'est 
pas exclu qu'a un stade ulterieur, les 
chercheurs en matiere d'energie solaire 
fassent de plus en plus souvent appel a 
la somme de connaissances acquises 
par les chercheurs spatiaux dans ce 
domaine. 

Par ailleurs, certains equipements 
speciaux inventes par des ingenieurs de 
I'ESTEC et brevetes par l'Agence font 
desormais partie du parc d'installations 
d'essais de I'ESTEC: on peut mentionner, 
par exemple, un appareil permettant de 
detecter des fuites infimes de gaz 
(invente par MM. Sanger et Franz). qui a 
ete utilise pour le satellite ISEE-B et le 
sera vraisemblablement pour Exosat, 
ainsi que la machine pour mesurer les 
moments d'inertie, inventee par MM. 
Brazel , Beckel et Berkhout (Fig. 4) . 

Dans tous ces domaines, l'Espace peut 
offrir une masse enorme de technolog ie 
qui ne demande qu'a etre utilisee et qui 
pourra servir essentiellement au benefice 
des petites et moyennes entreprises qui 
ne disposent pas des moyens de 
financer elles-memes la recherche 
technologique moderne. 
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The study of potential future space 
missions has always been a necessary 
part of the Agency's function. Typically, 
some four major studies are performed 
each year as part of within ESA's 
Scientific Programme. The study of the 
Grazing-Incidence Solar Telescope 
(Grist) was one such undertaking by a 
mixed team drawn from an industrial 
company, a national agency and a 
university institute. 
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Introduction 
The Sun, as the nearest star to the 
Earth, offers the astronomer the best 
opportunity of observing the physical 
processes involved in stellar evolution. 
Many investigations have been made 
using both ground-based and 
spaceborne instrumentation, but so far 
no possibi lity has existed for examining 
the solar structure wi th fine resolution in 
the XUV-EUV wavelength region (X-ray 
to extreme ultraviolet region of the 
spectrum). As this region is of high 
scientific interest, not least because most 
of the high-intensity line emissions from 
the Sun lie therein, there is a need for a 
suitable observational facility. The 
Grazing-Incidence Solar Telescope, by 
satisfying the requirements summarised 
in Figure 1, could for the first time 
provide an opportunity for making high­
resolution spatial and spectral 
measurements of the Sun over the 90-
1700 A wavelength range. 

Before describing the Grist in detail, it is 
worth reviewing some of the basic 
requirements for observation in the XUV­
EUV region. At the lower end of this 90-
1700 A range, the use of conventional 
refractive or reflective optics becomes 
impracticable or impOSSible. To collect 
and focus incoming radiation requires 
the use of special grazing-incidence 
optical techniques. With these types of 
optics the incoming energy is reflected 
at shallow angles from precisely fo~med 
optical surfaces. By a suitable choice of 
surface contour and number of 
reflections, imaging telescopes can be 
realised. The fundamental principle is 
illustrated in Figure 2. 

The focal plane for grazing-incidence 
optical systems is defined rather like that 
for conventional optics, and various 
types of energy-measuring instruments 
may be located in this plane. In the case 
of Grist there is a particular inter8st in 
using focal-plane spectrometers. Two 
types have been proposed, one to cover 
the wavelength range 90-1500 A, the 
other 300-1700 A. Both require that the 
incident energy pass through a narrow 
entrance aperture located in the focal 
plane. The width of this aperture is 
decided after consideration of a number 
of parameters, such as the spatial 
resolution sought. In the case of Grist it 
has been chosen to be 20 microns. The 
quality of the optical system has to be 
such that the major portion of the 
energy from a single point on the Sun, 
i.e. a parallel beam, can be focussed to 
pass through the 20 micron aperture. 

Description of the telescope 
The Grist is a facility type of telescope, 
which has been designed for repeated 
flights with Spacelab. It is large 
physically, being some 6 m long and 
2.4 m in diameter, and it weighs 
approximately 1450 kg. In flight Grist 
would be coarsely pOinted and stabilised 
by Spacelab's Instrument Pointing 
System (IPS), while the necessary fine 
pointing and stabilisation, to 30 arcsec 
and 0.2 arcsec respectively, would be 
achieved by an internal image motion 
compensation mechanism in the 
telescope itself. Figure3 shows the 
design concept, with the Spacelab IPS. 

Internally the Grist consists of an optical 
assembly, an alignment-structure 
assembly, a focal-plane instrument 
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Figure 1 - Major system requirements 
for the Grazing-Incidence Solar 
Telescope (Grist) proposed for flight on 
Spacelab. 
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assembly, and a support structure. All 
four are illustrated in Figure 4 and 
described more fully in the following 
paragraphs. 
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Figure 2 - The Wolter Type-I! grazing­
incidence optics that constitute the basis 
of the Grist instrument. 
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Monitoring to 1" of central image region 
(5' x 5') in Hex (6563 A) 
Provision of selected XUV data in real­
time display 
Monitoring to 5" of full solar disc in Hex 
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AXIS OF GENERATION SECONDARY MIRROR (HYPERBOLOID) 
The optical assembly 
The optical assembly contains two 
distinct sets of optical elemen,ts, together 
with a gimbal arrangement which allows 
the optical systems to be rotated with 
respect to the telescope's longitudinal 
axis. This provides the mechanism for 
the necessary image motion 
compensation solar scanning, and for 
switching of the optical beam between 
different focal-plane instruments. 

The larger of the two sets of optical 
elements is a set of glass grazing­
Incidence mirrors. Two mirrors are used, 
one with a parabolic surface contour, 
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the other of hyperbolic shape, and 
together they form a Wolter Type-II X-ray 
imaging telescope with a 4.12 m focal 
length. This arrangement is the X-ray 
equivalent of a conventional telephoto 
lens. 

The resolution of the Wolter Type-II 
system is required to be 1 arcsec, which 
can be interpreted physically in terms of 
focussing a parallel beam of input 
radiation to pass through a 20 micron 
hole in the focal plane. To achieve this, 
the mirrors require a high standard of 
surface finish and must be maintained 
in close mutual alignment throughout 
their operational life. The high standard 
of surface finish is achieved in the mirror 
manufacturing process via techniques 
developed in a number of European 
laboratories. The mutual alignment is a 
function of the Grist design; it is 
achieved firstly by using precisely 
machined glass spacers which initially 
locate the mirrors, and secondly by 
close thermal control in which heat 
pipes are used to ensure even heat 
distribution. 

The second set of optical elements form 
a small conventional telescope which 
provides a well-defined solar image for 
attitude-measurement purposes. Owing 
to the high accuracy requirements, i.e. 
measurement of the Wolter telescope 
pointing to within 5 arcsec, this telescope 
must be maintained in close alignment 
with the Wolter Type-II instrument. This is 
achieved by the simple means of 
making the secondary telescope 
supports an integral part of the Wolter 
system and they are therefore formed in 
the same machining process. Figure 5 
shows the overall optical arrangement 
including the gimbal system. 

The alignment-structure assembly 
Accurate positioning of focal-plane 
instruments with respect to the main 
optical assembly is very important in 
telescope systems operating in the EUV­
XUV region. In the Grist study, analysis 
showed that significant performance 
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Figure 3 - Model of the Grist mounted 
on Spacelab, the laller being in a 'short 
module plus three pallets' configuration. 

degradation occurred if the linear 
dimensions along the optical axis 
changed by more than 100 microns over 
a length of approximately 2 m. To 
ensure that this low figure could be 
maintained, a frame structure built from 
carbon-fibre-reinforced plastic tubing is 
proposed (Fig. 4). The significant feature 
of the design is the continuous tubes 
that traverse the complete length of the 
structure; they serve as the locating 
members that maintain precise linear 
alignment between the optical assembly 
and the focal-plane instrument mounts. 

Associated with the alignment structure 
is a thermal-control system. This uses 
simple multilayer insulation and heater 
mats to control the structure within the 
required limits of 20 ±8 C. 

The focal-plane instrument assembly 
The focal plane of the Grist is physically 
defined in the telescope by means of a 
bulkhead attachment plate which has 
provision for the mounting of up to three 
large focal-plane instruments (FPI) . For 
the purposes of the Grist design study, it 
has been assumed that these FPls 
would be spectrometers and two types, 
a graZing-incidence and a normal­
incidence spectrometer, have been 
studied in detail. Figure 6 shows the 
operating principle of each type and 
gives an indication of physical 
dimensions. 

The spectrometers are individually 
mounted on the attachment plate which, 

when mated with the alignment structure 
assembly, ensures the correct 
spectrometer location in the focal plane. 

Image monitoring is also foreseen within 
the Grist. Two video cameras are 
provided as part of the focal-plane 
assembly. One of these cameras views 
the complete solar image as presented 
to the attitude-measurement system, 
while the other views the region of the 
Sun around the point being examined 
by the spectrometer in use. These video 
cameras allow the operator to 
participate actively during Grist 
operation, and give him the ability to 
select interesting features of the Sun for 
measurement in a real-time sense. 

The gimballed system that produces the 
necessary scanning pointing and 
stabilisation is controlled by means of 
linear drive actuators. These operate on 
the same principle as loudspeaker drive 
units to produce rotations about two 
axes. 

The whole optical assembly has its own 
thermal-control system and it is isolated 
thermally from the remaining Grist 
components. 

The support structure 
The support structure, as the name 
suggests, serves to support the other 
Grist components on the IPS. The 
structural design proposed uses identical 
technology to that in the alignment 
structure and it allows for easy removal 
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Figure 4 - The four main component 
assemblies of the Grist. From left to 
right, optical assembly, alignment 
structure, focal-plane instrument 
assembly and support structure. 

of the support structure during ground­
based operations, such as testing, so 
that free access to the focal-plane 
instruments is possible. The basic 
support-structure assembly can be seen 
in Figure 4. 

Telescope operation 
The basic assembly of the Grist, 
including integration and testing of the 
focal-plane instruments, would take 
place at a suitable site either in Europe 
or in the USA. The completed telescope 
would then be shipped to the Spacelab 
integration site, where it would be mated 
with the IPS and Spacelab itself. 

A typical Spacelab flight will last some 
seven days and it is expected that the 
Grist would be able to make solar 
observations for about 40% of this time. 
The principal observations would be the 
measurement of spectral-line intensities 
and the computation of spectro­
heliograms. These measurements would 
be made with the focal-plane 
spectrometers and by making use of the 
Grist's scanning capability. Precision 
scanning of 5 x 5 arcmin regions of the 
Sun to a resolution of 1 arcsec would 
be possible. 

The control and monitoring of these 
activities would be the responsibility of a 
scientist astronaut known as the 
Payload Specialist. He would have 
available in Spacelab visual displays of 
the Sun's disc and enlargements of the 
region around the point being observed 

POINT-LIKE 

solar observation 

Figure 5 - The optical assembly of the 
Grist. 

Figure 6 - Schematic of the 
arrangement of the Grist's focal-plane 
spectrometers. 
Top: 3 m grazing-incidence spectrometer. 
Bottom: Normal-incidence spectrometer 
using Sirk 's focus. 
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by the Grist. By using these visual 
displays he would be able to select 
interesting features for measurement. 

The visual displays of the Sun, together 
with the measurement data, would also 
be transmitted in real time to the Grist 
operations centre, where there would be 
a team of scientific observers to analyse 
the data continuously. This team would 
be in communication with the Payload 
Specialist and would therefore be able 
to give instructions for changing 
spectrometers, repointing the Grist, etc. 
The scientific data would also be 
recorded at the ground centre and 
would be available for future analysis by 
interested scientifiC groups. 

On completion of Spacelab orbital 
operations and return to the ground, the 
Grist would be refurbished and, if 
necessary, different types of focal-plane 
instruments could be installed. An 
estimated eighteen months is presently 
foreseen as the period that would be 
needed for such refurbishment. 

Conclusion 
The Grist study has been conducted to 
a 'Phase-A' level, which means that the 
feasibility of the telescope design has 
been established and cost estimates can 
be made to within an acceptable margin 
of error. Further design activity will be 
undertaken when, and if, the project is 
approved for hardware development. 

If approval is given, European scientists 
will have at their disposal a powerful 
instrument for solar observation, the use 
of which will ensure that European 
science maintains a leading role In solar 
physIcs. European technological 
advancement will also benefit, 
particularly In the areas of large X-ray 
mirror manufacture and the production 
of large carbon-fibre structures. 

Even if approval is not given, the Phase­
A study has already contributed to a 
better understanding of the problems 
associated with high-precision 
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measurements of the solar spectrum in 
the EUV-XUV region. The problems 
associated with, for example 

the design and manufacture of 
large X-ray optical systems 
the manufacture of high-stability 
carbon-fibre structures 
the design and manufacture of 
high-precision solar-attitude sensors 
the control systems for image­
motion compensation for large 
telescopes 

have all received attention during the 
study. 

The Grist design that evolved during the 
study and has been presented here is 
the result of successful co-operation 
between a national research agency, the 
staff of a number of European 
universities and scientific institutes, the 
industrial company responsible for the 
study, and a team of ESA engineers'. 
The results achieved have shown that 
large telescopes for high-resolution solar 
spectroscopy are feasible and within the 
technological capabilities of European 
institutes and industry. ~ 

• ESA Study Contractors: 
British Aerospace, UK 
The National Physical Laboratory, UK 
Leicester UniverSity, UK 

ESA Consultants: 
SRC Appleton Laboratory, UK 
Fraunhofer Institute, Germany 
ETH - Centrum, Switzerland 
CNRS, Verrieres, France 
CNR, Pad ova, Italy 
Space Research Laboratory, The Netherlands 
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a team of scientific observers to analyse 
the data continuously. This team would 
be in communication with the Payload 
Specialist and would therefore be able 
to give instructions for changing 
spectrometers, repointing the Grist, etc. 
The scientific data would also be 
recorded at the ground centre and 
would be available for future analysis by 
interested scientifiC groups. 

On completion of Spacelab orbital 
operations and return to the ground, the 
Grist would be refurbished and, if 
necessary, different types of focal-plane 
instruments could be installed. An 
estimated eighteen months is presently 
foreseen as the period that would be 
needed for such refurbishment. 

Conclusion 
The Grist study has been conducted to 
a 'Phase-A' level, which means that the 
feasibility of the telescope design has 
been established and cost estimates can 
be made to within an acceptable margin 
of error. Further design activity will be 
undertaken when, and if, the project is 
approved for hardware development. 

If approval is given, European scientists 
will have at their disposal a powerful 
instrument for solar observation, the use 
of which will ensure that European 
science maintains a leading role In solar 
physIcs. European technological 
advancement will also benefit, 
particularly In the areas of large X-ray 
mirror manufacture and the production 
of large carbon-fibre structures. 

Even if approval is not given, the Phase­
A study has already contributed to a 
better understanding of the problems 
associated with high-precision 
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measurements of the solar spectrum in 
the EUV-XUV region. The problems 
associated with, for example 

the design and manufacture of 
large X-ray optical systems 
the manufacture of high-stability 
carbon-fibre structures 
the design and manufacture of 
high-precision solar-attitude sensors 
the control systems for image­
motion compensation for large 
telescopes 

have all received attention during the 
study. 

The Grist design that evolved during the 
study and has been presented here is 
the result of successful co-operation 
between a national research agency, the 
staff of a number of European 
universities and scientific institutes, the 
industrial company responsible for the 
study, and a team of ESA engineers'. 
The results achieved have shown that 
large telescopes for high-resolution solar 
spectroscopy are feasible and within the 
technological capabilities of European 
institutes and industry. ~ 
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• bulletin 17 

Cos-8 

De nouveaux resultats scientifiques de 
Cos-B ont ete presentes au 6eme 
Symposium europeen sur les Rayons 
cosmiques (Kiel, 11-15 septembre) et a 
la Reunion d'Astronomie des 
Rayonnements X et gamma organisee 
par la Division Astrophysique des 
Hautes energies de I'American 
Astronomical Society (San Diego, 12-14 
septembre). Le plus important de ces 
resultats a ete I' annonce de la 
decouverte, sans beaucoup de 
renseignements sur leurs spectres, de 
onze sources nouvelles de rayons 
gamma portant cl 24 le nombre total des 
sources observees par le satellite, dont 
quatre ont ete identifiees comme etant 
des radio-pulsars. 

Les deux pulsars de rayons gamma 
nouvellement decouverts (PSR 1822-09 
et PSR 0740-28) sont remarquables par 
le fait que leurs courbes de lumiere sont 
simi/aires a celles de PSR 0531-21 
(Crabe) et PSR 0833-45 (Voiles), bien 
que leurs periodes de pulsation soient 
tres dissemblables. Les pulsars du Crabe 
et des Voiles sont les deux plus jeunes 
que I'on connaisse et la detection du 
rayonnement gamma de ces pulsars 
plus anciens indique que la fareon dont 
s'opere la conversion de leur energie 
perdue en rayons gamma est beaucoup 
plus efficace. Leur decouverte et la 
perspective de pouvoir en observer 
d' autres cl I' aide de Cos-B ont souleve cl 
tel point I'interet des radioastronomes 
que deux observatoires au moins 
etudient actuellement la possibllite de 
programmer des mesures specifiques 
pour obtemr des informations de 
synchronisation radio en conjonction 
avec les observations du satellite. 

Les observations specifiques des 
'candldats pulsars' et la poursuite des 
etudes des pulsars deja decouverts 
constituent un element important du 
programme scientlfique propose pour 
I'extenslon de la mission en 1979. Un 
certain temps sera egalement cons acre 

Posllions des sources de rayons gamma deleclees 
par Cos-B. reperees dans le sysleme de 
coordonnees galacllques. Les qualre pulsars son I 
enloures d'un cercle 

PosItions of the gamma-ray sources detected by 
Cos-B. shown In the galactic co-ordinate system. 
The four pulsars are Circled 
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cl etendre la couverture du ciel aux 
hautes latitudes ga/actiques assuree par 
Cos-B dont I'importance a ete mise en 
lumiere par la detection de rayons 
gamma emis par le quasar 3C273-(voir 
Bulletin ESA No. 15, p.88). 

IUE 

Depuis la mise en service du satellite le 
3 avril juSqu'cl la fin de novembre, 68 
groupes d'observateurs h6tes venant de 
11 pays se sont rendus a la Vilspa 
(Station de poursuite de Villa fra nca, 
Espagne) et ont pris 1200 images 
spectrales (dont certaines comportent 
plusieurs spectres). Sept images par jour 
en moyenne ont ete obtenues en 
septembre - ce qui est une 
amelioration sensible par rapport au 
premier objectif scientifique, lors de la 
periode de mise en service, qui avait 
demande 24 heures d' observation! Ces 
nombres d'images sont tres proches des 
33% escomptes pour le tiers du temps 
de satellite reserve a I' Europe. 

L'IUE a fait preuve de sa souplesse 
d' u/llisation en obtenant des spectres 
ultra violets de planetes, du milieu 
interpla neta ire, d'etoiles de tous les 
types spectraux de 0 cl M, ainsi que 
d'etoiles de Wo/f-Rayet, d'etoiles 
symbiotiques, du type nova, a emission 
de rayons X et du type T Tauri, de 
nebuleuses planetaires, de vestiges de 
supernovae, de galaxies et tout 
particullerement des galaxies de Seyfert 
et de radioga/axies, d'objets BL Lac et 
de quasars. Le satellite s'est montre 
capable, au cours de longues penodes 
d'exposition, de detecter et d'obtemr des 

+90 

-90 

informations spectroscopiques utiles sur 
un noyau de Seyfert de 11 eme 
magnitude a forte dispersion et sur un 
quasar atteignant presque la 18eme 
magnitude a faible dispersion. 

Les premiers documents scientifiques 
elabores a partir des donnees tournies 
par I'IUE ont ete recemment publies; ils 
traitaient des donnees acquises au 
cours de la periode de mise en service. 
Parmi les autres evenements 
scientifiques importants mis en lumiere 
depuis lors par des observateurs 
europeens, il taut signaler la premiere 
detection de la bande d'absorptlOn 
interstellal(e a 2200 A dans les nuages 
de Magellan, la decouverte, dans les 
raies de I'emission en ultraviolet de 
super-geants, de variations de I'ordre de 
quelques minutes, la decouverte, dans 
des vestiges de supernovae, de rapports 
d'intensite de raies d'emission tres 
differents de ceux predits jusqu'a/ors par 
la theorie, et un spectre du jet de M87 
montrant un continuum intense et de 
probables caracteristiques spectrales. 

Autre evenement important: un 
programme de collaboration reunissant 
de nombreux pays et met/ant en jeu 
I'IUE, deux autres satellites et SIX 
telescopes au sol pour I'etude de 
sources de rayons X; parml les resultats, 
cllons la decouverte d'effets assujettis cl 
une dependance de phase dans le 
spectre du 'trou noir candidat', Cygnus 
X-1, et d' une eclipse du rayonnement 
ultraviolet de Her X-1 en phase avec 
I'ecilpse de rayonnement X. 

L'IUE continue de susciter un vd interet 
parmi les scientlfiques avec 171 
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Cos-8 

New scientific results from Cos-B have 
been presented at the Sixth European 
Cosmic-Ray Symposium (Kiel, 11-15 
September) and the X-ray and Gamma­
Ray Astronomy Meeting of the High­
Energy Astrophysics Division of the 
American Astronomical Society (San 
Diego, 12-14 September). Most important 
of these results has been the 
announcement, with limited spectral 
information, of 11 new gamma-ray 
sources, bringing the total number 
observed by Cos-B to 24, including four 
identified with radio pulsars. 
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The two new gamma-ray pulsars (PSR 
1822-09 and PSR 0740-28) are 
noteworthy for the similarity of their light 
curves to those of the previously known 
PSR 0531 + 21 (Crab) and PSR 0833-45 
(Vela), despite the wide differences in 
their pulsation periods. The Crab and 
Vela pulsars are the two youngest 
known and the detection of gamma 
radiation from these older ones indicates 
that they are much more efficient in 
converting their energy loss to gamma­
rays. Their detection, and the 
expectation that others may be 
observable by Cos-B, have aroused the 
interest of radio astronomers to the 
extent that at least two observatories are 
studying the possibility of scheduling 
specific measurements to obtain radio 
timing information in conjunction with 
the satellite observations. 

Specific observations of the candidate 
pulsars, as well as further studies of 
those already found, form a major part 
of the scientific programme proposed for 
the 1979 extension to the mission. Time 
will also be devoted to extending the 
Cos-B coverage of the sky at high 
galactic latitudes, the importance of 
which has been shown by the detection 
of gamma-rays from the quasar 3C273 
(see ESA Bulletin No. 15, p.88). 

IUE 

Between completion of the 
commissioning of the International 
Ultraviolet Explorer (IUE) satellite on 
3 April and the end of November, 68 
different groups of guest observers from 
11 countries visited ESA's Villafranca 
tracking station near Madrid (Vilspa), 
and took over 1200 spectral images 
(some containing more than one 
spectrum). An average of seven images 
per day were obtained in September, a 
marked improvement over the first 
scientific target in commissioning which 
took 24 hours to observe. These image 
numbers approximate closely to the 33% 
expected from Europe's one-third of 
satellite observing time. 

Light curves of the four gamma-ray pulsars 
detected by Cos-8 In the photon-energy ranges 
Indicated. The period of each pulsar is shown. 

Courbes de lum/ere des quatre pulsars de rayons 
gamma detectes par Cos-8 dans les gammes 

0.0 0.2 0.4 0.6 
PHASE 

0.8 10 d 'energ/e photOn/que. La pe(fode de chaque 
pulsar est /nd/quee. 
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IUE has shown its versatility by obtaining 
ultraviolet spectra of planets, the 
interplanetary medium, stars of all 
spectral types from 0 to M as well as 
Wolf-Rayet, symbiotic, nova-like, X-ray 
emitting and T-Tauri stars, planetary 
nebulae, supernova remnants, galaxies 
including in particular Seyfert and radio 
galaxies, BL Lac objects and quasars. 
The satellite has proved capable, during 
long exposures, of detecting and 
obtaining useful spectroscopic 
information of an 11th magnitude 
Seyfert nucleus in high dispersion and a 
quasar of almost 18th magnitude in low 
dispersion. 

The first scientific papers derived from 
data from the commissioning period of 
IUE have already been published. Other 
scientific highlights since then by 
European observers include a first 
detection of the 2200 A interstellar 
absorption band in the Magellanic 
Clouds, the discovery of variations in 
ultraviolet eemission lines of supergiants 
on a time scale of minutes, the discovery 
of emission-line intensity ratios in 
supernova remnants quite different from 
those previously predicted by theory, 
and the spectrum of the jet of M87 
showing an intense continuum and 
probable spectral features. 

An additional highlight has been a 
highly international collaborative 
programme, involving IUE, two other 
satellites and six ground-based 
telescopes, for studying X-ray sources. 
Results include the discovery of phase­
dependent effects in the spectrum of the 
black-hole candidate Cygnus X-1, and 
an ultraviolet eclipse in Her X-1 in phase 
with the X-ray eclipse. 

Scientific interest in IUE remains high, 
with 171 proposals to ESA requesting 
many more than the 180 eight-hour 
observing shifts available in 1979. 

Exosat 

Satellite 

Since formal initiation of the 
Development Phase (CID) in June, 
progress on most subsystems has been 
satisfactory, but certain problems persist 
and although being actively pursued are 
giving cause for increaSing concern. 

Two techllical issues in particular, 
namely the endurance of the star 
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propositions soumises a I'ESA, qui 
depassent largement le temps 
d 'observation (180 x 8 heures) dont 
I'Agence disposera en 1979. 

Exosat 

Satellite 
Depws qu 'a officlellement commence la 
phase de developpement CID en juin, la 
plupart des sous-systemes ont progresse 
normalement. Neanmoins, certains 
problemes persistent et, bien qu 'on 
s'emploie actlvement ales resoudre, lis 
deviennent de plus en plus 
preoccupants. 

Deux questions techntques en particulier, 
a savolr I'endurance du tube dissecteur 
d 'lmages (lOT) du suiveur stellaire et la 
technologle adoptee pour la structure 
du reseau so/aire, sont extremement 
complexes et ne peuvent etre facilement 
resolues. En rea lite, ces deux problemes 
sont Jtes a la verifIcatIOn tardIve des 
para metres prevus d 'ambiance. En effet, 
les valeurs actuellement specifiees sont 
basees sur des ca/culs de depart 
concemant les pires conditions statiques 
et dynamlques et I'on est oblige de s 'en 
tenir strictement a ces hypotheses de 
conceplton tant que I'on ne dispose pas 
des resultats d'essais. On ne pourra 
envisager des assouplissements 
eventuels que si les resultats d'essals 
des sous-systemes et systemes se 
revelent fa vorables. 

Comme mdique dans le numero 
precedent du Bulletin, tI fallall attendre 
avant de pouvoir tlrer des conclusions 
definttives sur les performances de I'IDT 
dans I'environnement mecanique prevu 
d ' Exosat, que soient termines les essais 
de prequalification aux niveaux 
maximums. Ces essais ont depuis ete 
effectues mais le contractant n 'a pas 
encore presente a I' Agence de rapport 
concluant. 

Quant au probleme de la structure du 
reseau sola ire, il est fortement Jte a la 
masse disponible Ilmitee et il depend en 
fin de compte du choix d ' une 
technologie appropriee pour la 
conception et la fabrication. On 
envisage serieusement des materiaux a 
fibres de carbone (CFRP). Un examen 
special a eu lieu en decembre pour 
tenter de resoudre ces difficultes. 
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Du fait des nouveaux retards annonces 
dans la livraison des sous-systemes du 
vehicule spatial qui sont necessalres au 
debut de la sequence d ' assemblage et 
d ' integration, le contractant a decide de 
remettre a la mi-fevrier 1979 le 
demarrage du programme 
d' assemblage du modele 
d ' identiflcation. Les travaux de I'Agence 
qui sont necessaires au soutien de ces 
actlvites, c 'est-a-dire ceux qui 
con cement le materiel et le loglciel de la 
station de verification, progressent de 
fac;;on satisfaisante. 

Charge utile 
L' etat d ' avancement technique est 
satisfaisant pour la plupart des unites. 
Certams problemes se sont poses, en 
particulier au cours des recents essais 
mecantques des unttes 'moyenne 
energie' , qui risquent d 'avoir une 
inCIdence sur les dates de /tvraison. On 
reexamine actuellement la conception 
des chamieres de soutien des detecteurs 
'moyenne energle'. L 'usinage des 
coquilles de miroir 'faible energie' et des 
corps de detecteur 'moyenne energie ' 
pour les modeles de vol a commence. 

On a egalement entrepos d 'autres 
travaux sur le pouvolr separateur en 
position que I'on peut obtenir avec les 
detecteurs 'falble energie' . 

Lanceur 
Au cours de la troisieme reunion de 
coordmation ArianelExosat qui a eu lieu 
en novembre, les imperatifs du projet 
par rapport aux contraintes du lanceur 
ont ete passes en revue. Un document 
ayant valeur d'engagement sera 
prochainement pubJte et specifiera en 
detail les imperatifs du projet. 

Les etudes qualitatives effectuees sur les 
techntques de freinage de la rotalton 
ont amene a conclure que le meilleur 
dispositif pour le composite Exosatl4eme 
etage d'Ariane est un systeme yo-yo. 
Des etudes de conception detaillees sont 
maintenant en cours. 

ESOC 
Apres I' approbation en octobre de la 
polltique d' approvisionnement pour 
I'equipement de la station sol de 
Villafranca, les actions contractuelles ont 
commence. Seuls deux secteurs sont 
preoccupants eu egard aux 
engagements de calendrier: il s'agit du 
recepteur et du systeme de bande de 
base. 

De nouvelles reuntons de travail ont eu 
lieu entre le personnel de I'Agence et les 
utilisateurs. Elles ont permis de pousser 
davantage la definition des besoins, 
notamment dans le secteur du plannmg 
de la mission et dans celw du traitement 
des donnees. 

Telescope spatial 

Reseau Solalre 
BAe a soumis en aout son rapport de 
phase B et sa proposition de phase CID 
pour le reseau sola ire du Telescope 
spatial. Les accords auxquels ont aboult 
les negoc/atlOns intenslves qui ont eu 
lieu entre le contractant et I'Agence ont 
a leur tour deboucM sur un feu vert 
complet pour la phase CID. 

Module de la chambre 
L 'examen des Imperatifs du projet s'est 
deroule au cours de la peoode du 21 
septembre au 18 octobre. L' etude 
approfondie des liasses de donnees, a 
laquelle ont participe la NASA et des 
scienttfiques de I' Eqwpe sClentiflque de 
I'instrument, a donne lieu a de 
nombreux commentaires de detail sur la 
documentatIOn mais n ' a mls en lumlere 
aucun probleme conceptuel vraiment 
important. Des divergences 
d'interpretation entre I'Agence et le 
contractant responsable de la chambre, 
concemant certains details du champ 
d'applicatlOn du contrat, sont apparues 
mais ont pu etre resolues au ntveau des 
instances de gestion debut novembre. 

Des efforts substantiels ont ete deployes 
aupres des contractants responsables 
du Telescope spatial aux Etats-Unis et 
aupres de la NASA en vue de definir de 
fac;;on plus detaillee les interfaces entre 
la chambre pour obJets a falble 
luminosite et le Telescope, et ont abouti 
cl I'agrement fin novembre d 'un 
document prelimmalre de controle des 
interfaces. 

La soumission du rapport de phase B et 
de la proposition de phase CID, prenant 
en compte les resultats de I' examen des 
imperatifs du projet et le contenu du 
document de controle des interfaces, est 
maintenant envisagee pour fin 
decembre. 

Detecteur de photons 
La modification du detecteur de photons 
consistant cl remplacer I'intensificateur cl 
deux etages par un intenslficateur cl 
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tracker's Image Dissector Tube (lOT) 
and the solar-array structure's 
design/technology, are of a very 
complex nature and cannot be easily 
resolved. Both problems have to be 
viewed in the context of the late 
verification of predicted environmental 
parameters; i.e. currently specifications 
are based on early worst-case 
static/dynamic calculations and until 
testing results become available strict 
adherence to these design assumptions 
is obligatory. Relaxations, if any, could 
only be discussed in the light of 
favourable subsystem/system testing 
results. 

As noted in the last Bulletin, a final 
conclusion on the performance of the 
lOT in Exosat's predicted mechanical 
environment has been awaiting 
completion of prequalification extreme­
environment tests. These have now been 
performed and the Agency is awaiting a 
conclusive report from the contractor. 

The solar-array structure problem is 
strongly influenced by mass constraints, 
and its solution depends ultimately on 
the selection of a suitable design and 
manufacturing technology. Carbon-fibre 
materials (CFRP) are being considered 
and a special review took place in 
December. 

As a result of the announcement of 
further delays in deliveries of spacecraft 
subsystems needed at the beginning of 
the assembly and integration sequence, 
the contractor has decided to shift the 
start of the engineering-model assembly 
programme to mid-February 1979. 
Agency undertakings needed in support 
of this activity, such as the checkout­
station hardware and software, are 
progressing well. 

Payload 
Technical progress on most units has 
been satisfactory. Some problems have 
occurred particularly during recent 
mechanical tests on medium-energy 
units which could affect delivery dates. 
The design of the hinges that support 
the medium-energy detectors is being 
reviewed. Machining of mirror shells for 
the low-energy experiments and detector 
bodies for the medium-energy 
experiments for the flight models has 
started. 

Further work is also being done on the 
position resolution obtainable from the 
low-energy detectors. 

Launcher 
The third Ariane/Exosat Co-ordination 
Meeting was held in November and 
project requirements vis-a.-vis launcher 
constraints were reviewed. A binding 
document will be issued shortly 
specifying the project's requirements in 
detail. 

Qualitative studies on despin techniques 
have led to the conclusion that a yo-yo 
is the best device for the ExosatlAriane 
fourth-stage composite and detailed 
design studies are now underway. 

ESOC 
Following approval in October of the 
procurement policy for the Villafranca 
ground-station equipment, contract 
actions have been started. Only two 
items are causing concern as far as 
schedule commitments are concerned, 
the receiver and baseband systems. 

Further working sessions between 
observers and ESA staff have led to 
further definition of requirements, 
particularly in the sectors of mission 
planning and data processing. 

Space Telescope 

Solar array 
BAe submitted their Space-Telescope 
solar array Phase-B report and Phase­
CID proposal in August. Extensive 
negotations have since taken place 
which resulted in agreements between 
the contractor and the Agency, leading 
to a full go-ahead for Phase-CID. 

Camera module 
The Project Requirements Review was 
held between 21 September and 18 
October. A thorough review of the data 
package, with participation by NASA 
and members of the Instrument Science 
Team, produced many detailed 
comments on the documentation but 
brought to light no really significant 
design problems. Several differences in 
understanding between ESA and the 
camera-module contractor on detailed 
elements of the scope of the contract 
emerged but these were resolved at 
management level early in November. 

Substantial efforts have been made with 
the American Space Telescope 
contractors and NASA to define in mere 
detail the interfaces between the Faint­
Object Camera and the ST. These led to 
the signing by the end of November of a 
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Preliminary Interface Control Document. 

Submission of the Phase-B report and 
Phase-CID proposal, taking into 
account the results of the Project 
Requirements Review and the Interface 
Control Document was envisaged by the 
end of December. 

Photon-Detector Assembly 
The modification of the Photon-Detector 
Assembly, which introduces a three­
stage in place of a two-stage intensifier, 
was fully incorporated during the 
reporting period. Another problem that 
emerged related to the cooling of the 
photo-cathode. Life tests showed that 
the temperature gradients thus 
introduced along the intensifier resulted 
in a degradation of the photo-cathode's 
quantum efficiency. In conjunction with 
the scientists and NASA it was decided 
to change the photo-cathode material, 
giving improved noise performance, but 
a reduced sensitivity at long 
wavelengths. 

The interfaces between the Photon­
Detector Assembly and Camera Module 
are being worked on in detail, and 
progress is according to the plans as 
established after introduction of the 
three-stage intensifier. 

Interface with NASA 
The quarterly progress meeting was held 
early in October in Europe, and the 
opportunity was used to visit Dornier 
and BAe with the NASA and US 
contractor's management teams. Very 
constructive discussions resulted in the 
clearing up of the last uncertain 
elements in the project plan relating to 
the development phase, so that full 
agreement now exists on delivery details 
and schedules. 

Sled 

Following a period of slow progress 
since the Sled Facility System Design 
Review last July, the contractor recently 
submitted a re-costing to completion 
which made it clear that the programme 
could not be realised within the original 
cost, mass and schedule envelopes. An 
offer, solicited previously from a possible 
alternative supplier as a result of the 
unsatisfactory outcome of the Review in 
July, did not allow that same company, 
in the short time available, to make a 
bid which would improve the situation. 
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low-energy detectors. 

Launcher 
The third Ariane/Exosat Co-ordination 
Meeting was held in November and 
project requirements vis-a.-vis launcher 
constraints were reviewed. A binding 
document will be issued shortly 
specifying the project's requirements in 
detail. 

Qualitative studies on despin techniques 
have led to the conclusion that a yo-yo 
is the best device for the ExosatlAriane 
fourth-stage composite and detailed 
design studies are now underway. 

ESOC 
Following approval in October of the 
procurement policy for the Villafranca 
ground-station equipment, contract 
actions have been started. Only two 
items are causing concern as far as 
schedule commitments are concerned, 
the receiver and baseband systems. 

Further working sessions between 
observers and ESA staff have led to 
further definition of requirements, 
particularly in the sectors of mission 
planning and data processing. 

Space Telescope 

Solar array 
BAe submitted their Space-Telescope 
solar array Phase-B report and Phase­
CID proposal in August. Extensive 
negotations have since taken place 
which resulted in agreements between 
the contractor and the Agency, leading 
to a full go-ahead for Phase-CID. 

Camera module 
The Project Requirements Review was 
held between 21 September and 18 
October. A thorough review of the data 
package, with participation by NASA 
and members of the Instrument Science 
Team, produced many detailed 
comments on the documentation but 
brought to light no really significant 
design problems. Several differences in 
understanding between ESA and the 
camera-module contractor on detailed 
elements of the scope of the contract 
emerged but these were resolved at 
management level early in November. 

Substantial efforts have been made with 
the American Space Telescope 
contractors and NASA to define in mere 
detail the interfaces between the Faint­
Object Camera and the ST. These led to 
the signing by the end of November of a 
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Preliminary Interface Control Document. 

Submission of the Phase-B report and 
Phase-CID proposal, taking into 
account the results of the Project 
Requirements Review and the Interface 
Control Document was envisaged by the 
end of December. 

Photon-Detector Assembly 
The modification of the Photon-Detector 
Assembly, which introduces a three­
stage in place of a two-stage intensifier, 
was fully incorporated during the 
reporting period. Another problem that 
emerged related to the cooling of the 
photo-cathode. Life tests showed that 
the temperature gradients thus 
introduced along the intensifier resulted 
in a degradation of the photo-cathode's 
quantum efficiency. In conjunction with 
the scientists and NASA it was decided 
to change the photo-cathode material, 
giving improved noise performance, but 
a reduced sensitivity at long 
wavelengths. 

The interfaces between the Photon­
Detector Assembly and Camera Module 
are being worked on in detail, and 
progress is according to the plans as 
established after introduction of the 
three-stage intensifier. 

Interface with NASA 
The quarterly progress meeting was held 
early in October in Europe, and the 
opportunity was used to visit Dornier 
and BAe with the NASA and US 
contractor's management teams. Very 
constructive discussions resulted in the 
clearing up of the last uncertain 
elements in the project plan relating to 
the development phase, so that full 
agreement now exists on delivery details 
and schedules. 

Sled 

Following a period of slow progress 
since the Sled Facility System Design 
Review last July, the contractor recently 
submitted a re-costing to completion 
which made it clear that the programme 
could not be realised within the original 
cost, mass and schedule envelopes. An 
offer, solicited previously from a possible 
alternative supplier as a result of the 
unsatisfactory outcome of the Review in 
July, did not allow that same company, 
in the short time available, to make a 
bid which would improve the situation. 

45 



e bulletin 17 

Modele de la chambre pour oblets a falble 
lummoslte du Telescope spallal. 

Model of the Space Telescope's Faint-ObJect 
Camera. 

trois etages a ete incorporee en totalite 
au cours des derniers mois. Un autre 
probleme est apparu concernant le 
refroidissement de la photocathode. Les 
essals effectues ont montre que les 
gradients de temperature amsi introduits 
le long de I'intensificateur entrafnaient la 
degradatIOn du rendement quantlque de 
la photocathode. En coordination avec 
les sClentifiques et la NASA, il a ete 
decide d' utiliser un autre matenau pour 
la photocathode. Cette modification 
s'est tradU!te par une amelioration des 
performances en matiere de bruit, mais 
aussl par une reduction de la senslbilite 
aux grandes longueurs d' ondes. 

Les interfaces entre le detecteur de 
photons et la chambre ont ete etudiees 
dans le detail et les travaux progressent 
conformement aux plans etablls apres 
I'introductlon de I'intensificateur a trois 
etages. 

Rapports avec la NASA 
La reumon tnmestnelle sur I'avancement 
des travaux s'est tenue debut octobre 
en Europe. L 'Executif a profile de cette 
occasion pour rendre v/slte, avec les 
representants de la NASA et de la 
dJ(ectlOn du contractant amencam, aux 
flrmes Dormer et BAe. Des echanges de 
vues tres construclifs ont permis de 
preclser les derniers pOints encore 
mcertams du plan de pro/et relatd a la 
phase de developpement et I' accord est 
desormais complet sur les details de la 
IJVraison et les calendners connexes. 
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Trafneau spatial 

A la suite de I'examen de la conception 
du systeme qui a eu lieu en juillet, et 
apres une periode de progres piu tot lent, 
le contractant a soumis recemment un 
nouveau calcul de coOt a achevement, 
d'ou il ressort que le programme ne 
pe ut etre realise dans les contraintes de 
coOt, de masse et de calendrier 
initialement prevues. Un autre 
fournisseur, qui avait ete contacte 
devant les resultats peu satisfaisants de 
I'examen precite, n'a pas ete en mesure, 
dans le court delai imparti, de soumettre 
une offre qui soit de nature a ameliorer 
la situation. 

Le contractant charge du systeme de 
trafneau a receu pour instruction 
d' arreter les travaux et le Comite du 
Programme scientifique a ete informe de 
la situation. Une reunion a ete organisee 
d'urgence avec I'Equipe sClentdique 
'Trafneau' le 21 novembre. Elle s'est 
conclue par d'importants 
assouplissements dans les specifications, 
le but vise etant de rendre encore 
possible la realisatIOn d' un trafneau 
pour la premiere mission Spacelab dans 
le cadre des contraintes actuelles du 
programme. 

L' Agence etudie actuellement differentes 
posslbilites en vue de degager une 
solution technique Viable a I'inteneur 
d'un plan d 'ensemble qu'elle compte 
presenter au Comlle du Programme 
scientifique en janvier 1979. Les effectifs 
mternes ont ete renforces de faceon 
assez Importante pour la mise en route 
de ces travaux. 

11 a ete recemment annonce que le 

lancemenl de la premiere charge utile 
du Spacelab serait reporte en aoOt 
1981. Le delai supplementaire dont on 
disposera sera un atout precieux dans 
la recherche d' une solution de 
remplacement viable. 

ISPM 

Le projet ISPM progresse regulierement. 
Du cote americain, la question du 
financement a desormals ete resolue de 
faceon satisfalsante et les travaux se 
poursuivent. Le Memorandum d'accord 
en est au stade final de I'approbation 
par les deux Agences. 

En septembre, le Groupe de travail 
scientifique s'est penche sur l'lmportant 
probleme de I'incompatibilite partielle 
entre I'experience de Stone (GSFC) et le 
capteur de magnetometre vectoriel a 
helium incorpore dans I'experience 
Hedgecock (Londres). Des solutions ont 
ete definies mais les mesures pratiques 
n' ont pas encore ete prises. Par ailleurs, 
le dialogue engage avec les chercheurs 
speclallstes des emissions 
radioelectnques se poursuit. 

Sur le plan industnel, le pnnclpal 
evenement de ces derniers mois a ete la 
reception et I' evaluatIOn des diverses 
propositions couvrant la phase 
competitive d'etude du systeme du 
vehlcule spatial. Les offres sont 
parvenues fin octobre, feur evaluation 
technique a eu lieu et I'Execulif prepare 
actuellement ses recommandatlOns; 
celles-ci seront exammees par le Comite 
de la Polltlque mdustnelle lors de sa 
premiere reumon en 1979. 

Lidar 

L 'achevement, a la ml-septembre, de la 
phase B1 a principalement apporte les 
resultats des etudes d 'arbllrage et a 
permis d 'ldentdler des secteurs cntlques 
lies a dlverses missions scientlflques. A 
partlr de ces resultats, deux missions de 
reference ont ete cholsies ainSI que les 
concepts de systeme connexes. 

La capaclte du Lldar a ete renforcee 
pour IU! donner le maximum d'efficaclle 
au cours d ' un meme vol en partageant 
le temps d ' utilisation entre plusleurs 
expenmentateurs (speciaflstes de 
I' aeronomle, meterologlstes, 
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The Sled contractor was therefore 
instructed to stop work and the Science 
Programme Committee informed of the 
situation. A meeting with the Sled 
Science Team on 21 November yielded 
important relaxations in specification 
intended to make it possible to still 
produce a Sled for the first Spacelab 
mission within the presently existing 
programme constraints. 

The Agency is now investigating 
alternatives with a view to finding a 
viable technical solution within an 
overall plan to be presented to the 
Science Programme Committee in 
January 1979. This work has been 
started with significantly increased 
internal manpower. 

It has recently been announced that 
launch of the First Spacelab Payload 
will be delayed until August 1981 and the 
extra time available as a result will be a 
significant advantage in the effort to find 
a viable Sled alternative. 

ISPM 

The ISPM project is progressing 
smoothly. On the American side, the 
funding situation has now been resolved 
satisfactorily and work is proceeding. 
The Memorandum of Understanding is 
now in the final stages of receiving 
approbation both from ESA and NASA. 

The major problem of the partial 
incompatibility between the Stone 
(GSFC) experiment and the vector 
helium magnetometer forming part of 
the Hedgecock (London) experiment. 
discussed at the Science Working Team 
meeting in September, has not yet been 
resolved. The necessary actions to clear 
it have been identified and are not being 
executed. The dialogue with radio 
science investigators continues. 

The major industrial activity of the period 
has been the receipt and evaluation of 
the various proposals to undertake the 
competitive system study phase for the 
spacecraft. The offers were received in 
late October, the technical evaluation 
has taken place and the Executive is in 
process of preparing its 
recommendations, which will be 
considered at the Agency Industrial 
Policy Committee's first meeting in 1979. 

Lidar 

Phase B1 (definition) was completed by 
mid-September, providing essentially 
trade-off study results and problem-area 
identifications associated with a variety 
of scientific missions. These results led 
finally to the choice of two mission 
baselines and associated Lidar system 
concepts. 

The Lidar's capability has been 
extended to achieve maximum efficiency 
within a given flight by sharing the time 
between several experimenters 
(aeronomist. meteorologist. 
oceanographer and geologist). Flight 
cost has been a major driver in this 
decision and has led to important 
modifications. The cradle has been 
redesigned to make it suitable for 
mounting on a half (or short) pallet in 
its 'non-rocking' version. 

An Nd-YAG laser and second-harmonic 
generator have been included as part of 
the facility and can also be used as the 
pumping source for an experimenter­
provided dye laser. All the optical laser 
components are mounted directly onto 
the canister optical bench, to save 
weight and simplify integration. 

Phase B2 (detailed design and analysis) 
is currently in progress and is scheduled 
for completion by the end of February. 

01S-2 

OTS-2, located at its nominal orbital 
position, continues to perform well. Since 
the last Bulletin, the spacecraft has 
completed passage through the first 
eclipse season. Eclipse predictions were 
very accurate; power and thermal 
performances of the satellite remained 
nominal throughout, with operation of 
two repeaters maintained during eclipse 
as planned. 

Television-broadcast transmissions have 
been made to a mobile receiving station 
at the Farnborough Air Show and at the 
International Broadcasting Conference, 
in the UK. In addition, a television 
demonstration for the Arab nations was 
made at a Space Technology 
Conference in Cairo in October. This 
operation required large spacecraft 
attitude offsets, to the limits of 
specification, and these were achieved 
without problem. Extremely good quality 
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signals were received in all 
demonstrations. 

The first incentive-scheme measurements 
were made in November and the results 
of the data collected are being analysed 
to assess the results. 

During most of November the satellite 
was accessed by EUTELSAT stations for 
communications tests, with ESA only 
monitoring satellite performance on a 
routine basis whenever time was 
available from EUTELSA T. 

ECS 
Negotiation of the main development 
contracLfor ECS-1 and 2 with British 
Aerospace is almost complete and 
signature is expected very shortly. 

In order to improve the quality of the 
communication channels it has been 
necessary to introduce a North-South 
Station Keeping (NSSK) capability into 
the contract. Technical agreement has 
now been reached with Interim 
EUTELSAT on all baseline 
communication parameters. Operation 
and testing of in-orbit satellites is the 
next aspect to be discussed with the 
users and a working group has been 
set up to prepare a baseline. 

Technical agreement has also been 
reached with the Prime Contractor on 
the system requirement specification. 
The development programme is 
proceeding generally according to plan, 
with no major delays in either platform 
or payload. Some development problems 
are being encountered, but they do not 
affect the launch. 

A major programme milestone was 
reached on 14 September when the 
Interim EUTELSAT ECS Agreement 
entered into force, following its 
ratification by PTTs representing 87% of 
the shareholders. 

Maritime Satellites 

MARECS-A and B 
Finalisation of the MARECS-A and B 
contract has been complicated due to 
its interaction with the ECS programme. 
However, discussions are almost 
complete and signature is now expected 
early in 1979. 
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oceanographes et geologues). Cette 
decision, qui a ete principalement 
motivee par le cout du vol, a conduit a 
d'importantes modifications de 
I'installation. La conception du berceau 
a ete revue de fa~on a POUVOIr le 
monter sur une moiM de porte­
instruments (ou sur un porte-instruments 
court) dans sa version non basculante. 

Un laser a grenat d'yttrium-alummium 
dope au neodyme (Nd-YAG) et un 
generateur de deuxieme harmonique ont 
ete inclus dans I'installation et peuvent 
egalement etre utilises comme source de 
pompage pour le laser a colorants 
fourni par un experimentateur. Tous les 
composants optiques du laser sont 
montes directement sur le banc optique 
du boitler, ce qUi permet une economie 
notable de poids et simpilfle l'integratlOn. 

La phase B2 (conception detalllee et 
analyses) se poursuit et doit etre 
achevee fin fevrier. 

OTS-2 

OTS-2 contmue de bien fonctionner 
depUls sa positIOn sur I' orblte prevue. 
DepUls la parutlOn du dernler Bulletin, le 
vehlcule spatial a termme sa premiere 
salson d'ecllpses. Les prevlslons 
d'eclipses se sont revelees tres precises; 
la puissance et les performances 
thermlques du satellite sont restees 
nommales, deux repeteurs etant 
mamtenus en fonctlonnement pendant 
la penode d'ec"pses comme prevu. 

Des emissions de televiSion ont ete 
realisees avec une station mobile de 
reception lors du Salon de Farnborough 
amsl qu'a I'occasion de la Conference 
mternatlOnale de Radioddfuslon qui s'est 
tenue au Royaume-Um. En outre, une 
demonstratIOn de televisIOn a ete falte 
pour les pays arabes lors de la 
Conference sur le r61e de la technologie 
spallale qUi s'est tenue au Calre en 
octobre. Cette demonstration a exige 
d ' lmportants ecarts d 'onentation du 
vehicule spatial, a la "mite des 
specdlcations, qUi ont neanmoms ete 
realises sans probleme. Lors de chaque 
demonstratIOn, les slgnaux re~us ont ete 
d' excellente quallte. 

Les premieres mesures !lees au plan 
d ' interessement ont ete executees en 
novembre et les resultats des donnees 
recueililes sont en cours d'analyse. 
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Pendant la majeure partle du mOls de 
novembre, les stations EUTELSAT ont 
utilise le satellite pour des essais de 
telecommunications, I'Agence assurant 
uniquement le suivi normal des 
performances du satellite chaque fois 
qu'EUTELSAT n'utilisait pas celui-ci. 

ECS 
La negociation du contrat principal de 
developpement d'ECS-1 et 2 avec British 
Aerospace est presque termmee et la 
signature devrait intervenir tres 
prochainement. 

Pour ameliorer la qualite des canaux de 
telecommunications, il a fallu ajouter au 
contrat une capacite de maintien a 
poste nord-sud. L' accord s' est fait, dans 
le domaine technique, avec EUTELSAT 
interimaire sur tous les parametres de 
reference relatlfs aux 
telecommunicatIOns. L' exploitation et les 
essais des satellites en orbite constituent 
les prochains pomts a debattre avec les 
utlflsateurs et un groupe de travail a ete 
institue pour I'etablissement d'une base 
de reference. 

L 'accord s' est egalement fait, sur le 
plan teChnique, avec le contractant 
principal sur les imperatifs speCifies pour 
le systeme. Le programme de 
developpement avance dans I'ensemble 
comme prevu, aucun retard Important 
n'affectant la plate-forme ou la charge 
utile. Quelques problemes de 
developpement se posent mais ils n' ont 
pas d'mcldence sur le lancement. 

Une etape Importante du programme a 
ete franchie le 14 septembre avec 
I'entree en vigueur de I'accord ECS 
avec EUTELSAT mtenmaire a la sUite de 
la ratification de cet accord par des 
admmlstratlons des PTT representant 
87% des parts d'mvestissement. 

Satellites maritimes 

MARE CS-A et 8 
La mise au pomt defmltlVe du contrat 
pour MARECS-A et B s 'est trouvee 
compJiquee du fait de ses mteractlons 
avec le programme ECS. Les 
discussions sont cependant presque 
termmees et la signature du contrat est 
mamtenant prevue pour le debut de 
1979. 

En ce qui concerne les travaux de 
developpement, I'mtegratlon du modele 
de qualification de I' ampJificateur de 
puissance a transistor a commence. Les 
premiers resultats de performance qUi 
ont ete obtenus avec un modele 
experimental comportant les 
modifications de conception les plus 
recentes sont tres encourageants. Le 
programme concernant la plate-forme 
ECSIMARECS avance dans I'ensemble 
comme prevu, encore que quelques 
problemes de developpement se posent 
pour les battenes, les panneaux so/aires 
et le moteur d' apogee. Neanmoins, le 
calendrier, quoique serre, reste 
compatible avec un lancement de 
MARECS-A par le lanceur Ariane L04 
en octobre 1980. 

Association d'intert3ts pour un systeme 
maritime global 
Les nations interessees par un systeme 
global de satellites maritlmes ont 
poursUlvi leurs diSCUSSions dans le 
cadre d' une Conference constitutive qui 
s'est tenue a Bergen (Norvege) en 
septembre. Celle-cl a approuve un 
Accord constitutd, ouvert a la signature 
le 5 octobre, portant creation d' une 
ASSOCiation d'mterets. Une deuxleme 
conference doit se tenlr en Janvler 1979 
pour exammer un certam nombre de 
questions. Les partiCipants a la 
Conference de Bergen ont reaffirme leur 
preference pour un systeme base sur 
troIs satellites MARECS associes a 
I' utilisatIOn de trois sous-systemes de 
telecommunications mantlmes sur 
vehicule spatlallntelsat- V. Etant donne 
les resultats tres positifs de la 
Conference de Bergen, I'Agence a 
soumls au Comlte de Politique 
mdustnelle une propositIOn en vue du 
financement antlclpe des articles a long 
delal de IIvralson pour I'extenslon du 
programme; cette proposItion a ete 
approuvee. 

Satellite lourd de 
Radiodiffusion TV 
Les travaux preliminaires de phase B 
approchent maintenant de leur terme. 
Les travaux prevus ont ete en grande 
partle executes et une sene d'examens 
cntlques de la conception, se termmant 
par I'examen prmclpal au nlveau du 
systeme, se sont deroules en novembre. 
Un examen compJementalre a eu lieu le 
15 decembre pour exammer la 
conception de certains sous-systemes 
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oceanographes et geologues). Cette 
decision, qui a ete principalement 
motivee par le cout du vol, a conduit a 
d'importantes modifications de 
I'installation. La conception du berceau 
a ete revue de fa~on a POUVOIr le 
monter sur une moiM de porte­
instruments (ou sur un porte-instruments 
court) dans sa version non basculante. 

Un laser a grenat d'yttrium-alummium 
dope au neodyme (Nd-YAG) et un 
generateur de deuxieme harmonique ont 
ete inclus dans I'installation et peuvent 
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pompage pour le laser a colorants 
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composants optiques du laser sont 
montes directement sur le banc optique 
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OTS-2 
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vehlcule spatial a termme sa premiere 
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mternatlOnale de Radioddfuslon qui s'est 
tenue au Royaume-Um. En outre, une 
demonstratIOn de televisIOn a ete falte 
pour les pays arabes lors de la 
Conference sur le r61e de la technologie 
spallale qUi s'est tenue au Calre en 
octobre. Cette demonstration a exige 
d ' lmportants ecarts d 'onentation du 
vehicule spatial, a la "mite des 
specdlcations, qUi ont neanmoms ete 
realises sans probleme. Lors de chaque 
demonstratIOn, les slgnaux re~us ont ete 
d' excellente quallte. 

Les premieres mesures !lees au plan 
d ' interessement ont ete executees en 
novembre et les resultats des donnees 
recueililes sont en cours d'analyse. 
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performances du satellite chaque fois 
qu'EUTELSAT n'utilisait pas celui-ci. 
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Aerospace est presque termmee et la 
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discussions sont cependant presque 
termmees et la signature du contrat est 
mamtenant prevue pour le debut de 
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En ce qui concerne les travaux de 
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de qualification de I' ampJificateur de 
puissance a transistor a commence. Les 
premiers resultats de performance qUi 
ont ete obtenus avec un modele 
experimental comportant les 
modifications de conception les plus 
recentes sont tres encourageants. Le 
programme concernant la plate-forme 
ECSIMARECS avance dans I'ensemble 
comme prevu, encore que quelques 
problemes de developpement se posent 
pour les battenes, les panneaux so/aires 
et le moteur d' apogee. Neanmoins, le 
calendrier, quoique serre, reste 
compatible avec un lancement de 
MARECS-A par le lanceur Ariane L04 
en octobre 1980. 

Association d'intert3ts pour un systeme 
maritime global 
Les nations interessees par un systeme 
global de satellites maritlmes ont 
poursUlvi leurs diSCUSSions dans le 
cadre d' une Conference constitutive qui 
s'est tenue a Bergen (Norvege) en 
septembre. Celle-cl a approuve un 
Accord constitutd, ouvert a la signature 
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pour exammer un certam nombre de 
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preference pour un systeme base sur 
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partle executes et une sene d'examens 
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As far as the development effort is 
concerned, integration of the 
qualification model of the transistor 
power amplifier has started, Preliminary 
performance results obtained with an 
experimental model incorporating the 
latest design changes are very 
encouraging, The ECS/MARECS 
platform programme is generally 
proceeding according to plan, although 
some development problems are being 
encountered with the batteries, solar 
panels and apogee motor, Although 
tight, the schedule is still compatible with 
the launch of MARE CS A on Ariane 
flight L04 in October 1980, 

Joint Venture for a Global Maritime 
System 
The nations interested in a global 
maritime satellite system continued their 
discussions at a Constitutive Conference 
in Bergen, Norway, in September, The 
Conference approved a Constitutive 
Agreement which was opened for 
signature on 5 October 1978 giving 
effect to a Joint Venture, There will be a 
second Conference in January 1979 to 
consider a number of issues, The 
partiCipants at Bergen reaffirmed their 
preference for a system based on three 
MARECS spacecraft associated with the 
use of three maritime communications 
systems on Intelsat-V spacecraft. In view 
of the very positive results at Bergen, the 
Agency submitted a proposal to the 
Industrial Policy Committee (IPC) for 
advance funding of long-lead items for 
the programme extension, and this was 
approved, 

Heavy TV-Broadcast 
Satellite 

The Preliminary Phase-B contract is now 
close to completion, The anticipated 
work has largely been executed and a 
series of design reviews were held in 
November, culminating in the main 
System Level Review, A supplementary 
review is being held on 15 December to 
deal with certain alternative subsystem 
designs prepared for a possible non­
German version of the satellite as 
foreseen at the start of the contract. 

In addition to the industrial activities 
described above, work has proceeded 
within the Agency on the future of the 
programme and the relation of H-Sat to 
subsequent operational direct-TV 

satellites, The Agency is discussing with 
Member States an integrated European 
approach to the development of 
broadcast satellites, In connection with 
this integrated approach, a request was 
tabled at the December Joint 
Communications Board (JCB) for some 
interim funding for 1979 to refine the 
details of the approach and prepare the 
programme in its final form, with a view 
to initiating the Main Development 
Phase during 1979, 

Sirio-2 

On 7 November, the Council 
unanimously approved the resolution 
relating to the incorporation of the Sirio-
2 project in the ESA Programme and the 
launch of Sirio-2 in 1981 with MARECS-B 
or ECS-1, The Prime Contractor, CNA 
(Compagnia Nazionale Aerospaziale) 
presented the final results of the Phase­
B definition-phase studies on 
9 November. 

The missions of Sirio-2 are: 
(a) Meteorological data dissemination 

(MOD) in support of the 
meteorological Ground 
Telecommunications System (GTS) 
of WMO, particularly in Africa, 

(b) Synchronisation of atomic clocks 
with an accuracy of 1 ns by the 
use of laser ground stations, Sirio 
on-board retroreflectors and an 
intervalometer (LASSO: Laser 
Synchronisation from Stationary 
Orbit), 

Sirio-2 will be the first spacecraft to use 
SYLDA, the double-launch facility 
developed for Ariane, 

Meteosat 

Space segment 
Meteosat-1 is continuing to perform very 
well after one year in orbit. The 
radiometer cooler was successfully 
decontaminated again in early 
November in order to start the FGGE 
(First GARP Global Experiment) with a 
perfect spacecraft. 

As far as preparations for the launch of 
Meteosat-2 on Ariane (L03) are 
concerned, the structural model is 
presently being prepared for a 
composite vibration test with Ariane-CAT 
(Technology Capsule) and the Indian 
Apple spacecraft. 

programmes & operations 

Exploitation 
Various updates and improvements in 
the application software have been 
implemented, most notably in the 
imagery, DCP and dissemination areas, 
The relative accuracy from one image to 
the next is presently better than 0,5 of 
an infrared picture element. The winds 
are now computed over the full region 
between the 50 latitudes with a greater 
frequency: 800-900 wind vectors are 
produced per run, which is compatible 
with the start of FGGE on 1 December, 
Cloud analyses and sea-surface 
temperatures are now available and are 
being evaluated, but they have still to be 
refined before possible dissemination to 
users, 

In the past months, the availability of 
WEFAX formats (more than 250 per day) 
was generally well over 90%, Gridding is 
now performed routinely, 

The data-collection mission is now fully 
operational. 

Demonstrationl experimental activities 
The second SOUS (Secondary Data 
User Station) demonstration campaign is 
in progress, The Upper Volta, Ivory 
Coast and Ghana have been visited, 

A PO US (Primary Data User Station) 
was installed at Prague during the 
Seventh Session of the WMO AR VI and 
the demonstration was very successful. 

The pilot project APPLHYMET 
(previously AGRHYMET) has been 
presented to WMO for approval and to 
the EEC for funding, 

GOES project 
The Indian Ocean GOES (GOES-1) has 
been controlled by ESA since 1 
November. The satellite reached its final 
position (57 E) on 29 November, On 14 
November, after the ceremony for the 
GOES-1 control handover from NOAA to 
ESA, an SOUS installed in Villafranca 
was able to receive WE FAX data from 
three satellites (Atlantic Ocean GOES, 
Meteosat and GOES-1), monitoring two­
thirds of the globe, The system was 
ready for the start of FGGE on 1 
December, 

Space lab 

Visit by NASA's Administrator 
ESA's Director General, Mr Roy Gibson, 
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As far as the development effort is 
concerned, integration of the 
qualification model of the transistor 
power amplifier has started, Preliminary 
performance results obtained with an 
experimental model incorporating the 
latest design changes are very 
encouraging, The ECS/MARECS 
platform programme is generally 
proceeding according to plan, although 
some development problems are being 
encountered with the batteries, solar 
panels and apogee motor, Although 
tight, the schedule is still compatible with 
the launch of MARE CS A on Ariane 
flight L04 in October 1980, 

Joint Venture for a Global Maritime 
System 
The nations interested in a global 
maritime satellite system continued their 
discussions at a Constitutive Conference 
in Bergen, Norway, in September, The 
Conference approved a Constitutive 
Agreement which was opened for 
signature on 5 October 1978 giving 
effect to a Joint Venture, There will be a 
second Conference in January 1979 to 
consider a number of issues, The 
partiCipants at Bergen reaffirmed their 
preference for a system based on three 
MARECS spacecraft associated with the 
use of three maritime communications 
systems on Intelsat-V spacecraft. In view 
of the very positive results at Bergen, the 
Agency submitted a proposal to the 
Industrial Policy Committee (IPC) for 
advance funding of long-lead items for 
the programme extension, and this was 
approved, 

Heavy TV-Broadcast 
Satellite 

The Preliminary Phase-B contract is now 
close to completion, The anticipated 
work has largely been executed and a 
series of design reviews were held in 
November, culminating in the main 
System Level Review, A supplementary 
review is being held on 15 December to 
deal with certain alternative subsystem 
designs prepared for a possible non­
German version of the satellite as 
foreseen at the start of the contract. 

In addition to the industrial activities 
described above, work has proceeded 
within the Agency on the future of the 
programme and the relation of H-Sat to 
subsequent operational direct-TV 

satellites, The Agency is discussing with 
Member States an integrated European 
approach to the development of 
broadcast satellites, In connection with 
this integrated approach, a request was 
tabled at the December Joint 
Communications Board (JCB) for some 
interim funding for 1979 to refine the 
details of the approach and prepare the 
programme in its final form, with a view 
to initiating the Main Development 
Phase during 1979, 

Sirio-2 

On 7 November, the Council 
unanimously approved the resolution 
relating to the incorporation of the Sirio-
2 project in the ESA Programme and the 
launch of Sirio-2 in 1981 with MARECS-B 
or ECS-1, The Prime Contractor, CNA 
(Compagnia Nazionale Aerospaziale) 
presented the final results of the Phase­
B definition-phase studies on 
9 November. 

The missions of Sirio-2 are: 
(a) Meteorological data dissemination 

(MOD) in support of the 
meteorological Ground 
Telecommunications System (GTS) 
of WMO, particularly in Africa, 

(b) Synchronisation of atomic clocks 
with an accuracy of 1 ns by the 
use of laser ground stations, Sirio 
on-board retroreflectors and an 
intervalometer (LASSO: Laser 
Synchronisation from Stationary 
Orbit), 

Sirio-2 will be the first spacecraft to use 
SYLDA, the double-launch facility 
developed for Ariane, 

Meteosat 

Space segment 
Meteosat-1 is continuing to perform very 
well after one year in orbit. The 
radiometer cooler was successfully 
decontaminated again in early 
November in order to start the FGGE 
(First GARP Global Experiment) with a 
perfect spacecraft. 

As far as preparations for the launch of 
Meteosat-2 on Ariane (L03) are 
concerned, the structural model is 
presently being prepared for a 
composite vibration test with Ariane-CAT 
(Technology Capsule) and the Indian 
Apple spacecraft. 
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Exploitation 
Various updates and improvements in 
the application software have been 
implemented, most notably in the 
imagery, DCP and dissemination areas, 
The relative accuracy from one image to 
the next is presently better than 0,5 of 
an infrared picture element. The winds 
are now computed over the full region 
between the 50 latitudes with a greater 
frequency: 800-900 wind vectors are 
produced per run, which is compatible 
with the start of FGGE on 1 December, 
Cloud analyses and sea-surface 
temperatures are now available and are 
being evaluated, but they have still to be 
refined before possible dissemination to 
users, 

In the past months, the availability of 
WEFAX formats (more than 250 per day) 
was generally well over 90%, Gridding is 
now performed routinely, 

The data-collection mission is now fully 
operational. 

Demonstrationl experimental activities 
The second SOUS (Secondary Data 
User Station) demonstration campaign is 
in progress, The Upper Volta, Ivory 
Coast and Ghana have been visited, 

A PO US (Primary Data User Station) 
was installed at Prague during the 
Seventh Session of the WMO AR VI and 
the demonstration was very successful. 

The pilot project APPLHYMET 
(previously AGRHYMET) has been 
presented to WMO for approval and to 
the EEC for funding, 

GOES project 
The Indian Ocean GOES (GOES-1) has 
been controlled by ESA since 1 
November. The satellite reached its final 
position (57 E) on 29 November, On 14 
November, after the ceremony for the 
GOES-1 control handover from NOAA to 
ESA, an SOUS installed in Villafranca 
was able to receive WE FAX data from 
three satellites (Atlantic Ocean GOES, 
Meteosat and GOES-1), monitoring two­
thirds of the globe, The system was 
ready for the start of FGGE on 1 
December, 
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envisages pour une evenluelle version 
non allemande du satellite, comme cela 
avait ele prevu au demarrage du 
c~ntral. 

Outre les activites decriles c/-dessus 
menees dans I'industrie, des etudes ont 
ete effectuees au sein de I'Agence sur 
I' avemr du programme et sur la relation 
entre H-Sat et des satellites 
operationne/s ulterieurs de diffusion 
directe de la television. L 'Agence 
examine actuellement avec les Etats 
membres une approche europeenne 
integree pour le developpement de 
satelllles de radiodiffusion. A cet egard, 
une demande a ete soum/se en 
decembre au Conseil directeur commun 
des programmes de satellites de 
communications en vue d' autoriser un 
financement Intenmaire pour 1979: cette 
mesure devrait permettre d'etudier plus 
a fond cette approche et de preparer le 
programme sous sa forme definitive de 
fac;on que la phase principale de 
developpement puisse commencer en 
1979. 

Sirio-2 

Le 7 novembre, le Conseil a approuve a 
I' unanimite la resolution relative a 
I'inclusion du projet Sirio-2 dans le 
programme de I'Agence et au 
lancement de Sirio-2 en 1981 avec le 
satellite MARECS-B ou ECS-1. Le 
contractant principal, CNA (Compagnia 
Nazionale Aerospaziale), a presente les 
resultats definilifs des etudes de phase B 
le 9 novembre. 

Les missions de Sirio-2 sont les 
suivantes: 

(a) Une mission de distribution de 
donnees meteorologlques (MOD) en 
soutien du systeme mondial de 
telecommunications 
meteorologiques (SMT) de I'OMM, 
notamment en Afrique. 

(b) Une mission de synchromsation des 
horloges atomlques avec une 
precision de 1 ns en utilisant des 
stations terriennes a laser, les 
retroreflecteurs embarques sur Sirio 
et un intervallometre (LASSO: Laser 
SynchromsatlOn from Stationary 
Orbit). 

Sirio-2 sera le premier utilisateur de 
SYLOA, le systeme de lancement double 
fourni par Aria ne. 

50 

Meteosat 

Secteur spatial 
Un an apres son lancement, Meteosat-1 
continue a tres bien fonctionner. On a 
procede debut novembre a une nouvelle 
decontamination du refroidisseur du 
radiometre de fac;on a pouvoir entamer 
la Premiere Experience globale du GARP 
(FGGE) avec un satellite en parfait etat 
de fonctionnemenl. Cette deconta­
mination a parfaitement reussi. 

En ce qui concerne les preparatifs du 
lancement de Meteosat-2 sur Ariane 
L03, le modele de structure est 
actuellement prepare pour subir les 
essais en vibration du composite avec 
Ariane - Capsule technologique (CA T) 
et le satellite indien Apple. 

Exploitation 
Des mises a jour et ameliorations ont 
ete apportees au logiciel d' application 
surtout dans le domaine de la prise 
d'image, celui des plates-formes de 
collecte de donnees et de la diffusion. 
La precision relative d ' une image a 
I' autre est actuellement meilleure que 0,5 
d'un element d'image infra ro uge. Les 
vents sont maintenant calcules sur la 
zone du disque comprise entre les 
latitudes de 50 , et en plus grand 
nombre. Le nombre des vents produits 
est de 800 a 900 vecteurs de vents par 
passage, ce qui est compatible avec le 
demarrage de la FGGE le 1 er decembre. 
Des nephanalyses ainsi que des 
temperatures de la surface des mers 
sont desormais disponibles et ces 
informations sont evaluees, mais il faut 
encore les affiner avant de pouvoir les 
diffuser aux utilisateurs. 

Au cours des derniers mois, la 
disponibilite des formats WEFAX (plUS 
de 250 par jour) a ete generalement 
superieure a 90%. Le carroyage est 
maintenant devenu un travail de routine. 

Quant a la mission de collecte des 
donnees, elle est desormais tout a fait 
operationnelle. 

Demonstration et experimentations 
La deuxieme campagne de 
demonstration de la Station secondaire 
d 'utilisation de donnees (SOUS) se 
poursuil. Des demonstrations ont eu lieu 
en Haute-Volta, en Cote-d'lvoire et au 
Ghana. 

La Station primaire d' utilisation de 

donnees (POUS) a ete installee cl 
Prague au cours de la 7eme reunion 
AR-VI de I'OMM et la demonstration a 
ete tres reussie. 

Le projet pilote APPLHYMET (denomme 
auparavant AGRHYMET) a ete presente 
a l'Organisation meteorologique 
mondiale pour accord et a la CEE pour 
financemenl. 

Projet GOES 
Le controle du satellite GOES-1 au­
dessus de l'Ocean Indien est assure par 
I'Agence depuis le 1er novembre 1978. 
Le satellite a atteint sa positIOn definitive 
(57 Est) le 29 novembre. Le 14 
novembre, apres la ceremonie de 
passation du controle de GOES-1 de la 
NOAA a I'ESA, une SOUS installee a 
Villafranca a pu recevoir des donnees 
WEFAX de trois satellites (GOES Ocean 
At/antique, Meteosat, GOES-1), c 'est-a­
dire des deux tiers de la surface du 
globe. Le systeme est pret pour le 
demarrage de la FGGE le 1 er decembre 
prochain. 

Spacelab 

Visite de l'Administrateur de la NASA 
Le Oirecteur general de I'ESA, M. Roy 
Gibson, a rencontre I'Admimstrateur de 
la NASA, le Or Robert Frosch, en 
octobre a Paris afin de passer en revue 
les progres du Programme. Tous deux 
sont convenus qu'au cours de I'annee 
ecoulee la collaboration entre les deux 

Meteosat-2 + Apple + CAT - destmes au vol 
Ariane L03 - en preparatIOn aux essals de 
Vibrations au CNES. 

Meteosat-2 + Apple + CAT - destined for Anane 
L03 - prior to vibration testing by CNES. 

G bulletin 17 

envisages pour une evenluelle version 
non allemande du satellite, comme cela 
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met with the NASA Administrator, Or 
Robert Frosch, in October in Paris to 
review the progress of the Programme. 
The Heads of Agency agreed that the 
past year was one of good collaboration 
and that, despite some problems, the 
Programme was moving along well. 

Or Frosch briefed ESA's Director General 
on the dates currently foreseen for the 
early Shuttle flights: 

First Manned Orbital Flight (FMOF) -
September 1979 
First Spacelab Flight - June 1981 
Second Spacelab Flight - December 
1981 

This schedule had been established on 
the assumption that Congress will 
approve supplementary Shuttle budgets 
for 1979 and 1980. In the meantime, 
NASA has had to adjust the early 
Shuttle flight schedule, and the first two 
Spacelab flights are now planned for 
August 1981 and January/February 
1982, respectively. 

Follow-on Production (FOP) Programme 
In response to the Requests for 
Quotation, the Executive received two 
industrial proposals in October for 
Spacelab follow-on production: 

one from ER NO for specified 
Spacelab hardware, equivalent to 
approximately one Spacelab; 
one from Dornier System for an 
Instrument Pointing Subsystem (IPS). 

Both proposals are currently being 
studied by the Evaluation Board, chaired 
by ESA's Director of the Spacelab 
Programme, and contract negotiations 
are expected to commence in January 
1979. 

The Spacelab follow-on production 
programme will be funded entirely by 
NASA and ESA acts as procurement 
agent vis-a-vis European industry. 

Follow-on Development (FOD) 
Programme 
At its meeting in October, the Spacelab 
Programme Board discussed possibilities 
for follow-on development which would 
involve modifications and improvements 
to the existing space laboratory. The 
Board predicted that the co-operation 
with NASA in using and improving the 
new Space Transportation System would 
continue throughout the 1980s but that 
a basic question had still to be 

answered: namely, What should be 
Europe's role in future manned space 
activities? The Spacelab Programme 
Board and the Council will deal with this 
question and with a more detailed plan 
for the initial phase of the programme 
during their next meeting in early 1979. 

First Spacelab Payload (FSLP) Project 
Two important meetings characterised 
the progress of the FSLP project. At the 
Integrated Payload Initial Design 
Evaluation (IPIDE) meeting in October 
the Spacelab-payload interfaces and the 
problems relating to the engineering 
operations of the individual experiments 
were reviewed. An Investigators Working 
Group meeting was held subsequently 
to familiarise investigators further with 
the status of the payload design. 
Important problems identified include the 
absence of a payload mass margin and 
uncertainty about the load-carrying 
capabilities of the experiment racks. 

Ariane 

First-stage development tests 
The fourth development test of Ariane's 
first-stage (L 140) in flight configuration 
was conducted successfully on 
5 December at the facilities of Societe 
Europeenne de Propulsion (SEP) in 
Vernon, France. 

The test lasted 142.9 s, a propulsion time 
corresponding to depletion of the Np 4 

propellant, and thus confirmed proper 
functioning of the propulsion system for 
the nominal duration of the stage's flight 
(142.5 s). One of the essential aims was 
to test the new silicon and phenolic­
resin based material (Sephen 301) for 
the throats of the Viking-engine nozzles, 
which replaces the materials whose 
resistance was judged to be inadequate 
on the basis of earlier tests. 

All propulsion-system elements 
performed according to specification 
during the test and, based on an initial 
assessment, all test objectives were 
satisfactorily achieved. 

Third-stage development tests 
The second test of the third stage in 
flight configuration, scheduled for 
28 November at Vernon, was interrupted 
following an ignition failure in the 
cryogenic engine (H8). The slight 
explosion that occurred damaged the 
propulsion bay but not the test stand. A 

programmes & operations 

new schedule for this stage's testing will 
be drawn up early in January, but the 
target of making Ariane operationally 
available in 1981 should be unaffected. 

Propellant mock-up 
The erection of the first stage on 
6 December marked the first step in the 
propellant mock-up campaign at the 
Guiana Launch Base, the purpose of 
which is to verify the functioning of the 
filling, draining and pressurisation 
systems. The second stage was erected 
on 11 December, and the complete 
launcher will have been erected by the 
end of January. The propellant mock-up 
tests are due to be completed in early 
April. 

APEX Programme 

The APEX Programme has just entered 
an extremely active phase. In November, 
the L02 composite (CAT, Firewheel and 
Oscar9) underwent its mechanical 
qualification tests, and the electrical 
compatibility tests will start in January 
1979. The mechanical qualification 
testing of the L03 composite (CAT, 
Meteosat and Apple), which breaks 
European records in terms of mass and 
dimensions, has got off to a good start 
and will be completed in January 1979. 

Even though the various phases follow 
one another very closely, and despite 
overlaps in the development of the three 
composites, the programme as a whole 
is on schedule. 

German Firewheel experiment + Oscar-9 + CAT 
- destined for launch on Ariane L02 - during 
vibration testing by CNES. 

Experience allemande Firewhee/ + Osear-9 + 
CA T - destines au vol Ariane L02 - au eours des 
essais de vibrations au CNES. 
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Agences a ete bonne et qu'en depit de 
quelques problemes le programme 
avance de fac;;on satisfaisante. 

Le Or Frosch a informe le Directeur 
general des dates qui etaient a/ors 
prevues pour les premiers vols de la 
Navette: 

Premier vol orbital ha bite - sept. 1979 
Premier vol Spacelab - juin 1981 
Deuxieme vol Spacelab - decembre 1981 

Ce calendrier a ete etabli dans 
I' hypothese que le Congres americain 
approuvera les budjets supplementaires 
de la Navette pour 1979 et 1980. Depuis 
lors, la NASA a dO ajuster le calendrier 
des vols initiaux de la Navette, ce qui 
reporte les deux premiers vols du 
Spacelab a aoOt 1981 et janvierltevrier 
1982 respectivement. 

Programme de production ulterieure 
(FOP) 
En reponse a sa demande de prix, 
/' Executif a rec;;u en octobre deux 
propositions de /,industrie concernant la 
production ulterieure du Spacelab: 
- une proposition d' ERNO couvrant le 

materiel Spacelab specifie, qui 
represente a peu pres /,equivalent 
d ' un Spacelab; 

- une proposition de Dornier System 
concernant un sous-systeme de 
pointage des instruments. 

Ces deux propositions sont actuellement 
examinees par la Commission 
d'evaluation qui est presldee par le 
Directeur du Programme Spacelab a 
/'ESA, et la negociation des contrats doit 
en principe commencer en janvier 1979. 

Le programme de production ulterieure 
du Spacelab est un programme 
entierement fmance par la NASA et pour 
lequel /'ESA joue le r61e d 'agent 
d 'approvlslonnement vis-a-vIs de 
I'industne europeenne. 

Programme de developpement ulterieur 
(FOo) 
Le Conseil dJ(ecteur du Programme a 
debattu a sa reunion d 'octobre de 
/'eventualite d ' un programme de 
developpement ulteneur du Spacelab 
qui permettrait d 'apporter au laboratoJ(e 
spatial existant des modifications et des 
ameliorations. Le Conseil directeur a 
estime que la cooperation avec la NASA 
dans le domaine de /' utilisation et de 
/'amelioration du nouveau systeme de 
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transport spatial se poursuivra tout au 
long de la decennie 1980-1990 mais 
qu'il faut trouver la reponse a la 
question fondamentale suivante: 'Quel 
dod etre le r61e de /' Europe dans les 
futurs vols spatiaux habites?' Le Conseil 
directeur du Programme Spacelab et le 
Conseil de /,Agence traiteront cette 
question et examineront un plan plus 
detaille pour la phase initiale du 
programme lors de leurs prochaines 
reunions au debut de 1979. 

Premiere charge utile (FSLP) 
Deux reunions importantes ont jalonne 
I'avancement du projet de FSLP. La 
premiere, consacree a /' evaluation de la 
conception initiale de la charge utile 
integree (IPIDE), qui s'est tenue en 
octobre, a traite des interfaces Spacelabl 
charge utile ainsi que des problemes lies 
a /,ingenierie et a /'utilisation des 
differentes experiences. La deuxieme, qui 
etait celle du Groupe de travail 
'Chercheurs', avait pour but de mieux 
fa milia riser les chercheurs avec /'etat 
d ' avancement de la conception de la 
charge utile. Un certain nombre de 
problemes cles ont ete releves, 
notamment /' absence d' une marge de 
masse pour la charge utile et 
/,incertitude qui pese sur la capacite 
d'emport de charge du bati des 
experiences. 

Ariane 

Essais de developpement du 1er etage 
Le quatrieme essai de developpement 
du ler etage (L140) en configuration de 
vol a ete effectue avec succes le 5 
decembre dans les installations de la 
Societe Europeenne de Propulsion 
(SEP) a Vernon, France. 

L 'essai qui a dure 142,9 s - temps de 
propulsion correspondant a 
/'epuisement de I'ergol NP4 - a permis 
de verifier le bon fonctionnement de 
I'ensemble propulsif pendant la duree 
nominale de vol de /'etage (142,5 s). Un 
des buts essentiels de cet essal etait de 
tester le nouveau matenau a base de 
sllice et de resine phenolique (Sephen 
301) des cols de tuyere des moteurs 
Viking, en remplacement des materiaux 
dont la resistance lors des essais 
precedents n' avait pas ete jugee 
satisfaisante. 

Tous les elements de I'ensemble 
propulsif ont fonctionne conformement 

aux specifications pendant cet essai et, 
en premiere analyse, on peut dire que 
/' ensemble de ses objectifs a ete atteint. 

Essais du 3eme etage 
Le deuxieme essai en configuration de 
vol du 3eme etage, qui devait avoir lieu 
le 28 novembre a Vernon, a ete 
interrompu par suite d'un defaut 
d 'allumage du moteur cryogenique (H8). 
La legere explosion qui s'est alors 
produite, sans degrader le banc d 'essai, 
a endommage la baie de propulsion. Un 
nouveau planning sera etabli au debut 
du mois de janvier pour /'essai de cet 
etage mais, a priori, /,objectif d'une 
disponibilite operationnelle du lanceur 
Ariane pour 1981 n'est pas remis en 
cause. 

Maquette ergol 
Avec /'erection du ler etage le 6 
decembre, la campagne d'essai 
maquette ergol, qui est destinee a 
verifier le fonctionnement des systemes 
de remplissage, de vidange et de 
pressurisation, a ete commencee sur la 
base de lancement en Guyane. 
L ' erection du 2eme etage a ete 
effectuee le 11 decembre. Le lanceur 
sera entierement erige vers la fin janvier 
1979. L 'achevement des essais maquette 
ergol est prevu vers debut avril. 

Programme APEX 

Le programme APEX vient d'entrer dans 
une phase d'intense activite. Le 
composite L02 (CAT, Firewheel, Oscar 9) 
vlent de subir en novembre ses essais 
de qualification mecanique et janvier 
1979 verra le debut des essais de 
compatlbiflte electnque. Le composite 
L03 (CA T, Meteosat, Apple). qui 
constitue une grande premiere 
europeenne par son poids et ses 
dimensions, a debute avec succes ses 
essais de qualificatIOn mecanique qui se 
termineront egalement en janvier 1979. 

Malgre /'encha i"nement tres serre des 
difterentes phases et les Imbrications du 
developpement des troIs compOSites, 
/'ensemble du programme se deroule 
suivant le planmng prevu. 
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Ariane 

Essais de developpement du 1er etage 
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Programme APEX 
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termineront egalement en janvier 1979. 

Malgre /'encha i"nement tres serre des 
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suivant le planmng prevu. 



L'tHude de la physique des basses 
temperatures qui a debute il y a une 
centaine d'annees a donne naissance 
iI une technique appelee cryogenie. La 
liquefaction des gaz permanents qui a 
ete la base de cette technique est 
passee dans le domaine industriel des 
le debut de ce siecle et les 
applications qui touchent de nos jours 
de nombreux secteurs de I'economie, 
ont pris une extension considerable. 
Plus recemment, la cryogenie a ete 
utilisee pour la conquete spatiale dont 
les developpements ont ete rendus 
possibles grace iI I'utilisation de gaz 
liquefies pour les propulseurs de 
lanceurs. L'utilisation des techniques 
cryogeniques mises iI la disposition 
des chercheurs a ouvert la porte iI de 
multiples explorations dans de 
nombreux domaines scientifiques. La 
Navette spatia le et le Spacelab 
permettront bient6t aux chercheurs de 
porter I'experimentation dans I'espace 
d'une maniere plus systematique. En 
relation avec une utilisation sur 
Space lab, I' Agence spatiale 
europeenne a entrepris le 
developpement d'un cryostat iI helium 
superfluide destine iI la regulation 
thermique des charges utiles requerant 
des temperatures proches du zero 
absolu pour des missions de courtes 
durees. Cette realisation prefigurera 
les techniques utilisees pour des 
missions futures plus ambitieuses ou 
de plus longue duree. 

cryogenie et espace 

La cryogenie et l'Espace -
Le programme cryogenique de I'ESA 

J. Lizon- T ati & A. Accensi 
Division Structures et Regulation Thermique, ESTEC, 
Noordwijk, Pays-8as 

On s'accorde a. definir la cryogenie 
comme I'ensemble des techniques 
utilisees pour obtenir des temperatures 
tres inferieures a. la temperature 
ambiante. Generalement on considere 
que le domaine de la cryogenie s'etend 
d 'environ - 173G C jusqu'au voisinage du 
zero absolu, c'est-a.-d ire la. ou se 
trouvent a. I'etat liquide les principaux 
gaz permanents comme I'air, I'oxygene, 
I'azote ou I'hydrogene (Fig. 1). Grace 
aux recentes techniques de refrigeration , 
ce domaine s'etend jusqu'a. quelques 
miliioniemes de degre Kelvin 
(0 K= - 273,15--C) . 

Des la seconde moiM du XIXe siecle, on 
s'est efforce de produire des froids de 
plus en plus intenses et les premieres 
experiences ont eu pour but la 
liquefaction des gaz qu 'il etait impossible 
de liquefier par compression aux 
temperatures normales (gaz dits 
'permanents'). Les principales eta pes 
historiques du debut de la cryogenie 
peuvent €ltre resumees ainsi: 
1877: Premiere liquefaction de I'air par 

Cailietet et Pictet (83 K) . 
1883: Liquefaction de I'oxygene (90 K) 

et de I'azote (77 K) par 
Wroblewski et Olszewski. 

1898: Liquefaction de I'hydrogene par 
J. Dewar (20,4 K) 

1908: Liquefaction de I'helium 4 par 
Kamerlingh-Onnes (4,2 K) . 

A la suite de ces experimentations de 
laboratoire, I'emploi de gaz liquefies est 
passe rapidement dans le domaine 
industriel pour devenir le moyen de 
refrigeration le plus utilise. La 
liquefaction continue des gaz est ainsi 
obtenue par detente a. travers une 

vanne sans apport de travail exterieur 
(detente Joule-Thomson) ou a. I'aide de 
turbines ou de machines a. piston. 

Des temperatures plus basses que celie 
du point d'ebuliition du gaz a. la 
pression atmospherique furent obtenues 
en reduisant par pompage la pression 
au-dessus du bain. Ce procede permit a. 
partir de I'helium 4 (~He) de descend re 
jusqu'a. 0,7 K. Recemment le pompage 
sur helium 3 (; He: isotope obtenu 
comme sous-produit de la preparation 
des materiaux pour la fusion nucleaire) 
a permis d 'alleindre des temperatures de 
I'ordre de 0,2 K. 

Le procede de desaimantation 
adiabatique des sels, propose par 
P. Debye et W.F. Giauque des 1926, 
permit d'alleindre, apres 
perfectionnement, des temperatures de 
I'ordre de 10- 2 K pendant des durees 
limitees. Le refrigerateur a. dilution de 
I'helium 3 dans I'helium 4, propose par 
London et Mendoza et consistant a. 
enlever des calories en evaporant de 
I'helium 3 en solution dans I'helium 4, 
permit d 'alleindre 10- 2 K de fa90n 
continue. Enfin, grace a. la 
desaimantation adiabatique nucleaire 
(1956) , on a pu descendre jusqu'a. 
10 - 5 K. 

Applications terrestres de la cryogenie 
La raison de celle course vers la 
temperature absolue, objectif pourtant 
impossible a. atteindre, s'explique par 
I'importance et le nombre des 
applications actuelies ainsi que I'avenir 
promelleur des futures applications. 

L'une des premieres et importantes 
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Figure 1 - Echelle des basses 
temperatures (echelle logarithmique). 
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applications est le slockage des gaz. La 
liquefaction s'accompagnant d'une 
diminution de volume par rapport El 
I'etat gazeux (1000 fois moins environ), 
cette propriet8 est mise El profit pour le 
transport et le stockage El I'etat liquide 
de to us les gaz. Ainsi pour les liquides et 
malgre I'isolation, le poids des enceintes 
est reduit par rapport El celui d'un 
conteneur pour gaz pressurise. De 
nombreux gaz sont transportes et 
stockes de cette maniere, en particulier 
les gaz naturels. 

L'oxygene et I'azote obtenus par 
separation lors de la liquefaction de I'air 
sont produits industriellement dans des 
quantites considerables. L'oxygene est 
en particulier utilise dans les 
convertisseurs pour la fabrication des 
aciers, pour la soudure, I'oxy-coupage, 
etc. L 'oxygene liquide est, quant El lui, 
utilise comme comburant optimal pour 
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alimenter les moteurs de fusees. L'azote 
est I'element majeur utilise pour la 
synthese de I'ammoniac et de nombreux 
derives organiques. L' azote liquide est 
utilise industriellement comme source de 
froid dans toutes les industries de 
transformation de matieres premieres, de 
produits manufactures (sertissage El 
froid, cryofrettage). dans les travaux 
publics (congelation des sols), les 
transports frigorifiques ou le 
conditionnement d'air de courte duree, 
la conservation des aliments, etc. C'est 
un agent refrigerant couramment utilise 
dans toutes les installations d'essais, les 
laboratoires, ainsi qu'en medecine 
(cryochirurgie). La distillation El basse 
temperature de I'hydrogene pour en 
separer le deuterium, utilise dans 
I'industrie nucleaire pour la fabrication 
de I'eau lourde, a ete la premiere 
application de la liquefaction de ce gaz. 
L 'hydrogene liquide represente 
egalement un milieu ideal pour les 
chambres a bulles; dans I'industrie 
aerospatiale, il est utilise dans la 
propulsion des fusees. Un domaine tres 
prometteur est celui de 
I'electmtechnique; a la temperature de 
I'hydrogene liquide, les metaux purs 
presentent la propriete d'avoir une 
resistivite mille fois plus faible qu'a 
temperature ambiante. Ces proprietes, 
alliees au fait que I'hydrogene liquide est 
un excellent dielectrique, devraient 
permettre pour les appareillages 
electriques des rendements plus eleves, 
des masses reduites et des puissances 
plus importantes (cryotransformateurs). 

Les niveaux de temperature de /,M/ium 
liquide ont permis de mettre en evidence 
et d'utiliser une propriete fondamentale 
a cette temperature: la 
supraconductibilile. L'apparition recente 
de certains alliages (niobium-zirconium, 
niobium-etain, niobium-titane), qui 
restent supraconducteurs dans des 
champs magnetiques eleves, a perm is la 
realisation de bobinages pour creer des 
champs magnetiques intenses dans des 
volumes importants. Ces techniques 
furent, tout d'abord, utilisees dans la 

physique des particules de haute 
energie et la physique des plasmas qui 
utilise des aimants de haute 
performance pour la detection des 
particules, le transport et la focalisation 
des faisceaux. 

Actuellement, des unites experimentales 
de systemes de grandes dimensions 
(transformateurs, machines electriques, 
transport d'energie) utilisant la 
supraconductibilite et refroidis El tres 
basses temperatures fonctionnent dans 
I'industrie. Une autre utilisation est 
I'application aux memoires des 
machines a calculer ou les etats 0 et 1 
sont representes par I'etat normal et 
I'etat supraconducteur. Ces memoires se 
caracterisent par un temps de 
basculement tres court (10-9 s), leur 
tres faible encombrement et leur prix de 
revient tres bas; seul le cout de la 
refrigeration n'a pas encore permis de 
leur donner un developpement 
competitif. 

Enfin, dans ce domaine des 
temperatures inferieures a 4,2 K, les 
masers et de nombreux detecteurs de 
rayonnement infrarouge ont leur 
sensibilite considerablement augmentee 
en raison de la reduction importante des 
bruits de fond d'origine thermique. Cette 
propriete est utilisee, no us le verrons, 
pour de multiples experimentations. 

Applications spatiales de la cryogenie 
Nous ne traiterons pas ici de I'utilisation 
des gaz liquefies utilises comme 
combustible des propulseurs de lanceur, 
domaine qui me rite une etude speciale. 
Nous porterons plut6t notre attention 
sur le large eventail de disciplines qui, 
dans les missions spatiales futures, 
feront appel El la cryogenie. Parmi tous 
les projets spatiaux futurs etudies en 
Europe, nombreux sont ceux qui font 
appel El des instruments ou charges 
utiles refroidis. De meme, les Etats-Unis 
d'Amerique se preparent a faire voler 
dans un futur proche un certain nombre 
d'experiences El des temperatures 
cryogeniques. La plupart de ces 
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les projets spatiaux futurs etudies en 
Europe, nombreux sont ceux qui font 
appel El des instruments ou charges 
utiles refroidis. De meme, les Etats-Unis 
d'Amerique se preparent a faire voler 
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experimentations ou observations 
effectuees sur orbites utilisent des 
detecteurs dont le niveau de 
refroidissement varie selon la vocation 
de I'instrument. Dans certains cas, des 
elements annexes (optique, baffles, 
references, etc.) doivent egalement etre 
refroidis. 

Le domaine le plus prometteur est 
probablement I' astronomie infrarouge ou 
un certain nombre de missions spatiales 
sont deja prevues ou sont envisagees 
dans un proche avenir. En effet, 
I'observation infrarouge au-dela de 
I'atmosphere a partir de telescopes 
places sur orbite ainsi que le recent 
developpement de detecteurs de 
rayonnement ultra-sensibles permettront 
dans les annees a venir une exploration 
de l'Univers jusqu'ici impossible depuis 
la Terre. Le satellite IRAS par exemple -
developpe par les Pays-Bas en 
collaboration avec les Etats-Unis et le 
Royaume-Uni - est un telescope de 
60 cm d'ouverture destine a I'exploration 
et la spectroscopie de sources celestes 
infrarouges. Sa mission est prevue pour 
durer une annee (1981). De nombreux 
autres projets sont prevus pour etre 
embarques au cours des vols futurs de 
la Navette et du Spacelab. II s'agit, entre 
autres, du telescope allemand GIRL de 
40 cm d'ouverture monte sur IPS 
(Systeme de Pointage d'lnstruments) 
prevu pour voler en 1982, du telescope 
LlRTS de 3 m etudie par I'ESA, du 
telescope SIRTF etudie par la NASA et 
du spectrometre ClRBS (Cosmic Infrared 
Background Spectrometer), candidat 
passager sur le cryostat developpe par 
l'Agence. 

Pour I'ensemble de ces projets, les 
exigences sont sensiblement identiques. 
Tout d'abord les detecteurs doivent etre 
refroidis a une temperature telle que 
I'emission thermique electronique du 
materiau reste negligeable vis-a-vis des 
photo-electrons produits par la radiation 
incidente. Cette temperature doit etre 
inferieure a 5 K pour les 
photoconducteurs, a 2 K pour les 

cryogenie et espace 

Tableau 1 - Exigences cryogeniques pour les futures missions spatiales. 

Missions Exigences de refroidissement Notes 

Astronomie infrarouge Detecteurs 10-5K Photoconducteurs 

ou 4-2 K Bolometres 

ou 0,5-{),1 K Bolometres nouvelle generation 

Optiques 20-4 K Miroirs, preamplis etc. 

Observation de la Terre Senseurs 80K Detecteur multispectral 

Physique de l'Atmosphere Detecteurs 100-80 K Detecteurs infrarouges 

ou 40-20 K 

ou 4-2 K 

Optiques non refroidies 

ou 80 K 

ou 4 K 

Meteorologie Senseurs 100-80 K Radiometres, scanners 

ou 4 K Limb scanners 

Astronomie Rayons X Detecteurs 80K Spectrometres 

Astronomie basses et Detecteurs 80K Spectrometres rayons gamma 

hautes energies Supracon-

ducteurs 4K Detecteurs rayons cosmiques 

Telecommunications Masers 5-1,5 K Missions planetaires 

eeD 200-150 K 

Vols ha bites, Stations spatiales Stockage cryogenique Pour systeme de regulation d'ambiance et 

bolometres existants, ou meme bien au­
dessous pour ceux de la future 
generation. D'autre part, en raison du 
niveau tres faible du signal, il est 
necessaire que I'emission thermique des 
miroirs du telescope reste egalement a 
un niveau de bruit negligeable, donc 
que tout le systeme optique soit 
maintenu a une temperature inferieure a 
20 K ou meme au-dela. Tous les niveaux 
correspondent aux temperatures 
obtenues avec I'helium liquide normal 
(helium I) ou superfluide (helium 11). 

Dans le domaine de I'observation de la 
Terre a partir de satellites - technique 
qui pe ut devenir un moyen 
d'investigation de choix pour la gestion 
et I'exploitation future des ressources 
terrestres - la surface de la Terre ne 
peut etre observee que dans certains 
creneaux de longueur d'ondes pour 

piles a combustible 

lesquelles I'atmosphere est transparente. 
Cette observation peut etre effectuee soit 
a partir du flux solaire reflechi, soit a 
partir de I'emission propre de la Terre. 
Dans le premier cas, I'exploration est 
faite a I'aide de camera TV ou detecteur 
a balayage multispectral (scanner) sans 
exigences cryogeniques; dans le second 
cas, le refroidissement des detecteurs a 
une temperature de I'ordre de 80 K est 
requise. Generalement des radiateurs 
passifs rayonnant vers I'espace sont 
suffisants mais I'utilisation de cryogenes 
solides (argon 80 K, methane ou 
ammoniac) est necessaire pour 
certaines missions. 

L'etude de I'atmosphere (temperature, 
pression, composition et evolution) est 
une science appelee a de prochains 
developpements en raison des 
problemes d'actualite tels que la 
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pollution. Les mesures sont effectuees 
dans la longueur d'onde correspondant 
au pic d'emission du gaz etudie qui 
peut etre I'oxygene atomique, i'ozone, le 
gaz carbonique, I'oxyde de carbo ne, 
I'acide nitrique, la vapeur d'eau, le 
methane, les aerosols, etc. Le resultat de 
ces investigations pourra en particulier 
donner de precieuses indications sur 
i'evolution de la couche d'ozone de la 
stratosphere dont la stabilite est a 
I'heure actuelle une source d'inquietude. 
Plusieurs experiences de sondage de 
I'atmosphere ont ete proposees pour 
voler sur le Spacelab. Les instruments 
de detection (radiometre, spectrometre, 
interferometre) doivent tous etre refroidis 
a des temperatures variant de 80 K a 
moins de 2 K. Parmi les projets futurs, 
signalons le LlMS americain (Limb IR 
Monitor of Stratosphere) embarque sur 
Nimbus, le CIR (Cooled IR Radiometer) 
candidat passager pour le cryostat de 
l'Agence. 

Dans le domaine de la meteor%gie, les 
prolongements du programme Meteosat 
ainsi que d'autres missions futures de 
climatologie rendent necessaire 
I'amelioration de la technologie utilisee 
pour les radiateurs passifs ainsi que 
I'utilisation de cryogene solide. 

L'astronomie des rayons X est une des 
branches de I'astronomie qui ne peut 
etre faite au sol en raison de 
I'absorption de I'atmosphere. De 
nombreux satellites en orbite sont 
equipes d'instruments pour I'etude de ce 
rayonnement. Les compteurs a 
scintillations utilises pour la detection 
dans les telescopes ne necessitent pas 
de refroidissement mais les informations 
recueillies restent limitees a la production 
d'images des rayons X. Par c~ntre les 
spectrometres qui permettent un 
pointage de i'emission de rayons X en 
fonction de la longueur d'onde 
requierent des temperatures 
cryogeniques pour les detecteurs de 
haute sensibilite. Le projet EXSPOS 
etudie par l'Agence prevoit I'utilisation 
d'un cryostat a argon solide fournissant 
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Tab/eau 2 - Les differentes techniques cryogeniques disponib/es. 

Categories Techniques cryogeniques 

Radiateurs Radiateur passif classique 

- a boucle fluide 

- a caloducs 

Radiateur multi-etage 

Radiateur deployable, orientable 

Radiateur cryogenique 

Dispositifs semi-conducteurs Module Peltier (thermo-electrique) 

Module thermo-magnetique 

Demagnetisation adiabatique 

Systemes a cycle ouvert Stockage gaz haute pression 

Cryogene liquide sous-critique 

Cryogene liquide supercritique 

Cryogene solide 

Refrigerateurs a cycle ferme Refrigerateurs: 

- Joule -Thomson 

- rotatif - alternatif (Brayton) 

- Solvay 

- Gifford - McMahon 

- Stirl ing 

- Vuilleumier 

- absorption liquide 

- absorption gaz 

une temperature de 80 K au niveau de 
I'un des detecteurs. 

L'astronomie des basses et hautes 
energies peut egalement avoir recours a 
la cryogenie. Dans le domaine des 
rayons gamma, des temperatures de 
I'ordre de 80 K sont suffisantes pour la 
detection. Pour des niveaux d'energie 
depassant 100 MeV (rayons cosmiques) , 
des spectrometres magnetiques a 
aimants supraconducteurs sont 
envisages en raison des champs 
magnetiques eleves requis, des 
contraintes de masse et de puissance 
propres aux vehicules spatiaux. De tels 
appareillages ont deja vole sur ballons­
sondes aux Etats-Unis ainsi qu'en URSS 
sur les satellites COSMOS. Notons 
qu'une etude de definition de mission 
sur un aimant supraconducteur 
embarque sur Spacelab pour I'etude des 
rayons cosmiques a ete effectuee par 
l'Agence. 

L'apparition de certaines nouvelles 
techniques a usage terrestre permet des 
a present de leur predire un avenir 
assure dans le cadre de projets spatiaux 
plus lointains. C'est le cas des masers 
qui ont atteint un etat de developpement 
tres avance et qui pourront etre utilises 
avec des antennes de tres grandes 
dimensions pour la communication avec 
les sondes planetaires ou pour la radio­
astronomie orbitale au-dela du systeme 
solaire. Les masers fonctionnent aux 
temperatures de I'helium liquide en 
dessous de 4,2 K et leurs performances 
sont encore meilleures aux temperatures 
plus basses. 

Les dispositifs El coup/age de charge 
(ou CCD= Charge-Coupled Device) 
prennent deja le relais des grands 
telescopes terrestres. Ces composants 
electroniques de petites dimensions 
fonctionnant entre 150 et 200 K ont 
donc leur place dans les moyens de 
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Tableau 3 - Cryogene solide - Temperature et pression d 'utilisation. 

CryogEme Plage de temperature Pression de vapeur 

d'utilisation (K) (mm Hg) 

Hydrogime 10- ·14 

Neon 16-24 

Oxygene 48- 54 

Azote 47- 63 

Argon 55- 84 
Methane CH. 67- 90 

Acide carbonique CO
2 

125-194 

detection utilisables dans les telescopes 
spatiaux. L'un des cinq instruments 
embarques a bord du Telescope spatial 
dont le lancement est prevu pour 1984 

sera equipe de CCO. 

Oans le domaine du traitement de 
f'information, les memoires a aimant 
supraconducteur, encore cl I'etat 
experimental, sont des candidats 
potentiels pour une utilisation spatiale 
en raison de leur rapidite, leurs petites 
dimensions et leur faible consommation. 
Un calculateur utilisant ce type de 
memoire sera beaucoup plus rapide que 
le calculateur actuellement le plus 
performant et sa puissance de 
refroidissement pour la temperature de 
fonctionnement requise (environ 4,2 K) 
ne devrait pas exceder 1 W. 

Enfin, la conquete de I'espace devant 
necessairement et definitivement evoluer 
dans le futur vers les vols habiMs et les 
stations orbitales, le stockage 
cryogenique destine aux systemes de 
regulation d'ambiance et aux piles a 
combustibles, deja utilises pour la 
Navette spatiale, sera generalise pour 
repondre aux besoins des missions de 

tres longue duree. 

A I'instar des applications terrestres, les 
applications de la cryogenie dans le 
domaine spatial sont donc 
innombrables. Le Tableau 1 donne un 
resume des exigences cryogeniques 
(temperatures requises) en fonction des 
domaines d'applications ainsi que les 

2-56 
1- 240 

0,01-2 

1- 95 
1- 500 
1-80 

0,10-760 

principaux projets en cours de 
realisation ou cl I'etude. 

Le programme de cryogenie spatia le 

de l'Agence 
Techniques disponibles 
Les exigences concern ant le 
refroidissement d'une charge utile ou 
d'un instrument embarque sur un 
vehicule spatial sont definies a partir de 
trois principaux parametres qui 
permettront le choix de la technique a 

utiliser: la temperature, la charge 
thermique (ou exigence de refrigeration), 
et la duree de mission ou autonomie. 

De nombreuses techniques sont 
disponibles et applicables cl des plages 
specifiques de temperature, de capacite 
de refrigeration et d'autonomie. Elles 
peuvent etre classees selon les quatre 

categories suivantes: 
les radiateurs passifs, 
les dispositifs cl semi-conducteurs, 
les systemes a cycle ouvert ou 
cryogenes stockes, 
les refrigerateurs a cycle ferme. 

Toutes ces techniques ont ete 
developpees pour des applications 
terrestres et chacune d'elles offre une 
combinaison de dimension, masse, 
puissance et fiabilite differente suivant la 
temperature, la capacite de refrigeration 
et I'autonomie pour laquelle elle est 
adaptee (Tableau 2) . 

Les contraintes du vehicule et 
I'environnement spatial imposent en plus 

cryogenie et espace 

aux systemes cryogeniques les 
exigences habituelles de limitation en 
volume, masse et puissance, de fiabilite 
avec une maintenance reduite ou sans 
maintenance, et de capacite de 
resistance aux vibrations et chocs 
durant le lancement. Une derniere 
exigence, particulierement importante 
pour la cryogenie, est la capacite de 
fonctionner sous pesanteur nulle ainsi 
que sous I'effet de forces centrifuges. 
L'analyse des contraintes spatiales 
appliquees aux quatre categories 
precedentes permet de conclure tres 
rapidement a I'applicabilite de chacune 
des techniques proposees. 

Les radiateurs passifs permettent 
d'atteindre des temperatures de I'ordre 
de 90 K en orbite de satellite 
geostationnaire et 120 K sur orbite 
basse. La capacite de refroidissement 
peut aller jusqu'a 1 W mais chute 
rapidement avec la temperature. Ces 
radiateurs presentent I'avantage de 
n'avoir aucune exigence de puissance 
mais peuvent poser des problemes 
d'encombrement et exiger une protection 
efficace (ecran) c~ntre les entrees 
parasites directes (soleil) ou radiatives 
provenant de la Terre ou du vehicule 

spatial lui-meme. 

Les dispositifs . thermo-electriques ont 
des capacites de refrigeration elevees 
(quelques watts) mais tres dependantes 
de la temperature d 'utilisation. Leur 
encombrement est tres reduit mais leur 
rendement est aussi mediocre. Un 
radiateur est d'autre part necessaire 
pour evacuer la puissance de 
refrigeration . La temperature peut etre 
contr61ee cl partir de la puissance 
d'entree et son fonctionnement est 
reversible. Son utilisation n'est 
interessante qu'au-dessus de 150 K. 

Par rapport aux cryogenes liquides, les 
cryogenes solides presentent I'avantage 
d'une capacite calorifique superieure 
(chaleur latente de fusion+chaleur 
latente de vaporisation) , une plus 
grande densite de stock age, I'absence 
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Tableau 3 - Cryogene solide - Temperature et pression d 'utilisation. 
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cryogenie et espace 
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Tableau 4 - Temperature d 'ebul/ition a 
1 atm des principaux cryog{mes flu ides. 

Point d 'ebullit lon 
FIUldes a 1 atm (enK) 

AmmOniac NH3 239,8 

Propane C3H. 230,8 

Ethane C2H. 184,8 

Methane CH, 111.7 

Oxygene O2 90,1 

Argon A 87.4 

Azote N2 77.4 
Neon N 27,2 

Hydrogene H2 20,4 

Helium H 4,2 

de ballottement et de probleme de 
separation de phase. La temperature 
depend evidemment du cryogene utilise. 
De nombreux developpements ont ete 
effectues aux Etats-Unis et en Europe en 
utilisant plusieurs types diff8rents de 
cryogenes solides. Le Tableau 3 don ne 
une liste de cryogenes solides utilisables 
ainsi que leur temperature de 
fonctionnement. 

Les cryogenes /iquides peuvent etre 
stockes El I'etat sous-critique, en 
equilibre avec leur vapeur ou bien El 
temperature et pression plus elevees El 
I'etat super-critique. Le niveau de 
temperature recherche est obtenu en 
choisissant le fluide approprie et en 
contr61ant la pression de sortie de 
vapeur. Le Tableau 4 donne la liste les 
principaux fluides cryogeniques avec 
leurs caracteristiques. Les fluides 
possedant la chaleur latente de 
vaporisation la plus elevee sont les plus 
recherches pour reduire la masse totale 
El charge thermique et duree de vie 
determinee. La duree de vie est fonction 
du degre d'isolation du systeme et la 
vapeur est generalement utilisee pour 
refroidir les ecrans d'isolement entourant 
le reservoir de cryogene. Seul I'helium 
normal permet d'obtenir des 
temperatures inferieures El 10 K; sous 
1 atm, il est en equilibre avec sa vapeur 
El 4,2 K. Nous verrons plus loin que 
I'helium sous sa forme superfluide 
permet des temperatures plus basses. 
Deux problemes sont souleves pour 
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Figure 2 - Oiagramme de phases 
comparees d ' un corps pur (a) et de 
I'helium (b). P,: point triple, Pc: point 
critique, AA. ': courbe caracteristique de 
I' equilibre He I1 He 1/. 

PRESSION 

ETAT 
SOUOE Pc 

ETAT GAZEUX 

(a) TEMPERATURE 

I'helium normal en impesanteur. Le 
premier est relatif El la localisation du 
liquide dans le reservoir et son contact 
thermique avec les elements El refroidir 
alors que le liquide 'flotte' dans son 
reservoir. Le second probleme est celui 
de la separation de phase afin de 
n'evacuer que la vapeur par le tube 
d'event. 

Les problemes associes El la localisation 
du liquide sous gravite nulle 
disparaissent lors du stockage 
supercritique (ou phase liquide unique). 
Cependant I'efficacite d'un tel systeme 
est reduite en raison de la masse totale 
plus importante dans le cas d'un 
reservoir pressurise que dans le cas 
d'un reservoir El 2 phases non 
pressurise. Des stockages supercritiques 
de I'helium ont ete conc;:us pour 
plusieurs types d'applications aux Etats­
Unis pour des durees de plusieurs mois. 

Plusieurs types de machines frigorifiques 
se differenciant par le mode de 
transformation thermodynamique 
appliquee au fluide choisi ont ete 
construites. La plupart de ces machines 
n'ont pas encore un niveau de 
developpement tel que I'on puisse les 
considerer des maintenant comme 
utilisables pour une mission spatiale. 
Des travaux importants ont ete entrepris 
dans ce domaine et des dun~es 
operationnelles de cinq ans, bien 
qu'encore non demontrees, ont ete 
avancees pour certains types de 
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refrigerateurs. Des progres importants 
sont attend us pour I'avenir, et C&S types 
de machines pourraient dans quelques 
annees constituer des solutions 
attrayantes pour les missions de tres 
longue duree. 

Le choix de I' helium 
Parmi les missions europeennes en 
cours d'etude et les nombreuses 
experiences proposees pour les premiers 
vols du Spacelab, beaucoup se 
proposent d'utiliser des instruments 
refroidis jusqu'EI des temperatures 
inferieures El 2 K pour des durees de 
missions ne depassant pas 30 jours. Se 
basant sur cette exigence, l'Agence en a 
fait son objectif prioritaire dans le cadre 
du programme de cryogenie spatia le. La 
necessite d'atteindre la temperature la 
plus basse possible a entraine le choix 
de la technique cryogenique El 
developper en premier lieu pour 
I'espace le stockage d'helium liquide. 

Helium /iquide normal et helium 
superfluide 
La temperature d'ebullition de I'helium 
liquide normal ou helium I est de 4,2 K 
sous 1 atm. Sa solidification n'a lieu que 
sous forte pression. 

L'helium presente un cas d'isomerie 
unique en physique. Dans le diagramme 
de phase d'un corps pur, les trois 
courbes de fusion, de vaporisation et de 
sublimation se rencontrent au point 
triple ou a lieu I'equilibre entre les trois 
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phases solide, liquide et gazeuse (Fig. 2). 
Dans le cas de I'helium, les courbes de 
vaporisation et de fusion ne se 
rencontrent pas. En suivant 
I'abaissement de temperature de Avers 
B, on arrive a un point dit 'point A.' a 
2,2 K ou I'ebullition tumultueuse devient 
calme et le liquide invisible! Le nouveau 
liquide appele helium superfluide (ou 
helium 11) possede des proprietes 
caracteristiques tres differentes de celles 
de I'helium liquide normal (ou helium I) 
et certaines d'entre elles sont 
particulierement interessantes: 

conductibilite thermique tres elevee: 
2000 fois celle du cuivre a 300 K; 
viscosite pratiquement nulle: une 
eprouvette plongee dans un bain de 
He 11 se remplit ou se vide lentement 
jusqu'a ce que les deux niveaux 
s'egalisent; le transfert se fait par 
I'intermediaire d'un film tres fin 
(0,03 j.lm) qui recouvre toute surface 
en contact avec I'helium; 
I'effet fontaine: si I'on plonge dans 
I'helium 11 un tube dont la partie 
inferieure est bouchee par des 
capillaires ou un milieu poreux et si 
I'on chauffe cette extremite, on 
apercevra un jet d'helium a la partie 
superieure. 

Les deux premieres proprietes 
permettent de toujours avoir au sein du 
cryostat un bon contact thermique avec 
les parties a refroidir ainsi que des 
gradients thermiques nuls dans le bain. 
La troisieme propriete sera utilisee pour 
la separation des phases liquide et 
vapeur et pour le contr61e du degazage. 

Specifications techniques et objectifs 
Une certaine similarite des exigences 
provenant des futures missions a permis 
d'etablir des specifications techniques de 
base pour le cryostat a helium 
superfluide dont le developpement a ete 
decide: 

temperature < 2 K, avec possibilite 
future d'incorporer un etage a 3He 
pour atteindre des temperatures 
< 1 K si necessaire 
charge thermique: 40-80 mW (pics) 

volume refroidi : 40 litres environ 
autonomie: 7 a 30 jours. 

Les objectifs du programme sont: 
creer en Europe la connaissance 
technologique correspondante, 
developper le materiel et le qualifier 
au cours d'un vol, 
fournir aux scientifiques interesses la 
possibilite d'un vol des que possible 
(en me me temps que le vol de 
qualification technologique) , 
fournir aux futurs utilisateurs un 
cryostat de conception adaptable et 
pouvant etre reutilise pour plusieurs 
missions. 

Le cryostat a helium superfluide pour 
usage spatial (CRHESUS) 

Description 
Le cryostat se presente sous la forme 

cryogenie et espace 

Figure 3 - CRHESUS - Elements 
prinupaux du cryostat. 

Figure 4 - Cryostat a helium superfluide 
- Principe du systeme cryogenique. 
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Conteneur externe etanche 
Ecrans refroidls 
Reservoir helium principal 
Vannes helium 
Reservoir helium auxilialre 
Cavite experimentale 
Brides de fixation des experiences 
Brides structurales 
Supports du reservoir 

RESERVOIR 
PRINCIPAL 

H x 1 
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1. Detendeur Joule-Thomson (J-T) 
2. Vanne d'lsolement de HX1 
3. Clapet double 
4. Vanne de degazage 
5. Vanne de remplissage 
6-7. Cia pets de surpression 
B. Vanne de pompage J-T 
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He -1 Atm 

9. Vanne de pompage HX1 
10. Clapet de degazage 
11 . Clapet de remplissage 
12. Robinets de commande 
PP Tampon poreux 
HX1 Echangeur thermique principal 
HX2 Echangeur thermique secondaire 
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d'un cylindre de 900 mm de haut sur 
760 mm de diametre, d'une masse de 
75 kg avec le cryogene et sans 
I'experience (Fig. 3). L'ensemble est 
enferme dans un conteneur etanche ou 
vide. Le reservoir d'Mlium est suspendu 
au centre du conteneur et maintenu par 
des tiges en fibre de verre. L'isolation du 
coeur est obtenue grace a deux ecrans 
refroidis par les vapeurs d'helium et des 
matelas de superisolants. Le reservoir, 
en acier inoxydable, est divise en deux 
parties separees pouvant contenir 
respectivement 52 et 23 litres d'helium et 
entourant la cavite centrale ou sera 
logee i'experience. Une cavite 
secondaire est egalement reservee aux 
experiences au sommet du reservoir. 
Des brides de fixation de I'experience sur 
le reservoir sont prevues au niveau des 
deux cavites. Ces brides, realisees en 
argent pur, permettront un contact 
thermique parfait des equipements a 
refroidir avec le reservoir. 

Le principe du systeme cryogenique 
retenu (Fig. 4) a ete choisi 
principalement pour s'affranchir des 
problemes d'attente au sol apres 
remplissage. Ce systeme aura une 
autonomie d'attente au sol de 10 jours 
sans pompage sur le bain d'helium. 

Le reservoir auxiliaire sera maintenu au 
sol a 4,2 K a la pression atmospherique 
et les vapeurs s'en echappant fourniront 
le refroidissement necessaire aux ecrans 
et limiteront le rechauffement du 
reservoir principal. Celui-ci reste 
entierement rempli jusqu'au lancement et 
sa temperature demeurera inferieure a 
2,2 K pendant I'attente. Sur orbite, les 
deux reservoirs sont contr61es par 
degazage a une temperature de 
fonctionnement de 1,6 K. 

Principaux problemes lies au 
developpement 
L'isolation thermique est realisee a I'aide 
d'ecrans refroidis et de matelas de 
superisolants. Les performances de .ces 
matelas sont bien connues pour des 
niveaux de temperatures normaux. Leur 
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utilisation a tres basse temperature a 
rendu necessaire des mesures 
d'efficacite aux temperatures de 
fonctionnement en raison de 
I'importance sur I'isolation du systeme. 

Les supports de reservoir doivent resister 
aux niveaux de vibration lors des 
lancements mais doivent €ltre egalement 
conyus de maniere a ne pas creer de 
fuites thermiques importantes. Le choix 
du materiau et I'optimisation des 
dimensions sont donc tres importants. 
Des essais mecaniques ainsi que des 
mesures de conductibilite ont ete 
realises sur des echantillons de support. 

Le separateur de phase, ou tampon 
poreux, assure le contr61e du degazage 
d'Mlium sur orbite. Les divers types de 
poreux essayes ont permis de 
determiner le materiau du composant 
ainsi que sa geometrie et la dimension 
optimale de pore. 

Par ailleurs, le developpement des 
vannes cryogeniques pose le probleme 
de I'etancheite a I'helium. Ces 
composants ont demontre un 
fonctionnement satisfaisant sur banc 
d'essais. 

Enfin, la securite requise pour un vol 
Spacelab releve de la conception 
generale du cryostat comme de celle de 
certains composants. Les normes 
applicables sont celles qui regissent les 
conteneurs pressurises utilises dans les 
vols habites et ce point est 
particulierement critique en raison du 
comportement particulier des materiaux 
a basse temperature et de leurs 
caracteristiques mecaniques quelquefois 
mal connues. 

Conclusion 
En mettant I'accent sur les applications 
cryogeniques terrestres, nous voulons 
donner dans cet article une vue 
d'ensemble de la cryogenie. La 
qualification pour une utilisation spatiale 
de techniques deja disponibles au sol 
entrafne souvent, apres leur realisation, 

des retombees pour les applications 
terrestres, retombees qui justifient a elles 
seules les efforts consentis. 

Le cryostat a helium superfluide est le 
premier projet de cryogenie spatiale 
entrepris dans le cadre du Programme 
de Recherche Technologique de 
l'Agence. Commence au debut de 1978, 
le cryostat effectuera son premier vol de 
qualification a bord du Spacelab au 
milieu de 1982. Sa realisation comblera 
un creneau important et rendra 
possibles de nombreuses missions. Ce 
developpement permettra ensuite une 
extrapolation plus facile et plus rapide a 
des projets ulterieurs plus ambitieux. La 
multiplicite des futures missions et leurs 
exigences specifiques permettent de 
prevoir des a present la necessite de 
poursuivre ou d'entreprendre le 
developpement et la qualification 
d'autres techniques spatiales. C'est le 
cas en particulier des radiateurs passifs 
de la deuxieme generation, des cryostats 
a argon solide et des modules thermo­
electriques dont le besoin se fait sentir a 
court ou moyen terme. Certains 
developpements entrepris dans des 
instituts ou organismes nationaux 
meritent d'€ltre poursuivis. En extrapolant 
les missions europeennes et americaines 
proposees actuellement, on peut prevoir 
les besoins technologiques concernant 
les missions des annees 1980-1990: 
radiateurs passifs de conception 
avancee ou radiateurs cryogeniques 
(radiateurs multi-etages, caloducs 
cryogeniques) , cryogenes solides ou 
liquides pour des plages diverses de 
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The Telecommunications Programme 
of the Agency began in 1971 with an 
initial phase involving system 
definition, together with the initiation of 
a substantial technology development 
effort. In 1972, the second phase was 
set in motion, and a key element of 
that particular phase ultimately became 
the design, development, launch and 
operation of the Orbital Test Satellite 
(OTS)*. 

• Further information about the development, 
launch and early orbital opera tions of OT5 can be 
found in E5A Bulletin No. 14, May 1978 (special 
issue devoted to OT5-2) , and E5A Bulleti n No. 16, 
November 1978 (pp. 10-17). 

ots procurement 

Procurement of The Orbital 
Test Satellite 

B. Stockwell 
Communications Satellites Department, ESA 

The initiation of the OTS project was not 
without its difficulties, since at that time 
the size of the ultimate operational 
European Communications Satellite 
(ECS) required for the third phase of the 
Programme was not at all clear, with 
options ranging from spacecraft sized to 
suit, at one extreme, Delta-2914 launch 
and, at the other, an Atlas-Centaur 
launch [the latter at one time being the 
baseline for the Comite Europeen de 
Postes et Telecommunications (CEPT)). 
This uncertainty not only complicated 
the specifications for the equipments 
being developed under the Supporting 
Technology Programme (STP) , but also 
made it that much more difficult to 
demonstrate that a Delta-sized 
spacecraft could serve as a proper 
precursor to ECS. 

Nevertheless, the demonstration was 
made that OTS could properly serve as 
a test bed for items of relatively 
advanced technology, and could at the 
same time provide a very significant 
communications capability (more than 
5000 equivalent telephony channels), 
such as to allow telephony transmission, 
television relay, and data transmission 
on a large scale, and over a 
comparatively long lifetime, in advance 
of the operational system. 

The Preliminary Definition Study (Phase­
A) for OTS was conducted by the 
MESH, STAR and COSMOS consortia 
during the six-month period from 
October 1972 until April 1973. Following 
competitive offers, the Detailed Design 
Study (Phase-B) was conducted over 
the period April 1973 to September 1973 
by the MESH and STAR consortia, led 

by Hawker Siddeley Dynamics (now 
British Aerospace Dynamics Group) , and 
by British Aircraft Corporation (now 
British Aerospace), respectively. The 
competing consortia were supported 
equally during this period by AEG­
Telefunken (Backnang), which had been 
selected under the STP as the 
contractor for the repeater. 

Towards the end of 1973 full project 
approval was still lacking, and 
consequently the two surviving consortia 

. were awarded two-month Phase-B/C 
bridging contracts to cover October and 
November of that year. Also in this 
period, in face of long lead times for 
high-reliability components, advanced 
procurement of certain repeater 
components by AEG was authorised. 

Finally, full approval for the project was 
obtained, and in December 1973 the 
results of the evaluation of the proposals 
for Phase-CID, the Main Development 
Phase, together with the Agency's 
recommendations, were put to the 
Administrative and Finance Committee. 
As a result of that December meeting 
the contract was awarded to Hawker 
Siddeley Dynamics, for the MESH 
Consortium, full contract release being 
given on 28 January 1974. The overall 
procurement schedule is shown in 
Figure 1. 

Scope of the contract 
At the time of the development-contract 
release, launch on a Delta-2914 veh icle 
was specified and only a single flight­
model spacecraft was to be procured. 
The contract included, however, 
structural , thermal , engineering and 
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Figure 1 - The overall procurement 
schedule for the Orbital Test Satellite 
(OTS). 

Figure 2 - The industrial companies 
charged with the building of OTS, and 
their respective tasks. 
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upgraded in the process, through the 
addition of an extra repeater chain, 
additional redundancy, more fuel for a 
longer mission, and bigger batteries. 

As a parenthetical point here, it is also 
worth noting that the contractual 
situation was somewhat complicated by 
the Agency's wish to build in not only 
redundancy, but also functional 
redundancy. Infrared earth sensors were 
provided by both Galileo and Sodern 
(operating on different principles), 
momentum wheels were provided by 
both Teldix and HSA (using different 
bearing systems), and travelling wave 
tubes were provided by both AEG and 
Thomson-CSF. This additional 
proliferation of subcontracts and 
technical interfaces naturally made 
contractual control more difficult, both 
for the Agency and for the Prime 
Contractor, but it paid off in the end. 

As the project proceeded it became 
increasingly apparent that there was too 
much at stake for the Agency and for 
the PTTs, as well as for European 
Industry, for the whole programme to 
rest upon the fate of a single spacecraft. 
The further decision was therefore taken 
to procure an extra flight-standard 
communications module and an extra 
flight service module (the latter in 
collaboration with the interlocked Marots 
maritime communications spacecraft 
project) , so as to allow a second launch 
of OTS, or of Marots if OTS did not use 

Table 1 

Document Contents 

the spare. In the event the spare back­
up spacecraft was needed for OTS as a 
result of the Delta failure of September 
1977. Thus, in the end, the OTS project 
covered the development models 
mentioned previously, plus the second 
flight model, together with no less than 
three launch campaigns, since an early 
OTS-1 campaign had to be aborted due 
to an on-pad launcher problem. 

It was, of course, necessary to negotiate 
contractual changes to cover these 
various campaign extensions, arising as 
they did from the launcher side. 

Contract evolution 
As explained in the previous 
paragraphs, the establishment of the 
OTS contract was more difficult than is 
normally the case, but finally a 
preliminary contract was placed with 
Hawker Siddeley Dynamics on 
3 December 1973, and the main 
development contract was able to start 
on 28 January 1974. 

Following detailed commercial and 
technical negotiations, complicated by 
the advent of the conversion to the 
Delta-3914 launcher and back-up 
satellite changes, the main development 
contract was signed by Hawker Siddeley 
and ESA on 31 October 1974. It was 
made up of the documents listed in 
Table 1. 

The firms that were involved, and their 

Contract Overall framework of the prolect, as well as definition of the legal 
provIsions relating thereto, In particular the Incentive Scheme. 

Statement of Work 

SpeCifications 

Prolect-Management Plan 

Financial AppendiX 

Defining the tasks to be performed by the Contractor and those to 
be performed by the Agency. 

All system and subsystem specifications. 

Defining of the procedures by which ESA managed the contract, in 
particular cost, schedule and modification control. 

Containing the detailed prices, payments and price-revision formulae. 

ots procurement 

tasks, are shown in Figure 2. 

The objectives of the contract, as for 
any other procurement, were to obtain a 
satisfactory product within schedule and 
cost. 

The technical baseline established in the 
contract was controlled down to 
equipment level in accordance with 
standard product-assurance procedures, 
and monitored in accordance with 
procedures contained in the Project­
Management Plan. Problems that arose 
were addressed at the monthly project 
progress meetings at various levels, with 
major problems being cleared via the 
monthly project-management meetings, 
at project-manager level. 

Compliance of the system with the 
overall requirements was checked at a 
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overall requirements was checked at a 
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Figure 3 - Trend chart for major 
project milestones for both OTS-1 and 
o TS-2. 

1976 

series of system-level reviews, where the 
Agency could reward the Contractor by 
granting additional award fees of 
between 50 to 100 kAU per review, 
depending upon the quality of the 
review presentation. As a point of 
interest, unearned portions of the award 
fees could be carried forward to the next 
review, and the final outcome was that 
virtually tne whole award fee was in fact 
earned by the Contractor by virtue of 
the good performance at the flight­
model reviews. The award system was 
considered to be an important and 
effective element of the contract. 

The Incentive Scheme, in which all co­
contractors and a number of sub­
contractors participated, was a major 
feature of the contract and the key to 
contractual performance. The scheme 
was heavily orientated towards 
performance - three quarters of the 
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nominal fee being allocated to the in­
orbit performance of OTS over five 
years, the remaining quarter being 
allocated for schedule performance. The 
structure of the performance incentive is 
based upon flux delivered at ground 
level from each of the six repeaters, over 
the European region, and provides for 
maximum earnings of twice nominal, 
while the schedule incentive was very 
steep (all schedule earnings being lost 
in the case of delays of more than 30 
days). 

Schedule control was exercised in 
accordance with the normal project­
control procedures defined in the 
Project-Management Plan, with schedule 
status being a major item at each of the 
monthly project-management meetings. 
In fact, a comparatively large number of 
schedule problems arose, and in several 
cases drastic measures such as back-

COMMENTS 

-Scheduled launch date 15.3.77 
(DELTA 2914 configuration) 

.Change to DELTA 3914 launcher. 
Launch date re-scheduled to 
15.6.77 . 

oLauncher accident, 18.5.77. 
Launch date re-scheduled to 
September 19 77 . 

oOTS-1 launched 13.9.77 and 
destroyed by explosion of DELTA 
134 
OTS-2 launch set for 8.3.78 

oOTS-2 launch slipped by DELTA 
constraints 

oOTS-2 launched successfully 
11 May 1978 

up procurement were necessary, but the 
major milestones were met. 

The Contractor was encouraged to 
achieve schedule goals by the 
attachment of fixed-price payments 
(four-fifths of the contract was fixed­
price) to the achievement of milestones 
at predetermined times during the 
course of the contract, and by the fact 
that (as stated above) one quarter of 
the Incentive Fee was associated with 
the timely launch of the spacecraft. 

As far as cost control was concerned, 
normal procedures were applied to the 
20% or so of the contract price that was 
on a cost-reimbursement basis. 
Furthermore, the Incentive Scheme 
provided for a cost-sharing arrangement 
by which the Contractor could receive a 
bonus of 20-40% of any cost savings 
(depending on the final performance 
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incentive fee earned) or pay a penalty to 
the Agency of between 5 and 10% of 
any cost overruns (again depending 
upon the final performance Incentive 
Fee earned) . 

In order to avoid escalation of costs 
through modifications, in addition to 
standard modification control 
procedures being operated, all requests 
made to the contractor to submit 
change notices were first submitted for 

3914 

CONVERSION 

approval by a special ESA Board, 
chaired by the Project Manager. This 
Board established whether or not the 
change was essential and, if so, its 
probable technical, schedule and cost 
consequences; only then was the 
change request allowed to proceed. 
Similarly, incoming change notices were 
not only reviewed and negotiated in the 
normal way, but were also subject to 
agreement by the special Change-Notice 
Approval Board. 

ots procurement 

Project outcome 
The contract is now very close to close­
out, with the exception of the in-orbit 
performance incentives which will 
continue to accrue. Relatively accurate 
estimates can therefore already be made 
of overall schedule and cost 
performances. 

As far as schedule is concerned, the 
OTS-1 Flight Model Review was 
completed 11 days ahead of the target 
date established in mid-1974. The 
launch was subsequently delayed from 
June to September 1977 due to launcher 
difficulties, which in turn impacted 
adversely on the schedule of OTS-2. 
Nonetheless, OTS-2 was delivered only 
one day later than target and was 
successfully launched on 11 May 1978. 

The schedule trend for the flight models 
is shown in Figure 3. The Contractor in 
fact earned 84% of the nominal 
schedule Incentive Fee, and thus 
performed extremely creditably. 

As for cost, the total cost of 
modifications amounts to 14505 kAU 
(mid-73 exchange rates and price level) 
and, as can be seen from Figures 4 and 
5, by far the largest part of this amount 
is accounted for by the conversion to 
the Oelta-3914 launch vehicle, 
procurement of the second flight model, 
and by launcher delays. Indeed, the five 
changes notices associated with these 
three events account for more than 90% 
of the total cost of all modifications. The 
balance is attributable to some 50 
different change notices, the most 
significant of which concerned radiation 
hardening, in the light of evolving 
knowledge of the environment, and 
provision of a back-up beacon 
generator. 

It is anticipated that in the cost­
reimbursement area the contract price 
will be met almost exactly, a satisfactory 
financial conclusion to a complicated 
procurement. 
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In any manned space programme, 
particular attention has to be paid to 
ensuring that the working environment 
within the spacecraft is safe. This 
requires that the materials used in the 
construction of the spacecraft itself and 
the experimental payload do not 
release potentially toxic contaminants 
into the spacecraft atmosphere. The 
study of atmospheric trace 
contaminants involves the analysis and 
identification of minute amounts 
(micrograms per cubic metre) of both 
inorganic and organic species. Several 
methods are currently used at ESTEC 
for such analyses in the context of the 
Spacelab programme. 
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Atmospheric Trace Contaminants 
- Their Measurement and 
Identification for Spacelab 

M. Debeir & M.D. Judd, Product Assurance Division, 
ESTEC, Noordwijk, The Netherlands 

Introduction 
There would appear, at first sight, to be 
little similarity between a nuclear 
submarine and a manned spacecraft, 
and yet both have one particular system 
in common. This is the need to provide 
a clean atmosphere for the crew to live 
and work in for long durations, sealed 
off from a surrounding hostile 
environment. 

Man and the materials around him are 
a continual source of atmospheric trace 
contaminants. As part of his respiratory 
cycle, he removes oxygen from the 
atmosphere and replaces it with carbon 
dioxide, and the metabolic processes 
lead to trace amounts of inorganic and 
organic compounds being generated. 
Nonmetallic materials, especially paints 
and highly plasticised polymers, 
gradually release their volatile 
components into the atmosphere. In the 
normal working environment these 
processes go on unnoticed, since the 
natural movement of air around us 
removes the contaminants before 
appreciable concentrations occur. In a 
closed system, however, where this 
normal air exchange is virtually 
eliminated, the situation is completely 
different and the presence of large 
concentrations of trace contaminants 
can occasionally become all too 
apparent. Everybody, at some time or 
other, has experienced walking into a 
freshly painted room where all the doors 
and windows have been kept closed; the 
smell of the paint solvents can be 
overpowering and very unpleasant. The 
interior of a new car also has a definite 
smell, which can take many months to· 
dissipate; this too is due entirely to trace 

contaminants being released by the 
materials of construction. 

Trace contaminants 
Trace contaminants may be defined as 
minute amounts (1 mg/m3 or less) of 
inorganic or organic species present in 
the surrounding medium. In our 
particular case the medium under 
consideration is the air around us or, to 
be more precise, the air within Spacelab. 

Extensive investigations by numerous 
Health Authorities have allowed 'safe' 
levels to be defined for large numbers of 
trace contaminants. These safe levels, 
called variously Maximum Allowed 
Concentrations (MACs) or Threshold 
Limit Values (TLVs), can be considered 
the maximum concentration that can be 
tolerated by man for a defined working 
period (normally eight hours per day) 
without him exhibiting any detrimental 
effects. These levels are continually 
being reviewed as evidence becomes 
available as to their long-term exposure 
hazard. Many compounds that were in 
widespread use years ago are now 
subjected to intensive controls as the 
hazards associated with their use have 
become fully realised. One good 
example is the organic liquid benzene 
used for many years as a common 
organic solvent in preparative organic 
chemistry. Nowadays benzene is 
assigned a TLV of 10 ppm (parts per 
million) and is banned from most 
laboratories. 

It is not only the contaminants 
themselves that are a hazard; in certain 
cases an induced secondary reaction 
may well form a highly toxic compound 
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Figure 1 - Gas chromatograph used for 
the analysis of carbon monoxide. It is 
possible with this instrument to detect 
carbon monoxide in amounts down to 
0.05 ppm. 

from one of relatively low toxicity. 
Trichloroethylene (TLV 100 ppm) , for 
example, is a degreasing agent used 
almost universally for the cleaning of 
metals because it is relatively 
inexpensive. It has been shown, however, 
that this compound can be converted 
by the alkaline materials used in 
atmospheric scrubber systems into 
highly toxic dichloroacetylene. 

Clearly then, the measurement of trace 
atmospheric contaminants is an 
important aspect of any manned 
spacecraft programme. Unfortunately, 
the materials required to build a 
particular spacecraft vary and little 
information is therefore available as to 
the trace-contaminant generation rates 
to be expected in each particular case. It 
is for this reason that it is necessary to 
undertake extensive testing of spacecraft 
materials. The methods used are 
outlined below. 

Atmospheric sampling 
Many methods of atmospheric sampling 
exist and the best choice in a given 
situation depends on the levels of 
contamination to be measured and the 
particular application under study. One 
of the most simple methods currently 
available uses calibrated colorimetric 
tubes containing adsorbents that 

change colour as a known volume of 
air is sucked through them. The extent 
of colour change is a measure of the 
amount of a particular contaminant 
present, and standard, inexpensive tubes 
are available for a wide range of both 
inorganic and organic contaminants. 

Where it is required to analyse for very 
low levels of organic contaminants, it is 
necessary to resort to a concentration 
technique using 'adsorbent traps' which, 
unlike the colorimetric tubes, require 
specialist laboratory analysis. The 
efficiency of the adsorbent material must 
be studied carefully beforehand, as 
many variables affect its ability to trap 
contaminants, particularly trapping 
temperature and trapping time and the 
volume of air passed through the 
adsorbent. This latter point is especially 
important for volatile contaminants since 
too large a pumped volume may lead to 
desorption of the initially adsorbed 
contaminant. Cryogenic trapping offers 
advantages over room-temperature 
(controlled) trapping, but it can also 
create problems, especially if water 
vapour is involved. ESTEC has 
standardised on trapping at ca. 10-20 C 
with Ambersorb XE340 (a carbonaceous 
material) and Tenax GC (a porous 
polymer). This preconcentration 
technique is valid for most organic 

atmospheric contaminants & spacelab 

Figure 2 - Thermal desorption 
equipment, showing the adsorbent trap 
located above the cold trap. The small 
coil is cooled to approximately - 80' C to 
collect the desorbed contaminants 
in liquid phase. 
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volatile compounds, but cannot be used 
for inorganic volatiles or low-boiling 
organics such as low-molecular-weight 
hydrocarbons. For these particular 
compounds, gas samples (ca. 21) have 
to be taken into evacuated chambers 
for subsequent laboratory evaluation . 

Methods of analysis 
Having obtained the atmospheric 
samples, using either adsorbent traps or 
direct gas sampling, they must be taken 
into the analytical chemistry laboratory 
for study. 

Analysis of gas samples 
Direct gas samples are normally used 
when looking for inorganic contam­
inants such as ammonia (NH ) or 
hydrogen chloride (HCI), or f0110w­
bOiling-point organics such as methane 
(CH) 

For the inorganic contaminants, the 
calibrated colorimetric tubes offer a 
simple method of analysis but. as 
mentioned earlier, they have 
disadvantages in terms of detection 
limits. It is also possible to use infrared 
spectroscopy, but problems are then 
encountered with interference between 
the various contaminants. Unfortunately, 
therefore, for the majority of inorganic 
contaminants present in low 
concentrations, it is still necessary to 
resort to classical 'wet chemistry' 
methods, which are both time­
consuming and tedious. 

One major exception to this general rule 
is carbon monoxide (CO), a highly toxic 
compound evolved in trace amounts by 
many nonmetallic materials. It is also 
one of the principal products obtained 
on the partial oxidation of 
carbonaceous materials and, as such, 
has received much attention in terms of 
analysis. One of the most efficient 
methods available for the analysis of 
carbon monoxide relies on gas 
chromatography. In what is essentially a 
separative technique a gas mixture IS 

forced, by a carrier gas, through a long 
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Figure 3 - Combined gas­
chromatograph/ mass-spectrometer. 
Molecules eluting from the end of the 
gas chromatograph column are passed 
through a separator which removes the 
carrier gas and are ionised in the mass­
spectrometer by energetic electrons 

column packed with a supporting 
medium coated with some liquid phase 
which has a chemical affinity for the 
compounds of interest. As the 
contaminants pass along the column 
they are subjected to various chemical 
and physical interactions, the magnitude 
of which is dependent on the chemical 
nature of the contaminant. A suitable 
detector (usually a flame-ionisation 
detector) is placed at the end of the 
column to register each contaminant. 

Gas chromatography is a highly 
reproducible technique (Fig. 1) and its 
use is not limited to the analysis of 
inorganic contaminants; direct analysis 
of the gaseous samples for organic 
contaminants is also possible, but the 
detection limits are then somewhat 
higher (>5 ppm). 

Analysis of the concentrated samples 
The samples obtained by the 
concentration technique are used for 
organic-contaminant analysis. Sensitivity 
is increased a thousand times compared 
with direct gas sampling. 

Analysis of the adsorbent traps used in 
this concentration technique involves a 
series of stages. The adsorbed 
contaminants must first be freed from 

(70 eV). A record of total ion current 
(suitably amplified) against time is 
effectively the gas chromatogram. All 
mass spectral data are stored by a 
dedicated computer for subsequent 
processing. 

the solid adsorbent by a process known 
as thermal desorption, whereby the trap 
is gradually heated to high temperature 
(ca. 300 Cl with a carrier gas passing 
through. The desorbed contaminants, 
collected in liquid phase, are injected 
into the gas chromatograph by rapidly 
heating the cooled coil shown in 
Figure 2 (to 200 C in 10 s). By choosing 
the correct column and temperature 
conditions for the gas chromatograph, it 
is possible to obtain a full separation 
and thence quantitative analysis of all 
the contaminants present. 

As has already been mentioned, gas 
chromatography is a highly reproducible 
technique and it is true to say that, 
given a set of standardised experimental 
parameters, a contaminant will always 
appear at the same place on a 
chromatogram. That does not mean to 
say, however, that the appearance of a 
peak on a chromatogram at a particular 
place gives a 100% certainty that the 
peak is a specific compound. To 
achieve that certainty the contaminant 
must be identified, and this is done by 
using a mass-spectrometer as the gas­
chromatograph detector (Fig. 3) . 

Such a gas-chromatograph/mass­
spectrometer system is one of the most 
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chromatography. In what is essentially a 
separative technique a gas mixture IS 

forced, by a carrier gas, through a long 
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Figure 3 - Combined gas­
chromatograph/ mass-spectrometer. 
Molecules eluting from the end of the 
gas chromatograph column are passed 
through a separator which removes the 
carrier gas and are ionised in the mass­
spectrometer by energetic electrons 

column packed with a supporting 
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(suitably amplified) against time is 
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through. The desorbed contaminants, 
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Such a gas-chromatograph/mass­
spectrometer system is one of the most 



Figure 4 - Chamber for unit-level testing 
containing a commercial motor under 
test for the First Spacelab Payload. This 
chamber, which can be both heated 
and evacuated, has a volume of 
approximately 150 I. 

powerful analytical techniques available 
for studying organic trace contaminants. 
By using a suitable computerised library 
system, traces that cannot be quickly 
identified can be compared with a 
reference library of over 30000 mass 
spectra. 

Levels of testing 
For the Spacelab project, materials 
whose trace contaminant generation 
data (offgassing) is unknown are initially 
tested against a NASA test specification. 
Although this test does not give rate-of-
offgassing information, but only values 
for carbon monoxide and total organics, 
it is considered a reasonable screening 
test. Such a simple screening test 
cannot give absolute confidence as to 
the expected contaminants within an 
integrated spacecraft. This can only be 
achieved by testing the completed 
spacecraft. A 'total offgassing test' is 
therefore planned for Spacelab. 

The above approach can only be 
applied, of course, for equipment over 
which one has full materials control and 
where one can impose materials 
changes should a particular material fail 
the prime screening test. There are 
cases where such control cannot be 
applied, and commercial 'off-the-shelf' 
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Table 1 

Calculated 
total 

Peak Amount offgassed 
no. Compound (/1g) (/1g) 

1 Ethanol 0.41 4.30 
2 Propionaldehyde 0.71 5.21 
3 Acetone 19.22 16502 
4 Isopropylalcohol 1.69 14.71 
5 2 Methyl 2 Propanol 0.21 1.84 
6 1.2.2 Trichloro 1.2.2 Trifluoroethane 0.39 3.61 
7 Butyraldehyde 0.68 5.80 
8 Methylethylketone 14.73 146.10 
9 Pentane 4.85 45.49 

10 Cyclohexane 2.09 17.83 
11 Methylcyclopentane 0.44 4.03 
12 2 Methylfuran (Tentative) 0.07 0.52 
13 n Butanol 0.93 8.73 
14 3 Methylpentane 0.37 3.25 
15 2 Methylpentane 0.37 3.08 
16 Benzene 0.28 2.62 
17 Pentaldehyde 0.22 1.93 
18 Hexane 2.92 29.32 
19 2.3 Dimethyl 2 Hexene 0.15 1.34 
20 1 cis 2 Dimethylcyclopentane 0.10 0.83 
21 2.4 Dimethylpentane 0.19 1.68 
22 2.3 Dimethylpentane 0.30 2.98 
23 4 Methyl 2 Pentanone 0.30 3.11 
24 3 Methylhexane 0.51 5.16 
25 2 Methylhexane 0.50 506 
26 Tetrachloroethylene 0.18 3.31 
27 Unidentified 0.09 0.66 
28 Dimethylcyclohexane (Tentative) 0.10 0.87 
29- Toluene 2.51 26.69 

Heptane 4.44 46.82 
30 Ethylcycoexane 0.08 1.02 
31 1.3.5 Trimethylcyclohexane 0.57 5.72 
32 Unidentified 0.10 1.11 
33 Ethylbenzene 0.20 2.38 
34 1.2.3 Trimethylcyclohexane 0.16 1.75 
35 n Propylcyclohexane 0.16 1.75 
36 Octane 3.15 33.35 
3-1 2 Methyl 1 Octene (Tentative) 0.09 0.66 
38 } Xylenes 2.13 22.77 39 
40 n Propyl benzene 0.06 0.57 
41 Isopropyl benzene 0.08 1.30 
42 Nonane 0.22 2.18 
43 Methylethylbenzene 0.08 0.75 

+ others ~ 0.02 ~lg and/or unresolved. 

- Unresolved compounds. 
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Figure 5 - Reconstructed 
chromatograms of trapped samples 
taken at 120 h (upper trace), 144 h 
(middle trace) and 168 h (lower trace) 
during tests on the motor shown in 
Fig. 4. (The numbers on the traces are 
internal references only - they do not 
represent the same compound on each 
trace). 
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Figure 6 - Portable atmosphere­
sampling console designed and 
manufactured at ESTEG. 

- 'El ..... . -,-.;.;;;..;. ay 
.-... - -. . [j. 
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equipment falls into this category. Many 
of the experimenters proposing 
experiments to fly on Spacelab need to 
use commercial equipment for cost and 
delivery-schedule reasons. It is normally 
impossible to obtain a listing of materials 
used in this type of equipment and it 
must therefore be evaluated as a 
complete unit. 

Typical tests 
We will now briefly describe two 
examples to illustrate the applications of 
the techniques that have been 
described. 

Unit-level tests 
This test is essentially designed to 
measure the trace-contaminant 
generation rate of assembled units and 
has already been used to test several 
pieces of commercial 'off-the-shelf' 
equipment. In essence it requires a 
chamber of suitable size, fitted with the 
necessary feedthroughs to establish a 
ci rculating atmosphere, and power 
connections. The atmosphere is 
ci rculated from the chamber, through 
the gas sampling valve and sample loop 
of the gas chromatograph, and back to 
the chamber via a portable pumping 
system. An 'on-l ine' analysis of carbon 
monoxide and methane is obtained 

together with the total organics if the 
level is sufficiently high. To obtain 
concentrated samples using adsorbent 
traps, the latter are simply inserted for a 
fixed period between the chamber and 
the pump. Subsequent analysis relies on 
the gas-chromatograph/mass­
spectrometer system described earlier. 

Figure 5 illustrates the results obtained 
for a commercial motor proposed for 
use on the First Spacelab Payload 
(FSLP). The traces are the computerised, 
reconstructed chromatograms of the 
trapped samples taken at three time 
intervals and, clearly, contaminant 
generation changes with time. The last 
time interval, 168 h, corresponds to the 
nominal Spacelab mission duration and 
therefore the values obtained up to this 
point may be taken as representing the 
concentration to be expected at the end 
of the mission (assuming no removal 
capability, etc.) . Table 1 shows the 
contaminants identified at 168 h, 
together with the amounts present. To 
assess whether or not the contaminants 
generated could cause a problem, the 
values (in j1g/m3) must be compared with 
the NASA Maximum Allowed 
Concentrations (MACs) for a seven-day 
mission. In every case investigated so 
far, we have found contamination levels 
several orders of magnitude below the 
corresponding MAC. 

One small unit does not, of course, 
make a total payload, and although 
each individual unit may well generate 
very low contaminant levels, the 
combined level from all the units in a 
payload may be appreciable. 
Unfortunately, this means that one is 
unable to assess whether the offgassing 
of a particular unit is acceptable until 
the total payload has been tested. This 
leads to an unworkable situation, since 
the experimenter must know as early as 
possible whether or not his equipment is 
acceptable for flight. We have therefore 
proposed the principle of allocating a 
proportion of the total MAC per unit 
based on the ratio of the weight of the 

atmospheric contaminants & spacelab 

unit to the total payload weight. If a 
contaminant concentration measured at 
168 h (or the maximum value if it occurs 
earlier than 168 h) is greater than the 
unit-allocated MAC, then the unit is 
considered unacceptable. This 
nonacceptability veto has so far only 
had to be applied once for Spacelab, in 
the case of a unit found to offgas 
trichloroethylene. Although the total 
amount offgassed was well below the 
MAC value, it was in excess of the unit­
allocated MAC. The problem was 
overcome by the manufacturer's 
agreeing not to use this cleaning solvent 
for equipment supplied for the First 
Spacelab Payload. 

Total-spacecraft tests 
One of the many tests to which 
Spacelab will be subjected prior to its 
delivery to NASA will be a 'total 
offgassing test'. In the first case the 
Engineering Model of the space 
laboratory will be sealed and 
dtmospheric samples taken from both 
the avionics and cabin air loops. These 
samples will be collected quantitatively 
over a 24 h period on the basis of very 
detailed procedures, using a portable 
sampling console that has been 
specially manufactured at ESTEC 
(Fig.6). 

The same atmospheric-test procedure 
applied to the Engineering Model will be 
repeated, with any modifications found 
necessary as a result of this first test, 
with the Spacelab Flight Unit. ~ 
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In June 1978 IRS, the information 
service of the European Space Agency, 
made available what is believed to be 
the largest single on-line bibliographic 
computer database available anywhere 
in the World. Well over three million 
items of the World's chemical literature 
published over the last ten years can 
now be searched in minutes from 
anywhere in Europe. 
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The World's Largest Computer­
Accessible Chemical File? 

H. Evers & W.A. Martin, 
ESA Information Retrieval Service (lRS), Frascati, Italy 

Most of us are aware of the dramatic 
growth in the outpourings of authors in 
the scientific and technical fields over 
recent decades. The name of de Solla 
Price and the cliche of the 'information 
explosion' are almost household words. 
The very familiarity of the phenomenon 
tends to blind us to the consequences. 
Yet they are nonetheless real , and for 
orpnisations whose task it is to keep 
traGk of all this literature the enormous 
growth has called for the introduction of 
new techniques to cope with the huge 
quantities of scientific and technical 
writings being generated. During the late 
sixties and early seventies most such 
bodies, often professional societies, were 
obliged to implement computer-based 
systems in order to be able to continue 
to provide their traditional literature 
abstracting services. 

One such body is the Chemical 
Abstracts Service (CAS) of the American 
Chemical Society. In 1907 CAS published 
some 12000 abstracts to the literature of 
chemistry. By the 1930s this rate of 
literature production was exhibiting a 
doubling time of only ten years and, 
allowing for the perturbations due to the 
war years, this trend has continued to 
the present day (Fig. 1). In 1978 CAS will 
publish an estimated 400000 abstracts. 

Computers were originally seen as an 
aid to the production of printed abstract 
publications in a timely and cost­
effective manner where upwards of (say) 
one hundred thousand abstracts per 
year were being published. Such 
applications, however, resulted in the 
entire contents of the abstract 
publication becoming available in 

computer-readable form. This led, 
inevitably, to the development of modern 
techniques for searching the literature by 
computer, to replace the laborious 
traditional procedures. On-line search 
techniques, novel in the late sixties, have 
been extensively developed during the 
last ten years and it is now possible to 
search through years of data, 
comprising millions of individual items, in 
a few minutes, by using the incredible 
power and speed of the computer to 
support the intellectual abilities of the 
searcher. The results can be scanned 
and verified at the computer terminal, 
and original documents may be ordered 
over the network. The marriage of 
computers and telecommunications 
techniques has resulted in the creation 
of data-communication networks, which 
now virtually means that the actual 
location of a computer database is no 
longer significant. European users dial 
the nearest 'node' (Fig. 2) of a 
convenient network to connect their 
remote data terminals with the database 
of their choice, whether this is located 
physically in Europe or in the United 
States. 

The European Space Agency has 
maintained a department concerned 
with computer-based information 
services since 1964. Previously known as 
the Space Documentation Service and 
now called the Information Retrieval 
Service (IRS), it introduced the first 
European on-line information service in 
1969. Originally limited to a select few 
large centres, able to afford direct on­
line access via dedicated terminals 
connected by private telephone lines, 
today's IRS customers are scattered 
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Figure 1 - Annual growth of the 
references of the Chemical Abstracts 
Service, from some 12000 in 1907 to an 
estimated 7605000 In 1978. 

throughout the Agency's Member States 
and in North Africa. They connect their 
inexpensive, remote data terminals to the 
IRS computer by dialling through the 
public telephone service to their nearest 
concentrator, of which there are now 16 
located throughout Europe (Figs. 3,4) . 

In 1972, IRS was asked by the 
Netherlands Information Combine (NIG) 
to implement an on-line version of the 
Chemical Abstracts Condensates (CAG) 
file. A test file was shown to the 
participants of the EUSIDIC (European 
Association of Information Services) 
conference held at ESRIN, Frascati in 
December 1973, and the full original on­
line file containing 1.6 million references 
was loaded by the summer of 1974. 
From the very outset, utilisation of this 
file was very satisfactory, and it qUickly 
accounted for some 25% of the total 
number of access hours, a level that 
has remained constant throughout. In 
order to take full advantage of recent 
Improvements made to the IRS software, 
a reload of the CAS file was completed 
at the end of May 1978. Use was made 
of the occasion to introduce more 
access pOints, i.e. search points such as 

YEAR REFERENCES 

1907 12000 
1910 60000 
1915 176000 
1920 256000 
1925 380000 
1930 586000 

I. 1935 889000 
1940 1206000 
1945 1427000 
1950 1363000 
1955 2038000 

I . 1960 2613000 
1965 3488000 
1970 4712000 
1975 6402000 
1978 7605000 (BSI) 

1960 1910 

Figure 2 - Schematised representation 
of the IRS network, showing the 
locations of the network nodes, where 
the remote terminal concentrators are 
sited. 

·CODEN', etc. It is this reloaded file 
which is now described. 

The IRS Chemabs file 
The Chemical Abstracts Condensates 
(CAG) database contains bibliographic 
references to the World 's literature on 
chemistry. The database covers the ten-

irs chemical file 

year period from January 1969 (volume 
70) to date, and with its 3.3 million 
references it is believed to be the largest 
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Figure 1 - Annual growth of the 
references of the Chemical Abstracts 
Service, from some 12000 in 1907 to an 
estimated 7605000 In 1978. 
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Information Retrieval Service (IRS) files. 

Number of 
File citations Name/Subject coverage 

1 NASA 950000 ST AR/IAA: aerospace, geophysics, 
electronics, earth resources, biotechnology, 
thermodynamics 

2 CHEMABS 3305000 Chemical Abstracts Condensates: pure and 
applied chemistry 

3 METADEX 275000 Metals Abstracts: metallurgy and associated 
disciplines 

4 COMPENDEX 725000 Engineering Index: civil, electrical, 
mechanical engineering, electronics 

5 ELECOMPS 60000 ESA Electronic Components Databank 

6 NTIS 465000 Government Reports Announcements: 
scientific, technical and social disciplines 

7 BIOSIS 1 450000 Biological Abstracts and Bioresearch Index: 
biological sciences 

8 INSPEC 1110000 INSPEC: physics, electronics, computers 

9 ALUMINUM 62000 World Aluminum Abstracts: aluminum and 
associated technology 

10 ISMEC 80000 ISMEC Bulletin: mechanical engineering 

11 ENVIROLlNE 68000 Environmental Abstracts: environment 
sciences, pollution 

12 LEDA 
RETROSPECT 54000 Landsat image data 

13 LEDA CURRENT 12000 Landsat image data 

14 PASCAL 2650000 Bulletin Signaletique physical, chemical, 
technical, biological and medical sciences 

15 OCEANIC 100000 Oceanic Abstracts: oceanography 

18 POLLUTION 55000 Pollution Abstracts: pollution, environment 

19 ENERGYLlNE 50000 Energy Information Abstracts 

22 SPACECOMPS 7600 ESA Space Components Databank 

31 INSPEC LIBRARY 8600 File for Documentation Schools 

32 EUSIDIC 500 Databases in Europe 
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Figure 3 - A remote data terminal, or 
dial-up terminal, which is connected to 
the IRS computer in Frascati, firstly via 
the public telephone service to the 
nearest concentrator and from there via 
the dedicated information network. 

Chemical Abstracts journal, and each 
volume (2 per year) now covers over 
180000 references to journal articles, 
patents, technical reports, reviews, books 
and conferences, in the vast field of 
chemistry. The information is divided into 
five main groups: biochemistry; organic 
chemistry; macromolecular chemistry; 
applied chemistry and chemical 
engineering; physical and analytical 
chemistry. The five main groups are 
subdivided into a total of 80 sections, 
further subdivided into over 600 
subsections. 

The magnetic-tape version of Chemical 
Abstracts Condensates contains 
essentially similar information to the 
printed version, the major difference 
being that abstracts are not included. 
The keyword subject-index entries, 
conSisting of keyword phrases assigned 
by CAS indexers to each reference, are 
however mostly taken from the abstract 
and thus provide additional retrieval 
points. 

CAS monitors nearly 14000 periodicals 
from more than 150 countries, and 
patents issued by 26 countries, as well 
as new books, conference proceedings, 
dissertations and technical reports from 
around the World. 

There are approximately 200 references 
in the CAC file originating from the 
European Space Agency or from its 
forerunner, the European Space 
Research Organisation. (The order of 
the various data elements is standard 
throughout IRS bibliographiC files) . 
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Figure 4 - The new ITEL ASI5 
computer housed at ESRIN, Frascati. 
This machine is used to store and 
retrieve all the data bases offered by the 
Information Retrieval Service. 

Searching 
An example of a small bibliographic 
search on low-energy electron diffraction 
of tungsten is given in Figure5. The first 
set contains the references in which the 
words low and energy occur together, 
(w) means with, i.e. written together, in 
an unprefixed field (i.e. title, corporate 
source or keywords phrase). Set 2 refers 
to the references in which the phrase 
electron diffraction is present. In the third 
set. the references with the word 
tungsten are included. Set 4 is the 
logical combination of sets 1 AND 2 
AND 3. The first reference of set 4 is 
shown, and it can be seen that the 
terms low-energy, electron diffraction 
and tungsten occur in the title. However, 
the abbreviation LEEO for low-energy 
electron diffraction has also been used 
as a descriptor term. This term has been 
selected (set 5) and combined with 
tungsten, excluding set 4, to see whether 
the use of LEEO does produce more 
references. Indeed 22 more are found 
(set 6) . Finally, surface has been selected 
(set 7) and intersected with sets 4 and 6, 
producing set number 8 containing 39 
references. The third reference of set 8 
relates to a publication by Dr. Roy F. 
Willis of ESA's Space Science 
Department. 

Conclusion 
The search illustrated in this simple 
example was completed in less than ten 
minutes at a cost of about 12 US $, 

including verification of the results 
before ordering printout. 
Consider what was involved. From well 
over three million items, the computer 

irs chemical file 

Figure 5 - An example of a small 
bibliographical search on the low-energy 
electron diffraction of tungsten. The 
search process elements involved in 
producing the final set of 39 references 
on this specific topic are outlined in the 
accompanying text. 

? ds 
SET ITE~S DESCRIPTION 

1 3573 LOW(W)ENERGY 
2 293~ ELECTRON(W)DIFFRACTION 
3 1831~ TUNGSTEN 
~ 58 1*2*3 

? t~ 

88162057 CheMabs No. 22 journal ~--------~~----------------~ 
Electron-spin polarization in Ilow-ener~~lelectron diffractionlfroM 

Itun 9stenl (DD 1 ) 
I(al isvaart, ~.; O'Neill, ~. R.; Riddle, T. W.; Dunning, F. B.; 

Walters , G. K. 
Dep. Phys. Rice Univ. Houston Tex. 
Phys. Rev. 8; (78) P 1570-8; Vol17; No~ ; In Eng; Coden PLRBA 

ISSN 0556280; 
Sections: 075005 I 066 
TerMs: surface structure deterMinationlLEEDl1 polarization LEED 

surface structure I tun9sten LEED polar ization 

? ds 
SET ITE~S DESCRIPTION 

1 3573 LOW(W)ENERGY 
2 293~ ELECTRON(W)DIFFRACTION 
3 18314 TUNGSTEN 
4 58 1*2*3 
5 601 LEED 
6 22 5*3-4 
7 50162 SURFACE 
8 39 (4+6"'7 

,~~~,Chemabs No. 20 journal 
structure in how-ener9\iHelectron 

Te.chnol. Cent. Eur. Space AgenCy Noordw i j k 

Phys. Rev. B; (78 ) P 909-11; 
ISSN 0556280; 

Sections: 065001 I 075 I 076 

Vol 17: No 2; In En.g; Code.n PLRBA 

Te.rms: tun9sten surface resonance band pol emic I ener9~ band 
surface tungsten polemic 

selected, within seconds, almost 
1 000 dealing with low-energy 
electron diffraction. It next selected over 
18000 items relating to tungsten, 
almost 60000 relating to 
surfaces, and finally compared all three 
sets together keeping only those items 
relating to all three concepts and 
resulting in just under 50 relevant items. 
Most of the ten minutes 'connect-time' 
was occupied in considering the 
computer's response, thinking about the 
next step, and veri fying the results 
obtained - in other words, the human 
being is still the limiting factor. ~ 
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Co-operation 
Agreement signed 
between ESA and 
The Canadian 
Government 

By a unanimous decision of Council, 
ESA's Director General, Mr, Roy Gibson, 
was authorised to sign a co-operation 
agreement between the Agency and the 
Canadian Government in Montreal on 
9 December. The Canadian Government 
was represented by its Minister of 
Communications Mrs, Jeanne Sauve, 

Under the terms of this agreement, 
Canada will participate in the general 
studies on future projects that form part 
of the Agency's basic activities, This 
participation may extend to other parts 
of the European space programme 
conducted within the framework of 
ESA's mandatory, optional or 
operational activities, Canada will 
participate in the meetings of the 
Agency's delegate bodies and may be 
represented on the Council by two 
delegates who will have the right to vote 

Intelsat-V to be 
launched by Ariane 

ESA was in formed in December that the 
INTELSAT Board of Governors has 
decided for its Intelsat-V programme 
(Units 5, 6 and 7) , to place a firm order 
for an Ariane launch in mid-1981 (date 
to be confirmed) , to accept the Agency's 
offer of a free option on a further 
launch, and to al ter the contract wi th 
Ford Aerospace and Communica tions 
Company, the satellite constructor, 
accordingly, 

ThiS decision constitutes a major 
milestone for the Ariane programme in 
particular, and for the European space 
effort In general. The decision also 
breaks new ground for INTELSAT, since 
Ariane Will be the first non-American 
launch vehicle to be used by that 
organisation on behalf of ItS 102 
member countries, 

on all questions relating to activities 
covered by the agreement. Canada's 
financial contribution in respect of its 
participation in the general studies on 
future projects will be 1 % of the net 
fixed common costs under the ESA 
general budget. 

The signing of this agreement is an 
important step towards closer relations 
between Canada and the Agency, It 
confirms the intention of the Canadian 
Government to expand its collaboration 
in European space activities and 
establish permanent institutional 
relations with ESA 

Co-operation between the Canadian 
Government and ESA began in 1972, 
with the signing of an agreement on the 
provision by Europe of systems to be 
flown on the Canadian experimental 
communications satellite CTS, The co­
operative links were reinforced in March 
1977 by the signing of an arrangement 
defining terms of co-operation in the 
field of remote sensi ng, Canada has 
enjoyed Observer status with ESA since 
June 1975, 
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First Year of 
Meteosat Operations 
Completed 

The 9th of December marked the first 
anniversary of receipt of the first visible 
and infrared images from ESA's 
Meteosat-1 meteorological satellite, 
which was launched into geostationary 
orbit on 23 November 1977. 

Annual Spacelab 
Programme Meeting 

The Annual ESA/NASA Spacelab 
Programme Meeting took place at ESA 
Headquarters in October. During the 
course of the Meeting, Mr. Roy Gibson, 
Director General of ESA, and Dr. Robert 
A Frosch, NASA Administrator, signed 
three Memoranda of Understanding 
between their respective Agencies, 
relating to the use of data transmitted 
by the American remote-sensing 
satellites Landsat 2 and 3, Nimbus G 
and Seasat. The provisions of these 
Memoranda are concerned with: 

The acquisition, preprocessing and 

The satellite's instruments have worked 
extremely well during this first year of 
orbital operations, so much so that the 
image-taking, dissemination and data­
collection capabilities can be said to 
have exceeded all expectations. 

In addition to transmitting excellent 
visible and infrared images of the Earth's 
disc every thirty minutes, and 
retransmitting some 300 image formats 
per day in various digital and analogue 

dissemination to the national points 
of contact of Earthnet, the 
European network set up by ESA, of 
data transmitted by the Landsats-2 
and 3 and Nimbus-G spacecraft. 
The acquisition and transmission of 
oceanographic data resulting from 
the use of microwave systems on 
board Seasat. These data will be 
exploited by the SURGE (Seas at 
Users Research Group Europe) 
under the auspices of the European 
Association of Remote Sensing 
Laboratories (EARSeL), for the 
purpose of studying the value of 
microwave detectors for use on 
future European satellites. 

in brief 

forms to Primary and Secondary Data 
User Stations, Meteosat is acting as a 
relay for the dissemination of image 
data from the American GOES-1 and 
GOES-3 satellites located over the 
Atlantic and Indian Oceans, respectively. 

It is therefore possible at the present 
time for the countries falling within 
Meteosat's telecommunications coverage 
to receive images in both the visible and 
infrared bands covering about two thirds 
of the globe. 

Aside from fulfilling these image­
acquisition and dissemination missions, 
the Meteosat system is designed to 
supply immediately usable 
meteorological products such as wind­
speed, cloud-height and sea-surface­
temperature information. 

The satellite's water-vapour channel, one 
of the Meteosat payload's most novel 
features, is considered by the 
meteorological community to represent a 
major advance in the refinement of 
meteorological interpretation techniques. 

Signature of the three ESAINASA 
Memoranda of Understanding; from left 
to right: Mr. Norman Terrel/, NASA 
Director of International Affairs Division, 
Or. Robert Frosch, NASA Admmistrator, 
Mr. Roy Gibson, Director General of 
ESA, and Mr. Jean Arets, Head of the 
ESA Branch of International Affairs. 

Di rector of KSC 
visitor to ESTEC 

Mr. Lee Scherer, Director of NASA's 
Kennedy Space Center, visited the 
European Space Research and 
Technology Centre at Noordwijk on 13 
October. 

During his visit, Mr. Scherer had 
discussions with Prof. Massimo Trella, 
ESA's Technical Director, on the work of 
the Development and Technology 
Department at ESTEC, and made a tour 
of the facilities. He was also briefed on 
the Agency's Scientific, 
Telecom'munications and Spacelab 
Programmes. 
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Department at ESTEC, and made a tour 
of the facilities. He was also briefed on 
the Agency's Scientific, 
Telecom'munications and Spacelab 
Programmes. 
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