


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 Organisation (ESRO) and the European 
Organisation for the Development and Construction of 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
operat ion among European States in space research and technology and 
their space applications, with a view to their being used for scientific 
purposes and for operational space applications systems, 

(a) by elaborating and implementing a long -term European space 
pol icy, by recommending space objectives to the Member States, 
and by concerting the policies of the Member States with respect to 
other national and international organisations and institutions; 

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

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

(d ) by elaborating and implementing the industrial policy appropriate 
to Its programme and by recommending a coherent industrial 
pol icy to the Member States. 

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

The Directorate of the Agency consists of the Director General ; the 
Director of Planning and Future Programmes; the Director of 
Administration; the Director of Scientific and Meteorological Satellite 
Programmes; the Director of Communicat ion Satellite Programmes; the 
Director of the Spacelab Programme; the Technical Inspector; the 
Director of ESTEC and the Director of ESOC. 

The ESA HEADQUARTERS are in Paris. 

The major establishments of ESA are: 

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

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

THE SPACE DOCUMENTATION SERVICE (ESRIN) , Frascati, Italy. 

Chairman of the Council : Or. W. Finke (Germany). 

Director General : Mr. R. Gibson. 

L'Agence Spatiale Europeenne est issue des deux Organisations 
spatiales europeennes qui (ont precedee - (Organisation europeenne 
de recherches spatiales (CERS) et (Organisation europeenne pour la 
mise au point et la construction de lanceurs d' engins spatiaux (CECLES) 
- dont elle a repris les droits et obligations. Les Etats membres en sont: 
(Allemagne, la 8elgique, le Danemark, (Espagne, la France, (Italie , les 
Pays-8as, le Royaume-Uni, la Suede et la Suisse. L'lrlande a signe la 
Convention de (ESA et deviendra Etat membre de (Agence lorsque la 
Convention aura ete ratifiee . L'Autriche, le Canada et la Norvege 
beneticient d' un statut d' observateur. 

Selon les termes de la Convention: L'Agence a pour mission d'assureret 
de developper, a des fins exclusivement pacifiques, la cooperation entre 
Etats europeens dans les domaines de la recherche et de la technologie 
spatiales et de leurs applications spatiales, en vue de leur utilisation a des 
fins scientifiques et pour des systemes spatiaux operationnels 
d' applications: 

(a) en elaborant et en mettant en oeuvre une politique spatiale 
europeenne a long terme, en recommandant aux Etats membres des 
objectifs en matiere spatiale et en concertant les politiques des 
Etats membres a (egard d' autres organisations et institutions 
nationales et internationales; 

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

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

(d) en elaborant et en mettant en oeuvre la politique industrielle 
appropriee a son programme et en recommandant aux Etats 
membres une politique industrielle coherente. 

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

Le Directoire de (Agence est compose du Directeur general, du 
Directeur des Programmes futurs et des Plans, du Directeur de 
(Administration, du Directeur des Programmes de satellites scientifiques 
et meteorologique, du Directeur des Programmes de satellites de 
communications, du Directeur du Programme Spacelab, de (Inspecteur 
technique, du Directeur de (ESTEC et du Directeur de (ESOC. 
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ESA Bullet in No. 13 

A bord des satellites 
TDRSS ... 
realises par TRW pour Western Union 
Space Communications INC. et la NASA 
... THOMSON-CSF fournit 
60 Recepteurs Bande K 
Caracteristiques techniques: 
Bande de frequences d'entree : 14 - 15,225 GH z. 
Bande de frequences de sortie : 600 - 1568 MHz. 
Bande de frequences de I'oscillateur local : 2,68 - 2,79 GHz. 
Facteur de bruit : < 7,0 dB. 
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DIVISION FAISCEAUX HERTZIENS ET LIAISONS SPATIALES 
DEPARTEMENT ESPACE SATELLITES 
40, RUE GRANGE DAME ROSE I S.P. 51 
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.. Current CCID thinking 
is 1.1011 or better 

We are ready 
This is the degree 
of accuracy cCln 
official texts call for 
in reference clocks 
to synchronize di
gital communica
tions networks. 
A cesium beam 
frequency source 
Model 3000 from 
Oscilloquartz is the 
state of the art way 
to get there. And we 
can give it to you now. 
It comes with all the other 
requirements in terms of long
term stability, phase and output 
continuity, spectral purity, high reliabi
bility, and so on. 
What's more, we can give it to you in a 
functional OEM module that you can install 
as you please. This compact unit provides 
everything you need as a timing source 
for basic control in national or international 
networks. 

Technical data 

Accuracy : 

Reproducibility : 

Settability 

Output : 

Power supply 

± 1.10 11 over temperature range 
(without calibration) 

± 5.10-12 

± 5.10-13
, total range ± 4.10-11 

5 MHz, 1 Vrms/50 Q 

22 to 30 VDC, 25 W 

You will have no problems with in-
stallation, either, Any com

{, 

petent engineer will 
be able to bring the 
Model 3000 upto opti
mum performance 
without difficulty. 
At Oscilloquartz you 

Q will not be dealing 
with an unknown 
quantity. We have 

more than 10 years 
experience of Cesi
um technology and 
applications know
how in telecommu
nications behind us. 
And you will not be 
alone. A national tele

communications agency 
has already chosen this equipment and is in
stalling it right now. 
Run through the specification ... then contact 
us for the additional information you will need 
to take your network planning a stage further. 

Stability 
a~ (2:r:T] 

10. 11 

Loop Ilm~ constant" 1 s.c 

Dimensions : height 190mm (75")width120mm 10" ,[ .. <] 

(4.75") depth : 466 mm (18.37") 10" 10" 10 " 10' 10' 10' 10' 10' 10 ' 10' 

OSCILLOQUARTZ SA 
Pathfinders in Precision 

Member of the Ebauches group 
CH-2002 Neuchatel 2 Switzerland 
Tel 038 258501 Telex 35315 
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TECHNICAL DOCUMENTATION 

Consult us -

Provide a comprehensive documentation consultancy and 
management service to major projects. 

Produce a wide range of high-quatity technical docu
mentation for individual equipments and complete 
systems, for a wide range of technologies. 

Operate from Oxford, England serving clients in the U.K., 
Europe and the Middle East. 

Are a member of the Pergamon Press Group of Companies 
- one of the world's leading publishers of scientific books 
and journals. 

SPEEDWELL HOUSE 
TECHNICAL MANUALS SPEEDWELL STREET 
TRAINING AND REPROGRAPHIC OXFORD. 
SE RVICES LIMITED. 

Tel : 0865-41294/5 

~ Pergamon Preu Ltd. Headillgto1l Hill Hall Oxford 0865-6 488/ 

CONTRACT RESEARCH 
for 

SPACE PROGRAMMES 

Materials Development: 

Technical Trouble Shooting 
Radiactive test of spacecraft components, 
Assessment of nuclear radiation effects 

Design, Development & Manufacture of Hardware: 

Radiation shields 
Electronic propulsion hardware 
Metal antistatic and wear resistant coatings 
Thin metal foils, wires, low heat conduction tapered 
thermocouples 

Specialised Electronic Devices: 

Delay units, dosimeters, cold cathodes 

For further information contact: 

Duncan Stewart, Research Manager, 

FULMER RESEARCH INSTITUTE LIMITED 
Stoke Pages, Buckinghamshire, England 
rei: Fulmer (02816) 2181, Telex: 848314 Fulmer 

Mullard is the largest manufacturer in 
the UK of discrete r.f. power transistors for 
space and communications. The standard modules in u.h.f. 
and v.h.f. bands require no tuning or trimming, minimum 
output power is 18W for a 150mW output. Special 
modules are available for operation in the 
microwave frequencies . 

Designed for 50n systems the standard 
modules will withstand load mismatch, accept 
input overdrive and remain stable over a wide 
range of supply voltages. 

• • , 9 75 

Mullard 
Mullard Limited, 
Mullard House, 
Torrington Place, 
London WCIE 7HD. 
Tel: 01-580 6633 

Mullard manufa.cture and market electronic components 
under the Mullard, Philips and Signetics brands. 
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The International Ultraviolet Explorer 

F. Macchetto & M . V. Penston, 
Space Science Department of ESA, ESTEC, Noordwijk, The Netherlands 

With the launch of the International Ultraviolet 
Explorer (IUE) satellite on 26 January this year, an 
ambitious experiment in space astronomy has 
started which will bring access to a scientific 
space project within the reach of the general 
scientific community without obliging its mem
bers to have specialist knowledge of space tech
niques. Because IUE i's in geosynchronous orbit, it 
is in continuous communication with ESA's 
ground station at Villafranca, near Madrid, and 
NASA's ground station at Goddard Space Flight 
Center during the observing shifts. The satellite 
can therefore be commanded and data received in 
real time, allowing the observer, present at the 
ground station, to make decisions about his 
observing programme as it develops in the same 
way as he would at a ground-based observatory. 
The first true space observatory, with an expected 
lifetime of three to five years, is therefore now in 
operation, and it has already begun taking data of 
unique scientific importance. 

The I UE satellite (F ig. 1) is a joint undertaking on the part 
of NASA the United Kingdom Science Research Council 
(SRC) and ESA. ESA 's role has been to contribute the 
deployable solar -cell array and to design and build, and 
now to operate, a ground station in Europe. In exchange 
for its contribution to the construction of the spacecraft 
and the ground exploitation facilities, Europe has been 
allotted eight hours of satellite observing time per day, 
shared equally between ESA and SRC. Until the end of 
March, I U E is reserved for carrying out a priority 
programme of scientific and technological observations. 
On completion of this first phase, the results will be 
exploited by astronomers throughout the world under 
scientific programmes conducted jointly by NASA ESA 
and SRC. 

By being in a synchronous orbit such that it can be in 
continuous contact with the two operations centres, at 
Goddard Space Flight Center and Villafranca, IUE differs 
conceptually from previous orbiting observatories, which 
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communicated with ground stations only intermittently 
and so had to be self -contained , automated systems that 
acquired data while not under direct ground control. In 
the case of I U E, control and performance monitoring is 
exercised continually from the grou nd . The telescope field 
is displayed to the observer, who can identify his target 
star and direct the course of the observation essentially in 
real time. The 'observatory', therefore, consists of the 
ground control centre where the astronomer views the 
television monitors, and the optical and electronic 
instrumentation in orbit at synchronous altitude (Figs. 2 
& 3). 

Two significant scientific advantages of the synchronous 
orbit are that the astronomer has physical access to the 
observatory, whereby he can participate directly in the 
telescope control loop, and the observing circumstances 
develop at the diurnal rate so that plans and real -time 
decisions can be made in an effective and orderly manner. 
Also, the earth subtends an angle of 1 T as seen by the 
telescope, and the area of sky available at any given time is 
much greater than from lower orbits or from the ground. 
Moreover, the region of the celestial sphere periodically 
occulted by the earth is also greatly reduced . As a result, in 
most parts of the sky, long exposures or the monitoring of 
variable phenomena need not be periodically interrupted 
because of earth occultations. 

THE SCIENTIFIC GOALS 

The scientific aims of the project, unchanged since the 
earliest studies of its feasibility, are: 

to obtain high-resolution spectra of stars of all 
spectral types in order to determine their physical 
characteristics more precisely 
to study gas streams in and around some binary 
systems 
to observe faint stars, galaxies, and quasars at low 
resolution and to interpret these spectra by reference 
to high-resolution spectra 
to observe the spectra of planets and comets as these 
objects become accessible 
to make repeated observations of objects known or 
newly found to show variable spectra 
to define the modifications of starlight caused by 
interstellar dust and gas more precisely. 
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Figure 2- Two of the antennas at ESA 's IUE ground station at Villafranca, near M adrid. 

The scientific aims of IUE call for both high -resolution 
spectra ( - 0 .1 A) of bright objects and low-resolution 
spectra ( - 6 A) of fainter objects. Determining the 
equivalent widths of faint lines used to measure chemical 
abundance, or the profiles of stronger lines used to study 
gas motions, requires a spectral resolution of at least 
0.2 A. Low-dispersion spectroscopy, on the other hand, 
serves primarily in the observation of faint sources. The 
observing programmes calling for this capability either do 
not require high resolution for analysis or they involve 
sources with intrinsically broad spectral features. The 
emphasis is placed on limiting magnitude rather than 
resolving power. The desire to record complete ultraviolet 
spectra rather than selected spectral regions dictates the 
use of spectrographs able to record a spectral image, 
rather than spectrum scanners. 

THE INSTRUMENTATION 

IUE 's main instrumentation comprises a 45 cm aperture 
telescope, and an echelle spectrograph. The latter has 

10 

been selected to obtain the high -resolution spectra 
sought for brighter objects . With this type of instrument a 
high dispersion is easily achieved , and there is an 
additional advantage in that the format of the spectrum 
consists of a series of adjacent spectral orders displayed 
one above another in a raster-like pattern. This format 
makes efficient use of the sensitive area of the SEC 
Vidicon television tubes used to integrate and record the 
spectrum. Since the echelle spectrograph design contains 
a high -dispersion echelle grating in series with a low
dispersion grating, the instrument is easily converted into 
a low-resolution spectrograph by simply inserting a plane 
mirror in front of the echelle, leaving the low-dispersion 
grating to act alone. 

To achieve the dispersion required in the high -resolution 
mode, it has been necessary to split the spectrum from 
1150 to 3200 A into two ranges, and two exposures are 
required to record the entire spectrum. Observing ef 
ficiency is not significantly affected , however, for the 
grating blaze angles and other design parameters can be 
optimised separately for the two spectral ranges, greatly 
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improving the optical efficiency. Two exposures will 
frequently be required in any case in order to expose both 
the short - and long - wavelength portions of the ultra
violet spectrum optimally. The two spectrographs are 
physically separate and one is selected by pointing the 
telescope so that the image of the target enters an aperture 
for that spectrograph . 

A drawback of IUE's synchronous orbit is that obser
vations must normally be made in full sunlight. Telescope 
baffle designs for the spacecraft were therefore carefully 
evaluated, both theoretically and by comparison with 
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Figure 3 - Exploded view of the IUE spacecraft. 

flight -tested designs, and it has been possible to reduce 
scattered sunlight to a negligible amount. Scattered earth 
light is more difficult to control, and the scattered light 
level may noticeably increase when the telescope is 
oriented so that earth lig ht falls inside the telescope tube . 
Fortunately, the earth 's spectrum contains very little 
energy below 3000 A. Since the optics and detector 
system have been designed to be insensitive to visible 
wavelengths, the limiting magnitude of the spectrograph 
is not appreciably affected by earth light. The offset 
guiding system can be influenced by this light, however, 
and near-earth 's-limb observations may be restricted to 
fields containing relatively bright guide stars. 

The stars are identified and manoeuvred into the spec 
trograph slits with the aid of a fine-error sensor. This 
sensor can map a field of view of up to 16 arc min and 
transmit the information to the ground station . Once the 
target star has been identified on the ground and placed in 
the slit, the sensor is then commanded to lock on any star 
in the field of view brighter than about 14th magnitude. 
The fine error sensor, in combination with the gyro 
package, will maintain ± 1 arc sec guidance for as long as 
required . It only provides guidance information about the 
pitch and yaw axes. Control of roll about the optical axis 
of the telescope is much less critical and can be 
maintained adequately by the roll gyro, with occasional 
updates from a sensor that monitors sun position to within 
about 1 arc min . 

Since the SEC Vidicon equipment has a storage capa 
bility, it is used to integrate an extended exposure and 
retain the image until it is read out directly into the 
telemetry system and processed by the ground data 
computer. No intermediate buffering or storage on board 
the spacecraft is used . Prior to each exposure, the Vidicon 
target is 'cleaned ' of all traces of prior exposures by 
exposing the tube to an incandescent flood lamp, which 
uniformly irradiates the face plate, and then calling for a 
readout, which removes nearly all charge from the target. 
Exposures are shuttered by turning the camera high 
voltage on and off. 

Experience shows that it is possible to obtain high 
dispersion spectra of hot stars as faint as magnitude 9 and 
low -dispersion spectra of the brightest quasars and active 
galaxies at least to the 13th magnitude. 
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Figure 4 - One of lUEs solar panels being prepared for a vacuum-chamber test at ESTEC. 

THE SPACECRAFT 

The IUE spacecraft 's overall length, from the hood over 
the telescope, which serves to baffle sunlight. to the 
exhaust of the apogee boost motor, is 4 .22 m. Its body 
diameter, excluding the solar paddles, is 1.42 m. The 
spacecraft's total weight. including the apogee motor, the 
scientific instrument and the spacecraft systems, is 
668 kg (Fig . 3) . 

12 

I n addition to the telescope and its instrumentation, the 
spacecraft body houses three principal subsystems which 
provide power, stabilisation and control , and com 
munications and data handling. 

The power source, contributed by ESA, is the solar array 
which energises IUE directly when it is in sunlight and 
also charges the batteries that provide power whilst it is in 
shadow (Fig . 4) . These daily eclipses, which last a 
maximum of 1 hour, occur at approximately six -monthly 
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intervals. The solar paddles are fixed relative to the 
spacecraft's body, but the fact that their surface is convex 
towards the sun allows them to generate over 400 W of 
power for a wide range of spacecraft orientations. 

I UE 's stabilisation and control subsystem consists of a set 
of reaction wheels, which slew the spacecraft or stabilise 
it while pointing at a star, and a set of gyroscopes, which 
control the slews and pointing . Slews are executed 
sequentially about one axis at a time at a rate of 4-5°/min, 
and the positional error at the end of a slew sequence is 
less than 2 arc min. The momentum wheels slowly 
accumulate angular momentum due to external torques 
on the spacecraft and due to noise in the wheels 
themselves, and this excess energy must occasionally be 
dumped by firing small hydrazine jets. Angular momen 
tum dumps are initiated manually when necessary. The 
amount of hydrazine on board ultimately limits the useful 
lifetime of the spacecraft. which had a five -year supply 
when launched . Fine guidance, to an accuracy of 1 arc 
sec, is achieved by use of the fine error sensor looking at 
an off -axis star in the telescope f ield . With guide stars 
brighter than magnitude 12, the star tracker controls the 
momentum wheels directly . When fainter stars must be 
used, direct control comes from the gyros, which are 
periodically updated with information from the star 
tracker. Guide stars as faint as magnitude 14 can be used 
w ith th is mode of operation . 

The communications and data - handling subsystem ac
cepts commands from the ground and transmits scientific 
data, point ing information, and engineering status. Th is 
subsystem also contains the spacecraft computer, which 
is used for performing attitude -control calculations and 
some other functions whose timing is too critical to be 
subject to the rel iability of the ground data link. The 
spacecraft can accept ground commands at 1200 bit / s 
through a VH F receiver. Data is sent to the ground via an 
S-band transmitter operating at 40000 bit / so 

THE OBSERVATIONAL ROUTINE 

To ensure that the observers visiting the ground stations 
are able to make maximum use of the satellite observing 
time available to them, a small group of 'resident 
astronomers ' will be available to provide assistance and to 
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guide and train vIsiting scientists, many of whom are 
expected to be astronomers from universities, con
ventional observatories and other institutes. 

During his shift, the observer will direct the activities of 
the spacecraft - and scientific - instrument operators and a 
data -reduction specialist . An observing sequence will 
start with the observer requesting that the telescope be 
slewed to the co- ordinates of his first target . After the 
slews have been accomplished, a fine -error -sensor image 
will be commanded, resulting in a display on the 
television monitor of the positions of all stars brighter than 
a predetermined magnitude. The observer can then 
compare this display with a finder chart. identify his target 
star, and designate a suiltable guide star. 

When the target image is in the correct aperture, the 
spectrograph camera high voltage will be commanded 
'on' to start the exposure. During exposure, the guidance 
quality will be monitored on the ground by examining the 
signal from the fine -error sensor. At the end of the 
exposure, the tube high voltage will be turned off, and the 
camera commanded to read out the image. The telescope 
may be held on target until the observer has had an 
opportunity to examine the data. About three minutes 
after the end of the exposure, the raw spectrum from the 
television camera can be displayed on a television monitor 
to see if the observation should be repeated or if the 
subsequent observing schedule should be modified in 
some way. When the observer determines that useful data 
have been obtained , the spectral image will be stored for 
full processing and the observing session wil l cont inue. 

I 

Routine data processing , defined as those calculations 
that require special knowledge of I U E but that do not 
require astronomical interpretation of the data, will be 
done by the observatory staff. These tasks include noise 
and distortion removal , wavelength determination to an 
accuracy comparable with the spectral resolution, and 
photometric calibrations. 

PRELIMINARY RESULTS 

At the time of writing (late February) , a thorough 
scientific and engineering commissioning of the satellite 
is in progress and the first guest observers are expected in 
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Figure 5 - Short- wavelength echelle spectrum of the cool star Capella . 

early April. Already, however, an exciting body of new 
information about the ultraviolet spectra of astronomical 
objects has been obtained, following a preliminary 
sensitivity calibration using two standard stars. 

A spectrum of the cool star Capella (Fig. 5) has been 
recorded at high dispersion showing many new emission 
lines from the outer, hotter parts of the star's atmosphere. 
The quality of the data is the best yet obtained for study of 
the outer regions of cool stars, with the exception of the 
sun. 

Similarly new exciting data has been obtained on an 
unusual hot star, BD + 75° 325, showing many new 
spectral features which will be used to estimate the 
carbon and nitrogen abundances in this star and to obtain 
a better understanding of its evolution to its present state. 

In the field of extragalactic astronomy, an active galaxy 
NGC 4151 has been observed. In this object, which 
closely resembles the enigmatic quasars and for which no 
ultraviolet results were previously available, many new 
emission and absorption lines can be seen which will help 
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Figure 6 - Part spectrum of the star Zeta Ophiuchi, showing the 
resolution of interstellar lines. 

us understand the behaviour of gas around the active 
nucleus. 

Spectra of the x-ray emitting star HO 153919 have also 
been obtained which similarly show emission features 
which will be analysed to study the gas streams around 
the object under the heating effects of the x-ray flux . 

Excellent data on the composition and velocity of the gas 
between the stars will be deduced from the spectrum 
obtained from the star Zeta Ophiuchi (Fig . 6) . This star lies 
behind a cloud of interstellar gas and its spectrum shows 
numerous absorption lines caused by atoms in the cloud . 

Finally, observations of the planet Mars show several 
absorption features in addition to those present in the 
light of the sun and IUE will therefore be useful for 
measuring atmospheric composition for this planet. 

Clearly, with the results of these observations as a mere 
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Figure 5 - Short- wavelength echelle spectrum of the cool star Capella . 
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Figure 6 - Part spectrum of the star Zeta Ophiuchi, showing the 
resolution of interstellar lines. 

us understand the behaviour of gas around the active 
nucleus. 

Spectra of the x-ray emitting star HO 153919 have also 
been obtained which similarly show emission features 
which will be analysed to study the gas streams around 
the object under the heating effects of the x-ray flux . 

Excellent data on the composition and velocity of the gas 
between the stars will be deduced from the spectrum 
obtained from the star Zeta Ophiuchi (Fig . 6) . This star lies 
behind a cloud of interstellar gas and its spectrum shows 
numerous absorption lines caused by atoms in the cloud . 

Finally, observations of the planet Mars show several 
absorption features in addition to those present in the 
light of the sun and IUE will therefore be useful for 
measuring atmospheric composition for this planet. 

Clearly, with the results of these observations as a mere 
foretaste of what is to come from I U E, astronomers are on 
the verge of an exciting few years in ultraviolet astronomy. 

o 

ESA Bulletin No. 13 



Meteosat - An Historical Note from the 

World Meteorological Organisation 

Extract from a statement made by Mr. David Arthur 
Davies, Secretary-General of the World Meteorological 
Organisation (WMO) to the Commission for Science and 
Technology of the Council of Europe, in Geneva, on 11 
September 1967 . 

. . . In the domain of outer space, . .. all the effort so far has 
been left to the United States and the Soviet Union, and 
these two countries have exploited meteorological satel
lite programmes very profitably. The whole world has 
benefited from the results obtained and the activity of 
these two countries in this field constitutes an essential 
contribution to the implementation of the World Weather 
Watch. 

The WMO still hopes that other countries will play a part 
in this major undertaking . In fact, the approved plan 
expressly foresees that 'the WMO should contribute to 
the development of the co-ordination of the satellite 
programmes undertaken by different countries or groups 
of cou ntries' . 

It is clear that for several years to come very few countries 
or groups of countries will have the scientific competence 
and scientific and technical knowhow necessary to 
participate in a meteorological satellite programme. In this 
respect, a particular responsibility falls upon the European 
countries. 

Permit me, at this stage, to make a personal remark: I have 
always been surprised that the joint efforts of European 
countries in space activities have not been oriented 
towards a meteorological programme. It seems to me that 
such a programme contains all the appropriate elements 
to make it both attractive and fruitful. It would bring 
immediate practical advantages and would provide 
interesting data of scientific interest. These advantages 
would accrue not only to the European countries, but also 
to many others. For example, if a geosynchronous 
meteorological satellite were to be placed in orbit above 

ESA Bulletin No. 13 

D.A. Davies, Secretary General, World Meteorological Organisation. 

Africa, over the equator, it would provide highly signifi
cant information not only on Europe, but also on the 
whole African continent and would, in a certain sense, 
constitute a form of indirect technical assistance to the 
developing countries of this region . 

The cost of a programme of this kind would, I believe, be 
comparatively modest, if one considers the scale of other 
space enterprises. Last - and this would by no means be 
the least of the merits - the European countries would also 
be making a meaningful contribution to the achievement 
of the World Meteorological Organisation's plan, with the 
design and setting up of which they have been fully 
associated prior to approving it unanimously. . . . 0 
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Meteosat - Rappel historique par 

I'Organisation meteorologique mondiale 

Extrait de I' allocution prononcee par Monsieur David 
Arthur Davies, Secretaire general de I'Organisation me
teorologique mondiale (OMM), a la Commission de la 
science et de la technologie de I'Assemb/ee du Conseil de 
I' Europe a Geneve, le 11 septembre 1967 . 

. . . Dans le domaine de I'espace extra -atmospherique, ... 
tout I 'effort a ete laisse jusqu ' ici a la charge des Etats- Unis 
et de l'Union sovietique, et ces deux pays ont mis en 
exploitation des programmes de satellites meteorol9gi 
ques tres fructueux. Le monde entier tire benefice des 
resultats obtenus et I'activite de ces deux pays en la 
matiere constitue une contribution essentielle a la mise en 
oeuvre de la Veille meteorologique mondiale. 

L 'OMM espere toutefois que d 'autres pays assumeront 
leur part de cette importante responsabilite. De fait, le plan 
approuve prevoit expressement que 'l'OMM devrait 
contribuer a realiser la coordination des programmes de 
satellites entrepris par differents pays ou par des groupes 
de pays '. 

11 est clair que durant de nombreuses annees encore tres 
peu de pays ou groupes de pays auront la competence 
scientifique et le savoir -faire scientifique et technique 
necessaires pour participer a un programme de satellites 
meteorologiques. A cet egard, une responsabilite parti
culiere incombe donc aux pays europeens. 

Permettez-moi, a ce stade, de formuler une remarque 
personnelle: je me suis toujours etonne de ce que les 
efforts conjugues des pays europeens dans le domaine de 
I'espace ne se soient pas orientes vers un programme 
meteorologique. 11 me semble qu 'un tel programme 
comporte tous les elements propres a le rendre attrayant et 
fructueux. 11 apporterait des avantages pratiques imme
diats et fournirait des donnees interessantes aux fins de la 
recherche scientifique. Ces avantages seraient recueillis 
non seulement par les pays europeens mais egalement par 
de nombreux autres. Par exemple, si un satellite meteoro
logique synchrone de la terre etait mis en orbite au-dessus 
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D .A. Davies, Secretaire general, (Organisation meteorologique mon 
diale. 

de l'Afrique, a hauteur de I'equateur, il fournirait des 
renseignements extremement importants non seulement 
sur l'Europe mais aussi sur I'ensemble du continent 
africain et constituerait, en un certain sens, une forme 
d'assistance technique indirecte aux pays en voie de 
developpement dans cette region . 

Le cout d 'un programme de ce genre serait, je crois 
relativement modeste, si on le considere a I' echelle des 
entreprises spatiales. Enfin, et ce ne serait pas la leur 
moindre merite, les pays europeens contribueraient ainsi 
de fa<;:on importante a la realisation du plan de la Veille 
meteorologique mondiale a la conception et a 
I'etablissement duquel ils ont ete pleinement associes 
avant de I'approuver unanimement. . . . 0 
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The In-Orbit Performance of, and Early Results from 
Meteosat 

C. Honvault, Project Manager Meteosat Ground Segment, Meteorological Programmes Department, ESA. Toulouse 

Since its launch from Cape Canaveral in the early 
hours of 23 November and its subsequent injection 
into geostationary orbit over the Gulf of Guinea, 
Meteosat has more than lived up to expectations 
by providing excellent images in both the visible 
and infrared bands, and acceptable quality from 
its water-vapour channel. The first data, including 
photographs and images on computer tapes, have 
already been delivered to the meteorological 
services of ESA's Member States, and the space
craft has begun fulfilling its role as an essential 
component of the World Weather Watch (WWW) 
programme of the World Meteorological Office, 
and the First GARP Global Experiment (FGGE). 

Meteosat -1 is in a geostattonary orbit with an altitude of 
35790 km and an inclination of 0.23°, which maintains 
the spacecraft over the Gulf of Guinea. It makes a daily 
excursion to the north and south of the equator of about 
0.23°, and has an east -west drift of less than 0 .005° per 
day, which is corrected when necessary by firing the 
spacecraft 's hydrazine thrusters to maintain station within 
± 1 ° of longitude. 

It is this 'fixed ' location with respect to the earth that 
allows Meteosat to fulfil its three main mission objectives, 
namely 
1. to image the earth 's surface and cloud cover 

simultaneously in three spectral bands at half - hourly 
intervals 

2. to disseminate image and other data from the Ground 
Facility for Meteosat (GFM) , via the satellite, to 
remote Primary and Secondary Data User Stations 
(PDUS and SDUS) 

3. to collect environmental data measured locally by 
remote, automatic or semi -automatic Data-
Collection Platforms (DCPs) . 

Although means and mechanisms for achieving these 
three prime objectives were described at some length in 
ESA Bulletin No. 11 , devoted to Meteosat at the time of 
launch, it is perhaps worthwhile just recapitulating the 
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salient features of the imaging process, data extraction 
and data dissemination and collection processes briefly 
here, for those readers not yet familiar with the system, 
before going on to report the early operational results. 

Imaging Mission 
The principle payload of the satellite is the telescope 
radiometer which scans the earth from east to west by 
virtue of Meteosat 's spin and is stepped once in each spin 
period to move the line of scan from south to north across 
the earth's disc. 

The radiometer contains: 
two visible channels (VIS) in the 0.4- 1.1.um spectral 
band 
one infrared (IR) channel in the 10.5- 12.5 .um band 
(plus an additional , redundant, IR sensor) 
one infrared water-vapour (WV) channel , working in 
the range of the water-vapour absorption band (5.7-
7 .1 .um) and operating in a time-sharing mode with 
one of the two visible channels. 

The image data are received initially at the Ground Facility 
(GFM) and pre -processed before utilisation, archiving or 
distribution to users. Examples of images taken in the 
three spectral channels are shown in Figures 1- 3, pro 
duced by a laser-beam recorder at the GFM. 

Data Extraction 
The raw image data is used within the G FM for the 
extraction of meteorological parameters. The full system is 
not yet complete, but the intention is to extract such 
information as cloud -motion vectors (winds). sea 
surface temperatures, cloud -top heights and radiation 
balance data, as well as objective analyses of cloud and 
water -vapour distributions. 

The temperatures needed at cloud height and at sea level 
are obtained by use of the I R 'window ' channel radiance, 
with corrections for atmospheric attenuation obtained 
from the 'water -vapour' channel and from meteorological 
data obtained from conventional sources. The predicted 
accuracies are 1 °C for sea temperatures and 3°C for cloud 
top temperatures. The vertical resolution for cloud heights 
is 1500 m and is calculated with a horizontal resolution of 
41 R pixels (instantaneous fields of view) to give a ground 
resolution of about 20 km. 
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Figure 1 - Image from Meteosat's visible channel at 11.55 GMT on 
3 February. 

The extraction of all other parameters forms part of a fully 
integrated scheme based on the processing of segments 
consisting of 32 x 32 I R pixels, leading to a ground 
resolution of about 150 km at the subsatellite point, 
increasing to about 250 km at a 50° (earth-centred) 
radius, the probable limit for objective use of the image 
data. Wind vectors are extracted by using small clouds as 
tracers, the displacements of which over three successive 
images are calculated by correlation methods based 
mainly on the IR data. The three images are known as a 
triplet and calculations are repeated for both adjacent 
pairs. This yields two estimates for each wind tracer and 
this duplication is used as a fundamental quality control 
element before combining the two estimates to give the 
final product. The results of this processing have not yet 
been analysed, but the objective is an accuracy of 3 m/ s 
for winds determined at up to three levels in each 
segment and the Meteosat-1 orbital parameters are so 
good there is every reason to suppose that the results will 
prove to be entirely acceptable. 

Dissemination of Data 
The second mission objective lis the dissemination of 
Meteosat images, and other meteorological data, to the 
meteorological community . For this purpose the satellite 
is bei ng used to relay data from the G F M to data users 
operating either a Primary or Secondary Oata User Station 
(POUS or SOUS) . The POUS provides for reception of 
digital transmissions of the full earth disc as shown in 
Figures 1- 3 and of the European sector as a separate and 
more frequent transmission . The SOUS is used to receive 
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Figure 2. - Image from Meteosat's infrared channel at 11.55 GMT on 
3 February. 

analogue transmissions in standard WEFAX form, in 
which the full image is sectorised into a variety of formats 
within the GFM before transmission, and grid data are 
added. 

Also included in the dissemination mission is the relay of 
images produced by the American GOES satellite system. 
These are received by the Centre of Space Meteorology 
(CMS) in Lannion , France and sectorised before trans
mission to POUS and SOUS users via Meteosat. 

This space dissemination programme was tested within 
two weeks of Meteosat's launch and routine trans 
missions have been made daily since then, with the 
operational programme amounting to some 24 digital and 
over 180 WEFAX transmissions each day by the end of 
February. They are received regularly by a growing 
spectrum of users, there being at least 20 SOUSs in 
Europe alone, with 4 POUSs either in operation or under 
final construction. 

The transmission schedule is not yet fully implemented, 
but when complete it will include the relay of other 
meteorological data, including maps of cloud -top heights 
obtained from the image data, as well as meteorological 
charts obtained from Area Forecast Centres (AFC) via a 
land line link with Offenbach in Germany. 

The dissemination mission will be completed by the 
introduction of meteorological products into the WMO 
Global Telecommunications System (GTS), again via 
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Figure 3. - Image from Meteosat's water- vapour channel at 11 .55 

GMT on 3 February. 

Offenbach, for use in near real time by applied meteorol
og ists. 

Data Collection 
The final mission objective is related to the acc;uisition of 
environmental data by remote Data -Collection Platforms 
(DCPs). either installed at fixed sites on land, or mounted 
on ships, buoys, balloons or aircraft. These data will be 
relayed via Meteosat to the GFM, where they w ill be pre 
processed and distributed to the DCP operators and to 
other interested parties. The relevant spacecraft sub 
system has been tested succeisfully and provides for 66 
telecommunications channels, 33 of which will be for 
regional use, i.e. for DCPs operating exclusively within 
the Meteosat system. The other channels will be used for 
international DCPs, i.e. mainly for those platforms that 
move from the field of view of one geostationary satellite 
to that of another. 

Four types of DCP are currently being tested or developed 
for regional use, and the 'international' class of platform is 
represented by the ASDAR prototype, with which trials 
are already in progress. The ASDAR system consists of a 
telecommunications package linked to the in-flight 
computers of wide -bodied commercial aircraft so that 
meteorological parameters available to these computers 
can be relayed via the satellite network of which Meteosat 
forms a part. Four ASDAR DCPs are expected to be in 
operation by mid -1978, and some 20 by mid-1979. 
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OPERATIONS 

The three missions described - data extraction from 
imagery, dissemination, and data collection - are imple 
mented by the operators in the Meteosat Control Centre 
(Darmstadt) . Day and night, some six operators perform 
meteorological credibility analyses, detect image defor
mations, follow up the dissemination and the data 
collection, pilot the satellite, and monitor the remotely 
controlled telemetry receiving station . These six operators 
are helped in their task by interactive keyboards and 
displays driven by the large Meteosat ground computer 
system, thus combining the flexibility and speed of a large 
computing capability with the indispensable ingredient of 
human judgment. 

EARLY RESULTS 

Because the spacecraft has been placed into an orbit well 
within the specified parameters, it provides a stable 
platform for the primary task of imaging, with consequent 
beneficial results on the enti re system. The radiometer has 
lived up to its promise and is providing excellent pictures 
in both the visible and infrared channels. The water 
vapour pictures are affected to a certain degree by 
interference of some kind, but they are still of usable 
quality, as witnessed by Figure 3. Considerable progress 
has been made in reducing the worst effects and it seems 
likely that the residual noise can be filtered out during the 
ground pre-processing. Apart from this, image qual ity is 
good and it is being monitored and analysed in depth to 
confirm the performance specifications. 

Initial data, including image photographs and images on 
computer tapes, have been delivered to users for a more 
detailed scientific appraisal. There is no doubt that the 
images will constitute a welcome tool for a great variety of 
research tasks and operational applications within the 
meteorological community. The Meteosat data have 
already been greeted with enthusiasm by research worker 
and applied meteorologist alike, particular interest being 
shown in the water-vapour channel. 

The early pictures make it clear that this channel , unique 
to Meteosat in the geostationary satellite network, will 
provide new information for all scales of meteorological 
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Figure 3. - Image from Meteosat's water- vapour channel at 11 .55 

GMT on 3 February. 
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TABLE 1 

DATE CMS LANNION MGCS DARMSTADT TOTAL 
CH1 CH2 CH1 CH2 

HR WF WF HR WF WF HR WF 

1/ 1-9/ 1 8 48 15 - 6 63 8 132 
Scheduled Disseminations of 10/ 1-19/ 1 8 48 15 3 6 43 11 112 

20/ 1-22/1 8 48 15 17 5 73 25 141 
High-Resolution and WEFAX 23/1 8 48 15 13 5 42 21 110 

24/ 1-29/ 1 8 48 15 31 7 97 39 167 

Images in 1978 30/ 1-31 / 1 8 48 15 29 7 92 37 162 
1/ 2-2/ 2 8 48 15 12 63 78 20 204 
9/ 2-26/ 2 8 48 15 19 63 78 27 204 
27 / 2- F.O 7 48 13 10 56 81 17 200 

DATE SCHEDULED FAILED SUCCESSFUL SUCCESS 
DISSEMINATION DISSEMINATION DISSEMINATION IN PERCENT 

1/ 2 
2/ 2 
3/ 2 
4/ 2 

Meteosat Dissemination from 5/ 2 
6/ 2 
7/ 2 

MGCS (Darmstadt) 
8/ 2 
9/ 2 
10/ 2 
11 / 2 
12/ 2 
13/ 2 
14/ 2 
15/ 2 
16/ 2 
17/ 2 
18/ 2 
19/ 2 
20/ 2 

phenomena, ranging from global events down to the 
presence of water -vapour 'clouds ' which have already 
been identified . It should also provide meteorologists 
with the opportunity to use water vapour as a wind tracer. 
Frontal structures and jet streams are readily identifiable 
on the water -vapour images, and the distribution of water 
vapour seen in this way must give meteorologists fresh 
insight into the behaviour of the atmosphere as a whole. 

Meteorologists are already familiar with the type of image 
data produced by the visible and infrared 'window' 
channels, and these data are now in daily use as an 
additional working tool for the applied meteorologist. 

20 

152 101 51 33.5 
173 54 119 68.7 
152 30 122 80.2 
152 35 117 76.9 
152 50 102 67.1 
152 43 109 71 .7 
152 65 87 57 .2 
152 46 106 69.7 
171 47 124 72.5 
159 44 115 72.3 
159 51 108 67.9 
159 45 114 71 .6 
159 69 90 56.6 
159 37 122 76.7 
159 19 140 88 
159 100 59 37 .1 
159 19 140 88 
159 17 142 89.3 
159 29 132 81 .7 
159 13 146 91 .8 

All subsystems, including radiometer power supplies, 
propulsion jets and the dissemination and DCP transpon 
ders have been tested and shown to work. The dissemi 
nation of Meteosat and GOES images is well under way 
(see Table 1) and it appears that Meteosat -1 is in very 
good shape and heading for a long and successful 
mission. 0 
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Choosing ESA's First Astronaut 

D.J. Shapland, Spacelab Directorate, ESA, Paris 
J. de Waard, SPICE, Porz-Wahn , Germany 
G. Nichols, Personnel Department, ESA, Paris 

The development of Spacelab, with European 
funds, for NASA's advanced Space Transportation 
System (STS) provides ESA's Member States with 
their first opportunity to participate in a manned 
space venture. The European member of the 
first Shuttle-Spacelab crew will be a payload 
specialist. He, together with an American col
league, will be responsible for the on-board 
operation of some 70 experiments to be flown on 
the first Spacelab mission. The seven-day flight 
will take place at the end of 1980, but the selection 
and training process has already begun and four 
persons have been chosen as potential European 
payload specialists. In mid-1978 this number will 
be reduced to three, who will be suitably trained in 
the operation of the experiments. Some months 
before the flight, the payload specialist to fly will 
be designated, the other two acting as back-ups 
and, if not required for the flight, participating in 
the mission from the payload operations centre on 
the ground. 

The first flight of Spacelab will take place in December 
1980, when it will be taken into a 250 km, 5T orbit by the 
Space Shuttle 's Orbiter vehicle. The Spacelab payload for 
this flight consists of the Verification Flight Instrumen 
tation (VFI) and an experiment payload generally referred 
to as the First Spacelab Payload, or FSLP. The former 
has been developed to verify Spacelab 's performance, 
whereas the latter represents a group of experiments 
selected to satisfy mission objectives jointly agreed by 
ESA and NASA, and to demonstrate that valuable data 
may be obtained in a number of diverse scientific and 
applications fields . The Spacelab and Orbiter resources 
will be shared equally between the separate ESA and 
NASA complements of FSLP. 

The Spacelab configuration for its first flight will consist 
of a long module plus one pallet segment. The module will 
provide a working laboratory for the two payload 
specialists (one European and one American) who will 
operate the FSLP experiments - within the module itself 
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and (remotely) those on the pallet. They will work on a 
shift basis, spending about 10 hours of each day in the 
laboratory and their off -duty hours in the Orbiter cabin . 
The experiments on -board the Spacelab for its first flight 
will provide data in the fields of Atmospheric Physics, 
Solar Physics, Plasma Physics, Astronomy, Earth Obser
vations, Material Science and Life Sciences. The last of 
these includes measurements to be made with an ESA
developed facility - the Space Sled - which exerts low 
acceleration forces on the human body in a gravity-free 
field in order to study vestibular reactions. The total FSLP 
payload will weigh about 2800 kg , consume some 
120 kilowatt hours of electrical energy, and will have 
approximately 100 man- hours of payload specialist t ime 
devoted to it. The experiments originate from ESA 
Member States, the USA, Japan and India. 

SELECTION CRITERIA 

In September 1977, 53 candidates for the ESA payload 
specialist on FSLP were nominated by ESA Member 
States and ESA itself (Table 1 ) . These residual candidates 

TABLE 1 

Space/ab Payload Specialist Candidates Proposed to ESA 
- Geographical Distribution 

Orig in Number 
Proposed 

Austria 5 
Belgium 5 
Denmark 1 
France 5 
Germany 5 
Ireland 2 
Italy 5 
Netherlands 5 
Spain 4 
Sweden 2 
Switzerland 5 
United Kingdom 5 
ESA 4 

TOTAL 53 
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PAYLOAO SPECIALIST SELECTION BOARD 

, 
GENERAL ASSESSMENT AND 
SYSTEM ENGINEERING PANEL 

Composition : D,rector of Space lab (Chairman) . 
ESA Members of Board. 
Panel Chairmen (assisting '" 
oon· llollng capacity) 

2 
SCIENTIFIC PANEL 

Composition: Representatives of Spaceiab. Composition: IWG Representatives 

Function: 

SPICE. Department of Planning ESA/ FSLP Project SCientist 

lie Future Programmes. ete 

Perform general assessment 
and evaluate overall 
knowledge of manned 
space flight 

Function : Rate capabilities for 
experiment operation 

Function : Recommend preferred 
candidates to Director 
General 

3 
PSYCHOLOGICAL PANEL 

Composition : Member State Experts 

Function: Assess psychological 
compatibility USing 
established criteria 

4 
MEDICAL PANEL 

Chnlcal Special 

Composition : Member State Experts 

Function: Evaluate sUitability 
against 
medIcal criteria 

OVERAlIL CO-ORDINATION BY STEERING GROUP HHREE ESA PERSONNEL) 

Figure 1 - ESA organisation for Spacelab payload-specialist selection. 

resulted from over 2000 original applications, in response 
to an 'Announcement of Opportunity' (AO) issued by 
ESA in March 1977. The AO provided a description of the 
roles foreseen for the payload specialists, the planned 
ESA selection scheme, and the professional, psychologi
cal and medical criteria to be used. The method of arriving 
at a response to the AO was left entirely to the Member 
State, which was then fully aware of the techniques to be 
adopted later by ESA. A limit of five candidates per 
Member State was suggested . 

The psychological and medical criteria were established 
by experts from ESA Member States. These were of a 
somewhat higher standard than will be applied for later 
missions - to ensure that the crew for the first Spacelab 
flight were comfortably within the limits of acceptability
and were fully consistent with the NASA requirements. 
The professional criteria were set up by ESA in co
operation with the scientists who have experiments in the 
first Spacelab payload . In summary, these criteria reflect 
the need for a payload specialist to be not older than 
47years, between 150 and 190cm in height in good 
health, emotionally stable and of high scientific/ 
engineering ability. It should be stressed, however, that 
Spacelab is being developed for normc;llly-fit scientists 
rather than super-fit astronauts. 

SElECTION PROCEDURE 

The selection procedure followed, as closely as practic
able, the normal ESA routine for the selection of 
personnel. The various activities were carried out under 
the auspices of a Selection Board which was supported 
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Figure 2 - Science Panel interviewing a payload-specialist candidate 
(left) . 

by four specialist Panels. The composition and functions 
of the Panels and Board are summarised in Figure 1. The 
Chairmen of the Panels were: 
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Panel 1: 
Panel 2: 
Panel 3: 
Panel 4: 

Prof. Trella (ESA) 
Dr. Van Baumgarten (Germany) 
Dr. Goeters (Germany) 
Colonel Bande (Belgium) 
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Figure 3 - A memory test being performed at DFVLR, Hamburg, under 
the wary eye of Dr. Goeters. 

The work of the Panels was sequenced (1 through 4) so 
that the higher cost activities were performed with smaller 
numbers of candidates. Panel 1 was composed of senior 
ESA personnel experienced in many fields of technology. 
After interviewing all 53 candidates, this Panel recom 
mended that 26 of them be retained . Panel 2 consisted of 
representatives of the Investigators Working Group 
(IWG). which is composed of all the experimenters 
associated with the European and American portions of 
FSLP. This Panel interviewed the 26 candidates from 
Panel 1 and recommended that 12 should proceed to the 
psychological and medical tests. An analysis of the 
clinical test results indicated that 11 should continue with 
the special medical tests. Finally the Board, under the 
chairmanship of the Director of Spacelab (M. Bignier). 
recommended four preferred candidates to the Director 
General for approval. These four persons were presented 
to the news media at a press conference in Paris on 22 
December 1977. A final choice of the three men to 
undergo a joint ESA/NASA training plan will be made in 
May 1980, after further evaluation and interviews. 

CANDIDATE EVALUATION ACTIVITIES 

Although the work performed by Panels 1 and 2 repre 
sented extremely important aspects of the assessment and 
furnished essential inputs to the Board, the psychological 
and medical tests provided the more newsworthy ac 
tivities. 

The psychological tests were performed at D FVLR 's 
Department of Psychology in Hamburg during the period 
5-15 October 1977. These tests evaluated the perform
ance, personality and behaviour attributes of the 
candidates and involved established methods for the 
assessment of such aspects as attention and memory 
spans, reasoning, spatial orientation, motivation, emo
tional stability and manual dexterity. The tests were 
supplemented by personal interviews, structured to verify 
and further assess the candidate's results. 

The medical tests, which were performed during the 
period November/December 1977, can be divided into 
two main categories - clinical and special. Clinical testing 
involved medical examination and laboratory evaluation 
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Figure 4 - Electroencephalogram (EEG) tests at Soesterberg. 

of basic physical conditions, including blood, eyesight. 
heart, lungs and brain functioning. In addition to the 
exhaustive but more conventional clinical evaluation , a 
series of special tests were performed with each can 
didate. These included the assessment of the effects of 
physical stress, acceleration tolerance and vestibular 
functioning . For both sets of tests, existing facilities in 
Member States were used. Thus, the clinical testing was 
carried out equally by the National Aerospace Medical 
Centre at Soesterberg (Netherlands) and Ecole 
d 'Application du Service de Sante pour l'Armee de l'Air et 
Centre de Recherches de Medeci ne Aeronautique in Paris 
(France) . The special testing was similarly divided 
between the D FVLR I nstitute for Aviation Medicine at 
Bonn - Bad Godesberg (Germany) and the Institute of 
Aviation Medicine at Farnborough (United Kingdom) . 

The four recommended ESA payload -specialist can 
didates have now been accepted by NASA as suitable for 
fl ight in the Space Shuttle (after further tests at the 
Johnson Space Center) and have started their orientation 
training on the STS, Spacelab and FSLP . These activities 
have been performed at SPICE*/ Porz-Wahn, ESTEC / 

* SPICE stands for Space lab Payload Integ ration and Co -ord ination in 
Eu rope. 
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Figure 5 - Candidate undergoing cardiopulmonary tests at Soester
berg. 

Figure 6 - Exercise stress test on the treadmill at lAM, Farnborough. 
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Figure 4 - Electroencephalogram (EEG) tests at Soesterberg. 
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Figure 7 - Centrifuge tests at DFVLR, Bonn-Bad Godesberg. 

Noordwijk and ERNO / Bremen. Also, VISitS have been 
made to research centres in the United Kingdom, 
Germany, The Netherlands and ' France to assess the 
current status in the fields of Atmospheric Physics, Life 
and Material Sciences, Astronomy and Earth Resources. 

FUTURE ACTIVITIES 

After the selection of the three preferred candidates in 
mid -1978, they will become staff members of ESA and 
will be integrated into ESA's SPICE team at Porz-Wahn . A 
full training programme, which will include visits to 

laboratories and research institutes in Europe and the 
United States, will be followed to ensure complete 
familiarity with the FS LP experiments, their interfaces 
with Spacelab, and their operation . As the payload 
evolves and during the period up to 12 months prior to the 
flight, the three payload specialists will be taking part in 
the European ground activities associated with the 
integration of the various experiment elements into a 
payload . After shipment of the European payload comple
ment to the USA, they will participate in the integration of 
the NASA and ESA components into a total payload. The 
actual flight period will of course, be hectic for all 
concerned , whether on -board Spacelab or in the Payload 
Operation Control Center in Houston . 
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The Selection Board and Panels have been unanimous in 
their high regard for the standards exhibited by all 53 of 
the payload-specialist candidates. Because of the rather 
severe criteria (particularly the medical ones) which ESA 
chose to impose, only four have been chosen as 
candidates for Western Europe's first astronaut. For 
subsequent flights of Spacelab, ESA will re-examine 
these selection criteria with NASA so that less severe ones 
can be formulated. 

There will certainly be European Spacelab missions 
beyond FSLP. This will open up the possibility of 
reconsidering the excellent candidates who were pro 
posed to ESA for FSLP, but who did not fully satisfy the 
stringent requirements established for that particular 
mission . 

(Astronaut bi'ographies overleaf) 
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The chosen few: The first of many? 

ULF MERBOLD 

Ulf Merbold (36) was born at Greiz, Germany, and is married with one 
child . After obtaining a diploma in physics at Stuttgart University in 
1968, he joined Max Planck-Institut fur Metallforschung, first on a 
scholarship and, in 1973, as a staff member. He obtained a doctorate in 
Science (Dr. Rer. Nat.) from Stuttgart University in 1976. Dr. Merbold is 
a member of a research team working in the field of crystal-lattice defects 
and has been involved with fast-neutron irradiation experiments on iron 
and vanadium. 

FRANCO MALERBA 

Franco Malerba (31) was born at Busalla, Italy. He qualified as an 
electronics engineer in 1970 (Genoa University) and obtained a 
doctorate in Physics in 1974 (Genoa). He has held research fellowships 
at the Italian National Research Council, where he began to specialise in 
biophysics. and at NATO's Saclant Research Centre at La Spezia, Italy. 
He then spent approximately two years as Visiting Scientist at The 
National Institute of Health, Bethesda, USA. where he carried out a 
research programme in neurophysiology. In 1975, he joined the 
Computer Special Systems Department of Digital Equipment (France), 
and in 1976 was transferred to Digital Equipment (Italy) where he was 
appointed Head of the Computer Special Systems Group. 
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WUBBO OCKELS 

Wubbo Ockels (31) was born at Almelo, Netherlands, and is married 
with one child. After obtaining a doctorate from the University of 
Groningen in 1973, he joined the Nuclear Physics Accelerator Institute 
at Groningen, where he· has been carrying out research on nuclear 
physics, primarily on the decay of nuclear systems directly after 
formation. He is currently writing a thesis on the basis of this 
experimental work. 

CLAUDE NICOLLlER 

Claude Nicollier (33) was born at Vevey, Switzerland, and is married 
with one child. After graduating in Physics at Lausanne University, he 
did research at the Astronomical Institute of Lausanne and Geneva 
Observatory, on the photometric classification of super-giant stars. 
Having qualified as a professional pilot, he interrupted his research 
(1973-1976) to work as an airline pilot for Swissair. He was awarded a 
degree in astronomy and astrophysics by Geneva University. He 
resumed his research activities in 1976 and is presently a Visiting 
Scientist at ESTEC. In this capacity, he participated in the ASSESS- I! 
Spacelab airborne simulation mission in May 1977 as an experiment 
operator. 
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Projects under Development 
Projets en cours de realisation 

THE ESA DEVELOPMENT AND OPERATION PROGRAMME (END FEBRUARY 1978) 

PROJECT 19n 1978 1979 1980 1981 COMMENTS 

J IFIMIAIM IJ IJ IAlslolNID J IFIMIAIMIJ JJJ~sJolNjD JjFlMIAIMIJ IJ IAlsfoTNlo J IF IMIAIMIJ IJ IAls lolNID J IFIMIAIMIJIJ IAls lo iN] 
LAUNCH OPERATION 

LIFETIME UP TO 5 YEARS OTS 2 ...................................................... ····i····················· 
~EFINITION PHASE MA I N OEVELOPMENT PHASE LAUNCH ECS 1 LIFETIME UP TO 7 YEARS 

ECS ._._. :\7 •••• 
ECS SIIII awalls formal approval 

MARITIME 
MAI N DEVELOPMENT PHASE LAUNCH FI LAU ".!<.H r II 

~ ..•• .......... 9 ••••.•.••• LIFETIME UP TO 7 YEARS 

MARITIME FU: 51111 awalls formal approval 

FU I FU n FLIGHT FLIGHT MA N DEVELOPMENT PHASE 
SPACELAB 

A" ~SA Ar"'iiAsA '.'.'.'.'.'.'.'.'.'.' ... '.'.'.'.'.'.'.'.'.'.'.'y "'""""""""""".y 

IPS 
DEVELOPMENT PHASE 

FU DEl. AT NASA 

SPACE LAB EXPERIMENTS DEVELOPMENT 
:\7 FSLP LAUNCH 

UTILISATION --
IMAIN DEVELOPMENT PHASEI LO 1 LO 2 LO 3 LO 4 

ARIANE :I7-'V1"""-''V-'V 

METEOSAT 1 
FI LAUNCHED I OPERATION I 

'\] .................................................................... ' 
LAUNCH OPERATION I NTEGRATION & TESTING:\7 ADAPTATION ARI ANE 

METEOSAT 2 •••• '1 •••••••••••••••••••••••••••••••••• LIFETIME UP TO 3 YEARS 
Fn&t/loy 

GEOS 1 
LAUNCHED OPERATION I 
~';7 •••••••••••••••••••••• PROBABLE END OF LIFE 

GEOS 2 
REFURBISHMENT LAUNCH I OPERATION 

••• \J •••••••••••••••••••••••••••••••• ............. 
IUE LA~~C~;~ •••••••••••• •••• L ......... ?~~~~r:~~ .......................... 
ISEE LAUN~E.D.~ •••••••••••••••••••••• ' ••••••••••• ~~~~~r: ~~ .. ~ ................... 

--
DEFINITION PHASE J MA I N DEVELOPMENT PHASE LAUNCH OPERATION 

EXOSAT ---------- :17 .................. LIFETIME 2 YEARS 

SPACE TELESCOPE DEFINITION PHASE MA I N DEVELOPMENT PHASE 
LAUNCH END '983 .. .,. .... 

SPACE SLED DEFI,N.,PON PHASE -- -.-- ~m ~~m~PM~NT PHASE :l7""~/t,Rfb,,·, · ,······· . ,.,.".,.,.,.,.,.,. 'V rSLP LAUNCH 
TO SPICE 

OUT-Of-ECLIPTIC SPECIFICATIONS AND CONT~f- DEFINITION PH~E MA IN DEVELOPMENT PHASE LAUNCH FEB , 983 _-E==='=-'=--=--=--=- _ •••• - • 
ACTIONS 

OTS-2 
Space segment 
During January and February, 
system -level testing was successfully 
completed and the pre -ship review 
took place at ESTEC on 1 and 
2 March. Permission was given to 
ship the satellite to Eastern Test 
Range (ETR ). A number of corrective 
actions which were shown to be 
necessary by anomalous test results 
w ill be made at ETR before launch. 
The satellite arrived at ETR on 
13 March . 

Preparations at ETR are in progress, 
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but because of the need to 
investigate certain launcher anomalies 
during a recent Delta -2914 launch 
(which did not, however, affect the 
successful placing of the satellite in 
orbit) , NASA has rescheduled launch 
of OTS -2 for 27 April. 

The OTS launch vehicle preparation 
was reviewed with NASA and its 
contractors in January, and again at 
pre -ship review. The production of 
the new solid strap-on motors is 
proceeding satisfactorily. 

Ground segment 
The preparations for the Orbital Test 
Programme are well advanced. 

(provIsional Overa11 Time Schedule) 

Experiments have been carried out at 
the Satellite Control and Test Station 
(SCTS) at Fucino to maximise stat ion 
performance. The Villafranca terminal 
is also operational and has been 
receiving signals from the Italian Sirio 
satellite. The other ESA fluxmeters in 
Sweden, Ireland and Sicily are also 
ready. 

ECS 

The current authorisation to industry 
to proceed with Phase CI D activities 
extends until 28 February 1978. 
However, at the ESA Council 
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OTS-2 

Secteur spatial 
Les essais au niveau systeme se sont 
acheves avec succes dans le courant 
de janvier et fevrier et I'examen avant 
expedition s' est tenu a (ESTEC les 
1 er et 2 mars. L' autorisation a ere 
donnee d' envoyer le satellite a 
(Eastern Test Range (ETR) . Des 
mesures correctives, dont la necessite 
a ete demon tree par certaines 
anomalies dans les resultats d' essais, 
seront prises, avant le lancement, a 
I'ETR, ou le satellite est arrive le 
13 mars. 

Les preparatifs a (ETR progressent 
mais, une enquete etant necessaire a 
cause de certaines anomalies du 
lanceur enregistrees au cours d' un 
recent tir Delta 2914 (anomalies qui 
n' ont toutefois pas affecte la bonne 
mise en orbite du satellite), la NASA 
a repousse le lancement d'OTS du 2 
au 27 avril. 

La preparation du lanceur d' 0 TS a ete 
examinee avec la NASA et ses 
contractants en janvier puis une 
nouvelle fois lors de (examen 
d'avant-expedition . La production de 
nouveaux propulseurs accotes a 
ergols solides progresse de fa90n 
satisfaisante. 

Secteur terrien 
Les preparatits en vue du Programme 
d' essais orbitaux sont bien avances. 
Des experiences ont ete menees a la 
station de controle et d' essai du 
satellite (SCTS) a Fucino pour en 
ameliorer au maximum la 
performance. Le terminal de 
Villafranca est, lui aussi, operationnel 
et a deja re9u des signaux du satellite 
italien Sirio. Les autres stations de 
mesure de flux de (ESA. en Suede, 
Irlande et Sicile, sont egalement 
pretes. 

ECS 

Actuellement, (autorisation donnee a 
f'industrie de poursuivre les activites 
de phase CID vaut jusqu'au 28 fevrier 
1978. Toutefois, lors de la reunion 
que le Conseil de (Agence a tenue le 
1 er mars 1978, la decision a ete prise 
d' entreprendre la phase 3 du 
programme de satellites de 
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telecommunications avec effet au 21 
mars. A cette date, le Conseil 
directeur commun du programme de 
satellites de communications se 
reunira pour regler detinitivement la 
question des contributions encore en 
suspenso Le but de cette phase du 
programme est de mettre a la 
disposition d' EU TEL SA T interimaire 
deux satellites operationnels (un en 
orbite, un en reserve au sol) pour un 
systeme europeen regional de 
satellites de telecommunications. 

Sur le plan technique, (analyse de 
couplage avec le lanceur Ariane a 
commence. Lorsque ces travaux 
essentiels seront termines, on pourra 
'geler' detinitivement, fin mai, la 
conception de la structure, ce qui 
represente une etape primordiale dans 
(avancement du programme. Le 
developpement des autres sous
systemes avance egalement, bien que 
les travaux relatits a la charge utile de 
telecommunications aient ete retardes 
sous (effet conjugue de (insuffisance 
du financement et du report de la 
date de lancement de fevrier 1981. 

Spin-testing of the OTS-2 spacecraft, prior 
to its shipment to ETR. 

Essai de rotation d'OTS-2 avant son 
transport cl (ETR. 

SATELLITE 
MARITIME 

Satellites maritimes A et B 
A sa reunion de fevrier, le Comite de 
Politique industrielle (lPC) a autorise 
le demarrage dans (industrie, sous la 
mattrise d' oeuvre de British 
Aerospace (Dynamics Group) , 
d' activites portant sur la nouvelle 
configuration a 416 GHz du satellite 
maritime A base sur une plate-forme 
de type ECS. Les preparatifs 
necessaires sont faits entre-temps en 
vue de la fourniture de deux satellites 
maritimes (A et B) conformes a la 
nouvelle configuration et compatibles 
avec le lanceur Ariane. 

'Association d 'intElrt~ts' pour un 
systeme maritime mondial 
L'idee de la constitution d' une 
'Association d'interets' regroupant les 
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Meeting on 1 March, it was decided 
to undertake Phase-3 of the 
Communication Satellites Programme 
with effect from 21 March 1978. On 
this date the Joint Communications 
Programme Board will meet to 
finalise the outstanding Cluestion of 
contributions. The aim of this phase 
of the programme is to make available 
to Interim EUTELSAT two operational 
satellites (one in orbit, one spare on 
the ground) for a European regional 
communication satellites system. 

In technical terms, the coupled 
analysis with the Ariane launcher has 
started. Completion of this essential 
activity will allow final freezing in late 
May of the structural design, a major 
milestone in the development of the 
programme. Development of the other 
subsystems is also progressing, 
although the communications 
payload work has been delayed due 
to the combined effect of insufficient 
funding and the change in launch 
date from February 1981 . 

MARITIME 
SATELLITE 
Maritime-A and 8 
At the February meeting of the 
Industrial Policy Committee (IPC) , 
authorisation was given for the start 
of industrial activities on the new 
4/ 6 G Hz-configuration Maritime-A 
satellite based on an ECS-type 
platform, with British Aerospace 
(Dynamics Group) as Prime 
Contractor. In the meantime, 
preparations are being made for the 
procurement of two Maritime 
Satellites (A and B) in the new 
configuration and compatible with 
the Ariane launcher. 

Joint Venture for a global maritime 
system 
The idea of forming a 'Joint Venture' 
of nations interested in participating 
in a global maritime satellite system 
evolved during 1977. The initiative 
was taken by COMSAT General on 
behalf of the MARISAT Consortium 
for the purpose of ensuring continuity 
of availability of a maritime space 
segment after the nominal lifetime of 
their existing Marisat satellites. As 
presently envisaged, the system 
would consist of Maritime-A and B, 
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supplied by ESA via Interim 
EUTELSAT, plus a further 
procurement of a third and fourth 
spacecraft (C and D) to be supplied 
to the Joint Venture. At present, the 
Agency is evaluating the industrial 
offers for C and D prior to their 
incorporation in a firm fixed -price 
offer (including ESA costs) for 
submission to the Joint Venture at 
the end of March 1978. 

SPACELAB 

Critical Design Review 
The Spacelab project has passed a 
very important milestone in its 
development; the Critical Design 
Review (CDR) . The main purposes of 
this review, the last before the Flight 
Acceptance Review linked with the 
delivery of Spacelab, were firstly to 
verify the results obtained in the 
design phase and the manufacturing 
master drawings for the flight unit, 
and compare both with the 
requirements defined in the 
agreements between ESA. NASA and 
European industry; secondly to 
correct any discrepancies; and thirdly 
to give formal approval to the 
manufacturing of the flight unit. 

The CDR lasted two months, starting 
with the delivery in January of the 
drawings and detailed documentation 
and ending with a meeting of the 
ESA/ERNO Review Board at the 
Prime Contractor's premises in 
Bremen, with NASA participation. 
Specialists in mechanics and 
structures, thermal control, electrics 
and electronics, management and 
operations contributed to this 
examination. 

NASA congratulated ESA and 
European industry on the very 
positive result of the CDR. The review 
enabled the Agency to authorise the 
manufacture of the Spacelab flight 
unit by European industry. 

Top-level Spacelab documents signed 
The ESA and NASA Spacelab 
Programme Directors have signed 
revised versions of two important 
Spacelab documents. The Spacelab 
Joint Programme Plan amplifies in 
greater detail the gross descriptions of 
the Spacelab Programme and of the 
phasing and scheduling mentioned in 

the Spacelab Memorandum of 
Understanding and describes the 
working arrangements between the 
two Agencies. The Programme 
Requirements Document establishes 
the Level - I programme requirements, 

which are jointly controlled by the 
ESA/NASA Spacelab Programme 
Directors. It consists of two parts; the 
first relating to overall system 
requirements, subsystem 
characteristics, operational constraints 
and interface requirements, and the 
second to programme implementation 
requirements. 

Software industrial reorganisation 
Owing to the complexity of the 
Spacelab software, and in order to 
incorporate new NASA operational 
software requirements, ESA. together 
with the Prime Contractor ERNO, has 
decided to reorganise the industrial 
team responsible for software 
development. The new team 
comprises four European companies 
(Kampsax, BTM, MATRA and 
Rovsing) assisted by an experienced 
US company (TRW) . A software 
systems requirements review is taking 
place in March. 

Instrument Pointing System (lPS) 
The I PS Preliminary Design Review 
was successfully completed in 
January. The only significant new 
problem highlighted .by the Review is 
the susceptibility of some mechanical 
items to stress corrosion cracking, 
and this is currently under review by 
a special working group. 

ARIANE 
All three stages of the launcher have 
now reached the phase of complete
stage testing . 

First stage 
The success of a series of propulsion 
bay tests totalling 404.5s of operation 
made it possible to introduce flight 
configuration tanks and to begin the 
series of development tests on the 
stage. The first test, carried out at the 
Vernon test centre on 13 December, 
was satisfactory, in spite of premature 
cut -off. The test was stopped after 
111 s, instead of the planned 150s, 
following erosion of the graphite 
throat of one of the four Viking 
engines. The functioning of the hot-
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Joint Programme Plan amplifies in 
greater detail the gross descriptions of 
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which are jointly controlled by the 
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Directors. It consists of two parts; the 
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second to programme implementation 
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Owing to the complexity of the 
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incorporate new NASA operational 
software requirements, ESA. together 
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decided to reorganise the industrial 
team responsible for software 
development. The new team 
comprises four European companies 
(Kampsax, BTM, MATRA and 
Rovsing) assisted by an experienced 
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systems requirements review is taking 
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Instrument Pointing System (lPS) 
The I PS Preliminary Design Review 
was successfully completed in 
January. The only significant new 
problem highlighted .by the Review is 
the susceptibility of some mechanical 
items to stress corrosion cracking, 
and this is currently under review by 
a special working group. 

ARIANE 
All three stages of the launcher have 
now reached the phase of complete
stage testing . 

First stage 
The success of a series of propulsion 
bay tests totalling 404.5s of operation 
made it possible to introduce flight 
configuration tanks and to begin the 
series of development tests on the 
stage. The first test, carried out at the 
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was satisfactory, in spite of premature 
cut -off. The test was stopped after 
111 s, instead of the planned 150s, 
following erosion of the graphite 
throat of one of the four Viking 
engines. The functioning of the hot-
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nations interessees par une 
participation a un systeme mondial de 
satellites maritimes a pris corps en 
1977. L'initiative en revient a 
COMSA T General agissant pour le 
compte du Consortium MARISAT 
soucieux cl assurer la disponibilite 
continue cl un secteur spatial maritime 
lorsque la generation actuelle de 
satellites Marisat atteindra le terme de 
sa duree de vie nominale. Le systeme, 
tel qu' on f envisage actuellement, se 
composerait des satellites maritimes A 
et B, fournis par I'ESA par 
f intermediaire cl EU TEL SA T 
interimaire , auxquels s'ajouterait la 
fourniture ulterieure a I"Association 
d'interets' d' un troisieme et d' un 
quatrieme vehicules spatiaux (C et 
D) . A fheure actuelle, I'Agence 
evalue les offres de I'industrie 
concern ant les satellites C et D avant 
de les incorporer dans une offre a prix 
forfaitaire definitif (y compris les frais ' 
de I'ESA) qui doit etre soumise a 
I"Association d'interets' fin mars 
1978. 

SPACELAB 

Examen critique de la conception 
Le projet Spacelab a franchi avec 
succes une etape tres importante de 
sa phase de developpement, f examen 
critique de la conception (CDR). Cet 
examen, le dernier avant celui de la 
recette definitive qui aura lieu lors de 
la livraison du Spacelab, avait trois 
objectifs principaux. Le premier etait 
de verifier les resultats obtenus au 
cours de la phase de conception et 
les dessins de fabrication du modele 
de vol et de les confronter avec les 
imperatifs definis dans les accords 
cone/us entre I' ESA, la NASA et 
l'industrie europeenne; le second 
objectif etait d' eliminer les 
divergences eventuelles; le troisieme 
d' approuver officiellement la mise en 
fabrication du modele de vol. 

Le CDR a dure deux mois, 
commenr;:ant en janvier avec la 
livraison des liasses de dessins et des 
descriptions detailtees de fabrication 
pour se terminer par une reunion du 
Comite d'evaluation ESA / ERNO qui 
s' est tenue dans les locaux du maftre 
d'oeuvre a Breme, reunion a laquelle 
participaient les representants de la 
NASA ainsi que des specialistes en 
mecanique et structures, regulation 
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thermique, electricite et electronique, 
gestion et operations. 

La NASA a felicite I' ESA et I'industrie 
europeenne du resultat tres positif de 
cet examen qui a permis a I'Agence 
de donner a f industrie europeenne le 
feu vert pour la fabrication de I' unite 
de vol du laboratoire spatial. 

Signature de documents 
fondamentaux par les responsables 
du Programme 
Les Directeurs du Programme 
Spacelab de f ESA et de la NASA ont 
signe les versions revisees de deux 
documents importants relatifs a ce 
Programme. Le premier, le Plan 
commun clexecution du Programme, 
developpe en les precisant les 
descriptions sommaires, 
f echelonnement et le calendrier du 
programme mentionnes dans le 
Memorandum d'Accord Spacelab et 
definit les arrangements de travail 
entre les deux Agences. Le document 
sur les imperatifs du programme 
definit les imperatifs au niveau I dont 
les Directeurs du Programme assurent 
conjointement le contrale. Ce dernier 
document comporte deux parties: la 
premiere a trait aux imperatifs 
generaux du systeme, aux 
caracteristiques des sous-systemes, 
aux contraintes operationnelles et aux 
imperatifs cl interfaces. La seconde 
concerne les imperatifs relatifs a la 
mise en oeuvre du programme. 

Remaniement de I'equipe industrielle 
chargee du logiciel 
En raison de la complexite du logiciel 
du Spacelab et afin de prendre en 
compte les nouveaux imperatifs de la 
NASA relatifs aux logiciels 
operationnels, f ESA a decide, de 
concert avec le maftre cl oeuvre 
ERNO, de reorganiser I'equipe 
industrielle chargee du 
developpement du logiciel. La 
nouvelle equipe est constituee de 
quatre firmes europeennes (Kampsax, 
BTM, MATRA et Rovsing) assistees 
par une firme americaine 
experimentee (TRW). Un examen des 
imperatifs au niveau des systemes de 
logiciel est prevu en mars. 

Sous-systeme de pointage des 
instruments (I PS) 
L'examen preliminaire de conception 
de "PS s'est termine avec succes en 
janvier. Le seul probleme nouveau 

important qu'il ait fait apparaftre est 
celui de la vulnerabilite de certaines 
pieces mecaniques a une fissuration 
par corrosion sous tension . Un 
groupe de travail special suit 
actuellement ce probleme. 

ARIANE 
Tous les trois etages du lanceur sont 
maintenant entres dans la phase 
d'essais de mise au point d'erages 
complets. 

1 er etage 
Le resultat positif d ' une serie d' essais 
de la baie de propulsion totalisant 
404,5 s de fonctionnement a permis 
d'introduire les reservoirs en 
configuration de vol et de commencer 
la serie cl essais de mise au point de 
I' etage. Le premier essai qui a ete 
effectue le 13 decembre au Centre 
clessais de Vernon a donne 
satisfaction malgre I' arret premature 
du tiro L' essai fut arrete apres 111 s au 
lieu des 150 s prevues, par suite de 
I' erosion du col en graphite d' un des 
quatre moteurs Viking . 11 a ere 
demontre que le fonctionnement du 
systeme de pressurisation a gaz 
chaud en relation avec les reservoirs 
de vol et le comportement dynamique 
de I'erage etaient nominaux. 

2eme etage 
Le premier essai du deuxieme etage 
en configuration de vol a eu lieu avec 
succes au Centre d'essais de la 
DFVLR a Hardthausen en Allemagne 
le 31 janvier. L' etage equipe de son 
dispositif correcteur Pogo, a 
fonctionne selon I' objectif de I' essai 
pendant 138 s avec agitation du 
moteur. 

L'arret du tir s' est effectue sur 
epuisement UDMH. Tous les 
parametres etaient nominaux. L'essai 
a permis de verifier la compatibilite 
entre f ensemble propulsif et les 
reservoirs de vol, et la performance du 
systeme de pressurisation . 

3eme etage 
Suite au tir de longe duree (470 s) 
de I' ensemble propulsif en version 
banc, le premier essai du 3eme 
etage en configuration de vol a ete 
effectue avec succes le 10 janvier au 
Centre clessais a Vernon . L'etage a 
fonctionne d' une far;:on nominale 
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gas pressurisation system in relation 
to the flight tanks was shown to be 
nominal, as was the stage's dynamic 
behaviour. 

Second stage 
The first test of the second-stage in 
flight configuration took place 
successfully at the DFVLR test centre 
at Hardthausen on 31 January. The 
stage, equipped with its pogo
correction system, functioned as 
planned for 138s, with swivelling of 
the engine. 

The firing was terminated on UDMH 
depletion. All parameters were 
nominal. The test allowed the 
compatibility of the propulsion system 
with the flight tanks to be checked, 
as well as the performance of the 
pressurisation system. 

Third stage 
Following the long-duration firing 
(lasting 470s) of the propulsion 
system in its 'battleship version' , the 
first test of the third stage in flight 
configuration was carried out 
successfully at the Vernon test centre 
on 10 January. The stage functioned 
nominally for the exact planned 
duration of 250s. A second test took 
place on 2 February; it lasted 550s as 
planned, which corresponds pratically 
to the duration of third-stage 
powered flight (570s). The purpose 
of the tests was to check 
compatibility of the propulsion bay 
with the tanks in flight configuration, 
with particular reference to the 
pressurisation systems. The successful 
completion of these events shows 
that the technology has now been 
mastered . 

Qualification of the stage-separation 
system 
The fourth test, which took place on 
15 December, completed the 
qualification phase for the 
pyrotechnic separation systems. For 
both stage separations (1/2 and 2/3). 
the results have allowed the 
pyrotechnic design to be validated 
and correct behaviour of the 
equipment to be verified . 

Delivery of the check out system to 
the Ariane launch site 
The launch-vehicle checkout system 
intended for the Ariane launch site at 
Kourou (French Guiana) was 
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delivered in December, and 
installation began immediately. In the 
meantime, validation operations using 
static simulators are in progress. An 
identical checkout system has been 
installed since last November at the 
Launcher I ntegration Site at Les 
Mureaux, France, where the electrical 
mockup tests are currently under way. 

--
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Premier essai du deuxieme etage d'Ariane sur 
le banc PF41 de la DFVLR a Hardthausen. 
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pendant 250 s correspondant 
exactement a la duree programmee. 
Un deuxieme essai de (etage a eu 
lieu le 2 fevrier, la duree etait de 550 s 
comme prevu, ce qui correspond 
pratiquement a la duree de la phase 
propulsee du 3eme etage (570 s). 
L' objectif de ces essais etait la 
verification de la compatibilite de la 
baie de propulsion avec les reservoirs 
en configuration de vol, notamment 
en ce qui concerne les systemes de 
pressurisation. L'achevement de ces 
etapes demontre que la technologie 
est desormais maitrisee. 

Qualification du systeme de 
separation d 'etages 
Avec le quatrieme essai qui a eu lieu 
le 15 decembre se termine la phase de 
qualification des systemes 
pyrotechniques de separation. Pour 
chaque separation d'etages (1/2 et 
2/3), les resultats ant permis de 
valider la definition pyrotechnique et 
de s' assurer du ban comportement 
des equipements. 

Livraison du banc de controle de 
l'Ensemble de Lancement Ariane 
Apres livraison, en decembre, du banc 
de controle du lanceur destine a 
(Ensemble de Lancement Ariane a 
Kourou (Guyane fran9aise), les 
travaux d'installation ant 
immediatement commence. Entre
temps les operations de validation sur 
simulateurs statiques sont en cours. 
Un banc de controle identique est 
installe, depuis novembre, au Site 
d'lntegration du Lanceur (situe aux 
Mureaux, France) ou se deroulent 
actuellement les essais de maquettes 
electriques. 

METEOSAT 
Secteur spatial 
Depuis son lancement le 
23 novembre, Meteosat-1 fonctionne 
parfaitement. En janvier, une certaine 
inquietude s' est manifestee lorsque 
I' on a constate que le radiometre 
perdait de sa sensibilite dans le canal 
infrarouge. Ce phfinomene etait dtJ a 
la condensation de produits de 
degazage de (isolation thermique 
multicouches. Ces produits 
contaminants se sont evapores grace 
a la mise en route de radiateurs 
specialement embarques a cet effet. 
Des modifications occasionnelles non 
telecommandees ant ete observees et 
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(on pense qu' elles sont dues a des 
phfinomenes de decharge a la surface 
du vehicule spatial. Ceci mis a part, 
Meteosat fonctionne a la perfection. 

L'integration de Meteosat-2 dans la 
configuration Thor-Delta est achevee 
et les essais de performance des 
sous-systemes sont en cours. 
L' adaptateur conique Meteosat/ APPLE 
est en cours de fabrication et (on 
procede actuellement a une analyse 
structurelle de Meteosat, pour 
determiner quels sont les 
renforcements qu'il convient 
d'apporter au satellite pour pouvoir le 
lancer par Ariane. 

Secteur terrien 
Depuis la reception de la premiere 
image, le 9 decembre 1977, les 
installations terriennes augmentent 
progressivement la capacite du 
systeme. Comme par le passe, et en 
depit de certains progres realises au 
cours des dernieres semaines, le point 
crucial reste le systeme de traitement 
des donnees. 

Operations 
Les images et les bandes calculs ont 
ete livrees aux utilisateurs pour une 
analyse scientifique detaillee . Ces 
donnees ant ete accueillies avec le 
meme enthousiasme par les 
chercheurs et par les meteorologistes; 
les images du canal vapeur d' eau ant 
suscite un interet tout particulier. 

La diffusion des images de Meteosat 
et de Geos est en cours, mais en 
mode reduit. 

Demonstration/activites 
experimentales 
La performance des equipements de 
la Station Secondaire d' Utilisateurs de 
Donnees (SDUS) et la mission de 
diffusion ont fait (objet d' une 
demonstration, du 9 au 14 fevrier, a 
Nairobi, a (occasion de la 7eme 
session de (Association Regionale 
No . 1 de I'Organisation 
Meteorologique Mondiale (Pays 
africains) . 

Une plate-forme de collecte de 
donnees (DCP) operationnelle a ete 
installee a bard d' un navire fran9ais 
pour une campagne experimentale 
qui doit se derouler jusqu'a fin mai. 
Des messages seront re9us et 
analyses a Darmstadt ce qui permettra 

une evaluation pretiminaire de la 
mission de collecte de donnees. 

Projet GOES 
Le satellite meteorologique 
geostationnaire russe ne sera pas 
disponible pour la Premiere 
Experience Mondiale du GARP 
(PEMG) (an prochain; aussi la 
NOAA/NESS et (ESA se sont-elles 
mises d' accord pour combler le 
hiatus: d' une part, la NOAA decalera 
un de ses satellites a 60· est; d' autre 
part, le satellite sera suivi et contro/e 
depuis (Europe, sous la responsabilite 
de (ESA. en utilisant certains 
equipements americains. 

EXOSAT 
Satellite 
L'examen critique de la conception, 
dernier grand exam en de la phase 8 , a 
dtJ etre divise en deux parties, la 
premiere en decembre de (an dernier 
et la deuxieme a la fin de fevrier de 
cette annee, pour tenir compte de la 
lenteur avec laquelle les travaux ant 
progresse dans certains secteurs cles: 
(AOCS - systeme de commande 
d' attitude et de controle d' orbite -, les 

Orbite prevue pour Exosat. Les rayons 
partant du vehicule spatial indiquent les 
modes de pointage arbitraire et 
cf occultation lunaire. 

The planned orbit for Exosat. The radii 
from the spacecraft distinguish the 
arbitrary-pointing and moon-occultation 
modes. 
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METEOSAT 
Space segment 
Meteosat-1 has been performing very 
well since its launch on 23 November. 
Some concern was felt in January 
when it was observed that the 
radiometer was losing sensitivity in 
the infrared channel. This was due to 
condensation of outgassing products 
from the multilayer thermal insulation . 
Use of the heaters, installed 
specifically for this purpose, 
evaporated these contaminants. 
Occasional uncommanded status 
changes have also been observed, 
and it is thought that these are 
caused by spacecraft surface 
discharging. Apart from these effects, 
Meteosat is working perfectly. 

Integration of Meteosat-2 in Thor
Delta configuration has been 
completed and subsystem 
performance tests are under way. The 
Meteosat l APPLE conical adapter is 
being manufactured and structural 
analysis of Meteosat is in progress to 
determine what strengthening it will 
need for an Ariane launch. 
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Ground segment 
Since the first image was received on 
9 December, the ground facilities 
have steadily increased the 
capabilities of the system. As always, 
the crucial point remains the data
processing system, despite some 
progress during the last weeks. 

Operations 
Image photographs and computer 
tapes have been delivered to users for 
a detailed scientific appraisal. The 
data have been greeted with 
enthusiasm by research worker and 
applied meteorologist alike, and 
particular interest has been shown in 
the water-vapour channel pictures. 

Dissemination of Meteosat and Goes 
images is in operation, albeit in a 
reduced mode. 

Demonstration I experimental activities 
A demonstration of Secondary Data 
User Station (SDUS) equipment 
performance and dissemination was 
held in Nairobi from 9 to 14 February 
on the occasion of the 7th Session of 
the Regional Association No. 1 of the 
World Meteorological Organisation 
(African countries) . An operational 
stabilised Data Collection Platform 
(DCP) has been installed on a French 
ship for an experimental campaign 
until the end of May. Messages will 
be received in Darmstadt (ESOC) and 
analysed in order to make a 
preliminary assessment of the data
collection mission . 

GOES project 
Due to the unavailability of the 
Russian geostationary meteorological 
satellite for the First GARP Global 
Experiment (FGG E) next year, an 
agreement has been reached between 
NOAA/N ESS and ESA to bridge the 
gap: NOAA will shift one of their 
satellites to 60· E, and it will be 
monitored and controlled from 
Europe by ESA. using some US 
equipment. 

A Secondary Data User Station (SOUS) in 
use at Michelstadt, Odenwald (Germany) . 

Une Station Secondaire d'Utilisateurs de 
Oonnees en operation a Michelstadt, 
Odenwald (Allemagne) . 

EXOSAT 
Satellite 
The Critical Design Review, the last 
major review in the Definition Phase 
( Phase B), has had to be held in two 
parts, the first in December last year, 
and the second at the end of 
February, to allow for slow progress 
in certain key areas, e.g . attitude and 
orbit control (AOCS) , structure and 
thermal subsystems and clean bench 
for experiment imaging telescopes. 
The reviews identified existing and 
potential system -schedule and 
weight -budget problems, and some at 
subsystem level concerning the 
AOCS in particular. Consequently, the 
Review Board made 21 
recommendations for study and 
implementation . 

Since the introduction of the Variant 
satellite concept in July 1977, a 
steady growth in satellite mass has 
taken place, resulting in a need to 
update the maximum figure to 480 kg 
for the complete satellite, of which 
120 kg is allocated to the scientific 
payload. This new maximum is just 
compatible with the capabilities of 
the spacecraft structure and the 
performance of the back-up launcher. 
It therefore is of no significance that 
the primary launcher, Ariane, could 
place a heavier satellite into the 
desired orbit. 

As a result of trade-off studies of the 
attitude reaction-control system, it 
was decided to change the propane
tank configuration. Instead of a single 
toroidal tank, two spherical tanks of 
the type used for Meteosat are now 
foreseen, which will alleviate fuel 
sloshing problems and significantly 
improve performance. 

Some main problem areas still 
requiring attention are qualification of 
the star- tracker image dissector tube, 
and of the microprocessor circuits for 
the attitude control electronics, on 
board measurement of propane-tank 
content, and scheduling. 

The contractor has submitted a 
proposal for the Main Development 
Phase (CID) of the project which has 
been evaluated by the Agency. A 
number of problems need to be 
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sous-systemes structure et thermique 
et le banc propre pour I' experience de 
telescope de prise d'images. Ces 
examens ont mis en lumiere des 
problemes, existants et potentiels, 
concernant, au niveau systeme, le 
calendrier et le bilan de masse et, au 
niveau sous-systeme, I'AOCS, ce qui 
a amene la Commission chargee de 
rexamen critique a formuler 21 
recommandations pour etude et mise 
en oeuvre. 

Depuis r adoption en juillet 1977 du 
concept de satellite Variant, la masse 
du satellite n'a cesse d'augmenter, ce 
qui a oblige a reviser en hausse le 
poids maximal qui atteint maintenant 
480 kg pour I' ensemble du satellite, 
dont 120 kg alloues a la charge utile 
scientifique. En fait, la nouvelle masse 
maximale est tout juste compatible 
avec la capacite de la structure et 
avec la performance du lanceur de 
reserve , ce qui retire tout interet au 
fait que le lanceur Ariane puisse 
placer sur r orbite souhaitee un 
satellite plus lourd. 

A la suite des etudes d'arbitrage sur le 
systeme de contr61e par reaction de la 
commande cl attitude, il a ete decide 
de modifier la configuration du 
reservoir a propane. Au lieu d'un 
reservoir toroidal, on prevoit 
main tenant deux reservoirs spheriques 
du type utilise pour Meteosat, ce qui 
attenuera le probteme de ballottement 
des ergols et augmentera 
sensiblement les performances. 

Les principaux secteurs dans lesquels 
des problemes se posent encore sont: 
la qualification du tube dissecteur 
d'images du suiveur stellaire , les 
circuits du microprocesseur pour 
r electronique de commande 
d'attitude, la mesure a bord du 
contenu des reservoirs de propane, et 
le calendrier. 

Le contractant a fait , pour la phase 
principale de realisation du projet 
(phase CID), une proposition qui a 
ete evaluee par r Agence. Un certain 
nombre de problemes doivent etre 
resolus avant que I' on puisse passer 
un contrat a prix forfaitaire . Ces 
problemes, ainsi que les activites de 
phase B qui ne sont pas encore 
terminees, sont actuellement suivis de 
tres pres, tant par les Contractants 
que par r Agence. 
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Charge utile 
Les contrats pour les quatre elements 
principaux de la charge utile: les 
detecteurs moyenne energie, les 
miroirs des reflecteurs rayons X, les 
ensembles cl instruments situes au 
plan focal et r electronique, sont 
entres dans la phase" - phase du 
modele d' identification et de la 
qualification. Un contrat a ete passe 
avec Montedel Laben pour le 
compteur proportionnel a scintillation 
a gaz, adjonction recente a la charge 
utile approuvee par le Comite du 
Programme Scientifique (SPC) en 
septembre dernier. Les progres dans 
tous les secteurs sont assez 
satisfaisants et les travaux se 
deroulent conformement aux plans 
mais on craint un peu que le 
colimateur a fenetre en verre au 
plomb de r experience moyenne 
energie ne reussisse pas a supporter 
toutes les contraintes rigoureuses qui 
lui sont imposees. 

Les modifications a tous les elements, 
sauf les miroirs, ont ete negociees 
avec le contractant et I' on attend sous 
peu la ratification des avenants a cet 
effet par "PC. 

Le programme du modele scientifique 
est main tenant considere comme 
acheve, revaluation des essais sous 
faisceaux longs des miroirs a rayons X 
approchant de sa fin . Les resultats du 
programme sont consideres comme 
satisfaisants dans la mesure ou, soit la 
preuve est faite que les objectifs de 
conception et de performance des 
unites ont ete atteints, soit I' on a pu 
identifier des solutions permettant des 
ameliorations necessaires. 

Des preparatifs sont actuellement en 
cours pour la phase operationnelle, y 
compris le programme cl observation, 
la gestion et la reduction des 
donnees. 

ESOC 
Sur la base cletudes internes 
executees au cours des derniers mois, 
la decision a ete prise de conserver la 
solution de reference (Villafranca, 
Madrid) comme station terrienne pour 
le soutien de la mission Exosat . Un 
exercice de planning detaille a 
commence a r ESOC concernant la 
mise en oeuvre des modifications 
necessaires aux stations. Ces plans 
seront etablis de far;:on a reduire 

autant que possible les 
incompatibilites potentielles avec les 
operations IUE au cours des dernieres 
annees. 

TELESCOPE SPATIA 
Reseau sola ire 
Chez British Aerospace (BAe), les 
activites de phase B se poursuivent de 
far;:on satisfaisante. Elles sont centrees 
sur les etudes cl arbitrage relatives a la 
conception de reference et sur la 
preparation de la documentation a 
fournir a la NASA en soutien de 
r exam en des imperatifs du 
Programme (PRR) pour le module du 
systeme de soutien (SS M) . Cette 
documentation a ete communiquee a 
la NASA a la mi-janvier. 

Un Groupe de travail special sur les 
interfaces, compose de representants 
de la NASA. de I'ESA. de BAe et de 
LMSC - contractant principal de la 
NASA pour le SSM - s'est reuni a 
Sunnyvale en Californie. Au cours de 
cette reunion, les participants ont 
etudie certains probtemes d'interface 
specifiques et detailles ainsi que les 
interfaces structurelles, mecaniques et 
electriques. 

A I'ESTEC se sont deroules avec 
succes des essais de cyclage 
thermique, effectues sur des 
echantillons de nappes de photopiles 
fournis par AEG - Telefunken et 
comportant au total 28000 cycles (ce 
qui correspond a cinq annees en 
orbite). 

Les travaux approchent main tenant 
du stade de r examen du concept de 
reference du reseau solaire, prevu 
pour la mi-avril. 

Module de la chambre 
Apres reception des propositions de 
r industrie, il a ete recommande a 
"PC de passer le contrat pour le 
module de la chambre avec Dornier, 
recommandation que ce Comite a 
approuvee a sa reunion de decembre. 
Un certain nombre de negociations se 
poursuivent au niveau du detail avec 
les sous -traitants portant notamment 
sur une meilleure definition des 
interfaces entre le module de la 
chambre et le PDA et sur une 
actualisation des diverses 
specifications. 
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resolved before a fixed -price contract 
can be concluded. These 
uncertainties and incomplete Phase- B 
activities are currently receiving 
maximum attention from both 
Contractor and Agency. 

Payload 
The contracts for the four major 
payload elements, namely Medium
Energy Detectors, X- Ray Mirrors, 
Focal Plane Assemblies and 
Electronics, have entered Phase II -
the Engineering Model and 
Qualification Phase. A contract for the 
Gas-Scintillation Proportional 
Counter, a recent addition to the 
payload approved by the Science 
Programme Committee (SPC) last 
September, has been placed with 
Montedel Laben. Progress in all areas 
is largely satisfactory am:! according 
to plan, but there is some concern 
that the lead -glass collimator of the 
Medium -Energy Experiment may not 
fulfil all the stringent requirements 
placed on it. 

Changes to all elements except the 
mirrors have been negotiated with the 
contractors and ratification by the 
Agency's Industrial Policy Committee 
(I PC) of contract riders is expected 
shortly. 

The scientific -model programme is 
now regarded as complete, with 
evaluation of the long-beam testing 
of the x-ray mirrors nearing 
completion . The outcome of the 
programme is regarded as satisfactory 
in that unit design and performance 
goals have either been shown to be 
met or solutions for improvement 
have already been identified . 

Preparations for the operational 
phase, including the observation 
programme, data handling and data 
reduction , are now under way. 

ESOC 
On the basis of internal studies 
carried out over the past months, a 
decision to maintain Villafranca 
(Madrid) as the ground station to 
support Exosat was taken. A detailed 
planning exercise has been initiated 
in ESOC for implementation of the 
modifications required at the station . 
These plans will be drawn up so as to 
minimise the potential conflict with 
IUE operations in later years. 
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SPACE TELESCOPE 
Solar array 
Work by British Aerospace (BAe) on 
the Phase- B (Definition Phase) 
activities is continuing satisfactorily, 
concentrating on trade-off studies for 
the baseline design and the 
preparation of documentation to be 
supplied to NASA in order to support 
the Programme Requirements Review 
(PRR) of the Support System Module 
(SSM) . This documentation was 
delivered to NASA in mid -January. 

A special Interface Working Group 
meeting between NASA. ESA. BAe 
and LMSC, the NASA prime 
contractor for the SSM, was held in 
Sunnyvale, California. During this 
meeting specific and detailed 
interface areas, and structural, 
mechanical and electrical interfaces, 
were discussed. 

At ESTEC, the thermal-cycling test 
with solar blanket samples from AEG
Telefunken (total of 28000 cycles, 
representing 5 years in orbit) was 
completed successfully . 

Work is now progressing towards the 
Baseline Concept Review of the solar 
array, scheduled to be held in mid
April. 

Camera module 
Following the receipt of proposals 
from industry, a recommendation was 
made to the Industrial Policy 
Committee (I PC) for contract award 
to Dornier, which was approved by 
the IPC at its December meeting . A 
number of detailed negotiations with 
subcontractors are continuing . 
Special attention is being paid to a 
better definition of interfaces between 
the Camera Module and the Photon
Detector Assembly, and to an 
updating of the various requirement 
specifications. 

Photon-detector assembly 
Progress by BAe, the Prime 
Contractor, since the start of the 
Phase I (equivalent of Phase-B) 
activities has been satisfactory. 
Hardware manufacture of critical 
items in the detector-head unit has 
started, with encouraging results. A 
detailed system analysis of detector 
performance is being made. 

NASA activities 
Main emphasis has been related to 
the Space Telescope Project 
Requirements Review held in 
February, which was supported by 
ESA. At this review the Interface 
Requirements documents between 
the ESA elements and the Space 
Telescope have been reviewed . 

Negotiations have been held with 
NASA (GSFC) to improve definition 
of the testing and integration 
philosophy for the Faint-Object 
Camera after delivery to NASA. 

SPACE SLED 
The Preliminary System Design 
Review denoting the end of the first 
phase of the Sled Facility 
development programme, the Design 
Evaluation Phase, was held at ESTEC 
on 18/19 January. Contractor 
performance in achieving an overall 
system design concept was 
considered good, though the 
predicted total mass exceeds 
specification. A possible problem 
developing in the power-supply area 
could be avoided by a redefinition of 
a particularly stringent acceleration 
profile to one which, fortunately, is 
also more attractive to the scientific 
user community. 

The preliminary design concept of the 
European Sled Experiment Package 
was reviewed at Mainz on 
25 January. No major problems of 
incompatibility with the Sled Facility 
were identified, other than that of a 
significant increase in the predicted 
total mass above the previously 
agreed value. 

OUT-Of-ECLIPTIC 

Early history 
The latest of the ESA scientific 
projects officially started its active life 
in November 1977, when the Science 
Programme Committee formally 
authorised it. However, feasibility 
studies had been under way for a 
considerable time prior to this, and in 
April 1977 an invitation was made to 
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Detecteur de photons (PDA) 
Depuis la mise en route des activites 
de Phase I , les progres realises par 
BAe, aontractant principal charge de 
la realisation du PDA, ont ete 
satisfaisants. Sur le plan des 
materiels, la fabrication des pieces 
critiques du detecteur proprement dit 
a commence, avec des resultats 
encourageants. Une analyse detailtee 
des performances du detecteur au 
niveau systeme est en cours. 

Activites de la NASA 
Les activites de la NASA ont porte 
principalement sur I'examen des 
imperatifs du Projet qui s'est tenu en 
fevrier et auquel f'ESA a participe. Les 
documents relatifs aux imperatifs 
if interface entre les elements ESA et 
le Telescope spatial y ont ete 
examines. 
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Des negociations ont eu lieu avec le 
Goddard Space Flight Center de la 
NASA afin de definir de fat;on plus 
precise la ligne de conduite a adopter 
pour les essais et f'integration de la 
chambre pour objets de faible 
luminosite apres sa livraison a la 
NASA. 

TRAINEAU SPATIAL 

L' exam en preliminaire de la 
conception du systeme, qui marque la 
fin de la premiere phase du 
programme de developpement du 
traineau, c' est-a-dire de la phase 
d' ev-aluation de la conception, s' est 
deroute a r ESTEC les 18 et 19 
janvier. La fat;on dont le contractant a 
cont;u f' ensemble du systeme a ete 

jugee bonne encore que la masse 
totale prevue depasse la limite 
specifiee. 11 est apparu qu' un 
probleme est susceptible de se poser 
dans le domaine de f'alimentation en 
energie mais qu' on pourrait I' eviter en 
redefinissant un profil d' acceleration 
particulierement rigoureux pour en 
retenir un autre qui, par chance, est 
egalement plus seduissant du point 
de vue de la communaute des 
utilisateurs scientifiques. 

La conception preliminaire de 
f' ensemble europeen d' experiences 
avec le traineau a ete passee en revue 
a Mayence le 25 janvier. Aucun 
probleme important d'incompatibilite 
avec le traineau n'a ete releve si ce 
n 'est une augmentation notable de la 
masse totale prevue par rapport a la 
valeur precedemment convenue. 

MISSION HORS

ECLIPTIQUE 

Historique 
Le dernier en date des projets 
scientifiques de r ESA a officiellement 
vu le jour en novembre 1977Iorsqu'i/ 
a ete formellement approuve par le 
Comite du Programme scientifique. 
T outefois des etudes de faisabilite 
avaient ete engagees fort longtemps 
avant cette date et des avril 1977 la 
Communaute scientifique aux Etats
Unis et en Europe avait ete invitee a 
proposer des experiences a 
embarquer sur les deux satellites que 
prevoit cette mission . 

La mission scientifique 
La Mission hors-ecliptique (ODE) 
marque une nouvelle etape dans les 
activites de r ESA puisqu' avec ce 
projet I'Agence s'attaque, pour la 
premiere fois , a la realisation non 
d' un satellite destine a graviter autour 
de la Terre mais d' une sonde pour 
/'espace lointain . 11 s'agit egalement 
d' un fait sans precedent pour la 
recherche spatiale en general car 
aucune mission a ce jour n'a ete 
cont;ue pour se derouler hors du plan 
de f'ecliptique (plan dans lequel se 
situent le Soleil et le systeme 
planetaire) afin d' explorer cette region 
et d' a voir une vue plongeante sur les 
regions polaires du Soleil . 
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the scientific communities of USA 
and Europe to propose experiments to 
be flown on the spacecraft. 

The scientific mission 
The OOE mission represents a new 
development in ESA activities, since it 
is the first time that we have 
embarked on what is effectively a 
deep-space probe rather than an 
earth-orbiting satellite. It is also a 
novel activity for space research in 
general, since never before has a 
mission been designed to go out of 
the ecliptic plane (the plane 
containing the sun and the planetary 
system) to explore the out-of-ecliptic 
region and to look down upon the 
polar regions of the sun. 

Because of the energy required, it is 
not possible to launch a spacecraft 
directly out of the ecliptic plane, and 
so OOE 's initial trajectory will be 
directly away from the sun to pass by 
the giant planet Jupiter. The immense 
gravitational field of this planet gives 
a 'sling -shot ' effect which will be 
used to put the spacecraft into orbit 
round the sun at right angles to the 
ecliptic plane. I n this orbit the 
spacecraft will pass through a 
previously unexplored region of space 
and will also survey the sun from 
high latitudes, permitting hitherto 
impossible observations. 

Project organisation 
The Out-of- Ecliptic mission is a joint 
project with NASA in the same way 
that ISEE, launched in October 1977, 
was a joint project. Each Agency will 
provide one spacecraft and they will 
be launched in tandem, utilising the 
Shuttle and Integral Upper Stage 
(IUS) . Part way towards Jupiter the 
two spacecraft are to be placed on 
slightly diverging trajectories so that 
one passes slightly north and the 
other slightly south of the Jovian 
equator. The 'sling-shot' effect 
referred to earlier will then force them 
out of the ecliptic plane. After 
passing over the polar regions of the 
sun, each spacecraft will recross the 
ecliptic plane and survey the other 
polar region . The accompanying 
figure (facing page) is an artist's im 
pression of the trajectories . 

Launch of the two spacecraft is 
foreseen for February 1983, the 
interplanetary passage to Jupiter will 
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lasts approximately 18 months, and 
the complete mission to the second 
polar transit will take almost five 
years. This duration, and the harsh 
Jovian radiation environment, 
imposes severe conditions upon the 
design of subsystems and 
experiments and also upon the 
selection of components. 

The present plan is to go to tender for 
the ESA spacecraft during the course 
of 1978, to conduct the Phase- B 
system development study during 
1979 and to commence hardware 
during 1980. Jet Propulsion 
Laboratory (JPL), which is 
responsible within the USA for the 

NASA spacecraft, has a roughly 
comparable time scale. 

Scientific payload 
As with ISEE, the ESA and NASA 
spacecraft each have a complement 
of experiments provided by 
universities and research centres in 
the USA and Europe. The 
accompanying table shows the 
principal investigators for each of 
these. A total of more than 200 
scientists in 65 centres are 
participating in the project. The stage 
is therefore set for the start of a new, 
and very exciting, scientific project 
which will, in the most literal sense, 
explore new frontiers of space. 

OUT OF ECLIPTIC - SCIENTIFIC PAYLOAD 

ESA SPACECRAFT 

Principal Investigator Institution Experiment Title 

Plasma spectrometer 

Solar-wind ion compo
sition spectrometer 

S.J. Bame Los Alamos Scientific Lab. 

G. Gloeckler/ J. Geiss Univ. Maryland / Univ. Bern 

E. Gruen 

P. Hedgecock 

K.C. Hurley/ 
M. Sommer 

L.J. Lanzerotti 

JA Simpson 

R.G. Stone 

M .H. Acuna 

T.L. Cline 

R.H. Giese 

R.M . MacQueen 

H. Rosenbauer 

H. Rosenbauer 

E.C. Stone 

R.G. Stone 

Max-Planck Institute, Heidelberg Cosmic dust 

Imperial College London Magnetic field 
measurements 

CESR Toulouse/ MPI Garching 

Bell Laboratories 

Univ. Chicago 

Goddard Space Flight Center 

NASA SPACECRAFT 

Goddard Space Flight Center 

Goddard Space Flight Center 

Ruhr -University, Bochum 

High Altitude Laboratory 

Max- Planck Institute, Lindau 

Max - Planck Institute, Lindau 

Solar x- ray, cosmic gamma 
ray and Jovian x-ray 

Low-energy heliospheric 
spectrum, composition 
and anisotropy 

Cosmic ray and solar 
particle 

Plasma waves 

Magnetic fields 

Solar x-ray and cosmic 
gamma- ray 

Zodiacal light 

White light coronagraph 
and x-ray XUV telescope 

Fluid parameters of 
interstellar gas 

Solar wind 

California Institute of Technology Comprehensive particle 
analysis 

Goddard Space Flight Center Plasma waves 
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Un satellite ne pouvant etre lance 
directement hors du plan de 
r ecliptique en raison de I' energie 
qu' exigerait r operation, la trajectoire 
initiale suit une direction opposee a 
celle du Soleil de fat;on a passer a 
proximite de la plantJte geante 
Jupiter. lenorme champ gravitationnel 
de cette plant He produit un effet de 
'catapulte' qui est mis a profit pour 
placer le satellite sur une orbite 
circumsolaire perpendiculaire au plan 
de recliptique. Cette orbite amene le 
satellite a traverser une region de 
respace qui n'avait pas encore ete 
exploree, en meme temps qu'elle 
permet cf observer le S oleil a partir de 
latitudes elevees ce qui etait 
impossible jusqu'ici. 

Organisation du projet 
La Mission hors-ecliptique est un 
projet conjoint ESA / NASA comme ce 
fut deja le cas pour ISEE, lance en 
octobre 1977. Les deux Agences 
fournissent chacune un satellite, a 
lancer en tandem au moyen de la 
Navette relayee par /'IUS Integral 
Upper Stage) . Au cours de leur trajet 
vers Jupiter, les deux satellites sont 
places sur des trajectoires legerement 
divergentes ce qui les conduit a 
passer run, legerement au nord, 
r autre, legerement au sud de 
requateur jovien. Sous reffet de 
'catapulte' , deja mentionne, ils sont 
alors rejetes hors du plan de 
I'ecliptique . Apres avoir survole les 
regions polaires du Soleil, chacun des 
satellites traverse a nouveau le plan 
de I'ecliptique et observe I'autre 
region polaire. Sur la figure ci-jointe 
sont representees les trajectoires de 
chaque satellite. 

Le lancement des deux satellites est 
prevu pour fevrier 1983, le voyage 
interplanetaire vers Jupiter durant 
approximativement dix -huit mois et 
rensemble de la mission jusqu'au 
second passage au-dessus des poles 
devant couvrir pres de cinq annees. 
La longue duree de la mission 
s'ajoutant a renvironnement tres 
rigoureux constitue par les 
rayonnements joviens impose de 
severes conditions tant en ce qui 
concerne la conception des sous
systemes et des experiences que la 
selection des composants. 

On prevoit actuellement de lancer un 
appel cf offres pour le satellite de 
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I'ESA dans le courant de rannee 
1978, de proceder a I' etude de 
developpement du systeme de 
phase 8 en 1979 et d' entamer la 
realisation des materiels en 1980. Le Jet 
Propulsion Laboratory (JPL) qui est le 
responsable aux Etats -Unis du satellite 
de la NASA. a un calendrier sensible
ment comparable. 

La charge utile scientifique 
Comme pour ISEE, les satellites de 
r ESA et de la NASA emportent 
chacun des experiences fournies par 

des universites et centres de 
recherche americains et europeens. Le 
tableau ci-dessons donne la liste des 
Chercheurs principaux. Au total 
cependant ce sont plus de 200 
scientifiques, appartenant a 65 
centres, qui participent au pro/et. Les 
elements sont donc en place pour le 
demarrage if un projet scientifique 
nouveau et particulierement 
passionnant qui, au sens le plus 
litteral du terme, permettra de 
repousser les frontieres de I' espace 
explore . 

MISSION HORS-ECLlPTIOUE - CHARGE UTILE SCIENTIFIOUE 

VEHICULE SPATIAL ESA 

Chercheurs principaux Organisme 

S.J . Bame Los Alamos Scientific Lab. 

G. Gloeckler/ J . Geiss Univ. Maryland/ Univ. Bern 

E. Gruen Max- Planck Institute, Heidelberg 

P. Hedgecock Imperial College London 

K.C. Hurley/ CESR Toulouse/ MPI Garching 
M . Sommer 

L.J . Lanzerotti Bell Laboratories 

J.A. Simpson Univ. Chicago 

R.G. Stone Goddard Space Flight Center 

M .H. Acuna 

T.L. Cline 

R.H. Giese 

R.M . MacQueen 

H. Rosenbauer 

H. Rosenbauer 

VEHICULE SPATIAL NASA 

Goddard Space Flight Center 

Goddard Space Flight Center 

Ruhr-University, Bochum 

High Altitude Laboratory 

Max- Planck Institute, Lindau 

Max -Planck Institute, Lindau 

Experience 

Spectromeltre (etude du 
plasma) 

Spectrometre 
(composition 
ionique du vent solaire) 

Poussiere cosmique 

Mesures du champ 
magnetique 

Rayonnements X solaire, 
ycosmique et X jovien 

CompOSition et anisotropie 
du spectre heliospherique 
faible energie 

Rayonnement cosmique 
et particules solaires 

Ondes plasmiques 

Champs magnetiques 

Rayonnements X solaire 
et i' cosmique 

Lumiere zodiacale 

Coronographe en lumiere 
blanche et telescope UV 
lointain en rayont. X 

Para metres de fluide du 
gaz interstellaire 

Vent solaire 

E.C. Stone California I nstitute of Technology Etude globale des 
particules 

R.G. Stone Goddard Space Flight Center Ondes plasmiques 
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L' Agence Spatiale Europeenne et le Droit de l'Espace 

M. BOUf/§Iy, Conseiller Juridique , ESA. Paris 

L'ensemble des textes qui constituent le 'droit de 
I'espace' est elabore depuis 1957 par I'Orga
nisation des Nations-Unies*. Organisation inter
nationale intergouvernementale, dotee de la per
sonnalite juridique, I' Agence Spatiale Europeenne 
est interessee au premier chef a la formation et au 
developpement de ces regles, dont certaines 
s'imposent plus specialement aux activites et 
programmes qu'elle execute dans I'espace. 

LES ACCORDS SPATIAUX SONT APPLlCABLES A 
L' ESA 

Pour I ' instant, le 'droit de I'espace ' est seulement 
constitue par les divers accords internationaux, conclus 
sous les auspices des Nations- Unies. II ne semble pas que 
des textes legislatifs purement nationaux soient venus -
du moins en Europe - Ies completer. II existe actuellement 
quatre accords spatiaux: 

le Traite sur les principes devant regir I'activite des 
Etats dans le domaine de I 'espace extra 
atmospherique, ouvert a la signature le 27 janvier 
1967 et entre en vigueur le 10 octobre 1967 
I ' Accord sur le sauvetage des astronautes, le retour 
des astronautes et la restitution des objets lances dans 
I 'espace, ouvert a la signature le 22 avril1968 et entre 
en vigueur le 3 decembre 1968. 
la Convention sur la responsabilite internationale 
pour les dommages causes par des objets spatiaux, 
ouverte a la signature le 22 mai 1972 et entree en 
vigueur le 1 er septembre 1972 
la Convention sur I ' immatriculation des objets lances 
dans I'espace, ouverte a la signature le 14 janvier 
1975, entree en vigueur le 15 septembre 1976. 

Comme I' indique expressement I 'article XIII du Traite de 
l 'Espace de 1967, les droits et obligations resultant de ces 
accords spatiaux appartiennent ou incombent au premier 
chef aux Etats souverains qui les ont signes. Sur 
I'i nsistance, en particulier, des Etats membres des organi 
sations spatiales europeennes, les accords internationaux 
ulterieurs sont alles un peu plus loin que ce que prevoyait 
le Traite, sans pour autant laisser les organisations 
internationales devenir des 'parties '. Chacun des trois 
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accords actuellement signes contient. en effet. une 
clause** ouvrant la possibilite d 'etendre ces dispositions a 
toute organisation internationale intergouvernementale 
qui se livre a des activites spatiales et qui se trouve, des 
lors, liee en tant que telle. Cette clause fait me me une 
obligation aux Etats qui sont a la fois partie a I'un des 
accords et membres d'une organisation 'spatiale ' de 
prendre des mesures a cet effet. 

Cette extension est sou mise, dans chaque cas, a la double 
condition que la majorite des Etats membres de 
l'Organisation en question ait signe et ratifie tant le Traite 
que I 'Accord particulier en cause et que I 'Organisation 
fasse, de son cote, une declaration formelle d 'acceptation 
des droits et obligations resultant de cet accord. 

A I'heure actuelle, le Conseil de I'ESA a deja approuve le 
texte de deux Declarations d 'acceptationt , I'une de 
l'Accord sur le sauvetage des astronautes, I'autre de la 
Convention sur la responsabilite, qui ont ete transmises 
par le Directeur general aux Gouvernements depositaires 
et au Secretaire general des Nations- Unies. La me me 
procedure sera suivie lorsque les conditions requises 
seront remplies a I'egard de la Convention sur 
I'immatriculation .tt 

LES ACCORDS SPATIAUX REGISSENT LES 
ACTIVITES DE L'ESA 

Alors que le Traite de I ' Espace ne peut influencer les 
activites de I ' ESA que par I'intermediaire de ses Etats 
membres qui assument eux-memes la responsabilite de 
son application, les autres accords spatiaux sont - ou 
seront - directement applicables a I'ESA. lis auront donc 
des repercussions su r le fonctionnement de I ' Agence tant 
vis-a-vis de I 'exterieur que dans les relations internes 
entre ses Etats membres. 

Trois questions, qui font I'objet des accords deja signes, 
sont d'une particuliEHe importance pour les activites 
actuelles de I ' ESA: 

1. LA RESPONSABILlTE INTERNATIONALE 
Pour I 'execution de ses programmes, l 'Agence a fait et 
fera lancer ses satellites par la NASA et effectuera elle 
meme des lancements avec le lanceur europeen Ariane. 
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Pour I 'execution de ses programmes, l 'Agence a fait et 
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* Cenellaboratlon .' eHectue p.1e cedre du Comltl sur 'utlu.tion 
pacilique de ' .. pace eKh-~rique dlt 'Com"a 'E6J)III:e' 
qui compte actue/Ie",."t 37 nWmbtH. chIffte qui doit"" portll41 
en 7978. Le Comit~ a cH4 aux .ow-ComItU. 'un scientifique et 
technique. 'autre jurldique. L .. projeu de rralta ou d' Accords qui 
r~.ultent de. ttavaux du Comit~ d. 'E,pace ,ont .n.ult. ttansmi. 
pour adoption 11 , Auembllfl glnlrale. L' ESA a le ,tlltut 
dobselVllt.ur IIUP~' du Comitl de 'El/Nlce depui, 7968. 

** Article 6 de 'Accord ,ur le 1II"","'ge. IIrticle XXII dele Convention 
• ur III re&ponBllbilltl, art/CI. VII de la Convention.ur fi""".tticullltion 
de' objet •• patiaux. 

t Ce. dlclllfBtiOns sont 11IIbll.1 au nom a 'Organ/ut/on EuropNnne 
de Rech./'Chtt$ Spatia,., tOIIlluilllnt Ill. actlvitls .ou. le nom 
d'Agence Spatiale ~, En vertu a '.aicIe XIX de le 
Convention portant w.t1On ,. fESA. eU., fNI«ont en vigullUf 
a/lll' '.nttH en vigueUf de ,.. Convention, 

Elle construit le Spacelab qui volera comme partie 
integrante de la Navette spatiale developpee par les Etats
Unis. Plus tard, elle se livrera a des activites operationnel
les pour le compte d'utilisateurs. 

Dans tous les cas, la responsabilite internationale de 
l'Agence peut etre mise en cause. Pour resoudre les divers 
aspects de cette question, qui est fort complexe, le Conseil 
a adopte, lors de sa 22eme session, une Resolution 
relative a la responsabilite juridique de l'Agence.ttt 

2. LE STATUT DE L'OBJET SPATIAL 
Au titre des divers Arrangements conclus avec ses Etats 
membres, l 'Agence est proprietaire, en leur nom, des 
objets spatiaux au financement desquels lesdits Etats 
membres ont contribue. L'acceptation par l'Agence de la 
Convention sur I'immatriculation - lorsque celle-ci sera 
entree en vigueur - amenera a detinir les mesures 
pratiques d 'application de ce principe. 
11 est d 'ores et deja acquis qu 'une organisation internatio
nale peut tenir le registre sur lequel seront portes les 
satellites dont elle a la propriete et en informer le 
Secretaire general des Nations- Unies. II restera a 
determiner quel sera celui des Etats membres qui exercera, 
au nom de la collectivite, la juridiction et le controle sur 
I'objet spatial, qui restent de competence etatique, en 
vertu de I'article VIII du Traite de l'Espace. 

3. L 'ASSISTANCE DANS L'ESPACE 
Dans sa Declaration d'acceptation de l 'Accord sur le 
sauvetage, qui a maintenant force operative, l'Agence a 
stipule, de fal;:on explicite, qu 'elle se considerait comme 
'autorite de lancement' au sens de I 'article 6 de la 
Convention sur le sauvetage. Elle est donc tenue a tous les 
devoirs d 'assistance dans l'Espace qui decoulent de cet 
Accord . 

QUEl PEUT ETRE LE ROLE DE L'ESA DANS 
L'ELABORATION DES REGLES NOUVELLES? 

Etant donne que I'elaboration des regles nouvelles du 
droit de I'espace est d'un interet direct et primordial pour 
les activites presentes et futures de I' ESA. il est essentiel 
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tt En ce qui concerne le. EIIIU fNmbre. d. , Agence.: 
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'AllenMgne. la B.'gique. le Oenemarll. la France, fltlllle. la 
Su«lfl. la Sum •• t le Royaume Uni; 

- La Convention .ur la r .. pon.abilit~ a It I ratifile par' Allemagne, 
la B«glque.1e Oanemarll. la France. fltalie.la Suide.la Sui"e. et 
le Royaume-Unl; 

- la Convention .ur'immatt/culetion aIM ratifile par la France. I. 
B«glque, 1e Oanemarll.1e Suid. et la Suis.e (.lgnH en outre p., 
'Allemagne.t le Royaume-Unl) . 

1ft RI,oIut#on ESA/C/XXII/RII. 3 du 73 dlcembre 7977, Elle e pour 
objet _ntJela pos« del ptlneJpa. pour la conduit. d' un difflrend 
(,lie ,. 'Agence) .t pour le "pllftltion al. charge finam:/lre entrs 
Etat. pattlcipanu. 

que celle-ci soit associee aux travaux qui conduiront a la 
conclusion de nouveaux accords spatiaux. On peut ainsi 
mentionner parmi les questions qui sont encore a I'etude 
aux Nations-Unies la radiodiffusion directe par satellites. 
I'observation des ressources terrestres, la delimitation de 
I' espace extra-atmospherique et le statut de I' orbite 
geostationnaire. dont les incidences sur les activites de 
I' Agence sont des plus importantes. 

D'autre part. I'ESA peut apporter le concours de son 
experience anterieure et de sa connaissance des proble
mes actuels a tous ceux qui , dans ses Etats membres et au 
sein des Nations-Unies, travaillent a I'elaboration des 
regles du futur droit de I'Espace. 

Concretement. cette participation de I' ESA a I'elaboration 
des nouveaux accords spatiaux se manifeste sur deux 
plans: 

a I' interieur de l 'Agence, le Conseil a cree un Groupe 
Consultatif des Relations I nternationales (I RAC) 
charge particulierement d'assurer la concertation -
qu i entre dans la mission de I' ESA - entre les Etats 
membres. en ce qui concerne les travaux des Nations
Unies et plus particulierement ceux du Comite sur 
I'utilisation pacifique de I'espace extra -atmos
pherique (COPUOS) et les sous-comites qui en 
dependent; 
aux Nations- Unies ou l 'Agence est representee aux 
reunions du COPUOS et entretient des relations de 
travail excellentes et constructives avec le Secretariat 
general. 

Ainsi , l 'Agence Spatiale Europeenne est impliquee au 
premier chef dans I'elaboration et I 'application du droit de 
I 'Espace. De par la nature de ses act ivites, qui s 'exercent a 
I'echelle mondiale, elle est directement soumise aux 
regles deja adoptees et elle a un inten~t tout particulier a 
et re associee etroitement a I'elaboration des regles 
nouvelles du droit de I'espace qu 'elle devra plus ta rd 
respecter . II est donc justifie qu 'elle puisse faire connaitre 
ses besoins propres et mette son experience au service de 
tous les Etats qui , au sein des Nations- Unies. detin issent 
le droit de l 'Espace. 0 
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The Earthnet Programme 

L. Marel/i, Earthnet Manager, Directorate of Planning and Future Programmes, ESA, Paris 

As a first step towards the establishing of a 
European Remote-Sensing Space Programme, the 
Council meeting at Ministerial level approved the 
Earthnet Programme in February 1977. This article 
attempts to outline the objectives. structure. 
interfaces. plannTng and prospects of this Euro
pean network for the acquisition. preprocessing. 
archiving and distribution of remote-sensing sat
ellite data. roughly one year after its birth. 

The importance of monitoring the earth and its environ
ment continuously from space for the control of en
vironmental parameters and conservation of resources is 
now widely recognised . Applications of such monitoring 
using space remote-sensing techniques include: 

agriculture (crop inventory and forecasting, forestry, 
etc .) 
geology (assessment of mineral resources) 
hydrology (water resources evaluation, etc.) 
ocean monitoring and surveillance 
snow and ice mapping and surveillance 
environmental control and pollution monitoring, and 
cartography. 

ESA is actively engaged in the elaboration of a European 
Remote-Sensing Satellite Programme to be proposed to 
its delegate bodies in the near future. As a first step 
towards the setting up of such a programme, Earthnet was 
approved as an Optional Programme in February 1977. 
For the time being , the programme is financed by eight of 
the Agency 's Member States (Belgium, France, Germany, 
Ireland, Italy, Spain, Sweden and the United Kingdom) . It 
is hoped, however, that the remaining Member States 
(Denmark, The Netherlands and Switzerland) will also 
participate in Earthnet in the near future, allowing the 
Programme to become a part of the basic activities of the 
Agency. 

EARTHNET'S ACTIVITIES 

The prime objective of Earthnet in the short term is to 
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promote and increase European expertise in the use of 
space-derived remote-sensing imagery. This is con 
sidered a fundamental prerequisite for the success of a 
European remote-sensing programme, for which Earthnet 
would constitute the basis of the ground segment. 

The tasks of Earthnet comprise: 
acquisition of remote-sensing data in a systematic 
fashion 
data preprocessing, i.e. calibration and correction of 
data both geometrically and radiometrically 
distribution of imagery with acceptable delays to 
users 
archiving of all imagery acquired to allow historical 
and/or multi-temporal studies. 

Table 1 lists the salient characteristics of the remote
sensing missions that are or will be handled by Earthnet 
within its present terms of reference. 

The key issues that underlie the tasks mentioned above 
are: 

Continuity: only if a long-term commitment to the 
provision of remote-sensing data exists, will the user 
community be in a position to make the necessary 
investments in data interpretation facilities and 
personnel. 
Promotion : prices of products need to be subsidised 
because the remote -sensing market is not yet com
mercially selfsupporting . 
Delivery time: rapid availability of data is a fundamen 
tal prerequisite for any application aimed at becoming 
operational. 
Multiplicity of mission : none of the existing remote 
sensing missions alone can solve all the problems 
connected with the potential applications of this 
technology. 

The second objective of Earthnet is to make use of all the 
expertise available in Europe at a national level in the 
fields of acquisition and preprocessing of remote -sensing 
data. This is why the facilities upon which Earthnet relies, 
with the single exception of the distribution centre 
housed at ESRIN (Frascati), are national ones offered by 
Member States for integration into the network. This 
approach has the advantage of reducing the Agency 's 
direct investment in the programme, giving it much 
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TABLE 1 
Summary characteristics of NASA remote-sBnsifI{J •• te/lite. '01 tNHth survey, mMItte .nd enviton",,1IIM monitoring 

applications (approved pr~ramme. only) 

ORBIT 
SATELLITE 

ALTITUDE INCL!· REPETITION 
(km) NATION RATE 

LANDSATS 1 and 2 920 99 18 d 

LANDSAT·C 920 99 18 d 

HCMM 
(Heat Capacity 600 98 12 h 
Mapping Mission) 

SEASAT·A 800 108" N/A 
36 h 

NIMBUS·G 925 99 2·3 days 

Key to abbreviations: 
MSS Multi-Spectral Scanner 
RBV Return-Beam Vidicon 
SAR Synthetic-Aperture Radar 

greater flexibility and decentralisation. The Agency 's role 
is intended to remain, to the maximum extent possible, 
one of co-ordination, supervision and promotion. 

The third objective is to tune the quantitative and 
qualitative level of the services offered to users to their 
actual requirements, still bearing in mind that Earthnet 
responsibility ends at data preprocessing and that the task 
of data interpretation and feature extraction remains the 
responsibility of the users. In other words, Earthnet is 
expected to increase the number of remote-sensing 
missions to be handled and to bring the standards of its 
products in line with the users' demands for improved 
service. 

Finally, Earthnet aims to become a forum for all European 
remote -sensing data users, a medium through which they 
can exchange information, experiences and results, and 
an opportunity for them to elaborate new proposals for 
improving the effectiveness of remote -sensing missions, 
in terms of either space or ground segment. 
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LAUNCH MAIN GROUND NO. OF SWATH 
DATE IMAGING RESOLUTION SPECTRAL FIELD OF VIEW 

SENSORS (m) BANDS (km) 

7n2 and MSS 80 4 105 
1n5 RBV 80 3 185)( 185 

1978 MSS 80 5 185 
RBV 40 1 (stereo) 130)(130 

Heat 
1977 Capacity 500 2 700 

Mapping 
Radiometer 

1978 SAR 25 100 
SMMR 16·144 km 5 (250·350 off 

(function nadir) 
frequency) 900 

V/IR Scanner 3 km (vis) 1800 
5 km (IR) 

1978 CZCS 800 6 
SMMR Similar to 4 600 

SEASAT (+ 2 pols) 

CZCS Coastal Zone Colour Scanner 
SMMR Scanning Multichannel Microwave Radiometer 

EARTHNET'S STRUCTURE 

Figure 1 identifies the various elements of the network 
and shows their functional relationship, while Figure 2 
shows the approximate coverage zones of the different 
Earthnet stations for the various missions they are 
intended to handle. 

Figure 3 is a preliminary implementation chart for the 
various facilities and missions, including a few planned 
missions that would represent a logical extension of 
Earthnet's present terms of reference. 

The structure of the basic network of acquisition stations 
has largely been dictated by the characteristics of the 
missions handled by or planned for by Earthnet. namely 
(a) Satellites focussing primarily on land applications 

and working, at least until the mid -1980s, in the 
visible and infrared parts of the spectrum (Landsats 
1, 2, C, D, D', etc.) 

(b) Satellites designed mainly for sea and coastal -zone 
applications and using active and passive micro 
wave type sensors (Seasat A, B, C, etc.). although 
Synthetic-Aperture - Radar (SAR) type data are also 
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and working, at least until the mid -1980s, in the 
visible and infrared parts of the spectrum (Landsats 
1, 2, C, D, D', etc.) 

(b) Satellites designed mainly for sea and coastal -zone 
applications and using active and passive micro 
wave type sensors (Seasat A, B, C, etc.). although 
Synthetic-Aperture - Radar (SAR) type data are also 
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expected to be useful for land applications 
(c) Experimental satellites without any assured follow

on (e.g . HCMM, Nimbus-G) . 

The Fucino (Italy) and Kiruna (Sweden) stations will 
handle type (a) missions and, in view of their long-term 
interest, the Agency plans to become partial or sole owner 
of these facilities. The Oakhanger (UK) and Maspalomas 
(Canary Islands) stations will operate with type (b) 
missions; the Agency will contribute financially to the 
procurement of part of the equipment and of an SAR 
processor in these cases. It is envisaged that the French 
station at Lannion and part of the Maspalomas station will 
be used for type (c) missions. The Agency plans to limit its 
own financial involvement in stations of this last type. 

INTERFACES WITH THE OUTSIDE WORLD 

As already mentioned, all the ground stations used by 
Earthnet are national facilities that have been offered for 
integration into the network and have been adapted as 
necessary to meet European needs. The Agency has, or 
will draw up, a Memorandum of Understanding and a 
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yearly renewable contract with each of the national 
authorities responsible for these facilities, setting out the 
legal, technical and financial framework for integration of 
the facility into Earthnet. 

As regards interfaces with the user community, Member 
States have been invited to appoint, if they so desire, a 
'National Point of Contact (NPOC)' to Earthnet, to be 
responsible for the distribution of remote-sensing data to 
the national user community, to promote its utilisation, 
and to arrange for an exchange of information between 
users on methods employed and results obtained. Most 
Member States have in fact already nominated an NPOC. 

For the time being, the Earthnet/N POC relationship is 
focussed on the distribution of Landsat imagery, but it 
may in future be extended to include data from experi 
mental missions, which are handled slightly differently. 
The central distribution facility in Frascati is charged with 
the distribution of Landsat imagery to users not served by 
N PO Cs and international organisations, plus experimen 
tal data. The pricing policy adopted implies the subsidis 
ing of the prices charged for Landsat imagery to bring 
them into line with those charged in the USA. Data from 
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Figure 2 - Approximate coverage zones of the Earthnet stations for the various observational satellites. 

the purely experimental remote-sensing missions such as 
Seasat will be distributed at no cost to Principal 
Investigators or their equivalent, and at cost of repro
duction to others. 

With reference to Earthnet interfaces with NASA. a 
Memorandum of Understanding for access to data from 
the Landsat series of satellites is being negotiated and will 
be signed shortly. Similar negotiations have taken place 
for the other missions handled by. Earthnet and it is 
anticipated that formal agreements will soon be reached 
in these cases also. 

The main principles agreed upon by ESA and NASA for 
inclusion in the Memoranda are: 
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Open and nondiscriminatory distribution of data at 
fair and reasonable prices to all interested Landsat 
data users. 
Distribution of data to Principal Investigators whose 
test sites are within the coverage areas of an Earthnet 

station on the same conditions agreed upon by NASA 
and in a format of equivalent standard to that of 
NASA. 
Distribution of data at cost of reproduction to other 
users whose investigations are considered meri
torious by the two Agencies, for the purpose of 
allowing them to carry out their proposed in
vestigation . 

It is worth noting that agreement on missions such as 
Seasat-A will involve the participation of European 
scientists in the management of the missions themselves, 
including their operations. In effect, European repre 
sentatives will be members of the Seasat experiment 
teams and probably of the Steering Committee also. 

PROGRAMME PLANS AND PERSPECTIVES 

Figure 3 gives an outline of Earthnet activities for the 
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Figure 3 - Preliminary implementation chart for Earthnet facilities and missions. including some activities still in the planning stage. 

foreseeable future, including those both approved and 
planned. The main effort for the first few years will be 
devoted to the establishment of a basic network of 
acquisition stations and to the provision of a limited set of 
standard products to users. The result of this initial effort 
should be the establishment of a basic European capacity 
to handle data from both American and European remote
sensing satellites. Thereafter effort will have to be 
switched to the provision of higher standard products 
tailored to the needs of users, as well as to the widening of 
the scope of the programme to include second
generation remote-sensing missions such as Landsat-D 
and D', Seasat- Band C, the Shuttle remote-sensing 
experiments, and of course the planned European remote
sensing missions, including the microwave experiment 
and metric camera to be carried on the first Spacelab 
flight. 

/ 
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COMPLEXITY OF THE TASK 

One of the characteristics of the Earthnet Programme is 
that it involves the implementation of an operational 
acquisition and distribution service aimed at a wide and 
inhomogeneous user community. Beyond the quality
control aspects, it involves marketing, promotion and 
training. Furthermore, the technical problems to be solved 
in setting up a network such as Earthnet are numerous, 
and in some cases involve technology in the front line of 
today's developments. By way of example. 

The very high bit rates generated by remote-sensing 
satellites impose severe performance constraints on 
the entire receiving chain. including antenna, am
plifiers, down-converters, receivers, bit conditioners, 
recorders, etc. Furthermore. the tracking speed called 
for by the low-orbit missions handled tends to limit 
the size of the antenna dish that can be used . 
The large data volume, together with some near-real
time requirements on availability of data. imposes 
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Figure 4 - Landsat false -colour composite received and processed by Telespazio. 

important constraints on computing power and on 
the throughput capability of the processing facilities . 
For example, SAR data (after digitisation) requires a 
recorder capable of operating at up to 120 Mbit/s, 
which is very close to the limit of what the commercial 
market can presently supply. 
The preprocessing step is one of the most demanding, 
in terms of both volume and strictness of geometric 
and radiometric -correction requirements. As an 
example, Landsat preprocessing involves a radiomet 
ric correction implying either statistical analysis of 
incoming imagery, or evaluation of the calibration 
wedges transmitted with data in order to obtain gain 
and offset for each sensor, as well as a geometric 
correction which will compensate for earth rotation , 
mirror scan nonlinearity, attitude, altitude, spectral
band offset, line equalisation, etc. 

One of the most challenging tasks for Earthnet will be the 
preprocessing of Seasat synthetic -aperture -radar data, 
which will constitute the first example of spaceborne SAR 
sensor generated imagery. The SAR processor being 
developed has to cope with the extreme bit rate and 
reconstruct the image from the radar returns, taking into 
account classical SAR processing elements as well as 
those specific to the space application , such as range 
walk problems originating from wave-front curvature and 
earth rotation . 
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CONCLUSION 

Although only a year has elapsed since the creation of 
Earthnet, several positive achievements can already be 
recounted : 

The Landsat station at Fucino has operated within 
Earthnet since 1 April 1977. 
The second Landsat station at Kiruna w ill start data 
acquisition on 1 March 1978. 
The Lannion and Oak hanger stations will start 
operations in April 1978. 
The Landsat Memorandum of Understanding with 
NASA has been approved and the others will be 
finalised shortly. 
Five agreements with NPOCs have been signed and 
the rest will follow in the near future. 
I n the first six months of the programme, 533 Landsat 
orbits were acquired, corresponding to more than 
14000 scenes; more than 50000 'quick - looks ' at 
archived imagery were generated; some 300 Com
puter Compatible Tapes (CCTs) and over 850 
photographic images were generated and distributed 
to users. 

Much still remains to be done, but we are confident that 
given the full support of our Earthnet partners we w ill be 
more than able to achieve the aims and aspirations for the 
programme that have been outlined in this brief review. 

o 
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LEDA: Une Banque de Donnees de I'ESA consacree aux 
images de la Terre vue de l'Espace 

G.A. Proca, Service de Documentation Spatia/e, ESA. Frascati, /ta/ie 

L'exploitation efficace des images de teledetec
tion spatiale suppose que I'utilisateur soit informe 
en temps utile de leur existence me me et connais
se leurs caracteristiques principales. Cela pose un 
probleme de nature documentaire qui a ete resolu 
par la creation d'une Banque de Donnees speciali
see. La mise en oeuvre de cette derniere aupres du 
Service de Documentation Spatiale (SDS) de 
I'ESA rend possible son interrogation en temps 
reel et mode conversationnel par le moyen de 
terminaux d'emploi facile relies a I'ordinateur du 
SDS sur le reseau commute. De plus, I'utilisateur 
pe ut se servir du terminal pour passer commande 
de l'imagerie dont il a besoin au cours meme d'une 
recherche effectuee sur la Banque de Donnees. 

NECESSITE D'UNE BANQUE DE DONNEES 

L'avemement des satellites consacres a I 'observation de la 
terre, et plus specialement de ceux qui sont voues a 
I'etude des ressources terrestres ou aux phenomenes 
ecologiques, a ete marque, entre autres, par une augmen
tation impressionnante de I 'information transmise au sol. 
En effet, des quelques kilobits necessaires aux premiers 
satellites scientifiques, on est passe a 15 Mbit/ s pour les 
satellites Landsat puis a 180 Mbit/ s pour Seasat-A. 

Cette masse d 'informations ne peut representer fidele
ment la realite au sol qu 'apres divers traitements effectues 
sur des ordinateurs puissants: il s'agit d'eliminer les 
distorsions introduites lors de la prise de vues par des 
effets instrumentaux dus aux senseurs. 11 faut aussi tenir 
compte des inevitables variations d' orbite, de I 'attitude du 
satellite sur son orbite et des effets lies a la rotation de la 
Terre. Mais, meme apres toutes ces operations, 
I'information contenue dans les innombrables images de 
la Terre ainsi obtenues, demeure pratiquement inutilisable 
tant qu 'e lle n 'est pas decrite en un langage simple et que 
son existence me me n'est pas largement connue et 
diffusee. 

11 faut donc creer une documentation identifiant les 
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caracteristiques principales de chaque scene enregistree 
et il est necessaire de rendre cette documentation 
accessible aux utilisateurs potentiels - a la limite, a tous les 
habitants de la planete. 

C'est cette documentation qui est contenue dans la 
Banque de Donnees LEDA. Cet acronyme, qui signifie 'on 
Line Earthnet Data Availability', resume 

le but de la Banque de Donnees: faire connaitre 
I 'existence et la disponibilite de scenes teledetectees, 
son origine: le programme Earthnet, 
la maniere dont les donnees sont rendues accessibles: 
par dialogue en temps reel et mode conversationnel 
avec un ordinateur central auquel sont relies des 
terminaux par I ' intermediaire de lignes telephoniques. 

CONTENU DE LA BANQUE DE DONNEES 

A I'heure actuelle la source principale de scenes telede
tectees est constituee par les satellites Landsat. Ceux-ci 
ont des orbites telles que chaque point de la Terre est vu 
par un meme satellite u ne fois tous les 18 jours. Cette 
duree constitue un cycle . A I'interieur d'un cycle chaque 
orbite est numerotee et appelee 'track'. Le long d 'une 
orbite, le centre de chaque scene est predetermine 
('frame'). Ainsi il suffit en principe de connaitre ces trois 
elements (cycle, track, frame) pour definir une scene sans 
ambigu'ite (Fig . 1) . 

TRACK 140 139 138 137 136 

FRAME 28 -I I / I !_ 
/-'-'-'-j 

/ / / / 
-._1 t L.-I' . / 
/ / I 
-._1 / I-
f i if 

FRAME 29 

FRAME 30 

Figure 1 - Systeme de reference geographique Landsat. 
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son origine: le programme Earthnet, 
la maniere dont les donnees sont rendues accessibles: 
par dialogue en temps reel et mode conversationnel 
avec un ordinateur central auquel sont relies des 
terminaux par I ' intermediaire de lignes telephoniques. 

CONTENU DE LA BANQUE DE DONNEES 

A I'heure actuelle la source principale de scenes telede
tectees est constituee par les satellites Landsat. Ceux-ci 
ont des orbites telles que chaque point de la Terre est vu 
par un meme satellite u ne fois tous les 18 jours. Cette 
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Figure 1 - Systeme de reference geographique Landsat. 
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Puisque les orbites sont repetitives, il est possible de 
definir (en grades) les longitudes et latitudes des centres 
de scenes. Ces valeurs, jointes a la date ou la scene est 
acquise, constituent un second systeme de reperage 
redondant par rapport au premier. 

Deux informations essentielles doivent etre ajoutees pour 
definir completement la scene: la couverture nuageuse et 
la qualite de I'imagerie. Un algorithme suivi d'une 
verification humaine permet de definir le degre de 
couverture nuageuse sur une echelle en pourcentages 
pour chaque quadrant de la scene. La qualite de I'imagerie 
don ne une indication sur le pourcentage d'information 
eventuellement perdue au moment de I'acquisition de la 
telemetrie ou due a d 'autres causes ainsi que - subjective
ment - la qualite des produits photographiques obtenus. 

Si I'on ajoute le nom de la mission (Landsat 1,2 et 3) et 
I'heure ou une scene est acquise a la station de reception 
(Kiruna en Suede ou Fucino en Italie). on obtient les dix 
informations fondamentales qui doivent figurer sur cha
que 'citation' de la Banque de Donnees representant une 
scene don nee. 

Un exemple de citation est presente a la Figure 2. On 
constate I'existence d'informations supplementaires tel
les que le numero d'ordre dans la Banque (en haut a 
gauche), le nom de la station d'acquisition, le lieu 
d 'archivage, le numero de la bande magnetique ou se 
trouve la scene sur le lieu d'archivage (HOOT) etc. Ces 
informations supplementaires sont inserees dans la 
citation a I'intention des operateurs Earthnet. 

MISE EN OEUVRE 

Lors du passage d'un satellite en visibilite d'une station, 
les informations sont recueillies en temps reel et enregis
trees sur bande magnetique a haute densite 
(HDDT=high-density digital tapes) . 

Ulterieurement. I'ordinateur de la station cree une bande 
magnetique normale sur laquelle se trouvent reportees les 
dix donnees fondamentales a la base de chaque citation. 
Les citations sont accumulees pendant un mois apres 
quoi la bande est expediee au Service de Documentation 
Spatiale de I'ESA. situe a Frascati (Italie) . C'est la que 

48 

it! :::F'Uf,.' 5.····2/ 1 
77£:1:::264 LEDA CUR~[tIT PERI OD: 1977 

t'1 I SS I m ·j 

T~RCK FRAME CYCLE 

DF1TE Rea 

LRTITUDE 
SUt·j ELE'· ... 

77.····10 / 12 

+(1:::7,.:10 
CC:::, 12 

ARCH IVE LOC r~:lt-lO 
PHOTO AVAIL t-lO 

Figure 2 - Citation LEDA complete. 

FUClt-lO 

LONGITUDE -000 . 03 
S UN RZIM 135.65 

QUALITY 0 

I mIlT t'lo Cl 1 r::,2~]4 

sont ajoutees diverses informations supplementaires 
utiles aux operateurs Earthnet et que le contenu de la 
bande est repris par une serie de programmes logiciels 
destines a mettre en forme les donnees de maniere a ce 
que I ' interrogation devienne possible en mode conversa
tionnel. 

Un exemple permet de saisir le principe sur lequel se fonde 
I' interrogation en mode conversationnel: supposons que 
I' on ait besoin de savoir quelles sont les scenes qui ont ete 
enregistrees le long de I'orbite 127. Pour ce faire il faudrait 
en principe faire defiler les bandes existantes et isoler, 
lorsqu ' elles se presentent, les scenes qui portent le 
numero d'orbite choisi . On conc;oit que ce mode de 
recherche (appele recherche lineaire ou serie) so it long et 
inadapte. II est bien preferable de transferer le contenu des 
bandes sur disque magnetique en affectant une adresse a 
chaque citation et de creer un 'fichier inverse' ou, a 
chaque valeur de para metre (ici I 'orbite 127) on associe 
I'ensemble des adresses des citations correspondantes. 

II suffit donc a I'utilisateur de donner I' instruction a 
I'ordinateur de rechercher, dans le fichier inverse, la ligne 
correspondant a I'orbite 127. La reponse lui parvient en 
quelques secondes: il y a tant de citations correspondant a 
cette valeur du parametre choisi . 

II est evidemment possible de faire subir ce me me 
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traitement a chacune des dix quantites fondamentales 
presentes dans chaque citation . Des lors chacun de ces 
dix parametres est interrogeable et la Banque de Donnees 
est prete a I'emploi. 

INTERROGATION DE LEDA 

Le systeme de ressa isie de I' information en temps reel et 
mode conversationnel mis en oeuvre par le SDS sous le 
nom de ESA- Recon utilise un langage simple aussi 
proche que possible du langage naturel. Ses differents 
'mots ' representent autant d ' instructions specifiques a 
I'ordinateur. 11 suffit de 13 instructions pour interroger 
LEDA. Cinq d 'entre elles constituent I'essentiel et 
pourraient a la limite suffire. Elles ont pour nom EXPAN D, 
SELECT, COMBINE, TYPE, PRINT. 

EXPAND fait apparaitre sur un terminal relie a 
I 'ordinateur le dictionnaire de LEDA, c'est -a-dire les 
parametres interrogeables. 
SELECT permet de choisir I'un d'entre eux et de 
detinir la gamme de valeurs numeriques retenue pour 
ce parametre; par exemple orbites 127 a 134, centres 
de scenes 25 a 42, couverture nuageuse inferieure ou 
egale a 30%. Chaque selection donne lieu a la creation 
d 'un ensemble numerote sequentiellement et conte
nant les (adresses des) citations repondant au critere 
choisi . 
COMBINE permet d 'effectuer des combinaisons 
logiques, utilisant les operateurs booleens ET, OU, 
SAU F, operant sur les numeros d 'ensembles creEls 
lors des selections precedentes. Le resultat est un 
nouvel ensemble oll I ' on trouve les citations - si elles 
existent - repondant aux divers criteres imposes. 
TYPE permet de visualiser les citations elles-memes 
appartenant a un ensemble donne afin d 'en verifier la 
pertinence. 
Enfin PRINT permet I ' impression en differe des 
citations sur imprimante rapide afin de realiser des 
economies sur les coOts impliques par les communi
cations telephoniques et ceux lies a I 'utilisation de 
LEDA. 

Une recherche simple est presentee a la Figure 3 Oll les 
instructions emises par I'utilisateur sont inscrites avec 
indentation ce qui les differencie des reponses de 
I 'ord inateur. 
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DIFFUSION DE LEDA 

Tout utilisateur muni d 'un terminal de transmission de 
donnees et d 'un telephone peut avoir acces a LEDA. En 
effet. le SDS maintient un reseau europeen de lignes 
telephoniques s'etendant sur plus de 12000 km dans les 
Etats membres de l'Agence. Aux divers points terminaux 
de ces lignes de trouvent des concentrateurs. II suffit a 
I'utilisateur de former le numero de telephone du 
concentrateur le plus proche pour entrer en communica 
tion directe avec I 'ordinateur de Frascati . 

De plus, dans certains pays, le reseau Esanet qui vient 
d'etre mentionne est interconnecte a des reseaux natio 
naux. C'est le cas en particulier de la France oll Esanet est 
relie au reseau national. fran~ais Cyclades. Les points 
d 'acces au reseau Cyclades sont a present situes a Paris, 
Rennes, Lyon, Grenoble, Toulouse et. au cours de I 'annee 
1978, Nice et Nancy. 

Ainsi, pour une depense modique en coOts de telecom 
munications, I'utilisateur pe ut avoir acces immediat a 
LEDA et interroger cette Banque de Donnees comme s'il 
en etait I'utilisateur unique: les temps de reponse sont 
extremement brefs et une recherche complete pe ut et re 
effectuee en une dizaine de minutes sinon moins. 

ON PEUT AUSSI PASSER DES COMMANDES AU 
TERMINAL 

La Banque de Donnees LEDA n'est pas une fin en soi . Elle 
n 'existe que pour permettre I 'acces aux documents 
primaires, c'est-a-dire les scenes teledetectees elles
memes. Ainsi , le chercheur qui a identifie une ou des 
scenes I ' interessant doit- il demander aux responsables du 
programme Earthnet de lui faire parvenir les produits 
photographiques ou les bandes magnetiques equivalen 
tes. En general ces commandes sont passees par le 
demandeur aux 'Points de Contact Nationaux ' dans 
chaque Etat membre de l 'Agence. 

Pour faciliter ces requetes, le SDS a introduit une 
instruction supplementaire dans son langage de ressaisie, 
c 'est I ' instruction 'ORDER' . Un dialogue special s 'etablit 
entre I 'utilisateur et I 'ordinateur qui pose une serie de 
questions. 11 suffit d'y repondre en indiquant le numero 
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d'identification de I'utilisateur (delivre par les responsa
bles Earthnet a Frascati). la ou les scenes qui sont 
demandees (definies par leur numero d'ordre Recon ou le 
numero de I ' ensemble ou elles se trouvent) , les types de 
produits demandes pour chaque scene pris dans une liste 
de produits standard (bande magnetique, positif papier, 
positif trans'parent, en differents formats) et les quantites 
demandees par produit. Ce dialogue pe ut avoir lieu a tout 
moment au cours d'une interrogation . 

11 est evident que les Points de Contact Nationai.Jx seront 
probablement les utilisateurs principaux. Cette nouvelle 
instruction est neanmoins disponible pour tous. Un 
chercheur isole peut passer commande par le terminal. 
Dans la plupart des cas, les produits commandes de la 
sorte lui parviendront par I'intermediaire du Point de 
Contact National auquel il est geographiquement ratta
che. 

PERSPECTIVES O'AVENIR 

A ce jour la Banque de Donnees LEDA ne contient que 
des citations relatives a des images teledetectees par les 
satellites Landsat (environ 60000 citations) et acquises 
par les stations du reseau Earthnet proprement dit (Kiruna, 
Fucino) . Toutefois des discussions sont en cours avec la 
NASA afin de porter la couverture a I'echelle mondiale. 
Les references a la totalite des images Landsat acquises 
depuis le lancement de Landsat 1 seraient alors inserees 
dans LEDA avec indication du lieu d'archivage. La 
fonction ORDER pourrait encore etre utilisee pour passer 
commande directement aupres des detenteurs des sce
nes, le ' Service de Documentation Spatiale jouant alors 
simplement le role de relais . 

Bien entendu, les scenes acquises par les autres satellites 
interessant le programme Earthnet seront introduites dans 
LEDA de me me que les missions Spacelab. D'autres 
possibilites de developpement sont egalement a I'etude. 
Par exemple, divers sous-produits de LEDA pourraient 
!ltre distribues aux utilisateurs. 

11 est possible de generer un profil de recherche tel que 
chaque mois, I 'utilisateur re<;:o ive automatiquement une 
liste I ' informant des scenes acquises relatives a son 
domaine d ' interet. Cette faculte existe des a present mais 
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Figure 4 - Exemple d'image ' quick look' (France meridionale). 

I'utilisateur doit, chaque mois, rappeler le profil de 
recherche emmagasine dans la memoire de I 'ordinateur 
pour le faire reexecuter. L'etape successive sera it entiere
ment automatisee. 

Enfin , il est concevable que dans un proche avenir, la 
distribution de produits Earthnet so it acceleree par la mise 
a contribution de satellites de telecommunications. II 
sera it possible alors, en utilisant une option 'RUSH' de 
I' instruction ORDER, de faire parvenir, en moins de 24 
heures a I'utilisateur, tel produit Earthnet necessaire pour 
des raisons operationnelles. Par exemple un image ' quick 
look' comme celle representee a la Figure 4 pourrait etre 
transmise presque instantanement a I 'aide de machines 
fac-simile operant a une vitesse de transmission de 
2 Mbit/ s et reliees a des reseaux de communications 
integ rees satell ite-I ig nes terrestres a hautes performances. 

o 
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Figure 4 - Exemple d'image ' quick look' (France meridionale). 

I'utilisateur doit, chaque mois, rappeler le profil de 
recherche emmagasine dans la memoire de I 'ordinateur 
pour le faire reexecuter. L'etape successive sera it entiere
ment automatisee. 

Enfin , il est concevable que dans un proche avenir, la 
distribution de produits Earthnet so it acceleree par la mise 
a contribution de satellites de telecommunications. II 
sera it possible alors, en utilisant une option 'RUSH' de 
I' instruction ORDER, de faire parvenir, en moins de 24 
heures a I'utilisateur, tel produit Earthnet necessaire pour 
des raisons operationnelles. Par exemple un image ' quick 
look' comme celle representee a la Figure 4 pourrait etre 
transmise presque instantanement a I 'aide de machines 
fac-simile operant a une vitesse de transmission de 
2 Mbit/ s et reliees a des reseaux de communications 
integ rees satell ite-I ig nes terrestres a hautes performances. 
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In Brief 

First Automatic Communications 

between a Ship and Meteosat-1 

The European Space Agency's Meteosat- 1 satellite has 
been transmitting daily since the end of March to the 
European Space Operations Centre (ESOC) in 
Darmstadt, Germany meteorological data collected in the 
North Atlantic by special equipment on board the French 
naval vessel ' Henri Poincan§' . This equipment comprises: 

a meteorological station, supplied by the French 
Directorate of Meteorology, and manufactured by 
Aerozur - CE; 
a radio transmitter (supplied by ESA) to which the 
station is connected . 

Together it constitutes the first model of a Data Collection 
Platform (DCP) of the type intended for use within the 
framework of the Meteosat mission and developed for the 
Agency by Dornier System. 

The purpose of the experiment, which is being carried out 
jointly by the French Meteorological Service and ESA, is 
to demonstrate the reliability of automatic com
munications between ships and the Meteosat satellite for 
the regular preparation of meteorological reports . The 
messages are transmitted every three hours and report 
such meteorological parameters as wind characteristics, 
sea condition and air and sea temperatures, as well as the 
ship 's position. This particular experiment will last until 
July, but similar tests will be conducted thereafter with 
other European meteorolog ical services. 0 

European Cosmic-Ray Experiment 
Chosen for Shuttle Facility 
An experiment proposed jointly by the Dublin Institute for 
Advanced Studies, Ireland and the Space Science 
Department of ESA has been selected by NASA for flight 
on the Long Duration Exposure Facility (LDEF) sched 
uled as a major Space Shuttle payload in 1980. 

This experiment will study the charge and energy spectra 
of ultra -heavy cosmic - ray nuclei . The information ob
tained will contribute to the understanding of the physical 

52 

processes of cosmic -ray production and acceleration at 
the source, and their propagation through interstellar 
space. 

It is one of four scientific experiments chosen from 55 
proposed from various scientific disciplines. Two of the 
other experiments selected are provided by scientists from 
Germany and Switzerland . 

LDEF is an unmanned, free -flying facility on wh ich 
different scientific and technical experiments can be 
mounted in special trays. Launched by the Shuttle Orbiter, 
LD EF will be placed in a circular earth orbit of 435 km 
altitude and remain there for six to nine months, whilst its 
experiments are exposed to the space environment, 
before being retrieved by the Orbiter and returned to earth . 

o 

YAW AX IS 

~ARTH 

Orientation of NASA 's Long Duration Exposure Facilit y ( LDEFJ in free 
flight . It is a re-usable, unmanned. gravity -gradient -stabilised. free 
flying structure. 
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Visitors to ESTEC 

NASA astronauts Bob Parker (lower left) and Joe Kerwin (second from 
right) at ESTEC in March for the Spacelab Crew Station Review. 

Members of the Dutch Parliamentary Science Commission on the test 
floor at ESTEC, in February . 
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Experiments invited for Four 
European-Sponsored Spacelab 
Missions 

The European Space Agency, in agreement with the 
German authorities, has made a call for experiments for 
four European-sponsored Spacelab missions currently 
envisaged to take place in 1982 and 1983. Two will be 
ESA missions (micro-gravity and earth-oriented), and 
two (micro-gravity and deep-space-oriented) will be 
German-sponsored with other European participation . 

The f irst Spacelab flight, scheduled for the end of 1980 
(one purpose of which is to verify the Spacelab/Shuttle 
system), will carry a multi-discipline, joint ESA/NASA 
mission. The four European-sponsored missions now 
announced mark the start of a permanent Spacelab 
Utilisation Programme in Europe. 

The new call for experiments, sent to more than 2000 
scientists, institutes and industrial companies, will enable 
a very wide European participation in Spacelab utilis
ation. The call is open to experimenters in the 12 
countries participating in ESA's Spacelab Utilisation 
Programme (Austria, Belgium, Denmark, France, 
Germany, Ireland, Italy, The Netherlands, Spain, Sweden, 
Switzerland, and the United Kingdom) and in Canada and 
Norway which, like Austria, have observer status in ESA. 

The closing date for the submission of preliminary 
experiment proposals is 16 May, and the sequence, dates 
and compositions of the first four European missions are 
to be finalised by mid-October. 

ESA is reserving space free-of-charge on its first two 
Spacelab missions for experiments proposed and pro
vided by young Europeans, for which a call will be made 
in 1979/80. Also, the Agency will soon make a specific 
call for experiments in the field of educational physics, 
also to be carried free of charge on both these ESA 
missions. The latter experiments will be designed to film, 
for educational purposes, experiments illustrating fun
damental laws of physics such as the conservation of 
momentum, and heat transmission without convection . 

o 

53 

Visitors to ESTEC 

NASA astronauts Bob Parker (lower left) and Joe Kerwin (second from 
right) at ESTEC in March for the Spacelab Crew Station Review. 

Members of the Dutch Parliamentary Science Commission on the test 
floor at ESTEC, in February . 

ESA Bulletin No. 13 

Experiments invited for Four 
European-Sponsored Spacelab 
Missions 

The European Space Agency, in agreement with the 
German authorities, has made a call for experiments for 
four European-sponsored Spacelab missions currently 
envisaged to take place in 1982 and 1983. Two will be 
ESA missions (micro-gravity and earth-oriented), and 
two (micro-gravity and deep-space-oriented) will be 
German-sponsored with other European participation . 

The f irst Spacelab flight, scheduled for the end of 1980 
(one purpose of which is to verify the Spacelab/Shuttle 
system), will carry a multi-discipline, joint ESA/NASA 
mission. The four European-sponsored missions now 
announced mark the start of a permanent Spacelab 
Utilisation Programme in Europe. 

The new call for experiments, sent to more than 2000 
scientists, institutes and industrial companies, will enable 
a very wide European participation in Spacelab utilis
ation. The call is open to experimenters in the 12 
countries participating in ESA's Spacelab Utilisation 
Programme (Austria, Belgium, Denmark, France, 
Germany, Ireland, Italy, The Netherlands, Spain, Sweden, 
Switzerland, and the United Kingdom) and in Canada and 
Norway which, like Austria, have observer status in ESA. 

The closing date for the submission of preliminary 
experiment proposals is 16 May, and the sequence, dates 
and compositions of the first four European missions are 
to be finalised by mid-October. 

ESA is reserving space free-of-charge on its first two 
Spacelab missions for experiments proposed and pro
vided by young Europeans, for which a call will be made 
in 1979/80. Also, the Agency will soon make a specific 
call for experiments in the field of educational physics, 
also to be carried free of charge on both these ESA 
missions. The latter experiments will be designed to film, 
for educational purposes, experiments illustrating fun
damental laws of physics such as the conservation of 
momentum, and heat transmission without convection . 

o 

53 



ESA Publications 

The documents listed here have been issued since the last 
publications announcement in the Bulletin. Requests for 
copies should be made in accordance with the Table 
inside the back cover and using the Order Form on page 
65. 

ESA Journal 
The following papers were published in Vol. 2, No. 1: 

The ESA Science Programme: Plans and Pros
pects, by M.J. Rees 

Material Sciences in Space, by G. Seibert 

Determination des conditions de lancement de 
Spacelab en vue de satisfaire les exigences d'un 
projet d'experience par spectrometrie d'absorp
tion, par J Vercheval 

Study of Atmospheric Thermal Balance by 
Measurement of Radiation Pressure, by F. Barlier et 
al. 

Relative Performances of Conventional OPSK and 
Staggered OPSK Modulations in a Nonlinear 
Channel, by E. Caste//ano 

Thermocinetique des transferts couples radiatifs 
et conductifs, par J.B . Saulnier, JG . Ferrante & JP. 
Bouchez 

ESA Reports 

SPECIAL PUBLICATIONS 

ESA SP-129 

54 

ATTITUDE CONTROL OF SPACE VEHICLES -
TECHNOLOGICAL AND DYNAMICAL PRO
BLEMS ASSOCIATED WITH THE PRESENCE OF 
LIQUIDS, PROC. INTERNA TlONAL CONfER 
ENCE TOULOUSE, FRANCE, 10- 12 OCTOBER 
1977 (DEC 1977) 
CENDRAl. J ./MARCE, J.l. / GUYENNE, D. (EDS) 
PRICE CODE C2 

ESA SP-138 ADVANCED SA TELLITE COMMUNICA TlONS 
SYSTEMS USING THE 20-30 GHZ BANDS. 
PROC. SYMPOSIUM GENOA. ITAL Y, 14- 16 DE
CEMBER 1977 (JAN 1978) 
BERRETTA. G./BATTRICK, B./VERMEER, S. 
(EDS) 
PRICE CODE C2 

TECHNICAL REPORTS 

ESA TR -15 COMPREHENSIVE REPORT ON THE HORIZON 
CROSSING INDICATOR FLOWN ON ESRO -IV 
(NOV 1977) 
MENARDI, A.S . ET Al. 
PRICE CODE E3 

TECHNICAL MEMORANDA 

ESA TM-176 ANTENNA ARRA YS APPLIED TO COMMUNI
CA TIONS SA TELLlTES (NOV 1977) 
ROEDERER. A. 
PRICE CODE C1 

SCIENTIFIC AND TECHNICAL MEMORANDA 

ESA STM-202 DEVELOPMENT AND IN-FLIGHT PERFOR
MANCE OF THE COS -B THERMAL -CONTROL 
SYSTEM (JAN 1978) 
AlFERMANN , C. 
PRICE CODE C1 

PROCEDURES, STANDARDS AND SPECIFICATIONS 

ESA PSS-19/ QRM -16 (ISSUE 2) QUALIFICATION OF MATERIALS 
AND MATERIALS LISTS APPLICABLE TO 
SPACE PROJECTS (JAN 1978) 
PRODUCT ASSURANCE DIVISION , ESTEC 
PRICE CODE C1 

ESA PSS-38 (ISSU E 1) PROJECT-CONTROL REQUIREMENTS ANO 
PROCEDURES FOR MEDIUM-SIZE CON
TRACTS (DEC 1977) 
PROJECT CONTROL DIVISION, ESA 
PRICE CODE C1 

ESA PSS -39 (ISSUE 1) PROJECT-CONTROL REQUIREMENTS AND 
PROCEDURES FOR SMALL CONTRACTS (DEC 
1977) 
PROJECT CONTROL DIVISION . ESA 
PRICE CODE C1 

ESA Bulletin No. 13 

ESA Publications 

The documents listed here have been issued since the last 
publications announcement in the Bulletin. Requests for 
copies should be made in accordance with the Table 
inside the back cover and using the Order Form on page 
65. 

ESA Journal 
The following papers were published in Vol. 2, No. 1: 

The ESA Science Programme: Plans and Pros
pects, by M.J. Rees 

Material Sciences in Space, by G. Seibert 

Determination des conditions de lancement de 
Spacelab en vue de satisfaire les exigences d'un 
projet d'experience par spectrometrie d'absorp
tion, par J Vercheval 

Study of Atmospheric Thermal Balance by 
Measurement of Radiation Pressure, by F. Barlier et 
al. 

Relative Performances of Conventional OPSK and 
Staggered OPSK Modulations in a Nonlinear 
Channel, by E. Caste//ano 

Thermocinetique des transferts couples radiatifs 
et conductifs, par J.B . Saulnier, JG . Ferrante & JP. 
Bouchez 

ESA Reports 

SPECIAL PUBLICATIONS 

ESA SP-129 

54 

ATTITUDE CONTROL OF SPACE VEHICLES -
TECHNOLOGICAL AND DYNAMICAL PRO
BLEMS ASSOCIATED WITH THE PRESENCE OF 
LIQUIDS, PROC. INTERNA TlONAL CONfER 
ENCE TOULOUSE, FRANCE, 10- 12 OCTOBER 
1977 (DEC 1977) 
CENDRAl. J ./MARCE, J.l. / GUYENNE, D. (EDS) 
PRICE CODE C2 

ESA SP-138 ADVANCED SA TELLITE COMMUNICA TlONS 
SYSTEMS USING THE 20-30 GHZ BANDS. 
PROC. SYMPOSIUM GENOA. ITAL Y, 14- 16 DE
CEMBER 1977 (JAN 1978) 
BERRETTA. G./BATTRICK, B./VERMEER, S. 
(EDS) 
PRICE CODE C2 

TECHNICAL REPORTS 

ESA TR -15 COMPREHENSIVE REPORT ON THE HORIZON 
CROSSING INDICATOR FLOWN ON ESRO -IV 
(NOV 1977) 
MENARDI, A.S . ET Al. 
PRICE CODE E3 

TECHNICAL MEMORANDA 

ESA TM-176 ANTENNA ARRA YS APPLIED TO COMMUNI
CA TIONS SA TELLlTES (NOV 1977) 
ROEDERER. A. 
PRICE CODE C1 

SCIENTIFIC AND TECHNICAL MEMORANDA 

ESA STM-202 DEVELOPMENT AND IN-FLIGHT PERFOR
MANCE OF THE COS -B THERMAL -CONTROL 
SYSTEM (JAN 1978) 
AlFERMANN , C. 
PRICE CODE C1 

PROCEDURES, STANDARDS AND SPECIFICATIONS 

ESA PSS-19/ QRM -16 (ISSUE 2) QUALIFICATION OF MATERIALS 
AND MATERIALS LISTS APPLICABLE TO 
SPACE PROJECTS (JAN 1978) 
PRODUCT ASSURANCE DIVISION , ESTEC 
PRICE CODE C1 

ESA PSS-38 (ISSU E 1) PROJECT-CONTROL REQUIREMENTS ANO 
PROCEDURES FOR MEDIUM-SIZE CON
TRACTS (DEC 1977) 
PROJECT CONTROL DIVISION, ESA 
PRICE CODE C1 

ESA PSS -39 (ISSUE 1) PROJECT-CONTROL REQUIREMENTS AND 
PROCEDURES FOR SMALL CONTRACTS (DEC 
1977) 
PROJECT CONTROL DIVISION . ESA 
PRICE CODE C1 

ESA Bulletin No. 13 



ESA PSS-43/ QRM -31T (ISSUE 1) A SCREENING TEST METHOD 
EMPLOYING A THERMAL VACUUM FOR THE 
SELECTION OF MA TERIALS TO BE USED IN THE 
MANUFACTURE OF SPACECRAFT OPTICAL 
DEVICES (JAN 1978) 
PRODUCT ASSURANCE DIVISION , ESTEC 
PRICE CODE C1 

CONTRACTOR REPORTS 

ESA CR -984 CLOCK AND CARRIER SYNCHRONISATION: 
PREFILTER AND ANTIHANG -UP INVESTI
GATIONS (NOV 1977) 
GARDNER, F.M . 
PRICE CODE C1 

TECHNICAL TRANSLATIONS 

ESA TT-381 

ESA TT -388 

ESA TT-389 

ESA TT -390 

ESA TT -391 

ESA TT -392 

ESA TT-3 93 

DISPERSION OF TRACE CONSTITUENTS IN THE 
STRA TOSPHERE 
BOUCHARDY, A.- M ., ONERA FRANCE 

DEGRADATION OF THERMAL CONTROL 
COATINGS BY ULTRAVIOLET AND PARTICLE 
IRRADIA TlON 
PAILLOUS, A , ONERA FRANCE 

FUNCTIONING OF POWER RECTIFIERS AND 
TH YRIS TORS 
BURTSCHER, J . ET AL, BUNDESMIN . FUR 
FORSCH . U. TECHNOL , GERMANY 

MEDIUM ENERGY CHARGED PARTICLE 
SPECTROMETER. EXPERIMENT E8 'HELlOS' 
KEPPLER, E. ET AL , BUNDESMIN . FUR FOR 
SCH . U. TECHNOL ., GERMANY 

DEFINITION STUDY FOR SPACELAB EXPERI 
MENTS IN THE FIELD OF BASIC MEDICINE AND 
PROCESS ENGINEERING 
ERICH, U./HEPP, w., BUNDESMIN . FUR FOR 
SCH . U. TECHNOL., GERMANY 

CALCULATION, DESIGN AND EXPERIMENTAL 
INVESTlGA TlONS FOR THE CARRIER SUPPL Y 
OF A TELEVISION BROADCASTING SA TELLlTE 
HERBSTER, G./WEINHARDT, K., BUNDESMIN . 
FUR FORSCH . U. TECHNOL., GERMANY 

APPLlCA TlON OF PASSIVEL Y OR ACTlVEL Y 
MAGNETICALL Y SUSPENDED FL YWHEELS IN 
SATELLITES WITH APPENDAGES ( COMP
ARISON SYSTEM STUDY) 
KLEINAU , W. / WEINGARTEN , H./CRAEMER, w., 
BUNDESMIN FUR FORSCH . U. TECHNOL., 
GERMANY 

ESA Bulletin No. 13 

ESA TT-394 

ESA TT-395 

ESA TT-396 

ESA TT-397 

ESA TT-398 

ESA TT-399 

ESA TT-400 

ESA TT -401 

ESA TT-402 

ESA TT-403 

VERNIER BEAM STEERING BY FEED SYSTEM 
DISPLACEMENT OF A SA TELLlTE REFLECTOR 
ANTENNA 
BREDOW, R./SCHINDLER, G., BUNDESMIN . 
FUR FORSCH . U. TECHNOL, GERMANY 

PRODUCTION OF DISPERSION ALLOYS WITH 
ULTRASOUND UNDER ZERO GRAVITY CON
DITIONS, PHASE 1 
LlERKE, E.- G./HEIDE, w., BUNDESMIN . FUR 
FORSCH . U. TECHNOL, GERMANY 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1976-4, ONERA, 
FRANCE 

ELECTRON MICROSCOPE INVESTlGA TlONS OF 
THE EFFECT OF FIVE-DAY WEIGHTLESSNESS 
SIMULATION ON THE DEVELOPMENT OF THE 
FROG EMBRYO (RANA TEMPORARIA) VESTI 
BULAR ORGAN 
NEUBERT, J ., DFVLR, GERMANY 

ON THE PRACTICAL UTILITY OF CRITICAL 
FLICKER FUSION FREQUENCY MEASURE
MENTS TO THE ASSESSMENT OF MENTAL 
WORKLOAD 
SCHICK, F., DFVLR, GERMANY 

SOUND A TTENUA TlON IN MUL TlPL Y LINED 
RECTANGULAR DUCTS INCLUDING THE EF
FECTS OF THE WALL IMPEDANCE DISCON
TINUITIES . PART 2: LINERS IN PARALLEL 
KOCH , w., DFVLR , GERMANY 

HELlOS A SOLAR PROBE - ANTENNA DESPIN 
DRIVE MECHANISM. BEARING CHARACTERIS
TICS IN THERMAL VACUUM AND DURING 
MISSION 
KULLMANN, W./JANTZEN , E./HELLWIG, w., 
DFVLR , GERMANY 

BEHAVIOUR OF A SUBSONIC FLOW PAST A 
THIN WING IN THE VICINITY OF THE LEADING 
EDGE 
DARROZES, J -S , ONERA, FRANCE 

PHENOMENOL OGICAL RELA TlONS FOR THE 
PREDICTION OF LOW-CYCLE FATIGUE 
LEMAITRE, J ., ONERA, FRANCE 

STRUCTURAL PROPERTIES OF LINEAR DY
NAMIC SYSTEMS: APPLlCA TlON TO OPTIMAL 
CONTROL AND FIL TERING 
MERCIER, 0 ., ONERA, FRANCE 

55 

ESA PSS-43/ QRM -31T (ISSUE 1) A SCREENING TEST METHOD 
EMPLOYING A THERMAL VACUUM FOR THE 
SELECTION OF MA TERIALS TO BE USED IN THE 
MANUFACTURE OF SPACECRAFT OPTICAL 
DEVICES (JAN 1978) 
PRODUCT ASSURANCE DIVISION , ESTEC 
PRICE CODE C1 

CONTRACTOR REPORTS 

ESA CR -984 CLOCK AND CARRIER SYNCHRONISATION: 
PREFILTER AND ANTIHANG -UP INVESTI
GATIONS (NOV 1977) 
GARDNER, F.M . 
PRICE CODE C1 

TECHNICAL TRANSLATIONS 

ESA TT-381 

ESA TT -388 

ESA TT-389 

ESA TT -390 

ESA TT -391 

ESA TT -392 

ESA TT-3 93 

DISPERSION OF TRACE CONSTITUENTS IN THE 
STRA TOSPHERE 
BOUCHARDY, A.- M ., ONERA FRANCE 

DEGRADATION OF THERMAL CONTROL 
COATINGS BY ULTRAVIOLET AND PARTICLE 
IRRADIA TlON 
PAILLOUS, A , ONERA FRANCE 

FUNCTIONING OF POWER RECTIFIERS AND 
TH YRIS TORS 
BURTSCHER, J . ET AL, BUNDESMIN . FUR 
FORSCH . U. TECHNOL , GERMANY 

MEDIUM ENERGY CHARGED PARTICLE 
SPECTROMETER. EXPERIMENT E8 'HELlOS' 
KEPPLER, E. ET AL , BUNDESMIN . FUR FOR 
SCH . U. TECHNOL ., GERMANY 

DEFINITION STUDY FOR SPACELAB EXPERI 
MENTS IN THE FIELD OF BASIC MEDICINE AND 
PROCESS ENGINEERING 
ERICH, U./HEPP, w., BUNDESMIN . FUR FOR 
SCH . U. TECHNOL., GERMANY 

CALCULATION, DESIGN AND EXPERIMENTAL 
INVESTlGA TlONS FOR THE CARRIER SUPPL Y 
OF A TELEVISION BROADCASTING SA TELLlTE 
HERBSTER, G./WEINHARDT, K., BUNDESMIN . 
FUR FORSCH . U. TECHNOL., GERMANY 

APPLlCA TlON OF PASSIVEL Y OR ACTlVEL Y 
MAGNETICALL Y SUSPENDED FL YWHEELS IN 
SATELLITES WITH APPENDAGES ( COMP
ARISON SYSTEM STUDY) 
KLEINAU , W. / WEINGARTEN , H./CRAEMER, w., 
BUNDESMIN FUR FORSCH . U. TECHNOL., 
GERMANY 

ESA Bulletin No. 13 

ESA TT-394 

ESA TT-395 

ESA TT-396 

ESA TT-397 

ESA TT-398 

ESA TT-399 

ESA TT-400 

ESA TT -401 

ESA TT-402 

ESA TT-403 

VERNIER BEAM STEERING BY FEED SYSTEM 
DISPLACEMENT OF A SA TELLlTE REFLECTOR 
ANTENNA 
BREDOW, R./SCHINDLER, G., BUNDESMIN . 
FUR FORSCH . U. TECHNOL, GERMANY 

PRODUCTION OF DISPERSION ALLOYS WITH 
ULTRASOUND UNDER ZERO GRAVITY CON
DITIONS, PHASE 1 
LlERKE, E.- G./HEIDE, w., BUNDESMIN . FUR 
FORSCH . U. TECHNOL, GERMANY 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1976-4, ONERA, 
FRANCE 

ELECTRON MICROSCOPE INVESTlGA TlONS OF 
THE EFFECT OF FIVE-DAY WEIGHTLESSNESS 
SIMULATION ON THE DEVELOPMENT OF THE 
FROG EMBRYO (RANA TEMPORARIA) VESTI 
BULAR ORGAN 
NEUBERT, J ., DFVLR, GERMANY 

ON THE PRACTICAL UTILITY OF CRITICAL 
FLICKER FUSION FREQUENCY MEASURE
MENTS TO THE ASSESSMENT OF MENTAL 
WORKLOAD 
SCHICK, F., DFVLR, GERMANY 

SOUND A TTENUA TlON IN MUL TlPL Y LINED 
RECTANGULAR DUCTS INCLUDING THE EF
FECTS OF THE WALL IMPEDANCE DISCON
TINUITIES . PART 2: LINERS IN PARALLEL 
KOCH , w., DFVLR , GERMANY 

HELlOS A SOLAR PROBE - ANTENNA DESPIN 
DRIVE MECHANISM. BEARING CHARACTERIS
TICS IN THERMAL VACUUM AND DURING 
MISSION 
KULLMANN, W./JANTZEN , E./HELLWIG, w., 
DFVLR , GERMANY 

BEHAVIOUR OF A SUBSONIC FLOW PAST A 
THIN WING IN THE VICINITY OF THE LEADING 
EDGE 
DARROZES, J -S , ONERA, FRANCE 

PHENOMENOL OGICAL RELA TlONS FOR THE 
PREDICTION OF LOW-CYCLE FATIGUE 
LEMAITRE, J ., ONERA, FRANCE 

STRUCTURAL PROPERTIES OF LINEAR DY
NAMIC SYSTEMS: APPLlCA TlON TO OPTIMAL 
CONTROL AND FIL TERING 
MERCIER, 0 ., ONERA, FRANCE 

55 



ESA TT-404 

ESA TT -405 

ESA TT-406 

ESA TT-407 

ESA TT-408 

ESA TT -409 

ESATT-410 

ESA TT-411 

ESA TT -412 

ESA TT -413 

ESA TT-414 

ESA TT -415 

56 

MUL TlDISCIPLlNARY LlDAR SYSTEM IN 
SPACELAB FOR APPLICATION TO A TMOS 
PHERIC PHYSICS AND REMOTE SENSING 
ENGlISCH, WET AL., BUNDESMIN. FUR FOR 
SCH . U. TECHNOL., GERMANY 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1976-5, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1976-6, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1977-1, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1977 -2, ONERA, 
FRANCE 

MATHEMATICAL MODEL FOR ASCENT TRA 
JECTORY OPTIMIZATION OF A 4 -STAGE 
LAUNCH VEHICLE FOR GEOSYNCHRONOUS 
MISSION 
DUFFEK, W / SHAU , G., DFVLR, GERMANY 

SOME IN VESTlGA TlONS ON MISSILES USING A 
SPIKE FOR AERODYNAMIC CONTROL A THIGH 
MACH NUMBERS 
WYBORNY, W , DFVLR, GERMANY 

EFFECT OF FREE STREAM TURBULENCE ON 
TURBULENT BOUNDARY LA YERS IN INCOM
PRESSIBLE FLOW 
ARNAL, D., ONERA, FRANCE 

FUNDAMENTAL AERODYNAMIC STUDY OF 
LOCAL INJECTION IN A TURBULENT BOUN
DARY LAYER 
PRIEUR, J ., ONERA, FRANCE 

TWO -DIMENSIONAL MODEL FOR THE FOR 
MATION OF VORTEX SHEETS SHED BY THE 
LA TERAL EDGE OF A WING 
JONCHERAY, P , ONERA, FRANCE 

PREDICTION OF THE ONSET AND DEVELOP
MENT OF BOUNDARY LA YER TRANSITION 
MICHEL, R., ONERA, FRANCE 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1977-3, ONERA, 
FRANCE 

ESA TT-416 

ESATT-419 

ESA TT-422 

ESA TT-423 

ESA TT-424 

ESA TT-425 

ESA TT-427 

ESA TT-428 

ESA TT-429 

ESA TT-430 

ESA TT-431 

THE THEORY OF DIFFRACTION BY A PER 
FECTL Y CONDUCTING WEDGE OF ARBITRARY 
ANGLE APPLIED TO ANTENNA PATTERNS 
STAVROPOULOS, N., DFVLR, GERMANY 

MONTE CARLO SIMULATION OF VOR/DME 
HOLDING PROCEDURES. BASIC NOTIONS 
AND APPLlCA TlONS 
SCHNUERER, H., DFVLR, GERMANY 

MICROWAVE SCATTERING FROM THE SEA 
SURFACE 
STEIN, V., ONERA, FRANCE 

HYDROGEN ABSORPTION OF FRESHL Y
GENERATED TITANIUM SURFACES 
RAETZER - SCHEIBE, H.-J . ET AL., DFVLR, GER 
MANY 

ORBITAL TESTS OF THE CACTUS ACCELERO
METER 
DELATTRE, M. ET AL. , ONERA, FRANCE 

RESOLUTION OF THE NAVIER -STOKES EQUA 
TIONS BY A FINITE ELEMENT METHOD 
BORREL, M ., ONERA, FRANCE 

DETER MINA TlON OF THE MOST EFFICIENT 
UTlLlZA TION OF THE GEOSTA TlONARY ORBIT 
FOR COMMUNICATION SATELLITES USING A 
SYSTEM MODEL BASED ON SHARED CHAN
NEL INTERFERENCE MEASUREMENTS WITH 
PSK MODULA TED SIGNALS 
HENTRICH, T./ZORBACH, G., FERNMELDE 
TECH . ZENTRALAMT, GERMANY 

LA RECHERCHE AEROSPATlALE 
BIMONTHLY BULLETIN, 1977-4, ONERA, 
FRANCE 

STUDY OF A DRAG -FREE SATELLITE ORBIT 
CONTROL 
HUYNH , H. ET AL. , ONERA, FRANCE 

A NUMERICAL METHOD FOR CALCULATING 
THE UNSTEADY AERODYNAMIC PRESSURE 
DISTRIBUTION ON HARMONICALL Y OSCIL 
LA TlNG WINGS WITH CONTROL SURFACES IN 
SUBSONIC FLOW. THEORY AND RESUL TS FOR 
COMPRESSIBLE FLOW. PART 2 
GEISSLER, W ., DFVLR , GERMANY 

DYNAMIC RESPONSE ANAL YSIS OF SPACE
CRAFT STRUCTURES BASED ON MODAL SUR 
VEY TEST DATA INCLUDING NONLlNEAR 
DAMPING 
DEGENER , M ., DFVLR, GERMANY 

ESA Bulletin No. 13 

ESA TT-404 

ESA TT -405 

ESA TT-406 

ESA TT-407 

ESA TT-408 

ESA TT -409 

ESATT-410 

ESA TT-411 

ESA TT -412 

ESA TT -413 

ESA TT-414 

ESA TT -415 

56 

MUL TlDISCIPLlNARY LlDAR SYSTEM IN 
SPACELAB FOR APPLICATION TO A TMOS 
PHERIC PHYSICS AND REMOTE SENSING 
ENGlISCH, WET AL., BUNDESMIN. FUR FOR 
SCH . U. TECHNOL., GERMANY 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1976-5, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1976-6, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1977-1, ONERA, 
FRANCE 

LA RECHERCHE AEROSPA TIALE 
BIMONTHLY BULLETIN , 1977 -2, ONERA, 
FRANCE 

MATHEMATICAL MODEL FOR ASCENT TRA 
JECTORY OPTIMIZATION OF A 4 -STAGE 
LAUNCH VEHICLE FOR GEOSYNCHRONOUS 
MISSION 
DUFFEK, W / SHAU , G., DFVLR, GERMANY 

SOME IN VESTlGA TlONS ON MISSILES USING A 
SPIKE FOR AERODYNAMIC CONTROL A THIGH 
MACH NUMBERS 
WYBORNY, W , DFVLR, GERMANY 

EFFECT OF FREE STREAM TURBULENCE ON 
TURBULENT BOUNDARY LA YERS IN INCOM
PRESSIBLE FLOW 
ARNAL, D., ONERA, FRANCE 

FUNDAMENTAL AERODYNAMIC STUDY OF 
LOCAL INJECTION IN A TURBULENT BOUN
DARY LAYER 
PRIEUR, J ., ONERA, FRANCE 

TWO -DIMENSIONAL MODEL FOR THE FOR 
MATION OF VORTEX SHEETS SHED BY THE 
LA TERAL EDGE OF A WING 
JONCHERAY, P , ONERA, FRANCE 

PREDICTION OF THE ONSET AND DEVELOP
MENT OF BOUNDARY LA YER TRANSITION 
MICHEL, R., ONERA, FRANCE 

LA RECHERCHE AEROSPA TlALE 
BIMONTHLY BULLETIN , 1977-3, ONERA, 
FRANCE 

ESA TT-416 

ESATT-419 

ESA TT-422 

ESA TT-423 

ESA TT-424 

ESA TT-425 

ESA TT-427 

ESA TT-428 

ESA TT-429 

ESA TT-430 

ESA TT-431 

THE THEORY OF DIFFRACTION BY A PER 
FECTL Y CONDUCTING WEDGE OF ARBITRARY 
ANGLE APPLIED TO ANTENNA PATTERNS 
STAVROPOULOS, N., DFVLR, GERMANY 

MONTE CARLO SIMULATION OF VOR/DME 
HOLDING PROCEDURES. BASIC NOTIONS 
AND APPLlCA TlONS 
SCHNUERER, H., DFVLR, GERMANY 

MICROWAVE SCATTERING FROM THE SEA 
SURFACE 
STEIN, V., ONERA, FRANCE 

HYDROGEN ABSORPTION OF FRESHL Y
GENERATED TITANIUM SURFACES 
RAETZER - SCHEIBE, H.-J . ET AL., DFVLR, GER 
MANY 

ORBITAL TESTS OF THE CACTUS ACCELERO
METER 
DELATTRE, M. ET AL. , ONERA, FRANCE 

RESOLUTION OF THE NAVIER -STOKES EQUA 
TIONS BY A FINITE ELEMENT METHOD 
BORREL, M ., ONERA, FRANCE 

DETER MINA TlON OF THE MOST EFFICIENT 
UTlLlZA TION OF THE GEOSTA TlONARY ORBIT 
FOR COMMUNICATION SATELLITES USING A 
SYSTEM MODEL BASED ON SHARED CHAN
NEL INTERFERENCE MEASUREMENTS WITH 
PSK MODULA TED SIGNALS 
HENTRICH, T./ZORBACH, G., FERNMELDE 
TECH . ZENTRALAMT, GERMANY 

LA RECHERCHE AEROSPATlALE 
BIMONTHLY BULLETIN, 1977-4, ONERA, 
FRANCE 

STUDY OF A DRAG -FREE SATELLITE ORBIT 
CONTROL 
HUYNH , H. ET AL. , ONERA, FRANCE 

A NUMERICAL METHOD FOR CALCULATING 
THE UNSTEADY AERODYNAMIC PRESSURE 
DISTRIBUTION ON HARMONICALL Y OSCIL 
LA TlNG WINGS WITH CONTROL SURFACES IN 
SUBSONIC FLOW. THEORY AND RESUL TS FOR 
COMPRESSIBLE FLOW. PART 2 
GEISSLER, W ., DFVLR , GERMANY 

DYNAMIC RESPONSE ANAL YSIS OF SPACE
CRAFT STRUCTURES BASED ON MODAL SUR 
VEY TEST DATA INCLUDING NONLlNEAR 
DAMPING 
DEGENER , M ., DFVLR, GERMANY 

ESA Bulletin No. 13 



ESA TT-433 

ESA TT-434 

ESA TT-439 

ESA TT-441 

THE USE OF PYRANOMETERS IN AIRCRAFT 
FIMPEL, H., DFVLR, GERMANY 

DETERMINATION OF DYNAMIC CHARACTER
ISTICS FROM FLIGHT TEST DATA 
MARCHAND, M ., DFVLR, GERMANY 

THE INFLUENCE OF NITRIDING CONDITIONS 
ON MICROSTRUCTURE AND MECHANICAL 
PROPERTIES OF REACTION BONDED SILICON 
NITRIDE 
HEINRICH, J ./BOEHMER, M ., DFVLR, GER 
MANY 

COMPUTER AIDED ANAL YSIS OF MICROWAVE 
ELECTRONIC CIRCUITS IN THE FREQUENCY 
DOMAIN (ESAMEC) 
FERRANTE, J ./NIELSEN , J ./MONTENEGRO, A. , 
ESA. 

Advertisers index 

SODETEG 
TELDIX, THOMSON-CSF 
MICROTECNICA 
OSCILLO QUARTZ 
TMTR, FULMER, MULLARD 
STS 
ESRIN/SDS 
SEP 
CROUZET, GEC, CTL 
OMEGA 
AEROSPATIALE 
NORD-MICRO 
DERRITRON 
BELL TELEPHONE 

For all Information contact: 

2 
3 
4 
5 
6 
7 

57 
58 
59 
60 
61 
62 
63 
64 

Simon Vermeer, Advertising Manager, ESA Bulletin, c/o ESTEC, Noordwijk, 
the Netherlands 

Are you ready for EURONET? 

The on-line search service from the 
European, Space Agency will be one 
of the first to become available 
through Euronet. However, until 
Euronet is available the ESA service 
and network can be used, 
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The Space Documentation Service. a department of 
the European Space Agency, has been offering an 
on-line information retrieval service since 1969. With 
more than 10,000 kilometers or leased-line network 
reaching into most Western European countries and 
connections to the CYCLADES and TYMSHARE 
networks, it is now possible to access the SDS 
computer in Frascati , Italy, from literally your own 
desk just by dialling a local telephone number. What 
would you want to access the computer for? Nearly 9 
million references, many with complete abstracts . to 
the published and unpublished scientific , technical , 
engineering and industrial literature are stored there 
and are regularly added to. The references, 
contained in such databases as INSPEC, NASA, 
CHEMABS, COMPENDEX, PASCAL, BIOSIS, 
METADEX are searchable and retrievable by means 
of the RECON interactive information system. 

Space Documentation Service 
ESRIN, Via Galileo Galilei 

00044 FRASCATI (ROMA), Italy. 
Tel: 06/9422401 Telex: 61637 ESRINROM. 
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Ground station for on-line and off-line 
reconstruction of visible and infrared images 

received from meteorological satellites 

Pholograph la Ken from Ihe SMS salelllle Image oblalned by Ihe GEMS (Space Meleorologlcal 
Research Genler) of Lannlon - France 

STARIS stations are used for on-line reception of SMSIGOES images in the CEMS Center of 
LANNION (FRANCE) and for on-line reception of METEOSA T in LANNION (CEMS) and 
DARMSTADT (ESA-European Space Operations Center) They are also compatible to the 
reception of GMS Japanese satellite. 
STARIS stations, designed tilraugh a cooperation between SEP and CIT-Alcate/, are delivered 
by SEP on a turnkey baSIS, including technical assistance and personnel training 
All ST ARIS stations Include the famous VIZIR Image Recorder uSing modulatlcn of laser beam 
and active magnetic bearings (SEP patented) for better resolution, higher speed and much 
lower maintenance 

.' __ '11' __ 1 , 
SOCIETE EUROPEENNE DE PROPULSION 

IR 
TOUR ROUSSEL -NOBEL 

GEDEX N° 3 - F 92080 PARIS-LA DEFENSE 

TELEPHONE 77815.15 

TELEX' 630906 S EP PUTAU 
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Nile HIRST 
RESEARCH 

CENTRE 

LINEAR eeo 
& AREA 

IMAGE SENSORS 

120 x 150 element area 

1024 element 

WE SUPPLY DRIVE CIRCUITS TO 

OPTIMISE DEVICE PERFORMANCE 

ANALOGUE DEVICES 

ALSO AVAILABLE 

~lt~t=~ For details, please contact 
THE GENERAL ELECTRIC COMPANY UMITED 
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HIRST RESEARCH CENTRE 

WEMBLEY, HA97PP, ENGLAND 

CHECK IN WITH CTL 

Do you require a computer for payload check out, 
sub unit test sets, etc. 

Then CONTACT CTL 

As a supplier to ESTEC of a major subassembly, 
checkout computer, we have:-

-Standardised checkout computer hardware 
-Camac Interfaces to ESTEC Telemetry 

Telecommand 
Sti muli/Feedback 

-Highly adapted executive and operating system 
-Access to powerful ESTEC checkout software 
-The capability to tailor the system to your 

requ i rements. 

Satellite projects for which CTL computers have 
been or are being used include GEOS, METEOSAT, 
EXOSAT, the Dutch I RAS Satellite, and On Board 
Data Handling Test Sets (OBDH). 

CONTACT: C. Martindale, CTL, Eaton Road, 
Hemel Hempstead, Herts., England. 
Telex: 825052 Tel: 0442-3272. 
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Omega. Pour mieux apprecier le temps. 
Une precision qui satisfait aux exigences 

du chronometrage olympique. Une fiabiliM qui a fait 
ses preuves dans l' espace. 

Un design fonctionnel qui repond au gout 
de l'homme d'aujourd'hui. 

Omega. La marque qui merite votre 
confiance. 

Les montres cl quartz Omega sont 
toutes dotees du systeme exclusi{ TSA 
(Time-zone and Second Adjustment). 

o 
OMEGA 

Omega Chrono-Quartz, ST 396.0839. La premiere montre
chronographe au monli£ a affichage analogique et digital LCD. 
Acier; glace saphir. 

Omega Speedmaster Quartz, ST 396.0861. Chronographe LCD. 
Acier; glace uerre mmeral. 
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ARIANE 
is THE EUROPEAN SPACE AGENCY'S * 
heavy launch vehicle 
its 900 kg launch capability 
for geostationary orbit 
destines it for the annl;""t-;,., missions of the 1980's 

ESA Bulletin No_ 13 

• Prime contractor: 
CNES 
Industrial architect 
and stage contractor : 
AEROSPATIALE 
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SPACELAB - Europas 
Beteiligung an der bemannten 

Raumfahrt der aOerJahre. 
NDRD-MICRD 

sichert seinen Erfolg! 
.. SPACELAB - das grbBte europaische Gemeinschaftsobjekt 

der 70er Jahre wird im Auftrag der ESA von ERNO 
in Bremen gebaut. 
An diesem Projekt ist NORD-MICRO se it der Definitions
phase beteiligt. Das Kuhlsystem fUr Instrumente und 
Nutzlasten, von NORD-MICRO entwickelt und gefertigt, 
ist wesentliche r Bestandteil des Lebenserhaltungssystems 
in dem bemannten Raumlabor. SPACELAB wiederum 
ist wesentlicher Bestandteil der Welt von morgen. 

Die Entwicklung und Fertigung komplexer Systeme und Anlagen 
der Luft- und Raumfahrt erfordert Erfahrung und Mut zur Beschreitung 

neuer Wege. NORD-MICRO hat be ides, Know-how und den Mut zur Innovation, gepaart mit alien erforderlichen 
Einrichtungen und dem Zugriff zu den leistungsfahigsten technisch-wissenschaftlichen Rechenanlagen in 
Europa und den USA. 
Wir Ibsen heute die Probleme von morgen! 
Fragen Sie uns, bevor Sie Ihre Probleme fUr unlbsbar erklaren. Unsere Beratung zeigt Ihnen den Weg zur Lbsung 
Ihres Problemes. 

WAK 632 

Elektronik Feinmechanik AG 
Victor-Slotosch-StraBe 20 

6000 Frankfurt/Main 60 (Bergen-Enkheim) 
Telefon (06194) 3911 . Telex 4185909 
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Electromagnetic 
VibrationTest Systems 

Derritron provide the complete package 
Vibration testing is an essential part 

of research and .production engineering in 
many industries, particularly where 
guaranteed high quality performance is 
mandatory, as in aerospace. 

We at Derritron know that 
engineers want not only dependable 
vibration test systems; they also want a 
single source of supply for vibrators, 
amplifiers and associated instrumentation 
to avoid interface problems and be sure of 
instrument compatibility. 

This successful philosophy has 
gained for us leading international 
recognition, with systems installed in more 
than 40 countries 

_ , _ I 
• • 

Many of our systems have given 15 
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