























Alcatel Espacio
Your Best Spanish Space Supplier

Main Products ‘

Digital Elecironic Equipment

- On-Board Data Handling = i PAsEH ‘
- Digital Payload Engineering

- Antenna Pointing Systems

Radiofrequency Equipment

- S-Band TTC Digital Transponders and Transceivers
- S-Band TTC Spread Spectrum Transponders

- S-Band TTC High Power Amplifiers

- L-Band Transmitters

- BPSK/QPSK Modulators
- Filters, Diplexers, Multiplexers, etc.

Systems Engineering

- On-Board Processing (OBP}/Multimedia

- Satellites Telecommunication Systems Studies
- Specific Checkout Equipment (SCOE)

- Power Benches

RF Active and Passive, On-Board Data Handling Equipment and Subsystems is our main line of business.
We are specialised in the development and manufacture of a few equipment, through partnership
with the main space prime contractors.

Our track record includes participation in more than 45 programs satellites.

Alcatel Espacio is a Spanish subsidiary company of Alcatel Space Industries

ALCATEL

ARCHITECTS OF AN INTERNET WORLD

Alcatel Espacio, S.A, C/ Einstein, 7. 28760 Tres Cantos (PTM} ® Madrid - Spain. Tel. 34 91 807 79 00 - Fax 34 91 807 79 99

www.alcatel .es/espacio/index_i.htm




Advanced System Engineering & Proven Solutions
for Spacecraft AIT & Ground Infrastructure
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=/ B.U. Spazio
Marketing Communications:
Via Montefeitro, 8
20156 MILANO, Italy
Phone: ++39.0230242.,362

Fax: ++39.0230242.052
e-mail: mkt.space @ officine-galileo.finmeccanica.it
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... We can provide a camera with hundreds of
spectral channels or other mission payload
and components for your Earth observation
and planetary exploration missions:

@ electro-optical payloads (multi/hyperspectral
cameras, spectrometers)

@ instruments for in-situ analysis in space
exploration

EYES FOR THE 2000’s ...
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B L EENATIONAL" Charting the way forward with the

F:ﬂ International
Space Unzversity

11-month Master of Space Studies

In Strasbourg, France, with a 3-month professional placement
in industry, a government facility or an academic institution
in another country.

2-month Summer Sessions

Held in an institution in a different country around the world
each year.

2001: 14 July-15 September at the University of Bremen, Zentrum fiir
angewandte Raumfarttechnologie und Mikrogravitit, Bremen, Germany.

The international, interdisciplinary boost to your career!

Funding available for participants
from ESA Member States and Canada!
Apply before: 28 February 2001 (MSS), 31 December 2000 (SSP)

E-mail: admissions@isu.isunet.edu

Annual International Symposium

A different kind of Symposium: space technology in its economic
and social context.

2001: Small satellites: bigger business?
21-23 May 2001, Strasbourg, France
E-mail: symposium@isu.isunet.edu

ISU, Parc d’Innovation, Bd G. d’Andernach, 67400 lllkirch, France
Tel. +33 (0)3 88 65 54 30, Fax. +33 (0)3 88 65 54 47

Visit the ISU Internet site at: http://www.isunet.edu/
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Senudahion, Inc

Satellite Tool Kit
Better. Faster. Cheaper.

Interplanetary mission design
High-fidelity orbit propagation
3D visualization

Communication link analysis
Navigation and coverage analysis

Orbit determination
== f’*’ E:‘}‘v‘
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Orbit maneuvering
User-definable central bodies
Real-time telemetry interface
Deep space maneuver planning
Collision analysis
Attitude modeling
Planetary ephemerides
Constellation analysis

Formation flying

Integrated land, sea, air & space
Customizable reporting & graphing

Contact +44 1908 551105 or visit www.stk.com for your free copy ofS’I‘K@_;

325 Technology Drive * Malvern, PA 19355 International STK Resellers

L]
S\\\??D‘;\;\ Stoke Goldingfon, Bucks MK 16 8NY, UK

info@stk.com - www.stk.com
- b T Tel: +44 1908 551105
Software Solutions for the Aerospace Industry e e Email: info@intaero.com
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COMPACT ENVIRONMENTAL ANOMALY SENSOR

causes of spacecraft anomalres, and to forecast
hazardous conditions before they affect the mission.
The spacecraft, in turn, can re-prioritize its operations,
inhibit any anomaly sensitive tasks such as attitude
control adjustments, or initiate other prudent actions
as indicated by the CEASE warning flags. Device
degradation mechanisms and radiation tolerance of
components can also be monitored.
The US Department of Defense has selected
CEASE for several missions, including:

- TSX-5

- STRV-1C

- SBIRS LADS
and the DSP operational spacecraft.

FEATURES:
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Amptek has a long and distinguished
track record in the manufacture of space
instrumentation. Mission examples include:
DMSP, TIROS, CRRES, NEAR and APEX.

Current off-the-shelf Amptek sensors measure
spacecraft charging, thermal and suprathermal
and high energy particles. AR

In addition, Amptek
provided the X-ray
Detector on the Mars
PATHFINDER Mission.

High reliability components from Amptek have
been the number one choice of many missions,
including: GALILEO, CASSINI, GIOTTO, AXAF,
SUISEI, CLUSTER, SOLAR, GEOTAIL, SOHO,
INTEGRAL, WIND and AMPTE.

AMPTEK INC.

6 DE ANGELO DRIVE, BEDFORD, MA 01730-2204 U.S.A.

Tel +1(781) 275-2242 Fax: +1 (781) 275-3470 email: sales@amptek.com http://www.amptek.com




@esa bulletin 104 — november 2000

Hubble Space Telescope

@  Solar Panels
@ Secondary mirror

© Near Infrared Camera and Multi-Object
. Spectrograph (NICMOS)

© Faint Object Camera (FOC)

@ Fine Guidance Sensors (FGS)

_@ Corrective Optics Space Telescope Axial
Replacement (COSTAR)

€ Wide Field and Planetary Camera 2
(WFPC2)

© Main mirror

€ Space Telescope Imaging Spectrograph
(STIS)

The Instruments

The complement of instruments enboard Hubble - 2 cameras, 2 imaging
spectrographs and a set of 3 fine guidance sensors — enable a wide variety of
observations to be made.

The second Wide Field/Planetary Camera (WFPC2) is the primary camera on Hubble.
It is capable of imaging the sky through a wide range of filters extending from a
wavelength of 1000 nm in the near infrared to 115 nm in the ultraviolet.

The Spacecraft

Frmanmor === Ritchey-Chrétien optics et 024

-

15.9m

More general and technical information about the NASA/ESA Hubble Space
Telescope can be found at the
Hubble European Space Agency Information Centre: http://hubble.esa.int
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The Hubble Space Telescope -

10 Years On

P. Benvenuti & L. Lindberg Christensen

ESA/ESO Space Telescope European Coordinating Facility, Garching, Germany

Introduction

ESA is NASA’s partner in the Hubble Space
Telescope Project. ESA built the Faint Object
Camera (the HST instrument that delivers
images with the highest spatial resolution),
provided the solar panels that power the
spacecraft, and supports a team of 15

Last Christmas Eve was very special one for ESA astronauts Claude
Nicollier and Jean-Frangois Clervoy: together with their American
colleagues, they spent it aboard the Space Shuttle ‘Discovery’, after
concluding the latest scheduled repair mission to the orbiting Hubble
Space Telescope (HST). This third Shuttle refurbishment mission to
HST was, like its two predecessors, a resounding success. Only days
later, as Hubble entered the new millennium, came the first beautiful
images of a complex gravitationally lensing cluster of galaxies.

The astronauts’ visit took place shortly before the 10th Anniversary of
the launch of Hubble, which was first placed in orbit on 26 April 1990.
Since then, HST has become the leading tool in ultraviolet, optical and
near-infrared astronomy and is now looking forward to another decade
of exciting discoveries and sharp views of the Universe.

Abell 2218 (WFPC%

scientists at the Space Telescope Science
Institute in Baltimore (STScl), USA. In return, a
minimum of 15% of the Telescope’s observing
time is guaranteed for projects and research
submitted by European astronomers from
ESAs Member States. In reality, the
high standard of projects from European
astronomers has, so far, won them some 20%
of the total observing time.

The initial ESA/NASA  Memorandum  of
Understanding on HST expires 11 years after its
launch, i.e. in April 2001. Both ESA and NASA
are convinced that the collaboration on HST has
been very successful, not merely in the
development and initial operation of the
Telescope, but also, more significantly, during its
scientific operation. ESA astronomers have had
access to a unique facility and the project as a
whole has benefitted from the European
intellectual contribution. A ‘concept agreement’
for the continuation of the collaboration, including
a possible participation in the Next-Generation
Space Telescope, has already been signed.

11
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European astronomers receive assistance from
the Space Telescope European Coordinating
Facility (ST-ECF) in Garching, near Munich,
Germany. The ST-ECF, jointly operated by ESA
and ESO, the European Southern Observatory,
provides support in the calibration and analysis
of HST data, and maintains and offers to the
community the scientific archive of HST images
and data

The Servicing Missions

Servicing Missions that continuously keep the
observatory and its instruments in prime
scientific condition are one of the innovative
ideas behinag Hubble. Initially, telescope
maintenance visits were planned for every 2.5
years and a larger overhaul was envisaged every

five years, when HST would have been brought
back 1o the ground. This plan has changed
somewhat over time and a servicing scheme
that includes Space Shuttle Servicing Missions
every three years was finally decided upon.

The first two Servicing Missions — in December
1993 (STS-61) and February 1997 (STS-82) —
were very successful. In the first three years
of operation, HST was not able to meet
expectations because its primary mirror is
2 microns too flat at the edge. This defect was
discovered only after launch and initially caused
severe consternation amongst the scientific
community and the general public. However,
the first Servicing Mission in 1993 (on which the
European astronaut Claude Nicollier flew)
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corrected for this problem by installing a new
instrument with corrective optics (COSTAR -
Corrective Optics Space Telescope Axial
Replacement). This pair of ‘glasses’ opened the
way to HST’s golden age. The images were at
last as sharp as originally hoped for, and new,
astonishing results started to emerge on a
regular basis. On the first Servicing Mission, the
solar panels were also replaced and a new
camera was installed (Wide Field and Planetary
Camera 2 - WFPC2). The High-Speed
Photometer (HSP) was replaced by COSTAR.

During the second Servicing Mission,
instruments and other equipment were repaired
and updated. The Space Telescope Imaging
Spectrograph (STIS) replaced the Goddard
High-Resolution Spectrograph (GHRS), and the
Near-Infrared Camera and Multi-Object
Spectrometer (NICMOS) replaced the Faint-
Object Spectrograph (FOS).

The third Servicing Mission was initially
intended to replace the ESA Faint-Object
Camera (FOC) with the new Advanced Camera
for Surveys (ACS) and to install a cryococler on
the infrared instrument NICMOS in order to
extend its operational lifetime. Furthermore,
the solar arrays, as well as many other
subsystems, were scheduled for replacement.
As the mission schedule filled with ever more
tasks, the gyroscope system that Hubble uses
to maintain its orientation began to show signs
of failure. Without the help of the gyroscopes,
HST would have 1o be kept in a fixed, safe
orientation and scientific operation would have
to be suspended. It was therefore decided to
split the third Servicing Mission into two parts
(SMBA and SM3B), with the first mission aimed
at replacing the gyroscopes as soon as
possible, thus postponing the installation of the
new instruments to SM3B. This was a wise
decision, since the gyroscopes did indeed falil
just a month before SM3A.

SM3B is now scheduled for late 2001 and a
4th, final servicing visit is planned around 2004,
during which a new UV spectrograph (COS -
Cosmic Origins Spectrograph) will be installed,
together with a refurbished Wide-Field Camera
(WFC3). After this, HST will continue to be
operated, but on a reduced-cost basis, for as
long as it continues to produce useful scientific
results, possibly up to and beyond 2010 when
its successor, the Next-Generation Space
Telescope, should be ready to pick up the HST
legacy.

The first 10 years of HST have demonstrated
how significant the concept of Servicing
Missions has been for the continued efficient
operation of such a sophisticated telescope.

Not only was the initial mirror problem, which
would otherwise have meant the ‘sudden infant
death’ of HST, promptly corrected, but new
and continuously improved instruments were
installed, ensuring that HST has remained
competitive with the fast-evolving arena of
ground-based astronomy.

Europe and Hubble

As already mentioned, the contribution of ESA
to the Hubble project guarantees European
scientists access to 15% of Hubble observing
time. This time is allocated on pure scientific
merit by an international panel that includes
European experts. Ever since HST scientific
operations began, European astronomers have
been allocated more than the guaranteed 15%
threshold, and in recent years the fraction of
time allocated to European scientists has been
close to a quarter. Scientists from most ESA
Member States have had an opportunity to
observe with Hubble. During the first 9 cycles,
more than 850 European astronomers were
Principal Investigators (Pls) or Co-Investigators
(Cols) in at least one successful Hubble
observing programme, and many were
investigators in many cycles.
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i Germany
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The ESA participation in the Hubble project has
an importance for European astronomy over
and above the numbers and statistics: it
provides the opportunity to use a World-class
observatory of a kind that Europe alone would
not have been able to build and operate. Thus,
it has enabled scientists in Europe to continue
to be competitive and even to lead in several
areas of astrophysics and cosmology.

Hubble science

Ten years of exciting Hubble observations are
not easy to summarise in a short article. We
can only give a small sample of the science
from HST here, highlighting, perhaps, areas
where Hubble has influenced the research
development most dramatically.

Firstly, Hubble is unique because of its
unprecedented high resolution over the entire
field of view. It has been debated recently that
the best placed ground telescopes — some of
which have much larger collecting areas than
HST, such as the Very Large Telescope or the
Keck Telescopes — can reach diffraction-limited
PSFs (Point Spread Functions) using a
technique called active optics. Active-optics
systems rely on a fast-reacting optoelectronic
surface to correct for the wavefront distortion
introduced as light passes through the
atmosphere to reconstruct the original
wavefront and thus produce diffraction-limited
images. However, this technique works only
for a very limited field of view — a few seconds
of arc in radius — while a space telescope like
HST is only limited by its own optical
aberrations. To give an example, the new
Advanced Camera for Surveys on HST has a
field of view of 202 arcsec?. HST is still the only
telescope able to render images of extended
objects, such as galaxies and nebulae, with the
same superb resolution of 0.05 arcsec over the
whole field.

Secondly, HST has the ability to extend its
observations to wavelength ranges that are
either inaccessible from the ground — like the
UV region from 330 to 115 nm — or are heavily
disturbed by the atmosphere — like the near-IR
range from 0.8 to 2.5 micron.

These two fundamental properties of Hubble,
together with the lower sky background noise
that is achievable above the Earth’s
atmosphere, make it a unique instrument. HST
is not only able to make its own discoveries and
pursue its own lines of research independently,
it is also capable of stimulating follow-up
observations from complementary instruments,
both in space and from the ground. This is
possibly the most important of Hubble’s
advantages: by imaging celestial objects with

NGC 4038-98B

unprecedented clarity, HST has forced
astronomers to look at these objects and their
physical properties with different eyes.

The Deep Fields

The project known as the ‘Hubble Deep Fields’
is the most striking example of HST driving
other areas of astrophysics research. The
Hubble Deep Fields are observations of small
areas of the sky obtained by adding together
about 350 individual exposures of the same
field, with a total exposure time of more than
100 hours, compared with typical Hubble
exposures of a few hours. Two Deep Fields,
one in each of the Northern and Southern
Hemispheres, were carefully selected to be in
as empty a patch of sky as possible so that
Hubble would look out far beyond the stars of
our own Miky Way and out past nearby
galaxies. In the case of the Deep Field South,
the field also contained a quasar, which has
been used as a cosmological light beacon to
detect intergalactic clouds lying between the
guasar and the observer.

The results were astonishing: almost 3000
galaxies were seen in each image. A statistical
analysis of the angular distribution of the
galaxies indicated that many of them belonged
to a very young Universe, at a time when star















































































































































































































































































































































































































