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POOR QUALITY

Astronomical studies have laid the whole
broad scientific/technical basis for our
modern civilization. The development
of mathematics is int.mately tied in
with efforts to understand planetary
motions. The development of physics
began with gravitation, and astronomy
was at the heart of that discovery . ..
Because astronomy is so basic, it is
impossible to predict what benefits will
flow from future astronomical discoveries.
There is no doubt, however, that
astronomy will maintain its role as a
fundamental driver of our technological
avilization. This is because the obijects
currently being discovered in space, are
s0 fantastic in their character. We may
be seeing total.y new aspects of nature,
and eventually we will turn these
aspects to our advantage—we always do.

Dr. Noel Hinners. NASA Associate
Administrator for Space Scien-e
Februarv 1977

There is good reason to believe that the
Space Telescope, to be launched in
1985, will be the most imponant
scientific instrument ever flown.

James M. Beggs, NASA Administrator
February 1982
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Space Telescope

One of Space Shuttle’s First Major Scientific Payloads

Theyw 1985 is eagerly anticipated through-
out the science world as the time scheduled
by the National Aeronautics and Space
Administration for orbiting Space Telescope.
All of the agency’s astronomy efforts during
more than a quarter of a century are expected
to improve technologically by a quantum
jump with this new adventure in discovery.

From earliest recorded history people
have gazed up at the sky and marveled at
what they saw. Stars, planets, comets and
meteors were mysterious, even frightening
to them. Some people looked harder than
others, plotting and measuring positions and
movements.

They began to detect regular, recurring
patterns in the movements of celestial objects
—and the science of astronomy was born. As
the new science grew. it became mingled
with religion and prognostication. The as-
tronomers, who were just as much astrologers,
became so proficient in their studies that they
could predict the movements of planets years
in advance.

But they weren't able to determine the
precise nature of the lights they watched in
the night sky. That would not come until the
invention of an optical instrument called the
telescope. In 1610, the ltalian scientist Galileo
Galilei turned his telescope toward the heav-
ens and caught our first glimpsc of what was
really there. He saw craters on the Moon, a
large spot on Jupiter plus four of its satellites,
and projections coming from Saturn, later to
be discerned as rings. It was the first step
toward opening the universe to human exam-
ination.

5 P00k ouaurry

More than 350 years later, a second
mcijor step into the universe occurred when
spacecraft were launched from Earth. Rockets
were attached to assemblies of scientific in-
struments, computers and radios, and boosted
them out into the solar system. These astro-
nomical end planetary vehicles ventured out
beyond the filtering effects of Earth’s atmos-
phere, saw clearly, and even directly sampled
worlds other than our own. Thousands of
new discoveries were made, expanding our
horizons in a way that eclipsed even the
wildest imaginings of early authors of space
fiction. At last the universe was becoming
real—less mysterious to Earthlings.

And now the Space Telescope is about
to exceed all of its optically-equipped pred-
ecessor spacecraft. Astronomers predict an
unprecedented leap in our knowledge of the
universe. The difference between Space
Telescope and optical telescopes viewing
the sky from present ground observatories
can be compared to the difference between
Galileo's first telescope and its predecessor,
the human eye.

The new telescope will be able tc peer
far out in space and back into time, produc-
ing imagery of unprecedented clarity, of gal-
axies, star systems, and some of the universe's
more intriguing objects: quasars, pulsars, and
exploding galaxies. The Space Telescope
will be able to do this because it will view
the cosmos from its 600-kilometer {373-
mile) altitude orbit via a 2.4 meter (94.5-
inch)-diameter mirror. In contrast, the farge
five-meter (200 inch) telescope at Palomar
Mountain, California, and all other ground



observatories, are handica) by looking
through the Earth’s atmos

Looking through our atmosphem into
space, even with the most advanced tele-

soopes available, presents an insurmountable
problem—the atmospher= itself. In optical
astronomy the best observing conditions
occur only a relatively few nights a year.
Observations on other nights are either
blocked by bad weather or diminished in
clarity by haze or heat currents. Besides
visible light only a few very narrow bands of
radiation, in the infrared and radio portions
of the spectrum, can penetrate our atmos-
phere. Looking out through the atmospheric
envelope that surrounds Earth is like looking
up from the bottom of a pond or lake. The
light is distorted, causing blurred images.

Distortion Eliminated

The Space Telescope won't have this
distortion problem and its imagery will be
sent to Earth by electronic means, to be con-
verted into clear pictures that astronomers
and other scientists can study. The instru-
ment will be able to see objects 50 times
dimmer than anything seen now, and it will
be able to observe for 40 percent of a 24-
hour day on the average.

Observations from the Space Telescope
will not be accomplished only in the visible
spectrum. Onboard instrumentation will
allow scientists to collect data from other
forms of radiation over a wide spectral
range. Spectrum analyzers or spectrographs
in the observatory will split ultraviolet and
visible light into their-components and
measure the intensity of the incoming ra-
diation. Resulting spectral data will enable
scientists to study the physical composition
of objects in the universe and their chemical
and atomic structures.

This new instrumentation will be used
in observing our own Solar System as well as

deep space. Space Telescope will be able to
view our system routinely, with a
level of detail that can only be bettered by
sophisticated spacecraft flying near or orbiting
the planets. Astronomers will examine the
clouds of Venus, the polar ice caps and deep
valleys of Mars, and the dynamic atmosphere
and moons of Jupiter. The rings, moons and
douds of Satumn will also be observed and
the Space Telescope will even fumish us
information about the outermost planets,
Uranus, Neptune, and Pluto, that ground
cbservations can not obtain.

Observations of the planets are helpful
in understanding our weather, resources,
and origins. These observations will be
useful later in analyzing the feasibility of
exploiting the resources of our entire plan-
ctary system.

Not only will the Space Telescope provide
information about our own Solar System,
but it will also be used to search for clues of
the existence of other solar systems. Alkhough
the telescope may not be able to see any
planets that might be orbiting around even
the next nearest star, Alpha Centauri, it
should be able to note any perturbations in
motions of nearby stars that would .ndicate
the presence of orbiting planets.

There are 37 stars within 15 light years
of our own Solar System and 10 Sun-like
stars within 10 light years. The Space Tele-
scope will be directed toward these stars and
toward the 100 to 500 additional nearby
stars that might host planetary systems.

Should the telescope detect planetary
systems around any of these stars, it would
raisc new possibilities that extraterrestrial
life, even intelligent life, may exist.

Study Star Development

Beyond observing the planets and poten-
tial solar systems, astronomers are interested
in viewing the many gas clouds in our
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galaxy and in nearby galaxies. It is expected
that stars in various stages of development
will be studied. A composite history of the
birth of stars, from condensation of gas to

the ignition of their thermonuclear furnaces, -

may result. There is even the possibility that
the birth process of solar systems might be
observed.

Stars, like everything else in the universe,
have life cycles. At the end of the cycle, a
star may exhaust its thermonuclear fuel and
quietly fade into darkness. A star may, on
the other hand, put out one last burst of
energy and destroy itself in a catclysmic
explosion called a supernova.

Although supernovae are extremely
rare phenomena, the Space Telescope will
investigate this end of stellar life cycles by
studying the gas cloud remnants of stars
that have gone supernova in the past.

New Knowledge Changes
Concepts and Theories

Until the Age of Space began at the end
of World War II and got its big boost in 1957
with the first Earth satellite, Russia’s Sputnik,
the universe was conceived as being rather
quiet. Some scientists considered it a serene
place composed of stars and galaxies.

Within the past decade, most astron-
omers have rejected the earlier concept of a
quiet universe. They now see the cosmos as
harboring high-energy objects, million-degree
gases, and particles moving close to the
speed of light. Our universe is violent and
filled with cataclysmic events.

We are now aware of quasars, the most
powerful and distant objects ever detected.
But what causes the enormous release of
energy by a quasar that indicates it emits
more energy than the most powerful known
galaxies in the universe? What propels the
radiation across millions, even billions of

light years;to Earth? Space Telescope may

. ive N Sgme answers.
R

@k Origin of the Universe

Even more perplexing than the mysteries
of the quasars are questions about the origin
and nature of the universe as a whole. Many
astronomers believe that the universe started
from one timeless point—a darkness trans-
formed through an explosion, commonly
described as the “Big Bang”—into an expand-
ing sphere of energy and matter that spewed
out to occupy the emptiness of space.

At some point this massive, tenuous
sphere began cooling down. It coalesced and
became the matter we now call galaxies,
stars, and planets—the universe. Why did
this happen? How did it occur? This mystery
may be solved by Space Telescope.

Although the universe is believed by
most astronomers to have started this way,
it is not known if it will continue to expand
into oblivion or will finally stop and fall back
on itself due to gravitational collapse.

This would entail a grand sweep of all
stars 2nd galaxies into one awesome sing-
ularity or mass that may ultimately explode
again, forming a new universe. This is called
the Oscillating Universe Theory.

Currently, the weight of evidence is
against oscillation because enough matter
has notbeen found to cause the gravitational
collapse, to reverse the present expansion.
Some galaxies near the edge of the cosmos
are believed to be traveling at speeds ap-
proaching that of light—297,600 km
{186,000 mi) per second. Although some
believe there may be enough matter between
the galaxies and the stars or possibly in
immense black holes in space that could
stop the expansion, there is only indirect
evidence that this is true.

Another theory, the Steady State Theory,
postulates that the universe constantly re-
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news itself by creating new matter between
the stars and galaxies, a process resulting in
an essentially unchanged universe. This
idea counts fewer adherents in today's as-
tronomy community.

The question of an open- versus -closed
universe might be solved quickly by the
orbiting observatory because of its capability
for making precise distance measurements

Space Telescope comprises three major systems: The
Support Systems Module, five maduiar scientific instruments,
and the Optical Telescope Assembly. This artist's illustration
shows the Support Systems Module and the Optical Tele-
scope Assembly with the scientific instruments in place.

of objects in deep space. Such measurements
are needed to arrive at an accurate cosmo-
logical distance scale.
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With the telescope's powertul instru-
mentation, scientists will be able to compare
the rate of recession of nearby galaxies with
that of distant galaxies.

A Look Into the Past

Distant galaxies are galavies as they
were in the past, their light haviug journeyed
through millions, even billions of light years
of space. {A light year is the distance traveled
at the speed of light in an Earth year)] This
means we will soon be able to compare the
speed of expansion of the universe of the
distant past with present expansion rates. If
scientists confirm that expansion of the
universe is slowing down, the mutuai gravi-
tational attraction of all atoms in the cosmos
1s presently considered the only phenome-
non that could cause the deceleration. Some
100 times more than the known matter
wouid have to exist in the universe to cause
a slowing of the speed of expansion.

Where s all the matter necessary to slow
it down, to collapse the billions of galaxies
in the universe into one enormous mass! Is
it in the gas clouds between the galaxies!
Are there unimaginably huge black holes
which have already sucked up galaxies into
enormous gravitational singularities from
which not even sight can escape? The Space
Telescope may provide some of the answers.

Although many astronomers hope to
setthe fundamental questions such as the
open-versus-closed universe, it is also agreed
that probably the most revolutionary discov-
eries from using the Space Telescope may be
those we have not yet even imagined. Vast
areas of space that cannot even be visualized
1w, because there is no way 1o see them,
will beceme part of cosmological textbooks
of the future. Possibly the greatest discoveries
will come many years, even decades after
the Space Telescope has been placed in orbit
This revolutionary space observatory will

be maintained, supplied with new instru-
mentation as technology advances and pos-
sibly even taken back to Earth by the Space
Shuttle for complete refurbishment. It will
be used by the world scientific community
until at least the end of the century.

Back to the Beginning

This new observational tool may open
wide 2 door that is now barely ajar. When it
is fully opened we may see, among other
wonders, the universe as it was much earlier
in its history

We may even see the universe as it
appeared iust after its formation, an estima-
ted 15 billion years ago. No instrument on
Earth, including the huge telescope at Palo-
mar Mountain, the largest in the United
States, can approach the space nbservatory's
capability.

This sophisticated instrument, from its
orbiting perch above Earth, will see objects
50 times fainter and seven times farther
awav than any ground observatory. In ad-
dition, it will be able to observe a volume of
space equal to 350 times more than we now
see from Earth. Teday we know of at least
100 to 200 billion :tars in sur Milky Way
galaxy and astronomers believe there are at
least 100 hillion galaxies of greatly differing
sizes in the universe. But what will we be
able to see with the new spacecraft?

What the human eye will view via this
new spacecraft for the first time will be liter-
ally a part of the universe 350 times larger
than has ever been seen before, composed of
countless galaxies invisible to us before
Space Telescope. Primeval galaxies may be
seen as they were formed, as they appeared
shortly after the beginning of time. Some as-
tronomers theorize that the Space Telescope
may be capable of virtually ' looking back”
and perhaps viewing much of the universe
as it may have been just after the Big Bang.



Space Telescope Background

ldeas for the Space Telescope have been
considered for some tme. More than 50
years ago German rocket expert Herman
Oberth suggested thata way to vastly improve
astronomy would be to get a telescope above
the Earth's atmosphere to eliminate the
difficulty all earthbound observatories ex-
perience. They cannot penetrate Earth's air
blanket with the desired clanty from below,
and most electromagnetic radiation, includ-
ing ultraviolet and infrared, can not penetrate
the atmosphere from above. A great solution,
but nobody took it very seriously at that ome.

In 1962, NASA asked the Space Science
Board of the National Academy of Scierces
to put together two study groups. The space
agency wanted recommendations for future
astronomy payloads. Two sessions were held,
one at the State University of lowa and the
other later, at Woods Hole, Massachusetts.
Ideas were discussed, with the participants
aware that NASA already had a sophisticated
astronomy ohservatory, Orbiting Astronom-
ical Observatory {OAQ], under study. This
spacecraft was considered the agency's first
major step in the astronomy field.

The tirst operational OAO was tocarry
a7 cm (30 in} telescope capable of returning
data in the ultraviolet, but it was not in the
same league with what the State University
of lowa study group recommended: “a much
larger instrument, say 100 inches or more,
woulld represent a truly enormous investment
for astronomy. For this reason, itis vital that
its scientific justitication receive the most
carctul and comprehensive consideration

by the astronomical and related scientific
communities.”

This viewpoint was not unanimous. A
minority report pointed out that the upcom-
ing OAO would satisty the initial require-
ments of the astronomy community. They
felt it "premature” to appoint ancther study
group, as the majority recommended, to
study a larger space telescope.

Engineering studies led toa 1965 Science
Board recommendation to NASA favoring a
large Space Telescope.

Scientists Support
Telescope Concepts

By the early 70s, there was strong
support from the scientific community as a
whole, as well as from industry. Many
leading technical and scientific people had
gone into great detail to examine all aspects
of the project and there was agreement to go
to Congress for the necessary funding to
make it a reality. .

Congress was told it was the next logical
step in astronomy and had the astronomy
community's recommendation. With the
advent of an operational Space Shuttle in
the 80s providing the ability to establish,
operate and maintain in orbit a major space
observatory, a large telescope in space be-
came feasible.

Congress gave its approval in 1977 and
Space Telescope became an official NASA
program.

i3
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Space Telescope n orbit and receiving stellar light which
& s imto the Spacecraft’s apent. e, stokes the primary
mirror. is reflectod back 1o the secondary mirror where 1t is
agan retlected through the hole in the primary nvror o
the tocal plane. Here the scientine instruments pick up the
snage which is transmtted by the Tracking and Dot
Reloy Satellite which transmits the data 1o White Sands,
New Mexico. which in tum tramsmits it 1o Goddand Space
Flicht Center. Greenbelt, Marvland. Goddard Center then
corrects the raw data and sends it to the Space Telescope
Science Institute (Artist s concept




The Spacecraft

The Space Telescope will be built to work
much like a ground observatory. The princi-
pal concept wili be tocollect more light than
can, be gathered by the human eye, concen-
trate it on a focal plane and record the image
formed there. In principle, it is no different
than the reflecting telescopes invented by
Guillaume Cassegrain and James Gregory
in the 17th Century.

Its launch weight will be about 11,000
kilograms {25,500 Ibs); it will be 13.1 m
{43.5 ft) long and have adiameterof 427 m
{14 fu). Two large solar panels that will be
unfurled in space are attached to the exterior
of the spacecraft and will measure 2.3 by
11.8 m {7.8 by 39.4 ft) in orbit. The power
supply system, consisung of the solar arrays.
batteries, and rower conditioning equipment,
will supply a minimum of 2,400 watts to the
spacecraft components beyond iwo years
from the beginning of the mission. This will
be sufficient to recharge the spacecratt's six
nickle-cadmium batteries after it completes
the nightside portion of its 90- minute orbit.
Before deployment, the solar arrays will be
enclosed in 2 38 cm (15 in} diameter cylinder
pivosed against the side of the telescope.

Data are transmitted and received on
Earth by Tracking and Data Relay Satellites in
synchronous orbit 35,680 km {22,300 miles}
over the Atlantic and Pacific Cceans. These
powerful new tracking satellites ultimately
will replace most of the space agency's world-
wide ground tracking station network and
will also support Space Shuttle operations.

Imagery Radioed to Earth

The Space Telescope consists of an
Optical Telescope Assembly, a Support Sys-
tems Module, and Scientific Instruments.
They all work together as one unit in space

to return imagery and other information to

The heart of the spacecraft is the Opti-
cal Telescope Assembly where the reflecting
Cassegrain telescope is located. This type of
telescope features a system where light
from a star or other object travels through
the aperture, dowp the assembly past the
smaller secondary mirror, and strikes the
large (2.4 m; 94.5 in} primary mirror. The
light is then reflected 4.6 m {16 ft} back 1o
the 0.3 m {122 in] secondary mirror where
it is narrowed and intensified into a small
dia:neter beam The beam travels through
the 60 ¢cm (24 in | hole in the primary mirror
to the focal plane just behind it. The focal
plane is 1.5 m {4.9 ft] behind the front sur-
face of the primary mirror.

At the focal plane the light originally
captured by the big mirror is ¢onverted into
afocused image. Parts of the image enter the
apertures of the scientific instruments and
are transmitted as data to Earth. The mirrors
will be kept at a nearly constant temperature
so that images at the focal plane will have no
distortion in their resolution due to eaviron-
mentally-induced surface changes.

Pictures and other scientific data are
converted to electronic signals and are

15
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ransmitted via high-gaia 2ntennasatarate data can be reconstructed into images and
up to | megabit {one miilion bits] per spectrograms.

second. After being received on Earth, the The primary mirro: is made of ultra-low
expansion titanium silicate glass, with an
aluminum-magnesium fluoride coating. Te
reduce weight, the front and back plates are
fused to 2 honeycomb core.

This sketch shows the path of light entening the Space
Telescope. A series of light beffles protect sensitive optical
components.
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The primary nurror of the Optical Telescope Assembly for
the Space Telescope is 24 meters 8 teet in diameter and
weighs 829 ilograms 11827 poundsi The murror is made
of g hehrweight silica glass core fused between Yaceplates of
silica glass,




Space Tow s primary mirror's reflective sluminum and
sigeresn Hoorde couting bas bien applivd




Modules Are Replaceable

The Optical Telescope Aﬁmmh%;’ {OTAl
and the Scientific Instruments sections are
adioining. The focal plane structure [FPS) s
wined with the main nng The scientific

 instruments are fastened to the tocal plane
structure by latches to permit removal on
orbit. The five scientific instruments and

three tine guidance sensors are located just
behind the primary murvor at the focal plane.
The instruments are housed in modular
units so that each module can be removed
by astronauts and replaced by another unit
or, in the future by units of more advanced
design. Shuttle crew memberscan dothisby
pulling a unit ovt, as each module 1s in-
dependent of the other.

The Support Systems Module (SSM!
provides the Telescope Assembly and the
Scientific Instruments with the power,

This arust's concept shows how the Optical Telescope
Assernblv and the Scientific Instruments swotions are wined
fwith the instrumerns, desizned o5 modular v, ocated
nast behind the telescope’s prmaers mirron.

communications, pointing and control, and
other support svstems required for success
tul operation.
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The Module's shroud encloses the entire The Space Telescope's suppont svstems are shown in this
telescope and instrumentation assemblies. lustravon, imdicating how they are assembled m o
Atachedto  roud are the solar padd medduiar desten within the telescopes outer shell
and the high g . antennas, Small low zain
antennas are attached to the front and rear like stacked cannisters, w enclose the rele
of the shroud, and are omnidirecuonal The scope assembly and scientitic instruments.
Support Systems Module s divided inte The aperture door, which also serves as
tour main sections: the light shield, the a hght shield 18 located on the forward
torward shell the equipment section, and partion of the Support Systems Module.
the att shroud These tour pleces it together The telescope must be shielded against the
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Sun, Earth and Moon so scientific instru-
ments are not damaged by a flood of light.
While in operation it will not be turned to
within 50 degrees of the Sun. This precludes
observations of the planet Mercury. Internal
baffles in the Support Systems Module door
prevent scattered light from degrading the
focal plane image. The central baffle is
located just in front of the the pnmary
mirror, while a secondary baffle fits just
behind the secondary mirror. A large alumi-
num main baffle extends from the primary
mimnor to just beyond the secondary mirror.

Just behind the light shield and the
forward shell is the equipment section of
the spacecraft. This doughnut-shaped section
is made up of 10 compartments that house
the electronic and control modules. Access
to many of these modules will be relatively
easy as some compartments can be opened
from the outside, via a hatch or access door.
An astronaut opens the cover to get at the
module needing replacement, disconnects
the module from the plug-in compartment
and inserts a replacement. Among the com-
ponents in the equipment section are the
rate gyros and the batteries. The aft shroud
fits over the section which contains the
science instruments and the fine guidance
sensors. Access covers on this shroud enable
astronauts to get ai the instruments and
sensors, for removal or maintenance, just as
in the equipment section.

Handrails and portable foot restraints
are fixed on the external surface to permit
astronauts to perform their maintenance
and refurbishment tasks. Four magnetic
torquers are also located on the shroud
exterior, working with four reaction wheels
within the Support Systems Module equip-
ment section, to control the spacecraft’s
attitude in space. The magnetic torquers are
magnetized metal rods controlled by an
onboard, triple-redundant computer to align
the spacecraft with the Earth’'s magnetic
field. The reaction wheels also receive torque

commands from the computer, to point the
telescope within an accuracy of 001 arc
seconds or less.

Precise Pointing Planned

The pointing control system uses six
rate gyros and two fine guidance optical
sensors to provide roll, pitch and yaw in-
formation and is designed to keep the obser-
vatory locked on a subject for extended per-
iods, accurately to within 0.007 arc seconds.
This is the equivalent of locking onto an
object the diameter of a dime located in
Boston from Washington, D.C, or, if the
telescope could extend a beam 1000 km
(600 mi.) long, its stability would be such
that the far end of the beam wouldn't move
any more than three cm (1.2 in) off center.
The telescope can be turned and changed
trom one object to another if observers wish
to acquire another subject. This motion can
occur at a rate of 90 degrees in 20 minutes.
Astronomers anticipate that observations of
very faint objects may take as long as 10
hours or more of continuous exposure.

Temperatures inside the observatory
are controlled actively and passively. This
means thermal coatings on the spacecraft's
exterior and interior insulation, and ther-
mostatically-controlled electric heaters, to
make certain proper temperatures are main-
tained. One side of the spacecraft, the cold
side. seldom sees the Sun. Subsystems that
require the coolest operating temperatures,
the batteries for example, are located on the
cold side.

The Data Management Subsystem and
its central computer are the nervous system
and brain of the observatory. The triply-
redundant computer processes and controls
all information required for the operation of
the spacecraft. Most commands are routed
through, or stored in and executed by, the
computer.



ORGINAL PAGE IS
OF POOR QUALITY

The scientitic Instrument Control and
Dita Handbing Subsvstem has its own com-
puter which accepts decodes and distributes
commands tor the scientfic instruments. It
also serves as the tocal poim tor putung
scientibic data in the night tormar w be
recorded or transmatted directly to Barth

The Instrumentation and Commun-
wations Subsystem acquires onboard engin-
cering data, transmuts it to the ground and

receives commands from the ground which
are then processed and executed by the Data
Management Subsystem.

The electncal Power Subsystem pro-
vides power generation via the solar arrays,
energy storage by the onboard batteries, and
manages the control and distribution of
energy to the spacecraft. An average of 2.4 kw
is used for operation of all subsystems and
mstriments.

Componerits shown i the drawing are housed within the

Support Svstem Maduly s shroud o shedl




Wide Ereld/Planetary Camera optical desizn concept.
showing only one channel of its two optical modes. This
camery is designed 1o provide excellent spatial resolution
over botl, small and larze fields of view lup t0 27 bv 27
a1 nunures)

Sensor slectronics
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Science Instruments

The five scientific instruments, four U.S.
and one European, are located behind the
primary mirror, at the focal plane, where
they can pick up the light from the telescope.
These are the Wide Field/Planetary Camera,
Faint Object Spectrograph, High Resolution
Spectrograph, High Speed Photometer, and
the Faint Object Camera, the latter provided
by the European Space Agency. In addition,
the Fine Guidance Sensors, because of their
ability to accurately locate stars, are consid-
ered a sixth scientific instrument.

Each instrument is housed in a separate
module. Four are in bays that run parallel to
the spacecraft’s axis. The wide Field/Planetary
Camera, and three Fine Guidance Sensors
are located in a section in front of the axial
bay, but at right angles to the other modules.
These instruments will draw 110 to 150
watts of power each. All are exchangeable
during maintenance visits on orbit.

Wide Field/Planetary Camera

This instrument can operate in two
modes. It has a wide field capability at a focal
ratio of £/12.9 that will permit examination
of large areas of space, leading to accurate
plotting of the spatial relationships of distant
objects such as galaxies and quasars. High
resolution images with the planetary camera's
focal plane ratio of £/30 will also be possible
in stv-lying the planets in our Solar System
{except Mercury). Images te'emetered to
Earth by radio will be far better than pictures
produced through ground-based optical sys-

tems. Pictures of Jupiter, for example, will
be comparable to images of the planet taken
by the two Voyager spacecraft in 1979 and
they will be possible on a regular basis, from
Earth orbit Resolution of the planets beyond
Saturn is not expected to be as high when
compared with eventual flyby pictures. The
fine resolution of this instrument, expected
to be better than ground-based resolution by
afactor of at least ten, will sharpen our views
of blurred, distant galaxy-like objects.

The camera is designed with a complex
grouping of instrumentation and mirrors,
so that the field of view is split by a pyra-
midal mirror into four separatc portions
which are focused onto four charged-coupled
devices. These devices have been designed
for receiving low light intensities at very
high resolution. A portion of the image is
received on each target plate and is subdivided
into 640,000 picture elements (pixels). Light
intensities of each pixel are transmitted to
Earth via telemetry signals for assemblyinto
images for study. Assembling information
from different spectral bands is possible by
directing the incoming light through any
one of up to 5U spectrai filters within the
instrument.

Anticipated ncw science data which
observers expect to obtain from observations
made with the Wide Field/Planetary Camera
will relate to:

— Cosmic distance scales
— Cosmic evolution

— The comparison of near and far
galaxies
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the spectra of astronomical obiects of the faintest possible
rgnitudes in the wliravioler and vistbie wavebands.




— Stellar populatien studies

~ The distribution of energy in stars
and compact objects

— (Observations of stars in formation
and supernovae

~— Planetary atmosphere observations
and comparisons

— Search for planets around .. carby
stars

— Cometary cbservations, including
Halley's Comet.

Faint Object Spectrograph

The faint Object Spectrograph is a
versatile instrument that can obtain the
spectra of extremely faint astronomical objects
in the ultraviolet and visible wavebands.
Vight spectra of astronomical objects will be
analvzed to study their relative distiibution,
from the ultraviolet through the visible.
Light radiated from obiects 1s a mixture of
all colors of the spectrum and these colers
indicate a broad range of energy as well as
the presence of chemical elements that
¢ither emit or absorb light in a2 known way.
Each chemical element will emit or absorb
light under conditions related to tempera-
ture and the amount of that chemical ele-
ment present.

Study of a spectrum tells us the nature
of the source we are viewing We will know
whether it 1s hot or cold, dense or raritied,
and ever. its chemical compositiva. Analysis
of the spectrum also vields the distance
away and velocity of the object being studied

The taint Object Spectrograph is designed
0 pick up the image of a star, galaxy, int
stellar dust cloud orother object that appears
on the telescope’s focal plane as a point of
light. Then, via asystem of optical mirrors
and gratings that work like prisms, the light

beam is spread out, from the ultraviolet
through the visible.

The tanned-out beam is recorded on an
imaging device called a Digicon Detector,
which counts or registers the photons ot
light corresponding to the different positions
of the incoming light beam_ In effect, thisis
a picture of a finely-divided range of light
which shows its intensity and distribution
over the various wavelengths ot the spectrum.
The spectrogram is then transmitted to
Earth for study.

The Faint Object Spectrograph will be used o
— Observe the nuclei of acuve galaxies

— Detine the amount and kinds of
chemicals in galaxies

- Provide information on the
physical properties of quasars

— Study the my< . erious jets that ap-
pear optically in photos of quasars

— Study quasars believed to be at the
nuclei of some galaxies

— Study comets before they are
chemically changed by the Sun.

The High Resolution Spectrograph

The High Resolution Spectrograph will
be able to use the full resolving capability of
the telescope to see much dimmer objects
than previous spaceborne instruments. Al-
though it performs in much the same way
as the Faint Object Spectrograph it will be
much more accurate because it will be using
more light and resolving it into much finer
increments. It will be looking at only the
ultraviolet region of the spectrum, and see-
ing light thar cannot reach Earth. This
region or wavelength provides what astron-
omers believe will be the most detiled
chemical osition information vet ob-
trned OF  qows 10 Space.
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Crneal desien concept for the High Besoluton Spevtiograph
showany composents which will obiom hicher spectral
resoiusn i the ultiavioler than has bererotore boen
posable i space astronomy
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Previous generations of spacecratt that
could se¢ 1 the ultraviolet, such as Coper
meus Urbating Astronomical Observatory,
and the International Ultraviolet Explorer,
have returned extremely interesting and
maportant scienti intormation. However,
the High Resolution Spectrograph will be
able to detect obeets 1000 trmes dimmer
than those observed by these carlier space-
cratt at comparable or even hagher spectral
resolution.

This extremely hine resolution means
that individual stars 1 crowded frelds wall
castly stand out i the imagery of the High
Resolution Spectrograph In additon, binary
stars that cannot be difterentiated opucally
will be resolved so that cach star can be
stuched separately.

The High Resolution Spectrograph wall
be able to study such objects as supernovae,
active galaxies brght guasars and even
phenomena m our own solar system Inthe
latter case. the telescope will look at planetary
atmwspheres auronal sty and search tor
devterium mcomets Only acentamn amount
of denterium, a chemuwal element believed
10 have been manutactured ponmandy i the
Big Bang, s thought to occur throughowt
the umverse. 1 should be found i cometary
gases such g discovery could reveal more
about the relation of our solar svstem to the
anginal cataclvsmic explosion

The High Resolution Spectrograph will be
wsed o
- Invesugate the phvsical makeup ot
explodimg galaxies, quasars and
other dense obiects

o Sl the Toss ol puass of oase star o
ansther 1o bimary svstema

'''''' Measure the total amount of mateer
expelled o vellar explosions
Invesngate the phvsaical makeup ot
the ks clouds

“ Study the various stages of stellar
evolution

~ Define the atmosphenic structure
ai solar system planets

« Measure chemcal elements in the
structure of comets

High Speed Photometer

The High Spead Photometer is designed
to provide sccurate observations of the total
hght from an object 1 space. note any
thuctuatons i braghtness on a tme scale
down to microseconds, and 1o dewatl any
e shapes or structures assoctated with the
hght source These measurements are made
over a wide spectral interval including the
ultraviolet

It 15 the sumplest mstrument of the
Kroup. contatming 6o moving parts, and
rehies entrely on the pinpoint accuracy of
the spacecratt's ponting capability to ac
complish 1ts wb. Atter it receives the hghe
trom 4 star or other source, a detector meg
sures the total bnghtness of the obiect or the
wtensity of hight g partcular portion ot
the spectium

The High Speed Photometer, in adds
von, will transmur sccurate information on
tluctuation as & tuncuon of tme Detection
ot rapudly spinning newtron or other com-
pact stars will be possible, also detailed data
on the shape and structure of the tine spikes
o tlares otten assoctated with such compact
ahiects

The mstrument will be of special service
to astronomers i ostabhshing calibration
starbards tor tame stellar obiects Because
the brightness of the obiects will be ascer
tancd 10 tine detail, the relation of stars w
cach other and then distances from Earth
will be established much more precisely
than ar present
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High-Speed Photometer design concept Approximately 100
combinanions of filters and aperture pases can be imaved on
the dewecrors. Observations of rapidly varvine astrononucal
sorrces can be nme rosolved on time scaics s shor s 16
sucTsec o




{Top: Oprical desizn concept for the 196 mode of the Faing-
Obiect Camera which will provide the highest spatial
resolution images of anv optical instriument in Space or on
the ground.

Bottomy Optical design concept for £48 mode of the Faint-
Obiect Camera. This mode provides less spatial resolution
than the 196 mode but does deliver o larger field of view.
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The High Speed Photometer will be used to:

- Make precise observations of
rapidly pulsing compact objects,
exploding variable stars, and
hinary systems
Examine properties of zodiacal light
{sunlight reflected from solar
system dust] from the Sun in the
ecliptic plane, and diffuse
galactc light
Calibrate faint stellar obiects
Examine specitic spikes or flickers
of light ejected trom stellar objects,
including compact stars and
supernovae, tor shape and
structure.

Faint Object Camera

This instrument, being built by the
European Space Agency, uses the spatal
resolution of the telescope in order to capture
images of very taint objects in the universe.

It 1s expected to be able to detect stars as
faint as the 28th magnitude and will easily
pick out stars of magnitude 24, which s
about the best a large ground observatory
can now do. Magnitude 15 a designation of
brightness—the lower the number, the bright-
er the object. The dimmest stars the average
person can see with the naked eve are mag-
nitude 6. The brightest stars are magnitude
1. Venus 15 magnitude -4 {minus fourl

The Faint Object Camera has a basic
focal ratio of /96 and is capable of observing
taint objects or extended structuggpencar
bright sources. This device will Ive fou
filter wheels, each omajningar YWilety o
filters with 12 positiogs; 8at can be Miserted
in the optical path. .

The svstem works by gathering and
tocusing incoming feeble starlight on an
electronic image mensifier. The intensifier's
output 1s scanned by a vidicon camera tube

4

and an image consisting of 250,000 picture
elements is obtained. An. {48 focal ratio
camera system will perfmit the camera w0
operate in a spectrographic mode which is
ideal for studying the structure and dynamics
of the center regions of galaxies. It is suspected
that these regions could harbor massive
black holes. This mode of operation will
employ fourteen insertable filters.

Exposure times of some very faint ob-
tects might run as high as 10 hours.

The Faint Object Camera will be used o
— Observe extragalactic supergiant stars
~— Study variable brightness stars
— QGather data on globular clusters
~ Examine binary star systems
-~ Search for extrasolar planets
— Establish stellar masses

— Do detailed studies of shock fronts
and condensing gas clouds

Search for direct evidence that
quasars might be at the center
of faint galaxies.

Fine Guidance Sensors

Because of the very high spatial resolution
of the Space Telescope it requires extremely
high pointing stability. This so-called sixth
scientific instrument will be used primarily
to provide this stability. Two sensors are
sufficient for locating and locking onto a
target. Meanwhile, the third can be used to
view and precisely measure the positions of
other stars in the vicinity in relation to the
stars on which the other two sensors are
locked.

The three Fine Guidance Sensors are
expected to produce measurements ten times
more accurate than can be done now from
Earth. The sensors work through a complex
system of mirrors and light detectors o
locate the position of a star against the




background of a number of stars. In measur-
ng the distance to 2 star, ground controllers
will have the sensors focus on a foreground
star to transmit data on its position relative
to the stars in its background. The objective
1S to measure the spatial distance between
the foreground star and the background
stars. Similar measurements are made about
six months later and the shifts are compared
The differences will indicate the distance of
the star from Earth.

Making precise measurements of star
positions is called astrometry. Information
provided by the Fine Guidance Sensors will
assist in finding the answer to the open-
versus-closed universe question.

The Fine Guidance Sensors will be used to:
- Provide stability to the satellite

— Calibrate the positions of nearby
and distant stars and galaxies

- Reveal new information on the
unseen companions of binary
star systems

— Provide more accurate positional
information on the satellites of
Tupiter, Saturn, Uranus, Neptune,
and Pluto

— Establish better positional reference
$yStems on COmpact stars.
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Snace Telescope i its stowed positon inside the carzo bay
of the Space Shuttle Orbiter.
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Putting It Up, Making It Work

oty

P utting the Space Telescope in orbit is the
job of America's new Space Transportation
System, the Space Shuttle.

Space Shuttle is a true aerospace vehicle
that takes off like a rocket, maneuvers in
Earth orbit like a spacecraft, and then lands
like an airplane. Briefly, it is composed of
an Orbiter, propellant tank, and launch
boosters.

The Shuttle is designed to carry heavy
loads into Earth orbit. Other launch vehicles
are capable of placing large payloads in orbits,
but unlike the other vehicles, which could
be used only one time, each Space Shuttle
Orbiter can be used over and over again.
Three main engines and two solid rocket
boosters provide the power to get the Orbiter
off the ground and into space. Two onboard
maneuvering engines position it in final
orbit and a variety of small thrusters provide
the necessary maneuvering capability.

The Orbiter is the crew-and-pavload-
carrying portion of the Shuttle system and
is about the same size and weight s a DC-9
commercial aircraft

fust behind the crew quarters is the
cargo bay. The bay is flexible enough to
provide accommodations for spacecraft in
a variety of shapes and sizes—or for fully-
equipped scientitic laboratories. Pavloads
weighing as much as 29,250 kg (65,000 Ibs))
canbecarriedinthed 5by 1Bm|15bv60 fr)
bav.

On-Orbit Maintenance Provided

Space Telescope is a free-flying space-
craft designed for Shuttle launch and on-
orbit maintenance. It can be serviced in
orbit by the Shuttle and brought back to
Earth for refurbishment. In this way it can
be kept updated by having astronauts replace
the instruments, batteries or other modules
in flight or by ground maintenance when the
entire spacecraft is brought back to Earth.

Space Telescope will be launched from
Kennedy Space Center, Florida. The Shuttle
commander will handle the maneuvering
and attitude control aspects as the Orbiter
attains the proper flight altitude. At this
point, the cargo bay doors are opened and
the crew readies Space Telescope for release
into orbit.

The pilot electronically controlsa 15 m
{50 ft.) mechanical arm or Remote Manip-
ulator System connected to the Space Tele-
scope in the cargo bay, then moves it out of
the bay.

Following release of the Space Telescope
into free flight the Orbiter remains in the
vicinity in a standby position. During this
period checks are made from the spacecraft

- as various systems are activated and the
# i #
solar panels and high-gain antenna are de-

ployed. With these initial functions satis-
tactorily completed, a number of subsystems
on the telescope are turned on and checked
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Space Shuttle Orbiter's manipulator arm temoves Space
Telescope from the cargo bay, before releasing it into Earth
orbit.
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Spuce Telescope. with solar panels and antenna booms
extended in Earth orhit twith Space Shuttle Orbiter
rwmaining in s vicinity 1o complete final checks on it
operational status)




out. When the ground controllers at NASA's
Goddard Space Flight Center are satisfied
that the satellite is functioning properly, the
Orbiter is tree to return to Earth or goon o
some other task.

For on-orbit maintenance missions the
Orbiter will rendezvous with the Space Tele-
scope. When the Orbiter’s flight path has
been matched precisely with that of the
telescope and rendezvous in orbit is ac-
complished, the manipulator arm will lock
onto the free-flving telescope, bring it into
the cargo bay, and stand 1t upright on ¢
maintenance platform.

Because Space Telescope engineers anti-
cipate a gradual "decay” of its orbit, caused
by atmosphenic drag, the Shuttle Orbiter
may reboost the Space Telescope back up to
its proper witial orbit. There, the Orbiter
crew will begin the required maintenance.

The pilot and mission specialist will
don space suits and crawl through an airlock
from the crew compartment into the bay.
No more than two crew members will be
outside the Orbiter crew compartment at
any one time and extra-vehicular activity
{work awav from or on the exterior of the
Orbiter] will not exceed 6 hours in any 24-
hour period.

Spare Parts Available

During the two 6-hour work periods, the
crew members will have ava® able spare com-
ponents, replacement parts or new modules
that have been stowed in a special structure
in the cargo bay, called an environment
protective enclosure. The structure also
serves as a work station for the two crew
members who will be able to move to various
narts of the spacecraft, replacing or repairing
as necessary. In order to make the job easier
tor the work party, the telescope will be
tilted toward the work station or positioned
on the maintenance platform as necessary.

Work aids such as tethers, equipment
transfer devices, foot restraints, rails, hand-
holds, and lights will be used. Foot restraints
are considered the most important aids for
working on the spacecraft as they leave the
hands free and establish a fixed reference
point for astronauts or technicians. In areas
where there are no foot restraints, portable
restraints can be mechanically attached.

After on-orbit maintenance has been
accomplished, the two-astronaut team will
return to the cabin for testing. An expert on
the flight deck will work with the crew to
make sure that all circuits, mechanisms, and
mstrumentation test satistactonly. Ground
controllers will also participate in the
checkout.

When evervthing appears to be in good
working condition, the telescope will be
moved out of the cargo bay by the manipula-
tor arm and again placed in orbit. The Shuttle
Orbiter will remain nearby while the space-
craft's solar panels are redeploved and a
final in-flight checkout is accomplished

Maintenance activity in space is put .
new concept. Unplanned maintenance tasks
were performed during four Skvlab missions
in the 1970s. Such tasks included solar
array repair and replacement of faulty gyro-
scopes.

The refurbishment process, depending
on need, could involve disassembly of major
elements on the ground for extensive over
haul. Replacement of Space Telescope's major
components, including work on the mirrors,
would require returning it to Earth but
exchanging much of its other equipment
could be done on orbit.

Major ground returbishment is expected
to take as much as 244 years to complete.
This would include re-assembly and re-
launch by Space Shuttle
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Space Tel seope in g vertical positiond reletive 1o the deck of
the Space Shotle Orbiter s cargo bay — ready for on-orbit
mntersace




Astronauts work on Space Telescope outside Space Shutde
Crhiter's cargo bav. Bach component or insoument thar
will be replaced is designed with simple locking devices

which allovr for gquick disconnect of cables and mounting
Testraings.




Artist s concept of Space Telescope m Earth orbit — with
the Shuttle Orbere in s vicinny




The Space Telescope Science Institute

To place the responsibility for obtaining
scientific results 1 the hands of the scieny-
tic community, NASA has established and is
tunding a Space Telescope Science Institute
to he managed by the Association of Univer-
sties tor Research in Astconomy [AURAL

Membersof the AURA consortium are.
University of Arizona, Calitornia Institute
of Technology, Umiversity of California,
University of Chicago, University of Colorado,
Harvard University, University of Hawai,
University of Hlinois, Indiana University,
Johns Hopkins Universuy, University of
Michigan, Massachusetts Institute ot Tech-
nology. Ohio State University, Princeton
University, University of Texas, University
of Wisconsin, and Yale University,

The Insntute taciliny itselt s located on
the Homewood Campus of fohns Hopkins
University, in Balumore, Marvland. NASA
will oversee the operation of the Insttute
and see that the scientitic obectives of
Space Telescope are met.

Toachieve these obiectives, the Institute
will solicit and select ohservational proposals
trom astronomers as well as coordinate e
search and mternatonal partapation, It will
de rermine viewing schedules and the avail
ability and sequence for observing vanous
space phenomena, in cooperation with the
Space 1clescope's Pavioad Operations Con-
trol Uenter at the Goddard Space Flight
Center, Greenbel, Marviand

Collection and icducuon of telescope
data will be a prime funcuon o the losutute
Data analysis will be accomphished by priner

pal investigators, general observers and ar
chive rescarchers trom a variety of crganiza-
tons and universities, who will analyze their
own data as it becomes available. Scientsts
on the Instutute statt will also conduct analy-
ses, do basic research and disseminate data
to the science community. An Institute ar-
chives section will store all data received.

When it 18 tunctional, the new organ-
ration will have a statf of about 200 persons,
mecluding about 35 scientists, and will be
directly tzed 1n with the operations center at
Gaoddard o receving and processing data
European Space Agency scenusts will be
participating i the activities of the Space
Telescope Science Institute,

TDRSS to Return Data

Duata from the welescope will ulemarely
be transmitted via the Tracking and Data
Relav Satellite System {TDRSS o aground
station at White Sands, New Mexico. Brom
the station, the data wall be transmitted viaa
commercial communications satelliee w0
Gaoddard Space Fhight Center where standard
processing and “packaging operations are
performed. The data will then be sent via
land line w the Insutute where an observer
may get both tinished or calibrated daw, or
the onginal raw material reccived from the
orbiting telescope.

Selection of observers will be one of the
hig tasks of the Science Institute, assisted by
outside reviewers,

An average of at least 15 percent of the



abserving tme will be allocated o scien-
tists from member nations of the European
Space Agency. This 1510 recogninion of that
argamization’s contnbution of the Fam
Obiect Camera, solar arravs, and operations
personned at the Scicnce Institute,

Selecoon of telescope users will be
hased on udgment of the mportance ot
their proposals and the teasibility of accom-
phshing the goals Itis expected that requests
tor use of the new space observatory will far
exceed operating time available on the tele-
LOPC.

To achieve the best technical and pro-
tesstonal results, observing proposals will be
submitted by potennal users. The Insutute
staft will exanmunc these proposals for tech
mical teasstbidaty, then ask an external saience
peer group to evaluate them tor scienttic
quahty.

New proposals will be submutted and
rviewed throughout the bicume of the
dhscrvatory, with penodic announcements
ot observer selections NASA through the
Space Telescope Scenee lnsatute, will pro-
vide tunding tor observers trom the United
States. Those selected trom other countnies
will provide their own tunding.

Schedule Adjusts to “Opportunutics”

Targets of opportunity, such as the
discovery of g supernova or unexpected
suecess by oan observer m oacquinng an
obicet such as a tlanag star, will require
adiustments w schedules tor the use of the
telescope.

Sceondary observations i addition w
thase scheduled mvolving the Wide Freld
Camera and g single addional science
nstrument mav be scheduled when targets
of opportunity are encountered—tooxplon
any serendipitous discoveries

Normally, Space Telescope scentists
will have exclusove nichrs 1o ther data o

one vear. In cases where the nature of the
data takes more than a vear 1o reduce and
analvee special exemptions can be made.
The general policy tor the Institute will
be that all data obtained through the facility
will be cataloged and placed in 1ts archives
The archives will be available to the world
scientitic community. Members of the public
mav also obtamn intormanon on requost.
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Astronomy Enters The Space Age

In the Space Age, a vanety of satellite and
sounding probes have been used to directly
observe space phenomena, but such obser-
vations have been made primartly in non-
visible spectra. Data returned 1 ultraviolet,
mfrared, x-ray and cther regions of the
spectrum whose radiations caanot reach
Earth, have detected intniguing new phe-
nomena in the universe. But, compared to
Space Telescope, these carlier spacecrat
have returned only glimpses of what awaits
us i JURS

Maodem astronomy isn't concerned solely
with looking at stars and observing planetary
motion. All scientific disciplines are involved
becausc of the wealth of informanon that s
being returned in all fields.

We now know that all types of radavon
are enutted from the billions of stars, galaxies,
and mysterious objects that make up the
cosmos. The light we sec 1sonly a small pan
of the total spectrum of energy radiations
These include infrared, ultraviolet, radio
waves, x-ravs, gamma ravs, and cosauc back-
ground raduavion

Many Sciences and Technologies
Involved

Computer technology, nuclear physics,
chemucal analvsis, photographic and optical
technology, plasma physics, particle physics,
clectronic engineenng, geophvsics, hife sov
ences, and many other sciences and tech
nologies are necessary o examine this vast

nomena as pulsars, quasars, neutron stars,
black holes and other mysteries of our um-
verse demand au interdisciplinary approach.
rrrrr Recent Solar System explorations by
automated spacecratt have raised many ques-
uons about the possibility of life in our Solar
Svstem and the evolution of the planets
mncluding Earth. Exploration of the Moon,
mcluding astronaut landings on its surface,
has given geophvsicists and geologists first-
hand matenal to study. Photos and data
from Mercury, Venus, Mars, Jupiter, and
Saturn raise guestions about planetary pro-
cesses, and tell us much about our place in
the Solar Svstem.
Who, betore the Age of Space, would
have suspected that Venus had an atmos

phere sohotinwould mols kead b thar Mass

onee had great nivers tlowing through huge
canvons and boasts the largest volcano that
has been seen i the solar system?—or that
mughty lupiter has g satellite, o, with active
wlcanoes or eruptive plumes?

Astronomy has alwavs been i the
forctront in sumulanng human curiosiy
and imagination. Since carliest umes when
our ancestors hirst gazed at the skies, men
and women have wondered and steadily
mcreased their knowledge.

We are sull at the beginning of our
quest to understand the universe. The Space
Telescope will tell us much but as old
questions are answered, new ones will replace
them a thousandtold.
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SPIRAL GALAXIES are formed from more rapidly rotating
clouds of primordial hydrogen gos than the elliptical
galaxies. In the case of the more rapidly rotating clouds,
some of the gas is drawn to the center to condense into
stars. The remainder of the gas rotates around the center,
slowly forming new stars. Such a rotating disk is unstable,
forms arms and gives the galaxy its spiral shape

Spiral galaxies have o bright center with the spiral arms

%Wm&mn%%m%mmﬂw
arms which may appesr quite foint in wlescope pictures.
Although the disk mey be about 100000 light vears in

diameter for a typical spiral, its thickness often measures
about 2,000 light years.




ELLIPTICAL GALAXIES, which for cutnumber spiral
galaxies, have a nearly zz;%mm ot oval shape. They are
often somewhat flattened, lack the spiral arms and are
mﬂywmm%d %mﬁmg&xt stors. ?%wam that
nidense quickly into stars. causing star
formation scon aiwr galactic birth by using up the dust
arud gas clouds at an early stage. Ellipticals contain many
ald stars and have o much greater range in size and
brightness than spiral galaxies.
The smallest ellipticals are no larger than small groups of
stars. dobudar clusters in our Milky Wav, However, some of
als dwarf our glaxy, with diameters of 300.000
hgﬁfymmém 100 tives “heavier” than our walaxy,
These are the largest, most massive accumuletions of
matter Known i our univers,

IRREGULAR GALAXIES are usuaily smaller than spiral
salaxies and present no reguiar structure. They do not have
tvpical bright nucleus or special o ¢ and include
éfifmz types of stellar obiects such as young and old
stars, clusters of stars and variable brightniess stars.
The Magellanic clouds two of our three closest galactic
neighbore, are irregulor galexies and show no special
structure but comain binary stars, varioble brightness stars,
enormous numbers of gant stars—a half million or more
in just one region alone—and many supergionts.
In some cases, irvegular golaxies appear 10 have been
disturbed by tremendous explosions somewhere in their
interiors.




GLOBULAR CLUSTERS are immense spherical groups of
stars and are among the oldest groups fup to 13 billion
vears! in our Milky Way galaxy. There are 10.000 10 10
million stars in each cluster, itself @ sphere about 100 light
Vedrs across.

There are at least 125 globuler clusters believed to be
orbiting in a halo around the center of our galaxy, but they
are located well away from the galactic plane.

When the galaxy was formed, these clusters of stars

forming the billions of

see today.
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ACTIVE GALAXIES exhibit a very bright center, many
measuring about one light vear across. Surrounding

the core of the galaxy are huge, hot gas clouds moving ut
tremendous speed. hundreds of kilometers per second,
indicating continuous explosions. The clouds ave apparently
beated and ionized by mini quasars which may emit less
energy than a normal quaser.

There are more tenuous gas clouds filling the rest of the
nuclens, which mev roeasure from 100 10 LOOO Heht vears
in diameter.

Radiation emission from the core is mostly in the blue
portion of the spectrum as well as in ultraviolet, infrared,
and sometimes in radio waves.

Light brightness of the core varies over o number of
months and in sc:ne exploding galaxies the emount of
infrared radiation varies greatly. The infrared radiation
errussion is often greater than the entire output of visible
light from the entire galaxy.




RADIO GALAXIES are enormous and emit extremely
powerful radio waves a million times more powerful than
those coming from our Milky Way.

What gencrates these emissions is not the galaxy itself, but
two huge clouds on either side. Each cloud in the largest
tadio galaxy known is calculated to be 20 million light
years long,

When first discovered, it was thought that such galaxies
were actually two galoxies approaching each other, with

the radiation coming from the gas cloud collisions. It loter
became clear that these were really enormous elliptical
galaxies containing some 10 trillion stars in a volume
somewhat spherical and often 500,000 light vears across.
A small, very bright nucleus is at the center of some rodio
golaxies. This nucleus often produces as much light as all
the rest of the galaxy’s stars. It is known as an N-galaxy to
indicate the brilliance of the nucleus,
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A NOVA is g star which suddenly brightens and

becomes visible in an area where it hed not been seen
before. Thus this type has been colled "nova” meening
new.

The increase in brilliance is rapid. often occurring within a
day or s¢ and flaring up .0 a brightness thousands or even
tens of thousands of times bevond its former radiance.
After the initial flareup such stars usually fade over the
following davs, months or years.

Gas is blown off the star at very high velocity in what
appears to be a large mass. The amount of mass ejected is
only a tiny fraction of the star's total mass and the
explosion has little effect on the star. Astronomers believe
that almuost all novae are parts of binary star systems,
where gas from one star is drown onto the surface of a
white dwarf star. This causes a nuclear explosion when the
gas ignites and is efected into spoce.
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QUUASARS have been identified since the first one was
discovered in 1963. These extremely powerful objects
remain g mystery to scientists. Astronomers see them as
star-like points of light that emit more energy thon even
maior galaxies.

¥ quasars cre as far away as many astronomers believe,
they may be situated on the very “edge” of our universe.
Certainly they are hundreds of millions, even billions of

. light years away. It is believed that if they are so bright at

such vast distances, they must be at least 100 times more
luminous than the brightest galaxy. This luminosity for
many quasars changes, often in just a few months, by
brightening or dimming by as much as 50 percent. Thus it
is calculated that the region that emits the light must be
very small in comparison to a galaxy, about one light year
in diameter or one hundred thousandth {1/100,000) the size
of a galaxy.

The amour of energy being released stagzers the
fmagination. It is belleved that the total energy enitted by
a typical quaser in one second is enough to supply all of
the electrical energy needs for our planet for the next
billion years. Scientists continue to wonder about how
such tremendous amounts of energy are generated.




SUPERNOVAE (see arrow) are massive stors at least five times
the mass of the Sun. They have been known to expiode,
throwing out up to two solar masses at velocities of from
22%%%%%%%@%%%%%%%
sec

During the jon sequence, a supernova can expend os
much energy as it did during its entire lifetime, often
becoming as bright as a golaxy for a few deys before fading
away over the next fes -reets. Depending on whether it
has destroved itself entirely by flinging all-its mass into
space or whether a dense central core remains, the

explosion will either result in o gigantic dust cloud or
merely leove the lone star's core.
¥ a dust cloud remains, a new star or stars may eventually

form from its dust and that of other it ar clouds. ! o
dense cote remains, it may become a neutron star or black
hole. Supernova explosions occur when the great mass of a
large star collapses on itself

These immense stars apparently evolve in less than 100
million years.
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PULSARS were discovered in 1947 when o radio
astronomer first picked up their radistion, coming in
flashes about once every second hike those from a liche-
house. Because the pulsing source seemed 5o regular, even
artificial. some observers speculated that the intermittent
madivtion could be signals frmn some fonn of extrater-
restrial imellivence

Astronomers soon found that a rapidly rotating neutron
star could produce such signals and the nexe vear a pulsar
was discovered in the Crab Nebwila, This was the star

observed exploding in 1054 by Chinese astron
others. ftm&adt&aﬁzgfzm%?ww&%m&vm
in daylight for more than 23 days.

Most pulsars have periods ranging from a 30th of a second
0 about three minutes Some 100 pulsars have been
discovered, most of them located in our galaxy, some 300

10 30,000 light years from the Sun. With the exception of
the Gtﬁ% Nebula pulsar, they are apparently millions of
veurs o




A “BLACK HULE" {artist’s concept shown here} represents
an astronomical phenomennn about which today's astron-
orners theorize a8 a teans of describing certam gravitational
anomalies in our universe. The grovitational forces in these
Black boles are corsidered to be 30 extrerne that no
radianon, not even visible light, can escape. According to
widely held present theories, a very larg star could explode,

biowing away its outer shell of gases and lighter elements.
Heavier elements in its core theu collapse upon themselves.
This roplosion is envisioned as creating exceptionally

det.. . materials and gravitational forces that continue to
sweey up other matter in the vicinity of o growing black hole.




THIS IS THE TYFE O RESOLUTION fwsken in the
witr, of Venus that will be 2btained by Space
Teescope from is | *h orbit. The photo was taken by
Mariner 10 in 197 s it flew by the planet enroute 1o
Mercury. The spacecraft was 720000 kilometers 450000
e eway from Venus when the wlevision cameras ook
the pictore.

" wﬂwim?“ '
maxﬁy%@k&ﬁngﬁa&%w&mﬁa%%mmmﬁ
angulor separation from the Sun. This same constraint
completely precludes any observation of Mercury |
B o0 close o the Sun,




VIEW OF MARS from o ground-based ohservatory.




t by the Vil
in June 1976,




TWO VIEWS OF TUPITER: On the leht 55 o very good
ground-based photo. On the right & o picture taken of
fupiter obtained by the Vovager spacecraft 1 1979 Space
Telescope will view hupiter t 4 similay resolution
However, instead of veing limned s Vovaer was 1o

sortion of the planet ot this resolution. the Space
Telescope will be able w0 view the entire dusk with similar
vlapty and denail

The gronnd

: photo fleft) of Tupiter will be similor
resolution 1o pictures Space Telescope will obtain of the
planets Uranus and Neprune The best ohservatories on
Earth can obtain photos of the two planets showing no
more than tnv disks with dmost no desws]







TWO VIEWS OF SATURN: At the left is ¢ typical resolution. The picture shows Satuen and two of its raoons,
based photo. At the right is the type of resclution Tethys labovel and Dione taken by Vovager | in November

space Telescope will make avaiable. The instrument will 1980 from 13 million kilometers 8 million miles) away,

be able to rerurn photos of the entire planet ot < 'is
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SRANUS, g0 cxnremely foint point of Heht 10 viewers
from Earth telescopes, is tilted so far over on its axis that its
axis is nearly perpendicular to the plane of the elliptic in
mﬁ i orbits It has at Jeast five very dork rings, first
idenified by o high-fiving NASA observorory, These tings
w&dm@é%%m@e%%mﬁ&wﬁaﬁmﬂm%m
in certain meteors.

PTUNE has a hydrogen-rich atmosphere. Methane gas
n gﬁag mam?wg absorbs light from the Sun causing it 10
appear as a featureless biue planer As secn from Earth it
only a dot on o photographic plare. Neptune has two moons.
PLUTO is not ¢ guseous ;z%amt but is covered by frozen
methane. probebly concealing a rocky interior. Since there
are no deep spoce missions planned 1o observe Pluto, ¢
mere pinprick of light in ground-based telescope photos,

the planned orbiting instrument is the only device offering
any early prospect of studving the planet in more detail
Phito has o newlv-discovered moon which is difficult to see
from Earth Space Telescope should enable astronomers to
stndv this moon's orhir and, perhups. other physical
characteristics.




Space Telescope Responsibilities

NASA'S Office of Space Science and Ap-
phications, Headguarters, Washingron DO
is responsible for overall direction of the
Space Telescope program.

Marshall Space Flight Center Huntsville
Aly, b s prowect management responsibility
1w direct the bulding of the spacecratt ana
tor the proper mtegration of all its components
i assure ethicient operanion in space.

Goddard Space Faght Center Greenbwelt,
Md. is responsible for scientific instrumen-
taton, mission operatons, and dats reduction,
it 1x alse responsible for monmitoring the
acrvaties of the Telescope Saence Institute

The lohnson Space Center Houston
Tex hasSpace Shuttle and thightcrew oper
ations management respors bilioe and will
wirk with all parucipants in the project 10
asstire masimum techmcal and scienidic
reatiits

Ke zag‘zmis Space Uenter Fla has Space

Shuttle launch operanons Espuns ihility and

will supervise all aspects of the launch phase
The Buropean Space szzw provides
the Eant Obiect Camera as well as the solar

arcvs and will omapare i theht opertions
asprits of the nussion

Two Principal Contractors

There are two prutic contractors tor the
Space Telescope Lockheed Missides and
Space Company Sunnvvale Ual s zx:»;w%
sible tor desien development and bankding

3

o the Support Svstoms Module as well os

the integranon and ventication of other
maor elements into the flight spaccenatt

Perkin-Elmer Corporasion. Danbury,
Conn, has responsibility for developmen:
ot the Optical Telescope Assemblv

NASA's Role

NARA has sclected 45 scenusts w
participate in the design and carly operational
phases 0f the project.

Program Manager tor Space Telescope
i Mg Bepsimon Drogrom Bogineer
Arthur ! Beers and Program Saentist s Dy
Edward 1 Waler all %‘mm NASA Head
LS. Dr Fred A Soweris Prowet Manager
?mzzi”ﬁ%mzm«%mmz%zwszaw apdi U R
O el s Proweer Scentst all of Marshall
?‘%;%;zu ?‘3@%‘32 Lenter

wrald Burden s Nanager of the Space

"‘%“zsiamupaf Science and Operations Ofice
ad D David § Leckrong 15 Space Telestope
soentitic Instruments Scennst both of
Caoddard Space Flichs Center

ESAs Role

The Furopean Space Agency (ESAL by
acreement with NASA s responuible tr
furnishing the solar arravs tor delivery of
one of the saonube mstruments, the Fang
COlsect Camera and for stathing the Space
Telescope Sewence Institute with 3 number
of Buropan st ntsts,
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Space Telescope Science Working Group

Scientist

iohn N Bahcall
Robert €. Bless
lohn €. Brand:
iohn § Caldwell

William G Fastie
Bdward I Crotn

Richard | Harms
Willam H. Jetferys

David L Lambert
David § Leckrone
Malcolm S. Longair

F Duccio Maccherto

CR Olxl
Manev G Roman
Dianiel 1 Schroeder

MO van de Hulst

Edward 1. Weiler
James A. Westphal

Institution

Institute for Advanced Study,
Princeton, MNew Jersey
University of Wisconsin

Goddard Space Flight Center

State University of New York,
Stony Brook
The lohns Hopkins University

Princeton Umiversity

University of Calitornia,
San Diego

University of Texas Austin

University of Texas, Ausuin
Goddard Space Flight Center

The Roval Observatory,
Edinburgh, Scotland

European Space Agency,
Noordwiik, The Netherlands

Marshall Space Flight Center
NASA Headquarters

Beloit College, Beloit,
Wisconsin

Huvgens Laboratory, Leiden,
The Netherlands

NASA Headquarters

California Insutute of
Technology

Responsibility
Interdiscipiinary Scientist

Principal Investigator—

High Speed Photometer
Principal Investigator—

High Resolution Spectrograph
Interdisciplinary Scientist

Telescope Scientist

Data and Oper: tions

Team Leader

Principal Investigator—

Faint Object Spectrograph
Astrometry Science

Team Leader
Interdisciplinary Scientist
Scienuhic Instruments Scientist
Interdisciplinary Scientist

Faint Obiect Camera
Projecr Scientist

Project Scientist
Program Scientist {retired!
Telescope Scientist

Faint Obiect Camera Science
Team ! rader

Program Scientist

Principal Investigator—
Wide Field/Planetary Camera
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