


Ast~~no~cal  mdies have laki the whole 
broad scientificltechnid basis for our 
modem civilization. The development 
of muthematics is inrhately tied in 
with efforts to & ~ t a ~ d  planetary 
motions. m e  development of physics 
began with gravitation, and astronomy 
wvls at the heart of that discovezy . . . 
Becuuse astronomy is so basic. it is 
impossible to predict what benefits will 
flow from future mtmnomkal discoveries 
There is no doutt. however, that 
m n o m y  will maintain its role as a 
fudhmental dn'ver of our whnological 
civilization This is because the objects 
currently bezng ahcovered in space, are 
so fantastic in their character. We map 
be seeing total~y new aspects of mtzuz, 
and eventually we wiII turn these 
aspects to our advantage-wz always do. 

Dr. N d  Himers, NASA Associute 
Administrator tor Space Scienre 
February 1977 

nere is good reason to believe that the 
Sgace Telescope, to bt launched in 
1985, wrll be the most imponant 
scientific instrument ever flown. 

Iclrnes M .  Beas, NASA Administrotor 
February 1982 
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Space Telacopk 
One of Spoce Shuttle's First Major Sc@c PayIards 

'Tbcyar l~siscagerlyanticipmirhm~- 
out the science world as the time scheduled 
by the National Aeronautics and Space . . Admmmatim fororbiting SpTelescope 
All of the agency's asmnomy efforts during 
more than a quarter of a centuxy are expected 
to improve technologically by a quantum 
jump with this new adventure in discovery. 

From earliest recorded history people 
have gored up at the sky Qnd marveled at 
what they saw. Stors, planets, comas and 
naeteors were my-om, even fnghuning 
m them. Some people looked harder than 
others. plotting and measuring positions and 
movements. 

They began to detect regular. recurring 
p tterns in the movements of c e l d  objects 
--and the science of astronomy was born. As 
the new science grew. it become nungled 
with rekon and prognm'cation. The as- 
tronomers, who were just as much astrologers, 
became so proficient in their studies that they 
could prdct the movements of planets years 
in advance. 

But they weren't able to determine the 
precise nature of the @ts they watched ii 
the &t sky. That would not come und the 
invention of an optical instrument called the 
~lescope. In 16 10, the Italian scientist We0 
ahlei turned his telescope toward the heav- 
ens and caught our first ghpsc of what was 
really there. He saw craters on the Moon, a 
hrge spot on lupiter plus four of its satehtes. 
and projections coming from Saturn, later to 
be discerned as rings. It was thz first step 
toward opening the universe to human exam- 
ination. 

More than 350 years her, a second 
m p r  step into the universe o c c d  w h  
spcecmfrwete bunched from Earth. Rockets 
were mtoched to crssemMies o f  scientific in- 
s m u n e n t s , c o ~ a n d r o d i a P , d ~  
them out inm the solm system. ' 7 % ~  astro- 
nomical and p l a n e m y  vehicles ventured out 
beyondthefiltenngeffectsofEmth'Sarmas- 
phere, saw clearly, and even dvectly sumplad 
WorId~ othm than our o m .  nousands of 
new dipcoveries were madk, expm&g our 
horizons in a wav t h  eclipsed even the 
wildest imaginhgs of early authors of space 
fiction. At krst the universe was becoming 
reul-less mysterious to Earthhgs. 

And now the Sjwx 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 dhference between 
Galilee's first telescope and its predecessor, 
the human eye. 

The new telescope wil l  be able tc peer 
far out in space and back into time, produc- 
ing imagery of unprecedented clanty, of gal- 
axies, star systems, and some of the univme's 
more intngumg 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 (3'3- 
d e )  altitude orbit via a 2.4 me&,(94.5- 
inch)-diameter minor. In contrast, thehrge 
five-meter (200 inch) telescope at Palomar 
Mountain, California, and all other ground 



abscmatories, are handica by looking 
throughtheEartb'srtaaoer V err. 

Loosung through our atmosphere into 
sptace, even with the most advaocbd tele 
9copesadahle, prescntsaninsunnountpbk. 
problem-the atmosphere itself. In optical 
ammnomy the best chcrvbg conditions 
arur only a relatively few nrghts a yar. 
Observations on other nights are eithu 
Mocked by had weather or diminished in 
darity by hPIP or h a t  currents. Besides 
visible light only a few very  now bands of 
radiation, in the i&ad  and radio portions 
d the spectrum, can penetrate our atmos- 
pherr Lodting out through the atmospheric 
envelope that surrounds E a i i  is like loolung 
up from the bottom of a pond or lake. The 
hght is distorted, causing b l d  images 

Distortion Eliminad 
The Space Telescope won't have this 

chstortion problem and its imagery will be 
sent to Earth by electronic means, to be con- 
vened into clear pictures that astronomers 
and orhu scientists can study. The insuu- 
ment will be able to see objects 50 times 
dmmer than anydung 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 
rauge. Spectrum analyzers or spectrographs 
in the observatory will split ultraviolet and 
visible lqht into their -components and 
measure the intensity of the incoming ra- 
diation. Resulting spectral data will enable 
scientists to study the physical composition 
d objects in the universe and their chemical 
and atomic structures. 

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

deepspaceSpwxTelescopewillbcahkto 
view our plureury system routinely, with a 
levclofdctailthatcanonlybebetaeredby . . 
~ ~ f t y i a g m o r c r r o r b i t i s g  
the planets Astmn- will examine the 
douds of Venus, the pdru ice caps and dccp 
wlleysofMars,~theh==-=Ph- 
and moons of Jupiter. The rings, moons and 
doudsofSINnwillolsobeobsenredand 
the Space T h p e  will even furnish us 
informam about the outermust plams, 
Uranus, Neptune, and Pluto, that ground 
abservptions can not obtain. 

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

NotonlywilltheSpgccTelesmpeprovide 
information about our own Solar System, 
but it will also be used to search for clues of 
theeximmceofodrersalersysaemsAWough 
the telescope may not be able to see any 
planets that rmght 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 indicate 
the presence of orbiting planets. 

There are 37 stars within 15 hght years 
d 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 SCO additional nearby 
stars that rmght host planetary systems. 

Should the telescope detect planetary 
systems m u n d  any of these stars, it would 
raise new possibilities that extraterrestrial 
life, even i n t e w n t  life, may exist. 

Study Star Development 
Beyond obsennng the planets and poten- 

oel solar systems, asmnomers are interested 
in viewing the many gas clouds in our 





galaxy and in nearby galaxies. It is expectqd light year$. to Earth? Space Telescope may 
that stars in various stages of devebpm&t. p i v e ~  answers. 
will be studied. A composite history of the --< , .-. , - 
birth of stars, from condensation of gas to . rC 

the imitimof their thennonuclear- &k Orkh of the Universe 
maYYresult.  here is even the possibility thai 
the birth process of solar systems mght be 
absented. 

Srars,likeemythmgelseintheuninme, 
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 I1 and got its big boost in 1957 
with the first Earth satellite, Russia's Spu* 
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 
barbonng hgh-energy objects, million-degree 
gases, arld particles moving close to the 
speed of hght 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 bdhons of 

Even more peqdezing than the mysteries 
d the quasars are questions h a t  the origin 
and nature of the universe as a whole Many 
astronamers believe that the universe started 
from one timeless point-a darkness trans- 
formed through an explosion, commonly 
described as the "Big Bang"-intoa 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 galaxiesl 
stars, and planets-the universe. Why did 
this happen? How did it occur? This mystery 
mav be solved by Swce Telescooe. 

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

This would entail a grand sweep of all 
stars md gahues 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 not been found to cause the gravitational 
collapse, to reverse thc present expansion. 
Some galaxles near the edge of the cosmos 
an believed to be travehg at speeds ap- 
proaching that of kght-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 TheoryI 
postulates that the universe constantly re- 

























Sun, Earth and Moon so scienufic instru- 
ments are not damaged by a flood of lrght 
While in operation it will not be tumed m 
witbin 50 degrees of the Sun. This precludes 
observations of the planet Mercury. Internal 
baffles in the Support Systems Module door 
prevent scattered hght from degradmg the 
focal plane image. The central baffle is 
Located just in front ot the the pnmary 
minor, while a secondary baffle fits just 
behind the secondary minor. A large alumi- 
num main baffle extends from the primary 
minor to just beyond the secondary mirror. 

Just behind the hght shield aid 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 needmg 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 at 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, uipleredundant computer to ahgn 
the spacecraft with the Earth's magnetic 
field. The reaction wheels also recetve torque 

commands from the computer, to point the 
telescope within an accuracy of Q01 arc 
seconds or less. 

h i s e  Pointing Planned 
The pointing control system uses six 

rate gyros and two fine guidance optical 
sensors to provide mil, 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 7  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. 
?he telescope can be tumed and changed 
!mm one object to another if observers wish 
to acquire another subject. This motion can 
occur at a rate of 90 degrees in W 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 c o n d e d  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. 
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Science Instnunenfk; 

Th: five scientific instruments, four U.S. 
and one European, are located behnd the 
primary mirror, at the focal plane, where 
they can pick up the hght from the telescope. 
These are the Wide FieldIPlanetary Camera, 
Faint Object Spectrograph, HI& 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 
abihty to accurately locate stars, are consid- 
ered a sixth scientific insuument. 

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 1 10 to 150 
watts of power each. All are exchangeable 
during maintenance visits on orbit. 

Wide Fiel4Planetary Camera 
This instrument can operate in two 

modes. It has a wide field capability at a focal 
ratio of fl12.9 that wdl permit examination 
of large areas of space, leading to accurate 
plotung of the spatial relationships of distant 
objects such as galaxies and quasars. High 
resolution images with the planetary camera's 
focal plane ratio of fl30 will also be possible 
in stvflying the planets in our Solar System 
(except Mercury). Images telemetered to 
Earth by radio will be far better than pictures 
produced through ground-based o p t i d  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 
h e  resolution of this instrument, expected 
to be better than ground-based resolution by 
a factor of at least ten, will sharpen our views 
of blurred, distant galaxy-Ue 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 separate portions 
which are focused onto four charged-coupled 
devices. These devices have been designed 
for receiving low light intensities at very 
hgh resolution. A portion of the image is 
received on each target plate and is suuvided 
into 640,000 picture elements (pixels). Light 
intensities of each pixel are transmitted to 
Earth via telemetry signals for assembly into 
images for study. Assembling infomation 
from different apcrtral hznds is possible by 
directing th.e i n c o ~ r 4  light through any 
one of up to 5U spectral filters within the 
instrument. 

Anticipated ncw science data which 
observers expect to obtain from observations 
made with the Wide Field/Planetary Camera 
wdl relate to: 
- Cosmic distance scales 
- Cosmic evolution 
- The comparison of near and far 

galaxies 
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Astronomy Enters The Space Age 





PlRAL GALAXIES ore fnnncld fntm more rapdry maw Sptrol gulafex~es hive o bright center with the spird o m  
c h d t  tjf pnrnordtof hydrogen gas than the eUiptlcol a t c n a  outward Dtc nllcf~~ts IS often hghwr t h n  the 
&mes In the w w  of the, mart rctpieffv rowc~m clouds, urns whlch m y  appe.?r qwte rlimt m wbxope plcturas 
m c  rtf thc ms IS drrlwn to the t-enter to candew rnto Althotigh the &sk mcy Q rlbout 1(X>.aXf @ t  vclitr.9 ~n 
swrs Th1: r e m m ~ e r  of the fr~fd1e.s ~ f ~ r ( l ~ n d  the center. diametrr fclr d F ~ ~ I C J I  spfrd. ir.$ thtcknats often measures 

fornt.~ ltms and HVL*<{ rhc pialilw tts spiral s h a p  





C U ) B U M  CLUSTiillS lire unrnew rpbemmrl groups of When the ~ k x v  was bmd k clamm of sren 
.mrs a d  art u m q y  the cdd(1.a ;anups (up to 13 bdfmn pbablv  emrtsdf early as the huge rbud d gus eon& 
p,.d m our Mdkv Wcly mbw There a n  I0.0a7 ro fO to kgrn famug tht. brllmcuzs of sun we see tr&y 
nuulun ;c4rd in e.;i-h ilwter x.wli o sphtrra a h u t  1CM hghr kvntuts hfime hm mma h el)Omluuc bbck h* the 



A C T N E  GUY-1ES axhlbrt ~t v m  h & r  c a t e r .  m n v  &&mn m m n  from the core IS m d y  m the blue 
m . ~ u n m  &out one f g h t  velar r i c m  .Sumun& gottmon of the spectrum as well as in d t r a m k  m f r d  
the ccrre of the gabxy arc huge, hut RBF clouds m o m  ut mi sometuna ~n r d o  wava 
aernedoux sped. hundrd of krlornerm per second, Lyrht brigheis of the core vanes over a number of 
&an: CrJrI tulMIU tlxplosrons. ?he clouctr are tlpparendy suzm qm ISltbtnes of heuttrcf ond tonm=i by mmr q u w r s  whrch may emit Ies.9 rnfrOrd mhon -d,, nc m i r o d  

thnn o normtll qwur e m m a n  IS afwn mtar than the enore output of w.&e 
There are ntore tanuow weus clot& hlltn,? the rest of the Mt brn the emre &xy 
nucfeu, whtch mav rntwsurf horn ?&a0 to I I X ) t f  light vwrs 
tn cfiernmr 



W I O  GALAXIES me momom md mt extremely the rahtlion c o w  from the gar cfoud collaslons It later 
pawlrrful radio waves o &on umes more powerful dun kame clear thot these were rally enonnow d~pacal 
chose c o m g  from our M~lky Way &xm c o n m w  some 10 tdiui~ ston m a valrune 
What -rates &m ernlsnlons ts not the gaiaxy iwli, but samewhat s p h e n d  ofurn X@AX@ Mt pars ecross 
m a  huge cbuds on erxha slde. Each cloud 1ri t ?  larg-t A sm& very bnght nucleuc n at the center of some r& 
m i b  &xy known is urklahted w be 20 d o n  hght &xra Thts nucleus often pnxtucea. as much /&it as ell 
years long the resr of the gahxy's stars it n known as an N-galaxy ro 
Whan first &ovm& it was thought that such &ma d c u &  the bnthnce of the nuckus 
were ocnaaUy two &ma apprwchq mch other. w& 







PULSARS ware tfticrtvrrro' ~n 1967 when a radlo dwrvtd c x p l d  m 1054 by C h m x  atmmers and 
~i.ctntnomtr t~rcr pit.hI up th~lr  rodjdaon. ~ c m u r . q  tn oahem It rcx~fitd thcs bn.$imlas~ 91f Vexlus and was vtsltak 
tI1i<ftc.~ t j h t t j l  (tnct CVPN se'c)nJ frkc thtxre rron ct li,uAt- rn Afjl'ryl~J'? for more t h n  23 chys 
hi iur  R4idiiu. rh. pld%mw u~urir srma*l .so rmibi, even M~~ pul wTss hhdw pr,(dq hnl a 
rtmhcidl c i m c  r~b.wrver\ s p ' ~  tlltltnl tii'lr rhr tn t~r~r~ i i l t ' i l a  irt cthr~tit r h w  mlnuuq %me 1 0  ptd.wr~ ~ B V :  been 
rdtft.~t.lon oirlff be >t,qndl\ from wrrtc f o ; n ~  of cxrrLtter- LA\~ovcre~i. mtur oi r l~rm fcx'at~d in our e l a x y .  some ,30 
rtjs:rz,rl zit tcll~.~t*ni.t, 

r r t  .W.(X#) light tfwr.s from the Strn With &a excepttvrr of 
6 E ~ l r t ~  I M Y I  , Etxlfl tt t r i r t i l  ih i t  u ~(tptdli' ~ ( i t ~ l t j r z i :  r ~ ~ * t i r ~ ~ n  rlw Z. rob Nrhub pul.rcir. they are uppretttlv rntlhons ctf 
u ~ i i  4 t;liJ't jmttJut f 9  \tit 11 simlrL c ~ ~ ? J  tht ncxt v~~.iir J p,it.ur ,.curs oki 
wfd\ ifj\L(,~crt*d in thr* t'rtib Nchi~fij I ' l t f s  W l l i  t h ~  ( I J J ~  


























