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SEEEI-"Q' t{l Liﬁ tﬁf U'E”I Imdagine a planet continuouwsly shrouded in a veil of closds so dense, wo

chicicnt ar absoeking light waves that its inhatxitants could never observe the cosmos arownd
them. For untaold generations, scientists on this planet could only puess at the astronomical
abyjects that might be sending light inthelr direction, The light emitmed from these chjacs
travweled trilflons upon trifllors of Blomeners, onl v 10 Be s loweed wp a1t the very end ol s

fonrney by the planets impeseirable almosphens.

That planet is Earth. When we seak to study the cosmos, not in familiar [ight bt ina kind of
light” cur eyes cannot serse—lardnfrared and submillimeter radiation=Earths atmisphere forms
an opague vell, 5o long as we abserve the universe from within the confines of our atimospheric
shrouid, we remakn unaible to detect this kind of radiation from estraterrestrial objecs

A | o COMPENsane. wever, the far-infraned
and submillimeter radiathcn. so complenzly
abisorbed by Earths atmaspshere. easily
penetrates another oosmee veil: that of the
dusty interstellar clouds within which new
stars and their plancts are being born. The
hirth of stars aind Hans is almioesn -_l_:-l'|||:|||_'ll"|:.
hidden frams our view—unbess we analvee the
far-inlrared and submillimeler radiation
Lhey eamil. By analyzing this raciation, we
can determine the composition, the
remiperating the darsity and the miotions of
star-fonming gas. Astronomers therchore have
long sought to place abave the aEmosphéera

a large telescope capable of detecting far-
infrared and submillimeter mdiation. The
zatellite-borne telescope that will achieve this
lemg-chesired goal. o be corstructed at the
afbiting Spoce S1aT0en in albout the year 200K,
is MASA: Large Deployable Reflector LDRL L |




Obsel’Ving Cosmic EVOlution Until now, our observations of the universe have been

mainly of the finished products of cosmic evolution that we can see: planets, stars, and the

stellar component of galaxies. Because we have limited means to observe the universe in far-

infrared and submillimeter radiation, we have been unable to obtain a clear understanding of

the large part of the universe that is still gas and dust, the rew material fram which all tha

vislble abjects in the universe have fioemed. The LDR will have the capacity

(] :i'll La | I‘I‘!: mlahis

ol this diffuse matter as it clumps together to form galaxies, stars and planers, LDE will allow

ws 1o g2 which of the suns neighbors are surccunded tl:. disks of material that may banm

planets. ard which stars have alreasdy formed their planets. With LDE we can penetrate the
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(bottom, the elongated objects
are galaxies, the point-like
objects are mostly foreground
stars in our galaxy). Each
successively larger view
tepresents an increase in
distance by a factor of

about one million.

swirling clouds of gas and dust o discoves
how sisch elouds collapse, tuming them schies
INtO clusters of stars. LDK will allow us to
look backward in time, to find galaxies so
distant that their light has traveled for billions
of years to reach us, and thus to observe them
as they first began to form from the primordial
gaseous matter that emerged in the beginning

of the universe.



L
WHHI !5 LDR? LOR weill use a mirmor 20 meters (65 feet) In diameter to collect and o foces radiation

Fromm Faraway Cosmbs Ghjects. The mirmar's large ipe i the kay 1o LDRES abilities: only by using

g FArDE MmMIrmoe cEn asinonomers ohtain a clear chetalledd view af the an i s in far nirared and

submillimeter radiation. which is inkerently more diffscult pa focus than visishe lgh T baild
A rvirror this large—1o0 farges to be sent fully dephoyved Into orhit=poses a difficult challenge

Winrking under mil rogravity comndITions |n alfless sEae. BSIronauls must ConsSiruch the [elesooss

whibe based 51 NASAL planned Space Station. This reguirement poses mador technical problems

o the engineers who must ¢ wesian ard fabricere easy-to-assemble LDE oomponents. .
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The Next Step: LDR The LDR satellite will complement the abilities of SIRTF in two critical ways:

greatly improved spatial resolution and enhanced spectral resolution.

Spatial resolution refers to the ability of any collector of electromagnetic radiation to
“resolve” or separate nearby sources of emission. Greater spatial resolution means that more detail
appears in the observation, so that the pictures we obtain are sharp and relatively free of dis-
tortion. For a given wavelength, any reflecting telescope’s spatial resolution increases in propor-
tion to its mirror diameter. For a given mirror diameter, a telescope’s spatial resolution decreases
with increasing wavelength. LDR, with a reflector 24 times as large as SIRTF's, will have 24
times the spatial resolution of SIRTF in

the far infrared, and will be able to distinguish

sources of far-infrared radiation spaced no
more than | second of arc apart—equivalent
to the angular size of a dime seen from 3 miles
away! Because LDR will generally observe
very long wavelength far-infrared and sub-
millimeter radiation, its huge diameter simply
allows LDR to obtain as accurate a view at
these wavelengths as SIRTF and optical

Spiral galaxy M51 Ms1 with LDR telescopes achieve at near-infrared and
with SIRTF spatial spatial resolution in :
resolution in far-infrared. far-infrared. optical wavelengths.

Spectral resolution describes how

well the detector can distinguish the "colors”
of the radiation it observes. Our own eyes
give us the impression of more than 200 dif-
ferent shades of color, that is, of different
wavelengths of visible light. LDR will be able
to observe millions of different colors of far-
infrared and submillimeter radiation. To make
accurate observations of the chemical com-
position and the patterns of motion in star-
forming regions—that is, to see fiow stars are
born—we need a spectrometer, an instrument
that can discriminate accurately among

the colors of far-infrared and submillimeter
radiation. Such a spectrometer requires
much more power and a greater size than have
been previously available. What is needed

is a new type of space observatory—the LDR—

LDR‘s[?Iarge mabin mirror with 500 times the collecting area and with
must be assembled in space . .
From smaller panels spectrometers having 1,000 times the spectral

resolution of those on SIRTF. @



Hﬂ“" Wi” LDR Wﬂr&? The LR satelline will be assembled at the Space Station and will then be

lasirchesd into ies own Earth orbit. The satellite will arbit the Earth at altinudes of a few hundred
mibes; it will be visited by the Space Station-bagsed Orbital Manguwvering Vehicle at |- ar 2-year
Interials ko H[Il_l'«.r._--;fq_-',l'm irmtruments. regeace the Housd heflam used o coaling Ehe instriaments

and repair arme maliunctions

The hieart of the LOR will be its giant mirmor, made of hexagonal panels about 2 meters on a
side linked mgether bo form a parabolaolic surlace, T build sich a 20-meter reflecior in space
% rz masy task. Inaddition since all warm objects cmir indr red radiation, the mismar irsell
will emit millions of times more Infrared radiation than arrives from the sources LDR seeks to
detect Henee thee maireor mast malntaln a consiamt bemperature over ik entine surfaog, in onder
that its oran emission may be accurately subtracted from the infrared «
want 1o observe. The 20-meter mirmar will reflect and focus infrared waves. via @ serigs of smaller
milrnors onto the detectors in the various instruments wsed for anahzing the mdiation. B achieass

s ks Thiad astrmecmers

mBEimum SensUivity, most of These Instrumenis maist e oooled by liguisd heliem. Th - clata from
the Instriments will be telemetered ta Earth graund statiors. and sent from there 1o universities
PSS centers andd cther scientific imstitutes lor analysis,

Infrared radiation Freen the <un and Earth striking the glant mirmor woubd wsrp im0 an unac
cepilanle degres and would produce uneven Infrarsd emission fram the mimoe suriace that
wonld corfuse LDES infrared desectons. Therefore the LGR must never point in fhe direction
of the sun or the Earth, and it will kave a large surshade to keep this ragdiatien from reaching
15 mirmor, Keeping the telescope podnted away Irom the Earth and the sun, while tracking the
source under oteervation. reguires @ comples process of pointing the LOHR as it swings around
b Emrth aonce every 100 mimites, With modern computers, bowever, the LDR Can continuoussky

recebent [tse te fulfil these requirements, and can observe withowt regard 1o Earth's day
andnight,




Technological Challenges Posed by LDR 11 orer o buid the LOR scientists and

englreers mast overcome a series of iechnological obstacles Among the most comprles ol these

are the following

I 1ne wurror 10 minimize the weignht or thé mIrror, ana tnus tn€ NUMDET Ol STuLUeE HIZHLS
‘ required to carry the LDR components into space, the panels that form it must be made from

extremely lightweight materials. Dozens of these panels, each about 2 meters on a side, must
fit together, and stay together, with a variation no greater than | micrometer—0.00004 inch!
This accuracy must be maintained even though the enormous mirror will change direction in
space at a rate of 90° in 10 minutes time, then remain pointed at a given source for about 20
minutes, and then move across the sky for another 10 minutes, and so continue indefinitely to
examine source after source. The difficulty of fabricating the mirror and keeping its surface in
alignment despite the disturbances caused by such motions represents one of the greatest
chalbanges posed by the LDE design

Instruments  The heart of the instrument package will be 115 imaging amays, electronic

carmeras that taks detailed piciures in far-infrared and submillimeter radlation, and its high-

speciral-resolution spectrometers. capable of measuring wavelengths i one part ina million
thicughout the prime specrral range available to the LDR, The development of such arrays and
spectrometars is stll in the indtlal stages and will pose a chalkenge duning the decace al prepara-

dimm dna | MR ==asemcoedine

Cooling For successful operation of LDR, the detectors must be cooled to —440°F, close to
absolute zero. Successful deployment of LDR will require the development of either long-lived
cooling fluids that can hold temperatures near absolute zero and evaporate only slowly, or a
new generation of refrigerators capable of cooling components close to absoute zero with
minimal power requirements. On Earth, we use coolants when we fill an ice chest with dry ice,
frozen carbon dioxide. Once the dry ice evaporates, the chest grows steadily warmer. The best

cooling fluid for LDR is liquid helium, which must periodically be replaced as it evaporates.

Fl]'i'!r[l-'rrg' T take full advantage of the high spatial resolution affered by the LDE, the bele
seope miast be capable of remaining pointed ward a given position an the sky with an accemacy
of & tenth of & second af arc. The LDR must embady the technology needed to guide & 20-meber

reflector with this precision. awsiding vibration that waudd destroy the painting accuracy

Assembly and Deploymenl The LDR will be assembled in space and then meved into
a higher arbit. the first time that this sequence of assembly has been atbempled. NASA there-

that will allow the LDR to be constructed high above the Earth’s surface by astronauts working in
the space environment. @




