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Ezra Orion’s idea for the sculptural act to be performed on
Mars with the aid of a spacecraft sampling arm actually began to
take shape over twenty years ago. In the 1960’s, his art
crystallized around a number of major concepts: a) The creation
of sculpture on a gigantic scale which acts on the viewer much
like architecture; b) The view of sculpture as a structural
complex imbued with an expressive and spiritual force; c) The
importance of the vertical projections in sculpture, embodying
“a sense of revolt against submissiveness, helplessness and
resignation™, and expressing, moreover, a desire to become one

subsumed into the large and absolute sculpture, — the crust of
the earth and its relationship to other tectonic or formative
processes in the universe. Thus, in the 1980’s, he began to create
works such as “Towards the Rift” at Tel Hai, and sculptural
works in the Negev and the canadian Rockies. these are linear
“laconic™ structures made of local stone, which draw the eye of
the viewer to the edges of cliffs or mountain tops and which serve
as ‘‘cognitive runways”. They are no longer objects in a given
environment, but “launching sites of the mind™ to high ridges
which, in turn, launch consciousness to astronomical distances.

with the universe, with the cosmic existence that extends beyofid /¢ |1 UThé tlitax of this process was the work created by him in the
man’s minuscule existence on earth. This: hsh \pointis ) l}nnams {Fowards Annapurna I (the documentation of the

reminiscent on the one hand of what is termed by various experts
of the psyche “an oceanic experience’ (the assnmllauon n
a greater consciousness) and on the other hand of

cosmic atheism — —

In the 1960’s and 1970’s, Orion’s preoccupation with ﬂxe
concepts gave rise to his interest in gothic church archuc 15 Yol
and in the creation of cathedral-like structures, -and
subsequently to the idea of the sculpture-field in the Negev

project was shown at the Israel Museum in 1982). Orion regards
the tectonicforces which lifted and are still lifting the Himalayas;
which created-the Syrian-African Rift; and which are also
r& tfi‘ alactic events, as tectonic sculpture. With this
e& &fle which included the Israeli works and which
rcla!ed to total” planatcry processes, was complete.

“The.eyolution from here to the Mars project was consistent —
— the awareness of macro-sculpture bridges astronomical

(exhibited at the Israel Museum in 1974). The sculpture-field was) 1 &‘mﬁé@(;i"ﬂhe]laconic act on Mars, the sculptural touch of a
designed as a set of expressive sculptural spaces which lpiﬂx):ﬁtn Ar 1dma(1hﬂ p@et, is dictated by the same need to direct the mind

integral part of the desert landscape.

The morphology of Har Hanegev increased Orion’s
awareness of the expressiveness of tectonic processes and the
importance of the pristine nature of the desert. It was at this time
that the idea which has provided the underpinnings of most of
his recent work took shape, i.e., the view of the changes in the
crust of the earth, created by folding and faulting, as sculpture.
By taking these conceptual elements to their extreme,
magnifying them and sublimating them, the physical object was

ards the existence of an immense system, towards infinity.
Astronomncal sculpture (like his ideas on microscpic
sculpture) is not performed in the accepted context of
environmental sculpture, that of a confrontation between nature
and culture. It is an existential act, another stage in the chance of
joining the infinite within the framework of finite human
existence.
Yigal Zalmona, Jerusalem, June 1983
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simple sculptures or art forms on other planets by meany]d!
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sthetic reaso We appreciate your intere:
artists in the possibilities that our
tions open up for the expansion of human act
1

i
I hope that we will be able to mount such @fc.
in the near future and that we may look fo rd
pace sculpture® as a part of this activity.

JET PHOPULSION LABOKATORY - Calivmme fevifute of Trehmaing » 4500 Csk iroy. iy, fusedrns. Cornie Sty

Dear Mr. Orion:

"Vik:;‘pq I" spacecraft was launched from Cape Canaveral
on 20 August 1975 to Mars, and Viking II was launched on 2
§ September. The cruising to Mars took nearly a year. viking
. ARL I'landed on 10 july 1976 and Viking Landor II landed
< on 3 September. Activating a Lander sampling arm requires
% . the u_sc_\'zDNASA‘s deep space facility global network. The
> sculptural act should be translated to 200 radio commands
that will be broadcast to the Lander’s computer. Radio
0!l e GtdéN eruise about 30 minutes to Mars and it takes the same

arch S

tentist time for the c: itored feedback to travel back to
PUbTIC Art ArC}}L{KéA headquarters.
This is telescopic sculpture, or astronomic one — —
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e Brece B .OY PN DPMA “Noan
Director 5K monmnpm AMIPN 13K MM NNEY Nmnow 1T YK
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Dear Mr, Murray, -0 avn® Myt oY Wwp MY 82 ypa .m Phan
This letter s a second step after the preliminary talks I had with Mr. Frank 9K IUTYA. U0 200D, DY, B MU %7K 1o
Bristow, Professor T, Johnson, and Professor B. Hager on August XITU 01X .O7IXR 19 5V 210%0 vpx y¥35 [y AR

‘rf"\fﬂ |

JRDAISY Yo natya M LMD TTPY TOM 1K 131 INKSY DWINA
1 understand that the next missfon to Mars may X 117 M.LT. -n ON™M Y2 WMRKA
there 15 also the possibility of nmmuw the vmmmwmnn nn X g
1 -:uu. mr: ore, uu' %o suggest that m;-‘r by !ﬁ:l vm meunm e Since 1980 I have been developing the concept of
STl o Soom Trom e P e et M pe e e &5 'Tectonic sculpture” from my earlier ‘‘desert
stone , throush a radio-beamed order from earth. ¥ sculpture™.
1 would appreciate your consideration and comments on the o\ Tl 3’ The works that express this process are “*Sde-zin"
happy to cooperate with any efforts on the side which mld R A E s« 2 i
i w AboTatory s ds the. smscutiserer thin tes o "- N _/\Thear Sde"Boker, Har Ardon on the clliIoflhe Ramon
Efghties 2 crater, “Towards Mount Arif-e-Naka' in northern

Sinai, “Towards the Rift” near Tel-Hai, “Towards

Mount Robson” in the Canadian Rockies, and
“Towards Annapurna” in the Himalayas.

ion These are laconic presences, built from local stone,

ive related to tectonic uplifts of the earth’s crust; they are

Yours sincerely,

Ezra Orion C(\!u c
£2ra Orfon Public Art Arc

Sculptor . i i i
Frldrel; '_ a]_)prchcnded as launching the mind to astronomical
distances.

Egc:‘(z) The extension of this concept beyond Earth is the

cc: ::;. ;. Johnson, Frank Brisfow present stage of this process. In the summer of 19821
AR S contacted the “Jet Propulsion Laboratories” in
David Furchgott Pasadena, U.S.A., and there met a number of scientists.
Dr. Roger Malina

It was during these talks, that the idea of a sculptural act
on Mars was proposed.

In the last few months I have been trying to go ahead
with the project with the help of the American sculptor
Joe Davis of M.LT.



Lonm s NTKD S1DEY IV DNRD DN WY

orD I TWRWIT N3WRT L3 RSP Yonm MLk
DR DUPK Y¥2Y YIKT IR YT MRS »y Syswm MwaM
M AWK ;pTN DYIRE I T MNaT N9 by ,onpY
.PaK 1K y¥M DMK AvAY DA 9K DM DWPKY

oMW DYKIIM MOMA TWKD ;T3 NI 51 or

X mpompm o W ATYMEMpPY AITMAT MMY 1NN W
— — mmponpm MK

~mpna o NK AnRe Yon 1K RN DRrmT A

— — mEPK YoM mm3 Yy mon W3 Lo DNy WEK

by Yo DMPA K ¥YRT 71D K7 mubon Yw npnupLn
DMP? DRIT NN PP DAY T30 BYIKD Ly M nabn 00
o, DAY ,oLmpn ,DTYY0 DImRTp 9 nnba wban — — 1Ko
Wy AT KIT MM Y DT e Xy = = samrx o
o ¥3 DTIKD W MDYIT ALIpT 1AMn M2 Sy ;DYDDIK YIRNP
K1t YOO MMAT — — TR 70D ;AbMITPAR NUM
,P0 MY DENYR DVMKUR 2NLRA o K99 Dwymn

— — UMKLY D W ;WNIN

—amAN NYMAT DM DR YT MK Do rm 3 e N NOITY s 5K MYy YING VYD YT MPOMP MWK oo
Ly WAYP NS TIMANA TR WK APATIETION W00 NN N 1T A LX OPYXRTIKY DMPR MWD ;MNNKT T oK
IR 2t ) i

— — MWDK

> ARTLAB .

2
I ywm Moy N3 NpRRT NDAMT NTWIKT
VP33, T0n D Memn 1537 D NK DN DIMDKO N

hymnn S POKY K3 WRRW PAKT M MM nNoBK MK

“DIK IKPNTDIK DEPNN MUPID MSPT NKY — TPAMDIKT
— — MK TIKIHAY WM D IR
N TN KR DK TPOAKOKNT FW MY NAK3
mayesgy.mw on 250°Y NAK TVY NK D9 DKIT WK
mpoYy — DManp TTY3 1P nEY ;0N [TV INNKY (R

Ezra Orion Colle®spp :mr i TSI NPDIKYKA TTIKITM 1AM DM

MK MMM DY W Sw nMTINd N3y 53% mpmnn v

Yeihlis Ak Al
Public Art ArchiVe qmas-waxa mma% qanY qivyn AT 2:ponpms mop

— — pmnaRYRAT



Sculpture can be conceived as the shaping of masses by gravitational galactic forces for a single instance— —

forces in infinite space— — Two virgin spheres are still waiting for sculpture:

Plate tectonics is sculpture which shapes the rocky crust astronomical space and molecular space. In the “solar

of this planet, of Mars and probably of distant deserts, system” range, it is possible today to activate radio-

light years away — — Erosional processes which shape the controlled devices to perform sculptural, laconic acts on
surfaces of the folded, faulted crusts are erosional the desert surfaces of the Moon, Mars, Venus and Jupiter.
sculpture — — the shaping of dune planes by winds is the The materials for these remote acts could be stones,
shifting of infinite quartz nations; a dune ocean of gravel or dust — —

basaltic dust stretches upon the north polar planes of It is possible Today to grow crystals in laboratories,
Mars; this is aeolic sculpture — — Rocky deserts are where different mineral solutions will contribute a variety
constantly bombarded by salvos of space rocks. thid ' 11X XITY %Mpcs to micro-sculptural or micro-architectural
cratering is meteoritic sculpture — — 127X 2NN N 1Rmpppitiony — —

Human sculpture, conscious, microscopic, has joined We can experience sculpture in these two invisible realms

transmitting radial messages to its human, temp “ signals info.visible messages. the experience will be one of
second environment. + e, creative self-scaling. One which will be an

Homo sapiens grasps the direction of his bare feet, o /Sm[r}g of our existence in the face of the infinite — —
downwards, as the direction of weariness, exhaustion, 0| A
the dust from which he comes and to which he is-doomed
to return of surrender, of entropy — — and that of his ;
verticality as a vector of resistance, spiritual, aftiza Orion Collection
g;?vitational, anti-entropical, a drive for vertical 1Bkehlic Art Archive

P e

We glide in one arm of this galaxy, a hundred billion

suns, revolving round the galactic axis once in 250 million

years. We last “passed by here” in the Permian age and

the time before that in the Cambrian age— —

Telescopes identify around us billions of galaxies and

hazy clouds of luminous gas; the most distant are

receding in all directions at half the speed of light — — a

remote human microscopic vector joins the anti-

these shaping processes in the last ten thousand yeap //;thibﬁgh.fﬂi\transformation of ranges, scales and radio
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Photographs: Courtesy J.P.L.
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Enlargment of photographs: Avraham Hai
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Fig. 718 — THIS PHOTOGRAPH OF THE GREAT NEBULA IN ANDROMEDA IN REALITY SHOWS US WHAT THE NERULA LOOKED LIKE
1,500,000 YEARS AGO - THE TIME TAKEN FOR IT$ LIGHT TO REACH US. The observation of distant nebulae carries us far into the past.
(Photo, C. D. Shane, Lick Observatory, 20-inch astrograph; 23 September 1946.)
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NNASN

National Aeronautics and
Space Administration

Jot Propulslon Laboratory Viking 2-32
itute of T P-19009
Pasadena, California June 30, 1977

Photographed during Viking 2’s approach, this dramatic color picture of Mars was taken August 5, 1976,
from a distance of 419,000 kilometers (260,355 miles). Viking 2 approached Mars more from the dark
side than had Viking 1 in mid-June, providing a crescent view of the planet. Contrast and color ratios are
enhanced to improve the visibility of subtle surface topography and color variations. Bright plumes of water-
ice clouds extend a i distance nor from the western flank of Ascraeus Mons — the
nor of the three aligned on the Tharsis “bulge.” The middle Tharsis volcano, Pavonis
Mons, is barely visible within the dawn terminator below and to the west of Ascraeus Mons. The great rift
canyon system, named Valles Marineris, extends from the center of the picture at the terminator downward
to the east. It stretches nearly 4,800 kilometers (3,000 miles), including the complex at its west end named
Noctis Labyrinthus (sometimes called “the Chandelier” because of its branched, inverted-triangle topo-
graphic pattern). The bright basin near the bottom is Argyre, one of the largest impact scars on Mars. This
ancient crater is near the south pole (which is not visible in this picture), and is brightened by the icy sur-
face frosts and fogs that are characteristic of the near-polar regions when each is experiencing its hemi-

sphere’s winter season. ]]1_”N XtV l‘lO]N
PIATT IT T ITIIX [T 1K

Viking Summary

The Viking mission far exceeded e: ific data d about
Mars. The two orbiters and two |; ioned rm{ longer than had’ qu anticipated. Indeed, the
Viking 1 Lander still transmits d from its rp;ﬁ‘rp[_%ﬁcmvu Planitia, at 22.3° north

latitude and 48° west longitude.

We have learned a great deal about Mars from Viking umcr@ ve transmitted over 52,000
photographs, expanding by at least 20 times all the m' uérypnmohs ‘obtained about the geology of
Mars. As a result, the magni cent volcanoes and deeply carvéd-canyons that characterize the planet are
now familiar features to sclenmu% @mic M@nmwlphs from the surface depict
the martian landscape through the

We now know that the soil is an iron- c‘m Imon dioxide. The soil is somewhat
different from terrestrial clays in that it is low in alkalis and trace elements but high in sulfur. The high iron
oxide content (18%) gives the planet its yellowish brown appearance.

In the winter the great white polar caps freeze out up to 30% of the i bon dioxide and entirely
cover both polar regions. The carbon dioxide evaporates in the summer to leave small patches of water ice.

We have learned that the is very thin, taken by Lander 2 indicate a pressure
reading between 0.7 and 1.0% of the sea-level atmosphere reading on Earth. The atmosphere is so cold (the
warmest temperature recorded by Lander 2 is -31°C and coldest ~123°C) and dry that at its most humid,
the total quantity of vapor corresponds to a film of water 1/260 inch thick over the entire planet. More
often it is a hundred times less. Even though the meteorology of Mars is less complex than that of the
Earth, cold fronts, high and low pressure areas, and dust storms of global proportions have been observed.

A spectacular variety of geologic features is visible on Mars. Thousands of meteor craters dot the terrain
and sometimes blend with the volcanic craters. The four largest volcanoes — inactive now — stand close to
each other, and the largest of them, Olympus Mons, tops 80,000 feet, making it the largest volcano known.

Great lava flows extend from the volcanoes for a thousand miles or more. Enormous canyons and cliffs are
evidence of Marsquakes in the past, although the Viking instruments indicate the planet is quiet now.
Running water, enough to cover the surface, has been present only in the distant past when the climate of
Mars was much different.

I gh no living i were by the Viking bi: i il the ion of whether
there is or ever has been life on Mars remains unanswered.

JPL 400-158A 582






NNASN

National Aeronautics and
Space Administration

(TOoP) (BOTTOM)
Jet Propulsion Laboratory Viking 2 Viking 1
C: of Ti P-20475 P-17704
Pasadena, California July 20, 1978 September 8, 1976

SUNRISE, SUNSET — The picture at the top is a Viking 2 Lander picture taken June 14, 1978, at its Utopia Planitia landing site on Mars. The imagery data were acquired
just as the Sun peaked over the horizon on the Lander’s 631st sol (martian solar day). The picture at the bottom was taken by the Viking 1 Lander on August 20, 1976.
Similar in appearance to the sunrise picture, it actually represents a sunset at Chryse Planitia, and wasn’t acquired until the Sun had already dipped several degrees below
the horizon. Pictures taken at dawn or dusk are quite dark except where the sky is brightened above the Sun’s position. The glow in the sky results as light from the Sun is

and prefi ially by tiny particles of dust and ice in the atmosphere. When the camera is calibrated for darker scenes, the “sky glow” tends to saturate
its sensitivity and produce the bright regions seen here. The “banding” and color separation effects are also artifacts rather than real features, and are introduced because
the cameras are not able to record continuous gradations of light. The AMETASIMURE TRRTES UTI( in steps (bands) of brightness and color, and the process
sometimes produces some “false” colors within the bands. The samrinJ of Iu;\l closest to the }un’: position tends to enhance blue wavelengths. The narrowing sky-glow
nearer the horizon above the Sun's position occurs as a result Gf| IRATEXYnCDN. AT that dedation; t‘\ﬂ@t?@l{mth of sunlight through the atmosphere is at its longest
penetration angle, and a substantial portion of the light is simply prevented from reaching the camera by the dust, ice particles, and other material in its way.

Viking Summary [~ s

L ABTLAB
The Viking mission far exceeded expectations in regard to the ai ts of ic data feturned about Mai
than had been anticipated. Indeed, the Viking 1 Lander still transmits data
longitude. i VP g
We have learned a great deal about Mars from Viking. The ViKing cameras have i ovars'a,ooo h ding by at least 20 times all the information
previously obtained about the geology of Mars. As a result, the maE i W myw that characterize the planet are now familiar features to
scientists and non-scientists alike. Some 4,500 photographs from the surface depis martian landscape through the changing seasons.
We now know that the soil is an iron-rich clay composed of about 5450 il hi o g B Ok MA@ hat different from terrestrial clays in that it is low in alkalis and
trace elements but high in sulfur. The high iron oxide content (18%) gives the planet its yellowish brown appearance.

two orbiters and two landers functioned much longer
t Chryse Planitia, at 22.3° north latitude and 48° west

In the winter the great white polar caps freeze out up to 30% of the atmospheric carbon dioxide and entirely cover both polar regions. The carbon dioxide evaporates in
the summer to leave small patches of water ice.

We have learned that the is very thin. M taken by Lander 2 indicate a pressure reading between 0.7 and 1.0% of the sea-level atmosphere reading
on Earth. The atmosphere is so cold (the warmest temperature recorded by Lander 2 is -31°C and coldest ~123°C) and dry that at its most humid, the total quantity of
vapor corresponds to a film of water 1/250 inch thick over the entire planet. More often it is a hundred times less. Even though the meteorology of Mars is less complex
than that of the Earth, cold fronts, high and low pressure areas, and dust storms of global proportions have been observed.

A spectacular variety of geologic features is visible on Mars. Thousands of meteor craters dot the terrain and sometimes blend with the volcanic craters. The four largest
volcanoes — inactive now — stand close to each other, and the largest of them, Olympus Mons, tops 80,000 feet, making it the largest volcano known.

Great lava flows extend from the volcanoes for a thousand miles or more. Enormous canyons and cliffs are evid of in the past, the Viking
instruments indicate the planet is quiet now. Running water, enough to cover the surface, has been present only in the distant past when the climate of Mars was much
different.

Although no living organisms were detected by the Viking bi i il the ion of whether there is or ever has been life on Mars remains unanswered.

JPL 401580 582
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PHOTO CAPTION

This artist's conception of the great Martian volcano, Olympus
Mons, was prepared from photographs taken by the Viking 1 Orbiter
on July 31, 1976, from a distance of 8000 kilometers (5000 miles).
24-kilometer-high (15 miles) mountain is seen in mid-morning, «
wreathed in clouds that extend up the flanks to an altitude

of about 19 kilometers dlEWHiﬂing rHRLNmulti -ringed caldera
(volcanic crater) 11%%“‘303£E10me€L3§]¥5U’37f§s) across, pushes

up into the stratosphere appey{s cloud;>\ee at this time.

The cloud cover is m:i se on mTﬁ(B\mstern side of the

mountain. A well-de oloud train e;tends several hundred

miles beyond the mountain (upper ;Bft).. Tbé/planet 's limb can

be seen at upper leftl-gornér:O Tt  albocbhons extensive stratified
hazes. The clouds are QhﬂﬂﬁénAf&;%éCbBlﬁbsed principally of water
ice condensed from the atmosphere as it cools while moving up

the slopes of the volcano. In the Martian afternoon, the clouds

develop sufficiently to be seen from Earth, and it is known that they arc

a seasonal phenomenon largely limited to spring and summer in

the northern hemisphere. Olympus Mons is about 600 kilometers
(375 miles) across at the base and would extend from San Francisco
to Los Angeles. The drawing was prepared by Gordon Legg of

Graphic Films, Inc., Hollywood, CA. for a NASA film on Viking.
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Viking 1-83
P-18078 (color Rev. 32)
PHOTO CAPTION OCTOBER 1, 1976

From 31,000 kilometers (19,200 miles) above Mars, Viking Orbiter
1 tc':ok 15 black amd white photos through three color filters--
violet, green and red--to form this color mosaic of part of the
so-called "Grand Canyon of Mars." The canyon, Valles Marineris,
lies just a few degrees south of the equator and parallels it for
some 5,000 kilometers (3,100 miles) from east to west. In this
picture, the equator cutsl'adross |the'op/{left corner. North is
to upper left. A:ei] ~ove i'cd i]i a!:@m.“:7 édd B\§ 2,000 kilometers)
(1,120 by 1,250 miles)--a, li&tle more than twice the area of
Alaska. The 15 photol. m near t/h\oP ?i[g)\tlegat point in the
Orbiter's 32nd revolﬁtion'gt ua.ru (on July 22), were computer-
processed and combined at the United States’ Geological Survey
facility in Flagstaffp Arizdepsn Collection

Public Art Archive
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The Viking 1 Lander took this image of Mars August 8, 1978, 730 Mars days after landing. Parts of the Lander are visible in the foreground. The square structure on the
left is the top of a landing leg; to its right are the wind and temperature sensor and a brush used for cleaning off the scoop that collects soil samples. On the surface can be
seen a field of dust accumulation on the left and a rocky plain extending to the horizon, a few kilometers away. Most of the rocks measure around 50 centimeters (19.5
inches) across; the large one on the left, about 2.5 meters (8 feet) wide and 8 meters (26 feet) away from the Lander, has been nicknamed “'Big Joe."

Viking Summary MK XTY TOIX
The Viking mission far exceeded expectations in regard to mﬂl&m‘é'& Q&H%HWMIVH h‘w two orbiters and two landers functioned much lonpv

than had been anticipated. Indeed, the Viking 1 Lander still transmits data once a week from tﬂunmo lace at Chryse Planitia, at 22.3° north latitude and 48° west
longitude. ANELT n’\

We have learned a great deal about Mars from Viking. The Viking itted Fover 52,000 ing by at least 20 times all the information
previously obtained about the geology of Mars. As a result, the noes ul'dﬁee rved unvoos'nm characterize the planet are now familiar features to
scientists and non-scientists alike. Some 4,500 photographs from th m A\Bow tht changing seasons.

We now know that the soil is an iron-rich clay composed of abou! il is somewhat dﬂ rent from terrestrial clays in that it is low in alkalis and
trace elements but high in sulfur. The high iron oxide content (IB%} bfown appd' ce.

In the winter the great white polar caps freeze out up to 30% d!hoomhtﬂc carbon dio; hd e ly cover both polar regions. The carbon dioxide evaporates in
the summer to leave small patches of water ice.

We have learned that the is very thin. Iﬁéra LQnu qrnld(; QJ L%Q\MQ.Q.M between 0.7 and 1.0% of the sea-level atmosphere reading

on Earth. The atmosphere is so cold (the warmest temperature ’MMW leem ~123°C) and dry that at its most humid, the total quantity of
vapor corresponds to a film of water 1/250 inch thick over the entire planet. More often it is a hundred times less. Even though the meteorology of Mars is less complex
than that of the Earth, cold fronts, high and low pressure areas, and dust storms of global proportions have been observed,

A spectacular variety of geologic features is visible on Mars. Thousands of meteor craters dot the terrain and sometimes blend with the volcanic craters. The four largest
volcanoes — inactive now — stand close to each other, and the largest of them, Olympus Mons, tops 80,000 feet, making it the largest volcano known.
Great lava flows extend from the volcanoes for a thousand miles or more. Enormous canyons and cliffs are evid of in the past, the Viking

instruments indicate the planet is quiet now. Running water, enough to cover the surface, has been present only in the distant past when the climate of Mars was much
different.

gh no living i were by the Viking biological experiments, the question of whether there is or ever has been life on Mars remains unanswered.

JPL 400-1588 582
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This late-winter picture, taken from the Viking 2 Lander on the 1050th Mars day, shows traces of the white condensate that covered most of the surface during both of the
Lander’s winters on Mars. The condensate, only a few microns thick, is composed of either water or carbon dioxide ice, or a combination of both, and could have come as
either frost or snow. Some scientists believe it also could have risen out of the surface by a process called cryopumping. Several trenches can also be seen where the
Lander’s sampling arm reached out to gather surface material for its lifeseeking experiments; to their right lies the arm’s protective cover, which was jettisoned shortly
after landing. Most rocks are about 50 centimeters (19.5 inches) in size and were probably thrown out as the result of meteor impacts long ago. The small pits in some of
them are either wind-eroded or were caused by trapped gas bubbles as the rocks formed. Also visible in the image are the rolled-up surface sampler arm housing (left) and
the top of a landing leg (right).

| RBLLLALAYLA R " A=A LAY

MI2XN ANINA NUINK 1'IIX
The Viking mission far exceeded expectations in regard to the amounts of scientific data returned about Mars. The two orbiters and two landers functioned much Ianpr
than had been anticipated. Indeed, the Viking 1 Lander still transmits da week '746‘0«” ace at Chryse Planitia, at 22.3° north latitude and 48° west
longitude. & N

Viking Summary

We have learned a great deal about Mars from Viking. The Viking ‘over 52,000 ing by at least 20 times all the information
previously obtained about the geology of Mars. As a result, the and Jn;ﬁ,\ Rqﬁw tl\n characterize the planet are now familiar features to
scientists and non-scientists alike. Some 4,500 photographs from rface e mqﬂan landscape lhrouw ﬂw changing seasons.

We now know that the soil is an iron-rich clay composed of abw(SQ%;ilicon dioxide. " sqj is mv\&?‘nm from terrestrial clays in that it is low in alkalis and
trace elements but high in sulfur. The high iron oxide content (!9%) lrowvw nce.

In the winter the great white polar caps freeze out up to m o' Ihe nmosphenc carbon dioxide lnd enmelv cover both polar regions. The carbon dioxide evaporates in
the summer to leave small patches of water ice. EZl'a Orlon CO”eCtlon

We have learned that the atmosphere is very thin. Measurements ummlgmygdm between 0.7 and 1.0% of the sea-level atmosphere reading
on Earth. The atmosphere is so cold (the warmest temperature recor i 1 ~123°C) and dry that at its most humid, the total quantity of

vapor corresponds to a film of water 1/250 inch thick over the entire planet. More often it is a hundred times less. Even though the meteorology of Mars is less complex
than that of the Earth, cold fronts, high and low pressure areas, and dust storms of global proportions have been observed,

A spectacular variety of geologic features is visible on Mars. Thousands of meteor craters dot the terrain and sometimes blend with the volcanic craters. The four largest

volcanoes — inactive now — stand close to each other, and the largest of them, Olympus Mons, tops 80,000 feet, making it the largest volcano known.

Great lava flows extend from the volcanoes for a thousand miles or more. Enormous canyons and cliffs are evidence of Marsquakes in the past, although the Viking instru-

ments indicate the planet is quiet now. Running water, enough to cover the surface, has been present only in the distant past when the climate of Mars was much different.
gh no living organisms were d

d by the Viking biological experiments, the question of whether there is or ever has been life on Mars remains unanswered,

JPL S0-156C B2
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Viking 1-60
P-17254

PHOTO CAPTION July 28, 1976

This image, received today, shows the trench excavated by viking
1 surface sampler. The trench was dug by extending the surface sampler
collection head in a direction from lower right toward the upper left

and then withdrawing the surfEéE“%QEB}L§V38¥1eccor head. Lumpy piles

1 3 HJINJHN 1"JIX
of material at end of trgggﬁgl gaer ri g as pulled by plowing from

rench by the backhos which P=e U cf,:i to

the mission. Arsa around rm rﬁp\:H:EL.peB prcduced by Martian
wind. The trench which was dug e v\ on Sol 8¢ is about 3 inches

=

wide, 2 inches deep and 6 ‘ihcHes long. Steep dark crater walls

x Ezra Orion Collectlon1 h
show e s of the Marti r e i el k together
B e PUbTE R ATREAL stick tog

later in

(have adhesion). The doming of the surface at far end of the trench
show the granularAmaterial is dense. The Martian surface material
behaves somewhat like moist sand on Earth. Evidence from the trench
indicate a sample was collected and delivered to the experiments
after repeated tries. The biolbgy experiment level full indicator
indicates a sample was received for analysis. The X-Ray fluoresence
experiment has no indication to show it received a samﬁie. The

GCMS experiment level full indicator suggests no sample was received

but this matter is being investigated.







Hubble’s New Optics
Groact, Harpane 2001 Probe Core of Distant Galaxy

Wide Field/Planetary Camera | Image Wide Field/Planetary Camera Il Image
before servicing mission after servicing mission



Spece Admimetration Hubble’s New Optics
Grosnb, Hanyams 20771 Probe Core of Distant Galaxy

On the front: This comparison of images of the core of the
galaxy M100 shows the dramatic improvement in Hubble Space
Telescope's (HST’s) view of the universe. The new image, taken
with the second-generation Wide Field/Planetary Camera Il
(WF/PC |l) installed during the STS-61 HST First Servicing ,ﬁ .
Mission, beautifully demonstrates that the camera’s corrective

optics compensate fully for the optical aberration in the

telescope’s primary mirror. With the new camera, Hubble will .

probe the universe with unprecedented clarity and sensitivity Ground-based WF/PC | WF/PC Il

and fulfill the most important scientific objectives for which it IMAGE COMPARISON SHOWS POWER OF “NEW"” HUBBLE
originally was built. The three panes above show images of a very bright star, Melnick 34, in the giant
117X NITY star-dorming region called 30 Doradus in the Large Magellanic Cloud. In the
2 LG 1Y pagkgrednd are a number of fainter stars comparable in luminosity to our Sun.
Front right: The core of the spiral galaxy M100, as ‘nm\a/‘ged By :;c:‘?; left: The best available ground-based ?;aw of Melnick 34.
WF/PC Il in its high-resolution channel. WF/PC Il's mobdified! | 171 J') Above center: Tria ame star imaged by the first Wide Field/Planetary Camera I
optics correct for Hubble's previously blurry vision, allowing the i‘:“ with ;fnzb;"r:m?‘z;gﬁgfa";gf:ﬂf' working in space above Earth's
ey " b orting ) re i §
telescope, for the first time, to cleanly resolve faint structure as Above right: The same star imaged by the newly installed Wide Field/Planetary
small as 30 light-years across in a galaxy tens of millions of Tamera Il. The néw'optics allow for sharper focus and reveal a large number of

993, fainter stars in a cfowded field
b= ART .

For The Classtoom*

light-years away. The image was taken December 31

Front left: For comparison, a picture taken with the' WF/PC iy | ©Inthis adwrig{ ;the student's eye is an analogy of the imaging processing
camera November 27, 1993, just a few days before the servicing s Sore Tou O o o i
mission. The effects of the optical aberration in HST's 2.4-meter zy,hﬂ..:} et Celdier itk
primary mirror blur starlight, smear out fine detail and limit the Paper tube
telescope's ability to see faint structure. Ezra Orion Cd8&&Ton

DN P L T
Both Hubble images are “‘raw,” that is, they have not IBee|iC A & p#g‘mx

processed using computer image reconstruction techniques that Procedure:
sharpen aberrated images made before the servicing mission 1. Trace one end of the tube on the index card and cut out the circle.

i i 2. Use the ruler to draw a straight line directly across the diameter of the circle.
but which degrade the accuracy of the images. 3. Cut the circle in half alon !r?e straight Imeh{
4. ngz ezamshall_"ql the circle on one end of the tube leaving only a narrow slit
The WF/PC Il was developed by the Jet Propulsion Laboratory about 2 to 3 millimeters wide. ;
s L 3 2 5. Look through the other end of the tube. Try to make out the image of what
in Pasadena, pahmfm& Hubble is managed by Goddard S_pace you are looking at. Slowly move the tube ?v/om side to side. Gradually
Flight Center in Greenbelt, Md., for the Office of Space Science increase the speed of the tube’s movement.
P i Discussion:
at NASA Headquarters in Washington, D.C. This activity roughlédemonslrates the ima process used by the Hubble
Space Telescope. By slowly moving the tube from side to side small fragments
The mission to service Hubble was carried out from the Space g"}ggr:;!;ageea'seecc:l:':;ﬁ ea?rg dm‘:dam:ig“?ytrge (;?r:!l?hega)mgrr‘d; the
Shuttle Endeavour, which fle’{' into space December 2, 1993, many motey'régments as the tube continues to nwveggoniu'ses the image in the
from Kennedy Space Center in Florida and returned to Earth on student's m{r:d Howeve;'. ‘as the &nbe Is'xmr‘:eed 'l:po(ﬂy ‘_'each image lyagr;lem
icai . remains just long enough to combine wil others to form a recognizable
December 13. The 11-day mission featured a record five tnage. This T atatanie ol vislon.™ ecog
spacewalks to service HST. *From Classroom Activities available at NASA Teacher Resources Centers

February 1994 HQL-399
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National Aeronautics and

Space Administration
@ Goddard Space Flight Center

Groandbol, Maryland 20771

Hubble Space Telescope
First Servicing Mission

On the front: Astronaut F. Story Musgrave, anchored on the end of
the Remote Manipulator System (RMS) arm on the Space Shuttle
Endeavour, prepares to be elevated to the top of the towering
Hubble Space Telescope (HST) to install covers on magnetome-
ters. Astronaut Jeffrey A. Hoffman, at bottom, teamed up with
Musgrave to perform final servicing tasks on the telescope.

The nearly flawless 11-day mission to service Hubble included a
record-breaking five spacewalks in which astronauts performed a

The STS-61 HST First Servicing Mission was carried out from the
Endeavour following its flight into space December 2, 1993, from
Kennedy Space Center in Florida. Endeavour returned to Earth on
December 13, 1993. The seven-member crew included Richard O.
Covey, commander; Kenneth D. Bowersox, pilot; Musgrave,
payload commander; Hoffman, mission specialist; ESA's Claude
Nicollier, the mission specialist who operated the RMS arm; and
Tom Akers and Kathryn C. Thornton, mission specialists who
formed the second spacewalking team.

number of tasks designed to imp the tel pe and extend its

life. Hubble is managed by Goddard Space Flight Center in Greenbelt,
Md., for the Office of Space Science at NASA Headquarters in

COSTAR PN XKTY V\{qgnipglon. D.C.

To compensate for HST's blurred vision, astronauts installgda 1 [1717) )

phone booth-size device called the Corrective Optics Space

Telescope Axial Replacement (COSTAR). Using 10 correctivi \
mirrors ranging in size from a dime to a quarter, COSTAR i
the quality of data from three instruments: the European
Agency (ESA) Faint Object Camera (FOC), the Faint Ob
Spectrograph (FOS) and the Goddard High Resolution

—.W
Spectrograph (GHRS). —

WIDE FIELD/PLANETARY CAMERA Il

Astronauts also installed a second-generation camera l&‘mﬂnh@ rion C O?T!@L IO.H
Blic Art ATCNEGe the materas

the Wide Field/Planetary Il Camera. This camera, already
construction when Hubble was launched on April 24, 199&
included its own corrective optics as well as a number of
technological improvements. It replaced the original Wide
Field/Planetary Camera I.

OTHER ENHANCEMENTS

Also replaced were ESA's two solar arrays, which gather sunlight to
power Hubble; a Solar Array Drive Electronics (SADE) unit, which
transmits commands to the array wings; two magnetometers, which

the sp lative orientation to Earth's magnetic
field; two gyroscope packages which help point HST and track
targets; a kit to improve the reliability of the Goddard High Resolu-
tion Spectograph; a 386 co-processor to augment the telescope's
onboard DF-224 computer; and fuse plugs for the gyros and
science instruments.

/ mampulalof

., how one works. ,
L /»\RTL/I\B
Materials:

~Poster board Hole punches
\Scissors >~/ Scrap paper
Rulgr’ - Marbles

1) |Far|The Classragm

_Stientists ing in space and deep under the ocean often use remote
. These manipulator arms come in different shapes and
>'sizes. Have studéms construct a manipulator arm to help them understand

'aper Fasteners

2. Cut the poster board into four strips, each 15 centimeters long by

2 centimeters wide.
3. Make two holes in each strip of poster board. Place one hole in the
center of the strip. Center the other hole about one centimeter from one
end of the strip.
Use brass f; to ble the
the illustration.
Students will find that the manipulator does not grasp unless they cut
“teeth” at the end as shown in the illustration.
Crumple several pieces of scrap paper into small balls and drop them
onto the floor randomly.
Have students take turns using their manipulator arms to arrange the
cmmpled paper into a square and then into a circular pattern. Repeat
the using d may need to redesign their
manipulator arm to pick up the marbles.
Adapted by permission from The Jason Core Curriculum
Copyright® 1993 by the Nati Science T iation

-like model as shown in

DL

N
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B A N Hubble’s Improved Vision Reveals
Coverion saand 20 Central Region of Active Galaxy

Faint Object Camera (FOC) image COSTAR-improved FOC image
before servicing mission after servicing mission



National Aeronautics and
Space Administration
Goddard Space Flight Center

Hubble Reveals
Central Region of Active Galaxy

On the front: NASA’s refurbished Hubble Space Telescope
(HST) has provided this outstanding image of the nuclear region
of the galaxy NGC 1068. This galaxy is about 60 million light-
years away and is the prototype of a class of active galaxies
known as Seyfert Type 2. An active galaxy's core shines with
the brightness of a billion solar luminosities and fluctuates over
the period of a few days, inferring that energy is being released
from a region just a few light-days in size. The most likely
source for this enormous amount of energy is a supermassive
black hole with a mass of 100 million stars like the Sun.

Front left: Previous observations with HST’s Faint Object |
Camera (FOC) showed a number of hot gaseous clouds ionized,
or heated, by the intense radiation from the nucléar! source. This
diverging beam of emission, or “‘cone,” is caused by the
shadowing effect of the radiation of the active nucleus by
opaque gas and dust clouds orbiting the suspected black hole:

Front right: A view of the same field with the corrected FOC,
whose vision has been improved by the mirrors in the Corrective
Optics Space Telescope Axial Replacement (COSTAR,) that
astronauts installed during the STS-61 HST First Servicing
Mission in December 1993. The new observations show with
unprecedented clarity a much more extensive double cone of
emission, believed to be shaped by radiation from the-active
nucleus. A wealth of new detail also is revealed in this core
region. The knots and streamers of emission will enable the
geometry of this core region to be understood and will offer new
information on the nature of the clouds.

The FOC was provided by the European Space Agency (ESA).
COSTAR was developed by Ball Aerospace of Boulder, Colo.,
under contract to Goddard Space Flight Center in Greenbelt,
Md. Hubble is managed by Goddard for the Office of Space
Science at NASA Headquarters in Washington, D.C.

The HST servicing mission was carried out from the Space
Shuttle, Endeavour, which flew into space December 2, 1993,
from Kennedy Space Center in Florida and returned to Earth on
December 13. The 11-day mission featured a record five
spacewalks to service HST.

Befors COSTAR

NEW OPRTICS' RESTORE HUBBLE'S VISION

Above left: An FOC image of a star taken prior to the HST servicing mission.
Spherical aberration causes the broad halo around the star.

Above right: Fallowing deployment of COSTAR, the FOC fully meets its pre-
taunch expectations. Most of the starlight now is concentrated at the center of
the image, and the blurry “‘skirt" of light is completely gone. This gives HST
dramatically improved sensitivity and ten times better resolution than ground-
based telescopes.

After COSTAR

For The Classroom

The'Corrective Optics Space Telescope Axial Replacement (COSTAR)
uses-mirrors to correct the light from the telescope mirror before it
leaches the. sclenlmc instruments.

~ Why would scientists use mirrors instead of lenses to make the

covrscinns?
The mirrors in COSTAR are small, about the size of a nickel. One of
each pair of mirrors (M1) is a ively simple shape.

The other mirror of a pair (M2) is mcre complicated - it |s described as
similar to a potato chip.

Have students experiment with mirrors:

What happens to your image when you look into a concave mirror?
What happens to your image when you look into a convex mirror?
What happens to your image when you look into two mirrors taped at
right angles to each other?

Have students try mirror writing: Write a word on a piece of paper.
Stand a mirror on the paper so that the letters are reflected in the
mirror. Copy the reflected word on another piece of paper. Ask a friend
to read the word. This should prove difficult because the letters are
upside down and back-to-front. Hold a mirror so that the word will be
reflected and appear normal.

February 1994
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i Viking 1-82
211-5159 (P62-65)

PEOTO CAPTION September 22, 1976

More than 100 individual pictuxzes|taken by Viking Orbiter 1l's

TV cameras during revielutions 62 'throuch|65 |(August 23 to 26).

form this photomosaic -- pl.rt of the-systematic mapping of

Valles Marineris, or Marinq: Valleys.‘ the huge complex of

equatorial canyons on Mars. The msa.tc is centered at 5° South

Lat., 85° West Long. North is at top. At left is part of

Labyrinthus Noctis £rom /lghi\h two danyons, 'mithonium Chasma

(top) and Ius Chasma, extend to the east. A wide range of
canyon morphology can be seen. In places, the walls appear
to have been modified by huge landslides; in other places by
headward erosion to form integrated tributary systems; and
elsewhere faulting appears to have predominated. Main puzzle
concerning the canyons: "Where is all the material which

formerly occupied the regions of negative relief?"




Model of the Mars 94 small station: the station will be deployed from an entry shell above
the planet's surface, parachuting down to land on Mars. Its landing configuration is as
a ball that bounces and absorbs most of the shock. After coming to rest, the protective
casing separates and exposes the small station. Then the station's petals open outward,

permitting the instruments, including TV, to make measurements on the martian surface.
Photo Credit: IKI/JPL #41996A
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Cﬂ.lml“ INSTITUTE OF TE!

CHNOLOGY
NAT IONAL AERONAUTL TICS AND AND SPACE WINISTMYIG
, CALIF. 91109. PHONE (818) 354-5011

PHOTO CAPTION P-19011

A future mission to u roving vehicle is being
studied at tl\1l Jet mllﬂmmntg'plm intelligent
machines could ﬂm;}mmmn«.qu Least

ing & quw mission.
4 \ll }?

100 kiloseters (62 mil

In this painting & Ld
mile) Valles Mari

desk, has 100P

front) and a untpulnnr ar,

than 100 nloouu (220 pounds) of uments to

sy tne  rart By OO Colgbrtftq.o' ”w“.:,

thermoelectric q.n«' $or elec
be able to survey wQLLQnéU-AECM& obstacles and

avoid them. It could be equipped with proximity SeNsOrs,

stereo cameras, laser range-finding instruments and advanced
computers. It would move around the surface of Mars
independent of detailed instructions 4rom Earth. The JPL

study is for NASA's péfice of Space Science and Application.
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VIKING NEWS ¢ NTER
NATIONAL ALRUNAUTICS AND SPACE AUMINISIRATION

PASADENA, CALIFORNIA. TELEPIONE (213) 354-5011 119561 (Special)

This pair of plctures from Viking Lander 1 at Mars' Chryse Planitia shows

the only unequivocal change in the Mart1an surface seen by either lander.
1

Both images show the one-meteu' B&&S?Pﬁf}p%ﬂdﬂ nicknamed "Big Joe."

M2AXN 2NN NUNX 17
Just to the lower right of the rock (right

feature. The picture at 1 s a
aj

;‘sxa small-scale slunp

picture at right the top

downslope. The event occ red

(Pictures taken before Oct. 4 do not show the- the first picture in
B tOman Collaction”: e

which it appears was taken mbﬁé.ArP‘eré‘;ﬁ%e layer, between onc-half
and one centimeter (one-fifth to one-third inch) thick, is apparently less

cohesive than the underlying material. The layer that slipped formed a 30-
centimeter-long (11.8-inch) "tongue' of soil and a patch of exposed underlying
material. The triggering mechanism for the cvent is unknown, but could have
been temperature variations, wind gusts, a seismic event, or perhaps the

lander's touchdown on July 20, 1976.

between Oct,/4, 1976, and Jan 24, 1977.
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OFFICE OF PUBLIC INFORMAT ION
JET PROPULSION LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PASADENA, CALIF. PHONE (213) 354-5011
PHOTO CAPTION 211-5928
Aug. 4, 1980

The summit caldera of Olympus Mons, largest volcano on
Mars and in the solar system, was photographed from Viking Orbiter
1 on July 13, 1980. This mosaic shows geological features not visi-
ble in earlier pictures of the caldera:

Small impact craters, irregular volcanic vents and spatter
cones are now """11*11?(‘1(’!1‘5"'“]’@3’?("' floor of the upper
crater, ”-‘_ﬁi%lxohﬂﬁrhll‘hTIJ.HJ”R‘TP?"TNMW the small

landslide at thé top of the Picture. This crater floor thought to

be the youngest featu the lc./

been thought, ind t the/last eruptive ode occurred
{ .

earlier in Mars' T, n had MRTLE\”B #

More the en gmall impact craters and irregu-
o, o
lar volcanic structures described /l'ly uppg(\'(iyrz: can be found

in the c-nzrul'pﬁn!oﬂv'ol the mosaic, in an a of intermediate
age that has M-E@Fa"m mlwlamnmu fractures),

Also nonpt’-bm%ﬂtmehm region, and of
great interest, are the irregular, leveed channels or collapsed
lava tubes near the juncture on the left of this unit with the
oldest portion of the caldera which is collapsed and deeply
fractured,

Seen from an altitude of 650 kilometers (415 miles), the
detail of the structures is twice as good as in Viking's earlier
pictures of the volcano. The resolution of the mosaic is 17 meters
per pixel (!s feet per picture element) .

Viking is managed for NASA by Jet Propulsion Laboratory

Pasadena, Calif.
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. ARTLAB .

Fault zones break the ﬁartﬂﬁ'—ﬁust in this view obtained by

PHOTO CAPTION

Viking 1 of an area tiwo degrees south of the equator and near a
potential landing aite for &ﬁtlﬂui ﬂle\sé Lember. The fault valleys
are widened by mass wasth;tlgju;!d/\ééfluagsg\. 5 Mass wasting is the
downslope movement of rocks due to gravity and possibly hastened

by selsmi.c shaking (Mars quakes).



l“l’l‘l‘.' b
u:prf‘ ..1.4... .

L PR ’
R »




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
VIKING NEWS CENTER

PASADENA, CALIFORNIA.

(213) 354-6000

MK X1V 101X Viking 1-48

M2 2NN NINK (113X P-17133 (S0l 2)

PHOTO CAPTION July 22, 1976

Vog
&4

Viking 1 took this high-resolu Rture tpﬁay—-'lts th‘lrd day on Mars. Dis-
2 /—\RTL/—\B :

tance from the camera to the near f (bottom) is about /4 meters (13 feet);

to the horizon, about 3 kilometers (1.8 milé?izigthegpﬁb{; shows numerous
angular blocks ranging in sizeFfrem @ flonc@oltecttons szveral meters. The
surface betwzen tie biocks is coE?dé@ﬁCoAﬁ'ﬁﬁ[@tli?‘(@c material. Accumulation
of some fine-grained material behind blocks indicates wind deposition of dust
and sand downwind of obstacles. The large block on the horizon is about 4 meters

(13 feet) wide. Distance across the horizon is about 34 meters (110 feet).










NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
VIKING NEWS CENTER
P FORNIA

ASADENA, CM.
(213) 354-6000
Viking 1-45
P-17044 (Sol 0)
PHOTO CAPTION July 20, 1976
First panoramic view by Viking 1 from the surface of Mars. (Top): The out-of-
focus spacecraft component toward left center is the housing for the Viking
sample arm, which is not yet deployed. Parallel lines in the sky are an artifact
and are not real features. However, the change of brightness from horizon towards

zenith and towards mﬂrlgﬂmvyn%w reflected in this picture, taken
tn 1ate e PR (f-{AP TR N T I # Platam-T1kn prostammce

much brighter than the foreground material hopnq the rocks. The horizon features
are approximately

left is a collection of

ﬂneqnin,d materd; rk sinucus markings in

5

QB I.hk\&m shapes can be perceived
atches of bright sand
@ distance. In right fore-

ground are two WJ %mmd] mibly be ventifacts produced
by wind abrasion on mbh&oWAPeﬂ N’é“ can be made out halfway

from the horizon to the top of the picture. (Bottem): At left is seen the low

left foreground ai

gain antenna for receipt of commands from the Earth. The projections on or near
the horizon may represent the ri.n distant impact craters. In right foreground
are color charts for Lander camera calibration, a mirror for the Viking magnetic
properties experiment and part of a grid on the top of the Lander body. At upper
right is the high-gain dish antenna for direct communication between landed space-
craft and Earth. Toward the right edge is an array of smooth fine-grained material
which shows some hint of ripple structure and may be the beginning of a large dune
field off to the right of the picture, which joins with dunes seen at the top left
in this 300° panoramic view. Scme of the rocks appear to be undercut on one side
and partially buried by drifting sand on the other.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
VIKING NEWS CENTER

PASADENA, CALIFORNIA

(213) 354-6000

Viking 1-68
P-17444 (P-41)
PHOTO CAPTION August 09, 1976

The great Martian volcano, Olympus Mons, was photographed by

the Viking 1 Orbiter on Jul%,h]ﬂm gistance of 8000 kilometers
(5000 miles). The 24ﬁk]%ﬁ9§ﬁtsﬁ-j}}ﬁ$ﬁ nﬁ.,lf?& mountain is seen in
mid-morning, wreathed in clouds that extend up the flanks to an
altitude of about 19 kilome (12 ,éles‘) // the multi-ringed
caldera (volcanic crater] 80 ki}emt?{g }':("‘50 miles) across,
pushes up into the strat phgﬁdx’qppears cloud-free at this
time. The cloud cover is-most: in en '”é,_o_‘ _yhéyfar western side of
the mountain. A well-defined wave lov]i'd'tﬁx'a"i.n extends several hundred
miles beyond the mountaixﬁf%ggoﬂitql.e? Oenplanet's limb can be

seen at upper left comer.PLﬂllglég é{&mvgxtensive stratifieq hazes.
The clouds are thought to be composed principally of water ice
condensed from the atmosphexe as it cools while moving up the slopes
of the volcano. In the Martian afternoon , the clouds develop
sufficiently to be seen from Earth, and it is known that they are

a seasonal phenomenon largely limited to spring and summer in the
northern hemisphere. Olympus Mons is about 600 kilometers

(375 miles) across at the base and would extend from San Francisco
to Los Angeles.
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he lunar transportation vehicles are
assembled and serviced at a space platform in low
Earth orbit: the transportation node (TN). This
platform acts as the connecting link between
Earth transportation vehicles and the lunar

ion to the Moon

transportation vehicles. The miss
is an ongoing operation with four to eight flights
to the Moon and back each year using reusable
vehicles. A facility is needed to store and service
the lunar spacecraft between flights.

The TN is assumed to be separate from,
although possibly co-orbiting, Space Station
Freedom. A TN supporting the Lunar Basé
Program must store large quantities of propellant
and handle frequent vehicle interactions. These
interactions include docking of vehicles, transfer
of propellant, mating of payloads and vehicle
clements, and deployment of lunar transfer
vehicles. The inten: servicing operations and
frequent spacecraft traffic associated'with theyEN
would disturb Space Station Freedom functions
and experiments, increasing the microgravity
environment and contaminating the pear-station
vacuum.

The TN is sized and characterized by all
aspects of the lunar base scenario, including the
mission frequency, type and size of delivered
payloads, crew rotation schedule, and the selected
vehicle configurations.

Three configurations are presented. The
first was designed with an emphasis on spacecraft
processing inside the TN. A primary objective of

this design was to minimize the overall size of the
configuration. The other two configurations have
as their primary design goal the overall operation
and maintenance of the TN itself, including its
dttitude ¢ontrol and stability. These configura-
tions.copsidered interior operations secondarily.
Itis'impaortant to consider both internal
and external factors in the design of a TN.
Internal functions include the movement of
payload, fueling; and assembly—the pathways
and\sequentceof operation. External functions are
those involving the operation of the TN in space:
{or.example, it$ attitude control and reboost
schemes. The TN's useful life will be measured in
decades; therefore, both factors are important
items-tor consider in its initial design.

Possible transportation node designs: the Platform, the Drive-Thru, and the Atrium.



Space Shuttle Orbiter docked to the Drive-Thru transportation node.




Drive-Thru Configuration

On the preceding page, the Drive-Thru Control Air lock
configuration is illustrated with a departing lunar "'OGUIO-\

stack and an arriving heavy-lift propellant tanker.
An orbital maneuvering vehicle is attached to the
truss just inside the front door. The Drive-Thru

configuration is designed to support mission stack Habitation

build 1 load

p, refurbish and prop g
within one large unpressurized hangar. The dry
mass of this TN, without propellants or vehicles,
is approximately 400 metric tons. Fully loaded
with two fueled lunar vehicle stacks and pro-
pellant storage modules filled, the Drive-Thru) | N7 w 1
has a mass of almost 1000 metric : /111710
The hangar measures 50 m ljr:ﬁbyg\g% AMN2 NUNK LLQQ?EQ\L/
wide by 25 m high, providing an enclosed volume AN mp?q\
0f 43,750 m>. This volume contains two mission’

Pressurized module

& A R TLA B ' arrangement.

@ Ezra Orion faable6di @R ve serviced concurrently. The
Public A ['Y‘Wr an orbital transfer vehicle (OTV),
O a lunar ascent/descent vehicle, a lunar payload,

and up to two aerobrakes. Initially, the lunar
spacecraft pieces are delivered from Earth and
enter the hangar through the back door. Each
stack is docked to a fixture that provides 360-
degree rotation and allows pressurized access to
the lunar crew module (or payload) from the TN
interior.

Typically, the lunar stack is moved to the
forward fixture for propellant loading and departs
through the front door. This leaves room for a
second lunar stack to be assembled on the back

fixture. The second stack will be used for an
The Drive-Thru configuration was designed to service this if
P emergency rescue, if necessary.




Envelope for

Vehicles enter —| PN P 360° rotation
Three view.s of the Drive-Thru via back door o | Stack on rotating
configuration. X 3

Stack pveparing\ S fixture in processing

for departure N -

0 ~———— Control
i I
Top View Propellant / D\ gcse
storage module g )
E KT U
o]o
Four tank sets store a total of 182 melnc J)ns =
of cryogenic hydrogen and oxygen prapetlant,) |17 11117 (| Control
Additional propellant can be stored in the lunar rrlmQuIe
stacks and in a heavy-lift tanker docked to W / )
of the hangar. [+ Tunnel
The assembly operations control mnﬁ\ﬂe A ) ]
extending vertically into the hangar, es asa z |\
latform from which the TN crew directs . S
viewing p o storage module
the activities within the hangar. Two habitation e
modules house a total of 13 crew: 6 permanent E
TN crew, 3 visiting Shuttle orbiter creg/qng Orion C
4 visiting lunar crew. Two workshop mokfj J
two alr locks, and a logistics module lin QUC azq C ]] v
of nodes plete the
pressurized area. Side View
Front View
Control
- module
(& Propellant
Rotating storage
fixture = module




Atrium Configuration

Pictured at right are two versions of the
Atrium configuration, illustrating the evolution of
the design.

Six storage hangars surround an assembly
area in this concept. Each of the two OTV
hangars can accommodate a two-stage OTV. The
Atrium TN was designed to accommodate the
linked lunar stack arrangement, shown below in
the assembly area, but can accommodate all lunar
stack concepts described in this book. Two
hangars are reserved for the storage and
maintenance of the lunar ascent/descent 'vehicles.
The fifth hangar holds the lunar cargo And crew
modules, and the sixth is used to store and service
the orbital maneuvering vehicles. Enclosed
hangars (featured in all three TNs) provide
micrometeroid and orbital debris proteéctionsThe

10

six hangars of this configuration comprise a total
enclosed unpressurized volume of 88,000 m*. The
Atrium TN has an estimated dry mass of 320
metric tons. Adding the 182 metric tons of stored
cryogenic propellant gives a total TN mass, not
including lunar vehicles, of over 500 metric tons
The pressurized volume is contained within
a habitation module, a command operations
module, two interconnect modules, two air locks,
a logistics module, and a remote operations node
One, habitation module is able to provide facilities
for six permanent and seven temporary crew,
becauséthe healthimaintenance facility has been
relocated to-an interconnect module.

Atrium configuration, viewed from below

with lunar vehicle stack being assembled.




Early sketch of the Atrium
configuration.

The improved design.

Bottom open to take advantage
of earthshine

The Atrium configuration includes a mobile
transfer boom with a detachable operations node

and manipulator system. The transfer boom moves
on a “tracked rail” inside the dual keels to transfer

crew and payload from the modules to the assembly

and departure areas.
As spacecraft pieces are needed for
buildup of the lunar mission stack, they are

moved from the hangar to the central assembly

arca. When the lunar stack is complete, it is

lowered to the depot area and fueled. The transfer

boom then travels down the dual keels, carrying

MK X "H‘f,'cﬁ‘b\w{’ will board the lunar vehicle.

‘miasl

Hangar used for refurbishing
OTVs returning from a lunar

Returning OTV holding for
rendezvous maneuver



Platform Configuration

The Platform configuration represents an
evolution of Phase 1 Space Station Freedom. The
vertical keel, assembly platform, and hangars have
been added to facilitate transportation-related
activities. An increased power supply is provided
by adding two solar dynamic dishes to the four
existing photovoltaic solar panels. The dry mass
of this configuration is estimated to be 300 metric
tons.

A second docking ring was attached to the
assembly platform for the delivery of cargo. This

Facilities are provided to prepare two
complete lunar mission stacks. Four hangars
provide 25,000 cubic meters of volume to store the
stacks; the 364 metric tons of fuel provide enough
propellant for two lunar missions. Dual-mission
fueling reduces dependence on the Earth-launched
resupply schedule, desirable for contingency
planning of emergency missions. The drawback is
that it increases the inert mass of the TN due to
the greater number of fuel storage tanks required.

An on-orbit spacecraft simulation developed

method of delivery noticeably decreases fdyload{ /{ |by the¢/Advanced Programs Office at JSC was

transfer times and disturbances. Pﬁlqa%ﬁliﬁ% N1

to the upper docking module would necessitate a
long transfer down the vertical keel to a stora
hangar, disturbing the TN’s attitude.
Designed to be gravity-gradient st.
Platform configuration has its storage hanga
and fuel tanks located at the bottom ‘of the
This arrangement allows the TN to take
advantage of the stabilizing torque provided by

?ﬁ’g‘ﬁf*lﬂww forces and torques on the TN

o propellant motion, vehicle docking, and
control system. !'(aclions, plus the contributions of
!hc-é'crodynam’ré;.__solar, and gravity gradient
environments. Mépy configurations were analyzed
in an'effdrt to\identify the characteristics of an
optimum TN.

*\_One of the aﬂ/ﬁties performed on the
Platform' TN during the analysis is illustrated

Earth’s gravitational field, thereby gwno 3k Qe&gl jtﬁer# ar stack assembly has been
a Orion COHEC m
0l N

additional passive control system.

obile servicing center (MSC)

Public Arimbyesthestack to the upper docking ring. The

mission crew boards, then the stack departs for
the Moon.

Movement Description

(D= MSC o waiting point, leg 1
@=—=(@) MsC 10 waiting point,leg 2
@—(@) MSC o lunar stack

(®—(3) MSCllunar stack to docking node, leg 1
(@) —(5) MSCliunar stack to docking node, leg 2
®—>® MSC to ready/storage point



The Platform transporiation node. The mobile servicing center transports the
lunar lander down the keel to be attached 10 the orbital transfer vehicle stack

Attitude behavior and control system
responses experienced by the TN due to environ-
mental forces and onboard activities led to
recommendations for operations and configura-
tions. The most notable of these were (1) micro-
gravity-sensitive activities should be removed

from the TN, (2) configurations should be
gravity-gradient stable and have two planes of
symmetry, (3) and mass movement should be
planned about paths which would minimize mass

property fluctuations.



everal concepts for the spacecraft which
will transport people and cargo to the lunar
outpost are described here within the framework
of potential mission scenarios.

Transport Missions

The transportation system elements, such as
the orbital transfer vehicle (OTV), acrobrake, and
landing craft, are assembled at the transportation
node in low Earth orbit.

After a crew or cargo module is attached,
propellant is loaded into the OTV and landing
craft tanks. Finally, any passengers board and the
vehicle departs.

After leaving the transportation node, the
OTYV fires its engines for the trans-lunar injection
maneuver, which swings the vehicle out of low.
Earth orbit onto a path to intercept the Moon.
Near the Moon, the OTV engines fir¢ again to
insert the vehicle into lunar orbit.

Once in lunar orbit, the OTV and landing
craft separate. The landing craft engines fire
briefly to begin the descent. Then, while
approaching the surface, the engines fire

continuously to accomplish a soft landing. After
completing its mission on the surface, the landing
craft ascends to meet the OTV waiting in orbit.

On many missions, when the OTV reaches
lunar orbit, it will meet a reusable landing craft
based on the lunar surface. Payloads and
passengers can be transferred in lunar orbit, and
the landing craft can be refueled.

The return to Earth orbit begins when the
OTYV fires its engines for the trans-Earth injection
maneuver. The spacecraft coasts back on a path
which is targeted to skim through the upper
atmosphere of the Earth. During this aerobraking
phase, the OTV, which must be protected by a
heat-shi¢ld, slows'down due to air friction and is
captured in an-elliptical orbit. The aerobraking
maneuver corserves enough propellant to make
the extra mass of the heat shield worthwhile.
After agrobraking, the OTV fires its engines
briefly to circularize its orbit and begins a
rendezvous sequence which eventually returns it
to the‘transportation node, where the journey
began.

Orbital transfer vehicle performing aerobraking maneuver.
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Mission Configurations

Exploration - An OTV and a landing craft,
with a crew module, are used for a short-duration
mission. The OTV and crew module return to
Earth orbit with the crew. The landing craft is left
in lunar orbit.

Crew Rotation - An OTV carries L;n’erd{:»o rion Col
module to lunar orbit where it meets a landing |~ /

craft with its own crew module. The departing
crew from the landing craft and the arriving crew
from the OTV switch places. The landing craft is
refueled from the OTV tanks, then returns to the
surface; the OTV returns to Earth orbit.

Aerobrake

Large Cargo Delivery - An expendable
OTYV carries a landing craft and a large cargo
module to lunar orbit. The OTV has no aerobrake
and is left in lunar orbit. The landing craft
descends with the cargo and remains on the lunar
surface.

Large cargo Lander =]

2 MRTLAB

N

va&%ﬁ: Tanker - An OTV carrying extra

/propellant.tanks as cargo delivers 40 metric tons
of propellant to lunar orbit. This is enough
propellant to refuel two landing craft. After
performing its refueling mission, the OTV returns
to Earth orbit.

Propellant
tanker module



Orbital transfer vehicle and landing craft docked in orbit above the Moon.

Lunar Spacecraft

The lunar vehicle generally consists of an OTV
with an aerobrake and a landing craft, all reusable
elements with many common components. The
OTYV and the landing craft cach has four engines
which use liquid oxygen and liquid hydrogen
propellants. The vehicle can carry a variety of
payloads and can operate with or without a

crew.

16

When carrying a crew, a crew module will be
attached to the OVT or the landing craft, or both.
If the vehicle is to be recovered for reuse, its cargo
capacity is 6 metric tons (13,000 1bs) for round-
trip missions and 15 metric tons (33,000 1bs) for
one-way delivery missions. If the vehicle elements
are expended, a one-way payload of 25 metric
tons (55,000 1bs) is possible



Landing craft on a exploration mission to a polar region of the Moon

Lunar Landing

The landing craft can be used for exploration for a variety of locations including potential
missions with four people on the lunar surface for outpost sites. The landing craft is shown above on
about one week. These missions could be destined the surface in a polar region. Once a permanent

Series of drawings showing a pilot's-eye view of an approach to a permanent landing site.




Landing craft being unloaded at the lunar outpost.

outpost is established, landing craft might be used It is surrounded by support vehicles, including a
for suborbital flights to explore remote locations. pressurized rover connected to the landing craft

When used for routine crew rotation, the by a flexible tunnel. The rover will transport the
landing craft and crew module will be able to crew to the outpost habitat, a few kilometers
deliver six people to the outpost. The view above away.

shows the landing craft at a prepared landing site.




Alternative Spacecraft Concepts

The vehicle below is an alternative to the
one already described. The major differences are
that the OTV is part of the aerobrake structure
and the landing craft is returned to Earth orbit at
the end of each mission. The landing craft fits
behind the aerobrake, between the OTV

propellant tanks. When connected, the landing
craft engines can be used to propel the entire
vehicle using propellant from the OTV tanks. This
OTV is highly specialized for the lunar mission
and the cargo envelope is limited in size.

Alternative lunar vehicle concept. Orbital transfer vehicle
and landing craft separating in lunar orbit




In another alternative concept, the landing
craft is also returned to Earth orbit. However, the
landing craft and OTV each has its own
aerobrake; a configuration which provides greater
flexibility in arranging the vehicle elements and
payloads. The OTV is not part of the aerobrake
structure and can be flown in an expendable
mode, with little modification.

JTIX XOTV 701

MIAXN AN NINKX

Landing craft and orbital
transfer vehicle.

78N
Landing "n‘"n“\“
ca - YNl 7K

Orbital transfer
vehicle (OTV)

Landing craft and orbital transfer vehicle
with their aerobrakes.
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Landing craft in Earth-return
configuration.
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Ezr®0rion CreheModule
~Stowage /\[1 /\Thédrew module is a self:

which supports people in transit and for shon
durations on the lunar surface. It is a cylinder
with a diameter of 4.5 meters (15 ft), a height of 6
meters, and a mass of 6 metric tons (11,000 Ibs).
The same basic module would be used on the
OTV and the landing craft.

The module is divided by a bulkhead into two
cylindrical chambers, the upper serving as a flight
deck and habitation area, the lower as an air lock
and storage area. There is a hatch at each end of
the cylinder and one on the side. The top hatch is
for docking with other modules. The side hatch
provides access at the transportation node. The
bottom hatch is the primary means of entry and
exit on the lunar surface. Crews would descend on
a ladder from the bottom of the module to a
platform on the landing craft.



Site Selectiﬁonﬁ

%

\
vl ue

= I he primary site selected for the lunar

outpost at Lacus Veris, on the western limb, is
one of four locations suggested by the Solar
System Exploration Division at JSC. The other
potential sites are Mare Nubium, Taurus-Littrow
(the Apollo 17 landing site), and the South Pole.
Lacus Veris, in the northwest quadrant of

a mare region at 87.5° W., 13° S., is part of a
multiple ringed structure known as Mare
Orientale. Site selection was based primarily on
proximity to features of scientific interest. Other
influencing factors include the ruggedness of the
terrain, access to the lunar far side, soil chemjstey
(availability of oxygen-yielding minerals), Earth
visibility, and lighting.

Lacus Veris® location on the western limb.
of the Moon provides valuable access to the far

side for observatories. Earth-bound astronomy is
hampered in two ways: the full Earth shines sixty
times more brightly than the full Moon, washing
out the nighttime sky for optical astronomers, and
man-made electromagnetic interference affects
radio astronomy. Lacus Veris is actually on the
far side for 8 out of every 28 days due to the
Moon’s libration, a result of its elliptical orbit.
Lacus Veris is a relatively smooth region, good
for landing pads, surface transportation and
habitat site preparation. Since it is a mare region,
there should be a relatively high concentration of
the mineral ilmenite, which can be extracted and
processed for lunar oxygen. Lighting conditions at
this-location are good because of its proximity to
the equator.

Location of Lacus¥eris as seen from Earth. (Lick Observatory photo)

Lacus Veris

Mare Nubium

Taurus-Littrow
(Apollo 17)

i

SN South Pole
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Mare Orientale. Since Lacus
Veris was not photographed
during the Apollo missions,
these images are from Lunar
Orbiter IV, with a resolution
of 60m

Lacus Veris
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The Outpost

his master plan depicts a mature lunar
outpost designed for the Lacus Veris site.
However, the design principles can be applied to
other sites as well. The outpost, the forerunner to
a permanently inhabited lunar base, is comprised
of a landing site, habitat facility, and lunar
oxygen pilot plant.
The landing site is located 2.5 km north-
northwest of the base, and the landing pads are
aligned in a north-south orientation to
accommodate descent of a lunar lander from the
east. The landing site’s di from the outp
will minimize impacts from exhaust blast ejecta
and chemical contamination from rocket iplurhés 11U
and will reduce the potential for- age-i
or explosion should occur. The ;m pg\cir ield an
is particularly vulnerable to degradation f}
byproducts of routine lunar landing o,
The habitat provides living and
facilities for 12 crewmembers on the,
Moon. It is a pressurized, thermall,
and radi p d envi g g
The oxygen pilot plant will test various ™ : %
techniques for oxygen production from lunar %
minerals. This facility could operat #hanprion C ollection
autonomously, requiring only servicin, : -
maintenance. The oxygen produced wm[sleg Art Archive
to refuel the lunar landers and to supplement the
outpost’s oxygen supply.

Flight path

The outpost master plan.




The depicted in this publication were developed during the Lunar Base
Systems Sludy undertaken by (he Advanced Programs Ofﬁ , in the Engineering
Directorate of the Johnson Space Center, during the period 1986-88. The study was
performed by Advanced Programs personnel with contractor support from Eagle
Engineering, Inc. (NASA Contract NAS9-17878) and Lockheed Engineering and
Sciences Co. (NASA Contract NAS9-17900).

The following individuals also contributed to the study: Laura Bass, Kyle Fairchild,
John Graf, Eric Graham, John Patterson, and Deborah Sinow.
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Landing Pad

Landing pad
The landing facilities for an early lunar Te!nporary o
outpost will consist of Imle more than a flat area landing sites \
free of obstacles. Navi b on the

surface will guide the lunnr landers, enabling
unmanned landings. A more advanced base may
require impr to the landing pad, such as
a gravel surface to reduce the amount of dust
raised by the lander’s engines. (This also puts a
byproduct of the oxygen plant, gravel, to good
use.) Once routine two-way travel begins between
the surface and lunar orbit, service and re{qclim XAt
facilities may be required at the landing site.

The landing pad will evolve intd a ldrarlport) 1717
Reliable methods of transferring people and cargo
from the landers to the habitat, such as thp

remote-control flatbed shown here, my

developed.

Ezra Orion C
Public Art A

A logistics module is
unloaded from a landing e
craft. The landing complex.




The Habitation Site

Selection of the specific site for the habitat The vehicle maintenance facility, to be
will be based chiefly on conveni If a suitabl 1 d southwest of the habitat, is an open-ended
crater can be found for the habitat, the base will inflatable Quonset hut that will accommodate
be located there; otherwise, an excavation will be four surface transportation vehicles.

required. In any event, the terrain around the
inflatable habitat should be smooth for casy
access and mobility.

The outpost site plan.
\ JMIX XTY TOIX T 000
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A solar power field will be located northeast
of the habitat to allow an unobstructed view of
the Sun and to separate the solar arrays from dust
raised by surface vehicles.

The habitat heat rejection system is a series of
vertical heat pipe radiators oriented parallel to the
solar ecliptic. Located to the southeast, the
radiators are far enough away that there will be
no heat reflectance from the habitat.

A lunar oxygen (LOX) pilot plant is located to
the southwest of the habitat, removed from the
solar power field and the radiators because it will

generate dust. MK XOTY 01K
127X mmz NINX ]113'11

Pressurized tunnel

ECLSS tanks

- e

The habitation complex.

Construction shack

Collection

e
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O 16-m inflatable
habitat

Lunar air lock
w/ dust-off area



The habitati I ists of a
oonslrucuon shack, mﬂatablc lunar habnm lunar
air lock, | ics interface module,
control and life support system (ECLSS) tanks,
and radiation shielding.

The logistic interface module has berthing
ports for the pressurized rovers and logistics
modules. It is used as a “loading dock™ for crew
and cargo. The air lock supports lunar
extravehicular activity (EVA), providing
redundancy with the construction shack air lock.
The ECLSS tanks are used for storage of gases
and fluids for the life support system.

The inflatable lunar habitat and co! '
shack are covered with a one-meter-thi f:; L?ij TV TOIX

lunar regolith, a shield sufficienttprédace 11700 111710 ]]‘ JIX

radiation from the largest recorded solar flares to

safe levels. The regolith is shown containg
continuously filled bag that coils aro
inflatable habitat and the shack. Q

Habitat elevation/section.

Radiators Ez:zg!d kion Collectlon
PUST r Archlve
[ I Lunar air lock with
= g il /( I Fﬂ dust-off area
_C§ E U H \
Shacksolarpariels
Construction Shack Inflatable Habitat
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The inflatable habitat
The construction shack

Connecting tunnel

Contiriuous, coiled regolith bags for radiation
protéction

Regolith/bagging/machine, coiling bags
around the habitat while bulldozer scrapes
loose régolith into its-path

. Thermal radiator for shack
. Solarpanel for shack

Experimental six-legged walker

Solar powerisystem for the outpost

Road to landing pad

Solar power system for the lunar oxygen pilot
plant




e construction shack is a small man-
tended facility, a self-contained unit that can be
set down on the surface and activated with
minimum effort. The first element of the lunar
outpost to be erected, its primary function is to
support lunar EVA for science and for lunar
outpost construction.

In the early phases of lunar exploration,
the astronauts can live out of the landing craft, as
was done during Apollo. When the outpost

becomes operational, larger crews staying for
months at a time will live in a large habitation
complex. The shack fills a functional gap bﬁwqqlp\/ NITY 701X

lunar landers and a permanent lunar outpost. S
Lunar landers are limited in size because extraL 11702 NN 17N _——

\ | I

mass requires greater prop p
i) I
T T ==

be on the order of a few days to a week,
minimal facilities to accomplish specifi
tasks. Yet construction of a permanent outpo:
require many man-hours of productive EVA time
and invol f problems that demand Loy 4
flexibility on the part of the construction crew and .
their facilities. The construction shack willialoW (10N Collectio

longer stay times and a less constrained lpﬁwﬁc Art Arct
Another role for the construction shack f

might be that of a scientific base camp. A number
of shacks distributed across the lunar globe could

support a broad lunar exploration initiative.

J __nevm |
niql

Alternative construction
shack configurations, with
landing craft.




The construction shack solar
panel is deployed. (cutaway

stabilizing footpad.)

shows
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The Inflatable Habitat

inflatable lunar habitat will provide a
living and working environment for a crew of 12.
It is a 16-m-di spherical lope, 2145 m?
in volume. Four levels of living and working areas
add up to 594 m? of floor space. A 2-m vertical
circulation shaft at the center allows transfer of
crew and equipment between levels. The crew will
move vertically by using a ladder; equipment will
be hoisted by a block and tackle system.

Structure

The inflatable habitat comprises two

The secondary structure is composed of a
spherical rib-cage, core columns, radial floor
beams, and a modular flooring system. The
primary structure will bear the loads from
pressurization, the secondary structure the loads
created by the crew, furnishi and i

Deployment

Once the construction shack is activated
and covered with regolith for radiation protection,
building of the main habitation can begin.
Working out of the shack, the crew will

structural systems. The primary structurelis a1 1< X ‘—Hacg {Hé Habitat in a depression (either a pre-
spherical pneumatic envelope, desigped to/with=) 7)) g\i”imrﬁnyrrmade crater), anchor it to the

stand a pressure of 14.7 psia. Itis a

of high-strength multi-ply fabric with a
nonpermeable bladder inside and a the,

coating on the exterior.

Ezra Oriop Collection
A Public

rt Archive

dation, and inflate it. The void between the
habitat‘and lhg’jeﬁ\lcr is filled with loose regolith.

A concave foundation used for anchoring and
leveli ¢ habitat is installed prior to habitat
YN Y

\\ Ly, Cross-section of inflatable habitat.

Line of shielding
Habitat wall
Lightweight
modular flooring

Structural rib

Lunar air lock
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Level One: Mission Operations /2
I 3 1. Surface Opérations Workstations
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1. Lunar Experiment Laboratory 7
2. Scientific Data Processing Facili S /,\ﬁm; ﬂ‘lﬁ(’o'mmunicallom Center
% A Activitiés Wardroom

3. Maintenance Facility
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Level Three: Crew Support
1. Health Maintenance Facility

- Physiological
- Psychological Level Four: Crew Quarters
2. Recreation Facility 1. Crew Quarters for 12
2. Personal Hygiene Facility

3. Galley (Kitchen, Dining Area)
4. Laundry | Housekeeping
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inflation by driving piles into the bottom of the Packaging
crater. After the habitat is checked out and
shielded with regolith, a pressurized tunnel is
attached from the construction shack. A
rudi y ECLSS is activated. The internal
structure is then assembled and a full ECLSS is
installed. The construction crew can finish
assembling the interiors in a shirt-sleeve

nvi and the logistics interface
module and air lock during EVA.

The habitat can be packaged with or without
some secondary structure, and ECLSS equipment
prepackaged inside. Packaging the inflatable
envelope separately minimizes its weight and size
for easier transportation and handling. Packaging
the structure inside the inflatable decreases habitat
setup time, which may be important because of the
limited crew stay time on the lunar surface during
the construction phase.

MK XOTY 01X
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Air Lock

The purpose of a lunar air lock is to handle
the transition of crew from intravehicular
activity (IVA) to EVA and vice versa. Depending
on the lunar suits used and the habitat pressure, a
short oxygen pre-breathe may be required to clear
nitrogen from the crewmember's body before Air lock tanks
leaving the habitat. The air lock can

date two crew at one time, and

store four suits.

The air lock is composed of purging tanks,
a crew chamber, a connection tunnel and berthing

h

O
interface, adjustable legs for levelirg, ahd'a disti ) |0 ¥ N i
off facility. The air lock ch i W | T
grated floor to allow lunarﬁ;:mm to settle nan f i E
- 1
» i
[ e

into a collection area, which is empti
trapdoor when it is full. I y

Three views of.the air loc 3 4 Side Elevation
_PEsradneatollection

Public Art Archive
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The Power System

e early lunar outpost will need about
100 kW of electricity to maintain the environ-
mental control system, power laboratory
equipment, and provide energy for tools and
vehicles outside. The three most promising
opnons for power generatmn are solar
ic, solar dy , and 1

A photovoltaic power system uses a semi-
conductor device to convert sunlight directly
into electricity. The solar cells could be mounted
on a flexible backing and transported in rolls, like
carpeting, as shown at right. Once at the site,

these sheets are unrolled and laid flat on !71 X X2

surface to form the solar array. ln order
produce 100 kW for daytime use and
fuel cells for power during the night, the arr,

A solar dynamic power system typically
uses a thermodynamic cycle to convert the heat
from concentrated sunlight into work, which is
then converted to electrical energy. Currently, the
dynamic solar systems have higher conversion

fficiencies than the ph | but are more
massive. A dynamic system is also inherently
more plex than a phot: ic array, which
has no moving parts.

Solar power systems produce power only
during the day; thus some other form of energy
storage system is required to provide power at
pigl gqg(neranve fuel cells are the leading
candidate to fill this energy storage role.

tﬂJ‘n ni ﬂ ]ﬁa%eipaaﬁfully combine oxygen and

water and release energy.

must cover over 2000 m2—a little over o nﬁy is slon“ed electrolyzing the water back
the area of a football field. ,mfo its compone The system can be
z MRTLA B ]

System Unit Mas$

Power systems comparison table.

Ezra Or|on Collectlo&mmm

405 kg/kW

Solar Dynamic High efficiency; requires energy storage for night

Batteries (NiH2) 11,300 kg/kW Only stores energy

g |
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A 25 kW solar dynamic unit,
Basic principle behind the fuel cell. with radiator.




A multi-megawatt nuclear power plant, with radiating panels.

completely closed, and losses are small. For a
given energy storage requirement, fuel cells have
one-tenth the mass of batteries.

A nuclear reactor produces power through
the fission of radioactive nuclei, releasing radiation
and thermal energy. The latter is then converted to
electrical energy, as in the solar dynamic system.
The reaction is continuous, and except for emer-
gency backup, there is no need for an energy
storage system. However, the crew must be pro-

“""i__eetnon —t
& Archive o

tected from the radiation hazard by shielding or
distance. The intense radiation prevents mainte-
nance of the reactor during operation, and after a
time radioactive fission products will accumulate
in the core, making the reactor unapproachable
even when it is shut down.

The continuous power and low mass/
power ratio of the nuclear system make it attrac-
tive for future expansion of lunar activities, when
power may be required in millions of watts.



Thermal Control

ermal control of the lunar base is
difficult due to the extreme environment on the
Moon. Many factors must be considered before a
heat dissipation system can be implemented.
Probl with the at ph the lunar soil, and
micrometeoroids all must be accounted for before
an e: ded human p can be realized
Conventional heat dissipation is accom-
plished through duction and i
but on the airless Moon the heat must be radiated
to space. The direct sunlight causes exposed items
to have a high temperature, while those items in

surface during the day. The radiator will te
absorb heat from the surroundings, increas
habitat’s internal temperature. At nigh

site will be true, and the radiator will I
more heat than the habitat can afford o lose

Two principal methods to maintain an,

heats up or to shield the radiators so that they
experience, or “see,” a constant temperature. The
figure below shows the proposed configuration for
the lunar shack, and one way to shield a radiator
from the large temperature changes.

Another item of concern is the lunar
regolith. It has an infrared emissivity of about
96 percent, and a tendency to stick to objects. The
high emissivity means that most of the heat
arriving at the lunar surface from the Sun is re-
radiated. In addition to the 1000 W/m? the
habitat prod the radi have to dispose of

the shade have a very low temperature. The| 1] N 211335 Wy/m? from the Sun. The regolith has such

difficulty arises in trying to radiakf_'ht t &rﬁom the
radiator when it is surrounded by t! :B t—;ha? nna

a low thermal conductivity that it acts very much
like!dn 1ASuldtor. OSupled with its tendency to
coat objects, this can seriously diminish the
radiator’s perforr Therefore, any radi
méthod chosen will have to be shielded and
ote rge grea to ensure sufficient dissipa-
;ibn".w}cz;ﬁ: veloped by NASA's Lewis
Réﬁgarch Ceme\(\f))iich makes use of a large field
..Q

even heat flux out of the habitat ar¢ to incres
the radiating temperature as the lunar, éurfaoc

zra Orion Collection
Public Art Archive

of radiate d on the following page.

Construction shack with radiator.
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The Moon is constantly being bombarded
with micrometeorites, strikes of which against the
radiating surface will reduce the efficiency of the
radiator. A conventional radiator makes use of a
closed system containing an evaporating liquid. A
puncture by a micrometeorite will allow the liquid
to evaporate, diminishing performance. Even-
tually all the fluid will evaporate and the radiator
will cease to function. Fortunately, the flux of
micrometeorites is inversely proportional to their
size: there are large numbers of tiny ones and very
few of the relatively larger sizes.

e

Large thermal radiator field.
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Surface Transportation

diok

'
t{xar surface transportation is designed
to move people and equipment to accomplish
local objectives and perform long distance
missions including the mapping and surveying of
future mining and resource sites. Other
construction tasks, such as excavation or large
equipment assembly, will be accomplished by
specially designed construction equipment.

ES)

The operating conditions for surface
vehicles will be very different from terrestrial
travel conditions. The Moon has one-sixth the
gravity of Earth, practically zero atmosphere,
extreme temperature swings (102 K to 384 K, or

250° F to +257° F, at the Apollo 17 site), and
almost no magnetic field to provide protection

MOSAP and LOTRAN vehicles on a scouting mission.




from r

LOTRAN conceptual design.

diation. The vehicles required 787 finh? 1011 (LOE4t Rover (unpressurized)

operation must not only survive this enpitqpment A rt Anmbiioé@ rover, LOTRAN (local trans-

but do so over the course of many years.

When humans return to the the Moon, the
surface vehicles will be designed with the help of
past experience—Apollo missions 11, 12, and 14
through 17, and the unmanned Soviet
Lunokhod 1. Such knowledge has already been
incorporated into designs for missions pl d
but not flown, in the Apollo program, and for the
Mars Rover Sample Return Mission currently
being planned.

Two types of transportation vehicle will be
required during the buildup phase of the lunar
outpost: an unpressurized rover for local
transportation, and a pressurized vehicle for long-
range travel.

portation vehicle, unpressurized), is designed

for a range of 100 km (62 mi) with a maximum
speed of 15 km/h (9.3 mi/h). Its passive suspen-
sion in the form of metal-elastic wheels simplifies
the design by reducing the number of moving
parts and opportunities for failure. The vehicle is
fully articulated at two joints, allowing for
obstacle avoidance and/or negotiation. It can
carry two crewmembers plus 850 kg of payload
or two additional crewmembers, depending on
the task requirements. The second joint can be
disconnected for trips not requiring the trailer
section.
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. ﬁ\ Introduction

he human race began its exploration of experience reaching many years into the past.
the solar system in earnest with the July 1969 Though the study is completed, the work is not.
lunar landing of Neil Armstrong and Edwin The sp aft pts p d here may
Aldrin. Six additional Apollo missions followed not be the ones that will eventually fly; habitation
this historic endeavor. Twenty years later, a group systems and stay times may be different than
of scientists and engineers at the Lyndon B. described; some of the elements described here
Johnson Space Center (JSC) are considering the may not even be built. The actual scenarios and
return to the Moon, not just to explore, but to elements will be based on long-term strategies of
learn to live and work on another planetary the civilian space program, technological
surface. The Moon becomes another stepping advances, and, finally, public and Congressional
stone in the human path from the oceans to the support. The purpose of this overview is not to
stars, from home to the unknown. present a preferred path or “road map” to the

In the past two years, a number of cohickp! "1 TMobxi, )Bu{ to enlighten the reader on the needs of
for going to the Moon, living on, |ﬁ surface, and - 11 l}una:r,q)‘(plor\qliw’ and development, and to
adapting to its unique environment have been  ~ ~ challenge the reader to formulate new ideas and
developed at JSC by designers who drew omge. concepts.

Apollo signaled the opening of the lunar frontier.
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Pressurized Vehicle System

The pressurized vehicle system, MOSAP
(mobile surface application traverse vehicle), has
a maximum range of 3000 km (1860 mi) with a
nominal speed of 10 km/h (6.2 mi/h). It also has
a passive suspension in the form of conc wheels,
The complete system is a four-piece modular
design to allow flexibility in mission plantfiing.
Each of the four units can be individually
operated or connected in the train configuration
shown below and controlled by the first unit, the
primary control research vehicle (PCRV). The

\Primtary Control Research Vehicle concept.

unifs\fallowingthe PCRV are the habitation
trailer unit, the auXxiliary power cart, and the
experiment and'sample trailer. Most tasks, such
as crew transfer'and medium distance survey or
sample collection, will require only the PCRV.

Extrémely long traverses will be accomplished
by using ja/l@nding craft with crew module flying
round trip from lunar orbit. Basing the landing
craft at the outpost and “hopping” from site to
site would not be as energy efficient.

MOSAP overlooking Schroteri valley.




Construction and Assembly

onstruction and assembly tasks
required for the buildup of the lunar outpost,
similar to those now accomplished with terrestrial
equipment on Earth, can be grouped into five
categories: erection, excavation, hand tool work,
use of mechanical advantage devices, and large
scale (mass > 2000 kg) transportation. Terrestrial
equipment that performs similar functions can be
used as a starting point for the design of lunar
construction equipment that also satisfies the
long-term lunar environmental requirements.

One of the most cumbersome excavation tasks
required carly in the outpost buildup will be the
creation of a shield to protect humans from the
harmful radiation and micrometeorites or
micrometeors that bombards the lunar surface.
Using lunar regolith avoids the cost of
transporting a massive protective shield from
Earth. Two possible habitat shielding systems that
will handle the excavation, bagging, and stacking
of the regolith are shown on the following page.

ARTLAB

Erection and transportation equipment concepts. One task from the erection and transportation
categories is the unloading, movement, and placement of large components.
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Two concepis for shielding
the habitat.

Another task planned is the setup and
operation of a small oxygen plant. Operation of
this plant will require the excavation of lunar soil
on a continuous basis. Two machines, a bucket
excavator and a lunar truck to accomplish the
excavation and transportation of soil to the plant,

were ptually designed for efficiency of size—

they are not so big as to preclude their use in
carlier stages of the lunar base.



> ARTLAB .
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Lunar truck concept.
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Maintenance and Supply

aintaining and supplying a lunar out-
post is a complex and variable undertaking. In the
early phases of occupation, the source of all spare EVA Oxygen 0.6 kg/8 hr EVA
parts and supplies will be either Space Station
Freedom or Earth. The logistics alone could drive
the design of the lunar transportation system. Food Solids 0.7 kg/ person day
Formulation of a buildup scenario has
provided the preliminary definition of mainte-
nance and supply requi for the outpost. Food Preparation Water 0.7 kg/ person day
Trade studies on crew size, stay time, packaging,
and shipping options have provided parameters

quired for logistics supply module desi The
concept below can date approxi ; 'HN Shower Water 3.6 kg/person day
11,000 kg (24,000 Ibs) of payload and 3 oob

(7 000 Ibs) of cryogemcs and liquids] "X 1) :I m
ptions and g1 li used in these
trade studies were based on Apollo and Sp:

7.0 kg/ operation

Space Station Freedom studies. A sp

program based on inputs of stay time

size has been used to calculate supplm and spa
required for a lunar outpost. "

Shuttle experience and information fou [ t omump“a" rates for BT I
i /\RTL/\

E-na—eﬁcﬁ-eoﬁe@gm——— i

[y ATm (3:28)
Publi i

| 37m
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442m
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Logistics module designed for \ ~— J
180-day missions. NV
Rt N L Fluids shipping module Logistics supply module
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% - The Oxygen Plant

he oxygen pilot plant facility, designed to
prove the technologies necessary to produce
oxygen on the surface of the Moon, is intended to
test different concepts and determine which
method produces oxygen most efficiently. It is
expected that the facility will produce only limited
amounts of oxygen: approximately 2000 kg a
month. Shown below is an artist’s rendition of a
large-scale oxygen plant. At the beginning of the
lunar outpost, during the buildup phase, there will
be several small plants nearby, each proving a
different technology.

The complexity of a resource production] " 1 N X

plant will mandate a high level of qu]le}a\tliop. 5
Because the human effort necessary tofind &'

problem in such a system would make the plants
uneconomical, fault detection and diagnosis will
be built into the plants, both pilot and full scale.
The facility will thus provide the problem
diagnosis, then humans will intervene to remove
the faulty component and repair it. Should full
automation be impractical, telerobotic operation
of the plants will be the second choice.

The oxygen production plants receive bulk
lunar regolith from a nearby mining facility,
which might resemble the mining operations
shown below. The soil is scraped up, loaded on
ldrge soilrhovers, and transported to the pro-
dugtion f‘agil'\ly,‘ A more direct approach is also

'-possible; &s shown in'the figure on the next page.

Lunar oxygen production plant.



Three-drum slusher mining operation. | B

ARTLAB
Once the regolith is transported to the plant or +The production plant shown is just one of
plants, it must be concentrated to ensure a several potential processes for the removal of
sufficient quantity of oxygen, found as 3 > oxygen from the lunar soil. The required
component of minerals in the soil, is' prcsen Fo? TSN i% fot yet available for some of the
an efficient process, those minerals confaining the /\ ' progessgsy thus advances in technology projections
oxygen must be concentrated. may disclose a more efficient type of processing.

In the production plant illustrated, ilmenite,
an oxygen-bearing mineral, is mixed with
hot hydrogen, breaking the mineral down into
water, iron oxide, and titanium oxide. The
water is then electrolyzed, producing oxygen and
hydrogen. The oxygen is liquefied and pumped to
underground storage tanks near the plant; the
hydrogen is put back into the system and the
process begins again. In the early stages, the pilot
plant is powered by a solar photovoltaic power
source. When full-size production plants are built,
power requirements will be sufficient to justify a
nuclear reactor.

Surface scraper towed by lunar truck.
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- Exploring the Moon

3
dyvinu.\ly. one of the most exciting

aspects of a lunar outpost is its ability to support
detailed and long-term exploration of the lunar
surface. Here a surface exploration crew begins its
investigation of a lava tunnel to determine if it
could serve as natural shelter for the habitation
units of the lunar outpost. One member of the
expedition is standing in the lip of the rille, near
the point where the original tunnel disgorged its
lava into an open channel. The two crewmembers

in the foreground are standing in the lava channel.

As indicated by the lack of meteorite erosion and
debris burial, a section of the original tunnel’s
roof has collapsed, perhaps struck by the object
that made the 15-m-diameter crater behind the
crewmember at the rille’s edge. The collapse has
exposed the layering in the volcanic rocks and has
displaced the mouth of the tunnel some 50 m
upstream of its original position.

Entrance to a small lava tube.




Another expedition on the lunar surface

could be a 2-week sojourn away from the outpost.

In this scene, the expedition has stopped to drill
for deep core samples in support of petrological
studies in the floor of the young crater known as
Aristarchus, 36 km in diameter and 4200 m deep.
The peak of Aristarchus can be seen a few
kilometers south of the drill rig. This view from
the the crater floor shows the prominent slump
terraces of the crater walls and the solidified

impact melt rivulets which flowed down the steep
inner wall immediately after the crater was
formed. Because Aristarchus is very young, the
rivulets, the volcanic-like features, and the cooling
cracks of the impact melt floor unit are only
slightly muted by meteorite erosion and ejecta
blanketing. The drilling activities are taking place
at 23.7° N. and 47.5° W., 80 kilometers to the
southeast of the traversing crew in Valis Schroteri
depicted in the Surface Transportation section.




Expedition in Crater
Aristarchus.



Y/ Precursors
———V
‘B:forc a lunar outpost can be

constructed, topological and cartographic data on
the Moon must be obtained. Such data can be
collected from lunar orbit using imaging satellites
in the same manner that the U.S. Landsat and
French SPOT collect data on the Earth. In
addition, sample collection missions may be
desirable to assure the proper location and design
of the outpost.

A small return stage of an unmanned sample
collection vehicle is shown accelerating toward
lunar escape velocity at the beginning of its 3-day
journey to Earth. During its few hours stay timeé "
on top of the 25-km-di highland voicani
dome Gruithuisen Delta, the lclcoﬁcralcd rake of
the probe collected up to 3 kilograms of lunarsoil
and walnut-sized rocks. Because these domes are
made of volcanic rocks, they may also/be the sites
of valuable ores which could be used in the
development of a lunar outpost. In this view
looking toward the northwest, the return stageis
60 km above the surface of Gruithuisen Delta, seen
in the lower right. The sister dome, Gruithuis:
Gamma, is in the center of the scene. These Wi
prominent volcanic domes are located at 363 NIC A1t /
and 40° W., on the northwest shore of Mare
Imbrium. The light highlands material in the upper
left is ejecta from the Mare Imbrium basin.

A sample-return craft deparis
Mare Imbrium.
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, The Future

V;L '3

|he technology for the habitation and

transportation systems just described is well
within our grasp. Once a commitment is made to
lunar development, the outpost could grow into a
network of lunar bases and eventually evolve into
a self-sufficient lunar colony.

A lunar colony would employ more
advanced technology, such as the electric pro-
pulsion vehicle shown below. With its low-thrust
engines, this space freighter will take months to
complete its journey from the Earth to the Moon.
But it will deliver over a hundred tons of material
on each trip and carry a similar amount of Tunar
exports back to Earth orbit.

Such lunar exports might be used to construct
enormous solar power satellites in Earth orbity
providing clean energy to the entire plancts
Lunar-derived propellants could power spacecraft
throughout the solar system and beyond.

Nuclear-electric low-thrust vehicle.

Self-supporting inflatable being

erected in a lava tube.

Future inhabitants of the lunar colony might
live and work inside the cavernous lava tubes
below the surface of the Moon. Lunar agriculture
and a closed life support system could eventually
make the colonists self-sufficient.

The Moon is many things: a stepping stone
into the solar system, a laboratory for exotic
research, a source of natural resources, and
possibly the birthplace of a new human civiliza-
tion. The technology needed to start realizing this
great potential is here. All that is required is the
will to exercise it.
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Piloted missions back to the Moon before the
beginning of construction of a lunar outpost will
be useful. Their findings will significantly influence
the outpost. For example, some lunar scientists
feel that water in the form of ice may be located at
the south pole of the Moon. Gamma-ray and
neutron spectrometers on a lunar polar orbiter
could search for ice that might be present in per-
manently shadowed craters in that region. Since
water, a basic human commodity, was absent in
samples from the previously explored lunar sites,

such a find would greatly enhance the ability of the
outpost to reduce its imports from Earth. Below,
two jubilant scientist-astronauts on an ice pros-
pecting mission, are examining an ice-encrusted
drill stem as they stand in the frigid (60 K),
permanently shadowed area of a south pole crater.
If the ice is relatively abundant, a lunar outpost
could be located near such polar deposits.

Exploring the south pole of the Moon




| of the spacecraft, propellant, cargo,
and people begin the journey to the Moon by
launching from Earth to an orbiting transporta-
tion node. To operate a lunar outpost, the mass
that must be launched from Earth will eventually
total several thousand tons per year. About 80
percent of that mass will be rocket propellant.
New launch vehicles with greater capacity will be
needed to meet this demand. One launch vehicle
concept shown is a derivative of the Space Shuttle
which has been modified to carry only cargo.
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Concept for a future cargo
launch vehicle.
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MARS FACTS:
Diameter:

Surface gravity

6,664 kilometers (4,240 miles)

0.39 (Earth = 1)

Mean distance from Sun 227.7 million kilometers (141.5 million miles)

Number of satellites Two -- Deimos and Phobos

One year

669 Mars days or 687 Earth days

(Earth = 365.25 days)

Seasons Northern hemisphere Southern Hemisphere Earth
Spring 194 days 143 days 92.9 days
Summer ﬁ;’ﬁ;&axﬁ\—u qOIX 154 days 93.6 days
Autumn MIAXD4IRTRE@E N1INK 11'J194 days 89.7 days
Winter 89.1 days
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FACT SHEET PROJECT VIKING

Project Viking was the culmination of a series of mis-
sions to explore the planet Mars; they began in 1964 with Mari-
ner 4, and continued with the Mariner 6 and 7 flybys in 1969,
and the Mariner 9 orbital mission in 1971 and 1972.

Viking was designed to orbit Mars and land and operate
on its surface. Two identical spacecraft were launched -- Viking
1 on Aug. 20, 1975, and Viking 2 on Sept. 9, 1975. Each con-
sisted of an orbiter anq]a1ﬁqq@qyu Tﬂyl&anders were sterilized
before launch to pYbHEhtchﬁEHﬂinﬂﬁiﬁﬁ%ql‘labs with terrestrial

organisms. // : ”\\\
Langley Res entet, Hampton,. a., had management
ARTLAB | . 0
responsibility for t pro;ect from its inception in 1968

until April 1, 1978,. when the Je;\g%npulsuéu/baboratory assumed

management tesp°“5‘b432F&'CNTBﬁ Eﬂﬁﬂ%ﬁiltﬁfe developed under
contract by Martin Marjfe&ubdjAe¢kxpspacel;\penver, Colo. Lewis
Research Center had responsibility for the Titan-Centaur launch
vehicles. JPL's initial assignment was development of the or-
biters, tracking and data acquisition, and the Mission Control
and Computing Center.

Both spacecraft were launched from Cape Canaveral and
spent nearly a year cruising to Mars. Viking 1 reached Mars
orbit June 19, 1976; Viking 2 began orbiting Mars Aug. 7, 1976.
After studying orbiter photos, the Site Certification Team con-

sidered the original landing site for Viking 1 unsafe. Nearby

e



sites were examined, and the first landing on Mars occurred

July 20, 1976, on the western slope of Chryse Planitia at .

22.3°N, 48.0°W.

The planned landing site for Viking 2 was also consid-
ered unsuitable when high-resolution pictures became available.
Certification of a new landing site was accomplished in time
for a Mars landing Sept. 3, 1976, at Utopia Planitia, 47.7°N,
225.8°W.

At the time of their launches, the Viking spacecraft
were the most complex dlELE{JSQYQBgQQH¥aEC developed. Each
orbiter and landezwg£gﬁgfggﬂyg; EQ%E% 112%7$§sign lifetime with

few anomalies or failur ikiqg/grbxter;l\exceeded four years

of active flight ope in ﬁa.rAWFEKB f..‘
The end of mis oixgybiter ZEQSs July 25, 1978,

due to exhaustion-6f£§6;5fﬁhthe :érfEﬁ&E. ontrol system. That
system kept the craéiiéasGHiQbeRQUS“;UQHIed at the Sun to power
the orbiter. When thi)ggdg;éﬁgEéxg%Q%ng off the Sun line, the

power to its transmitter was shut off.

The Viking Project's primary mission ended Nov. 15,
1976, 11 days before Mars passed behind the Sun (superior con-
junction). After conjunction, in mid-December 1976, telemetry
and command communications were re-established, and extended
mission operations began. Orbiter 1 began to run short of
attitude-control gas in 1978, but through careful planning to
conserve the remaining supply, it proved possible to continue

acquisition of scientific data at a reduced level for another
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two years. The gas supply was finally exhausted and the space-
craft's electrical power was turned off on Aug. 7, 1980, after
1,489 orbits of Mars. Orbiter 1 has continued working into the
summer of 1980. The last data from Lander 2 were received on
April 11, 1980, but Lander 1 is programmed ‘E‘EPEEEEE_EEEQEEP
1994, sending data ;;;;;;:;;;_;;\;;;;;;;I;;; information and
”SIZ:L:es to Earth weekly.

Both Viking missions were extremely successful. With
a single exception, the science instruments acquired more data
than expected. Only typ-ﬂ$@§gjpyquyn§ment was a disappoint-
ment: The seismoméefér \gn Landen m]¢§ﬂq]h§u?~be brought into
operation after landing d the/ﬁ@bébfdghggfed only one event

that may have been a uake.

AR

The three [Biol expgi{%eALgﬁgﬁgégveted unexpected and
: X S N A
enigmatic chemical activity in thg;ng;g&aﬁ/éotl, but no clear
evidence of living %f?ﬁ&%ﬁ?ﬁan EHSH%&ﬁigﬁfomatograph/mass spec-
trometer found no sigP9ff|erJeni¢ qhiehjistry to its level of sen-

sitivity, but it did provide a precise and definitive analysis
of the composition of the atmosphere and found previously un-
detected trace elements. The elemental composition of the Mar-
tian soil was also measured by the X-ray fluorescence spectro-
meter.

Measurements of some physical and magnetic properties
of the soil were made. The composition and physical properties
of the upper atmosphere were also measured during the entry of

the landers.
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Nearly continuous monitoring of weather at the landing
sites was carried out. The weather in the Martian midsummer was
found to be repetitious, but in other seasons it became variable
and more interesting. Cyclic variations in weather patterns
(probably the passage of alternating cyclones and anticyclones)
were observed. Atmospheric temperatures at the southern land-
ing site were as high as -31°C (-24° F) at midday, with the
predawn summer temperature being -86°C (-187° F). By way of
contrast, the diurnal temperatures at the northern landing
site during the midwiqpeﬂf@Qqugteﬁg]ﬂaried as little as 4°C
(7.2° F) on some'@HYyS¢) JEE]ngyﬁﬁ;ﬂptqdqynh@emperature was -124°C
(-191°F), approximatel Eros}rpo;nt\b(\carbon dioxide. A

thin layer of water coveted the ground around Lander 2
\RTL/SB
the

during most of bot st anJ secon wlnters.

The semxannual varxat\qguqf hatﬁﬁetrxc pressures re-
sulting from c°"deq§2Fa°€N?5?l€3BHERﬂ§Cﬁ? of atmospheric carbon
dioxide on the polar [éapsiwasrifdundnbocbe unexpectedly large;
the maximum and minimum mean daily pressures observed by Lander
1 were 6.8 and 9.0 millibars. Another surprise was the generally
small magnitude of wind velocities; neither lander has recorded
a gust in excess of 120 kilometers (74 miles) an hour, and mean
velocities were much lower. Nevertheless, more than a dozen small
dust storms were observed by orbiter instruments. During the
first southern summer, two global dust storms occurred, about
four Earth months apart. Both obscured the Sun at the landers

for a time and hid most of the planet from the orbiter cameras.
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Photographs from the landers and orbiters surpassed
expectations in quantity and quality. The total number of pic-
tures exceeds 4,500 from the landers and 52,000 from the orbiters.
The landers provided the first close-up look at the surface,
monitored variations of atmospheric opacity over three full
Martian years so far, and have determined the mean size of the
aerosols. The orbiter cameras observed new and often puzzling
terrain and provided clearer detail on known features, including
some color and stereo observations, and mapped about 97 per
cent of the surface. JIMIX XTY TOIX

The infragedXthernal) mappeis( dhd) the atmospheric water

detectors on the orbiter quire §$€af&I st daily through the

~ ARTLAB = |

lifetime of the orbir " bserving the pla'ner. at high and low
. ART n
resolution. This magSive) ntity o? data’will require consid-

D, =7
erable time for analysi&§ and. unde /tgndjﬁg° f the global meteor-

ology of Mars. It "1§Zﬂ§q5rﬂfﬁieifﬁétﬂﬁﬁ?Frmined that the resid-
ual north polar ice capPth&t gurviveshthe summer is composed

of water ice.

Analysis of radio signals from landers and orbiters,
including Doppler, ranging and occultation data, and the signal
strength of the lander-to-orbiter relay link provided a variety
of valuable information. The program still continues with
Lander 1.

Other significant discoveries of the Viking missions
include:

o Nitrogen, not previously detected, is a significant
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component of the Martian atmosphere, and the enrichment of the
heavier isotope of nitrogen and argon relative to the lighter
implies that atmospheric density was much greater in the distant
past.

; o Changes in the Martian surface occur extremely
slowly, at least at the two landing sites. Only two very small
changes were observed in four years.

o The greatest concentration of water vapor in the
atmosphere is near the edge of the north polar cap in midsummer.
From summer to fall, thF1QQKchgq;eT@qp@ion moves to the equator,
with about a 30 pénldéXtl dd¢réhasd) i) ¥1pBallddbundance. 1In the

southern summer, the en planix/_S‘dry'\gfobably also an ef-

fect of the dust stor \
ARTLAB - |
o The den och Mars sate}lxtes is low -- ap-

proximately 2 grams; per cubxc ceRE{meter ;/;erhaps implying an

asteroidal origin. Thesdrfiane (Q6|Rhobesnis marked with at least
two families of para11@1“3H€£GIIOQ§CF§V6bab1y fractures caused

by a large impact that may nearly have broken it apart.

o Measurements of the round-trip time of passage of
radio signals between Earth and the Viking spacecraft made
while Mars was beyond the Sun (near the two solar conjunctions)
have determined the amount of the delay of the signals caused
by the Sun's gravitational field. The result confirms the pre-
diction of Albert Einstein to an estimated accuracy of 0.1 per
cent -- twenty times greater than any previous test.

o Mars is seismically much less active than Earth.

6=



o The atmospheric pressure varies by 30 per cent dur-
ing the Martian year because of the condensation and sublimation
of atmospheric carbon dioxide in the polar caps.

o The permanent north cap is water ice; the south cap
probably retains some carbon dioxide throughout the summer.

o Water vapor is relatively abundant only in the far
north during the summer but subsurface water in the form of per-
mafrost covers much if not all of the planet.

o The northern and southern hemispheres are drasti-

cally different climatﬁ$p+ﬁ¥ ﬁﬁ?iP?ﬁJ?ﬁ the effect of global
dust storms that °ﬂ§y@ﬁqtﬁrﬁﬁj§anﬂ?ﬁQﬁ]iﬂj§9mmef-

o The Martia rface is actype of iron-rich cla
seactipe.o v
that contains a high izing Substance“that releases oxygen
when wetted. V= ARTLAB > |

gptain§i39votq§€}£ molecules detect-
HY R

ble at th ts-per-billion level:. .
able at the parts-parsbillion 1e¥8hection

o No clearFyﬁtﬂﬁgegrfixﬁgﬁigéesence of living micro-

organisms in the soil near the landing sites was discovered; the

o The surfa

question of life on Mars remains open.

$ 08 & 8
Updated: 5/24/82DB
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VIKING FACTS

Event Viking 1 Viking 2

Launch Aug. 20, 1975 Sept. 9, 1975
Arrival June 19, 1976 Aug. 7, 1976
Landing July 20, 1976 Sept. 3, 1976
Site Chryse Planitia Utopia Planitia
Coordinates 22.3°N, 48.0° 47.7°N, 225.8°
Orbiter in orbit 1,509.9 days 718.8 days
Lander on surface 2,100 days (4/20/82) 1,316.1 days
End lander operations IE_E££2i35¥ 95§U‘ April 11, 1980

End Orbiter operations Aug.

Orbiter photos IP

IR JDWDQQJQJJTJN]PJTN July 25, 1978

Lander photos

g:th%mwma :
Photo coverage 97 t\zf planéj;yxch resolution of

2300 meters \(1,000 feet) or better.

Ezgé Qii@fﬂbégegg@@ to:ll::t:::?lucmn of
blig Art Archive

Lander weather reports 2 m More than 1 million
Orbiter infrared observations More than 1 million

Orbiter weight 5,125 pounds

Lander weight 1,260 pounds

Orbiters built by Jet Propulsion Laboratory

Lander built by Martin Marietta Aerospace
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The Mocn has kng been a proving ground for
spacecraft from Rs nearby planet. The latest 1
visit was Clementine, B “smaler, cheaper, fastor”
mission laurched by the Balistic Missile Detens2
Organization. Clmentine compledely magped the
surface of the Mocn, and ths mosalc was made
#rom the data colectod of B Aristarchus plateau
Named for the large, bright Aristarchus crater, the
flateau was probably upiftnd, tited and fractured
by the giant impact that formed e lmbrum basin
Data ke Mese from Qemendting are heiping fill out
sclentists” understanding of the Moon's history.

recent programs supported
by Planetary Society members
have deeply affected the futures of
both the American and Russian space
programs.

As you may remember, late last
year we asked Society members to
fund a study on ways the Russian
space program could assist NASA in
launching a mission to Pluto. You
responded enthusiastically, and two
specific proposals from that study—
to launch with a Proton rocket and to
add a small probe into Pluto—made
their way into an agreement signed by
the vice president of the United States
and the prime minister of Russia.

About the same time, we held a
workshop for innovators in Mars
exploration to brainstorm ways the
spacefaring nations could combine
their efforts to produce a realistic,
continuing spacecraft program. Those
results closely mirror the new “Mars
Together” study also endorsed by the
two political leaders.

Neither of these accomplishments
would have been possible without
your support. Planetary exploration is
moving forward again, and our mem-
bers can take pride in their contribu-
tions. Let's keep up the momentum!
—Charlene M. Anderson
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1995 budget through Congress, but it
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legal questions already raised by human-
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MARS: THE NORTH POLAR SAND SEA AND RELATED WIND PATTERNS
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