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SCIENTIFIC OBJECTIVES OF THE MARS 94 MISSION

Main scientific objectives of this mission are to i the evolution of Mars, that is of its
atmosphere, surface, its interior. To reproduce the planet's evolution history it is necessary
lo make wuh various methods wide-scale comprehensive studies, of those physical and
whlch there now and which took place in the past. Along the
Eanh—Man 11 Y Yy space p will be d and some

phy

Scientific experiments should help solve the following problems:

The Mars Surface:
- Topographic survey of the surface including high-resolution studies of terrain;
- Mineralogical mapping;

- Elemental composition of the soil;
- Studies of the cryolithozone and its deep structure.

The Atmosphere and the Cllmﬁg g#]qu&q% lag%t
g rromzinlls Z!H”"""“WW hhdsphete (H,0.CO, O,, etc.), their

, search for ugiom vﬂh hlghor humidity;

Plotting of the 3D field y
Pressure variations of d

Typical features of al ins;
Characteristics of atmosp erosol. /\&dﬁ @

Neutral and ion positi e uppcr nlmoopm >
The Inne! ture t: »
- Crust thickness;
" Magnetit. E2ra Orion Collection
- Heatfow,  Puyblic Art Archive
- Search for active volcanos;
- Seismic activity.
Plasma:
- P of the marti ic field; its and ori {

Tho 3D distribution function; the ion and energy composition of plasma (near
Mars and along the EmhMan trajectory);

- Plasma wave ch (¢ ric and magnetic fields);
- The of the mag P and its dari
Astrophysical Studies:
P | i i bursts;
- Oscillations M stars and the sun.

Reproduced from MARS 94: ABMW mwnspmmnm
Russian Academy of and Analytic Chemistry,
Russian Academy of Sciences: mmc«m




MAPS OF THE SAMPLE FIELDS AND SUMMAKY OF SUKFACE SAMPLEK ACTIVITIES OF VIKING LANUERS | AND 2

oy
NWeary J. Moore and Ellzabach M. Dowey, U.S. Geological Sucvey, 345 Middlefield Koad, Menlo Park, CA 94025
As part of the activites of the Surface Samplers of the Viking Landers, an fapressive nuaber of tasks wece sccomplished for the sclentific
s

fons on Mars. In general, Chewe taske resulted n the excavation of trenches 4-m. the scy
Che cal a

activities of the Surface Susplers have beca prepared uslog
of the Surface Samplers (relevant to the Physical Properties x-n-u.-u-.) owe Bota chapiled, | The néga ‘sad fablea aceattashad with ihe hope that
they might be wseful to some scientific divad S aca cu [ 114 R ot umu.nu the achievesents of the Surfuce Samplers during che Primary
and Extended Misslons. The maps and Cables atzicy vith che of the

s A

Survey. They wi nuuully be part o
There are three Besaralised mege (or aach landec shouing. the semple flalds: (1) v

e R R mmmmmmm-m&m TR

oduced by engloe c-n-u lu ratuatia during landing (see map explanations). In the meps showing the sample flelds at the ends

of the Primary and Extended Misslons, trenches are indicated and Ldeatifled by lethors-and nuabers Chat Indicate the experiseat for which
the trench vas excavated and the sequential number of the tre
re are four tables for each lander. The first ©
Missions of Lander 1. The second (we summarize Surface
A few accivities are mot lncluded such a5 Lemperatu the lhml m
e

tem musber, an sctivity fdentification or

€y fn the/xi
positions, and resarks that desceibe the outcome of

b achinved Sur

o1 goal

the n(ll'l('.
Activity designations in the cables a cholce of designations is derived from the

nstrusent for which the activity vas puan-d and the sssoclated 06 thé sequentlal nusber of the activity for that
perimant . Trenches excavated duclng sample acquishtions for the Blology experimeite are 1léted-as Blology fn the Cables and BIO on Cthe maps. Thus,
Blalogy=1 (101 on the maps) Ls the fieat wample trench excavated by cach lander for biological analysis. GOMS-2, s designation that refers to the
Gas Chromstograph-Mass Spectromecer, 18 the second sampl ecular Analy perisent. GOMS s used both in
the tables and on the maps. XKF$-12, m'wllu IMEZMtW”IEdemn. & the twelfth sample trench excavated by each
Landy AKFS 1 used both 1n the tabl Physical Propertics-6 (PP-6 oa the map) te
24

fe nd on ”.
™, 1 Properties e lllu. a8 the construction of confcal plles of
excavations of deep holes, and o e.."ﬁm{mmmﬁh& the maps and 1fsted fn & straightforvard manmer in

rwation oa Surface Sampler activities and sequences can be obtained from Viking FLIght Team documents: (1) Clark, L.
S., and Grossart, K. 0., 1977, Viking ‘75 Feoject Sumaary of Prisary Misslon Surface Sempler Operatfons: VIT 019, coe volume, and (2) Piki
Con‘ah- P. M., Crouch, D. S., and Yarbrough, J. P., 1978, Viking 75 Project Summacy of Extended Misslon Surface Sampler Operatioas: VFT
volumes.




TABLE CIA. Surface Sampler Activities Related to the Physical Properties lovestigation
Durlog the Primary Hission of Vikiag Lander 2

0 )
ltem Activicty Local Lander Time Sucfece Sampler Positions REMARKS
Sol  Mour Min  Sec Azimath Extenston Elevation
(degrees) (taches) (dogroes)
1. Shroud o 0 2 0 255.4 10.2 3.9 1. Shrowd ejected at 3.2 w/sec, stcuck rock near footpad 3
Ejection ot 3.7 a/wec, rlcocheted from rock impacting wurface 0.6

beyond rock, and came to rest 1.l m beyond rock. Rock near
footpad 3 moved a small smounc as & result of the lmpact.

2. ::o.l- y;:: ) os 113 0 20 1247 Epl_” N N_IZ‘U ['] O‘?('I!u‘h‘ hz ::n-:-lq in cu::y u’tl-l:yinl:::l’a;nt
te ace contac then retracting. rencl v al =
mXAaNINININ ?:'u';m oyttt i i S
rged KRFS fusnel but no sasple vas received. Small
nd sround treach are probably clods. Collector

s .\ﬁ"‘ abost 3 ca belov surface.
3. Backhos Touch- 0w s 216.3 khoe panetrated crusty o cloddy matertal 1. £ 0.2
dova-1 ca. Collector head tip dons ot Couch surface.

4. GONS-1, Sawple 2 0w 216.3 ‘ n,c /\RT LJAB-: by retracting after surface contact,
(Bonneville) 8. extending L6 crusty to cloddy material, and then re=
tracting. Trench Ls about 2-3 ca deep, 6.0 cm wide at
-‘n;’u cm loag. Collector head tunneled beneath

dome of crust near t Placy fragment
€ 5 ca scroes and | ca thick was moved by back-

¢ than 2.0 ma; fragaent 2.7
wer gratns or clods 2 mm and

o e U TR TR S EzrsaoOrlonx(}oIle@llon--.::.-....r
. PUb[lC Art Arch‘i‘ﬁé SRS

Blology-2, n 008 126.0 6. Trenched by extending in crusty to cloddy material
Sasple (Beca) after surface contact and then retracting. Tresch fa
about 2.5 to 3.0 ca deep, cm vide, and 45 cu long
from tip to rla crest of tallings. Seaple delivered to
Slology.
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the israel museum, jerusalem

H s ! A
U’al"-(\-d l.}_",—-‘-‘-“ s
wWorking Paper No. 2
1. Backgrourd
1.1 Fellowing the positive decision of the Israel Museum to endorse the proposal
of the sculptor Ezra Orion to establish an Israeli American team to plan and
execute a Kobotic Sculpture on the face of Mars, a robotic activity that is aimed
to combine with the landing and the scientific activity of the NRSA Mars Rover
vnich is planned for the mid-90's - Yigal zalmona (Curator of Israeli Art at

the Israel Muceum), Amnon Bari(l;j(hfl(re@;%fw %.\igi Pecci Contemporary Art Museum,
1 1
Prato, Italy) and Ezra 3‘]‘,%“?1(“2: %:nu:' gr%n@l](]ur\igiel'] 1&1151 Peres on 30.12.85

and presented him with this pri . £

1.2 Synchronically severa ities in art scene| were approached and
CARTIAS o)

asked to join a public s rti for, the project.> /So far we have received

o \% o
positive replies from: Mr. Mark Scheps, Dﬁnéwqcrye/l Aviv Museum, Dr. Micha

Levin, Chief Curator, The E?révmmgnmﬁgd Netzer, Chairman of the
Astrophysics and Astronomy mtA'Hl AWgrsity.,Dr. W.W.L. Beeren,

Director of the Stedelijk Museum, Amsterdam, John Perreault, Director of the Snug

Harbor Cultural Center, Staten Island, New York; Philip Leider, Art Critic, Bezalel
Academy of Art, Jerusalem; Professor Newton Harrison, Visual Arts Department,
University of California at San Diego; Pierre Restany, Art Critic, Paris; Mr. Yona
Fischer, Art Adviser, the Israel Museum, Jerusalem; Professor Akiva Flexer,
Departament of Geophysics and Planetar Sciences, Tel Aviv University; Susan Goodman,
Chief Curator, Tne Jewish Museum, New York;

1.3 Working Paper No. 1 was sent ft(?(.. the Prime Minister's Bureau to Dr. James

C. Fletcher at NASA on 12.5.86.

1.4 NASA's answer to our message was sent back on 1.8.86.

91012 jerusalem, israel, pob 1299, cables: isramuseum. telephone (02) 698211 1YV 1299 17N 91012 O
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2. Our Consideration of NASA's Reply

1.2 NASA's teams are presently beginning the process of defining the goals of the
next mission to planet Mars, and their scientific and technological implications.
2.2 Up to this stage, the main objective of the Mission was defined: to analyze, in
situ, samples in selected sites; to collect selected samples into a spacecraft
returning to earth.

3.2 NASA does not presently see a possibility of including in this framework the
suggested execution of stone sculpture on the face of Mars, which we proposed in

our working paper No. 1.

JMIX XOTV 01X

b e il <oy palya st @ g R e
return the samples to Earth; a ile one for ana!xq::g, situ, collecting the
samples, loadingthem into the cecraft, and re:'\

/\HTL/\B
11e Wt (Mars Rover) will be

L&y
oonpletmn of the loading of the samples into
Ezra Qrion CoIIectlon

ngt.o!:arth.

1.3 We understand that the /t.i.mtabla

overcroaded from the landing

the spacecraft waiting to return that after the take-off the
Pub Art Arcﬁlve
Mars Rover will commence a aphical survey of the planet. We assume

that this stage will be more relaxed, and suggest considering the feasibility of
executing the sculptural project within it.

2.3 We suggest that the sculptural work be a straight line on 100m. length, which
will be made by positioning 20 local selected eto:les each 5m. apart We suggest
that the site for the work be on the edge of the Vales Marineris cliff (see page 109
of the enclosed book "Sculpture in the Solar System"). However, we believe that

it will be of pioneering human value even on a regular plateau.

3.3 We assess that the execution ofthe work, according to this plan, will not
require any extra technological equipment for the Mars Rover, and could by fully
accomplished by it.
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.

4.3 We assess the time needed for the work to be done at 10-12 hours.

4.3 Ve assess that the photography of this process and of the finished sculpture
could be received here on Earth.” This will be the documentation for the art
community and for the internatioral public.

6.3 We suggest holding a meeting in the near future for the establishment of an
American-Israeli team for clarifying the different aspects of the project, and the
different possibilities oﬁ ]WWWW 8ﬁ(steps of conception, planning and

e N DD NUNK MK

Ezra Orion Collectlon
Public Art Archive
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Arockisa . a an | particles
g‘c:renon The particles are 20 billion years old, universe

Astronomy today identifies a cosmos which stretches
across 20 billion light years (2X109) carries a suspence of
uncountable galaxies of a billions “solar systems™ and
spiralic tempests of luminous gas. About 1/10% of the total
mass of the cosmos is rocky deserts. In one arm of “our”
galaxy. some hundred billion suns. We cruise, encircling its
galactic center once in 250 million years so that we passed
here last ime in the Permian, and before then in the
Cambnian -- and next -- in a quarter billion years time,

Light of receding galaxies, emitted billions of years ago.is |17 111X X

reaching us now. o that we observe them as they were, a

tele-flashback into an mfinite astro-past -- The mki};g?vbg o2m

self infers the of its gl
aimlessly cruising the intergalactic vastness, except for
those who will be generated by its spintual force. It shapes
micromasses by its minute ability, thus joining, for a split
second, the cosmic sculpturing processes --

Tectonic sculpture of the rocky crust of the earth, of Ma
The erosion of the rocky. crumled, broken crusts — 1S
Erosional sculpture. Expanses of dunes are the shifti
nations of quartz. On the face of the open stretches of the
north pole of Mars, a sea of dunes 1s adnift. This is an.Eolic:
sculpture. Rocky deserts are constantly bombarded by the
salvos of meteors. The shaping of a crater-stoning isa

Meteonitic sculpture. Etna, Vezuwus. saint Helen, E‘Z ra

Copernicus, Hellas. Olympus Mons, Tharsis; The basal
Marias, the sea of rains, the sea of storms, Mare Serenita
Mare Nubium are Volcanic sculpture --

We encircl the sun at a rate of 30 kms. per second -- and
the galactic axis at 220 kms. per second -- traversing the
intergalactic infinity, with the Milky Way. at a speed of 300
kms. per second -~

On November 28, 1964, the USA launched the "Mariner 4”
toward the planet Mars. If flybyed that desert some 8000
miles from it and photographed for the first time from this
range, its barren rockiness. "Viking 1" was launched from

Cape Canaveral on August 20, 1975, arnving near Mars 10

month later. and its “Lander” touched down on July 20,
1976. The “Lander's” arm scratched the Martian dust for

ir.;amples and removed some stones in a search for signs of
ife.

In summer 1982, | contacted the “Jet Propulsion
Laboratories” in Pasadena, USA and met some scientists
there. As a result of these talks, | proposed to perform, with
the Lander’s arm, a sculptural act: erecting a stone on
another stone, vertically; and running a sequence of
chénAulauons of this act in a similar desert area in the west of

Avear later | proposed to the JPL to perform on Mars a
sequence of robotic sculptural acts by means of the vehicle
“Mars-Rover” now being developed for the nineties, and to
run a series of simulations accordingly.
Valles Marineries is a canyon labyrinth splitting along 4000
ki \Ba: the equatonial of Mars, as a result of
powerful éxtensional tectonic efforts in its geological past.
its northern edge, stretches
' 10 9 kms. above its bottom.

a 5
As osional pre
| 10

o/
on the Martian surface are as
works will

|
disappearionly after of years - This is an
advamem u? ulptural launching pads by hundreds

r?{ cl&o[f étc lesoohnward into the astro-abysses --
Bublic Art Archive

[ ———



Mars Terrain Design<Environment

Ben Clark

MARTIN MARIETTA
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VISIONS OF MARS: A CULTURAL AND SCIENTIFIC
EXPERIMENT ON MARS 96

L.D. Friedman, W.E. Giberson, J. Lomberg
The Planetary Society
Pasadena, California

T. Cole

Jet Propulsion Laboratory

Pasadena,

bstract

The Mars 96 mission scheduled to be
launched by Russia in November 1996, will
deploy two small stations as fixed landers on
the martian surface. The Planctary Society
conceived the idea of placing an artifact on

artifact is a CD-ROM, prjj Y
works of science [iction I‘ITI d lXé
Mars, which were instrumental in in:
the current generation of space scient;

ing

spaceeraft at a location that éould n

alifornia

cxperiments  and  analyze them in a
laboratory). ‘The scientific experiments were
conceived and  developed  at  the Jet
Propulsion  Laboratory Micro  Devices
Laboratory. ‘The Planetary Society selected

these landers, which would serve as ;’: ‘5]1 10 e text, audio and pictorial contents of the
the future human explorers of Mafs. X1 qﬁ' | poduced it as an interactive CD

k102 R ISR e mesatocaredvy

Digipress. Corporation  in - France. The
Digipeess C1 6 made of silica, in order to
/easure its lifetimeof at least 100 years. The

Fander in o way thabwill be obvious to future

engineers to explore this planet o
the nature of the small station n, dhe / MAPEX will be mounted on a label which is
CD had to be physically placed insi 10 B [fidcbd ohd an, exterior surface of the

visible from the outside where it was hope
the human expl might Jay visit, |
Thus, an additional réquircment was

'v\kﬁl/nrcrs of Mar:

N4
Pyt

developed: to place a label on El?r%;m[o n Coll ect i Oh‘tckgmung

the spacecraft with information
and playing the CD. The require
the development of a scientific experiment
known as MAPEX: the microelectronicsand
photonics exposure experiment. It provided
anopp ity for i ive develoy f
iniaturized technology to be employed on
ap ¥ Sy ft,on an
time scale and at very low cost. Six
instruments plus a "nanolith microdot”
comprised the MAPEX experiment.  ‘The
scientific experiments  basically  measure
incoming radiation falling on the lander in
such a way that it is recorded in the
experiments for eventual recovery and
lysis (there is no tel yor data storage
and the ecventual human or conceivably
robotic explorers would have to pick up these

or

ledioy A\ 1T Bforetpig gechnology caught up with our

dreams, the way to Mars was pointed out by
the great writers of science fiction. Those
who built and operated the robot explorers,
Mariner and Viking, and those who are now
designing new missions for robots -- and for
humans -~ often recall how they were
motivated by reading about space travel in
works of fiction. Truly, the first adventures
in space exploration were cooperati [
fiction and reality, interacting in the minds of
the explorers.

Visions of Mars is a collection of science

tion text, audio and images on a compact
Beacnac sty

disc that chronicles | y's
with Mars and its imagined martians. A copy




of the disc will be placed inside each of the
two small stations that Mars 96 (formerly
Mars 94) will land on the surface of the Red
Planet in October 1997 (References | and 2;
~eonel

Figure 1). This collection is a gift from our
era to the future generations of humans who
will one day explore, and perhaps settle,
Mars.

‘The Visions of Mars project consists of three
major clements: the CD- ROM, which will
be placed inside the Mars 96 spacecraft; a
label on the outside of the spacecraft,
designed to direet any future finder to the
CD-ROM: and a scientific

and Robert Goddard, the two humans most
responsible for initiating the efforts that
allowed us to send spacecraft to Mars. The
title, Visions of Mars, appears on screen in
Lnglish and in Russian, and various names
lur the pl.lm.l appear in the scripts of 10

iform), Chinese/
annncsc. Greek, ‘Thai, Hebrew, Arabic,
Inuktitut (Eskimo), S.-msmﬁ%rcnn. and

Armenian.

“The text falls into three groupings: (1) works
of science fiction, (2) writings by scientists
about M.m. .md (1) introductory and

lmowu a8 MAPEX (microelectronics and
i ), which will
rcmld the ndmlmn lhnl falls on the outside
of the spacecraft. ‘This paper guvcs a
summary description  of each
components.

Pr included to  help

i lhc ings to an audi of

humans living on Mars in the future. The
works of science [fiction include 73 short
stories, full novels, and novel excerpts by
writers from 13 countries: the United States,

ﬁl' Bl \( X1 \—muq|ol'h‘|nd1. Iingland, Northern Ireland,

the corbM AT 2NN TR TN i Al works

The contents of the Visions of M
ROM were selected to show
beings in different cultures aj
times have imagined that plan
rcprcscm 26 nations and [

were dnllhunldy ududcd u the infent was
to show h 's g appreciation of

are_pecorded-an the disc in the language in

il mLy Mh{xnmd

rhc carliest works include a fragment of a
ﬁmL(ﬁ‘Qn\ury poet, Abul Ala’ al
urray, inspired by the red color of the
s [rom Jonathan Swilt

1752) describing the two
martian mooniéts well over a century before

Marsas a nc.igllhoringworkl mEanlﬁuwﬂo n C&umw wery. .Modcm Mars llduPn

god or mystical force.

lic Art

During the selection process, the LQilms
consulted recognized experts from several
countries in the fields of science fiction
I Y
and  science fiction art, and radio
broadcasting. The contents fall into four
major  categories: text, images, radio
broadcasts, and greetings from Earth to
Mars. The first three categories were limited
lo existing work (plus  explanatory and
J y material supplicd by the
editors). The messages in the last category
were specially created for the disc.

short g

‘The disc opens with phulu;mpht ul nml
by K I'si

Greg's Across the Zodiac
Am} he roster of authors includes
many ol the great names of the genre. The
fiction sclection effort was  coordinated
lhnmgh the Merril Collection of Science
ion, Iunl.lw. and Speculationin Toronto,
from the distinguished editor
:\nd anthologist Judith Merril, librarian Lorna
Toolis, writers John Robert Colombo and
Mark Washburn and many other people and
institutions around the world.

Filty-four images of Mars from  many
countries were selected from the genres of
science fiction illustration, astronomical art,
and popular culture (films, comic books,
cartoons). Works include realistic paintings
of Mars and spaceeraft, science fiction book




and magazine covers, movie posters from
Aclita and Flash Gordon, a poster of the
Russian Phobos spacecraft from the Space
Research Institute of the Russian Academy
of Sciences, and a famous Warner Brothers'
cartoon character named Marvin Martian.
For those of you who may have forgotten,
Bugs Bunny prevented Marvin from blowing
up the Earth "beeause it blocked his view of
Venus." Besides these images, 12 drawings
of Mars and martians by contemporary
children  from  different  countries  are
included.

The audio portion of the disc includes
selections from three radio programs about
Mars, including a rare tape that supplicd
to the editors by Arthur C. Clarke. A
documentary prepared in 1976 by the
Canadian Broadeasting (‘u'pur.l
the Viking 1 ding on l\

extensive  analysis  and  review of
environmental test data.  Our requirement
was that the disc last at least 100 years on
the hostile martian surface (with very cold
temperatures and  direct  ultraviolet and
tion). No conclusive data
showed that pnl)uuh\\n'\lc discs would m:ll
las that env but i

tes show outgassing and thereby raised
some coneerns about the viability of the discs
over the long term. Archival discs made of
silica are expected to last indefinitely.

‘Ihe location of the CD-ROM on one of the
petals of the small station was chosen by the
Russian scientists responsible for the vehicle.
The CD-ROM will be mounted on an
clectronics box built by the Jet Propulsion

Laboratory for the Mars Oxidant l.xpcnmcnl

W..NWW Hto\fkalw be included in the mission.

ey, by, et Y ;1;’,;("" TN NUAK 'R R i tatet

Robert Heinlein, Ray Bra iene
Roddenberry, is included. The C_was
made the night the first lander, d
gently down. The "Radio Mars”™ ns
are linked by narration
distinguishedactor Patrick St
the role of Capl
Paramount Tele

Next Generation.

Qhuvl\'ldwlnp;dgruung‘[rtﬁm@mn CGH@C“W" §

Earth 1o the future inhabitants of Mars were

117120 m‘mbﬂmm label was designed to
on the inside of the small station petal

e e

finders to locate the CD-
shown in Figure 2.

nsa hncl‘ message in the five
pnm'rml tanguages involved in the Mars 96
nch, Finnish, German,
and Lnghsh. The text is as follows:

recorded by people of four natidnssin b\ 1T Archive

played  key mlcs in  science  fiction,

and p y y. The
speakers are Carl Sagan (U.S.), Arthur C.
Clarke (Sri Lanka), Judith Merril (Canada),
and Vyacheslav Linkin (Russia). Each sends
a message of hope and good wishes to those
humans on Mars who may someday recover
the disc and hear their words.

The CD-ROM was produced by Time
Warner Interactive. The manufacturer of the
CD wzs lhc Digipress Corporation of France,

of its expertise in the
manufacture of archival discs made of silica.
The silica discs were chosen  over
conventional polycarbonate CDs after an

This spacecraft was launched from
Earth in 1996. Inside is an 8 cm disc
(CD-ROM) with recorded text, sounds
and images. This disc is a gift for the
Juture explovers of Mars.

The diagram on this plaque shows
where the disc is. An aluminum-
gallium-arsenide  laser reads the
surface and a computer decodes and
shows the contents. The silicon chip
on this plaque contains instructions
Jor  plaving the disc and an
explanation of the devices on this
chip. These appear in letters 1 micron
high in the center of the chip.



‘The label is gold anodized aluminum and has
a place (as shown) for attachment of the
microchip described in the next section, The
picture shows the location of the CD-ROM
on the spacecralt (cf. Figure 2).

MAPEX is a p'lsuvc material science

hnol loped by the Jet
Pmpulsion l;nhumlorys Micro-Devices
Laboratory (MDL). The purpose is to
provide a lightweight, passive way to measure
the effect of long-term  martian
environmental exposure (50-100 years) on
key microek ics and I J
components of the late 20lh century.
Material studies and active operational tests
would be conducted before and alter the
mission 1o determine whether there s
damage and/or dcgmd.nion in puﬂ“ﬂit\i
This concept is envisione

v.xpu-mu\l -- a chance to put in place a

martian | station for
the benefit of future explorers. The Space
Research Institute of the Russian Academy
of Sciences agreed to carry the MAPEX as
part of the Visions of Mars project.
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from the barriers the plateaus form is-
lands with teardrop shapes (Fig. 2).
Many plateau remnants are regularly ter-
raced, possibly as a result of differential
erosion of strata in the plateau material,
or they could represent terraces from
progressively lower fluvial levels. To-
ward the northwest the outliers of
plateau material are less affected by the
channeling process and appear 1o have
undergone erosion by mass wasting
along the margin. producing hummocky
terrain.

In the southwest part of the Al area.
the lightly cratered plains have been
etched, or stripped away in angular
palches to reveal a light loned topo-

lower, and pi bly strati-
graph:cally older unit (an 3). Two pos-
sible agents of removal are wind and wa-
ter. The exact stripping process is not
known but the removal of material has
been influenced by local structure. The
general trend of the etched zone is paral-
lel to Tiu Vallis and suggests a genetic re-
lation to the formation of the channel.

rades i ot chaoic terain, W~ ARG 07 O AR

dicating that the etching may have been
initiated or enhanced by ground-sapping
processes.

At about 37.5°W and 22,5°N, 250 km
northwest of the original Al site. a chan-
nel segment possibly related to Tiu Vallis
cuts through plateau material. The floor

of the channel in this area is characters’

ized by a network of fractures that are
several hundred meters wide and several
kilometers long. The general trend of the
fracture system is parallel with the chan-
nel: a less pronounced set of fractures is
transverse 1o the channel axis.

Knobs occur throughout the plains
unit and range in size from several hun-
dred meters to several kilometers across.
They appear to be of diverse ongin—
some have distinct summit craters and
are interpreted as volcanic in origin (per-
haps cinder cones), others appear to be
erosional remnants of plateau material,
and still others are undoubtedly rem-
nants of degraded and nearly buried cra-
ter rims. Small pancake-shaped features
superimposed on both plains and etched
terrain are interpreted to be construc-
tional features possibly of volcanic origin
(Fig. 3). Central craters and knobs, and
possible dikes, support this inter-
pretation.

On rev 10. 80 frames were taken of an
area centered at 23°N, 43°W, close to the
center of the Chryse basin (Fig. 1). It
was anticipated that the region would be
free of the fluvial features, etched ter-
rain, and upland remnants that character-
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ized the onginal Al area. This predic-
tion was largely fulfilled. Most of the
area consists of lightly cratered plains,
which in the western part are typified by
north-south trending marelike ridges.
Two islandlike, streamlined remnants of
plateau matenial occur within the plains.
Each remnant is topped with a S-km-di-
ameter, partly filled crater. Knobs as
much as 1 km across occur throughout
the area, but the density is greatest in the
southeast. Overlying the smooth plains
are craters up to 18 km in diameter.

In the search for a landing site on the
west side of the Chryse basin, two areas
were ph hed. The first, d
on 49°S, 22°N, was photographed on rev
20: the second region, centered at 55°W,
22°N, was photographed on rev 22 (Fig.
1). Both regions, being to the west of the
center of the Chryse basin, are at a high-
erel ion than the area photograpl
onrev 10.

As anticipated, both these areas show

Vb S TaaT s sou.

halv cording to the degree qf

neling. In the western half, channel-
sculptured terrain is common (Fig. 4); in
the east are mainly plains that resemble
the lunar maria, and which are a contin-
uation of those described above. They
are crossed by ridges which, like those
on the lunar mare, usually consist of two
parts—a low broad linear rise on top of
which is a narrower, more steeply slop-
ing ridge. The ridges are mostly north-
south trending and are spaced approxi-
mately 40 km apart. The plains surface is
less cratered than the Junar maria and
several ghost craters suggestive of filling
are present. In common with other areas
observed, the ejecta around large craters
are sharply delineated and appear to con-
sist of several flow lobes. The gradual
transition from chaotic ejecta outward
into secondary crater fields. character-
istic of lunar craters, is rarely seen.

The western half of the area photo-
graphed on rev 20 has been extensively
modified, apparently by fluvial action.
Channels appear to have originated to
the west and flowed eastward through

ﬂﬁ\< the area toward the center of the Chryse
wo ' basin. The whole region is sculptured by

linear channels that wind through the

bllU
jlve

1

Fig. 1. Index map to show Viking orbital pho(omphlc coverage prior to the Viking | landing.

Orbit numbers for the coverage are indicated. The

Viking landing site is in rev 20 coverage.
77



of the atmosphere increases more rapidly
with depth less than 15 km than does the
atmospheric density. Infrared thermal
mapper  lemperature  measurements.
which have a very broad weighting func-
tion but which center near 20 km, show
that the highest tropical haze layers can-
not be CO. ice

Discrete clouds, as distinct from dif-
fuse regional haze, seem to have several
morphological forms. The classical white
clouds of Tharsis. known for decades to
observers on Earth, are seen in Fig. 11b.
which was obtained through a violet fil-
ter at a range of 300.000 km as Viking |
initially approached Mars. Images taken
when this region was clear to the morn-
ing terminator do not show these clouds,
und we hope that orbital images will pro-
vide additional information about their
growth phase. They were observed by
Mariner 9 only when fully formed (/2).

Several diffuse bright clouds of similar
size have been seen within the morning
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haze in the north. Figure 11c shows one
covering about 40 square degrees that ap-
peared near the final Al landing site on
rev 28. It contrasted more with its sur-
roundings in this violet image than in a
corresponding red one. Images 6 minutes
apart revealed no motion with respect to
surface features: an upper limit on its mo-
tion is estimated to be 10 m/sec.
Equatorial clouds seen thus far are
much less diffuse and are made up of
many patches with dimensions of a few
kilometers. Figure 12a shows one seen
on rev 4 at 23°W, 1°S. It is typical of con-
densate clouds and showed much higher
contrast in violet light than in red. Its
motion 46 = 3 m/sec westward.

was

Since no shadows were identified, the
height of the cloud above the surface is
unknown. However, such clouds appear
10 have a convective structure and are in-
ferred 10 be within a few kilometers of
the surface. Westward cloud motions at
speeds ranging from 15 to 45 m/sec

9A42 and 9A43).

(frame numbers 22A52 10 22A54).

are expected theoretically in this re-
gion and at this season (/3). This east-
west flow is part of an expected anticy-
clonic circulation around the Chryse ba-
sin.

Similar clouds were also detected in
low-altitude vertical imaging of can-
didate landing sites, as illustrated in Fig.
12b. which shows a portion of two CI
site mosaics centered at about 40°W.
4°S. Frames in the second mosaic were
taken two martian days after those in the
first mosaic under similar viewing condi-
tions. Both sets of frames were acquired
through a clear filter and have been proc-
essed in such a way as to enhance high
spatial frequencies. Sequences designed
to provide stereoscopic coverage of the
landing sites yield repeated coverage of
those regions over time intervals of
about 2 minutes. Changes in position and
appearance of these cloudlike features
over such short time intervals confirms
them to be atmospheric phenomena.

Fig. 8 (left). Part of a relatively fresh 30-km-diameter crater overlying fractured
plains in Cydonia. The lobate ejecta flows are well developed (frame numbers
Fig. 9 (nght)
radially lineated ejecta surface. The ejecta overlies the scarp on the valley side

A 20-km-diameter crater near Kasei with



area and cut across one another. Lenticu-
lar bars are common, as are convergent
and divergent flow lines. Immediately up-
stream from the mare ridges sculpturing
1s often absent as though the fluid pooled
there and had little erosive capability
Where gaps occur in the mare ridges the
flow lines converge, indicating funneling
of the flow through the gap (Fig. 4)
Deeply incised channels occur down-
stream of the gaps. At the southern end
of the channeled area the flow appears to
have been contained and diverted by a
large ridge. The sculptured area over
which flow has presumably occurred is
approximately 150 km wide. The length
of the channels will not be known until
more photographs are taken to the south-
west. The general impression is of a
flood, fairly evenly spread over a large
area with very shallow slopes. The north-
emn end of the rev 20 coverage includes
part of Kasei Vallis. Again. as in the

south Chryse region. long. lenticular.
plateau remnants occur and linear striae
attest to east-west flow. A low escarp-
ment with a rectilinear outline, which
seems to be unsculptured by flow, marks
the edge of Kasei Vallis. The scarp con-
sists mostly of intersecting alcoves that
give it a serrated outline, although there
are some linear sections. In general, it
lacks streamline forms. Isolated areas of
plains, surrounded by an escarpment, oc-
cur within the Kasei Vallis. Large cra-
ters superposed on these escarpments
suggest a very old age (Fig. 5)

South of Kasei the region photo-
graphed on rev 22 can be divided east-
west into two broad areas. In the eastisa
continuation of the lightly cratered
plains. They resemble lunar maria and in
the south are extensively sculptured by
channel processes. The western half of
the region is distinctively different from
any region yet photographed. From the

Fig. 2. Photomosaic to show teardrop “'islands’* on the southern side of the Chryse basin. The
islands consist of remnants of the plateau matenial that forms a more continuous outcrop farther
south. Here the plateau material has been largely eroded. apparently by fluvial action; craters
on the upstream ends of the islands have protected the plateau material downstream of them
from erosion. Each island is about 40 km long (frame numbers 4A50 to 4A54)

A

\cludes
‘o tween mantled and unmantled terr.

Mariner 9 data, it appears that a narrow
strip of ancient cratered terrain separate.
Lunae Planum from Chryse Planitia. Ny
merous large craters within the strip typ
cally have subdued rims and indistinc
ejecta patterns, somewhat similar |
those of the craters in the C site area de
scribed below. The plains between cr
ters are, however, extremely hummock
and are crossed by several channels th
are distinctly different from those at 1t
C site. A section of one channel. whic
runs approximately east-west at 21°N.
sembles some of the larger lunar nille
such as Schroters Valley. Other chs
nels farther south have rounded crc
sections and numerous tributaries
appear to empty onto the plains to t
east. These channels are quite old wit
numerous superposed impact crater
The hummocky deposits in the west ¢
the lunarlike mare plains also appear |
be relatively old. since ejecta from seve
al large craters covers both upland ar
plains.
Cydonia region (Bl site). The Cydon
site (revs 9 and 26: 44°N. I2'W). .
1 mapped from Mariner 9 (), lies near tt
indary between the mottled craterc
plains and the smooth plains and i
the transitional boundary b

(5). The area shows a complex history
erpsion and deposition. To the west ur
north, the surface is cut by a complex «
“chrvilinear fractures typically 1 km wid
/and 10 km long that in plan view forms .
a set of roughly polygonal-to-circuls
forms, most of which are 5 to 20 kr
across (Fig. 5). Southeast, the fracture
seem to be buried by @ younger unit th
has undergone subsequent erosion.
stripping. This younger plains unit has
relatively featureless surface apart fror
superposed degraded craters.

Isolated angular-to-rounded mesas |
the south are either (i) the remains of
once-continuous unit which overlay the
fractured plains or (ii) the remnants of .
ancient eroded surface projectin
through the fractured plains from below
The mesas and fractured plains clear
underlie a younger plains unit to the
southeast, which indicates that at lea
one phase of erosion occurred 10 pre
duce the mesa landforms before depos
tion and erosion of the plains, Craters .
surfaces below the plains are flat floore
and have smooth rims surrounded
low, outward-facing scarps.

The youngest unit is a mantle of r¢
tively bright material, probably of aco
origin, that buried preexisting small ¢
ters. Other subsequently formed crater
deposited ejecta from lower units on i

SCIENCE. VOL



of the mantle. During a later phase of ero-
sion most of the mantle in the southern
and western part of the area was stripped
away. presumably by acolian activity

leaving matenal trapped inside small
bowl-shaped craters. and under and with-
in ejecta deposits. These remnants of
bright materials throughout most of the
region give the mottled appearance ob-
served in Mariner 9 and Viking pictures.

The onigin of the fractured plains is not
immediately apparent. Although the frac-
tures could be the result of cooling con-
traction of extensive. thick lava, the
scale of the pattern is larger by an order
of magnitude than is normally found in
such rocks. Another possibility is that
they are of tectonic ongin. but the lack of
a marked regional trend to the pattern
does not support such an origin. The pos-
sibility that they are related to a deep per-
mafrost layer is an attractive alternative.
However, this layer of permafrost would
have to be abnormally thick. The region
shows an extremely complex history of
volcanic. tectonic. aeolian. and. possibly.
periglacial processes. which yield a com<
plex varniety of landforms and matenals.

Capri Chasma region (Cl site). On
revs 12 and 14, frames were taken of
the C site at 6°S. 43°W. one of the alter-
native sites for the second lander. The
site is adjacent to Capn Chasma, a
branch of the equatorial canyon system
The area outside the canyon is character-
ized by numerous large. flat-floored. sub-
dued craters, between which are areas of
relatively smooth intercrater plains.
North of the site are several areas of
chaotic terrain in which several large
channels appear to originate. The chan-
nels drain northward, converge with oth-
er channels, and ultimately debouch into
the Chryse basin.

The views of the canyon are some of
the most spectacular pictures yet ac-
quired. Landslides (Fig. 6) are clearly
visible on both walls. The walls are as
much as 2 km high and display several
stratigraphic units that erode differ-
entially. The uppermost layer breaks in-
to large blocks while the lower layers
seem 1o have poor cohesion and exhibit
more fluid flow. There are a few low hills
or knobs on the canyon floor, some of
which may be remnants of coherent ma-
terials that have slumped into the can-
yon. Much of the canyon floor is feature-
less. devoid even of craters at the limit-
ing resolution of the cameras. This
suggests that the canyon floor is relative-
ly young, certainly younger than any oth-
er surface yet observed on Viking pic-
tures. The presence of bright streaks and
dune fields (Fig. 6) indicates an active aco-
27 AUGUST 1976

lian regime. These observations imply
that the canyon is enlarged by collapse of
the canyon walls to produce debris flows
and removal of the material by wind. Al-
though the causes of slope failure are un-
certain, groundwater sapping or under-
cutting by acolian action (or both) may be
contributing processes (6)

Most of the large (> 50-km-diameter)
craters in the region are flat-floored and
have low rims: their ejecta appears to be
covered by intervening plains maten-
al, indicating that the craters are older
than the plains. However, some large
craters are younger than the plains and
have well-developed albeit subdued
ejecta. Strings of secondary craters are

Fig. 3. Photomosaic to show the light-toned.

abundant in some areas. Since Mariner
9, the origin of the intercrater plains has
been a subject of some controversy. It
has been variously ascribed to ballistic
and base surge phenomena associated
with impacts (7), atmospherically re-
distributed impact debris and weathering
products (§), and volcanic activity (9).
The layers in the canyon wall provide a
cross-sectional view of the plains. and
the morphology of the landslides pro-
vides an impression of the mechanical
properties of the near-surface materials.
It is possible that coherent layers resist-
ant to erosion form the surface and that
they are underlain by more easily erod-
ible. less coherent materials. An inter-

“‘etched™ terrain on the southern side of the

Chryse basin. Also shown are light, domical features (v) thought 1o be volcanic shields. The
mosaic covers an arca about 60 km from top to bottom (frame numbers 4A78 to 4A81).

el



Wave clouds have been observed in lower left corner of Fig. 12b, but some taken on another day indicates that many
midmoming images of the equatorial re-  better examples are found in Fig. 12¢. A  discrete albedo features in Fig. 12¢, suct
gion. A wave pattern can be seen in the  comparison with frames of the same area  as bright splotches and crater tails, are

Fig. 10. Mosaic of high-altitude red filter i
ages obtained on rev 9 showing diffuse morn
ing cloudiness at the Al site latitude

u) Southern hemisphere winter limb in the Noachis region imaged in red light from

¢ on rev 22. (b) Large white clouds on the western flanks of Olympus Mons

Ascraeus Mons (lower). imaged through a violet filter during approach. (c) White
Al landing site imaged through a violet filter on rev 28,

SCIENCE, VOL 19



on the surface, but that the whole area is
overcast with a nonuniform haze. The
presence of wave clouds, presumably
composed of water ice. provides an in-
dication of the wind direction and of the
static stability of the atmosphere (/4)
Observed wavelengths are on the order
of 10km

At the lower right of the images in Fig
o bright patch seen in Capn
Chasma from high altitude on rev 4. It
does not obscure or diffuse surface de-
therefore it evidently lies closer to
wce thun the resolution limit
tabout 2 km). It may be either i fog of wa
ter ice or possibly a thin frost patch. The
former seems rather more likely in view
of the smaller amount of water required
1o produce the observed brightness.

No direct evidence for dust clouds has
been seen in early Viking 1 orbiter im-

1 “l’l
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ages, although the presence of micron-
size dust particles could well be postu-
lated in some of the haze without con-
tradicting the observed characteristics

On the basis of preliminary examina-
tion of about 1000 frames obtained from
Viking | orbiter. the following con-
clusions are reached.

1) Most of the surfaces examined are
old. Crater frequencies on the various
plains range from one-tenth that of the lu-
nar mana 10 approximately the same as
the lunar maria. Only the floor of Vallis
Maninens is significantly younger. on the
basis of crater frequencies.

2) Despite the seemingly old age, of al-
most all the surfaces so far photo-
graphed, small craters are preserved,
thereby suggesting that acolian erosion is
extremely slow.

3) Abundant new evidence of cata-

T -

on the nght.

strophic floods has been revealed in the
southern and western margins of the
Chryse basin: however, no evidence for
a thick accumulation of sediments was
found in the middle of the Chryse basin

4) One mechanism for growth of the
equatorial canyon system is slumping of
the canyon walls into the canyon and
subsequent removal of the slumped de-
bris by wind

5) In most of the areas examined. cra
ter ejecta morphology is distinctively dif-
ferent from either the moon or Mercury:
the principal mechanism of ejecta em-
placement appears 10 be surface flow
rather than ballistic deposition

6) At 44°N numerous intersecting

cracks on the surface of the plains form
polygonal patterns reminiscent of pat-
terned ground in the Arctic regions of
Earth

Fig. 12. (a) Equatorial cloud (upper right) imaged from high altitude on
rev 4. Red filter is on the left and violet filter version on the right. (b)
Equatonial clouds seen on C site photomosaics of low-altitude images
obtained through a minus-blue filter. One set was obtained 2 rev after
the other. (c) Wave clouds at 7N, 84°W seen in red light from medi-
um altitude on rev 12. (d) Bright patch (lower right) imaged from high
altitude on rev 4. Red filter version is on the left and violet filter version

s



pretation of the general terrain of the C1
arew is that it is composed of highly brec-
ciated rocks of the ancient cratered ter-
ratin overlain by plains-forming deposits.
The origin of the plains is not clear but
the volcanic hypothesis is supported by
the presence on the surface of numerous
ridges and scarps similar to those on the
lunar maria

The close relation between fluvial fea-

Fig. 4. Photomosaic of the landing site regionin Chryse. Channeling is seen to the west (Ief-Tor
the middle and right the plains have ridges similar i appearance to lunar mare ridge:
that the plains were formed by extensive lava ﬂo‘u. The di

km

has been sculptured and shaped into
streamlined forms, suggesting flow 1o the
west. The channel-like feature can be
traced about 400 km to the west, where it
passes off the edge of the photographic
coverage into the region of the Hydro
cates Chaos from which the channels o
the Simud Vallis originate. These latter
channels lead to Chryse Planitia, wherc
the first Viking has landed. It thus ap
pears that some of the materials thi
were carried out of the chaotic terrain ir
the C site ultimately may have been do
posited far to the north, close to the pre
ent Viking landing site. The origin of th
chaos and the channels is still uncles
but massive removal of subsurface mate
nals, including a transporting fluid. is am
ply demonstrated.
Craters. Craters with fresh ejecta blar
kets and associated secondary crater
were rarely seen in Mariner 9 pictures. |
was predicted that, because the surfac:
gravity on Mars is about the same as it |
on Mercury, martian craters would ha\
a similar morphology to those on Mer
,eury (10) with the secondary crater field
much closer to the crater rim than on t
moon. where the surface gravity is les
. Viking pictures. however. show th
- \fresh craters do exist on Mars and th:
at least in the areas photographed. the
" morphology (Figs. 8 and 9) is dissimil.
10 that on Mercury or on the moo
7 Fresh craters are surrounded by lobat
/ flow scarps and ridges. outside of which
in some cases, are bright rays and seconc
ary crater clusters. The gjecta were ap
parently emplaced largely by flow. On a
rival at the surface from ballistic throw -
out, the ejecta may have transformed 1
a fluidized sheet, possibly as a result o
melted and vaporized ice or entrapped a!
mospheric gas. The lack of this dis
tinctive ejecta pattern on the moon an.
Mercury may be explained by their lact
of atmospheres and subsurface ice.

Not all martian craters have the sam.
form. Many are degraded to smool
forms with flat floors and are encircle
by an erosional scarp that faces outwar:
However, other apparently fresh craters
such as those near Kasei (Fig. 9), hat.
closely spaced radial lineations on t
continuous ejecta and few or no lob.
forms. Whether such differences b«
tween fresh craters result from differer
states of target material or from other i
rameters remains to be determined.

Another strnking characteristic of
areas photographed thus far is the pre
ence of fresh crater clusters and ires

The area shown is about 120 km larly shaped craters similar in form
across (frame numbers 9A62 to lunar secondary craters. Some of (.
64). smaller clusters can be related to near™
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tures and chaotic terrain, noted on the
basis of Mariner 9 observations, is
clearly seen in the northern part of the
site (Fig. 7). An area of chaotic terrain 50
km across is at the head of a senies of flu-
vial-like features. The surface at the
head of the channel appears to have col-
lapsed into a jumbled, chaotic mass of de-
bris, as though the underlying material
had been removed. The area to the west

implying
seqncc across the 40

czra Oriol (TTTT?' ‘h
: R

1 U

Fig. 5. Photomosaic of the frac-
wured plains (pf) and overlying
plains (p) in Cydonia. Eroded
mesas of plateau matenal (pl) ap-
pear 10 have been exhumed by
scarp retreat of the plains material.



fresh craters but there are other. often ex-
tensive clusters, particularly at the C site,
which are not obviously related to large
fresh craters. It is possible that some
craters resembling secondary craters re-
sult from the impact of meteoroid showers
produced by breakup of a large meteor-
oid on entry into the martian atmo-
sphere.

Variable features. Four types of van-
able features (/1) are prominent in the Vi-
king orbiter pictures: (i) bright streaks
associated with craters. (i) bright
streaks associated with small hills, (iii)
dark streaks associated with craters. and
(iv) sand dune fields. These were com-
pared with the available Mariner 9
coverage 1o determine the changes that
have occurred since 1972. As a result of
the increased resolution of the Viking
photography, many more small craters
and streaks are visible in the Viking im-
ages. Comparison with the Mariner 9
data shows that the bright streaks are
generally unchanged in direction and out-
line since 1972, although in a few places

they have increased in size or new bright' ({1 )]

streaks have appeared.
In the Chryse region dark streaks are
less prominent than bright streaks and

trend southwest to northeast, opposite tofj

the bright streak direction. The darl
streak direction coincides with the re
gional wind flow expected at the prese
season (northern summer). The bright
streak pattern defines wind flow from.
northeast to southwest, the direction of

[N

N8

.
~

ique vie:

: o
Q :
Mariner 9 date, thay Wind streaks arebest
developed in regionswhere the areas be-
tween craters are relatively smooth.

Schern sumine dust s, The el Z 60 Gt 60 haprad Bess bfE e

tions and outlines of bright crater streaks
are unchanged since the Mariner 9 cov-
erage in 1972, thereby confirming the
speculations that bright streaks, unlike
some dark streaks, are stable over many
martian seasons and are unaffected by
the weaker winds that occur during the
present season. Evidently, the winds re-
sponsible for the formation of the dark
streaks did not significantly modify the
bright ones.

Westward across the Chryse basin the
bright streak direction shifts from an azi-
muth of 220° to 230° near 34°W 1o 255°
near 58°W, a pattern consistent with that
observed by Mariner 9. Wind streaks ap-
pear to be concentrated in regions that
look generally smooth at orbital picture
resolution. This correlation of streak den-
sity with terrain type may be valid down
10 roughness scales of tens of centime-
ters since. for example. in the rev 20
coverage the only large area that ap-
pears 10 be smooth but which is de-
void of streaks appear rough to radar.
There is supporting evidence. based on
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k: arg L ith cra-
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least during this season (northern sum-
mer), wind transportable material ap-
pears not to move; either the texture of
the surface is too coarse, or the fine parti-
cles are effectively bound together. The
annual dust storm fallout that probably
blankets the area after perihelic dust
storms could be swept up effectively into
the numerous troughs which occur in
this region. Significantly perhaps, some
of the troughs show definite signs of infill-
ing by high albedo material.

In the Capri region, bright streaks
trend northeast to southwest and are un-
changed in orientation and outline since
1972 (Mariner 9 data). Low albedo dune
fields occur on the floor of neighboring
Gangis Chasma (Fig. 6). Bright, streak-
like markings behind hills on the canyon
floor are common in the vicinity of dune
deposits and may represent protected
areas where no sand has accumulated.
The directions of these bright streaks as-
sociated with hills show that the domi-

dark fields of sand dunes (d) in the floor

“Canyon, and Jarikdslides on the walls. Distance from foreground to background is about 150

yon is amn/‘\l’? ﬂpmrgk fhumbers 14A29 to 14A32).

nant regional northeast to southwest
wind flow is channeled by the canyon
walls into a general east-west direction.

High-altitude pictures of the Oxia
Palus region show that the general al-
bedo boundaries and bright streak pat-
terns are unchanged since 1972. Never-
theless, conspicuous albedo changes
have occurred in some localized areas,
such as within and around the crater Gali-
laei. A new bright streak, trending south
from a 4-km crater, has appeared since
1972, and a streaklike bright area emanat-
ing from a channel has grown significant-
ly during the past 4 years. These areas
will be studied at high resolution later in
the mission.

A PP, N
atmospheric phenomena have been ob-
served in the orbiter camera images,
both on approach and from high altitude
in orbit. Approach images indicated that
the atmosphere of Mars was then rela-
tively clear in the southern hemisphere
but obscuring hazes were present at all
longitudes in the north. After Mars
orbit insertion. most of the high-altitude
images were acquired in order to monitor
a broad area around the planned landing
site for dust activity. In this coverage.
taken from a range on the order of 30.000

m




7) Variable features. when compared
10 Maniner 9 pictures taken 4 years ago.
show relatively little change.

8) Several types of clouds were ob-
served. including diffuse morning hazes
in the northern hemisphere. discrete
equatonial white clouds. and extensive
wave clouds.

9) A direct measurement of wind veloc-
ity from cloud motion was achieved for
the first time.
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Viking: Mars Atmospheric Water Vapor Mapping Experiment—
Preliminary Report of Results

Abstract. Observations made from the Viking | orbiter show very little war
por in the Mars here in the southern hemisphere (0 to 3 precipitable micr
ters) with a gradual increase across the equator to northern latitudes. Maxi
amounts between 20 and 30 micrometers have been observed in the short period
ered by the observations to date. The season. northern midsummer, correspond
the beginning of the water vapor cycle in that hemisphere. A strong repetitive diu:
cveling between the solid and vapor phases is observed at a site 1o the east of
Tharsis Ridge ar 10° north latitude: the vapor lies close to the martian surface an
most probably in saturation equilibrium with a surface haze or fog throughout n

of the day.
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It is perti at the outset to comm.
on the timing of the measurements
ported here with respect to the seaso
variation of martian water vapor. O;
ipsertion occurred (19 June 1976) wh
l planetocentric longitude (L) of M.
was 84° (Ly = 90° corresponds to

cthe s

hern summer solstice). The accun
tion of data from Earth-based obser

ions has revealed a seasonal vanan

-cl pam:u){&:rpm&e the amanr‘bce of lht. vapor coincid
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with

mn cu
;pecuve and the maximu

progression
iextended mission. Many lhcqhnac(er«
‘istics of the martian water viipor. and €S-
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king orbital study is based in large pan
on a model for the interaction between

the planet’s atmosphere and surface or

-subsurface material which the past obser-

vations have suggested. Thus. one of the
principal objectives of the Viking mea-
surements is to refine or revise this mod-
e¢l; in this context. the present report
must be of a very preliminary nature.
since only a very i set of mea-

¢ from the Viking o

ing reached some 2 months later. (1
period of high vapor content and the tir .
interval between the solstice and 1~
maximum atmospheric vapor abundan. .
are longer in the south than in the nortt
Maximum values of about 50 precir
table micrometers (pr um) averaged o\«
a horizontal scale of ~ 10" km have bec
observed for both hemispheres, with 1
maximum apparently occurring at ten
perate latitudes. Against this framewor:
the present observations have beo
made at the onset of the northern “we!
season. and have so far covered th.
southern (dry) hemisphere and norther
Inutudes 10 about 20°, with a few isolaic

surements made over a relatively short
time span from synchronous orbit has
been possible so far. The period covered
is from approach [Mars orbit insertion
(MOI) - 2 days) through Viking 1 lander
separation (rev 30). during which empha-

sis has of necessity been placed on obser-
vations related to the of

band 40° to 50°.
Instrument and observations. The 1
the Mars heric wat.

detector (MAWD). is a grating spectror
eter operating in the 7200 cm ™' (1.4 ur
water vapor bands. Absorption by the .
mospheric vapor of solar radiation ¢

the landing sites. Therefore, many of the
water vapor mapping observation se-
quences necessary for the investigation
as a whole have not yet been initiated.

fusely from the surface of 1!
planet is measured by five radiativc
cooled PbS detectors located in the ¢\

focal plane of the instrument. The dete.
tors are arranged so that, when the gra™-
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km. the site is seen in morning hours and
cuch pixel spans about 800 m.

Figure 10 shows a mosaic of a typical
high-ultitude. five-frame sequence taken
through « red filter by the Viking 1 orbit-
er cameras and processed without spatial
frequency  discrimination, Although
some differences are seen from day to
day. the general haziness of the morning
sky in the northern hemisphere has
looked much like Fig. 10 since Viking |
arrived. The midday and afternoon skies
are not visible for comparison. but the
finding of diffuse moming cloudiness is
consistent with long-term photography
of Mars from Earth. On some days. high-
altitude pentads have been obtained
through violet and green filters as well as
through red. and the overall differences
in haziness are not very great.

In regions of Fig. 10 where surface fea-
tures such as crater rims can be de-
tected. the atmospheric extinction
coefficient ¥ can be estimated from con-
trast measurements. Where craters are
near the threshold of detection. the local
values of y for blue light turn out to be
comparable with Earth’s atmosphere
on a relatively clear day. but values for

Fig. 7

red light are somewhat greater than on
Earth. When expressed in terms of equal
air paths, however, this morning scatter-
ing above threshold craters is fully two
orders of magnitude greater than in clear
Earth air. In regions of similar emission
angles where craters exist but cannot be

d. the martian at phere is opti-
cally still thicker.

The morning haziness in the north that
is shown in Fig. 10 would not, on the
basis of photography from Earth, be ex-
pected to typify other latitudes and
times of day. Indeed. Fig. Ila. which
was obtained on 11 July 1976. shows a
much clearer atmosphere around S0°
1o 60°S in midafternoon. where the ex-
tinction coefficient of red light was found
tobey ~ 0.1 perair mass. 1t was approx-

imately winter solstice (L, = 93°) in the
southern hemisphere, thus the termi-
nator lies only a few degrees below the
bottom of Fig. 11a. In Viking approach
images. there were bright patches in this
region that did not obscure underlying to-
pography

and _lhul contrasted more
s fa it od o
Py AT ORI AT

planned for distinguishing between fog
and frost.

Figure 1la, taken at a range of about
18,000 km, also illustrates well the lay-
ered structure of the atmosphere. From
the foreshortening of craters, we infer
the true surface limb to lie about 3 km un-
der the bright low-altitude haze, while
upper layers extend to nearly 40 km
above the surface. At the limb, the low-
altitude haze is optically thick, but the
uppermost layer has an edge-on extinc-
tion of only about 0.3. This implies that
the uppermost layer has a vertical extine
tion coefficient less than 0.01 per a
mass, thus it plays very little role in the
total atmospheric obscuration.

The height of the limb haze in the trop-
ics has been estimated in an image from
rev 4. Landmarks in the scene were used
10 locate the surface limb, which was
more heavily obscured than in Fig. 1la
In the rev 4 image. the highest visible
haze layer occurs at 25 km. and the
height of unit optical depth on the limb
(normal optical depth ~ 0.02) occurs at
15 km. Since the surface optical depth in
the same region as judged from crater

fmr,x\rasl.s is ~ 0.5, the scattering power

B

Photomosaic of a 120-km-long channeled area néar Capri Chasma. The apparent source of the fluid that cut the channels is a depression
cnclosing chaotic terrain (right) which appears to have been formed by collapse (frame numbers 14A67 to 14A69)
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[he First V!

on to Mars

The Viking has

the Ch

landed on

I lander
vse Planitia basin at ap-
22 55N, 48.0°W and has be

transmit data back to Earth

nned 3500-kg Viking space
unched from the Kennedy
on 20 August and 9 Sep-

by Titan-Centaur launch ve-

Two unm

Space Center

tember 19
s. Each spacecraft consists of an or-
ander the
Eurth-10-Mars cruise the spacecraft were
at
entific instruments being exercised only
for check-out and calibration. Viking |
went into orbit about Mars on 19 June
and Vikin,

combination. During

with some of the sci-

vely inactive

2willf

llow it on 7 August
Viking | was placed into a Mars-syn-
chronous orbit (period 24.6 hours) with
the preselected landing
34.0°W

the

its penapsis ne;
site of 19.5°N

taken by

Pictures of this re-

orbiter cameras In-

d it to have features that may repre-
ards, and nearly 4 weeks were

searching for  nearby landing

Srent’in
uite which uppeared safe on the basis of

the evidence of orbiter photography and
Earth-based radar data

On the 30th revolution. the
lander separated from the orbiter in re-

orbital

sponse 1o # command from Earth. and 3
hours 22 minutes later it touched down

1 the surfuce at 11:53 G.M.T. on 20
luly. Measurements were made of the
properties of the interplanetary plasma.
the ionosphere. und the atmosphere, Im-
mediately after lunding two pictures of

its surroundings were taken by one of the
lander cameras. and these were received
w Earth and displayed within 1 hour

At landing the local Mars time was

about 4 p.m.. the season was seven Mars

days past the summer solstice in the
hern hemisphere. the Earth-Mars
listance was 341.5 million km or 19.0

hi-minutes. and the orbital relation of
the two planets was 128 days before so-
lur conjunction

The

nOUS ©

is currently in a synchro-

24.61 hours

it with a period of
inclined 37.74° 10 the equator: the dis-
tance from the planet center is about 4900
km at periapsis and 36,000 km at apoapsis.
On each orbit. it passes over the lander
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Reports

about 3 minutes before periapsis at an al-
titude of approximately 1500 km. at
which time it receives a radio transmis-
sion of data from the lander for up to 40
This information is stored and
transmitted to Earth shortly thereafter
A two-way direct radio link between the
lander and Earth is established daily for
about 1 hour. during which the program
of stored commands in the lander’s com-
puter controller is updated and addition-
al data are transmitted. The transmission
of data collected by the scientific in-
struments on the prbiter isnearly.contin-
uous.

Qrbiterand-ander haye beguryto gary
out” theit” planded—sciéntific’ investga-
tions. which will continue for af Jeast-40
days beforethe commencement of a Sidi-
laggmisSion By Viking/2;Preliminary re<
sthsof the investigdtions are presented
in'the reportsihat follow (Tuble )

The Vikingl spacecrafi. The "Viking
spacecralt (Rigigl) consists of the orbit-
e: "the lander capsule, @nd the lander
supparl structure that is jettisuned By the
orbiter after the landing. The orbiter is
sl in_¢¢rsTyultion @nd operation| o
the_serjes, of Mariner planetary space-
crafl | papié aharty, Mantier @ [Whigheis in
Mars orbit; but it is considerably larger
and has expanded capabilities for the

minutes.

PLANETARY
SCAN PLATFO

HIGH-GAIN ANTEN

Fig

storage and execution of commands and
for the storage and transmission of data
Like its Mariner ancestors. it is three-
axis stabilized, solar-powered. and car
ries two antennas (high-gain parabolic
and low-gain omnidirectional) for two-
way communication with the NASA (Na-
tional Aeronautics and Space Administra-
tion) Deep Space Network stations.
accommodate its passenger. the lander. it
has a relay antenna for receiving the data
transmissions from the Mars surface and
facilities for supplying power and com-
mand information to the encapsulated
lander and for accepting information
from it so that the lander subsystems can
be thoroughly checked out before separ:
tion. Some characteristics of the space

To

craft are summarized in Table 2

The Viking lander. The Viking lander
is a three-legged 450-kg aluminum hex-
agonal structure. Within the body are the
computer. power. data. thermal control,
and instrument  systems
Mounted on top are the cameras, seis-
mometer. antennas. and radioisolope
thermoelectric generators to supply power.
When attached to the orbiter. the lander
is within a double capsule. It is nested in
‘ah aeroshell used during the descent. The
other half of the capsule connects 10 a
base-cover and parachute system. The
second and outer capsule consists of a
bioshield and base and cap. All systems
inl the lander were sterilized at 111°C for
40 hours just prior to launch. The
bioshield cap was deployed after launch
‘The bioshield base was retained on the
orbiter until after landing. The aeroshell
was released in the Mars atmosphere as
was the parachute and the base cover

Viking 1 mission The
spacecraft was launched from the Ken
nedy Space Center in Florida on 20 Au-
gust 1975 into an orbit that would bring it

science

chronology

1. The Viking spacecraft (the flag is upright in the launch configuration)



ing is in its nominal ““locked™ position,
their locations correspond 1o the
wavelengths of three relatively strong ab-
sorption features close to the band cen-
ter. and two “‘window™" regions which
can be used 10 define the local contin-
uum. The spcural resolution of the in-
strument. 1.2cm" ", allows a detection ca-
pability of < 1 um. under average 10
good conditions of the observation geom-
etry. A brief description of the in-
strument and a discussion of the choice
of spectral region and channel fre-
quencies has been given by Farmer and
LaPorte 4).

Because the three line channels (at
7232.20. and 7242.74 cm ') span
a range of transition intensities of more
than an order of magnitude. the three in-
dependent values of absorption mea-

7223

WA ARNBANCE rpd

Fig. 1. Diurnal behavior of martian water va-
por at three sites: (@) 10°.83" and (@) ~ 15°.69"
and ~17°.77.

sured at each position of the
field of view on the planet’s surface can

stepped si ys by i equal to
the shon dlmcnsnon 1o provide a raster
h i of IS ) cov-

be used 1o determine the total
ic pressure and temperature at the level
a1 which the bulk of the vapor resides.
These values. in turn. provide an in-
dication of the height of the vapor above

ering a total area of ~ 20 x 45 km (at
periapsis). The signal integration time for

g g gty )

ter

the surface. It should be pointed o0C) m

however. that under martian conditions
all three lines are in the saturated region
of their curves of growth and therefore
such simultaneous solutions for column
abundance (W). pressure (P). and tem-
perature (7) can only be satisfactorily ob-
tained under the most favorable condi-
tions (that is. line of sight abundance
i)

esign of the individual

ces 1o ?(vndz\hc \"anﬁl)
ution  ( ngh-almude) and
ion coveray:s needed to car-

'mw'osMR}tMB

> 30 pr um and incid

angles < 60°). >
Most of the planetary data are uken

with the instrument operating in the

locked-up” mode. that is. with the grat-

ing position servo fixed at the nominal

line and continuum center frcquencles

\E:'if ae &mv sﬂi"é'lr@ei |'('mr
:{I?:h@ }:0 of more com-

Wity va-
por data a1 degraded spatial rtsoluuon is

A second mode of op is
in which the grating is scanned over a

ilabl P in that can be
made under conditions of greatly re-
ding to a  duced illumination (for le. close 1o

small angular range (cor
frequency range of = 8 cm™’ about each
channel center frequency) to provide
continuous spectral coverage of the re-
gion between 7215 and 7251 em™". In'
peration in the length
mode is included ionall
in the observation sequences in order 1o
monitor the spectral resolution of the
five channels logelher wuh a number of
other i
and (initially) to verify the spec\rnl de-
tails d for martian
conditions in the design of the in-
strument and the data reduction soft-
ware.

The angular size of the instantaneous
field of view (IFOV) of MAWD s 2 x 16
mrad. which corresponds 1o a spatial res-
olution of 3 x 24 km on the surface at &
periapsis altitude of 1500 km. This field is
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the moming and evening terminators)
and which would otherwise be unreliable
at the IFOV scale. This aspect has been
of significance in the data taken so far be-
cause of the emphasis which has been
placed on characterization of the landing
sites: from the present synchronous orbit
the accessible sites at all three candidate
site latitudes (— 5°. 20°, and 44°) can only
be viewed at local times within 1 or 2
hours of sunrise or sunset—indeed the
solar elevation angle at the 44° prime site
for the Viking 2 lander at the time of over-
flight of the Viking 1 orbiter is < 10°. and
the corresponding signal radiance more
than an order of magnitude lower than that
required for reliable vapor abundance
measurements at the highest (IFOV) spa-
tial resolution. Thus. averaging over the
area of some tens of rasters was neces-

i sary for the reduction of the B site data.

Approach observations. Several ob-
servations af Mars were obmn:d beforc
orbit i While i
10 be instrument perfonmnoe checks.
these approach observations allowed us
10 see. albeit at poor resolution, regions
of the planet that are inaccessible from
the Viking | synchronous orbit. Viking 1
approached Mars from the morning side.
so the amounts of water measured on ap-
proach refer to midmoming abundances.
In general, where comparison with later
orbital observations was possible. the re-
sults were consistent.

Approach observations of areas not
observed during orbital operations
showed abundances similar to those ob-
tained at about 90° west longitude from
orbit. with a couple of notable excep-
tions. The approach observations of the
Hellas-Sinus Sabaeus area. about 310°
west. show three to four times as much
water vapor as al points at corre-
spondm; latitudes on the planel Thc olh-

ion is the Elysi
region. where we measure 30 um. the

1 jrrfzal est abundance we have observed to
conjunction wit! ; Q;‘m%vnq nx’] te anywhere on the planet. We hope 10

be able to confirm the latter measure-
ments later in the mission when we are
ble 1o observe the planet from an
:;ynchrononsorbn

\Diurnal behavior. One of the most

‘abundance of water vapor at a particular
location from sunrise to sunset. Very
little water vapor can be retained in the
vapor phase at low altitudes during the
cold martian night; how rapidly it returns
from the solid to the vapor phase when
the ground and atmosphere start to warm
up in the morning is controlied by wheth-
er the ice is on the surface. diffused into
the soil. or suspended in the low atmo-
sphere. When, and how rapidly. it re-
turns 1o the solid phase as the atmo-
sphere cools off in the afternoon and eve-
ning is controlled by how far up in the

h the vapor to mix
during the day.

In order 10 view a particular site at sev-
eral local times in both the moming and
evening, it is necessary to be in an
asynchronous orbit. During the site certi-
fication time period the orbit was syn-
chronized over the nominal Al landing
site. and we were therefore only able to
get partial diurnal behavior at any partic-
ular location on the planet. We moni-
tored three sites at coordinates (latitude.
longitude) of 10°.83% - 15°.69°; and
~ 17°.77° from dawn to local noon. The
10°,83° site was chosen because it was
the site closest in latitude and elevation
m




10 the Al site which could be observed
for an extended period of time: the sec-
ond two were chosen because of their
similiarity 10 the C1 site. None of the ac-
tual sites Al. Bl. or Cl could be ob-

served for an extended period of time
from the Viking | synchronous orbit.

Figure | shows the diurnal behavior of
the water vapor in the three areas. with
Bl. and C1 periapsis observa-

the Al
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tions included for reference. The two (
site analogs had identical diumal be
havior: this. together with their tope
graphical similarity to C1. leads us to be
lieve that these southern areas are ver
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Fig. 2. Low-resolution map of total atmospheric vapor content (precipitable micrometers) from observations made approximately 1.5 hours b
fore periapsis on revs 610 9. 12, and 13. The crosshatched line represents the position of the terminator.
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similar in behavior. and that the com-
posite diurnal behavior displayed by
them is typical of the region just south of
the equator in the vicinity of Valles Man-
neris at this season.

We do not expect 10°.83° 10 be a very
good analog of the Al site. The two
areas are in different geologic regions.
and the 10°.83° area is about 5 km high-
er. Therefore. it is not safe 1o assume
that 10°.83° and Al display the same
diurnal behavior. Further comments on
the inferences to be drawn from the diur-
nal behavior are given in the discussion
below.

Low-resolution mapping. During the
first 13 orbits. box scans were made of
the planet at various times from periap-
sis. In general. the Viking | orbit allows
extended observation sequences of the
momming areas of the planet only: the af-
ternoon and evening regions are over-
flown very quickly right at penapsis. The
most extensive series of observations
were made about 90 minutes before peri-
apsis. while the spacecraft was viewing
the region south of and including Tharsis

e s E'JL“"”%M? il s plabin g i

bining the results obtained from the high-
altitude scans made on revs 6 10 9. 12,
and 13. Also included for reference are
the terminator (moring terminator on
the left side) and the local time.

The most striking feature of the map is
the strong latitude dependence of the wa-
ter vapor abundance. Near the south po-

lar cap we find < 0.5 pr um; this value’!|

increases almost linearly with decreasing
latitude across the equator to 20°. the
northern limit of the observations. In
Fig. 3 we have displayed the latitude de-
pendence of the average vapor content
between longitudes corresponding to
0930 and 1330 hours local time.

In the equatorial and northern lati-
tudes shown in Fig. 2, the early moming
longitudes show as much water vapor as
the longitudes observed at local noon. If
all sites displayed the same diurnal be-
havior as the 10°.83° site. we would ex-
pect to see an increase in vapor abun-
dance from the morning terminator to
noon; since this is clearly not the case.
we must conclude that there are signifi-
cant differences in the behavior of water
vapor at different areas of the planet. In
particular. compared 10 10°.83°, the re-
gion 10 the west of Tharsis either reaches
its maximum much earlier in the day or.
if it has the same gradual buildup of va-
por. must reach a value of some 15 10 20
um by noon. In the latter case it is inter-
esting 1o note (as mentioned in the sec-
tion on approach observations) that the
region about 70° west of Tharsis showed
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Table 1. Comparison of landing sites.

Water
sie Lat- Long. Ol vapor
tude  tude (hours) mnda ince
(pr um)
Al 20 30 1620 73212
Bl 45 10 1800 124 =38
C1 = L L 1530 2.7=08

B site data indicate that the trend contin-
ues at least as far north as 45°. Since the
B site is observed much closer to the eve-
ning terminator than the C site. and since
n is hard to imagine a situation where the
d: would be 1§ ing with
time near dusk. lack of knowledge of the
diurnal behavior in the late aft

the largest amounts of water vapor we
have so far observed. Selection between
the two hypotheses will have 1o await ob-
servations from asynchronous orbit
There is an indication from the map of
an anticorrelation between elevation and
water abundance in the ares of the
Tharsis Ridge. Measurements taken over
Tharsis tend to be 20 to 50 percent lower
than those over adjacent areas 1o the east
and west. Part of this effect is due to the
method of calculation used in these pre-
liminary data. The calculated water abun-
dance depends on the effective pressure
assumed for the vapor. For the data pre-

presdie 3 S Wkt Mo

<
gl rved degreus: o\er the
TLA
Landi mmpamun > part o
the site ce s for Viking
‘measurements of lhe fer ", Vapor o
Al site wel Kined'

revs 3 10 7. In urder m p Jelepmn:
Thergmde)force) Vi

servations were also ma wo polen-
tial Wil U‘C Ye€the

relevant data for the lhm sites Al, BI.
and C1. Errors quoted are | standard de-
viation. The A and C site data show the
same trend of increasing water abun-
dance to the north as the global map; the

WATER ABUNDANCE fprpa)
-
T
.

igher—a 5-km nge nlnlek-
produce” a53¢ penrén}\Qc
er abun, apce fairly close’:

n&l lemperamre excursions (6) to cause

does not affect the conclusion that the B
site has far more atmospheric water va-
por during the day than does the C site.
Discussion. The linear character and
repeatability of the growth of vapor at
the diurnal site suggest that. at this loca-
tion and season at least. the vapor is con-
tained within the atmospheric layer
closest to the surface. Although the local
time at which the maximum of this daily
cycle is reached is not observed in the
data. it is clear that at least 80 percent of
the vapor returns 1o the solid phase at
some time between noon and the follow-
ing dawn. The low altitude of the vapor
on a planetwide scale at the time of maxi-
mum vapor abundance had been suspect-
ed from the results of Earth-based spec-
troscopy (5). which gave a rotational tem-
rature for the water vapor (225°K)
r than that of the bulk atmosphere
(204°K). In the present instance. the low
altitude of the vapor is inferred from the
t that the only region of the atmo-
snherc which undergoes sufficient diur-

of
i measured quantities of vapor is the

indary layer—that is, the layer whose
temperature is closely coupled to the
temperature of the surface.

The sublimation of a layer of exposed
ice deposited on the surface must be dis-
carded as the direct source of the vapor
observed at the diurnal site, because its
lifetime in the solid phase at dawn would
be 100 short 1o give the observed slow in-
crease in vapor. For example. the insola-
tion on a horizontal surface 1 hour after
sunrise (4 x 10" cal cm* sec ') is equiv-
alent to the latent heat of vaporization of
2 x 10" mol em~? sec ™' of ice (assuming
an albedo of 0.9), so that the lifetime of 10
wum of frost under these conditions would
be about 5 minutes. The rapid evapora-
tion of the surface frost at sunrise could,
however, be the initial source of a ground
fog. whose subsequent evaporation would
produce the observed increase of vapor.
The diurnal variation of vapor from ex-
posed surface ice which does nor pass
through a second condensation phase to
I‘orm an llmosphenc haze layer would

ically reach a i very

and ree

0

40 50 0 -0 -2 -0 0 2
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Fig. 3. Mean latitude dependence of water va-

por between 0930 and 1330 hours local time.

=10

early in the dn) and this behavior may
explain the trend observed in Fig. 2 for
the region to the west of Tharsis men-
tioned earlier.
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The presence of a ground fog is not un-
expected. and has been discussed in
recent papers by Flasar and Goody (7),
Hess (8). and Farmer (3). While this is a
possible explanation for the observed
diurnal behavior (at 10°.83%), we cannot
at present entirely rule out the release of
vapor from ice entrained in the topmost
layer of the regolith material, or the grad-
ual reduction of opacity of a higher-el
tion cloud layer above the vapor, as pos-
sible alternate explanations. Unfortu-
nately, we have not yet obtained any
high-altitude images of this area to aid in
the interpretation of the data.

A further inference can be drawn from
the fact that, since the vapor is still in-
creasing at the time of the last diurnal ob-
servation, 1300 hours, it is reasonable
10 assume that there is still some conden-
sate in the atmosphere or near-surface
layer at that time. This result suggests
that some fraction of the water remains in
the solid phase throughout the day: one
interpretation of the latitude-time of day
trend shown in Fig. 2 is that this fraction
increases toward the northern midlati-
tudes. Hence we might expect lhul
northern summer progresses, the lo
latitude limit of the atmospheric conden-
sate layers will recede. with a correspond-
ing increase in the fractional amount of
ice vaporized during the day, and a de-
crease in the amplitude of the diurnal
vapor cycle as the vapor becomes mixed
into the bulk atmosphere above the
boundary layer trap. At this stage the
meridional circulation will carry the
vapor to the cooler latitudes (principally
the winter hemisphere),

The Viking 1 orbital observations con-
veniently cover the period of the northern
water vapor growth and decay, and the
second spacecraft (Viking 2 orbiter) will
@ve good polar coverage of the latter stages
of this phase. The extended mission, wuh
both fi il ble the
of the seasonal cycle into the southemn
hemisphere to be followed. The mission
plans for the orbiters thus present an ex-
cellent opportunity during the ronh-
coming months to study the vani: of
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Infrared Thermal Mapping of the Martian Surface and
Atmosphere: First Results

Abstract. The Viking infrared thermal mapper measures the thermal emission of
the martian surface and atmosphere and the total reflected sunlight. With the high
resolution and dense coverage being achieved. planetwide thermal structure is ap-
parent at large and small scales. The thermal behavior of the best-observed areas,

the landing sites, cannot be explais

d by nmple

gene models. The data con-

lex’:u TJth&lxg;nﬁ%t%-uds Areas .l;l the

| factors such as detailed surface
polar night have temperatures

1! int at the surface pressure. This obser-
quﬁ wmmﬁm Jm»dmmuon is less than previously as-

sumed and that either thick-€O: clonds exist at the 20-kilometer level or that the po-

lar aif re is lo(-ull entiched by

nent :le-.u-r'vmm. The Viking

b SR

ission from the planet’

831098, 9810 12 iﬂdl?.?ld
um; there are three delecwrsmzach of

Eaglil, QLIS SEctie ey

densable gases.

data numbers (DN). The maximum re-

tsponsc of the solar band corresponds 1

percent of a perfect white diffuser at
normal incidence at the mean Mars dis-

d it Mrbmds 6. Uc tance from the sun. The thermal bands

have maximum temperatures between
300 and 330 K. The one-sample noise is
less than | DN for all channels except
T,;. where it is about 2.5 DN. The equiva-
lent inty varies with

st LSSt belbr Ehiheion

ature. Brightness temperatures in these
bands are identified as 7;. 7,. 7,,. Tz
and 7,;. Seven detectors at 0.3 10 3.0 um
respond to reflected sunlight.

An objective of this investigation was
1o achieve good spatial resolution. The
field of view is defined by focal plane
stops 5.2 mrad in diameter. The spatial

P has been in the labo-

the vapor and its interaction with the sur-
face of the planet over a wide range of
spatial and temporal scales, and to test
the validity of some of the theories which
have been proposed to explain its cyclic
behavior.
CROFTON B. FARMER

DoNaLD W. Davies
Jet Propulsion Laboratory,
California Institute of Technology.
Pasadena 91103

DANIEL D. LAPORTE
Santa Barbara Research Center,
Goleta, California 93017
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ratory and verified in flight to be near-
ly diffraction-limited. In the longest
wavelength band. the signal at the plan-
etary limb drops to 10 and 1 percent of

band and temperature; the 7- and 9-um
bands are well on the short wavelength
side of the Planck function at 200 K. and
only the 20-um band has good temper-
ature resolution below 170 K.

The angular resolution. detector con-
figuration. sample rate. and scan-plai-
form slew rate were designed to allow ap-
proximately uniformly spaced. non-
redundant, continuous coverage so that
the IRTM experiment can produce two-
dimensional images in the solar and ther-
mal bands (/). The in-flight performance
of the IRTM has been enurtly as ex-

maximum when the limb is at d
of 6 and 17 mrad from the center of the
field of view. The radiation level is in-
tegrated in all channels simultaneously;

this lows
of the bnghmess lempemures and the
at seven locations on

the planet each 1.12 seconds.
The response of all channels is nearly
linear with flux, and is digitized into 1000

pected, luding some ity 10
thermal radiation from the Viking land
er prior to separation. The results report-
ed here were obtained on revolutions
(revs) 3 through 22. occurring over 22
June to 11 July 1976.

Global surface temperatures. From
apoapsis to approximately 2 hours be-
fore periapsis the entire disk of Mars car
be scanned in a single observation s¢-
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quence. In observations taken near
apoapsis. when the disk is largely dark.
the major features are the latitude varia-
tion expected for the insolation distribu-
tion at this season and the rapid rise in
temperature after dawn. There is consid-
erable thermal structure in the equatorial
region. and a regional low extending
northward toward the Chryse Planitia
area can be seen.

An example of the view obtained 42
hours before periapsis as shown in Fig. 1.
The disk is half-illuminated. and temper-
atures rise to above 240 K at noon at the
equator. The most conspicuous thermal
feature is the minimum of 142 K at dawn.
unexpectedly low for the equatorial re-
gion. followed by a rapid rise into mom-
ing 10 the east. The minimum is near the
summit of the large shield volcano Arsia
Mons. The low temperatures near the
west limb are in the area of Memnonia
Fossae. where clouds or frost were seen
after dawn with the approach imaging.
Some thermal structure is apparent in
the south polar region. where temper-
atures drop below 140 K.

The thermal behavior of different
areas can be more readily seen after the
diurnal. latitudinal. and seasonal temper-
ature variations expected for the average
martian surface are removed. For this re-
port. we use the temperatures (7T,,) from
the homogencous thermal model deter-
mined by the Mariner 9 late observa-
tions: the model uses bolometric albe-
do A =025 and a thermal inertia

I = 0.0065 cal cm™* sec™'* K™' Q). The
temperature just before dawn is most. ..

readily related to the surface physical
properties. In the equatorial region. a
predawn temperature 10 K above the
martian average. if attributed to thermal
inertia alone. can be interpreted as about
a twofold increase in the average particle
size (from 0.3 to 0.6 mm) or as a 25 per-
¢ent increase in the area of large blocks
or exposed bedrock.

The differences (T, = T,,) for pre-
dawn portions of the data in Fig. 1 and
in an apoapsis sequence 8 hours carlier
are shown on a Mercator projection
in Fig. 2. The two observation sequences
show comparable behavior south of
~20°. and there is little structure be-
tween —40° and —65° latitude. with the
exception of a cold region over the Ar-
gyre basin. The area on the Tharsis ridge
west of Arsia Mons is as much as 18 K
colder than expected for average martian
surface material. The major canyon
areas are generally warm. from Coprates
Chasma eastward and northward to
Chryse Planitia and Acidalia Planitia.
These two regional extremes of residual

Fig. 1. Penpecnvc view of 7o obv:rvcd lla
hours before periapsis at an altitude of 22.000
km on rev 10 on 29 June 1976. The contour in-
terval is 2 K over the night area and 10 K over
most of the illuminated disk. Latitude and lon-
gitude lines are shown every 20°. The night-
time minimum and rapid dawn heating near
=10°, 120° arc in the region of Arsia Mons
volcano. Closed contours in all ﬁwm are

sical light and dark areas identified from
Earth-based observations in the much
narrower visual wavelength band. For
example. Juventae Chasma (—6°. 62°)
and Eos Chasma (- 17°. 55°) regions ap-
pear darker than their surroundings.
whereas Syna Planum (-12°. 83°) and
eastern Sinai Planum (— 18°. 67°) regions
appear brighter than their surroundings.
3) The visible surface area north of
= 10% and west of 90° is about twice as re-
flective as the area south of —20° and
west of 50° (A, = 0.35 and 0.17. respec-
tively). This northern hemisphere bright-
ness may be due to early moming ground
fog or surface ices. This explanation
would be consistent with the larger
amounts of water vapor detected for this
area of the planet during approach obser-
vations (5). The relative uniformity sug-
gests that the higher reflectivity may be
due in part to an intrinsically higher re-
gnonal surfue albedo. The four major
are included in this area.

positive unless identified

vertaadh o e St e

about ot ird of the nes
awre fof wo large
siderab)
lution hmhs o[ these ob-
lmn

ogy in lhe reas indicates thal
variety-of processes mﬁ:(een active
)..There is some correl ‘of o‘h:

remés with lhe arcas d:pbcled as
&E@ inj ey Malringy Blwwapst | O

r Ee lectance. e F;;ms of

are bemg obtained in lhe solar band. A
contour map. with about 130 km resolu-
tion, of brightness normalized to the solar
irradiance is shown in Fig. 3. These data
were obtained simultaneously with the
thermal data shown in Fig. 1. The phase
of Mars was very nearly 90° during the
observations, so the terminator bisects
the disk. and. if the planet were of uni-
form Lambert albedo (A,) (). all bright-
ness contours would parallel the termi-
nator. Were the surface locally flat and
Lambertian. the contour intervals would
be uniformly spaced from terminator to
bright limb.

In Fig. 3 several features can be noted:

1) There is @ tendency for A, to in-
crease toward the limb. particularly near
the northern terminator. This effect is

4) Argyre Planitia (—50°, 40°) is anoma-
lously bright (A, = 0.35) as compared to
the area immediately 1o its northwest
(A, = 0.20). The brightness of Argyre

i mm‘ ¥ ne"l’q;’m JD &:n:p ~and the m:;c:l:::as south of Argyre is

ments. which show that a major portion
f the Argyre basin is at the sublimation
perature of CO; ice.

" %) The brightness gradients are steeper
neanhe four major volcanoes. particular-
W near Ascracus Mons (11°. 106°). most
ikely as a result of slope effects.

6) The brightness increases rapidly
north of the central portion of Coprates
Chasma. This may be a result of the un-
usual geology of this region. Low-alti-
tude observations show the major can-
yons to have low A, values. Visual imag-
ing on lhe plnleau north of Coprates

aeolian ing of
the underlyi logy: this wind:
ported maleml may be brighter than the
average material in its source region.

Atmospheric temperatures. The 15-
um channel measures the thermal emis-
sion of atmospheric CO,. weighted by a
function with maximum amplitude at
0.63 mbar and half-maximum points at
0.17 and 1.56 mbar for normal viewing
(6). A typical contour map of T, over the
period from dawn to noon is shown in
Fig. 4. which does not refer to an isobar-
ic surface on account of varying air
mass.

In Fig. 4 and other global maps ob-
lamed in the predawn penod the general

of is
by a strong | de-

possibly a of ing by
haze in the martian atmosphere.
’) T‘he mean A, is near 0.25, and its

pond 10
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are lated with many clas-

pendence in the winter hemisphere and

weak diurnal variation. The latter behav-

ior is expected from the prediction of
™
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general atmosphenic temperature models
(7). The d by the

can be explained by several effects not
i in the simple model:

Mariner 9 infrared interferometer spec-
trometer (IRIS) experiment for the 0.65-
mbar level at the same season (areocen-
tric longitude of the sun L, = 97°) and
latitude +20° are very similar 1o the
T, values near dawn shown in Flg s.

1) An admixture of materials with low
and high thermal inertia is suggested by
the existence of rocks at the Viking |
landing site (/7). Two-component flat
models which account for the predawn
temperatures fail. however. to predict af-
temoon as low as those ob-

which displays surface and
temperatures specific to the region of the
Chryse landing site. In the afternoon.
however. T, is about 10 K higher than
the IRIS temperatures. The origin of this
discrepancy has not been clarified. but it
could arise from the grossly different
field of view of the two expcnmems oras

served. The observation geometry at the
landing sites has been optimized for visu-
al imagery. the resolution of which im-
proves toward angles of solar incidence
near 70°. In addition. the westward
search for the eventual Viking | landing
site resulted in oblique viewing such that
the IRTM aft observations prefer-

a result of & of p
changes in the martian atmosphere.

The southernmost latitudes. only part-
ly shown in Fig. 4. reveal surprisingly
low stratospheric temperatures. well be-

entially include the shaded faces of rocks
and their shadows. The A, values de-
rived from observations at a time of day
when shadows are present will under-
ion of these effects in-

low those found in the IRIS
for polar regions (8). The temperature un-

w0 snmpllﬁcd models leads to predicted
more nearly in agreement

certainty of a single for7,,
(140 K)is = 5 K. but averaged data show
clearly that temperatures below 136 K.
near the CO. condensation point at
stratospheric pressures. do occur sou
of =70° latitude. The 7, measurements
do not represent a constraint on the for-
mation of CO; clouds in these latitudes.

Local arcas. Orbiter observations thus
far have emphasized potential landing
areas. this being especially true for high-
resolution observations. The determina-
tion of diurnal thermal behavior from the
Viking 1 synchronous orbit is com
promised by the low resolution acces:
sible for predawn observations: the pre:
dawn spatial resolution decreases rapid-
Iy north of the equator. and no predawn
observations are possible north of 35°.
Three areas considered as Viking landing
sites are discussed below.

Chryse. The measurements of 7, for
the Chryse Planitia are shown in Fig. 5.
The moming data have been collected
within the +20° to +24° latitude and 46°

. 10 4 longitude area over several revolu-

tions. Variations in thermal inertia with-
in this area can account for the scatter in
the morning data. At 0600 hours. areas
with thermal inertia differing by 0.001 in
the vicinity of / = 0.008 would show a
temperature difference of 2 K. The data
near 1500 1o 1600 hours in Fig. § refer to
the smaller area between +22.0° and
+23.2° latitude and 47° 10 48° longitude
(9). The homogeneous thermal model
which best fits the moming 7 ,,. based on
the use of A equal 10 the value A, = 0.26
measured in the solar band. is obtained
with 7 = 0.009 (/0). However. there is
clear disagreement between this model
and T, measured in the afternoon. These
departures of 7,, from the predictions
27 AUGUST 1976

with the observations. Local variations
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Fig. 3. Perspective view of sol;

ness obtained at the same ume as lht dau m
Fig. |. The units are brightness relative to that
of a white Lamben surface with normal in-
cident sunlight. Brightness contours for such
an ideal surface would parallel the terminator
and be uniformly spaced. Latitude and longi-
tude lines are shown every 20°,
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in these effects within the afternoon
areas could explain the scatter found in
the measurements.

2) The existence of a regional atmo-
spheric haze. revealed by orbital imag-
ery over the landing areas. may also help
10 explain the discrepancy between the
measured afternoon surface temper-
atures and those predicted by the ther-
mal models which disregard the presence
of clouds. If clouds are sufficiently
opaque: they impede solar heating of the
surface. thereby reducing temperature.

3) Increased thermal coupling between
the ground and atmosphere in the after-
noon would tend to decrease surface tem-
peratures. This last effect was suggested
1o explain the departures of the Mariner
9 observations from the homogeneous
model predictions in the region of +10°
10 +40° latitude 2). However. implau-
sibly high winds are required if the dis-
crepancy is 1o be explained by this effect
alone.

Capri. This region is bounded on the

Fig. 4. Dawn-to-midday behavior of strato-
sphenic atmospheric temperatures. Observa-
llomwﬂrmndeonrv\ 9 at a range of 12,000

been made to account “for the sunphn; of
greater altitudes toward the limb. Latitude
and longitude lines are shown every 20°.

Fig. 5. Diurnal surface and
atmospheric  temperature

{06 118 sy

] vanation in the Chryse re-

o 1 gion. Closed circles repre-

) . sent T, measurements

within the area bounded by

latitudes +22°, +23.2°, and

longitudes 47°. The

curve depicts the surface

temperature prediction for

. A =026.1 = 0.009. Open

. circles represent atmo-

spheric temperatures with-

in the area bounded by lati-

tudes +21°, +24'. and

longitudes 40°, S6°. mea-

surements are reduced to

the 0.63 mbar level (air
mass. 1.0).
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Fig. 6. (a) Thermal relief map of the Capri region at 1530 hours. The contours shmu\ are £ K apart and represent the difference between 7, and
The model uses an A value of 0.2% and an / value of 0.0065 cal cm™ sec™' * K™'. The dark irregular line near the bottom is the north nim of ¢
Gangis and Capri Chasma. The substantial thermal depression. with deviations in Ty = Twto =40 K. must be due to clouds. (b) Map of A, vali
of the Capri region. The contours shown on this map [which is the same scale and projection as (a)] were derived from radiances measured in
0.3 10 3-um band. A comparison with (a) indicates general in the sense that are lower where the albedo is higher. but 1
highest albedo. 0.40. is by itself i ient 10 explain the i of the thermal d

south by the Gangis and Capri Chasma
and extends in the north to the equator.
A sketch of some of the prominent fea-
tures in this region is shown in Fig. 6a.
This region was mapped once at low alti-

tude on rev 11. The local Mars time an']'a

the center of the region was 1530 hours
the viewing angle varied between 35° und
70¢, and the observation range varied be-
tween 2000 and 2500 km.

This region exhibits the largest ther-
mal relief seen in any of the high-resolu-
tion mapping data yet collected. as
shown in Fig. 6a. The thermal structure
m this reglon is dominated by the large

Cydonia. In contradistinction to Ca-
pri. the Cydonia region (4° to 13° longi-
tude. 42° 10 46° latitude) appears as pre-

s "”'J}.; T Yo R R g

DK (13) 5 .«i{ above the
m: 10 the | nd_the po-
Iy

Al ns m ‘thermal inertia

canno! be infe

in the
temperature deviates 40 K from the ther-
mal model. A comparison of the thermal
differences (Fig. 6a) with the A, values
observed at the same time (Fig. 6b) in-
dicates general agreement. in the sense
that the temperature depression corre-
sponds 10 a region of hughAL But thisA,
increase by itself is 10 explain

heast. where the.

L ‘that a
mwor is mmg :ause& E n of
i w&%he iden-
iRt ATCHIVE

South polar region. The Viking 1 orbit
allows viewing of the southern hemi-
sphere. to the south pole. when the
ft is about 3 hours before peni-

the temperature depression since the ex-
pected change in temperature with A at
this time of day is = ~8 K per 0.1 change
in A. Clouds are common in images of
this region taken on rev 14 at this time
of day but they appear not to be substan-
tial enough to account for the observed
thermal results. Although the four ther-
mal channels exhibit parallel behavior
over this feature. the depth of the ther-
mal depression in 7 is only half that ob-
served for the other bands. Mariner 9
spectri indicate that the 9-um band
should be the least affected by H.O ice
<louds (/2). Although an H.O cloud is
the least unlikely cause of this feature.
the relative spectral behavior remains to
be explained.
kY

lpsls Observation scans of the planet
covering the south polar region have
yielded brightness temperatures well be-
low those reported by the infrared radi-
ometers and spectrometers on Mariner 7
and Marniner 9 (/4). Earlier

siombasls dx bkl ity

cjecta blankels of the ~ mal plateau between 145 and 143 K., whic
rs in the paﬂ]DK antf nstitutes most of the polar regic

which went off the dark limb of the pla:
et allowing the zero flux point to be &.
curately determined. There is a stror
temperature gradient southward to — 5t
where Ty, reaches approximately 148 K
lcmperalures decrease less rapid
10 145 K, and there follows a broad the:

9(\ ward from =70°. 7., shows cons

erzbk structure. In additi

ed lernun A&T\{_gﬂ\Bmmum of approximately 134 K. the

are several arcuate lows which exter

pu ard from the geographic pole. The-

ctiy from observa-
time of dny m,h?urs), \q\‘\ | regions have a temperature contris

of 210 3 K and a breadth of approximatc
Iy 200 km. with a form resembling that «

@[ terrestrial polar troughs.

Where T, is greater than 150 K. nort
of —50°, the stratospheric temperaturc
T,:. shows small variation from 167 K
Across the plateau in 7, at 14310 145
T,. decreases steadily poleward. fror
165 K to less than 145 K. South of thi
plateau, where T, is less than 141 K. 7
varies from 145 K down to about 130 k
At 140 K. the noise equivalent tempe!
atures in 7,; and 7, are approximatc/
4.5 md 0.5 K. respectively. Although ~
are made

ments of the brightness temperatures of
the southern and northern polar caps

dunng the spring and summer seasons
were near 148 K. as expected for solid
CO, subliming at a pressure of about 6
mbar. There are no earlier observations

these two channels. since the 7, therm..
contrast near the geographic pole is on!
marginally greater than the noise in 7 ...
is unlikely that a correlation can be of
tained without further observations th.
would allow averaging of the 15-um ten

of any kind of the midwi polar re-
gions.

The T, values measured by the IRTM
over the south polar region on rev 22 are
shown in Fig. 7. Observations were
made during two scan patterns, each of

Although not shown in Fig. 7. 7. «
hibits sharp limb brightening. rising up !
150 K in the last sample on the plane:
This temperature is approximately th
expected for the atmosphere on the geo
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metric limb. based on 7,; measurements
at the corresponding latitudes nearer the
subspacecraft point.

Simultaneous measurements of 7,
and 7., show a strong correlation over
the polar region. Where 7, is less than
150 K. the mean variance in 7,, — Ty is
less than the 7, digitization limit (2 K at
140 K). This finding suggests that the two
wavelengths are sampling the same re-
gion. whether on the surface or in the at-
mosphere.

There are several mechanisms which
individuaily or collectively could be in-
voked 1o explain such low values of 7.
These are low emissivity. the presence
of clouds. high surface elevations. cy-
clonic low pressures. or dilution of CO.
by noncondensable gases. Although
more than one of these effects is likely 10
be contributing. it is simplest to evaluate
them ind ly. under the as
tion of a mean surfncc pressure of (s 1
mbar of CO. at mean Mars elevation.
with a corresponding saturation temper-
ature of 147.7 K.

If the surfnc: kmehc lcmpcralure were
148 K. the h

Fig. 7. Brightness temper-
atures at 20 um in the

© south polar region. The
contour intervals are | K
below 145 K and 10 K
above 150 K. Longitude
lines are spaced by 20° and
latitude lines by 10°. The
. minimum temperature of
134 K is well below that
expected for surface CO.
condensation. The arcuate
low-temperature  regions
extending from the pole are
similar to terrestnal winter
-+ circulation patterns. It is
" not certain whether the ob-
served temperatures repre-

indicate unusually high values (greater
than 5 km). Also. imaging observations
do not indicate large topographic vana-
tions.

The CO. partial pressure will be low-
ered through dilution by an acwmul.mun
of d: ble minor
As the net radiation loss causes CO. con-

densﬁﬂ'hbb(“&(ﬂﬂ&ﬁ@dq\(es to

sent the surface or high
clouds

pothesis. Further observations of pos-
sible time changes or motion of the polar
thermal structure may allow such a dis-
tinction 10 be made.

Whichever explanation is correct. the
net flux emitted by the polar region south
of =55%is 85 percent of that emitted by a
uniform 147.7 K surface over this region.
Tn the extent that this behavior holds

ature observed. 132 K. would rtqll"! Qﬂ]&?\hﬁbmﬂﬁmm

emissivity of 0.58. Although the emissi-
vity of a pure CO; frost is not known.
this value seems implausibly low for a
natural rough surface. The broad thermal
plateau beginning at 145 K suggests that
this region is completely covered with
CO. and has a uniform Kinetic temper-
ature near 148 K. This temperature corre-

sponds to a frost emissivity of 0.92. Such..
an emissivity partly accounts for the lows*

er temperatures measured near the geo-
graphic pole.

The other four explanations are all
equivalent to lowering the partial pres-
sure of CO, over the region sensed at 20
um: the minimum required partial pres-
sure is 0.46 mbar. This could be accom-
plished if clouds were present at an eleva-
tion of 19 km above the mean martian
surface. Imagery obtained simultaneously
with these observations shows a remark-
ably clear atmosphere north of the polar
night. The clear atmosphere at - 50° seen
in limb imaging is in concert with thermal
results. which show the temperature at
0.63 mbar to be about 163 K. well above
the CO, condensation temperature. Pole-
ward of ~65°. T, is below 7. and exten-
;ive_ CO; clouds are possible (visual imag-
ing is not).

Surface elevations of 19 km could also
be invoked to explain the observed tem-
peratures. However. elevation d

he con:

creases locally. The

hout the polar winter. the amount

}IDW almusphenc condensation and the

annual in surface

dilutio ondensabl umc}:
ment—Adepehds on clative tim
i

umt sc;sle required for

s./the period
overwhich a blackbody at 134K radiates

prav Ny R eaiy
el W et B S

face. near-surface enrichment of a non-
condensable gas could occur with a very
short time scale. For example. the low-
est 100 m could acquire a 16-fold enrich-
ment in about 10 days. The first results
from the Viking entry mass spectrometer
(15) indicate that about 5 percent of the
martian atmosphere is composed of ar-
gon. nitrogen. and oxygen. which would
not condense under martian polar condi-
tions. A 16-fold increase to 80 percent
would lower the CO, condensation tem-
perature to 137 K. The resulting low-
temperature. near-surface layer might be
stable. notwithstanding an adverse strati-
fication of the molecular weight.

Finally. dynamic meteorological pro-
cesses are unlikely to louer Ihe almo-

nations in the south polar region by radio
occultation. IRIS. and ultraviolet spec-
trometry. while generally of lower quality
than for more temperate regions. do not
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spheric p at an | sur-
face by more than | mbar (/6).

On the basis of the available data. it is
not possible 1o discriminate between the
high-cloud and the low-level dilution hy-

pressure. considering the southern hemi-
ere only. are correspondingly less

; condensanon and mixing )hhn in existing theories.
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close to Mars in June 1976 but not so
close as to entail & significant risk of im-
pacting and contaminating the planet. On
day 7 after launch (L + 7) an orbit cor-
rection maneuver was executed. which
was so precise that the spacecraft could
have gone into Mars orbit with only the
single propulsive maneuver at the planet
without any earlier adjustments 1o the or-
bit

A preliminary check-out of the subsys-
tems in the encapsulated lander was
made soon after launch. and during the

next few months several tests were run
on the gas chromatograph-mass spec-
trometer (GCMS) and on the

On day L + 6] a picture of Earth
was taken \\llh one orbiter camera. for
of ion. Over the next &

sensors of the meteorology experiment.
Certain engineering subsystems on the
lander. including the gyroscopes and the
tape recorder. were checked out peniod-
ically. The computers were programmed
and batteries were conditioned by tele-

months several large sets of pictures of
star fields were taken to provide geomet-
ric and photometric calibrations of the
cameras and to determine accurately the
pointing of the scan platform on which
the orbiter science instruments are

metered but the scientific in-

struments of the lander were otherwise
dormant until the next to last day of the
304-day interplanetary cruise.

SPACECRAFT ORBIT DESCRIPTION

/._(,-4 Emry 30 min
/“&—— Entry - ?M Im
'

Lander Separation
(Minimum Coast Period 1.8 hr)

50])

Iouchoo-n Mly Occur

Ihr 1o 6 hr Before Sunset

B

Fig. 2. Viking orbit dmd Agsganthjet Gry) CoIIection
Public Art Archive

Table 1. The Viking science projects.

Investigations Instruments

Orbiter
Imaging (VIS) Two vidicon cameras
Water vapor mapping (MAWD) Infrared spectrometer
Thermal mapping (IRTM) Infrared radiometers

Entry
Interplanetary plasma Retarding potential analyzer

and ionospheric properties
Atmosphenc composition
Atmosphenic structure Mass spectrometer
Pressure, temperature. and
density sensors

Lander
Imaging Two facsimile cameras
Biology Three analyses for metabolism. growth,

or photosyntheses
Molecular analysis Gas chromatograph-mass
spectrometer (GCMS)
X-ray fluorescence spectrometer

Inorganic analysis Pressure. temperature. wind velocity
Meteorology Three-axis seismometer
Seismology : Magnet on sampler observed by cameras
Magnetic properties Vanous engineering sensors
Physical properties

Radio

Orbiter/lander location atmosphenic and
planctary data. interplanetary medium

Orbiter or lander radio and radar
systems
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Fifty-seven days before Mars orbit in-
sertion (MOl — §7) preparations for or-
bital operations began with the first of
several lander battery conditioning se-
quences involving  discharge and
recharge of the batteries. with power sup-
plied by the orbiter. Subsequently both
orbiter cameras recorded pictures of the
planet Jupiter to provide photometric cal-
ibration. and the other orbiter science in-
struments were also calibrated.

Between days MOl ~ 33 and MOI - 6.
three optical navigation sequences were
performed in which one orbiter camera
took pictures of Mars and the other took
pictures of the star field close to Mars.

se pictures were analyzed to deter-
mine the position of the Viking-Mars
line. and this !echmque of optical navma-
tion ids the
\of our knowledge of the spacecraft posi-
. tion which had previously been obtained
(rom radio tracking data.
During the last 3 days before MOI a fi-
nal set of optical navigation pictures was
obtained. this time showing the salellue
Deimos against the star background.
tures of the whole lighted disk of Mars
were also taken at 2-hour intervals down
10 MOI - 20 hours. some being taken in
two or three colors.

It had been planned to have a single fi-
nal orbit correction maneuver on day
MOI = 10. but when the propulsion sys-
tem was made ready for that event, a
small leak was detected in a pressure reg-
ulator. To prevent excessive pressure
buildup from that leak. three maneuvers
were made. Each reduced the spacecraft
velocity slightly so that the amival at
Mars was 6.2 hours later than planned.
This delay was compensated by inserting
the spacecraft into an orbit with a period
of 42.6 hours so that it reached its first
periapsis at precisely the time that had
been planned for the second periapsis. A
maneuver at that time settled the space-
craft into the desired 24.61-hour orbit.
and thereafter the mission on
the preplanned schedule until the rejec-
tion of the original landing site.

The Mars orbit insertion maneuver be-
gan on 19 June at 10:38 G.M.T.. and the
propulsion engine burned for 38 minutes.
reducing the spacecraft velocity by 1.1
km/sec.
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» SEPARATION AND DEORBIT

, ENTRY AND CHUTE
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Fig. 3. The lander descent sequence

With the spacecraft safely in orbit. the
site certification phase of the mission be-
gan (/). An extensive program of obser-
vations by the orbiter cameras and the
other orbiter science instruments was
planned. leading. as we hoped. t01Th¢
choice of a specific landing target in the
preselected area and a 4 July landing.

The site certification observations be-
gan on rev 3 (this was actually the sec-
ond revolution after orbit insertion be-
cause of the double length of the first rev-
olution. but the original numbering was
retained to prevent confusion) with a set
of widely dispersed pictures surrounding
the preselected site at 19.5°N, 34.0°W
Swaths of contiguous pictures to cover in
stereo the dispersion ellipse around the
nominal landing site were laid down on
revs 4 and 6. These pictures show unex-
pected detail and clearly indicated the
presence of fluvial features and some
mottled terrain. which looked too haz-
ardous to attempt a landing. (The resolu-
tion of the orbiter cameras is about two
orders of magnitude from seeing the rock
hazards that could be fatal to the lander.)
Consequently the picture sequences for
revs 8 and 10 were retargeted to the
northwest of the original site in the direc-
tion of the Chryse Planitia basin. These
pictures did not look reassuring: there-
fore after a few days for replanning and
redesigning the command sequences
(during v\hlch observations of possible
mission 2 landing areas were made). an
orbit trim was made on rev 19 to lengthen
the orbital period slightly so that the sub-
peniapsis point on the surface moved
westward by about 2° of longitude per
day. Pictures were taken on revs 20 and
22 of areas westward of the rev 10 cover-
age. Study of these pictures together with
the results of radar data in the area from
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Arecibo observations in early July re-
sulted in selecting an acceptable landing
site at 22.4°N. 47.5°W. Landing was
planned for rev 30 on 20 July.

The checking out of the lander began
30 hours before separation from the
orbiter. The separation command was
sent from Earth and received within 28
minutes of actual separation. The descent
capsule with the Viking lander was sepa-
rated at a preprogrammed time for the
completely automated 3-hour descent 10
the Mars surface (Fig. 2). The round-trip
light time (38 minutes) precluded any
real-time control from Earth

After separation. the lander aligned it-
self for the deorbit mancuver with the
use of small attitude control jets (Fig. 3).
At this time it was traveling at 4.6 km
sec. After deorbit and a 3-hour coast
period. the braking was performed by
three systems: an ablative aeroshell. a
supersonic parachute, and terminal de-
scent rocket engines.

The lander entered the Mars atmo-
sphene with g 3ritede st pontrolied
by 'the jets. Instead of a'ballistic entry.

thé anglef dTatiack [Was) $étdo bbtain

small amount of lift. which contributed to
the degeleration needed for, the: soft Jand-
ing. [The first landef investigations 10,
measure’the jons. élettron. and neutfal
Specicsgof, the Mirs upper, almosphere
were perfanmed duging-this | phdse [12)
Duringenuy, the ablation of the acroshelf
heat shield protected the capsule fromat-
mospheric heating. §

Sequential operation of -the sysfems
Wits accomplished by the use of the land-
mg rudarw\!tm operating with e bn-
bosrd computers. gyres. and accelerom-
eters. "0 ' derermine’ the -diréction and
distance to the surface. Peak decelera-

 fWoran }
comca RS

Fig. 4. The lander

-. == _-‘.//.‘»6'/':/ 7.

Table 2. Viking spaceci ra.ﬁ ghamcl:nihu
V-ugm\(kllugramsl
Spacecraft at launch
Total spacecraft
Orbiter
Orbiter propellants

3530

Lander capsule and adapter (m
Orbiter without propellants w)(»
Lander capsule at separation 1185
Lander on Mars 605

Dimensions (meters)
Spacecraft overall length 5.08
Solar panel tip-1o-tip wingspread 9.88
Lander capsule diameter .66
Lander capsule thickness 2.03
Lander overall height (10 top 3.1
of high-gain antenna)
Lander camera height 1.3
Lander body ground clearance 0.2

(minimum)
Diameter of circle through
center of landing legs
Soil sample collector extension 29

Electrical power (watts)
Orbiter solar panel output
Lander radioisotope thermal

generator output

tion occurred at 25 km above the surface.

At an altitude of 6 km (descending at
250 m/sec) the parachute was deployed
by @ mortar. and 7 seconds later the aero-
shell was jettisoned. Eight seconds later
the lander’s legs were extended. The
aeroshell was carried away from the land-
ing site by aerodynamic lift. The para-
chute operated for 45 seconds until the
lander was 1.5 km above the surface (de-
scending at 60 m/sec). The terminal de-
scent engine fired for 40 seconds 1o re-
duce the final velocity to 2 m/sec. and

touchdown on the Mars surface was suc-
cessful

During the final descent (30 m) the
lander was in a vertical flight path at a

T

g T

A5 CHROMATOGRAPH]
NASS SPECTROMETER|
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constant velocity. A switch on the lander
footpad automatically shut off the descent
engine when the first leg touched the sur-
face. Honeycomb aluminum shock ab-
sorbers in the legs helped to cushion the
mpact

The computers and the landing radar

systems were critical to all events, in-
cluding deployment of the parachute and
ignition of the descent engines. Every
system worked flawlessly. The Viking 1
lander was landed in a flat valley within 3°
of vertical. the cameras facing to the
southeast. Figure 4 is an illustration of

Fig. 5. The planetary scan platform. The MAWDis onibe right and the IRTM on the left, with
the two VIS cameras between. In flight it is@pvered By Fthermal contro) hisakgt]

the lander on an imaginary Mars surface

After 25 seconds one camera was ini
tiated and began 1o take a high-resolution
picture of one of the lander’s footpads
The slow scanning camera performed in
this mode for 4 minutes and the first pic-
ture from Mars was obtained (3). During
this time the lander activated itself. A
high-gain antenna was erected and point
ed for the direct communication to
Earth. The meteorology boom with its
sensors was deployed (3. 4). The second
picture of the 300° panoramic scene was
taken in the next 7 minutes, (At the time
the President of the United States tele-
phoned his congratulations to the Viking
team scientists.) On the day after landing
the first color picture of the surface was
taken

The two means of returning data to
Earth from the lander are (i) by a relay
link up to the orbiter and back. and (ii)
by the direct link to Earth. The relay link
will carry about ten times the data of the
direct link. The capacity of the relay link
is 10 to 20 million bits per day. of the di-
rect link. of the order of 1 million per day

Planned mission timeline. The basic
plan of the lander mission is to continue
to take different pictures of the terrain
throughout the mission. Within the first
week. GCMS was used to perform sever-
al atmospheric analyses (5). During the
second week the samples will be ob-
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Fig. 6. Fields of view of orbiter instruments.
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tained from the surface for analysis by
the biology. molecular analysis. and in-
organic chemical investigations. Meteor-
ological and seismic data are gathered ev-
ery day. The mission plan provides the
flexibility to respond to the data that are
returned. The plan is 10 continue to gath-
er and analyze surface and atmospheric
samples until the Viking 2 is landed. now
scheduled to occur on 4 September. The
two spacecraft have identical payloads
but will land at different sites.

During the first few weeks after land-
ing. the orbiter will remain in the syn-
chronous orbit with periapsis near the
lander. and the orbiter observations will
be constrained to the areas that are ac-
cessible from this orbit. The visual imag-
ing subsystem will be searching for evi-
dences of changing weather near the
lander and will be covering with con-
tiguous mapping frames an ever enlarg-
ing region near the lander and to the
southwest along the orbital ground track.
Specific targets that are of interest geo-
logically or because of frequent cloudi-
ness will be photographed. Some areas
will be photographed in color or stereo-
scopically. M2

The infrared thermal mapper (IRTM)
and the Mars atmospheric water detector
(MAWD) will make daily observations of
both extended and restricted regions (i

search for changes in water vapor. tem
perature. and albedo.

At the end of the first primary mission.
and when the second orbiter becomes
available to handle the data relay. from .

:nglh al
n- . has bctn used 1o pmwdn
cluding. for IRTM. those in the dark) to ise mv:uino-\ﬁn

Fig. 7. Trace M suborbiter point on planct surface during one orbit. Points marked are discussed

in the text.

sen primarily for their for
contributing to the choice and certifica-
tion of landing sites and for supplement-
ing and complementing the observations
made by the landers. Each has the capa-

bility_also 10 make ﬁsﬁv tions per-

}L théd N}l\“m& r scien-

X el behldte TS

compnung two slm -scan.-vidieon_ cum
with escope af,
4 Six-position 56’0

phot ns Mur)
the si

bit enabl 10 1 several pros
tive landing sites an;nénally 10 mdé

lhe one where the

lander I. and. if needed. it is planned 1 full: also, revealed
have the first orbiter **walk around lhj_:_ :%) ﬁ lﬁmret;@neﬂ&

planet” in a slightly nonsynchronous
orbit. This will make other regions of the
surface accessible. substantially increas-
ing the capability 10 observe diurnal vari-
ations,

The timeline for the second mission.
with MOI on 7 August and landing cur-
rently scheduled for 4 September, will be
generally similar. and the activity of both
orbiter | and lander | will be greatly re-
stricted during the second mission. Both
missions will terminate when the radio
communication links become degraded
because of the proximity of the sun
about 2 weeks before superior solar
conjunction on 25 November. In mid-
December it is planned 1o reactivate all
four spacecraft 10 commence an extend-
ed mission which is planned 1o extend
for a full mar year. until July 1978,

The orbiter science instruments. Since
Viking was to be predominantly a lander
mission. a very small complement of sci-
entific instrumentation was included on
the orbiters. The instruments were cho-
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will continue to make frequent observa-
tions of the site to monitor its weather
and look for changes in the surface. It
will also map a large area in the vicinity
of the lander at higher resolution than
was previously obtained and will ob-

serve m del.ul the Vmous neolog:cany in-
e

canyons faulls and “river’” channels—
that are accessible.

The MAWD is a grating spectrometer
operating in the 1.4-um region of the in-
frared (7). In its principal operating
mode it measures. every 280 msec. the
intensity of reflected sunlight in five nar-
row spectral bands. from which the quan-
tity of water vapor along the line of sight
can be inferred. Thus. it can measure the
abundance of nlmosphenc \wler vapor

vapor
and spatially so as 1o undemand lhe
details of water transport on the planel
Its ibutions to the certifi of
the mission 1 landing site were minimal
because safety of the landing was the
overniding consideration. but it is ex-
pected that the water measurements will
be an important input into the landing de-
cision for the second craft.

The IRTM has four small telescopes.
each focusing incident light on an array
of seven small thermopile detectors to

Ve |measure the thermal emission of the

martian surface and atmosphere and

'the total reflected sunlight (8). Various

filters divide the 28 detectors among six
wavelength bands. Making a full set of
measurements every 1.12 seconds, and
utilizing the motion of the spacecraft
or the scan platform to move the line of
sight over the surface. the IRTM can
map the variations of radiation intensity
at each wavelength. By measuring the
diurnal variation of radiation at a given
location, the thermal inertia of the sur-
face can be computed, and inferences can
be drawn regarding the mean grain size
of the surface. These data were helpful
in understanding the landing site. The
IRTM maps may also indicate variations
in mineral content of the surface. A
major scientific objective of the investi-
gation is the study of the polar region.

The details of the observations by
these three instruments are discussed in
the reports that follow.

A fourth orbiter science experiment is
provided by the radio subsystems. in-
cluding the X-band and S-band on the
orbiter. Doppler and ranging measure-
ments on the two-way radio link between
the and the Deep Space Net-

with a spatial
surpassing that of any earlier measuR-
ments. Its observational program is de-
signed to measure the variations in water

work tracking station determine the

spacecraft velocity and range with great

accuracy. These data can be analyzed to
763



vield a variety of information about the
gravitational field. the & here. and

aeroshell (7). The other lander science
i are d in or on the

the ephemeris of the planet. as has been
done on all planctary missions since
Marniner 4. The first result of this investi-
gation has been to determine the loca-
tion of the lander on the surface (9).

The lander science instruments. The
returding potential analyzer and the
mass spectrometer were attached to the

Fig. 8. Perspective plots of Mars as viewed by]
before orbiter periapsis (the cross marks the landi

lander body. M gical sensors

extended to 3 m and swing through
110° of azimuth. The two slow-scan
facsimile cameras can take pictures ir

are mounted on an extendable boom to
avoid interference with the lander body.
A th is sei is d on
the lander surface. A retractable sampler
boom. protected and cleaned of organics.
is used to pick up samples from the Mars
surface. This boom with its scoop can be

I
AbxiprvasSaibiabaie

n|

160°
50
PLANLTIA

40° R adens
30°

AmAzONIS
20°

PLANTIA

SOUTH

black and white or color. stereoscop
ically. and have channels sensitive

the infrared. Each of the surface anu
Iytical experiments has a separate hop
per into which the samples are in
troduced. Biology and molecular analy

sis hoppers were capped to preven
contamination, and were opened afte

landing by firing pyrotechnic devices. In
side the lander are batteries. a tape re

corder for recording data. a power condi
tion system. a system for processing the
data. the computer. and the telecommuni
cations electronics. The terminal descen
rockets have been designed to avoid dis-
placement or heating of the surface in the
last few meters. Hydrazine is the sole
propellant: its products are H, and N..
and small amounts of NH, and H,O. A
special design of the rocket engines en-
able touchdown with no more than 1°C
increase of local temperature and no
more than | mm of surface stripping

“bendéth the engine. The engines were

340° 320°

Fig. 9. Map showing the region in which observations at & wide range of local times can be made. The background is the 1976 Topographic Map of
Mars (M2SM3RMC) prepared by the U.S. Geological Survey.
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throttled during descent before touch-
down.

Other experiments associated with the
lander are the magnetic and physical
properties experiments. Small magnets
are mounted strategically and will be
photographed. Engineering aspects of
the lander will be used by the physical
properties team (/).

The planetary scan platform and in-
strument fields of view. The Viking orbit-
eris a three-axis stabilized spacecraft: its
orientation is normally maintained fixed
by special optical sensors that provide the
signals for locking onto the sun and the star
Canopus. When it is required for chang-
ing the orbit or for observing a particular
spol. some other orentation can be
chosen and maintained gyroscopically.
All three orbiter science instruments are
mounted on the planetary scan platform
(see Fig. 5) which can move with two

constraints on the orbiter instruments and
restricts the scientific measurements that
can be made. since the viewing condi-
tions are essentially identical day after
day. The effect on the IRTM and MAWD
investigations is particularly severe. as it
is the diurnal variations of temperature
and water vapor that are of pnmary inter-
est. and it is essential 1o observe the
same area at as many different times of
the day as possible. For this reason. it is
planned on both Viking missions that the
orbiter will be released from its lander
for a few days. The orbital period will be
changed by 2 or 3 hours so that the pen-
apsis point will move around the planet.
Synchronism will then be reestablished.
Since all observations up to now have
been made from near-synchronous orbit.
it will suffice for an understanding of the
observational conditions to describe the
orbll on rev 30. the landing orbit. The

dcgr:es of freed in
*clock angle’ about the orbiter's axis
of symmetry (normally the spacecraft-
sun line) and in “*cone angle™ which is
measured from the symmetry axis.

ft track during this orbit is
shown in Fig. 7. The crosses are spaced
2 minutes apart on the northem portion
and 20 K00 KD Bing
over the landing site and th peri-

apsis, and soon thereafter the sun sets
on the site out of view of the orbiter.

This orbit chronology is summarized
by the numbers on the ground track in
Fig. 7. The landing site is visible to the
VIS and the MAWD for only 50 minutes
at low altitude at a local time around 4
p.m. and at high altitude for only 4 hours
after sunrise when the site is so near the
limb that good observations are difficult.
Figure 8 illustrates the views of the plan-
et from the orbiter at lander sunrise and
at periapsis, the rectangle in each picture
being the coverage of one VIS picture.

The geometrical considerations above
explain why many of the infrared obser-
vations in the synchronous orbit are
made on areas away from the landing
site. A particularly favorable area is near
the equator between 60°W and 100°W.
Figure 9 shows the situation 6 hours be-
fore periapsis; the sunlit and visible por-
tion of the planet lies between the mom-
ing terminator (marked AM) and the arc
delineating the limb. Portions of this area
remain visible from this time until peri-

apsis. permitting observations from sun-

platform can be moved in steps of oncr] Tpsis\{paint) [the) frack M}']wr}’]&j 'ﬁﬂ until late afternoon. For the IRTM

fourth of a degree. and its control sys-
1em can be programmed 10 move it as de-
sired about either or both rotation axes
at rates of one or four steps per second.
These motions. combined with the orbital
motion of the spacecraft. provide a rea-
sonable flexibility in covering the planet
surface.

The fields of view of the three in- .
struments overlap so that simultaneous*

observations are obtained whenever the
VIS is operating. The pattern of observa-
tion in the absence of spacecraft or plat-
form motion is as shown in Fig. 6. The
optic axes of the two cameras diverge by
1.38°. and since the cameras are shut-
tered alternately. there is normally a con-
siderable overlap between successive
pictures. The seven circles represent the
*“chevron™ pattern of each of the four
“sets of IRTM sensors. For pure cone-
angle motion. these give seven parallel
equally spaced tracks of observation; for
other motions. the width of coverage is
smaller and |he overlap greater. The I‘
£ the i

“‘apsis. ' the minimum being 2.3 hours:

mately toward the northeast. The sun ¢le-

about S0 m

ter penapsls and the
Ingmed planet 1 ther' hmcnscem be.
tween about J.and 8 after pen+

fore pen-

S sl
e g bAST. Afinﬁm’ﬁwm

light at 3.3 hours before periapsis, when
the orbiter is at an altitude of about
18.000 km.

Consider now the observability of lhe

r overﬂy}:s(w_'. the Jogal ~
Jpst

the important predawn observations are
so available in this oenernl mpon The

ning terminator (PM) is in the posi-
mn shown at the time of periapsis pas-

lemma‘&ﬁ% ’KB .N the time of this writing the Viking

lpnd:r 1 has collected a surface sample
the biology instrument and the in-
ic chemical instrument (/7). Anal-

ysis has begun. The seismometer instru-
ment is still caged. The Viking 2 orbiter
is approaching Mars and has made its
final approach maneuver.

G. A. SOFFEN
NASA Langley Research Center,
Hampion, Virginia 23665

C. W. SNYDER
th I’mpul:mn Laboratory,

landing site. starting with the sp
at the extreme right of the track in Fig. 7.
at $°N, 297°W. 2 hours after periapsis.
As the orbiter moves south, gains alti-
tude. and slows down and the planet ro-
tates beneath it. about 8 hours after peri-
apsis the slle nppears over the da.rk
imb, *visible™

small
fields of view (IFOV) of the MAWD
which result from the rotational stepping
motion of & small mirror inside the in-
strument aperture. For pure cone-angle
motion the resulting surface coverage is
1.8° wide and everywhere dense: less op-
timum coverage is obtained for other di-
rections of motion.

Surface coverage and observation con-
ditions. The Mars synchronous orbit
passing over the lander imposes viewing
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the IRTM. nnd it remains in view near
the northern limb for more than 10 hours
as the orbiter goes through apoapsis far to
the south. Ten hours before periapsis the
site crosses the terminator into the light
(sunrise). and 4 hours later it disap-
pears over the northeast limb. On the
low-altitude pass over the site. it reap-
pears over the northeast limb 35 minutes
before periapsis and disappears over the
southeast limb 15 minutes after peni-
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Ision
Laboratory and its subcontractors: the lander
by Martin Manetta Corporation and its subcon-
tractors The lasnch vehicle was provided by
Lewis Rescarch Center. The mission's opera.
1ons are conducted by a 7%0-man Viking fight

Preliminary Results from the

5 g‘omel from NASA. JPL.
Martin Manetta, their subcontractors, and all of
be Viking scientists. The effor is the result of
housands of dedicated men women who
provided the ingenuity. the Joyalty. the perse-

he faith in our fut

Boes 1o the student interns for their technical
as . The interns w by grants
from the Alred P. Sloan ion and NASA
Finally. it should be he project

rec that 1
was organized and led by James S. Martin, A T
Young. B.T. Lee. P. Lyman. and J. Goodiett
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Viking Orbiter Imaging Experiment

Abstract. During its first 30 orbits around Mars. the Viking orbiter took approxi-
mately 1000 photographic frames of the surface of Mars with resolutions that ranged
from 100 meters to a little more than 1 kilometer. Most were of potential landing sites
in Chryse Planitia and Cvdonia and near Capri Chasma. Contiguous high-resolution
coverage in these areas has led to an increased wunderstanding of surface processes,
particularly cratering, fluvial, and mass-wasting phenomena. Most of the surfaces

examined appear relatively old, channel Seatures
suggestive of permafrost have been identified. The

ters imply that fluid flow of ejecta occurred \afiérballistid Yephyitiod.) Vadia

ind Nnd4 Varidry

jecta patterns around large cra-

tures in the photographed area appear to have changed little since observed S years.

ago from Mariner 9. A variety of atmospheric phen i 2
diffuse morning hazes, both stationary and moving white cl t\d_s‘.'und wave
clouds covering extensive areas. [ and

This report is a preliminary assess-
ment of pictures acquired from the Vi-
king 1 orbiter during its first 30 orbits
(designated as revs). During this period,

attention was focused on the selection of -

landing sites. However, the pictures ac-
quired have broad scientific interest,
both for geology and for studies of the
martian atmosphere.

The Viking visual imaging system
(VIS) (/) consists of two high-resolution,
slow-scan television framing cameras.
Conceptually similar to the Mariner cam-
era systems used in previous Mars, Mer-
cury. and Venus missions. the VIS incor-
porates improvements designed to in-
crease  both spatial resolution and
coverage. Each camera employs a 475-
mm diffraction limited telescope and a
37-mm-diameter vidicon. the central re-
gion of which is scanned with a raster for-
mat of 1056 lines by 1182 samples and
produces a 1.54° by 1.69" field of view.
The optical axes of the cameras are off-
set by 1.38°. Cameras are shuttered alter-
nately, resulting in contiguous swaths of
images 80 km wide. with resolution bet-
ter than 100 m near periapsis. Six color fil-
ters are available to restrict the image
spectral bandpass to limited portions of
the cameras’ near-visual response char-
acteristics.

The orbiter imaging experiment start-
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ed dequirin|
fi ars rtion (MOI): acquisi-
tion of scientific daty did not, how-

ever, begin-until 120 hours e MOI

“when redand violet picture pairs were

T SN elgletad ot Eio ol

il logRap elivad

en with the red. the minus blue. and the

tion d‘mJbB&IM\ B

ing area on revs 4, 6, and 8. Because of u
delayed arrival at the planet, the rev | ob

servations were not made: the first high

resolution frames were acquired on re:

3. These revealed surprising detail in the
Al area (discussed below). sufficient 1.
cause apprehension about its suitability
as a landing site. Consequently, it wi.
decided 10 look elsewhere for u safer
site. The region to the northwest of the
oniginal site appeared most likely to yield
a smooth area because it is farther from
the mouths of the large channels, close
10 the deepest part of the Chryse basin

and might therefore be a site of fluvial
deposition. This area (AINW) did ap-
pear smooth in the pictures. Radar daty
(2) acquired later, however, indicated ad-
verse conditions and resulted in searches
on revs 20 and 22 for additional sites 1o
the west, where a suitable site was even-
tually found. During this period two sites
for the second lander were also exam-
ined (Fig. 1). These are the B site at
10°W, 44°N (revs 9 and 26) and the C site
at 44°W, 6°S (revs 12 and 14). While the

}ruj—l}“alliwde coverage was being ac-

quired, high-altitude observations contin-

ere observ, £ q‘msbddinx{ ed 1o monitor atmospheric activit y.

he Chryse Planitia region. Regional
and\local geological analyses (3) on the
basiy of pre-Viking data show that the
area consists of relatively smooth plains
of Chryse Planitia near the terminus of

{Ihyee large channel systems (Ares Vallis,

u Valiis, and Simud Vallis) that origi-
nate in chaotic terrain of Margaritifer
Sinus and drain northward into the
Chryse basin (Fig. 1). These channels
and their associated distributary net-
works are considered to be primarily fiu-
vial in origin and to have been modified
by aeolian however. the de-

violet filters the
imaging. These early frames allayed any
fears that the planet’s atmosphere would
interfere with photographing the surface.
In several regions, particularly Hellas,
Argyre, and Memnonia, they also re-
vealed local brightenings interpreted as
surface frost or ice clouds low in the at-
mosphere. One surprise was the visibil-
ity of the surface in the regions of the
south pole, where a hood of clouds had
been anticipated. After MOI, the orbiter
cameras were devoted to finding suitable
sites for the Viking landers.

Prior to insertion, detailed plans had

gree of modification by wind has not
been established.

The predominant feature in the Al
area is lightly cratered plains typified by
ridges similar to those on the lunar
maria, and which increase in frequency
and prominence to the northwest. By
analogy to lunar geology, presence of the
ridges suggests that the plains are lava
flows with low viscosity in the melting
range and are probably of basaltic com-
position. The second most extensive unit
in the area forms plateaus which stand
topographically above the plains. These
are

been f to

hazards at the landing site (A1) at 19°N.
34°W (Fig. 1), near the mouth of the large
Chryse channels at the southern edge of
the Chryse basin. The plan involved a
calibration sequence on rev 1, extended
coverage of the Al site area on rev 3,
and stereo coverage of the specific land-

of a surface that
is older than the lava plains. Almost ev-
erywhere in this region streamlined
plateau forms indicate sculpturing by
fluid flow. In the transition zone between
the Chryse basin and the cratered up-
lands, individual impact craters formed
effective barriers to flow: downstream

SCIENCE, VOL. 193




\lﬂémﬁc‘

JMIX XY 01X
M1AXN ANNA NUAK 1K

\
IPQ CRTL/\B “;

Ezra Orion CoIIe_E:ifbn
Public Art Archive




10 the right. where an accumulation of
large boulders and possible outcrops can
be seen (see Fig. 7).

Blocks and their size distribution. The
images display an impressive abundance
of blocks of many sizes and shapes. The
blocks near the spacecraft are coarsely
granular. possibly breccias formed by im-
pact processes. Other blocks are pitted.
possibly reflecting a vesicular texture.
One block has an indication of rough
striations. suggestive of layered basalt.
On the horizon. which is about 3 km
away for a spherical surface. at least
three topographically high regions remi-
niscent of crater profiles can be seen
(Figs. 2 and 5). The change is brightness
of the surface from dark near the sun to
bright at 180° away in azimuth is primari-
Iy due 10 illumination: features are back-
lit close to the sun and frontlit 180° away.

Any azimuth alignment of long axis di-
rections of blocks remains to be deter-
mined. ll’ such alignment does not exist.
the is that ining by
fluid (water or wind) has not occurred. or
has since been altered. That inter-
pretation is consonant with the angular-

ity of most of the blocks. Several mck']]:qm
crater sizes Iess
unusual shapes. South of southeast (Figs.  ever. i y be a lybt

]
Ve

in the field of view do. however, exhibit

5

2 and 5) are two peculiarly shaped
rocks. one of which has a tapering cy-
lindrical cross section. while the other
has an elongated concave indentation
in its upper surface. Although the an-
gularity of the blocks may be due 10
wind-f; the fack of cl ing of

secondary craters that would be difficul;
1o detect from our perspective. In addi-
tion, some of the smooth patches on th.
survey images may be craters filled wih
sand or dust.

Interblock regions are covered by

facets in particular azimuths argues
against this hypothesis.

Rocks of unusual forms can be pro-
duced by various physical weathering
processes such as frost shattering. spall-
ing. and aeolian sandblasting. Some of
these unusual forms resemble tech-
nological artifacts or biological forms (6).
Care must be exercised in interpreting
the rocks seen in the Viking pictures.
Some rocks in these pictures appear 10
have unusual shapes and surface mark-
ings. which are. however. due to high-
lights and shadows cast by irregularities
on the rock surface. The true shapes of
rocks can be determined only by viewing
them at a variety of illumination angles.

Very few craters can be discerned on
me punomms (Fiss I and 5). Our

I!r@uues
rmmm sul ICEII'E vel

ow=

of smooth to granular sur{
(Fig. 8). The smooth surfaces are
ably fine-grained sediments. Analy <.
the -high-resolution imagery indicu..
that the fines are < several hunc:.
micrometers in size.

Block size distributions were tabu.
ed using the sol 0 survey image for &
gion from southeast to southwes! &
from - 15° to ~ 40° in elevation (.
Fig. 3). Those coordinates transla:
to a 15.48-m* area on Mars with a poore-
resolution of 1 ¢cm and a best resol
tion of 0.4 cm. Counts were truncate
below three times the poorest resolutio:
The resulting size distribution, norma
ized 1o 100 m?, is shown in Fig. 9. alon
with counts from Surveyor 3 and Surve: -
or 7 locations on the moon (7). The bloch
size distribution is similar to that ot
tained with Surveyor 7. which landeu
within one crater radius of Tycho. a cru

M}F!'N"ﬁ‘ﬁn Kr 85 km in diameter. The Surveyor 7 lc-

cation is unique in lunar landings, exhit

iting a surface with a thin regolith anc

=)
G wwom moc
Lo o s
s —obasi Rt 7/ S swmsson

Fig. 3. Onthographic sketch map of terrain immediately surrounding the Viking 1 lander. The following units are found: mottled and pitted block:
(heavy lines): (@) angular blocks \nlh smooth. flat ndu. (b) bn.hl smooth, rounded blocks; (d) mottled surface hlvmomooth M puehtulht

grained matenal: (h)

surface

pitted, and

disturbances during landing: (p) pebbly surface Mvm; a less reddish hue than the undifferentiated surface, and imemmed w0 be an aeolian h&
gravel: () fine sinuous ridges on smooth surface: (s) undifferentiated surface having small blocks interspersed wit material of
generally reddish hue: (ss) smooth surface with few blocks: (1) tapering reddish deposits on the lee side of boulders, hw 10 be wind tails:
(vd) very dark surface composed of fine-grained smooth material that is deposited mostly in depressions, and

and horseshoe-shaped depressions interpreted to be scour marks on the windward side of blunt blocks (shown in Fig. 10).
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abundant blocks. Tycho is only 100 mil-
lion years old (8) and. within a crater ra-
dius, postcratering events have served
only to excavate blocky ejecta, with min-
imum generation of fine-grained regolith.
With more data on larger block sizes, the
size distribution curve would allow (9)
estimates to be made on the landing
hazard due to blocks.

At least three possible impact craters
can be seen in the sol 0 survey image.
providing positive evidence for one proc-
ess capable of producing a regolith. The
angularity of the block also argues for
production by fracturing. most likely by
mechanical crushing. The possible bed-
rock outcrops on the sol 0 survey images
between —4° and —7* elevation south of
southwest together with the fact that
boulders seem to become larger close to
the rim of the possible crater south of

h argues for production of reg-
olith by impact into coherent strata. But
a range of other processes may also be
operating, as already mentioned.

Evidence for aeolian activity. To the
south of the spacecraft. several features
commonly found on desert floors can be
seen. Small. flat patches of pebbly
ground lie at a lower level than adjacent
fine-grained materials (Fig. 8). This peb-
bly surface has the appearance of a lag
gravel. indicating scouring by wind and
removal of fine-grained material. Cres-
centic depressions occur adjacent to
some boulders. Opposite the scour
marks. some boulders exhibit fine-
grained deposits with thin ridge crests.
The consistent direction of these depos-
its and the presence of scour marks sug-
gest that both are caused by the wind ac-
tion. scours being on the windward. tails
on the leeward sides of the boulders.
Such features resemble wind tails com-
monly observed in terrestrial deserts.
uhere sand accumulales in lhc a:rod)-

q zone 1}
ind nf ! ve
scour marks on boulders can be seen 10
the east of the spacecraft (Fig. 10).

The indicated wind direction derived
from measurements of the directions of
43 1ails of fine-grained material in these
images is 197° = 14° clockwise from the
north. A similar wind direction can be in-
ferred from the accumulation of fine-
grained material adjacent to the large
boulder visible just below the high-gain
antenna, if the material has accumulated
downwind (Fig. 4). In a larger scale of
kilometers to tens of kilometers. Mariner
9 (/10) and Viking orbiter (4) imagery re-
veal both bright and dark streaks in the
lees of craters and other obstacles. The
flow direction indicated by Mariner 9
bright streaks is about 225° clock

Fig. 4. This is a part
of the sol 0 panorama,
directly adjacent to
(and 10 the right of)
the region shown in
Fig. 2. The boulder
seen just above the
reference test chart
has a patch of dune
material piled on its
left side. One of three
reference test targets
used to calibrate the
cameras is in the cen-
ter of the image. Just
10 right of the test tar-
get is a plaque with
the microdot signa-
tres of the 10.000
participants in the Vi-

king program.

JTMIX
171717Y0 1NN NIINN 11773AN
frbh norih. shigkebing tha | Bbmiart| dish ol

sediment transport occurs during major
dust smrmi«Mllﬁ\er 9 brighr streukss are
most I\\;&P(oﬂked by high“winds act-

f fine-grained matenal

durifg ‘the 138t stages of the I
10

«

An-extended ﬁeldﬁm‘ apparently fine-
grained material is also visible'ta the-east
of Viking 1. Brightness variations within
this field supgés) [transverse
The Iower left-hand comer of the survey
image contain Qurvilthes dérk linfy thae
may be npple crests.

The areas containing abundant wind
tails and fine-grained deposits are bright
and relatively redder on the color im-
ages. The pebbly areas of lag are slightly
less red. A third material is considerably
grayer in color and lower in albedo. It is
very fine-grained and smooth in appear-
ance, and occurs both banked against the
bases of some boulders and astride the
tops of others (Fig. 3). It also thinly cov-
ers the ground in this area. and causes
the surface to look slightly mottled. This
dark material may be superposed on red
sand although the contrary ibility is
not ruled out. It could be material moved
by winds at the saltation threshold. or
deposited from a cloud of dust raised
during landing. It may be significant that
this dark material does not have the red
color that is present on the other fine-
grained matenial associated with the wind
tails.
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Surface cole The striking red-

of the martian surface. re-
vealed by Viking lander photography
tcmcr) has of course been anticipated
by telescopic and naked-eye observa-
tionis extending to prehistoric times. But
t of the au}wr 7\ tzc now see that the coloration applies to

oulders. rocks. and fine grains: indeed
it ivarare patch of the accessible surface
which is not vividly reddened. The ob-
served color hues and saturations are.
we believe. accurately rendered (//):

“G’HO f(nm terrestrial expenience they are

strongly reminiscent of limonite.

Limonite is a poorly defined mixture
of minerals, comprised chiefly of goe-
thite and hematite and often written as
FeO - OH - nH.0. It has been proposed
before for Mars on a variety of photo-
metric and polarimetric grounds (/2).
However, it seems clear from analysis of
the Mariner 9 infrared spectrometric ob-
servations of dust suspended in the mar-
tian atmosphere that this dust, at least.
cannot be composed primarily of limonite
(13). It is a natural suggestion that the
limonite is present as a relatively thin
coating of ““desert vamish,” as first
proposed by Binder and Cruikshank
and Van Tassel and Salisbury (/2). The
uniformity of this coating on the martian
surface suggests that the coloring mech-
anism is efficient and is operating in
geologically recent epochs.

The limonite stain observed on the
fines and rocks of terrestrial deserts is
duced by the oxidation and i
of the mafic minerals of the rocks them-
selves. and in most cases these rocks are

B




1gneous. If the limonite observed on the
martian rocks and fines were produced in
the same way. then the stain must be a
tossil from an earlier period in martian
history when the atmosphere was richer
in H.O und O. than it is today: limonite
caniot be formed by the usuil weath-
erinz processes under the current mar-
atmospheric conditions. However
ble evidence 1o suggest

there is conside

ast liquid water was abundunt
rfuce in the past and so the pos-
the imonite surface stain is &

«silis not without support. Alternative-

w

|

Iy (/4). the limonite could have been pro-
duced by photooxidation of the mafic
minerals in the rocks in the presence of
the small amounts of water currently
available in the martian surface environ-
ment. This process occurs on Mars and
not on Earth because of the high mar-
tian surface flux of solar ultraviolet radia-
tion. At the present, neither of these two
modes of ongin for limonite can be ex-
cluded and it seems possible that both
have played i role in producing the rusiy
color of the martian surface on images by
Viking |

Atmospheric
tained by the Viking lander cam
fer & unique opportunity to study
rately the surface and sky of Mar

properties

cept for studies of the planetary
Mars light observed from above ity

Images

at

sphere typically contains contribu:

from both the sky and the surface

All quantitative estimates of sk

surface brightness are based on g
based calibration of the camers

launch 2)

on the basis of periodic use of the

Little change in came
sponse has been observed since

2

1 i

$(top). The second panor

iree boulder northeast of the lander is about & m aw
~ketch mup of this landscape. This panorama. combined with Fig. 2. proides stereo coverage of about 240° in azimuth.
meri | survey panorama terrain sketch map. compiled from enlargements of returned Viking | lander images. The skeich
apped. The scene is dominated by
field to tens of meters near the h

nder 1. sol

1 thsl

ma was taken on sol 3 with cameru |

*P Covers an azimuth range of about 300°, Several terrain units were m:
und hsd) with block sizes ranging from centimeters in the near
ur and show no obvious preferential onentation. Block surface density is relatively uniform on the sc:

The central region reves

s the landscay

Fig. 6 (bottom)

pe not previously imaged in Fig
ay and about 3 m high. Behind the surface sampler arm is 4 small dune field. Refer to F g 61

Viking

light and dark blocky surface m.
onizon. The blocks are frequently
ale of tens of meters. although the




nal calibration lamps—at least for the
photodiode channels used in the mea-
surements discussed in this report. More
reliable data reduction must also include
the use of at least one of three reference
test charts on the lander (see Fig. 4).
These charts consist of calibrated color
and gray reflectance patches. However.
their use for absolute radiometric camera
calibration is made difficult because the
exact amount of light falling onto the ref-
erence test chart is difficult 10 assess. To-
1l lighting includes contributions from
direct sunlight as well as skylight. some

NE

of which may be reflected off the lander
structure onto the charts.

Asillustrated in Figs. 1 and 5 and on the
cover. the brightness of the martian sky
is comparable to that of the surface. This
skylight is produced by air molecules
and suspended particles. which scatter
the sunlight incident on the atmosphere
from above and reflected by the surface
from below. Preliminary quantitative
studies of imagery from the first week of
Viking | lander operations. as discussed
below. provide estimates of the relative
contributions from particles and mole-

E

cules. the abundance of suspended parti-
cles. their composition. time variation.
and mean size.

The relative importance of the contri-
butions of air molecules and particles to
the observed skylight can be assessed by
examining its observed absolute bright-
ness. We express this brightness in terms
of r. the ratio of the observed brightness
10 that expected from a perfectly reflect-
ing Lambert scattering surface at Mars®
distance from the sun which is illuminat-
ed by sunlight falling normal 1o its sur-
face. For the sol 0 panorama. r = 0.2 at

SE

LEGEND

¢ |

'l

= SMOOTH SURFACES, DARK
ssl - SMOOTH SURFACES, LIGHT
= SMOOTH SURFACES, ACCUMULATION
du - DUNES (PROVISIONALLY)

bsd - BLOCKY SURFACES, DARK
bsl - BLOCKY SURFACES, LIGHT
b - INDIVIDUAL BLOCKS

ol - OUTCROP, LIGHT

f - FARHORIZON

N - NEARHORIZON

¥ - CRATERRIM

-== - LINEATION

distribution is patchy at smaller scales. In the bs/ and bsd units. there are interblock areas of fine-grained loosely consolidated material with
vanable albedo: light (ss/) and dark (ssd) surface materials are mapped. An ssa unit is used to denote an accumulation of smooth matenial,
probably emplaced by acolian processes. The (d) material is assumed to be a dune field. Three small incaments have also been mapped. including
two lineaments in one of the light outcrop (of) units and what appears to be a fracture or ledge in the largest block in the scene. Possible crater
rims on the horizon are delineated by vertical arrows where considered fairly definite. Blocks are outlined where prominent due to size or where
intersecting # terrain contact. The near horizon is denoted by # and the far horizon is denoted by f. The nominal horizon is calculated to be about 3
km distant. Compass headings are indicated across the top of the scene.
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the planet for much of & martian year.
The mantian season of our observations
is antipodal to the times when global dust
storms arisc. The optical depth of this
background aerosol may vary on time
scales of months. but the important point
is that = may be appreciable much of
the time.

The presence of large quantities of par-
tially absorbing dust particles in the at-
mosphere implies that the dust particles
are an i source of heric
heating. As a result. the lapse rate in the
upper portion of the troposphere may be
more subadiabatic and the height of the
convection zone during the day may be
shallower lh.m values pertinent o dusi-

» \

free di Also. a Jerabl
depth of the lower atmosphere may un-
dergo significant  diumnal temperature
fluctuations. which may in tum generate
diumal variations in atmospheric pres-
sure and winds: in contrast. when there is
no ded dust the h is
warmed chiefly from the surface. and
only a shullou lower region of mc at-

diurnal lempcrulurc fluctuations. 1t is in2 ") MaAdéi P ﬂ;ﬁ'}ﬂg 16
I

scattering surface.

teresting to note that rather large diumal
fluctuations in surface pressure and
winds have been detected by the Viking
lander meteorology experiment (/7).
Surface photomerric properties. The
presence of a bright sky may imply that
skylight hiss made an important contribu-
tion 1o light from Mars observed by past
fiyby and orbiter missions. and by

ground-based observations. and could.,

have biased previous estimates of the
surface albedo. This is substantiated by
very preliminary analysis of Viking orbit-
er and lander image data. While analysis
of Viking orbiter imagery () suggests
that the mean albedo in the landing el-
lipse is higher than the mean albedo of
Mars averaged over bright and dark
areas. analysis of initial Viking lander
imagery suggests that the local albedo
1s lower than this average value. Alterna-
tively. the Viking lander may have
touched down in an area which has a low-
er albedo than the regional average. such
s near a dark-haloed crater or on a dark
streak.

Lander imagery data—both the sol 0
survey and the sol | color picture—were
reduced as follows. Images were divided
into small (20° by 20°) sections covering
the unobstructed portion of the martian
surface between the meteorology boom
and the RTG windscreen. The brightness
in euch section was then calculated for a
flut surface using three theoretical photo-
metric functions: a near-Lambertian sur-
face. an empirical function (/5) based on

27 AUGUST 1976

oo (37 10 wo
ROCE $12E, »
Fig. 9. Block size distributions for Viking
lander 1 site, taken from the sol 0 survey
image (Fig. 2). Counts are plotted as in-
cremental frequencies per area. Error bars are
binomial sampling standard errors about most
probable values, Apollo 12 and Surveyor 7
plots are shown for comparison.

JIMIK XITY 101X

These predictions (3)

d with
hi

it therefore seems that material was not
raised to the level of the lander body (- |
m) after landing.

The motion of objects that are larger
than several picture elements appears
primarily as geometric distortion. rather
than blurring of detail as in film cameras.
1t is difficult to classify the extent of geo-
metric distortion in a general sense. as.
for example. by recognition limits as a
function of object size and velocity. be-
cause the extent of geometric distortion
depends not only on these factors but al-
s0 on the direction of object motion (/8).
No obvious examples of this type of dis-
tortion have been observed. An example
of unusual features parallel to the scan di-
rection is seen in the leftmost portion of
the sol 0 picture (Fig. 1) of the footpad
o).

There is a repeated scanning mode in
which the camera azimuth advance is in-
hibited and a scene which is one resolu-
tion element in angular width is repeat-
edly imaged with & period of either 0.22
orM 13 seconds (Fig. 10). Duning the first

eek of imaging this mode was exercised

WP JQN total of about 35 minutes (primarily

at the longer period) during both middle

swodml- \ngmg and late afternoon. The only
J over' i

sections/ 'Btc best agree-
for an #lbedo lower that
-based vu #’L
ke bd:kscull:nng sur-

ﬂl) an ne-gmncﬂﬂg!g tion
ﬁmﬁﬁ“&i&e&“

dncales a surface reflectivity spectrum in
the visual wavelength range which is con-
sistent with Earth-based observations.

Motion detection and variable fea-
tures, The imaging investigation includes
a4 search for vanations in the scene
caused by windblown dust, albedo
changes in the surface material, or, possi-
bly. motion of macroscopic organisms
(macrobes).

In the variable features experiment, a
half-dozen regions on the surface and a
grid target atop the lander are monitored
at 1- to 10-day intervals at similar sun ele-
vations. Preliminary studies have shown
no changes on the surface besides those
produced by ejection of the sampler arm
shroud and locking pin. The shroud eject
exposed a surface darker than the over-
lying material, and the area is being ex-
amined for albedo change due to dust

ion and i ing.
grid target appears to be particle-free and

“that. on the
%lm the ™
rorelief.

observed thus far can be ex-
pi:med by brightness changes caused by
sup movement duning the imaging, and
lnupnon of shadows projected by large
raeks or the lander itself.
o dearth of observable changes to
gl??ies consistent with the low seasonal
nds as measured by the meteorology
murumem. The theoretical wind veloci-
(y in the boundary layer required to in-
duce particle saltation (/3) is several
times greater than the highest gust velo-
cities recorded (/6). However, the re-
peated scan technique is extremely sensi-
tive 10 changes as subtle as the vibration
of a single specularly reflecting particle
well below the resolution of the camera
optics. and it is possible that meteo-
rology results combined with such obser-
vations will yield the threshold velocity
for particle movement, during antici-
pated periods of higher winds later in the
mission.

Biology. With the discovery by the Vi-
king entry mass spectrometer (/9) and by
the lander gas chromatograph-mass
spectrometer (20) of molecular nitrogen
in the martian atmosphere, all essential
prerequisites for a martian biology based
on terrestrial biochemistry have been sat-
isfied: CO,. H,O, N, and sunlight. But
necessary conditions are, of course, not
the same as sufficient ones, and the ques-
tion must be settled experimentally. The
Viking | lander camera has a resolution
%




Fig. 7. This blocky surface extends from a few meters from the lander out to the highest point on
the local horizon (150 = 75 m). There are several smooth mounds in the background that appear
10 be dunes of windblown sediment. At the right in the middle of the frame is u patch of
fractured and jointed rock that may be an outcropping

an elevation angle of 15° and an angular
distance 8 of 9%0° from the sun. Some-
what smaller values pertain at larger g, -
and somewhat larger values at smaller lj I
The effective wavelength of the survey
diode used for this picture. weighted by
the transmittance charactenistics of the
camery and the solar spectrum. is = 0.73
um. For an optically thin Rayleigh scat-
tering atmosphere. the measured surface
pressure of the landing site. and the
above geometry. we find (/6) that the val-
ue of r expected solely from molecular
scattering is ~ 0.0003 times the observed
value of r. Thus almost all the sky bright-
ness is due 1o scattering by particles pres-
ent in the atmosphere

For an elevation angle of 10° and a
scattering angle of 50° on the sol 0 pan-
orama. r = 0.3. To estimate the extinc-

Thus 7=

tion gptical b =.we yssume r<l|
and f‘m:j I{J- b")ﬂxf«ém{m«f)mm is
% cipally due 10-sif seatiered | sun-
ik miniy i PRy (v
w, and p are. respectively: the Single
scattefingalbedo  und 1he* " Scatiéring
phaséfunclion a1 50°. Foe many different,
:,mﬂrilon\p 19 S0°, Also. at a °
Wavelengiilor 0.73 win. ¢4 117
Jof the hrzuhb‘brﬁ{zhlnc» 6f Mars Wé
[ d the amount of sus-
pended. particles’ in thé“martian atmo?
sphere over the Viking Nander iscom
parable 1o values typical of continental
i

[drgus an fhe 6 Thh&uil’?[or‘
‘tﬂlrsmh'm rémjln\n? et of 'rhiniznﬁum
espuid-lis Art Archive
TRUC,AL ALGDINS b
sky is an orange cream to pink. We employ
the color composite obtained on sol | to

w2
Tl

Fig. K This picture illustrates the variety of rock textures from smooth (o extremely pitted or

vesicular. Near the center is a pebbly patch that is probably analogou

Muont of the rocks in this scene have d

s 10 a terrestnial lag gravel
side and

on the

piles of sediment 10 the lee. There are numerous small pits, particularly in the lower center, that
rrobably formed during landing. as material thrown out by the retrorocket exhaust impacted

near the lunder

i

obtain C = r(red)riblue). where r(red)
and riblue) are. respectively. r values for
the sky in the red and blue pictures. A
value C = | implies a gray sky. while
C > 1 means preferential scattering of
red light. Note that C is independent of
the spectrum of the incident sunlight
while the color pictures shown on the
cover exhibit the product of C and the so-
lar spectrum. From observed values of 1
and ground-bused calibration of the cam
era. we find that C = 2.5, However. com-
parison of r for the test charts with val
ues predicted from the ground-based cali
bration indicates that the latter give
values of C that are about 25 percent too
large. With this correction we find that
C = 1.9. Pan of the discrepancy could be
caused by & contribution to the light in-
cident on the test chart from & red-col-
ored sky. In any event. 1.9 < ( 25
These values of C provide information
on particle composition. The two leading
candidates are soil particles blown into
the atmosphere by strong winds and wu-
ter ice particles formed by atmospheric
wondensation. Very small ice particles—
that is. ones much smaller than the
wavelength of visible light—will have «
much larger cross section for scattering
‘blue than red light. and thus ¢ < |
Larger ice particles will have extinction
Cross sections more nearly comparable

in the two colors. Because ice is very

2 Wansparent at visible wavelengths. the

‘extinction cross section will be identical
with the scattering cross section. Hence
at most angles of scatter. C = 1 for ice
Allowance for light refiected from the
surface and subsequently reflected again
by the atmosphenic particles slightly in
creases C to about 1.1. Thus the ob-
served value of C is inconsistent with val-
ues expected from ice particles. How-
ever C significantly > | is consistent
with the presence of red surface particles
suspended in the atmosphere. Surface
particles large enough 10 have com-
parable extinction cross sections in blue
and red light would preferentially absorb
blue light while preferentially scattening
red light. A conservative lower bound on
the mean particle radius needed to meet
this condition is 0.1 um. Several lines of
evidence suggest that the particles sus-
pended in the great 1971 martian dust ,
storm were ~ | um in radius (/3)

The sky brightness values obtained on
different days for similar lighting geome-
tries are very similar. suggesting that we
are not witnessing & transitory or iso-
lated dust storm passing over the landing
site (none was detected by Viking orbital
photography). but rather a background
aerosol that is present over large areas of
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Fig. 10. The semi-
circular  depressions
around the two rocks .20
at the center of this
picture are clear evi-
dence of wind scour-
ing. Indirectly they
also demonstrate that
much of the surficial
matenial is in the size
range that can be
eroded and transponied
by high winds. prob-
ably between SO and
300 um. The larger
rock has a very rough
texture and appears 10
be crudely banded.
Numerous small de-
pressions in the sur-
face around the rocks
probably formed at
landing. The darker
interiors of the pits

-40

suggest that subsurface fine material is darker than surficial matenial. The array of paraliel bright

and dark lines along the nght-hand edge of this picture is a
line scan capability of the Viking cameras. The absence

indicates no motion at this time and place.

ranging from a few millimeters in the
near field to 2 m at the nominal horizon 3
km away, when run in the high-resolu-

tion (0.04) mode. Similar panoramig] “exig

photographs obtained in most places on
the land area of Earth would show
unambiguous signs of life—largely
grasses, bushes, and trees. No apparent
signs of life would be obtained by such
photographs taken on the surface of the
terrestrial oceans, which comprise some
60 percent of the surface area of the
carth. or in some desert and polar regions,
comprising at least a few percent of the
land area of the earth. While the Viking
biology experiments tend principally to-
ward microbiology, it has been thought
possible that large organisms also exist
on the planet (2/), and one of the objec-
tives of the imaging experiment has al-
ways been (/) the search for such mac-
robes.

In the 2 x 107 percent of the surface
area of Mars accessible in varying resolu-
tions to the Viking 1 lander camera, and
in the first week of imagery, no apparent
signs of life have been detected—for
example, arrays of complex morphologi-
cal forms exhibiting elaborate bilateral
symmetry, or top-heavy forms in strong
mechanical disequilibrium. In the poly-
chromatic imagery there are no patches
of anomalous color to suggest photosyn-
thetic pigments. Comparison of both re-
peated single line scans and full pictures
reveals no relevant changes in the config-
uration of surface features. There are no
pits. hollows. or furrows which are
uniquely attributable to mobile orga-
nisms. nor were any other features dis-
cerned which might plausibly be con-

"o

| plate: The

representation of the repeated single-
of left-right variability in this rescan mode

sidered spoor. There are no objects

E}Z'TBO‘IZET‘“MT%‘%’JJM?SJL?:S

gy
the high ultraviolet ﬂux Iuggl)

nts are fed or black: or |

i er to obuun access 10
riod: ilable lAq i
isms I hadow: or in which the ©

:garch fur ian | magmht\
or their- fossil equivalents by

Emc wﬂ] conuzfg Mom
p;zhgbofmcmlm;cﬁmsk ata

known from astronomical observauons
of the relative location of Mars and lhe

simulate the shadow profile produced by
the sun, and by mathematically con-
necting particular shadow points with
the positions of objects on the lander
which cast them. Our result for lander
orientation is 321.4° = 1° east of north
forleg 1. and < 5°for lander tilt.

We have also fit a plane 1o a series o
lines from the camera to points on the
rizon for the survey picture, using '
method of least squares. From this
determine the relationship between |
lander horizontal plane and the pla:
that contains the seven vectors and 1
coordinate system origin. We find an .
muth of 321° and a slope of 3.6°.

For comparison. planned orientat:
were, respectively, about 324° and
The accelerometer readout gave, respe.
tively, 321.91° and 2.99°. The azimuth ¢
rection of downward tilt is 285.17° clock
wise from north. Thus. all data are con
sistent with an orientation azimuth !
321° 10 322°, and a slope of the lande
away from horizontal of 3* to 4°. Thes
values were employed in a compuie
transformation of the apparent honzor
sinusoid (Figs. 2 and 5) 10 a horizont,

S| drey Nci’s}}ﬂ Mine (local relief excepted).
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sun. We know

about the expected shadows cast by the
lander onto the martian surface at the
time and place of landing, and how these
shadows are likely to appear in the first
few pictures sent back by the lander cam-
eras. Since the lander is a very irregular
object, its shadow profile changes radi-
cally depending on how the lander is ori-
ented relative to the sun. From this infor-
mation we are able to ascertain to within
about 1° of accuracy the azimuth of the
lander relative to the sun by comparing
the shadow profile observed in the sol 0
panorama with the shadows cast by &
1/6 scale model of the lander By more

of
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careful . we can
obtain an estimate of the lander tilt to an
accuracy of about 5°. We achieve this

i both by il the
model with a collimated light source to
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The relative importance of the various
processes for disposing of the missing
volatiles, as well as an improved esti-
mate of their total bulk, must await fur-
ther analysis. It is reassuring to realize
that the Viking landers have the capal
ty for performing some of the most criti-
cal experiments needed to answer these
questions.

Tosias OWEN
Department of Earth and Space
Sciences. State University of New York.
Stony Brook 11794

K. BIEMANN

Department of Chemistry,
Massachuseuts Institute of Technology.
Cambridge 02139
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Abstract. Radio tracking data from the Viking la e been u.
the lander position and the orientation of the, of Mars./ Th) areocentric
coordinates of the lander are 22.27°N, 48.00°! kilometers fr g cen-
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rate for Mars: any adjustment in spin
rate will affect the longitude.

The results indicate that Viking 1 land-
ed about 28 km from its targeted landing
site, well within the expected landing dis-
persions. The radius to the center of
Mars is in good agreement (within 1 km)
with earlier estimates of the radius at the
indicated surface location (), which in-
cluded consideration of regional topo-
graphic variations.

The values determined for the right as-
cension a, and declination &, of the spin
axis. referred to Earth’s mean equator
and equinox of 1950.0 are:

a(1950.0) = 317.35° = 0.06"
8,(1950.0) = 52.71° = 0.01°
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of the location of the lander on the sur-
face of Mars, the radius of Mars at the
landing side, and the orientation of the
spin axis of Mars. Determination of
these parameters constitutes part of the
overall experimental objectives of the Vi-
king radio science team (/). These re-
sults illustrate the strength of the precise
Viking radio tracking data in the determi-
nation of astrodynamic constants: lhey
are also important for the inter

from the spin axis, are be

When pared with the values of Lo-
rell er al. (5) and of de Vaucouleurs,
Davies, and Sturms (3), these values and
the corresponding uncertainties repre-
sent a statistically significant improve-
ment. The larger uncertainty for the right
ascension is due to its high correlation
with the lander longitude. Since long

“dreé of lander tracking data provide an

excellent data source for these determi-
nations, additional data will improve

“these estimates and could provide infor-

f'u lion on pole motion.
W. H. MICHAEL. JR.
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A.P.Mavo. W. T. BLACKSHEAR
SA Langley Research Center,
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distaée o the £qgitor slong e spin
axis, is best determined from the ranging
data but is subject to large uncertainties
if there are even small relative errors in
the ephemerides of Earth and Mars. A
previously developed special technique
2) that uses nearly simultaneous orbiter
and lander tracking data has been used to
correct the eph is errors.

of data from other Viking experiments

The present analysis consists of a si-
solution for five parameters,

and for providing
points for measurements involving topo-
graphic parameters.

The Viking lander data used in this
analysis consist of approximately 1 hour
of Doppler (range rate) measurements at
I-minute count rate on each of the first 3
days after landing. and approximately 10
minutes of ranging data (three range
points) on each of the first 2 days after

three lander coordinates and two spin
axis orientation components, with all oth-
er parameters fixed at their nominal or
best-known values. The results obtained
for the lander position components, ex-
pressed in areocentric coordinates are:
latitude, 22.27° = 0.02°N: longitude,
48.00° = 0.07°W: radius from the center
of Mars, 3389.5 = 0.3 km. The corre-

ding value for the latitude in areo-

landing. The of the
Doppler data is better than 1 mmJ/sec,
and that of the ranging data is better than
15m.

The spin axis orientation and the two
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graphic coordinates, frequently used as
the reference latitude on maps, is
22.48°N. These results were obtained
with a nominal 3) and unadjusted spin
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extent that the effect influences entire scan lines.
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1, 1976

e Surface of Mars:
nary Analysis

Eﬁsfr&l @fk@f)«ﬁ@!mmﬁl atmosphere was determined by the mass

spectromefer in the molec lar ai
m ktb{'b@ W50 =
was y P i

alysis experiment. The presence of argon and nitro-

500 for the ratio of argon-36 10 argon<0

of these results suggests that Mars had

a slightly more mn.mvc almoxphuc in the past. bur that much less total ouigassing

has occurred on Mars than on Earth.

The objective of the Viking molecular
analysis experiment is twofold: to detect
and identify the organic compounds, if
any present in (he surface of Mars, and

sphere, particularly its minor con-
stituents. The penalty one pays for reso-
lution and sensitivity is a certain loss of
accuracy, mainly because the residual

11. The Viking cameras record picture in
onouovmdlwmmmm
tioned in the focal The
uwuvewbnlln-\
«m in waveleagth. Six

uulyouol 1
&duuucwru
on-

with interference filters which transmif

3 the
green, and blue light ray bundles which are
multanecusly sc: nnd over a sheet of color
llm Becavse the
daodes are a complex funcion of the diode sensi-
vities, the filter charactenstics, nd the atmo-

sation has
substantially independent ways which yield sime-
lar results. One method depends on prelaunch
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lly the
of the lower atmosphere (/). The central
part of the instrumentation for this expeni-
ment is @ mass spectrometer, coupled to
gas chromatograph for the organic analy-

gr in the i
more significant and the long-term repro-
ducibility of the fragmentation pattern is
lowered.
Smoe the more important questions

sis and, by way of a molecular leak. to a
gas sample reservoir. Although the in-
slrumenl was designed primarily for the

ion of organic in the
gas chromatographic mode (2), the mass
spectrometer’s high sensitivity (dynamic
range, six to seven orders of magnitude),
high mass range (m/e 1210 200), and reso-
lution (1 : 200 at m/e 200: better at lower
mass) were used to advantage in deter-
mining the composition of the atmo-

¢ the of the mar-

tian atmosphere centered around the mi-
nor components and certain isolopic ra-
tios, an attempt was made 1o optimize
the experiment toward that goal. In par-
ticular, the detection of even traces of N
was deemed to be extremely important
because previous data (3) suggested that
it must be a minor component or could
be almost completely absent (4). One of
the major problems in a mass spectromet-

01



Table 1. Preliminary data on the abundances

the finite contributions of “Ar*" to mle

Table 2. Uwerhrmuonlhenmno(de
tected in the

Initial upper

Gas limit (ppm)*
Neon 10
Kryplon 20
Xenon 50

of gases detected in the martian atmosphere. 20 even at45ev.
Component* (%) Low (less than a few
o percent) of CO cannot be detected with

Carbon

o,w,,‘d'wd' o o our system, because of the interference
Nitrogen 2103 by the large amount of CO, in the lwo

Argon 1102 yses of the
FAr/Ar ratio 1:2750 = 500 sample and the concomitant removal of
CO when removing the CO, in the analy-
tatits. a3 DUy aoeé have bows Fouad ownd  ses where it was exposed 0 ARO. Also,

in the martian at -based or
craft observations lu&m or references). Boc-m

the dclermmanon of O, is reliable only in
the because of the

of surface mass
H,0 are mb:rmnllwcu TMWINIMCO
remaining undetermaned are mmumd m the text,
Indﬂmu’lhllowwm

ric determination of N, in the martian en-
vironment is the interference of CO*
(from CO or CO;) with the ion current of
N, at m/e 28. For this reason the gas res-
ervoir of the instrument is coupled via
separate valves 10 two cavities, one con-
taining Ag.:O and LiOH, for the oxida-
tion of CO to CO, and absorption of all
CO,, and the other containing Mg(Cl0,),
for the removal of the resulting water.
During the fourth and fifth day after the
landing of Viking 1 (20 July I976)n|ouloﬁ]
six atmospheric analyses were per-
formed at approximately 6-hour inter-
vals. In the first four of these analyses,
CO and CO, were removed: in the last
two analyses, samples of unaltered atmo-
sphere were used. During the third anal-
ysis the spectrometer shut down tempo-
rarily, leaving us with a total of five sets
of mass spectral scans. Analysis of these
spectra gave the averaged results shown.
inTable 1.

It is clear from these results that the
N, content is consistent with earlier lim-
its (3) and corroborates the results of lhe
upper here analysis (5) perf
during the descent of the Viking 1 land-
er. The argon content is much lower than
most recently suggested (6) and again
supports the value found for the upper at-
mosphere (5).

Of most importance is that the high
sensitivity of our mass spectrometer per-
mitted the determination of the abun-
dance of ™Ar which was found to be
about ten times lower than the value cor-
responding to the terrestrial ratio of
*Ar 10 *Ar. Neon, krypton. and xenon
could not be detected at the limits shown
in Table 2. It should be pointed out
that for this preliminary analysis the
quoted detection limit of neon is higher
than the amount of *Ar actually deter-
mined. This is because of the low in-
strument background and little inter-
ference at m/e 36 (the absence of a corre-
sponding signal at m/e 35 excludes any
contribution from HCI) and because of

possibility that some of the Ag.O pro-
duces O,. For this reason the value for
O, in Table 1 is from only two measure-
ments.

The determination of other minor con-
stituents, including the isotope ratios for
N;, must await funher refinement of

'anp.cl 10 decrease thesc limits for the anal, .«
under conditions of ennchmer:
dlkmmmm

that the total degassing of Mars is les
complete than that of Earth by abou
the same factor, if we ignore the pos«
bility of *Ar escape. The ratios CO,/

and NJ/™Ar are both roughly ten time
smaller in the martian atmosphere thar
in &nh s mvenlor) of volatiles. It is

the data and yses, which
are planned. The abundances of "C and
"0 as determined from the m/e 44, 45,
and 46 signals appear to be equal to the
terrestrial values within the of

ng that the relative
abundances of N, and CO; now in the
martian atmosphere are very similar 10
the values found in Earth’s inventory.
One i ion of these results is

our preliminary measurements.

siod o LS 1 il Bdaafre

that Earth and Mars have a similar bulk
composition, SO gases are pmduced in

similar prop but and

bsequenl weathering on Mars have

n much less complete. The presen:
martian atmosphere would then repre-
sent about one-tenth the mass of the tot:
d volatiles ive of wate:

oy

of the degree of planetary

The corresponding amount of water
equnvalem 10 a layer a few tens of meter
deep.

The missing volatiles may be trapped
in subsurface permafrost (H,0) and u!
the polar caps (H,0, CO;), chemically
bound in the soil (nitrates, oxides, carbon-
ates), and some portion must have es-
caped from the planet (). In this view.

outgassi repon by Istomin and
“'Grechnev (6) that the atmosphete
‘might contain as much as 3 percent 2
was wndeli interpreted to indicate that
led he ha iy
lo( n that mas-
b e

volatiles had clthcr escaped from the
planet or were presently buried in the
regolith (8). The discovery that the *°Ar
abundance is only 1 to 2 percent of the
present atmosphere indicates that the
other volatiles should be proportionately
reduced in such models. But the fact
that the *Ar/**Ar ratio is less on Mars
than it is on Earth by a factor of
10 that the interpretation of
martian outgassing may not be quite so
straightforward. The **Ar may be anoma-
lously abundant on Mars. It should be
safer to scale the abundances of other
volatiles relative to *Ar, the nonradio-
genic isotope.

If we compare the absolute abun-
dances of *Ar on Mars and Earth,
taking ratios of the mass of gas to the
mass of the respective planet, we find
that the amount in the martian atmo-
sphere is approximately 100 times small-
er than the terrestrial value. This implies

the “Ar P an anomi-
ly, being roughly ten times more abun-
dant than predicted. This discrepanc:
could result from several causes, for e\
ample, an enrichment of potassium in the
martian crust relative to Earth, or u dif-
ferent degassing history for ‘“Ar com-
pared with the other volatiles, an inter-
pretation that would be consistent with
its radiogenesis from “K.

This Earth-analog model implies that
the martian atmosphere was never much
more than ten times as massive as it i
now, producing a maximum surface pres-
sure of ~100 mbar. But with the possi-
bility that CO, can be trapped at the pole .
and that large amounts of water could bo
present in the form of permafrost. w.
leave open the opportunity for cyclical .
at least episodic variations of the me.r
climatic conditions on the planet. which
would permit the formation of the sinu-

ous channels by water erosion dunng

temperate periods (9).
SCIENCE. VOL. 19}
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Composition and Structure of the Martian Atmosphere:

Preliminary Results from Viking 1

11X X1V 110
Abstract. Results from the aeroshell-mounti d neutral mass :pn‘l]umﬂrr on Vi-

king I indicate that the upper umm.b]ﬂy]_ﬂ,&ﬁn}ﬂﬁ:ﬁalmq

trace quantities of No. Ar. 0. O, and CO. The mixing ratios by m ume r(l tive 1o

CO, for N, Ar. and O,urr abour 0.06, 0.015. a

near 135 kilometers. Molecular oxygen (0

according 1o results from the retarding por
140 and 200 kilometers has an average temp,

ic pressure at the landing site for Viking |
241°K. The descent data are consistent v
constituent of the lower martian atmosph

The Viking spacecraft which landed
on Mars on 20 July 1976. about 4 hours

struments which measured the physical
and chemical properties of the martian at-
mosphere during entry. The upper atmo-
sphere. above about 100 km. was sam-

13, n-:pe( m/a/ gl\u[ ql;‘

produces a vanety of spectra obtained
with pure CO,. CO, with 2 percent Ar.
and CO. with § percent N,. The mass
peaks at 44, 28, 22, 16, and 12 in Fig. la
correspond loCO CO*.CO#.0". and
C*. . The incident el
in Fns. 1. and fur the martian spectru
shown in the other figures. have energic
equal to 75 ev. Figure la also indicai.
mass peaks at 46. 45, 30. 29, 23, 22.¢
and 13.  due o (C"O"0,
(FCHOM0)". . ("CMO)E. T (PCH0)
(3CHO™MO)* . (MCMOMO)F. and (VC)
Mass peaks at 32 and 14 are associate.
with a small quantity of O." and CO
formed during the ionization of CO.
Peaks at 17 and I8 are due 10 residus
concentrations of H,O present as an im-
purity in the instrument. Addition of Ar
(Fig. Ib) gives rise 10 peaks at 40 and 20
The peak at 28 is approximately doubled
by addition of 5 percent N, (Fig. I¢c)
and the presence of N. is further con-
firmed by the peak at mass 14 due 1o N
and (N)*".

Figure 2 gives a sample spectrum for
Mars obtained at an altitude of approxi-
mately 135 km above the martian sur-

Wiph) )face. Prominent peaks at masses 40and 20

show clear evidence for Ar. The mixing
ratio for the gas at this altitude. relative 1«
C

)u e
Wer. Tln mphcrr bem rrn
our 1807 = = 20°K . Atmospher-

15 7 J ars al tm,mfm‘;{'_ ﬂ\&}f

the o 1 CO4 should be the major.
\

I:V;SWe 1, range for lhe

Sphid. 5&Iect||on
thi we t

BB AS Aok wen i

Vanous entry science exp: More

over an
after local noon. included a set of in- Eﬁv‘aa

0,. is i ly 0.015 by volume

\in major disagreement with an indirec:

measurement of Ar inferred from dat
obtained by the Soviet probe Mars 6. Is-
omm and Grechnev (3) reported & mix-
ing ratio of 0.54 = 0.2 for an inert con-
stituent of the martian am\osphen which
they attributed to Ar. The mixing ratio of
“Ar in the lower martian atmosphere
cannot be this high and must lie some-
where in the range 0.01 10 0.02.
The peak at mass 28 in Fig. 2 contains
ibutions from CO" formed by the io-

detailed accounts of the instruments are

pled with a mass spi
to neutral gases in the mass range | lo 50.
Properties of the martian ionosphere
were determined with a planar retarding
polenml analy zer (RPA) designed to pro-

given elsewh (/). The UAMS em-
ployed an open ion source mounted in
such a manner as to allow ambient atmo-
sphere to enter the instrument directly,
an important desn;n feature which per-

vide inf¢ on the

composition. and concentration of atmo-
spheric ions. The RPA. which also mea-
sured electron energy spectra, was ex-
pected in addition to clarify the nature of
the interaction between Mars and the ex-
ternal solar wind. The RPA and the upper
atmospheric mass spectrometer (UAMS)
were mounted on the spacecraft aero-
shell. Pressure. temperature. and accel-
eration sensors gave data on the struc-
ture of the atmosphere below 100 km.
These results. combined with informa-

mits a q for reac-
tive gases such as O. The concentration
of chemically inert species may be deter-
mined with some confidence from labora-
tory calibrations obtained prior to flight.
The instrument was also exposed 10 @
high-speed molecular beam designed 1o
simulate motion of the spacecraft
through the martian almosphem Theae

nization of CO, and CO. in addition 10
N,* formed by the ionization of N;. The
peak at mass 14 is composed primarily of
N* and (N.)** from N,. although it in-
cludes also a small contribution from
(CO)** formed by the ionization of CO

and CO. The data in Fig. 2 indicate a mix-
ing ratio of N, relative to CO, of abou!
0.06. Much higher mixing ratios were de-
tected at higher altitude. as would be ex-
pected as a result of the diffusive separi-
tion of the lighter gas. N.. A preliminar:

attempt 1o extrapolate the present dut.
1o lower altitude suggests a mixing ratic

N; to CO,. of between 0.02 and 0.03 fur
the bulk h i with ar

data allow one 10
relation between measumd quantities
and ambient atmospheric densities (2).

A spare instrument. identical to the

tion from the ft's gy

flight i was set up in the labo-

and radar altimeter. allow one to deter-
mine the vanation of atmospheric den-

786

ratory to facilitate a number of studies
not possible in preflight tests. Figure | re-

upper limit for this parameter impose
carlier (4) based on analysis of the ul
traviolet day glow spectra measured £

Mariner 6 and Mariner 7 (5).
The peak at mass 32 is due primarily 1
O; and suggests a mixing ratio. O
SCIENCE, VOL. 19




Argon Content of the Martian Atmosphere at the Viking 1
Landing Site: Analysis by X-ray Fluorescence Spectroscopy

Abstract. The argon content of the martian atmosphere at the Viking 1 landing site
is = 0.15 millibar or = 2 percent by volume (95 percent confidence level).

The Viking x-ray fluorescence spec-
trometer (/), although designed for ele-
mental analysis of martian surface soil,
also detects the gaseous elements within
its sensitivity range. Operation in the cal-
ibration mode. that is, without a soil
sample in the analysis chamber, thus pro-

The question of pressure and concen-
tration of Ar in the martian atmosphere
has aroused much interest recently (2),
largely because of an interpretation of
the engineering data from the mass spec-
trometer on the Soviet probe Mars 6 (3).
The anomalously high ion-pump current

vides data on the of el

with Z > 12 in the martian atmosphere.
The analysis chamber is a hollow

square prism 2.5 ¢m on a side, with thin

windows on two adjacent sides which

permit x-rays from radioactive *Fe and

""Cd sources 1o irradiate its interior.

4 f

P d was with a large con-
tent of inert gas in the atmosphere. From
what is known of the geochemistry of
Mars, this gas is probably Ar, and con-
tents up to 30 mole percent were implied
2, 3). Reevaluation of previous observa-
tions and models of the planet and its at-

here did not preclude such Ar con-

X-rays
from the chamber are detected by
sealed, gas-filled proportional counters
flanking the ndloactwe sources. The
hamber walls

tents 2).
In addition to being of scientific inter-

est,|the derermifatibn of the) A content

the he M Viki
have calibration plaques that produce}a] ]m_ﬂxmﬁﬂfﬂ% Ry ooy 3 mﬁ

the lander has a limited tolerance for in-
ert gases: important operational deci-
sions with respect to the use of this in-
strument for atmospheric analysis de-
pend on knowledge of the partial
pressure of Ar and other inert gases. Ac-
cordingly, a strategy was developed that
would permit the measurement of Ar ;.
carly as possible in the Viking mission
first in the upper atmosphere by the \;
king entry mass spectrometer (¢, 5). and
then by taking optimum advantage of the
pendently planned calibration se.
quence for the x-ray fluorescence spec-
trometer (7). After it was established 1!
the Ar content does not exceed
mbar, a complete sequence of atm.
spheric measurements was executed by
the lander mass spectrometer (6, 7).
Counter 2 of the x-ray fluorescence
spectrometer is the most useful for Ar de-
termination because of the absence of
calibration target peaks at the Ar emis-
sion energy (2.96 kev). The calibration
spectrum of counter 2 in vacuo has an Al
K, peak (1.49 kev), mainly from the cal:

ion-| bration plaque, and one caused by bacl

erence spectra when the i is op- The ion pump oI the,ps scattered Mn K, x-rays (5.9 kev) emitt:
erated without a sample. ch ass by the **Fe radioisotope source (Fig. 1«
1000 T T T T T T T T T
z ARTLAB
ALUMINUM ARGON CKSC__AUER
xof !
g . s
4 n CoNection] 3
= 100 -~
8 ;
4
E g 4
a
! L L : : L : L ) L " "
0 100
CHANNEL ¢ 1 2 PR ] [ )
3000 T T T T T T T T T T T ARGON PARTIAL PRES SURE 1m0
1000 =
Fig. 1 (left). Spectra used in Ar determin.
tions. (a) Calibration spectra: Solid line
3 vacuo; dashed line, 20 percent Ar with CO.
Z 8 mbar; dotted line, S percent Ar with CO
= 7 8 mbar. (b) Experimental spectra: Solid Iin
g calibration in Mars orbit prior to separal
of the lander: dotted line, data points (thre:
point sliding average) for spectrum obtain.
=1 on sol 0 at the Viking | landing site on Mu
Fig. 2 (above). Ratio of integrated intensit:.
of Ar peak to backscattered “Fe radiat.
versus partial pressure of Ar in laboratory ¢
X b . | bration experiments (mixtures of Arand CO
: L : L L " L L . s L
0 0 100
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Spectra taken in the lemslml atmo-
of

dance and (ii) the balance of processes

sphere and in lab
varying proportions of CO, and Ar show
a strong peak at 2.96 kev that is caused

PP and ing the element
from lhe atmosphere. Because of the
high “Ar/™Ar ratio (5, 7), most of the at-

heric Ar is radi ic in origin, hav-

Baird. B. C. Clark, K.
H ..l(.m ” 153 (1973).
21 s lndu Gmphn ku

by Ar K, x-rays (Fig. la). Cali of
the i for Ar inati

(Fig. 2) was made by introducing mix-
wres of CO, and Ar in vanous propor-
tions and at different pressures into a vac-
uum chamber in which a flight- lype X m)

was i

Spectra were ohumed at three com-
binations of total pressure and seven dif-
ferent ratios of Ar to CO,. Appropriate
integration limits for the Ar K, and “Fe
backscatter peak were chosen by in-
spection. In addition, the instrument on
Viking | lander was calibrated in an at-
mosphere (6.9 = 0.13 mbar) of pure Ar
prior 10 being installed on the spacecraft.
After correction for source decay (2.60-
year half-life of ¥'Fe), the instrument sen-
sitivity was 471 count/mbar (69.1 sec-
onds, channels 35 to 50) at the time of
landing. The spectral characteristics for
S percent and 20 percent Ar in CO; (8

mbar total pressure) are shown in Fig. 1 énarspien: of|Ge am WJ 1 . Rowe and R. P.
la. Two da i i i Meteoritics, Unn ernn of 1"J _] .n, u-u:d o3 “;‘I&Qm

4. Two days prior to landing a baseline
spectrum was taken of the instrument on
Viking 1 lander to verify instrument set-
tings. This spectrum. which because of
mission constraints was taken at a lower
gain than the bulk of the landed spectra,
was mathematically expanded and nor-
malized 10 the backscatter peak. Itis pre-
sented as @ solid line in Fig. 1b for com-

parison with a smooth curve of the.:

pooled data from three separate scans af-
ter landing. No Ar peak is apparent in
the spectrum taken after the instrument
was landed on Mars. Also not detected
are gases containing chlorine (channel
36) or sulfur (channel 30). Over the total
measurement period of 6 hours, the tem-
perature at the sample cavity slowly
dropped from 25° to 19°C (calibration
was at 28°C). Integrated over the Ar
peak, the total count measured in situ
was virtually identical to that prior to
I.ndmg When the above Ar sensitivity is
d with the g d count,
the Ar concentration determined at the
landing site of the Viking 1 lander is less
than 0.15 mbar at the 95 percent confi-
dence level. The reported 7.7 mbar total
pressure (8) at the landing site would
place the Ar concentration at not more
than 2 percent by volume. This resultisin
good agreement with the data reported by
the entry mass spectrometer (5) and the
mass spectrometer on the lander (7),
which reported 1.5 percent and 1 to 2
percent by volume. respectively.
The abundance of Ar in the martian at-
mosphere reflects (i) the original abun-
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ing been formed by decay of “K.
Clearly, considerable importance will be 3
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[V@srd on the use of the Viking lander imaging
system, the :ur_fatr .mmpltr and engineering sensors. Viking | lander made physi-
cal contact with the surface of Mars at 11:53:07.1 hours on 20 July 1976 G. M. T. Twen-
1y-five seconds later a high-resolution image sequence of the area around a footpad
was started which contained the first information about surface conditions on Mars.
The next image is a survey of the martian landscape in front of the lander, including
a view of the top support of two of the landing legs. Each leg has a stroke gauge
which extends from the top of the leg support an amounl tqual 1o the crushing uperp
enced by the shock absorbi during hd images provide
views of all three slrokz gnun: which, together with the knowledge of the impact
velocity, allow di “‘soil” properties. In the images there is evidence of
surface erosion from the enmnes Seveml laboratory tests were carried out prior o
the mission with a descent engine 10 d what surface all ions might occur
during a Mars landing. On sol 2 the shroud, which protected the surface sampler
collector head from biological contamination, was ejected onto the surface. Later a
cvlindrical pin which dropped from the boom housing of the surface sampler during
the modcﬁtd unlarching sequence produced a crater (the second Mars penetrometer
7 These two exy provided further insight into the physical proper-
ties of the martian surface.

General description of the landing
area. The specific physical properties of
the martian surface at the landing site
relevant to the physical properties of the
martian surface must be considered in

the broader context based on the use of

Viking orbiter images and the general

scene viewed by the lander cameras in

order to achieve balanced interpretations

(7). Orbital images of the entire Chryse
%S



area viewed by Viking 1 orbiter clearly
revealed that the uppermost martian sur-
face has been modified by wind. In the
immediate vicinity of the initial site
(19.5°N, 34°W), images revealed what ap-

peared to be volcanic cones, necks,
dnkes dark ﬂows and both ndges and de-
Joint
\eu in a dark layer of probable volcanic
onigin—the stark relief of these features
attested to erosional processes. In the
northern part of Chryse (20°N, 35°W)
small dark halo craters (approximately
600 m in diameter) surrounded by a light-
er background indicated that dark materi-
al was excavated by impact cratering and
deposited on a lighter surface matenal
which presumably had been deposited or
modified by the wind. Some craters had
bright wind tails on their southwestern
sides. confirming aeolian modification of
the surface materials.

Likewise, farther to the northwest at
the actual landing site, the surface dis-
played evidence of deflation and erosion
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diameter, had excavated material from a
dark layer. and were subsequently modi-
fied by the wind, producing bright wind
tails on the southwestern sides of the cra-
ters and stripping the northwestern
flanks.

Of equal importance to the physical

properties of the surface are the ubi<

quitous impact craters ranging in size
from 200 m to several tens of kilometers
in diameter. These craters evidently
ejected to great distances large blocks,
fragments, crushed rock, and frothy
chunks of shocked rocks. Thus, the gen-
eral setting for the description of physi-
cal properties of the martian landing site
is a surface material of crater ejecta mod-
ified by acolian processes.

Lander camera images confirm the in-
terpretation of the Viking orbiter im-
ages(2). The Viking lander camera images
reveal a panorama similar to that seen in
the southwestern parts of the United
States: the large number of blocks and
fragments were reminiscent of some lu-
nar surfaces such as areas on the flank of
the crater Tycho where Surveyor 7 land-
ed (3). Thus, an initial impression of the
martian surface is that it is intermediate
between @ lunar mare and a terrestrial
acolian environment. As in the orbiter
images, there is evidence for a north-
easterly wind which has produced defla-
tion hollows on the northeastern sides of
the rocks and left aerodynamically
shaped ridges pointing downward to-
ward the southwest. The detailed charac-
ter of the physical properties of the mar-
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Fig. 1. Lander camera image of the surface
near footpad 3. showing the general character
of surface and the crater produced by the im-
pact of the shroud (event L.L.T. 002 102950;
Fr 12 A 013/002: sun elevation angle is 65.5°,
sun is to the right). The width of the footpad
shown is 20 cm
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b Aalth Ve byedin the
1971 site alteration studies are both
slightly low, they are not dissimilar to
those involved in the Viking 1 landing.
At the present, the best estimate of the
mechanical properties of the Viking 1
landing site is that they are consistent
with a material somewhat stronger or
denser, or both, than the *‘lunar nomi-
nal" soil (5) used, among others, for pre-
flight site alteration tests.

During the tests, observations were
made of the depth and extent of the cra-
ter formed in the soil below the descent
engine, and the amount and distribution
of the soil removed from the crater. In
addition, before each test fining, rocks of
varying sizes and other features such as
model craters, troughs, and ridges were
placed or located at different distances
from the engine descent axis.

In the lunar nominal soil the area be-
low the descent engine was scrubbed and
some soil removed to a depth of a few
millimeters, but no distinct crater was
formed. Finer grains were removed until

coarse particles were exposed at the soil
surface, giving the appearance of a fine-
grained lag gravel. No sign of separate
craters caused by the individual engine
nozzles was apparent. By contrast. in
the dune sand (6) individual craters were
visible in a general broad erosion cruter
up to a centimeter deep. Furthermore
regions of the lunar nominal soil wh
had been prepared (7) at lower den.
than the bulk of the test bed showed «
difference in erosion. This finding
dicates that the soil's grain size is mor.
important in the erosion process than
density.

During the surface alteration te-
blowing dust was observed as soon
the descent engine was ignited at 12.2 »
above the soil surface. The test area w..-
totally obscured by blowing dust after en-
gine shutdown and several minutes wer.
required for the chamber to clear. |
seems likely, on the basis of the presence
of fine-sized grains on Mars, that the
dust cloud caused by the landing wouic
also last several minutes in view of "o
lower Mars gravity. Subsequent mei.
orological observations (8) indicate th
for the most part, the prevailing wind

ile it was lowered alam(nl\ the landing site of the Viking | land.

| blow from the northeast at a few meic
|per second. At the time of landing. 1
sun was in the southwest. Thus the di
'cloud generated by the landing wou!
drift to the southwest and could h.|
passed between the lander and the sur
Depending on the dispersion of the
cloud, a shadow would therefore be ¢~
on the lander within a few seconds to
minute or so after touchdown. The fir+:
picture of the footpad commenced 25 sec
onds after landing, and shows a shaded
vertical band at a time approximatel 4
seconds later. It seems quite possitlc
therefore, that the streaks in the first m
tian picture frame (12 A 001/000) are Ju¢
to the landing dust clouds passing be
tween the sun and the scene in view
the time the camera was scanning thi~
portion of the frame. In addition. the
noise in the first few seconds of the firs!
picture may have been caused by the
imaging of coarse particles falling out !
the dust cloud.

Soil fillets or tails, generally ascribub
to aerodynamic processes, are visible .
jacent to a number of Mars rock fruc
ments. The direction of these tails is p-
allel either to wind direction or to the .
tern of exhaust gases from the neurc
descent engine (engine 2) and may Jc
pend on both sources. In this area [ne.:
footpad 3 (see Figs. 1 and 2)] the tails are
generally parallel to the currently pre
vailing northeast winds and are also ap-
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proximately radial to descent engine 2.
Discrimination is therefore difficult, al-
though it appears more likely that they
have developed in the prevailing wind.

In the course of the site alteration tests
in 1971, rocks located at a distance of 0.6
m from the descent engine axis were
moved by the exhaust gas: the largest of
these had a (terrestrial) weight of 74 g
and was roughly equidimensional with a
size of about 3.0 cm. The pressure re-
quired 1o move this rock was approxi-
mately 0.7 x 10° newton/m* (0.10 pound
per square inch). The rock traveled 1.65
m from the engine axis: an initial pres-
sure of about 0.35 x 10° newton/m* was
required to keep it moving at this dis-
tance. On Mars, a rock of the same di-
mensions and density would weigh 0.38
times as much as the rock on Earth. With
the same engine pressure conditions,
therefore, larger rocks will be moved on
Mars if they are not embedded. At a radi-
al distance of 0.61 m from a descent en-
gine axis on Mars, equidimensional loose
rocks with dimensions up to about 7.0,

cm would be moved under the nominal' 117X 2ANNA

descent engine thrust conditions. At dis-
tances of 1.65 m on Mars, rock frag-
ments on the surface up to dimensions of
about 3.5 cm would be moved.

In the first image made after landing,
several rocks which appear to be resting
on the surface may have in fact been
moved to their present positions by the
engine exhaust gases. One such fragment
appears at location 1 in Fig. 2. It is about
1.6 m from engine 2 and is estimated to
weigh about 80 g on Mars. It could have
been moved by the engine to its present
position if it had been initially about 0.60
m or closer to the engine axis, for ex-
ample at location 2, where a remnant fil-
let of soil appears to indicate the former
presence of a rock. Other rocks that may
have been moved are shown at location
3. Smaller loose rocks at the martian sur-
face close to the engine axis could have
been lifted off the surface, traveled
through the martian atmosphere, and
landed nearby. The soil seen in the foot-
pad is additional evidence of soil moved
during the landing either by footpad im-
pact or engine-induced erosion. This
finding is dramatic indication that some
of the particles are less than | mm in di-
ameter.

A view of the area below engine 2 was
obtained by means of the mirror
mounted on the side of the surface sam-
pler. In this picture (Fig. 1), two small de-
pressions are apparent. They occur at a
spacing and in locations consistent with
their formation by the jets out of two of
the nozzles of engine 2. This appears o
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indicate that the grain size and cohesion
of the surface material are different from
those of the lunar nominal soil used in
the site alteration tests. Since the grain
size is below the resolution of the high-
resolution frames, it is finer and has a
broader range of sizes than the dune
sand of the tests. This result may demon-
strate that the finer grains are not as
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small as those of the lunar nominal mate-
rial.

Interaction of the footpads with the
martian surface. Although there is no
distinct visual evidence of disturbance of
the surface (by the footpad) in the area
adjacent to footpad 3 (some of the appar-
ently unsettied rock fragments may have
been moved by the pad), analysis of the
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shadow of the footpad on the adjacent
surface indicates that the footpad has
penetrated the martian material 10 a
depth of about 3.6 cm. Unfortunately,
footpad 1 cannot be viewed by the imag-
ing system (see Fig. 3).

To date. no image of footpad 2 has
been obtained, and so it is not possible to
describe its attitude with respect to the
surfuce. However, one high-resolution
image in the vicinity of footpad 2 was re-
turned: the area in the bottom left comer
of this picture (see Fig. 4) is about 1.4 m
from the center of footpad 2, which is
0.45 m in diameter. The surface in this
picture 1s quite different from that in the
neighborhood of footpad 3, lacking the
rock fragment distribution. This surface
(near footpad 2), by contrast, appears to
be a relatively fine-grained soil surface,
exhibiting only a few rocks (in the upper
part of the picture). In the image are sev-
eral additional features of interest. At the
bottom left corner is a region of dis-
wrbed soil, intersected by a number of

Table 1. Leg stroke and footpad penetration.

Leg
number

Leg stroke

Footpad
(cm) penetration (cm)

No data
Image not yet taken
36

- —

a particle velocity range, gives some in-
formation on the mechanical properties
of the top few millimeters of surface ma-
terial which in this region appears to be
weaker and more porous than the soil
around footpad 3.

Although the disturbed area and
cracks may be natural features, they oc-
cur so close to the spacecraft that they
can be more plausibly attributed to inter-
action of the vehicle with the surface. In
particular, it seems possible to relate the
disturbed area at the bottom of the frame
(Fig. 4) to the penetration of footpad 2 in-
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parts of the picture are small pits and
tracks made by the impact of rock frag-
ments or soil clods ejected by descent en-
gine exhaust gas. From preflight tests
and other data, it seems likely that such
particles with dimensions of up 10 a few
millimeters may have velocities in flight

of up to several tens of meters per secs.

ond. The tracks appear to belong to twg
groups which can tentatively be identi-
fied with ejecta from the directions of de-
scent engines | and 2, respectively. The
presence of the pits and tracks, assuming

Fig. 4. Lander camera image showing the area
believed 10 be disturbed by the interaction of
footpad 2 with the manian surface and small
nmmed pits. some of which contain small frag-

ments. produced by small

foouud 2 into soil less strong than.that
|30 Altermatiyes
ce malemlma) be the umc

N Sag b

ill ultimately be:

resolved by im; {.«g
tration of an object suc! i
arelatively dense, slightly cohesive gran-
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pictures these properties can be identi-
fied more closely.

Significance of stroke gauge exten-
sions. The Viking 1 spacecraft landed on
the martian surface at a vertical velocity
of 2.5 m/sec with a lateral component of
less than 0.15 m/sec. After the lander
came to rest, leg 1 was onented 38.1°
west of north and tilted 2.99° from the lo-
cal gravity vector. The downslope direc-
tion of tilt was 36.7° west of leg 1 (9) (see
Fig. 3).

The kinetic energy prevailing at touch-
down was absorbed by the crushing of
elements in the leg struts during leg strok-
ing and by deforming of the surface mate-
rial around the footpads. The stroke of
each of the primary struts was obtained
from images of the three stroke gauges.

pro-
pelled by the engine exhaust gases (event
L.L.T. 004 071159: Fr 11 A 022/004; sun eleva-
tion angle is 22.5%, sun is to the upper left).
Lower width of picture. ~23 cm; upper width,
~-%0cm.

The of footpad 3 was de-
duced from the shadow cast by the outer
edge of the footpad on the martian sur-
face. Preliminary estimates of stroke and
penetration are listed in Table 1. The

footpad 2. Pene- /
.foouwdipm/

strokes in Table | indicate that the plane
through the three footpad attachmen:
points is tilted about 2° relative to the top
of the lander. Since the lander is tilted
about 3° relative to the local horizonta!
the footpad plane (an approximation 1.
the local surface plane) is tilted about
relative to the local horizontal.

A comparison of the footpad pen
tration and leg strokes in Table | wi
theoretical predictions imply that the s
face material is a little stiffer than the |
nar nominal soil model (the average de
sity was 1.67 to 1.8 giem?) (/0) and mu.
stiffer than the most porous and weak
cohesive soil models considered dunn
the design of the landing gear systen
The theoretical landing dynamic beh:
ior of the lander used in these prelin
nary compansons was based on a vern
cal landing onto a horizontal surfac-
The prediction model made use of foo:
pad penetration data obtained from stat
tests of a 3/8 model footpad penetratir
various model soils, along with geome1:

and load stroke properties of the lan.
ing gear.

Shroud impact. In the morning of

2, a shroud covering the surface samp!

_collector head was ejected by en
‘springs along a trajectory inclined dov

ward about 40° from the local horizon:

7 High-speed camera photographs

roud ejection on Earth indicate an i1
al velocity of 3.2 m/sec. Although the
nal velocity at impact on Earth is 4.6
sec, the reduced gravity on Mars implic
a smaller velocity at impact (3.6 mie.
and a larger range from the launch e
This larger range is in fact the case
cause the location of the impact crute
produced by the shroud (see Figs. |

2) is well beyond the footpad.

Fig. S. Enlarged image showing the lai.h
(8 cm long) on the martian surface (indi.
by arrow). Note the small crater .nd .
turbed surface around the pin (event L.L.T *
115359, Fr 12 A 033/005; wnelevnlmnanb'\ N
69.6°, sun is to the left).
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should be in a reduced gravity field. Pos-
sible effects due to local topography
nave not yet been fully analyzed.

The 480-g shroud, which is a hollow
cannister with metal plate tip, produced
. crater about 1 cm deep and 9 cm in di-
ameter by the displacement of rocks and
the ejection of fine debris. Unlike the
case in Earth-based tests. the shroud
ricocheted from the field of view in the
image shown in Fig. 1.

Latch pin impact. The boom latch pin
of the surface sampler, which failed to re-
lease at the scheduled time, ultimately
fell to the martian surface (see Fig. 3)
from an estimated height of between 1.0
and 0.9 m in the morning of sol 5 (11).
The velocity at impact from this height at
the surface of Mars is b 7 and

area, and other new data such as motor
currents during trenching and com-
minution. As these data are obtained,
better values of the surface properties
can be reported.
RICHARD W. SHORTHILL
University of Utah Research
Institute, Salt Lake City 84108
ROBERT E. HUTTON
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2.6 misec and is equivalent to a fall
height near 0.36 m on Earth. The pin, a
slender (8.2 cm long, 0.6 cm in diameter,
and 11.3 g) rod, impacted on an end with
1wo roller bearings and then fell over to-
ward the spacecraft. Upon impact a
small circular crater about the size of the
roller bearings was produced (see Fig. 5)
by the ejection of dark, very fine-grained
material (probably silt size) to distances
of 2.4 cm from the crater center where
the rollers hit. The remainder of the pin
fell toward the spacecraft. producing an
clongate depression by the ejection of
dark material to distances of 1.5 cm from
its axis. The pin now rests in this depres-
sion (Fig. 5).

Although the exact orientation of the
pin at impact is unknown, the crater, de-
pressions, and their ejecta are consistent
with those of terrestrial materials with
very low cohesions, a small grain size,
and reasonable densities (1.2 10 1.7 g/
cm?).

Surface temperature measurements.
A p sensor le) at-
tached to the inboard side of footpad 2
was used 10 measure ambient temper-
ature during the parachute phase of the
landing (/2). Its survival depended on a
soft landing, which indeed was the case.
Temperature readings are being record-
ed periodically during the day and night.
Since the sensor cannot be seen directly,
it is not known whether the sensor is cov-
ered with surface material. Images of the
sensor will be obtained by use of a mirror
on the surface sampler later in the mis-
sion 10 aid in the interpretation of the
data.

This first report on the physical proper-
ties of the martian surface must be con-
sidered preliminary. More refined mea-
surements are to be made, based on
stroke gauge extension, footpad pene-
trations, stereo images of the landing site
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vears the Viking project developed plans 1o use
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radar 1o certify the suitability of the land-

ing sites selected as the safest and most scientifically rewarding using Mariner 9

data. During June and July 1976, the Earth

-based radar and orbital spacecraft obser-

vations of some of the prime and backup sites were completed. The results of these

combined observations indicated that the Viking 1 prime landing area in the Chryse
region of Mars is geologically varied and possibly more hazardous than expected,
and was nor certifiable as a site for the Viking 1 landing. C ‘onsequently, the site certi-
fication effort had to be drastically modified and lengthened 1o search for a site that
might be safe enough to attempl to land. The selected site considered ar
47.5°W.22.4°N rep d a comy ise between desirable ch istics ob-
served with visual images and those inferred from Earth-based radar. It lies in the
Chryse region about 900 kilometers northwest of the original site. Viking | landed

successfully at this site on 20 July 1976.

The initial plans for site selection in-
cluded the identification of a prime and a
backup landing site for each spacecraft
(7). and an additional pair of sites to be

insertion of the spacecraft into orbit
about Mars. The northerly sites consid-
ered for the second lander are not observ-
able by radar at any time. and are consid-

used as a y. selected pri I

ered therefore as more of a

on the basis of safety. Areas near the
prime and backup sites for the Viking 1
lander were first observed by Earth-
based radar in 1967 and in the period
from May to July 1976—about the time of

risk. The third pair of sites was selected
where they could be readily observed by
Earth-based radar. and could be used in
the event that the first landing was unsuc-
cessful. These preselected site locations



are shown in Fig. 1: the Viking 1 A sites
were located at about 20°N latitude; for
the Viking 2. the prime and backup B
sites were at about 44°N latitude while
the alternate C sites were at about 5°S lat-
itude. The Al site was located at the
place where the largest Mars channel
complex debouches onto Chryse Plan-
itia. It was therefore considered to be the
best area to observe where water and
possibly near-surface ice had occurred in
large quantities in the past—the optimum
place to look for complex organic mole-
cules. The B1 site was selected at the lati-
tude water vapor
tion. the optimum place to land the biol-
ogy experiment: at this longitude the two
orbiters could provide relay support to ei-
ther lander, and the second orbiter could
observe the polar region. The CI and C2
sites were selected primarily on the basis
of their radar signatures. which indicated
that they were relatively smooth. These
sites also have acceptable characteristics
in the Mariner 9 imagery and allow obser-
vations 1o be made of the polar regions.
The overall sequence of the major site

certification decisions is shown in Fig 7] *) endff encountered Mars|

Important points and mission rules were:

1) The Al site area would be observed
visually from orbit (2) and by the X-band
Goldstone and S-band Arecibo radars
(3.5 cm and 12.5 cm wavelength. respec-

0 0

18° 150° 120° 90

P

tively) from 29 May through 10 June 1976
(3). The A2 site could not be observed
with the orbiter cameras prior to the deci-
sion 10 land or not land at Al, but could
be studied by both Goldstone and Are-
cibo radars 10 June through 15 June.

2) The Viking 1 lander would land at
Al unless new information shows Al to
be unsafe.

3) Lander 2 would land at B1 unless (i)
lander | failed. or (ii) lander | is delayed
50 that success has not been determined
at the time when lander 2 must be com-
mitted. or (iii) new information shu\\s BI
10 be unsafe or of inad ific in-

for choosing between the 44°N and 5°S
latitudes for Viking 2.

Analysis techniques. The orbital pho-
tographs were made into uncontrolied
mosaics from the rectilinear (tilts not re-
moved) images. Then orthographic mo-
saics adjusted to the scale of
1: 1,000,000 were made. Geologic and
terrain maps were compiled. and hazard
probabilities were entered into the com-
puter so that statistics based on various
approaches could be made. Crate
counts were computed to compare sub
units uf areas studied. There were also
of areas with each other

terest.

4) If lander | either failed or was de-
layed. or new information caused Bl to
be rejected, the lander 2 would be tar-
geted 1o the best available site based on
all data available.

5) The C sites at about 5°S were ob-
served by the X-band radar at Goldstone
and the S-band radar at Arecibo during
the winter of 1975-1976; hence the data

weld ANV S ekcied in
March 1976, well before the first space-

6) Photographs of the Bl and C1 sites

en before

and with Surveyor (automated space-
craft) landing sites on the moon. Contour
maps and terrain statistics were comput-
ed for parts of the area by means of ana-
Iytic photogrammetric techniques. The fi-
nal maps were compiled after control
point nets were computed. Lastly, photo-
metric roughness maps were made—so-
called digital number variance maps—
that quantified brightness vanations. El-
lipses were then fitted to these maps with
the radar interpretations being taken into

97 1976 ) Naccount.

Results, decisions. and effects on mis-

sion plans. The prime site radar observa-
id", tions were completed on 10 June 1976
on 19 June 1976, Viking | was placed in
ovide addi mm qlfctrrn<l§n + its orbit about Mars. As a result of the
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Fig. 1. Viking landing sites.
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spacecraft observations taken through
orbit 6 the oniginal Al area was rejected
on 26 June primarily on the basis of the
orbital imaging data, which indicated
that the terrain was unexpectedly com-
plex. Additional coverage on orbits 8 and
10 1o the northwest of the onginal Al
area was planned, as shown in Fig. 3.
Consideration was given 10 going to the
A2 site at this time. but the three Mariner
9 high-resolution images in that area in-
dicated the presence of knobs and small
craters in that area. while the radar ob-
servations showed the area to be relative-
ly smooth on a small scale. But there was
concern that blocks. not detected by the
radar. might be abundant at that loca-
tion. By 1 July. the coverage from orbits
8 and 10 had been obtained and that area
appeared visually satisfactory. A tenta-
tive decision was made to go 10 a new site
“AINW™ at 23.4°N and 43.4°W. and at
the same time obtain additional Arecibo
radar data on 2. 3. 4. and S July. at 23°N.
This site was selected by adjusting the 99
percent landing ellipse 1o avoid the haz-
ardous features visible in the orbiter im-
ages. Radar data from Arecibo were ob-
tained. and reviewed on 7 July. The ra-
dar observations showed the AINW
location 1o be an area of anomalous radar
scattering. interpreted as a surface that

was very rough on the scale of the lander
or of very low density (or both). although
the pictures looked the smoothest of any
examined.

It therefore was decided to continue
the search to the west in the hope of lo-
cating a site in an area of more satisfac-
tory radar characteristics. and one that
was also free of terrain hazards visible in
the pictures. Additional coverage was
planned on orbits 20 from 43° through
S1*°W. and on orbit 22 from 48.6° through
56.6°W (Fig. 3). On 11 and 12 July. the im-
ages obtained on orbits 20 and 22 were re-
viewed, and three possible ellipses with
acceptable visual terrain were selected
as follows:

Ala 22.4°N 47.5°W

Alg 49.0°W

Aly 5L.0°W
The Ala. also called AIWNW, was se-
lected as a p hazards

basin slope and large fresh impact cra-
ters are more abundant. The 1967 data in-
dicated that this area is smooth. But the
1976 Arecibo coverage did not include
this region.

An orbital trim maneuver, onginally
planned for 16 July to align the orbit over
the 50°W longitude coverage area. was
advanced 2 days in order to optimize con-
ditions for a landing at 47.5° longitude.
This maneuver was successfully per-
formed on 14 July 1976. On 17 July 1976.
78 stereoscopic images of the final land-
ing ellipse were obtained. These pictures
showed slightly increased crater counts
in the Ala area. due to an improved
viewing geometry. They will also pro-
vide the material for the postianding
topographic and geologic maps of the
area.

High-altitude observations of the Ala
area on 18 July show a large diffuse cloud

into the h half of the

visible in pictures. chiefly impact craters
with their associaled blocks and small-
scale surface rties. based on radar

mlerprel H: ol mUnsquW
13?9‘{ Z%l 6. Ala site con-

dispersion ellipse. Fig. 4. giving some
concern that a dust storm might be start-
ing in that area. A cloud was seen pre-
viously in that area on 9 July, but had
cleared by 11 July. The cloud observed

i W&W] oh i18fuly was tentatively classified as a

craters whereas Aly

larger fre: craters. ﬁer\hul
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measured 1o be less than 3 meters per
second. The low values of wind rein-
forced the conclusion that the cloud was
a condensate. Consequently, it was be-
lieved that this feature would not inter-
fere with either the lander entry or post-
landing imaging. The successful landing
occurred on 20 July 1976 at 5:12 a.m.
PDT.

The lander pictures showed abundant
blocks consistent with the presence of
small impact craters in the vi y. Itis
therefore suggested that the high radar
reflectivity indicates that bedrock is near
the surface and many blocks can be
ejected by the impact. Such areas should
be carefully considered prior 10 accept-
ance as landing sites in the future. Fur-
ther discussion of both the visual and ra-
dar characteristics is presented by Carr
et al. 2) and Tyler er al. (3). respective-
ly.

H. MASURSKY
U.S. Geological Survey,
Flagstaff, Arizona 86001

NASA Langley Research Center,
Hampion, Virginia 23665

Radar Characteristics of Viking
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tential landing areas for Viking 1. Surface roughnéss is characterize hlht du'mbu-

tion of surface landing slopes or tilts on
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measurements of surface reflectivity are i

20N it rohe than she marin averapd NI SR

SW,
fartian

average for elevations accessible to Viking, and is estimated to be near the Mars
average in reflectivity. The AINW site at the center of Chryse Planitia, 43.5°W,
23.4°N. may be an area of anomalous radar characteristics, indicative of extreme,
small-scale roughness. very low surface density, or a combination of these two char-
acteristics. Low signal-to-noise ratio observations of the original Chryse site at nel reflection coefficient of the mean su/
34°W, 19.5°N indicate that that area is at least twice as rough as the Mars av erage.

The surface properties of Mars deter-
mined by Earth-based radar were one of
several factors that were considered in
selecting the Viking 1 lander site. Esti-
mates were made of surface roughness
and density based on spectral broad-
ening and the strength of centimeter-
wavelength radio echoes returned from
Mars.

Radar observations have been con-
ducted at each Mars ition since

Arecibo Observatory (/) and Goldstone
Tracking Station (2) made observations
feasible at 20°N in May and June 1976
and at 23°N from Arecibo in July. At
these times the planet’s distance was
about 2 A.U. as compared with about 0.5
A.U. at opposition. The wavelengths of
observation were 3.5 cm and 12.6 cm at
the Goldstone and Arecibo facilities. re-
spectively. Observational conditions and
site locations are ized in Table 1.

1963. Since 1968 a combination of geo-
metrical constraints and system sensitivi-
ty limitations have restricted these mea-
surements to Mars latitudes south of
15°N. that is, below the planned landing
areas of both the first and second Viking

The use of radar in site selection for Vi-
king | was based on properties of radio-
wave scatter in the immediate vicinity of
the sub-Earth point on Mars. Near that
point, radiowave scatter is dominated by
the multitude of reflections from those

Recent imp! at both
812

portions of the surface that are properly

oriented to produce a mirrorlike. or
near-specular, redirection of the incident
energy back toward Earth. This com.
ponent of the scatter is dubbed quasi-
specular. For surfaces that are generally
free of sharp discontinuities and are of
homogeneous material and statistics. i
can be shown that quasi-specular scate:
is controlled by the combination of th.
surface slope distribution and the electr,
magnetic properties of the matenial (!
Under these conditions the effects of su
face material and roughness are readi
separated with the use of standard rad.
astronomy techniques (#). Methods usc.
here, based on backscatter at normu
incidence, should not be confused wiit
earlier radar studies of lunar landing
sites that were based on backscaie:
observed at oblique angles of incidence
especially the depolarized part of diffu..
scatter (5).

Both observatories transmitted un-
modulated signals. Echoes of these sig-
nals were broadened in frequency by the

N. L. Cuiaﬂ]‘mﬁwm {Doppler effect and the differing relativ.

velocities of various scattering are:
with respect to the radar. The broa.
ening associated with quasi-specui:
\scatter is quantitatively related to the d

+ tribution of surface slopes. A gauge

surface roughness was obtained fror
measurements of the one-half powe
bandwidth of the echo signals. The resul:-
were expressed in terms of an r.m -
landing slope 8,. Comparative values (!
B, for lunar units are given in Table 2
The methods employed have been pr.-
viously tested by comparing radar rc
sults from the moon with detailed anal:
ses of the lunar surface at the same loc::
tions based on orbital photogrammet:
©).

Reflectivity corresponds to the Fre.-

face material, or p,=[(Ve- I/
(Ve + 1)), where e s the dielectric cor
stant. The relationship between densit:
of the surface and ¢ has been establishc.
from laboratory experiments and theor,
(7). The lateral scale of relevant slopes i~
of the order of from 1 to 10 m based on
theoretical considerations and on em|
cal results from the moon (8); estim.
of p, apply to the top few centimeters . !
the surface.

Values of 8, depend primarily on 1.
shape of the echo spectrum, and are ger-
erally free of systematic error. Estimatcs
quoted below are typically accurate
about 10 percent. Estimates of p, depe!
on a number of multiplicative parameter~
which are obtained by calibration of the
radar. In addition, p, is sensitive to vana-
tions in the radar, such as antenna point-
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ing errors. during a period of observa-
tion. At Arecibo such pointing errors are
probably the dominant error source and
may occasionally be as large as a factor
of about 2. At Goldstone, the error due
to system calibration and pointing is esti-
mated to be no greater than about 15 per-
cent. but noise contributes about twice
this amount. Most operational errors re-
sult in systematic underestimates of p,.

The resolution varied with surface
roughness. but was at most approximate-
ly the size of the Viking | landing ellipse.
typically a circle about 300 km in diame-
ter centered at the sub-Earth point. This
resolution element moved across the sur-
face as Mars rotated. It was also possible
10 infer changes in smaller areas within
this larger resolution element from the
detailed shapes of the echo spectra; how-
ever. no reliable quantitative information
on surface properties could be obtained
for these smaller areas.

Results for Al and AIR (19.5°N, 34°'W
and 19.5°N, 32.5°W). Data from these
sites consist of two Arecibo passes
across the 30° to 35°W longitude range
between 17.1° and 17.5°N latitude. and &
total of six observations over this longi-
tude range between 17.5° and 19.6°N by
the Goldstone facility. The Arecibo ob-
servations did not cover the Al sites di-
rectly. but were influenced by terrain at
the extreme southwestern end of the Al

_and AIR landing ellipses. It was not pos-

sible to distinguish between the Al and
AIR areas.

The Arecibo measures of r.m.s. slope
show the area just south of Al to be one
of moderate 10 large roughness. Values
of B, range from a minimum of g, = 5° to
6° to the southwest of the site. to an esti-
mated lower bound of B, = 7° to the
southeast. The most probable value of
surface reflectivity from Arecibo is
po=0.07, albeit this value is subject to
large systematic errors. Goldstone obser-
vations on 2 days at latitudes between
about 17.2° and 17.6°N yielded results
consistent with those from Arecibo.
Bo= 6.4°. p,=0.08; but the signal-to-
noise ratio was low. on the order of S : 1.
Echoes from each of four individual
Goldstone observations at latitudes of
18.2°, 18.4°. 18.6°. and 19.7°N in the
range of 33° 10 35*W longitude were very
near the detection threshold. However.
echoes from other locations on Mars, es-
pecially the A2 site (see below), were
readily observed at Goldstone during
this same time period. Extensive system
testing revealed no equipment faults.
Combining all Goldstone observations at
the six latitudes above yielded an appar-
ently reliable echo detection at the Al
27 AUGUST 1976

rough as the average for Mars. The esti-
mated reflectivity is near Mars' average.
In terms of lunar results, with the same
measures, this area would be character-
ized as similar to very rough lunar mare.

site and gave values of 8, between 7° and
10°. and p, = 0.06.

Both the Arecibo and Goldstone re-
sults indicated that the area just south of
the Al sites is approximately twice as

Table 1. Radar observations of Viking | sites.

h One-way Observational
Location Date in 1976 light time Tatiteds rde
The Al site from Arecibo Observatory at 12.6cm
19.5°N, 3a°W 29 May 16.1 min 17.1°N 30° 1o 36*W
31 May 16.1 min 17.5°N 30% 10 36'W
The Al site from Goldstone Observatory at 3.5 em
19.5°N, 32.5°W 29 May 17.1°10 19.6°N
30 May
31 May
1 June
3 June
11 June 17.1°10 19.6°N
The AINW site from Arecibo Observatory at 12.6 cm
4N, 34W 3July 18.2 min 23.I°N 38° 10 49°W
4July 18.2 min 23N 38" 10 49°W
The AIWNW Viking | landing site from Arecibo Observatory at 126 cm
22.4°N, 47.5°W 3 July 18.2 min 2.1°N 38° 10 49°W
4July 18.2 min 223N 38° 10 49°W
1 3 ibo Observatory at 12.6 cm
19.5°N. ISZHI X W %1 L8 min 19.6° 10 20°N 248° 10 254°W
17.0 min 19.6° 10 20°N 248° 10 254°W

11 June
13 Ju
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Fig. 1. Estimated values of r.m.s. landing slope and surface refiectivity at approximately 23°N
latitude. Observations reported here are from 2. 3. 4. and $ July 1976, averaged over 0.7 in
longitude. Points from Carpenter (stars) are from data integrated over about 10° in longitude, at
22.5°N latitude (9). No values of refiectivity from Carpenter have been used. Data show Chryse
Planitia to be generally rougher than areas to the east or west. The Viking 1 landing site at
47.°W lies in a region of changing radar roughness. Site at 44.5°W is in a region of anomalous
radar signature. Values of r.m.s. slope and reflectivity at 47.5°W correspond to average lunar
mare in roughness and Mars average density. respectively.
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CO,. of about 0.003 near 135 km. The
peak at mass 16 indicates a detectable
concentration of O. More extensive anal-
ysis of the data should permit a quan-
titative statement on the abundance of at-
mosphenc o and should also pmvnde
useful i on the

oxygen atoms which may escape o space
from upper regions of the martian at-
mosphere.

The measurements in the lower atmo-
sphere indicate a surface pressure at the
landing site of 7.3 mbar, with an atmo-

of CO. The relative abundances of oxy-
gen and carbon isotopes, "*0/"*0 and "C/
3C, appear 1o lie close to their !

241°K and a subadiabatic lapse rate for
temperatures near the ground of 3.7°K
km~'. The atmospheric density, obtained
from an analysis of the descent velocity
of the payload during the parachute phase
of the entry sequence, is about 0.0136

values. Peaks at masses 16 and 17 are
due primarily to terrestrial H;O released
from the surface of the ion source after
bombardment of the surface by ambient
martian gas. The ratio ™Ar/*"Ar cannot
exceed the value for this parameter in
the terrestrial atmosphere, and may be
much lower.

The distribution of CO,, Ar, N;, and
O, with altitude. as inferred from some
20 spectra taken over the height range
from 140 to 190 km suggests an average
temperature near 180°K. with an uncer-
tainty of about = 20°K. The height distn-
bution of major gases shows a clear in-
dication of the influence of diffusive sepa-
ration and indicates that mass mixing
processes in the martian atmosphere cany
not play a major role for altitudes above
about 140 km,

Figure 3 shows a sample of data re-
corded by the RPA at an altitude of
about 130 km. The smooth curve through
the observed points was obtained from a
least squares fit to the data (6). The analy-
sis indicates that O," is the major con-
stituent of the martian ionosphere at this
altitude. Carbon dioxide. CO,".
abundant by about a factor of 9, with an
uncertainty of about = 5 percent. The
ions exhibit a temperature of about
160°K, and the uncertainty in temper-
ature is also estimated to be about = §
percent. The temperature derived from
the RPA data is consistent with the value
noted above from a study of height pro-
files measured by the UAMS.

The direct measurement of O,” as a
major component of the martian iono-
sphere is an important new result. It
lends support to earlier theoretical analy-
ses of the martian ionosphere (7) which
argued the importance of the reaction

CO;” + 0 —=CO + 0" )
as a means of converting the primary
photoion CO,* to the more stable form
0,". It suggests (8) a mixing ratio, O to
CO,. of about 0.03, with an uncertainty
of about S0 percent. if we use the rate
constant for Eq. | measured by Fehsen-
feld e al. (9). The RPA of
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F (left). Mass spectra obtained in labora-
tory with instrument similar to that carried on
\B V|k|ng 1 lander. (a) Pure COy; (b) CO; con-
1aining 2 percent Ar; (c) CO, containing S
perpem Ng. Fig. 2 (1op nght). Mass spec-
I obtained at an altitude of 135 km by the
5 . Py \ AMSdunmﬂ\edemnlolVikuutheno
is less, the surface of Mars on 20 July 1976. The spec-

trum shows the presence of CO,, Ar, Ny, O,
.mo A detailed analysis is required 1o estab-
lish the presence of CO. Also seen are peaks

RPA deuta Akkde B 34

line theoretical curve through
andn(CO,") = 1.1 x 10*cm™.

%ndn) lTon mwlu potemh.l cmemmdby”ﬂ:’
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Fig. 4 (left). First analysis of the temperature
profile, for the deceleration data and the direct
sensing below 3.5 km.  Fig. $ (right). First
analysis of the pressure profile from the ac-
exfode > -

ion composition also supports the view
(10) that recombination fo O, can pro-
vide an important source of energetic
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sensing
(p,). and parachute phase direct sensing (heavy
dots below 3.5 km). The data are self- i




or smooth uplands, while the average
surface density would be greater.
The difficulties experienced by the

Table 2. Comparative values of g, for lunar
units.

king 1 images to both the east and the
west. Other features of the radar data in-
dicate that there might be local areas of

Goldstone facility in reliable
echo detection in the immediate vicinity
of the Al and AIR sites while echoes
were obtained from the area just to the
south and from elsewhere indicate that at
best the surface properties are no better
than. or more likely are somewhat de-
graded with respect to. the 17.5°N lati-
tude in terms of the desirable character-
istics for landing safety.

A radar scatter simulation program
was used 10 demonstrate the effect of sur-
face h on signal bility
and to determine approximate bounds on
the characteristics of the surface in the
Al area. It was shown that echoes from
the Al and AIR sites would have been
observed by Goldstone each day if those
sites contained an area 3° in diameter
with the same radar characteristics as
the A2 site.

Results for A2 (19.5°N. 252°W). Both
Arecibo and Goldstone facilities
tained data from the area of the A2
lipse. The observations yielded consist-
ent results for r.m.s. slopes of g8, = 3.5°
10 4°. Values of p, from Arecibo varied
between about 0.03 and 0.07. with an av-
erage value of 0.05: the estimate from
Goldstone is p, = 0.06. These values in-
dicate a surface near Mars' average or
slightly greater in roughness. and near lu-
nar average. or slightly less than Mars®
average. in surface reflectivity.

Lunar unit B
Rough uplands 910 10°
Smooth uplands r
Rough mare 5.5106.5°
Average mare 4.5 105.5°
Smooth mare 4.5

Average Mars 35

*From 13 cm radar.

ing to obtain signal-to-noise ratios in ex-
cessof 10: 1

On the average, the Chryse Planitia ba-
sin is slightly smoother than the area to
the south of the original Al site. with
r.m.s. slopes and reflectivities of 8, = 5°
10 6° and p, = 0.07 10 0.08, respectively.
However, the roughness data, from both
the current observations and those of
Carpenter, show a decline in surface
roughness west of about 45°W longitude,

e Dyt s

T ?WJ@W‘T&?’JN

face density near 2 g/em’. At

B. - is an ‘anomalous decrease,
in the

1). the

0
correct./this value of p, l’m— \
| smooth lunar upland. The broad-scale ap-

el value O 4. R i

refiectivity in the vicinity /
of 44"W: Allhou%jungz w 2/
~served on two successive days (see Fig.

relative on either side of, but
pnncnpally to the east of, the anomalous
area. . no realistic

results could be obtained from these fea-
tures.

The radar properties of the AIWNW
site appear to be similar to the average re-
sults of Chryse Planitia or to indicate
surface slightly smoother than the aver-
age of that area. But of more importance.
the 47.5°W ellipse does not appear as an
area of anomalous radar scatter, al-
though it is in an area of transition. The
formal results indicate that the large-
scale roughness, excluding blocks. is
similar to average lunar mare. while the
surface reflectivity is apparently near
martian average. or greater than that of
the moon.

Comparison with images. Inter-
pretation of Viking 1 orbiter images with
an identification resolution near 140 m
(10) revealed new features in the vicinity
of the Al landing site (19.5°N, 34*W). Ini-
tial impressions of the Viking images in
the area placed the surface roughness in
a category with rough lunar mare or

pearance is more akin to a lunar upland
/perhaps rougher than indicated by radar
/ track to the south, but consistent with
the inferences from Goldstone data in
the Al nru The visual impressions were

d by y at slope

to its reli
Results for AINW and AIWNWEE{:&;@;M&I@@Q]M“;

(23.4°N, 43.4°W and 22.4°N, 47.5°'W).
Observations of the AINW and AIWNW
sites were carried out by the Arecibo Ob-
servatory during the same period that the
Viking 1 orbiter was conducting its pho-
tographic reconnaissance of that area.
Successful observations of 40° 1o 50°W
longitude at about 23.2°N were obtained
on 2 days, with overlapping coverage in
the 42° 10 46°W longitude range. Addi-
tional observations were ined about

44°W is also apparent in the shape of the
echo spectra. Data from 3 and 4 July
show the same effects. Spectra adjacent
10 those from 44°W are systematically
skewed with respect to their usual, sym-
metrical shape. The sense of skew is op-
posite for sub-Earth points to the east
and west. The shape changes smoothly
with longitude and is i with a

20° 1o both the east and the west of the
AINW and AIWNW area, but with only
partial coverage.

The Chryse Planitia basin appears to
the radar to be generally rougher than
the areas to either the east or the west.
This result is consistent with earlier ob-
servations by Carpenter (9) at the same
wavelength at 22.5°N latitude (see Fig.
1). The principal difference between the
current results and those from 1967 is in
signal-to-noise ratio. In 1967 it was nec-
essary 10 average over 10° of martian lon-
gitude to obtain useful results. The cur-
rent observations, even though at greater
range. require only about 0.7° of averag-
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limited area of relatively weaker back-
scatter located near 44°W. Similar pro-
gressive changes in spectral shape have
been observed in bistatic-radar experi-
ments on the moon where the visible fea-
ture associated with the change in radar
properties, usually an isolated crater,
could be easily identified. Small-scale
surface roughness, a very tenuous sur-
face layer, or a combination of these
could be used to explain this behavior.
The area of anomalous radar signature
in Chryse Planitia coincides with the
deepest, most central portions of the ba-
sin. This area is also marked by an ab-
sence of wind streaks visible in the Vi-

length near 500 m.

Farther 10 the northwest at the final
landing site, the surface judged from the
images appeared smoother and consist-
ent with the radar results. That is. the
surface is more akin to a lunar mare than
a lunar upland. The images indicate tha!
the aeolian processes of deflation, ero-
sion, and deposition have occurred
Small cratering events have excavated
material from an underlying dark layer
about 50 m thick. These craters were sub.
sequently modified by the wind. Bright
windtail deposits were produced on the
southwest sides, while their northeast
flanks were stripped, exposing dark ma-
terial. Of equal importance to the physi-
cal properties of the martian surface are
the ubiquitous impact craters ranging it
size from 200 m to several tens of kilome-
ters. Large blocks. fragments, and
crushed rock were ejected. Occasiona
blocks near the limit of resolution, 250 m
across, are visible on the rims of craters
about 20 km across. Thus, it was clear
that the surface was complex with prob-
able exposures of bare rock and the prod-
ucts of impact cratering, such as blocks.

SCIENCE, VOL. 19}
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fragments, crushed rock, and that the
surface has been modified by the wind.
Such a surface is expected to yield a
larger refiection coefficient than the aver-
age lunar surface.

Images from the lander camera reveal
the martian surface as relatively smooth.
It is characterized by bare rock. blocks,
rock fragments, and finer debris with su-
perposed aeolian deposits and wind-de-
flated or eroded surfaces. These observa-
tions are consistent with the orbital im-
ages, the radar esti

on the scale of the lander over an area
comparable 10 the size of the landing el-
lipse. Radar oburvanons delecled an
area of
and refiectivity at the AINW site.

The present radar observations are lim-
ited by the signal-to-noise ratio and by
difficulties in absolute calibration of re-
ceived power. They cannot be relied up-
on to detect areas of extreme roughness,
such as a limited number of impact cra-
ters, which comprise only a small frac-

and the relatively large, compared wllh

of h tion of the 1 cell. The use of ra-
dar and |maaes loaelher compensates in
Al part for the i ions of two

the moon, values of
obtained.
Conclusions. Radar and imaging form
complementary technigues. Images pro-
vide information in the form of m:ogmz-

techniques and provides data on all
scales of surface roughness greater than
about I m.

G. L. TyLer

wford Uni

able patterns which can be interp

and analyzed quantitatively to provide
an estimate of surface state on a lateral
scale that is at one 1o three times the res-
olution of the imaging system. Infer-
ences from Viking orbital images regard-
ing surface structure on the scale of the
lander require extrapolation of surface
properties downward over 1% 1o 2 or-
ders of magnitude. Radar provides only
an average measure of surface properties
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ROCK PUSHING AND SAMPLING
UNDER ROCKS ON MARS

By H. J. MOORE," S. LIEBES, JR.,* D. S. CROUCH,* and L. V. CLARK*

ABSTRACT

Viking Lander 2 acquired samples on Mars from beneath two
rocks, where living organisms and " olecules would be pro-
tected from ultraviolet radiation. Selection of rocks to be moved
was based on scientific and engineering considerations, including
rock size, rock shape, burial depth, and location in & sample field.
Rack ) and twpogrephy were blished nsing the urmvu(
erized i em i
ted on vertical profiles and in plan view. Sampler (-’}}n]]
developed and tested on Earth using o full size lander and surface

INTRODUCTION

During the Primary Viking Mission,* Lander 2 ac-
quired soil samples from beneath two rocks, where
any living organisms and organic molecules would be
protected from ultraviolet radiation. The acquisition
of the samples required that the rocks be pushed away

w%-] va;:rm &\9 surface beneath them. Pushing rocks by

té control amid a dense field of other rocks

mock-up. The use of power by the sampleq fadtbeptreTb i) ¥ ) FShaFUY J’DW 1976; Moore and others, 1977a)

rock movernents, which were by plowing, skidding, and rolling
Provenance of the samples was determined by m ments
and interpretation of pictures and positions of the arm,
Analytical results demonstrate that the samples wer . from
beneath the rocks. Results from the Gas Chr, raph Miss
Spectr ter of the Molecular Analysis experiifent o
Fxchange instrument of the Biology experi;
more adsorhed(?) water occurs in samples o
phes exposed o the sun. Ths i consisten, with tereestrial
sture oecursn eas-suelave sl un
sureounding soil becausethe' netReat Now is to-

some 363 million km away is a complex feat. Few peo-

pl p&tcdx h a profusion of rocks on Mars, and

e Soil sumpl?r as not designed for pushing rocks.

bbme of the roc| brewnud obstacles to the sampler

QWW eruels consequently a detailed accu-

1 lhe topography and rock locations

\wu,hm reach of { sampler was mandatory for suc-
}K\:fhzl opq_mpo

P flhis paper is to (1) describe the pro-

ward the soil beneath the rock and the rock :Emiulnuduwu f n’es uEed to push the rocks and the problems en-

tion. Inorganic anulyses show that samples of

I@)3how that the samples did, in fact, come

rocks have siyenificantly less iron than mlupuuh :6— sun. the rocks, and (3) indicate the scientific
08 SIS MR OL AN SR TN SR "Art ﬂrpﬁmf&mmg samples from under the rocks.
un

is only partly evaluated, but some facts are clear. Detectable
tities of martinn organic molecules were not found in th
from under s rock by the Mulewhl An-lyn» experiment. lhol
*ogy did not find d for Earth-like liv-
ing organisms in their sampl nificant amounts of adsorbed
water may be present in the martian regolith. The respo f the
soil from under a rock to the squeous nutrient in the Gas Exchange
that adsorbed water and hydrates play an im-
portant role in the oxidation potential of the soil. The rock surfaces
are strong, because they did not scratch, chip or spall when the
sampler pushed them. Fresh surfaces of soil and the undersides of
rocks were exposed so that they could be imaged in color. A ledge of
suil adhered to one rock that tilted, showing that a crust forms near
the surface of Mars. The reason for low amounts of iron in the sam-
ples from under the rocks is not known at this time.

VS Gevkogiead Survey, Menlo Park. Call
Dhrpartiment of Genetacs, Stanford University Medical Center, Stanford University,
Stantord, Cobif
Marietia Corp, Litteton, Colon
Langley Kesearch Conter, Hamgpton, Ve
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SURFACE SAMPLER SUBSYSTEM
COMPONENTS
One of the major subsystems aboard the two Viking
Landers is the Surface Sampler Subsystem (frontis-
piece and fig. 1). This subsystem was designed to ac-
quire, process, and deliver surface material samples to
the Biology, Molecular Analysis, and Inorganic Analy-
sis experiments and to provide support for the Surface
Physical and Magnetic Properties investigations (Sof-
fen and Snyder, 1976). Biological analyses are con-
ducted using three instruments (Klein and others,
1972, 1977): (1) Pyrolitic Release, (2) Labeled Release,
and (3) Gas Exchange. The Gas Exchange instrument
measures gases evolved from soil in the presence or
absence of an aqueous nutrient, using gas chromato-
graphy. Molecular analyses are conducted using a Gas
Chromatograph-Mass Spectrometer (GCMS) (Bie-
mann and others, 1976, 1977). Inorganic analyses are
conducted using an X-ray Fluorestju:uﬂcl}(ﬁwyr q
(XRFS) (Clark and ulhers,,ll‘ﬁlyi:,
The Surface Sampler Su

he Acquisit

major components: (e jon Assembly,

which acquires the samples and deli em to the o
desired experiments; (2) the GCMS sor, which
receives samples from the Acl Assembly.

grinds the material to a particl
and delivers metered 1-cm?® sar

%,
<

J

-:QA_{QBG—A rt Arc

FIGURE 1.—Surface Sampler Assembly components and camera lo-
cations.

ROCK PUSHING AND SAMPLING UNDER ROCK

TN bondib RGN ] e

Ezra Orion Coll§atia

S ON MARS

Processor, which accepts samples from
the Acquisition Assembly, sieves the material Lo a par-
ticle size less than 1,500 um, and delivers metered
7.cm? samples to the Biology experiments; and (4) the
Control A bly, which recei digital ¢ it
from the spacecraft computer and controls the oper-
ation of and handles the data from the other three
components. Samples are delivered to the XRFS
through a funnel with a 1.25-cm screen. The Acquisi-
tion Assembly, with its control electronics, and the
spacecraft computer were the major components in-
volved in the rock-pushing sequences.

The Acquisition Assembly consists of a boom unit
and collector head. The boom unit consists of (1) an
extendable and retractable furlable boom capable of
extending the tip of the 1l head to a i
of 3.45 m from the boom housing and (2) an integral
gimbal capable of 288° horizontal (azimuth) move-
ment and 74° vertical (elevation) movement. The col-
leytor head (fig. 2) consists of a stationary lower jaw
for digging into the surface and a movable upper Jaw

dnjigthe sample. The collector head can deliv-
ulk sample directly to the appropriate experi-
quént in the upright position, or it can be rotated 180°
and the dpper lid (in the inverted position) vibrated at
4.4 or 8.8 Hz to deliver the sample through a 2-mm

the Biology

era

R?‘; Mecdlleclor head lid.
riace Sampler Subsystem is automatically
controlled by the spacecraft computer and Surface
$nmp!@\% trol electronics. Typical sampling se-
;ih'eh‘l: enerally require that 40 100 discrete com-
s be executed; the longest sequence to date
) the execution of 344 commands. Real-time
ﬁm control and camera monitoring of the boom
i sible due to the one-way radio transmission

time between Earth and Mars, which was about 20

Surlace contact switen
Rotation penftien salch
i

100" retation
mar (1oer vl
.

Tedlignt retaining
1w

Primary sieve
o)

5 CENTIMETERS 10
bbb

FIGURE 2.— Surface-sampler collector head.
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consistent with the view that the atmo-
sphere is composed mainly of CO..

Temperatures in the middle atmo-
sphere. at altitudes Z from 25 to 90 km
(Fig. 4). ranged from 120° 1o 165°K.. with
local ~ at 64 and 30 km. and would
appear 10 join smoothly with the mass
spectrometer temperatures above 140
km. At the time of entry. the CO; con-
densation boundary was about 20°K be-
low atmospheric temperatures.

The atmospheric pressure profile 10 90
km is shown in Fig. 5. The middle atmo-
sphere dati extend smoothly into the di-
rectly sensed data below 3.5 km. Am-
bient densities (not shown) were likewise
defined over five decades. and at alti-
tudes above 3% km were 2 to § times
greater than the mean model to which
the Viking lander was designed. At touch-
down. however. density was near the
pre-Viking expectation.

The pressure data indicate that the land-
ing site is about 2.9 km below the mean mar-
tian surface. if we take an average surface
pressure for the martian here equal

1. A. O. Nier. W. B. B. McElroy. A
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Preliminary Meteorological Results on Mars from the Viking 1

Lander

Abstract. The results from the meteorology instruments on the Viking | lander are
presented for the first 4 sols of operation. The instruments are working satisfactorily,

10 6.1 mbar. The accelerometer data.
however. indicate an acceleration due
1o gravity at the landing site of
3.7189 = 0.0006 m sec*. which implies a
planetocentric distance at touchdown of
3389.8 = 0.03 km (//). while the radio
science data (/2) indicate a radius of
3389.5 = 0.3 km. These results may be
compared 10 the value predicted from
the mean ellipsoid equation given by
Standish (/3). 3391.51 km. and would im-
ply a terrain elevation at the landing site

of =1.7 10 =2.0 km. and & mean surface’

pressure of 6.6 10 6.7 mbar.
A.O.Nier
School of Physics and Astronomy.
University of Minnesota,
Minnecapolis 55455
W. B. Hanson
Center for Space Sciences.
University of Texas,
Dallas 75080
A. SEIFF
Ames Rescarch Center,
Mofferr Field. California 94035
M. B. MCELROY
Center for Earth and Planetary
Physics. Harvard Universiry,
Cambridee. Massachusetts 02138
N. W. SPENCER
Gouddurd Space Flight Center,
Greenbelt, Marvland 20771

Viking Projcct Office
NASA Lanzlex Rescarch Center,
Hampron. Virginia 23365

14,04 &7 910

x of 188°K 10 an estimated maximum of 244°K .
th a diurnal variation of amplitude 0.1 millibar.

i e inisir ) IMIMJ"D‘ A1Bcd « emariaic repuiary which

may be associated with

d (/).
es here”
oully oriented in the
_are used to determine wind s)

0 tidal ¢ the el SBOEN Car
ology instriments and Sys-
lander‘hayésxm:\

?esl measures of wind speed and direc-

winds and gravi or

sen;ors are reduced together to provide
uon m the least squares sense. TM refer-

ion and conducuon errors at the lou

p ing on Mars. A t

rection hy measunng the power
o Bmra o nBulie
pect lo an i enucal unheal

sens

rection as sensed by this array is re-
solved by means of a quadrant sensor,
which utilizes four thermocouples to
sense temperature differences on four
sides of a heated vertical rod. This is an
application of the classical *'wet finger'
method of wind determination. This sen-
sor also provides information and wind
speed in the Reynolds-number range, in
which it is now operating on Mars, and
data from both the hot film and quadrant

Table 1. Average vanances for 1 1-minute mod-
ules during the first $ sols. Night includes the
period from 1.5 hours before sunset 1o 1.5
hours after sunrise: day includes the remain-

are made by

Q[enmeans of a set of thermocouples, which

are referenced to an internal temperature
measured by means of a platinum resist-
ance thermometer. The entire array is
mounted on a boom deployed 1.6 m
above the surface, and 0.61 m from the
nearest part of the lander body. Wind
tunnel tests indicate measurement accu-
racies of at least = 15 percent for wind
speed in excess of 2 m/sec, = 10°in wind
direction and = 1.5°C in temperature.
Tests also indicate that effects of lander
interference should not be large, but may
have a small effect on flow at azimuths
between about 260° and 340° 2). In addi-
tion, pressure is measured by means of a
sensor within the lander body whose ac-
curacy and stability are comparable with
the digital resolution, about 0.07 mbar.
All indicati are that the entire sys-

Martin Marictta €
P.0.Box 179.

R.J. Duckerr der of the sol.
Vanance
Time Tem- Wind Wind
rature  direction s
el b) k\u.m W.S. Cook uq'c; (deg) m?lﬁb
Night 0.57 7.6 0.74
Day 2.63 4.5 2.07

Denver, Colorado 80201
788

tem is performing nominally. Our con-
fidence in the temperature measure-
ments is based on the comparison be-
tween the reference and thermocouple
sensors; the differences between them
are those expected from radiation and

duction effects. Wind directions and

SCIENCE. VOL. 193
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STEREOPHOTOGRAMMETRY 3

minutes during the Primary Mission. Therefore, the
entire sequence to be executed must be generated and

posite ends of a table. Images displayed on the moni-
tors are snmullaneously viewed through a centrally
located The left and right mem-

verified on Earth, t ted to the sp aft, and
stored in the lander’s computer until the specified ex-
ecution time. When the sequence is executed, the

puter ially t its each coded digital
command and waits a specific interval of time (pre-
computed to allow sufficient time for execution) be-
fore issuing the next command. If the command is not
successfully completed, ora “no-go” signal is gener-
ated by an unsafe op the comy termi
power to the Surface Sampler and stops the sequence
until corrective commands are transmitted from
Earth.

Surface ples are ired by moving the boom
to the desired azimuth and extension distance and
lowering it until the collector head contacts the sur-
face. At that point, the collector head pivots about a
bull Juml which activates a switch and terminates the

Q 1i

opening the collector head lid, exten: mg the boo
forward 1520 ¢m, closing the ill
sample to the desired experiment by another series of

commands.

STEREOPHOTOGRAM

is lhej%ﬂﬂMUNWU q0 1IX
lﬂa'ﬂﬁﬂen”n ?’S‘LP

bers of a blereonmnge pair are routed, under the con-
trol of RANGER, to the left and nght video monitors,
respectively. The ster P a ph

metrist to fuse the image pair into an apparem. three-
dimensional image of the martian scene.

Camera geometric calibration files developed by M.
R. Wolf of the Jet Propulsion Laboratory (Patterson
and others, 1977) help RANGER to accurately associ-
ate a viewing vector in the Lander Aligned Coordinate

INOTE. £ = COMMANDED ARM EXTENS 10N)

CAMIRA 2 il o /

The prompt generation of accur. and T -
matted topographic information was a prerequsite for' <, L !'
dnm»mk sample sites and rocks 10 bepmhed -and for Liyy N
Ani t-  PiGURE 3 Schematic illustration of a Viking lander indicating Jo-

1 ph

erized vid,

i st h E;‘ZW& N@gx ras, sampler arm or boom, and Lander Aligned
and Schwartz, 1977) was u:ed for this pg'uae COHM ng'ﬂtm-

system, created to support the Vnkmg%
Team and to serve general project needs, was devel-
oped by one of the authors (Liebes) in collaboration
with A. A. Schwartz of the Jet Propulsion Laboratory.

The pmnary input to the system was the digitally
encoded imaging data returned by the Viking lander
cameras (Huck and others, 1975; Mutch and others,
1972). Figure 3 schemahcully illustrates the nominal
locations of the tric ref
points, the placement and articulation of the surface
sampler boom or arm, and the alignment of the
Lander Ahgned Coordinate System.

The st p ry system of three
basic el (1) hard {2 t
software, and (3) a alereo station. The compuwr hard
ware is that of the Interactive Image P Fa-
cility (Levmlhal and otherl. 1977) at the Jet
Propul Lab
tions program, called RAN(;I.'.R supports the syswm
The stereostation is illustrated schematically in figure
4. A pair of video monitors face one another from op-

#Aing Archive

1M I 008 21 MU KD
CONRAL T ConAc
1 1

1ok Tox

210

id b

\ _]J
FIGURE 4. —Sch of i

grammetry station. Video monitors rest on table. Left and right

camers stereoimage dn. ln— d.n«cd rwm mmpula o left and

right i Thy | cursor is con-
trolled by |uclbn1l device (TB). Video image routing and ana-
log image are controlled by switchbox (SB).




4 ROCK PUSHING AND SAMPLING UNDER ROCKS ON MARS

System with each image point. RANGER provides the
photogrammetrist with an artificial “3-space mark”
consisting of an appropriately coupled pair of point
cursors overlayed on the two video images. The pair of
marks fuse to produce a single mark in the apparent
three-dimensional image. The photogrammetrist can
move the mark in a continuous manner through the
martian scene. RANGER can be commanded to con-
strain the mark to any surface, which enables the pho-
togrammetrist to generate arbitrary profiles of the
relief such as elevation contours, vertical profiles,
transverse profiles, etc.

Support for the sampler activities was invariably
provided in the form of sets of profiles (called V-Pro-
files) representing the intersections of the martian re-
lief with planes containing the azimuth axis of the
sampler boom. The profile data were stored in com-
puter data sets. Products consisted of photographs of
s and overlaid profiles, and plots

the stereoimage pa

neath the rock. Figure 6 is a plot of the fifth profile
from the left in figure 5. Sets of such V-Profiles en-
abled constraints such as the arca accessible to the
sampler (sample field) and detailed rock shapes to be
established. The commands required to execute any
desired sequence would be determined directly from
these plots (Clark and others, 1977). The profile for-
matting program (implemented by R. N. Philips of
the Jet Propulsion Laboratory) operated under multi-
parameter control that permitted variable grid inter-
vals, measurement systems, and scales. Full-si
Profiles were frequently plotted to aid mode
sample areas in front of the S
which is discussed in the following

The cameras can record at resolutions of either
0.04° or 0.12°. The curves in figure 7, which illustrates
theoretical uncertainty of range, apply to a pair of
0.04° images. Uncertainties will be two times as great
when one image is at 0.04° and the other is 0.12° reso-

of the V-Profiles. Figure 5 illustrates a #iﬂr’-]«]n)‘in‘(é} ‘.'u,hli?ﬁ_)th three times as great for a pair of 0.12° reso-

corded after the sampler nudged Notch rock. The

lution images. Uncertainty at any field point is here

white lines represent 10 |pr1;l'||n~s]lu}l1Mﬂ Nﬂ%}l mﬁﬂlﬂd\/&o“l})d thdial dimension in plan view of the

along boom azimuth intervals of 0.5° to quantify the
results of the nudge, to provide a basis nning
the subsequent attempt to displace tan-
tially, and to acquire a sample for B Tom be-

dianiond-shaped region of overlap of wedges radiating
out from dach of. !hr cameras, with wedge apex angles
equal to the éra resolutions. Error caused by the
calibration data”and by thermal movement of the

FIGURE 5.—Stereopair of pictures of Notch rock after nudge. Noteh rock is about 25 cm wide

and 11 em high. Profiles (white lines) are in planes radiating from the azi

uth gimbal

axis spaced 0.5° apart. These reproductions have been subjected to differentisl enlarge
ment and relative rotation Lo facilitate stereoviewing. Sampler boom visible at top with
its shadow below. Vertical bar in left image is artifact of transmission.




SCIENCE TEST LANDER 5

cameras and shifts of the lander amount at most to
0.06° of image displacement, suggesting that a reason-
able measure of operational ranging error is typically
that shown in the figure. Within the stereoportion of
the sample field, this uncertainty is typically about 2
or 3 cm.
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SCIENCE TEST LANDER

An important simulation facility was available at
the Jet Propulsion Laboratory during the Viking mis-
sion for developing and verifying all of the commands
to be executed on Mars by the Viking surface sampler.

105. 00 |
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Cl‘M“NNUl D RZIMUTH TANGLE
JNH( i lpl.N[

LACS 1-RXIS

adessnnnoodsanaonan

FIGURE 6. — Plot of fifth V-Profile from the left in figure 5. Gaps in
profile correspond Lo regions not visible o both cameras. Note
that the fillet at the base of the rock was not disturbed during
the nudge. Sampler commands of azimuth, extension, and ele-
wvation required for subsequent rock push and sample acquisi-
tion were ived from such plots. The “range data set nume”
for the family of profiles appears beneath the Julian day and
time in the top margin. The *IDENT" number designates the
particular profile member of the set. The boom azimuth asso-
cinted with the profile plane is indicated in the upper right
corner. The X, Y, and Z coordinate scales appear in the plot
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margins. The Y and Z scales plotted on the V-Profile are azi-
muth-angle dependent (see fig. 3). The perpendicular distance
in the Y-Z plane from the axis of the azimuth gimbal is indi-
cated at the bottom. Each of the concentric curves denotes the
position of the collector head tip at a given extension distance;
that is, the curve the tip would describe as the boom is raised
and lowered. These curves are here labeled with the associated
extension distance (in inches). The disgonal fan of rays indi-
cates the path of the collector head tip as the boom is extended
at the indicated elevation angles.
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FIGURE 7. Range uncertainty with horizontal range for paired

0.04° resolution images.

The modeling was done by personnel of the U.S. Geo-
logical Survey using the images returned from the
lander and photogrammetric analyses of the images. A
sand mixture was used for the soil, and the simulated
rocks were made of styrofoam. An accurate represen-
tation of the surface topography including rock loca-
tions was considered essential to developing and
venfymg safe and meaningful snmpler sequences
ing was also validated using the Sci
lesl Lander The real-time imaging display was par-
ticularly useful during the modeling work.

The Science Test Lander was reconfigured after the
landing of Viking Lander 2 on September 3, 1976.
Simulation of the second landing site took on an add-
ed importance when it was decided to search for mar-
tian organic matter and biota by acquiring samples
from under rocks instead of from the exposed surface
material. This necessitated an extensive program to

]]1-]”( NITY rtbr\ﬁ%)p rock-push sequences. The sample field was

lly surveyed for candidate rocks that met cer-

The key element of this fl}f}l\&‘ ¥‘H—J QDI@}»Q”QN *i}alw and boom-capability criteria. Three
rock:

The Science Test Lander was in: Lenl l.
large sandbox which repn:semt.
within reach of the sampler (th
subsystems were manually cont
ment and, in the case of the surfuce samp
small programmable computer Two 10-kw tungbwn
carbide lights were availablé for simulating martian

Lander, was a full-scale Viking lander with fully oper-
ational cameras and surface sampler llsplece

Jighting conditions during magl?m Orio n C0|

Computer control of the sampler was essential

¥ The roe

s were selected for the sampler to attempt to
)novo Fu scale V-Profiles and contour maps of the
target rocks were provided to the NASA/
Manned Spacecraft Center's Lunar Receiving Labo-

d) Th‘ /\($ lns{YBcit prepared two models of each rock (one

s and the other of epoxy resin) simu-

f their estimated weights on Mars.

re positioned in front of the Science Test

hndbk ing full-scale V-Profiles. These rocks were

%&@ﬁhuustiw tests to develop the proper tech-
rock pushing.

er of,
lating exl

simulate and validate each wmplergub*lﬁ %EM[’CI’] | VQ‘RITERIA FOR ROCK SELECTION

quences could thus be witnessed by scientists as well
as and ible for assuring
the safely of the sequence. 'l"he computer also pro-
vided data like that which would be returned during
execution of the sequence on Mars. Surface-sampler
data includ ded and achieved boom posi-
tions, discrete measurements of motor current and
temperature, and switch positions. Although the sur-
face-sampler data do not contain any timing informa-
tion, it was possible to determine timing from a
detailed analysis of the lander computer’s memory as
a continuous timed-tagged record of command and
data traffic. This record permitted determination of
the rates of travel of all motors, considered a measure

Rocks that were eligible for pushing were limited to
the sample field (fig. 8), which was defined using sam-
pler extensions less than 279 cm (110 in.), angles of
boom elevation greater than —38.1°, and boom azi-
muths between 90° and 250° (fig. 3). This excluded a

of promising rocks b they were either
oo far away, too close to the spacecraft, or on the left
edge of the sample field. Five rocks (Nos. 1 through 5
in figs. 8 and 9) were considered first because they had
been unnged by both cameras in high resolution early
in the mi high lution age in
stereo was not available in other areas. Each rock was
rated from 1 to 4 in each of 11 factors, and each factor
was weighted by importance.

of subsystem health. It was also a valuable di ic
tool for understanding anomalous behavior of the
sampler subsystem, and it was especially useful for
evaluating the results of rock-pushing sequences.
After the landing of Viking Lander 1 on July 20,
1976, the Science Test Lander was configured to simu-
late as closely as possible the conditions at the site.

The eleven factors were defined as follows: (1) Rol-
lability: Was the rock deeply buried or near the sur-
face so that it would move when pushed? (2)
Obstructions: Were there objects behind the rock that
might interfere with its motion? (3) Size: Was the
weight of the rock small enough for it to be moved? (4)
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REST AT D

cHive

NORTH I ARROWS INDICATE TRACE OF
FLIGHT PATH ON SURFACE
| ouRrING LANDING
SURFACE ERODED BY ENGINE 2

1/11/77

FIGURE 8—Plan view of Viking Lander 2 and status of sample field at end of P

inal
ly

ion trenches, and ejected shroud are shown. (
plan view is parallel to upper surface of lander

Accessibility: Were there objects in front of the rock
that would interfere with the ability of the surface
sampler to reach the rock or the area exposed after it
moved? (5) Grippability: Was the character of the sur-

rimary Mission. Locations of selected rocks, sample
and nilion; of rocks 3 and 7 after pushing are indicated.

sitions
?:p.mcnﬂ Y:"i plane).

face be visible to the cameras? (10) Surface area:
Would the newly exposed area be large enough to col-
lect samples unmixed with surface materials previ-
ously exposed to solar ultraviolet radiation? (11)
1

face of the rock such that the surface ler would
not slip off? (6) Breakability: Would the rock break
when moved? (7) Purchase: Was the shape and orien-
tation of the rock on the surface favorable for moving?
(8) Sampleability: Would the exposed surface be
easily sampled? (9) Visibility: Would the exposed sur-

lasticity: Were there any emotional reasons
why the rock should be moved?

Each factor was weighted by relative importance
(fig. 10), and surface area, visibility, and sampleability
received the largest weightings because of their scien-
tific importance. Large surface areas reduce the
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111X XTY TO1X
FIGUKE 9. Camera 2 picture showing first rocks considered for pushing: (1) ICL, (2) Mr. Toad, (3) Mr. Badger, (4) Mr. Rat, and (5) Mr.
Mole. Rock 6 (Bonneville) was topjideted [or puTing i@ imthe myselon imepgpns of rocks given in figures 10 and 12.

— el 4\ ot
2 NAME ©NUMBER
FACTOR Mr'.’zr,’g,\aﬂ -[-L?}(}EéAUUIR Mr.dkAl Mr. ;nou
1. Roliability - TRTRE  ?.{12; T e s W
2. Obstructions k K § 9 4 v il AL ] (12) 4 (12) 4 12
3. Size 4 E¥ra Ofidr ‘(,;UHE?(: i(%5 5 e 12” i
Mass 7ko;.  LI1LSke , .| 1L.5kg 9.9 +kg .9 +kg
4. Accessibility 3 r}‘“?“? '\5L £ ‘f'(gﬂ[ /qi (12 4 12 4 (12
5. Grippability 2 3 6) ) 8) 4 (8) 3 (6) 4 (8)
6. Breakability 1 3 3) 3 3) 3 3) 1 3 2 (2)
1. Purchase 74 2 () 4 (8) 3 6 4 8) 1 (2
8. Sampleability 5 4 (2 | 2 (10) 2 (10) 4 (20) ) (20)
9. Visibility 5 4 2 |2 (10) 1 (5 4 (20) 4 (20
10. Surface Area 5 4 20 |1 (5 2 (10) 2 (10) 3 (15
(m2 (cm) 648(18 x 36) | 225(15 x 15) 360024 x 15) 306018 x 17) 810030 x 21
11. Iconoclasticity ) B | @) 1 () 1 (1] 1 () 1 (3]
TOTAL SCORE 122 9 % 116 100
(140 IS PERFECT)

FIGUKE 10.—Fsctors, scores, and weightings used in selection of rocks to be moved for acquiring samples under rocks. Rock 1 (ICL)
received the highest scores because of lnrge weighting of scientifically important factors: surface area, visibility, and sampleability.
Iconoclasticity, a humorous fuctor, did not affect the outcome.
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chances of mixing and contamination of the under-
( rock sample with material that had been exposed to
the sun. Good visibility allows an opportunity to as-
sess the results of the sampling. Sampleability is the
fundamental scientific requirement. The three rocks
nearest the spacecraft (ICL, Mr. Mole, and Mr. Rat,
in figs. 8 and 9) received high scores in visibility and
sampleability because the newly exposed surfaces
would be favorably oriented to the cameras and the
surface sampler if they moved (fig.10). Because of
their location and orientation on the surface, their
surface areas could be determined. ICL clearly had
the largest surface area—18 cm at right angles to the
surface-sampler azimuth plane and 36 cm along it, so
that the chances of acquiring an unmixed sample from
beneath it would be good. Rocks farther from the spa-
cecraft generally had low scores, partly because of
their location and partly because of their orientation
on the surface, which reduced the ol
estimate the dimension of the rock awa

WG OF BOKK, e
»

..

BOOW DE-ELEVATION ANGLE, doy
=

WHGHT OF KOCK, pe WIONS

Estimates of weights of rocks that could be pushed by

FIGURE 11.
the sampler assuming frictional sliding.

bs¢toerkabitity ko) 1|01

from the spa- . : .
- ipated the dimensions, shapes, and an as-
cecraft. Mr. Toad (rock 2) hall the $iallest lesdi ﬁ]mmgdneggyﬁof 3,000 Kg/m>. Such a density is rea-

surface area because of its narrow base (fig. 9); consid-
ering width alone, it was too small. Visi
pleability were scored low because T
far from the spacecraft, and the u
rock was barely visible, showing
from the spacecraft. Mr. Badgeg(roc
scores for the same reasons. The visibility f
Badger was lowest of all becausé its dfientation indi-
cated the exposed surface would be“difficult to view
and dimensions difficult to estimate. Evi e I
unfavorable orientation was fuurﬁﬁgg;quﬁng
showed the surface adjacent to the br 1 ,d}
and could not be viewed, (2) the upp%ur ag‘o ’l'}tn(:
rock was invisible, (3) the visible upper edge of the
rock was convex upward and parallel to a crude layer-
ing midway in the rock, and (4) the undersurface of
the rock was visible at the tip nearest the spacecraft.
This orientation resulted in low scores for samplea-
bility and a conservative estimate of its dimension in a
direction away from the spacecraft.

Rock size (weight) and rollability were the chief en-
gineering considerations. Estimates of the weight of
rock that could be pushed were made assuming fric-
tional sliding (fig. 11). For frictional sliding and boom
angles constrained by the local surface and sampler
capabilities, rocks as heavy as 90 and 160 Newtons (N)
could be pushed. If moderate plowing occurred, the
weights might be about 40 N less. Rock weights were

d log

* Names were amsigned Lo rocks in erdes Lo aid memorization of the geometry of the
sample field Rocks 2 through 6 were named after characters i Kenneth Grahame's
bk The Wind in the Willous (1961), and others were sinply named. The origin of the
name of ruck | (ICL) w noted later, in footnote 7.

1976) but s,

ce of thé™ : 4208
3 t,62+N assuming an ellipsoidal shape and
awpy, /;&RTIJM moved provided that excessive plowing

massive mafic rock (Baird and others,
Somewhat excessive if the rocks are, in
fact, vesiculir. As an example, ICL’s estimated weight

ynable fo

(because of burial) would not be required. With the

“xception of'Mr. Mole (rock 5), the other four rocks

ﬁﬂld iove”if excessive plowing was not required.,
Mole was not only heavier than about 97 N, but it was

Ou@@‘dﬂfburied (fig. 9) and would require plowing;
thus it received low scores on rollability and size. Toad
Avaii

¥l the most rollable because of its small base
compared to its upper part. Mr. Rat (rock 4) appeared
to be partly buried. In the other factors, only Toad
scored low in accessibility because Mole and Rat
would interfere with sample acquisition. ICL scored
low in obstructions because there were two small rocks
behind it. The curved and relatively smooth surfaces
of Rat and ICL indicated the surf; ler collec-
tor head might slip while pushing, but there were
some pits on the surface so that the teeth of the collec-
tor head would probably grip and stay with the rock.
Because many of the rocks appeared to be vesicular, it
was possible that they might be fragile and break if
they did not move when the sampler pushed them.
Thus, partly buried rocks, such as Rat and Mole, re-
ceived low scores in breakability. High scores for pur-
chase were given to Toad and Rat because their large
height-to-base ratios would provide mechanical ad-
vantage for rolling. In contrast, Mole scored low be-
cause of its small height-to-base ratio. The fact that
Badger was tilted away from the lander resulted in a
relatively high score for purchase.
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The weighted scores tipped the balance in favor of
ICL rock as the first choice. Here, the factors weighted
on scientific goals were important. ICL's high score in
“iconoclasticity,” a factor introduced to help many
tired members of the Viking Flight Team retain their
sense of humor and relax, did not affect the outcome.”

Subsequent rock selections considered the same 11
fuctors as well as others (fig. 12). Bonneville (rock 6)
and Notch (rock 7), two of three new candidates, were
selected to be nudged (fig. 8). Bonneville had moved
previously during a sample acquisition for the Inor-
ganic Analysis experiment, and the surface that would
be exposed after it moved would be shaded at the
planned time of sample acquisition for Biology. The
rock was in an area where the boom housing obscured
the field of view of camera 1, and so there was no ster-
eoscopic coverage. Notch won out as the push candi-

ally, gear backlash and gravitational and thermal de-
flection of the boom increased the possible aiming
inaccuracies. Although the gravitational deflection
could be calculated, the thermal bending of the thin-
walled steel boom could not be predicted with suffi-
cient accuracy to guarantee that the collector head
would not contact the surface in front of the rock and
push exposed surface material into the sample site
during the forward thrust.

A strategy of rock pushing was ultimately selected
that provided the best way to move the rock without
contaminating the pling site. The 'y of azi-
muth positioning was improved by comparing the
boom-command coordinates of previously excavated
trenches with the V-Profile azimuths of the center-
lines of the trenches measured using the camera ster-
eoimages. Appropriate command corrections were

table because the lander is tilted 8.2° in a west-

date because its location was well-k M llmq required. The azimuth backlash effect was
mm ﬁu&tmj pi ic"é

provided favorable grippability, its |

£ood visibility, and the surfaeqif{}ﬁ'gmo 6948 N0 EFIY ireetibn (€Shorthill and others, 1976; fig. 8).

e case for
ination.
ample,

disturbed by previous acqusitions (as was 1
Bonneville), which reduced chances of ¢
Surface area, visibility, and sampleabili
for Notch.

ROCK-PUSHING STR 5

The Acquisition Assembly was not des for
moving rocks on Mars. Therefore,” N the request
was made to obtain samples from u ks after
the Mars landing, appropriate sequences usi
isting capabilities of the Acquisilio%
be developed rapidly. :

Two ways of moving rocks were consBHQ.l [B p'e\sEt
tioning the collector head on the rock in such a man-
ner that the backhoe could be used to drag the rock
when the boom was commanded to retract and (2) po-
sitioning the collector head in front of the rock and
pushing the rock forward by extending the boom. The
boom can push or pull with a force of approximately
178-213 N before the motor load capability is ex-
ceeded ing d pling of its ic clutch.

Tests using the Science Test Lander indicated the
pushing technique was the most feasible. The major
difficulty d was the 'y required to
push the rock at an optimum point judged from imag-
ing to be the center of gravity. The command resolu-
tion of the boom is 0.6° in azimuth and elevation, and
0.6° cm in the extend and retract directions. Addition-

. JCL 1ok was named after an acronym for Initial Compoter Load. Frics to sding, the
spacectalt computers had stored for ais mutommatic missacn 16 (he event that

[ ~retract directions was negligible. The relatively large

Thus, the azimuth backlash consistently produced ac-

me;};‘:i‘lhs that were about 0.6° smaller than

he commandy azimuths. Backlash in the extend and

t Ip’(ﬁnri in the elevation axis (boom thermal
mﬁ:fn‘gg gravitational deflection, and overtraveling
fi . q

er motor cutoff) were eli d by first
/the boani 16 the surface until movement was ter-
minated by actuation of the ground contact switch.

-~ This d was followed by an elevate command
moc Q‘Imﬁmrolled by timing rather than by posi-
Afcﬁtwm Knowledge of the elevation rate of

travel enabled calculation of the time required to lift

the collector head tip above the surface a known
amount. This technique nullified the effect of boom
deflections in the upward direction. The final se-
q dopted for the mission consisted of the fol-
lowing steps generally performed over a period of 10~
15 Martian days:

1. Swing the boom to the desired azimuth (as deter-
mined from V-Profile data and corrected for cali-
bration and lander tilt).

2. Extend the boom such that the tip would be posi-
tioned approximately 2-3 ¢m in front of the rock
after lowering it (as determined from V-Profile
data).

3. Deelevate the boom to activate the surface contact

cutoff switch.

- Elevate the boom (usually for 1-2 seconds) to posi-
tion the collector head at the correct vertical posi-
tion in front of the rock.

5. Extend the boom approximately 7-8 cm to verify

“moveability” of the rock by subsequent imaging
and boom telemetry data.

-



SAMPLER MOTOR CURRENTS AND ROCK MOVEMENT 1n
T Mr. RAT BONNEVILLE NOTCH OTHER 5 |
el e 6 7 8
SIZE  Width 18 cm 22 ¢cm 25 cm 25 cm
Depth 17 cm 15-22 cm 25 cm 25 ¢cm
Height 11 cm 5-6 cm 11 cm 13 cm
Mass 9.9 kg 6-8.4 kg 10.7-20.3 kg 9.5-19.1 kg
ADVANTAGES Appears to have Appears to be
moved during unburied
XRFS Sol 30 dig
Has V-Profile Has V-Profile data Has V-Profile
data stereo- stereoscopic cover- | data stereoscopic
Scopic coverage age coverage
Newly exposed area
shaded at 0600
DISADVANTAGES | Near ICL 1 m Qm Rock along SSAA
rock (1) which ! m?eftgsm romyvol K giumbal axis
didn't mbvd 27X @dR Yigs3ed3dg I N [17I1K presents possible
Partly buried by GCMS (Sol 21) |- \ hazard

Iconoclasticity

1
FIGURE 12— Additional iderations for selécti

6. Position the boom such that the

tion of the rock.

. Position the collector head at the new relative posi-
tion (steps 1 through 4).

8. Extend the boom 20-25 cm (depending on dimen-
sions of rock) to completely displace rock from
original site. Verify rock movement by imaging and
repeat steps 7 and 8 if required.

. Perform a backhoe sequence at the original site of
the rock to remove possible exposed material, fol-
lowed by performance of a normal sampling se-
quence.

Details of the rock-push sequences used on Mars are

listed in table 1.

-

@

SAMPLER MOTOR CURRENTS
AND ROCK MOVEMENT

Motor currents, inferred from variations in lander bus
currents, were sampled at a rate of 4 kilobits per sec-
ond in the engineering data format (Format 5). This

RFS (Sok 291"
enche%‘j@
j _ 0| AR

b2

>

; : o{ ik o ben E!Z: 9!.”\_ pushed »}uz second sample acquisition beneath a rock for

head could be stereoimaged anmgﬁfé'ar Cﬁm '

Profiles could be generated showinpwmmh Aweﬂﬁv

current sample every 0.19 seconds and a
lution of 0.039 amperes. Typical motor
ve a base current of about 0.2 amperes,
normally & high current transient at motor start, a no-
load condition during a gear transfer, and then a rise
in current due to extension. Currents are converted to
force by subtracting the base current of 0.2 amperes
from the total motor current measurements, calculat-
ing the wattage from known voltages (typically 31.8
Vdc) and then using calibration data (Crouch, 1976)
which gives =20 Newtons/watt. Thus, the resolution
in force is about 25 N.

Motor currents during nudging, pushing, and sam-
pling correlate with of the ler and
the rocks as viewed and measured using the pictures.
This correlation is vividly illustrated by the Sol 29 ac-
quisition for the Inorganic Analysis experiment (fig.
13). The acquisition stroke extended to the buried
base of Bonneville, which was displaced upward about
0.4 cm as shown by comparison of pre- and post-sam-
ple pictures of the rock. The surface sampler extends
at a rate of about 1 in. (2.54 cm) per second. The dura-
tion of high current (= 6.7 s, fig. 13) represents an ex-
tension near 6.7 in. (17 cm), which is in good
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TABLE 1 Sample sequences used fuor rock pushing and sampling under rocks
(Engraering unita sie trpmeted i unches bexcavme o vae during memmsa, and in final wurface
samples roprt (L V. Clash and ibers, 19770 CW. clachwise. CCW, counterchuchwise as
wewed in fog B est entunsted|

ROCK PUSHING AND SAMPL

ING UNDER ROCKS ON MARS

agreement with the commanded extension of 6.4 in.
(16.3 cm). Thus, the increase in current at the end of
the Sol 29 sample acquisition is certainly due to the
interaction of the surface sampler and soil with
Bonneville rock. The current increase corresponds to
a force of about 50 N, a value about twice the esti-
mated weight of the rock (22-31 N). At a deelevation
angle of —29°, the horizontal component of force is
about 44 N. Because the rock moved upward, a lifting
force of about 22-31 N was required. The horizontal
force vector along a line sloping 30° toward the sur-
face sampler is 37.5 N, and its vertical component is 22
N, or near the estimated weight of the rock.

During the nudge of Bonneville, surface contact was
made on the rock as shown by the deelevation angles
(table 1) and by the pictures (fig. 13), which show the
collector head resting on the rock after it extended.
The high motor currents during the last part of the
m lasted about 0.2 seconds, which represents

0.5 cm of travel. This is consistent with about 1
um? Rotion on the face of the rock which was
al rom the pictures and suggests a pivot point

the rock, which is about half as high as
t from the spacecraft. After retraction,

et un“.unn. push, ’ .lfdﬂl;_
sample .,V wide, fafth
b8 Kp(mack % the rock réturned approximately to its prenudge posi-

wet bian causing debris from plowed material in the rim of
t A R-n?m‘q; trench to fall into that trench (fig. 13).

ICL, the:first choice candidate, did not move, as

Comenand Vit
Rock  Solt  descriptwn  achieved Commenta
wL N Ananuth CW (L To madge rock.
Fatend Td4im Es dotance W rock 774-
THO
Declevate (<) 332 Serface contact.
Flevate (-106° By timing
Fatend W6in.  Sampler commanded 10 8.1
. ot clutched: et force
200N Kock did not move.
Hadger 34 Anmuth CW 2011 To push rech, first try.
Extend B Eatd w0 rock 874 in
Drelevate (-108°  Su tact
Elevate e Tl
Estend 965 o
retated. surface sampler de
flected CW and went under
ok
Ketract H20m Trench produced because
rock beaned on surface sam
pler.
Hadger 1 Anmuth CW 2005 -’lﬁ,.::. ]:?2: secand try.
Eatend L ARTS o x| w
Dewlevate -y L‘ll‘-' ---nl-r‘?(-q t-l
Blevate oy [
Faend TREGLAMARO 71 1IN
. along 200 5%, may have estun
Hadger 7 Arimuth CW 2001%
Fatend w0
Deslevate (=)
Hetract LA
Elevate
Fatend
[ . 1 Sattmon, %
Hunne Extend ] s i
wille 45 Aumuth CW vy 2 T e reck
Extend ». : Sob 29 XRFS extension of
Deslevate =V
pleg copidat ok
Flevate I-)K:‘P‘;b}}? anﬂd
Tilted back and on ek’
Eatend 1000w Hack fell back after exten
s Pesnta on (1ot surface
moved | om upward.
Neach “ To ndge rock.
Fat. dustance o B6.2 in.
Surface contact
Hy tmng
Left edge of rock dinplaced
about 15 in (18 cm).
Netch 5 T push roch
Eat. dutance to rock
#1788 in
Surface contact.
By tming.
Fock tranalated and rotated
Cluckwine.
Notch s To scquare sample
Surfece contact
Trench to clear away debrm

Surface cumtact
Sample scguistion
1w S0l 0. The duration of &

* Sl e martian day from start of mesion, day of tschdown

marvan beoust 24 65 hours

? Seqquence was repented because of fadure 1o obtain level full indscation. achieved ele

vations were (~)794° and (~)306° for surface contacts, level full indication was ob-
Jhow 1.2 in (3 com) depth

for sample trench.

5 .\._' téd by paring® pi dge and postnudge
_Hifag ‘_,,ul(en by the same camera, photogrammetric
measurements, and motor currents. Relatively small

mmm@ﬂ”%mm"enu were measured for about 3 seconds,

which they rose to a value corresponding to a

r
Cﬁmef about 200 N above the normal extension cur-

rent. The current duration compares favorably with
the estimated 2-2.5-in. (5-6.4 ¢m) distance to the
rock. Two hundred Newtons is close to the decoupling
force for the sampler motor (178-213 N). The maxi-
mum horizontal component of force on ICL was 153-
183 N. Because ICL was estimated to weigh 62 N, only
about 67 N should be required to push it if simple slid-
ing is assumed (see equation in fig. 11). If the sin 8
term in the equation is ignored, 37 N should be re-
quired to push the rock. Thus ICL must be cemented
or more deeply buried than initial interpretations in-
dicated. It is noteworthy that there was no evidence
for chipping, spalling, or scratching of ICL as a result
of the attempt to push the rock. The individual teeth
of the lower jaw of the collector head huve an area near
1 mm?, and so stresses of the order of 10° N/m? were
exerted by the collector head. Thus, it appears that
the surface of the rock is strong.

Viewing of
wenmitive way of detecting motion of the object.



speeds determined independently by the
quadrant and hot film sensors are in satis-
factory agreement, and the standard de-
viations obtained in the least-squares
minimization procedure used to oblxm
wind speed and direction are agr ly

rates of incoming solar radiation and out-
going infrared radiation as compared 1o
Earth. Thus, temperatures at the same
time of day differ fnom sol 1o sol by only

well known on Earth. Particularly strik-
ing are the oscillations in wind direction
with periods of roughly 4 hours which re-
pwedly occur after midnight. These are

avery fcw Kelvins. N h . the re-

low.

Measurements at the Chryse site (3)
began about 2 hours after landing. and re-
sults of the first few sols are reported here.
Data were obtained in modules spaced
1 hour and 27 minutes apart. with some
gaps during periods of lander-orbiter and
lander-Earth communication. The mod-
ules were 11 minutes in length. except
for two somewhat longer modules each
sol (4). Samples within modules were

btai at either 4 d or 8 d
intervals,

Figures | to 4 display module-aver-
aged data from the first four sols. The
outstanding characteristic of these data
is their repeatability from sol to sol. This
is not completely unexpected, since this
is summer in the subtropics where, in the
thin, dry martian atmosphere, processes
should be dominated by the very regular

of the wind data is striking.
Despite some differences, the general na-
ture of the wind regime is light easterly
winds in the late afternoon with wind
speeds decreasing to near zero as mid-
night is approached. Thereafter, during
the night the winds blow from the south-
west with regular oscillations in direction
and speed.

This behavior can be plausibly under-
stood in terms of the large-scale topogra-
phy of the site. Elevation contours con-
structed from Mariner 9 observations (5)
indicate that the lander is southwest of
the center of a broad depression in the
surface. This bowl is some 300 km in di-
ameter and about 3 km deep. At the land-
er location, the ground slopes gently
downward toward the northeast. It

seems likely that the average southwest

o’y ) vl e

MIAXN 2NN NUINKX 1K

I8 of a larg \! mwly wave
il and may be iated with

drainage over the entire Chryse basin.

An alternative interpretation of the
diurnal oscillations in wind and
is that they are manifestations of a plan-
etary scale diurnal traveling wave driven
by the traveling daily heating cycle, a
diurnal tide (6). A very simple model of
such a planetary oscillation in which lati-
tudinal variations of pressure are neglect-
ed suggests that the observed diurnal
pressure amplitude (0.1 mbar) would be
coupled with a wind speed amplitude of
the order of 5 m/sec, with westerly winds
coinciding with the late afternoon pres-
sure minimum, and clockwise wind rota-
tion. Undoubtedly both planetary scale
tides and local drainage effects contrib-
ute to the repeated diurnal pattern.

Figure 5 presents evidence for diurnal
variations in boundary layer character-
istics, The gas temperature at 1.6 m

15558588888 §

&n s n len an

2un an

L L n 1
0 2n 1eh xn  n
w

Fig. 1 (left). Module mean data for sol 0. Temperature (T), pressure (P), wind direction measured clockwise from north (#), and wind speed (V)
plotted as functions of local lander time beginning with zero at midnight (L.L.T.). Gaps in the curves are at me.u'me of operation of the relay

transmitter when the meteorology sysi

data for sol 1: see description of Fig. 1.
27 AUGUST 1976

is shut off. Pressure is plotted on an expanded scale in which the digitization
first module of meteorology data was initiated 1 hour and 47 minutes after touchdown of the lander on 20 July 1976.

increments are visible. The
Fig. 2 (right). Module mean
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FIGURE 13,
ville (rock 6) is just beyond surfuce sampler o picl
(Sol 21). Left picture shows sampler acquiring sample for the
Molecular Analysis (GCMS) experiment on Sol 21. Next pic
ture shows trench formed during the first pass of acquisition
for XRFS on Sol 29; comparison of pre- and post-acquisition
pictures shows Bonneville was displaced 0.4 cm upward, motor
currents show increase at end of acquisition stroke and corre-
spond w upward displacement of rock. The Sol 30 picture

ure

Despite the initial setback of ICL, the sampler
moved on to Badger (chosen over Toad). The weight
of science considerations was relegated to lesser im
portance, a marginal decision in view of reduced visi-
bility and sampleability. More importantly, Badger
moved in a complicated way (figs. 14 and 15). Motor
currents for the Sol 34 push of Badger correlate with
the results. The rock was about 3 in. (7.6 cm) from the
collector head tip at surface contact, which correlates
with the duration of initially low currents (3 s). This
was followed by large currents for 2.5 seconds, corre-
lating with the estimated translation of 2.6-2.8 in.
(6.5-7.0 cm), which may have been accomplished by

Sequence of events at “Bonneville .\‘.hPu'pﬁ u7'\ rt
he Telt .!;

1‘%1‘@{?&@» the second pass acquisition for XRFS; note
/
feich

his Been cleaned of platy debris. Sol 45 picture (to
right) shows collector head on Bonneville during nudge; note
trench produced on Sol 30 is still clear of debris. Final picture
at right shows sampler (upper center) and Bonneville after
nudge; note debris propelled into trench by rock falling into its
original position. Trenches are about 10 cm across. Motor cur-
rents for nudge (lower right) near end of stroke are larger than
those for beginning of sample acquisition.

tilting, rather than sliding. Subsequent currents os:
late and correlate with the interval during which the
sampler slipped down off the rock surface causing the
rock to lean on it as it completed its extension (fig. 14).
Most of the measured 69° counterclockwise rotation
of the rock probably occurred in this last interval. Be-
cause the rock was leaning on the sampler as it re-
tracted after the push, the collector head dug a trench
along an azimuth oblique to the commanded azimuth.
Badger did not move far enough on the first push,
therefore a second push was executed on Sol 37. Un-
fortunately, motor currents were not obtained during
this push. The pictures show two smooth tracks where



ROCK PUSHING AND SAMPLI

NG UNDER ROCKS ON MARS

SOL 0
PRE -PUSH

Hudger (rock

picture (Sol

ly extendéde
T )

FIGURE 14.- - Sequence of pictures showing histor of I
3). At leftis rock prior to first push ¢ 3
44) shows Hadger leaning on sampler

sor 3¢ TN KTRLIERIN
MR AN TSR 1o T

GCMS SOL 37
SAMPLE TRENCH

SOL 37

“Note thin “water line” ledge of soil adhering Lo left side of rock.
M Pduth picture (Sol 37) shows Badger after second push; note
skid markd produced by sliding. Final picture shows second
pass wcqu trench for sample under Badger; note floors of

and has been driven clockwise (to right

trench in front of rock was producediduding i Center pic- tractionstrench (to clear contaminants) and acquisition
ol o AR Tk

ture (Sol 34) shows the trench exca d as ct retracted; /7\ tee e-not visible because local surface slopes away from
azimuth of trench is oblique to aziffiths throUghglo bal axis, observer. Only end of sample trench is visible.

the rock simply slid on the surface. The Sol 37 pus}lx
was followed by a sample acquisition. Motor currents
for this acquisition are relatively towzar(d m«ow:ff(ﬂ
when compared with other acquisitions (compare figs.
13 and 15). ublic Art Ar

As noted above, the orientation of the surface with
respect to the sampler was not expected to be favor-
able because it sloped away from the lander. Thus, the
small motor currents measured during sampling are
compatible with shallow trenching (= 3.5 cm deep)
through an irregular surface inclined away from the
lander.

The nudge and push of Notch (rock 7), followed by
the acquisition, was the culmination of the under-the-
rock sampling activities during the Primary Mission
(figs. 16 and 17). On Sol 45, Notch was nudged by
pushing on a protuberance on the left edge of the rock
so that it would rotate to avoid early exposure. As
planned, Notch rotated about an axis on the right cen-
ter side of the rock. This movement displaced the pro-
tuberance about 3.8 cm (figs. 5, 6, and 16). The motion
may have been jerky, judging from the oscillating mo-
tor currents. The push before sunrise on Sol 51 was
accompanied by about 47° of rotation and 9.5-10.5 in.
(24-27 cm) of translation. The duration of high motor
currents was about 10.5 seconds. A rapid rise in motor

currents &jlf)in 1 second shows that the sampler con-
tacted-the surface within 1 in. (2.5 cm) of the rock.
]gg&t’rqwrenls for the push were about 50 N larger
than those during the sample acquisition. Periodi-
@filly/ ¢hey were 75-100 N larger. This may be com-
pared with the estimated weight of the rock (40-76
N). Since the higher estimate assumed a rectangular
rock, it is probably too large. The lower weight allows
for rounded edges but may be somewhat low. For sim-
ple sliding with a friction coefficient of 0.6 and using
the equation of figure 11, a rock weighing 31 N could
be pushed. If the sin 6 term, which allows for an in-
crease in normal force by the sampler, is ignored, a
rock weighing 40 N could he pushed. At times forces as
large as 100 N were exerted and may correspond to
some plowing, which is seen to be the case from the
pictures.

SAMPLING RESULTS

Judgment on the pr e of the samples was rel-
atively straightforward for Notch rock because it ful-
filled the criteria of surface area, visibility, and
sampleability, but this was not the case for Badger.
The surface beneath Notch could be viewed directly
on high-resolution pictures taken by both cameras.
Direct views showed that the trenching designed to
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FIGURE 15.— Plan view showing movement of Badger (rock 3). Left
is Badger before movement, note view shadow and area of in-
ferred rock; 201° is nzimuth through sampler gimbal axis;
and b are points on rock. Center, Badger after first push; dot-
ted line is original position; note short trench excavated by
surface sampler while extending to rock; large trench pro-
duced during retraction while Badger leaned on surface sam-

clear away possible contamination was successful and
that the acquisition occurred in the correct place.
i 1

Ezra @rien Collection

PEBYEAM Archive

1ML (sec)
SAMPLE (SOL 37)

pler; note trench is oblique to commanded azimuths, arrows
below indicate motion; motor currents show approach to rock
(0.6-4 8); the push (4-6.5 ); and push while Badger leaned on

Last disgram shows final position
of Badger; trench to cl i isition trench;
arrows indicate motions; motor currents below are unusually
low for sample scquisition.

tions of the rock along the azimuth axis of the sampler
gimbal with achieved commands (fig. 18). Since this
ison indicated the pler achieved the cor-

Achieved p of the pler were in P
accord with interpretations of the pictures. For the
sample beneath Badger, judgment was at best diffi-
cult. Visibility and sampleability were not as favor-
able as at Notch because of the slope of the surface.
‘T'he situation was more seriously affected by the post-
ple acquisition pi one of which was a low-
resolution (blue diode) picture and the other a high-
resolution picture. Both were taken at low sun eleva-
tion angles, which caused extensive shadowing. The
chief evidence that the sample came from beneath the
rock was provided by comparing the history and loca-

rect positions, the best estimate was that the sample
did indeed come from soil originally beneath the rock.
The outcome indicates that the low rating given to
sampleability was appropriate. Two acquisition se-
q were tically performed because a
“level full” signal was not obtained immediately after
the first acquisition. Such a signal was obtained dur-
ing the second acquisition sequence just before sieving
of the sample into the Molecular Analysis soil delivery
system.

Analytical results of the samples by the Molecular




SoL 34
PRE-NUDGE

HOCK PUSHING AND SAMPLING UNDER ROCKS ON MARS

SOL 45
Ezra ORGRYC MH?&EA ion

wO

SoL 51
POST-PUSH AND ACQ.

Dablia X eb- Aeales 3

FIGURE 16.—Sequence of pictures showing Notehld il FC A TS MG i i@udge on Sol 45. Next picture shows rock after nudge;
note small displacement at protuberance on left side of rock. Third picture shows Notch after push and sample on Sol 51; note
backhoe trench walls, plowing marks, and sampled area, which was originally under rock.

Analysis Experiment and Biology Experiment are
compatible with the judgment that the samples came
from beneath the rocks. The amount of water evolved
during heating from 50-200°C of material from be-
neath Badger is much larger (0.2 percent) than that
evolved from the sample exposed to the sun and
heated in one step to 200°C (=0.05 percent )(Biemann
and others, 1977). Heating of both samples to 350°C
and then 500°C evolved comparable amounts of water
during each heating step (Biemann and others, 1977).
The results of the Gas Exchange instrument of the Bi-
ology experiment are also compatible with relatively
large amounts of water. Evolution (desorption) of N2,
Ar, CO2, and O3 from soil humidified in the presence
of the nutrient in the Gas Exchange Instrument varies
inversely with the mean water content of the original
sample environment (Oyama and Berdahl, 1977). Re-
duced desorption of N, Ar, and COp from the sample

under Notch is attributed to larger amounts of ad-
sorbed water (Oyama, 1977). Reduced O3 evolution is
attributed to the hydration of alkaline-earth and al-
kali-metal superoxides to produce hydrated perox-
ides.

By terrestrial analogy, larger amounts of water
should be expected under rocks (Moore and others,
1977b). Field and laboratory studies show that soil be-
neath rocks in a field of soil in an arid environment
has detectably more adsorbed water at depths of 2.5~
5.0 cm than soil exposed to the sun and atmosphere
(Jury and Bellantuoni, 1976a, b). These studies indi-
cate the net heat flow is toward the soil beneath the
rocks, and so water vapor moves under the thermal
gradient toward the area beneath the rocks. The rock
cap inhibits evaporation. Also, ultraviolet radiation
may dehydrate exposed soils (Huguenin, 1976).
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FIGUKE 17.— Plan view showing movement of Notch (rock 7). Short dashed lines indicate original position of rock, solid line indicates

final position of rock. Arrows show motion of rock. Motor currents are plotted at bottom. Note motor cus

are larger than those for nudge (left) and sample (right).

SCIENTIFIC VALUE

The scientific value of the samples from under the

rocks was considerable (see table 2).

1. There was no evidence for large quantities of or-
ganic molecules in the sample from the sun-
shielded soil beneath Badger (Biemann and others,
1977).

2. Results from the Biology experiments did not pro-
duce convincing evidence for Earth-like living or-

rrents during push (center)

ganisms that thrived in the protected environment
beneath Notch (Horowitz and others, 1976, 1977);
the possibility for life on Mars has not been ex-
cluded, however (Levin and Straat, 1976, 1977).

Results of the Inorganic Analysis experiment indi-
cate substantially less iron in the samples from un-
der Badger and Notch than in samples exposed to
the sun and atmosphere (B. C. Clark and others,
1977). The reason for the difference in iron content
is not understood at this time; it may be the result

(23
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of sedimentation of magnetite-rich fine material
from the atmosphere (Pollack and others, 1977) on
exposed surfaces but not on covered surfaces.

4. The large amount of water (for Mars) evolved dur-
ing heating of the sample from under Badger to
200°C may represent adsorbed water. If this is the
case and Mars is like the Earth, adsorbed water
may be present at greater depths, where it is cooler.
Such a result lends strong support to models of
Mars and its atmosphere requiring adsorbed water
(Fanale, 1976).

. The response of the exposed and shielded soils to

- Tuabl

o

ve
Badger (fig. 14) provides clear evidence of a near-
surface crust.

SUMMARY AND CONCLUSIONS

The dense field of rocks on Mars was not antici-
pated before the Viking landings, and pushing rocks
was not in the plans. Successful pushing of the rocks -
and sampling from the newly exposed soils beneath
them required the develop of imaginative proce-
dures based on a thorough understanding of scientific
requirements and the variables related to the surface

pler. Of equal importance was an accurate knowl-

the Gas Exchange instrument is p ding

insight on the chemical environment at the surface

of Mars.

The surface sampler did not scratch, chip, or spall

the rocks, showing their surfaces are hard.

. Color pictures were obtained of freshly exposed soil
beneath Badger as well as the underside of the
rock.

8. The “water line” ledge of soil adhering to the side of

e R

edge of the locations of the rocks within the sample
field.

The end to collect from under rocks
was entirely successful. Four lines of evidence support
this: (1) The pictures show that samples came from
soils originally beneath the rocks; (2) the sampler po-
sitions indicate that samples came from soils origi-
nally beneath the rocks; (3) by terrestrial analogy,
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Comparison of scientific results from samples acquired from under rocks and samples
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Camparison of scientific results from samples acquired from under rocks and samples
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more adsorbed (?) water should be i
than in soils exposed to the sun;
the rocks contain less iron than
sun and atmosphere.

The larger amount of water evolved durin;
to 200°C from soil beneath th an
posed to the sun and atmosphere as well as the Bio-
logy experiment results on the EEPB f@m eﬁcgbl
rock lends strong support to theories requiring storage
of water and volatiles in the muniangb
ally, the results may lead to a reasonable assessment
of equilibrium conditions between the water vapor in
the atmosphere and the water in the regolith. Al-
though not understood at this time, the difference be-
tween the amount of iron in soils from under the rocks
and soils exposed to the sun and atmosphere should
be explicable.
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agrees well with the ground

within i | modules. Both wind

inferred by the V|kmg orbucr infrared
) in
the landing site repon during the pre-
dawn period. but is up to 25°C colder dur-
ing the day. This is analogous to the be-
havior of the air and ground temper-
atures in terrestrial deserts, and is
indicative of intense convection. Further
evidence of convection appears in the be-
Favior of wind and temperature statistics

and temperature are much more viable
during the day than during the night
(Table 1), indicating relatively gusty
daytime conditions.

As is clear from Figs. | to 4. the mini-
mum temperatures occur just after
dawn, whichisat 5 : 24 L.L.T. From the
three cases available, the average mini-
mum temperature is 188°K. Unfonunnle-
ly. the gap for relay link

cludes the time of maximum temper-
ature. The last module of data recorded
before the gap is centered at 14 .3
L.L.T. and the first module after the g
is centered at 17 : 15 L.L.T. Thus, 1.

maximum occurs between 2.3 and ¢ 2
hours after noon. A least-square. +,
monic analysis of the data for sol.
places the maximum at about 1°
L.L.T. with a value of 244°K.

Thep

data show a diurnal «
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Fig. 3 (1op left). Module mean data for sol 2:
see description of Fig. 1. Fig. 4 (top right)
Module mean data for sol 3; see description of
Fig. 1. Fig. $ (bottom). Companson of
pound lemperatures by infrared from orbit

ufvnnons onsols 010 3.
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tion with a difference between extremes
of about 0.2 mbar. The minimum occurs
about 4 hours after noon and the maxi-
mum at about 4 hours after midnight.
Figures | to 4 exhibit this diurnal behav-
ior even though the digitization in-
crement of the data is a substantial frac-

The Surface of Mars: The View from the Viking 1 Lander

Abstract. The first photographs ever returned from the surface of Mars were ob-
tained by two facsimile cameras aboard the Viking | lander. including black-and-
white and color. 0.12° and 0.04° resolution, and monoscopic and stereoscopic im-
ages. The surface. on the western slopes of Chryse Planitia. is a boulder-strewn deep-
Iv reddish desert, with distant eminences—some of which may be the rims of impact

tion of the amp d. The mean
pressure for sols 1to 3 is 7.65 mbar. Itis
worthy of note that an amplitude of 0.1
mbar is in excess of | percent of the
mean. On Earth. that would be a diurnal
amplitude greater than 10 mbar, very
much larger than what observed
tubout 1.5 mbar).

Finally. we note that neither the magni-
tude nor the direction of the measured
winds is consistent with the aeolian
(wind-formed) features identified in land-
er images (8). We conclude that these fea-
tures were produced during another mar-
tian season. or another epoch.
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« §— d by a pink sky. Both impact and acolian processes are evident.
After dissipation of a small dust cloud stirred by the landing mancuvers. no sub-
sequent signs of movement were detected on the landscape. and nothing has been

" resolution channels and 0. 12 fof the bt

observed that is indicative of macroscopic biology at this time and place.

On 20 July 1976, a1 1613 after local
Mars midnight. the Viking | spacecrafl
touched down on the surface of Mars and
immediately began transmission  of
photographs 10 Earth. Camera 2 on the
Viking | lander obtained the first photo-
graphs ever retumed from the surfuce of
Mars—a high-resolution view of the
vicinity of Viking lander footpad 3 in the
near field (Fig. 1) and a low-resolution
panoramic view of the middle to far field.
including the sky of Mars (Fig. 2).

The Viking lander camera (/. 2) is basi-
cally a multispectral radiometer with an

ol gt o1 ok

ter

nd channels with-selectable..
resolution/imuging. 'oné
nel for rApid surveys. six
about 0.1/um) channels for

narrowband ¢ for
scanning { Theinstantancous
fields of view are 0.04° fog the four high.

er_channels, The field of view ranges in
el BT ACNE MDA the)
horizon. and in azimuth from (° to
34205 (153 ki eafing Py are

synchronized to the lander data transmis-

aging (c(i'mr];\.ﬁ TﬁgﬂB

sion rates of 16.000 bivsec 1o the two or-
biters as relay stations and 250 bit/sec di-
rectly to Earth. Image data can also be
secured at preferred times and stored on
a lander tape recorder for later transmis-
sion 1o take advantage of favorable imag-
ing periods (for example. sun elevation
angles).

High sensitivity is obtained over a
wide dynamic range with only 6-bit en-
coding by the use of six commandable
linear gains and 32 offsets, This approach
was expected to require some initial tri-
als in selecting optimum dynamic ranges
after landing (3). However. once the at-
mosphere and surface brightness was ap-

of Washington, Seattle 1 mﬂm m ai -proximately characterized from initial
J. A Ry wjnrl.nhc hotd < ﬂm%nmﬁ mdm- it was possible to select opti-

_ mum dynamic ranges for subsequent im-

“ugery and radiometry experiments.
“General geological setting. The Vi-
King 1 landing site (22.47° = 0.15°N.
48.0F = 0.5°W. areographic coordinates)
is’lpcated about 130 km to the east of
\Lt,;ha: Planum. on the western slopes of

“the large depression. Chryse Planitia (4).

“The Chryse basin is about 5 km deep and
the landing site lies about 2 km higher
than the floor. Lunae Planum is separated
from the more sparsely cratered Chryse
Planitia by an irregular. scarplike bound-
ary. Viking orbiter imagery shows a num-

Fig. 1. This high-resolution picture of footpad number 3 and the adjacent surface is the first

image ever returned from the surface of Mars. The large rock near the center is about 10 cm
across. Some of the rocks have a vesicular appearance: one in the upper right has a hornizontally
banded texture. Some of the texture in the smooth parts of the surface was probably produced
during landing: in particular a few elongate pits near the center appear to have been produced by
the impact of small pebbles thrown out by the rocket exhaust. Sediment, including small
pebbles or clods, has been deposited in the concave footpad. At left are angular rocks with
adjacent sediment piles. At right center is a rock which seems 1o have been moved about its own
length to the right. It is just conceivable that the retrorocket exhaust during landing produced
this offset. Refer to Fig. 3 for an orthographic sketch map of this terrain.

™



Fig. 2. This low-resol

irregularities on the skyline.

of the martian
visible. is looking east-northeast on Mars. The othér edg( 18 mnwm The

in the foreground just to the right ofgc:\ uﬁzwﬁ )hiea

rﬁ? camera 2. The left side, where pant of the surface sampler
s brighter in the direction of the setting sun. Some of the
parts of the raised ims of impact craters. A shallow depression occur
bbbl Jmmum paci cratet. [Fossibly a secondary. At this resolution an obje:

6 m in size subtends one picture element at the nominal horizon. The apparent horizon sinusoid is an anifact of camera tilt (see also Fig. 5)

ber of large. scoured channels that
emerge from the edge of Lunae Planum
and trend ecastward toward the landing |
site. However. no specific evidence for
channeling can be seen at the landing site.
itself. Rather. the site can be characs
tenized as topographically smooth at the
scale of the orbiter photographs. The
principal contributions to topog

lign f@brasion and trapsport. and chem-
fical wedtheting. The last\HRd bf thése
’m« ses have operated most rcccnll)
Orbiter plcmjndlule that impact cra-
tering has modified the'aféa since the, em-
plac:mem of the plains wr{acc Thc pm
from_crate
w »ﬁm Grfdéad s (ni@ (Frie

of, the region were

relief are craters and ridges similar 10
those on the lunar mania. Some of the
ridges west of the landing site appear
1o postdate the fluvial features: in other
cases they are clearly cut by the chan-
nels. The regional plains unit is sparsely
cratered and may be interpreted as com-
posed largely of volcanic deposits: lunar-
like ridges and uniformly flooded craters
are both in evidence

On the basis of regional relations. sev-
eral models for the recent history of the
site are possible: (i) the Chryse plains
are predominantly volcanic, but the fluvial
channels to the west have emplaced a
smooth deposit in the landing area: (i)
the Chryse plains are volcanic and in
part are younger than the channel depos-
its. particularly in the landing area: or
(iii) the channel deposits are younger
than the plains. but do not reach the land-
ing site ares. Among the processes in-
ferred 10 have operated at the landing
site are fluvial activity. flood volcanism.
ridge formation. impact cratering. aco-

™
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Dl'!( ription of the surface of Mur.\.
We first describe the initial images
returned by the Viking lander cameras.
The first high-resolution picture of Mars
(Fig. 1) covers some 57.5° in azimuth in
the near field. A circular arc concentric
with the camera and of radius 1.9 m
would pass through the center of the im-
age. A map of objects in this near-field
photograph is displayed in Fig. 3. The
large fractured rock in the upper left of
Fig. | is about 20 cm across. Both blocky
and angular rocks are apparent, as well
as finer-grained lower-albedo matrix ma-
terial between the rocks reminiscent of a
desert armor or pavement in which the
fine-grained particles have been trans-
ported by aeolian processes. leaving be-
hind coarser material similar to a gravel.
Many of the rocks are fairly angular.
Such rocks indicate (i) that the rock was
recently produced or fractured;
the rock. if ancient. was long buried and
shielded from erosional processes and

anly recently exhumed to view: or (iii)
that the rock is old but that aeolian or
other erosional processes in this region
of Mars are feeble

Several larger rocks exhibit irregular
and pitted surfaces. and the large rock in
the upper left of Fig. 1 displays inter-
secting linear cracks. Extending down-
ward from this rock toward the camera is
a linear vertical dark band. which may be
due 1o a partial obscuration of the mar-
tian landscape for some tens of seconds
due to clouds or dust intervening be-
tween the sun and the surface (5). Asso-
ciated with several of the rocks are ap-
parent signs of wind transport of granu-
lar material. Sand and dust were
deposited during landing inside the foot-
pad near its contact with the support
strut. Small streaks and small pits near
the footpad were probably caused by the
landing event. the footpad kicking out
material on contact with the surface.

Much detail is clearly evident in shad-
ows; the illumination of shadows may be
due both to the significant light scattering
by dust in the martian atmosphere and 10
reflection off the surface of the space-
craft itself. The sun is to the right and
shadows are cast to the left.

In the Viking 1 sol 0 panorama (Fig. 2)
a view of about 300° was photographed
in a single image. It consists of 2500
lines. each comprising 512 picture ele-
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ments. Each picture element subtends

0.12° at the camera in this survey modé. | | nbmifl hotizdn, 1) 1) 137

The panorama is here describe
quence from left to nght
The deploved Viking meteorology

boom, seen toward the cast-northeast.

in se-

was caged before deployment in the
white crudle seen directly below. The
out-of-focus spacecraft component seen
in the southeast foreground of the pan-
orama is the housing for the Viking
sample arm. which is not deployed ar
this time. The arm and its housing are
pivoled toward the spacecraft. On the
ground can be seen the shadow of the me-
teorology boom

The parallel lines in the sky are an arti-
fact of the intensity digitization of the Vi-
King lander camera and are not real fea-
tures. However. the change of bright-
ness from horizon toward zenith (and
from east 10 southwest) is accurately re-
fiected in this picture. obtained in late
martian afternoon. At the castern hon-
zon 10 the left is a plateaulike promi-
nence much brighter than the foreground
material. perhaps because it is illuminat-
ed directly by the low sun. The plateau
may be the rim of a large impact crater

The 1opography of the landing site is
gently rolling (as is dramatically revealed
by fusing the stereo pair on the cover). In
the foreground. interblock regions are
darker than blocks: in the background. in
contrast. blocks are darker than inter-
block regions. The martian nominal hori-
zon is approximately 3 km away: how-
ever. nearby hills obscure our view of
large segments of the far honizon. and

27 AUGUST 197

distanl eminences may project

At the left of the panorama i
apparentsmall sand dunes across which:
extend h bamd of dark/boulders which
cofilintesi@ieross the /panorama 1o the
sguthWesiemphorizon. Subparyligl, sigu-
olif ridgeS ard §uperimposédidn the. fierd
grained patehi the eastern foreground.

The dark knoblon thésouthern hori-
zon -may.-be.composed df ong, or. more’
targe boulders. The dark. relatively rock=
free foreground regiop-to the southwest
ibudhatiowcindlar depression CThidde-
pression mnd others likeyitmay be sec-
ondhin-trdiers: A Hohizbhial-ciobd Sera-
tum can be made out about halfway be-
tween the horizon and the top of Fig. 2 in
a southerly direction

In the west foreground is the low-gain
S-band antenna for receipt of commands
from Earth. It is in front of the radio-
isotope thermoelectric generator
(RTG-2). which provides the spacecraft
with its electncal power. Several projec-
tions on or near the honzon may repre-
sent the remains of distant impact cra-
ters

S-band antenna support. which appears
Jto(be undercut on one side and partially
buried by drifting grains on the other.
In the right background are patches of
smooth fine-grained material which de-
-fine the beginning of a large dune field off
10 |the right of the picture: its contin-
uation is seen in the sol 3 panorama (Fig.
%)/

The survey taken on sol 3 (Fig. 5) com-
pletes coverage of the approximately 60°
of azimuth not covered on the sol 0 pan-
orama (Fig. 2). A map of objects in this
panorama is shown as Fig. 6. In the north-
east is seen the upper part of the strut
of footpad 2 and the deployed meteo-
rology boom which extends through the
right center of the image. Continuing from
the vicinity of the spacecraft toward t
horizon behind the meteorology boom is
an irregular field of fine-grained materi.l
in the form of large ripples and dunes.
Both dark and bright rocks extend into
this part of the scene. The bright rocks
form a small rocky hill just above the
RTG housing in the image center and con-
tinue across the foreground. Several of
these rocks. particularly those in the right

A conti ion of the right foreg J
of the panorama (Fig. 4) reveals the color
chart for lander camera calibration. the
mirror for the Viking magnetic proper-
ties experiment. the microdot [see (22)).
and parts of a 10 by 10 inch grid on the
upper surface of the lander. as well as
the high-gain S-band antenni now prop-
erly deployed for direct communication
between the spacecraft and Earth. A rock
can be made out just to the left of the

are adjacent 1o depressions
apparently scoured by the wind. Dark
rocks are abundant to image right farther
from the spacecraft and are partly cov-
ered by the dunes. An especially promi-
nent dark rock in the northeast (about
8 m away) is about 3 m wide and 1| m
high. Several other large dark boulders
are seen toward the honzon. In general.
the far horizon appears as a bright band
Horizon detail is particularly prominent
»



MK XK1Y 01X

PLE RETURN MISSION
USREPORT

JANUARY, 1244239881101

Public Art Archive

VOLUME 3

VYSVN



ROVER TECHNOLOGY REQUIREMENTS DEFINITION

GOAL: PRESENTATION TO RAY COLLADAY OF NASA OAST ON JANUARY 29 TO
PROPOSE NEW PROGRAMS AND NEEDED AUGMENTATIONS TO EXISTING
PROGRAMS FOR PATHFINDER FUNDING.

01X
NUNX 1IIX

EACH DISCIPLINE IS IDENTIFY]NG THE TECHNOLOGIES REQUIRED TO BUILD A
VERY CAPABLE, ROBUST. | INTELLIGENT HIGHLY -AUTONOMOUS ROVER WHICH
WOULD PROVIDE THE MAXIMW SCIEWE RETURN. |

IN THE ABSENCE OF FORMAL MISSION REQUIREMENYS SCIENCE REQUIRE-
MENTS, AND SYSTEM FUNCT.ONAL R%QI”BEMENTS EACH DISCIPLINE IS

OPERATING FROM A SET OF "WORKING ASSUMPTIONS" DERIVED FOR EACH
FUNCTIONAL AREA.

THESE WORKING ASSUMPTIONS WILL BE UPDATED AS A RESULT OF swG
ROVER SCENARIOS, MISSION REQUIREMENTS, AND SYSTEM TRADE STUDIES
WHICH WILL BETTER QUANTIFY REQUIREMENTS (COMMUNICATIONS, DATA
HANDLING/COMPUTATION, POWER, NAVIGATION, ETC.)



-

REPRESENTATIVE WORKING ASSUMPTIONS

MISSION OBJECTIVE: TO COLLECT 5 KG OF SCIENTIFICALLY INTERESTING
SAMPLES AND RETURN THEM TO EARTH IN GOOD CONDITION.

PACKAGING OF ROVER IN LAUNCH VEHICLE IMPOSES SEVERE MASS AND
VOLUME CONSTRAINTS oA G IR

171V VW 111N
131X Al 1A JVUJAN D TX

REACHING AND RETURNING | FROM _ INTERESTING SAMPLING  SITES REQUIRES
THAT ROVER POSSESS A men oem; OF MOBILITY AND HEAT TOLERANCE.

[ | I3 :f\! ‘ : ~
ROVER MUST TRAVEL 100KM IN 100' 'DAYS, COLLECT 12 SAMPLES PER
DAY-SAMPLES  MUST [BE'© CARERULLY/CCOLLECTED, LABELED, SEALED, AND

1

PRESERVED FOR RETURN TO EARTH.C /[T ACHIVe

RTLT AND HIGH AMOUNT OF ROVER ACTIVITY AND COMPLEXITY REQUIRES
SOME DEGREE OF AUTONOMY TO GET THE JOB DONE (COMPARE VIKING- 21
SAMPLES IN 2 YEARS).

PAGE 8



SYSTEM CONTROL AND OPERATIONS
ACTIVITIES:
IDENTIFYING AND EVALUATING METHODS OF COMMANDING AND CONTROLLING THE
ROVER TO OBTAIN THE GREATEST AMOUNT OF  SCIENCE RETURN POSSIBLE WITHIN
TIME AND COST CONSTRAINTS . - !

TECHNOLOGY-DRIVING ASSUMPTIONS: &7 | =
CURRENT COMMAND AND SEQUENCING TECHNOLOGY - 1S EXTREMELY SLOW-HASNOT
PROGRESSED  SIGNIFICANTLY PAST . VIKING TECHNOLOGY  WHICH REQUIRED DAYS TO
CHOOSE AND ACQUIRE A SINGLE SAMPLE. ROVER WILL REQUIRE A MORE CAPABLE
METHOD OF SEQUENCE GENE#AI[QN:’AN’b.v\EIX,ECU‘TION TO PERFORM MOBILITY
FUNCTIONS, SAMPLE IDENTIFICATION, ANALYSIS, HANDLING, AND STORAGE
FUNCTIONS, AND NAVIGATION AND RENDEZVOUS FUNCTIONS.

JUSTIFICATION:
“A DAY IN THE LIFE OF A MARS ROVER" STUDY

PAGE 9



CARD TRAVERSE REPEATING CYCLE
(average traverse leg length 15 m)
(net average speed 5.3 m / hour)

10
F  TRANSMIT IMAGES N XU 01X

22 1 \
F——— EARTHRCV/ PROCESS»

30

-  SCI TEAM DELIBERATE
b 6&51&« PATH :
*—"—ﬂ (AUTO SEQIGEN &SIM
I o . S v
F+  CMD GEN & SEND
F—— ROVER RCV

5
— ON-BOARD PLANNING

5
1 PERFORM 10-30M TRAVERSE

TOTAL 2.7 HOURS (160 MIN)
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"A DAY IN THE LIFE OF A MARS ROVER"

A PRELIMINARY LOOK AT MRSR SURFACE OPERATIONS SCENARIOS

USES STRAWMAN SCENARIOS TO IDENTIFY ISSUES, BUT NOT PROPOSE
OR ADVOCATE SOLUTIONS

SHOW HOW PROPOSED TECHNOLOGIES WOULD APPEAR IN ACTUAL
OPERATIONAL CONTEXT' : WHAT DEGREES AND TYPES OF AUTONOMY
ARE REALLY USEFUL ? |E:G., SMART VS.-PHYSICAL AUTONOMY

COLLECTS FOUR POSSIBLE (SAMPLING ;- TRAVERSAL AND SITE SURVEY
TECHNOLOGIES INTO MISSIONS, IMPOSES SOME OPERATIONAL
REALISM ON RESULTS

HAS BEEN PRESENTED TO PROJECT ELEMENTS: MASSE, SWG, STG

ONE EARLY RESULT - DECISION-MAKING EFFICIENCY MUCH MORE
IMPORTANT THAN RAW TECHNOLOGY TIME EFFICIENCY

WORK NEEDED: (1) AUTOMATE SCENARIO PRODUCTION PROCESS
(2) PERFORM SIMILAR ANALYSIS WITH MORE
SCIENCE, SAMPLE ANALYSIS, PRESERVATION, ETC.
(3) CONTINUE REFINEMENT PROCESS

PAGE 10
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HYPOTHETICAL 24-HOUR TRAVERSAL PERIOD
SEMI-AUTONOMOUS HIGH COMPUTE POWER - "SPRINT" MODE
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SYSTEM CONTROL AND OPERATIONS TECHNOLOGY REQUIREMENTS

= ROVER SYSTEM EXECUTIVE (RSE) DEVELOPMENT

N NITY

2 RSE SIMULATOR DEVELOPMENT -1 -/ R
™

- UPLINK GENERATION TOOLS (um.lliﬂw‘lwes FOR ggnnemnom)

[ | | & = AR \ R

A TLAB
-~ gyl

. SURFACE OPERATIONS SIMULATOR " N
Ezra Orion Co tion
\Dy}j; c Art Archive

- DOWNLINK STUDIES

THESE FUNCTIONS ARE HIGHLY LINKED IN THEIR DEVELOPMENT AND USE
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GLOBALNAVIGATION  \!I")

ACTIVITIES:
TO MAINTAIN CONTINUOUS KNOWLEDGE OF THE LOCATION OF THE ROVER (AND
OTHER MISSION ELEMENTS) FOR ROUTE PLANNING, SAMPLE SITE LOCATION AND
KNOWLEDGE, MAPPING OF MARS SURFACE, AND RENDEZVOUS WITH THE MAV.

XN AN NINK I
TECHNOLOGY DRIVING REQUIREMENTS?
ADVANCED NAVIGATION/ "METHODS MAY REQUIRE TECHNOLOGY
DEVELOPMENT,DEPENDING ON NMlGAt@ccuﬁkév REQUIREMENTS.
JUSTIFICATION: Collaction
LEVEL OF NAVIGATION ACCURACY/ REQUIRED DEPENDS ON THE RESULT OF
MISSION-LEVEL TRADE STUDIES: USE HIGH PRECISION POSITION DETERMINATION
OF VEHICLES VS. USING LOW PRECISION METHODS AND SHIFTING RENDEZVOUS
RESPONSIBILITY TO THE VEHICLE.

PAGE 13




NAVIGATION TECHNOLOGY REQUIREMENTS

DEPENDING ON TRADE STUDIES:

= DIRECT DELTA-VLBI (PUTS COM?HJI&QG\PO\P@R ON GROUND)

AN AN NPINX MK

. INVERTED DELTA-VLBI (PUTSEOMF(JIE POWER' Wé#ﬁ@)

. OPTICAL TRACKING, MAPPING, AND IMAGE CORRELATION  ARE
COMPLEMENTARY WITH L
( ITH LOCAL, NAV_METHOD: 3 on

Public Art Archive

CANDIDATES

PAGE 14




COMPUTATION/DATA HANDLING

ACTIVITIES:
ASSESS COMPUTATION AND DATA HANDLING SUBSYSTEM REQUIREMENTS FOR
ROVER FUNCTIONS: NAVIGATION, MOBILITY, COMMUNICATIONS CONTROL, POWER
CONTROL, SAMPLE ACQUISITION, SCIENGE DATA HANDLING AND STORAGE.

M1 ANIN NUIAK 173X

IDENTIFY AND EVALUATE COMPUTATION 'SYSTEM ARCHITECTURES AND TRADE
STUDIES. ' pot

TECHNOLOGY DRIVING ASSUMPTIONS: bt

- PERFORM RELIABLE COMPUTATIONS (20-200 MIPS) | . -

- SEVERE MASS, POWER, AND|; VOLUME -GONSTRAINTS: MASS: 50-100KG,  POWER:
50-75W, VOLUME: 1-3 CUBIC FEET.

- FAULT TOLERANCE AND FLIGHT HARDWARE REQUIREMENTS LIMIT OPTIONS

- RTLT PREVENTS REAL TIME CONTROL FROM GROUND, IMPLIES SOME
AUTONOMOUS CONTROL.
ST 4 PAGE 15




MARS ROVER SAMPLE RETURN
AGENDA
JANUARY 12, 1988

167 Conference Room

1:30-5:30 MRSR Study Status Presentations

1:30-1:45 Welcome, Hg@ﬁ&% KMé’qu‘ s D.Rea

1:45-4:15 Pro;c_a\lelljlfXj jﬂﬁﬂlﬂllm‘.( ]IUWN
1:45-2:00 OrgarP hege 2\ D.Rea
2:00-3:00 Sci mement&\-BWG\éiaws M.Carr
3:00-3:30 Planning NS ‘ S.Jones
3:30-4:15 Convergence Process e R.Kahl

4:15-4:45 Sample Eé rgl Pron CO||€C[10” D.Blanchard

Bﬁc Art Archive
4:45-5:30 Lander and Rover Science Instruments  D.Blanchard




JPU

Basic Computational System Architecture

Dedicated 1/W and S/W for Functions

o t‘ 1
omputin
; sourcé\ %B

\% N %

Ezra Orion Collection
* Shared Computing Resource will bejused by all subsystems to minimize the amount of H/W

* The amount of dedicated H/W and S/W will vary from a simple I/F to a processor depending on
the performance of the shared computer as well as some other factors.

* The interconnection network has not been selected.

PAGE 16
e




COMPUTATION TECHNOLOGY REQUIREMENTS
ADVANCED DATA FLOW MACHINE (MAX): GEN PURPOSE PARALLEL PROCESSOR
IMAGING PROCESSING ARCHITECTURE
FAULT-TOLERANT DISTRIBUTEQ FLIGHT PROCESSOR SYSTEMS

MI2AXN AN NUNX 1IN
FLIGHT INTERCONNECTION NETM(S

[ ¢ ‘ - ARTLAB
DATA HANDLING TECHNOLOGY REQUIREMENTS

N

OPTICAL DATA STORAGE FUQI’T LSAYS/FWI ¢

Public Ar

AUTONOMOUS DATA SYSTEM CONTROL

DATA COMPRESSION: FAULT TOLERANT, HIGH RATES
PAGE 17




COMMUNICATIONS

ACTIVITIES:

ASSESS COMMUNICATIONS REQUIREMENTS TO PERFORM ROVER AND MISSION
SYSTEM FUNCTIONS: ENGINEERING TELEMETRY, LOCAL NAVIGATION AND  MOBILITY,

AND SCIENCE DATA.

TECHNOLOGY DRIVING ASSUMPTIONS:,

- DATA RATE > 30 KBPS DOWNLINK TO /34 M DSN ANTENNA |2

- RECEIVE COMMANDS AT RATE 22 KBPS (LARGER IF IMAGES UPLINKED)

- PROVIDE PHASE couensmmoucouensm commumcmms

- CONSUME <100W DC POWER AN‘ v NNA . 7ACKA&E LESS THAN 3/4 METER
DIAMETER, SURVIVE TURNOVER !

- ACTUAL COMMUNICATIONS REQUIREMENTS DEPEND ON MISSION LEVEL

TRADES: WHERE WILL COMM CAPABILITY RESIDE? DEDICATED COMM
ORBITER? DIRECT-TO-EARTH  LINK? COMM  AVAILABILITY VS MISSION
PROFILE?

PAGE 18




MARS ROVER SAMPLE RETURN
PHASED ARRAY TECHNOLOGY
COMMUNICATIONS TRADESPACE OPTIONS

X/X-DEPLOYABLE X/X-PLANAR X/Ka-PHASED ARRAY
PARABOLA ARRAY LIMITED SCAN

FURLING/UNFURLING
STOW AND LOCK MECHANISM
BOOM ELECTRONICS

AZ-EL ACTUATORS ‘ 30TV
AND ENCODERS ROTARY JOINTS PAN-TILT
FLEX WAWEGUIDE ) Y
LATCH INDICATORS i gy Brde
X/K5-PARABOLA 0 XIKGBEAM WAVEGUIDE +/~ 60 deg SCAN
/ FULL EBS AND
OFFSET FED ROLL BAR

PAGE 19



MARS ROVER SAMPLE RETURN
ACTIVE PHASED ARRAY TECHNOLOGY

CONCEPTUAL COMMUNICATIONS SYSTEM

PHASED ARRAY

ACTIVE ARRAY y

CONTROL TECHNOLOGY . cufcﬁxr\sﬁ(ﬁ%f”“ b

* VLSI DIGITAL SYSTEM (RF, DC, DIGITAL) DISTRIBUTION
. éSS?ASC;IION AND TRACKING PHASED ARRAY * THERMAL CONTROL

* X-BAND MONOPULSE POINTING
SENSOR

-——RADOME

ANTENNA SINGLE
Ka BAND DISTRIBUTED

M SIDED
TRANSMITTER TECHNOLOGY FEEDS. DOUBLE
] ‘ -~ SIDED
- HYBRIDS SINGLE
D/S'DED
P :

—INSULATION LAYER
_)-—B()l T PLATE
)‘ —BOLT PLATE

j’——PHASE SHIFTERS

s

MMIC COMPONENTS

THICK. DOUBLE
* POWER AMPS (0.25, 359,

SIDED
* LOW LOSS PHASE SHIFTERS &

* PACKAGING —COVER
* HIGH RELIABILITY

EXPLODED VIEW OF

Ka BAND EXCITER TECHNOLOGY ANTENNA ASSEMBLY

* X-BAND TO Ka BAND
UPCONVERSION
* HIGH EFFICIENCY

RECEIVER & DIGITAL
FILTER

-

1= OSCILLATOR

“SPOWER CONVERTER
“ EXCITER




COMMUNICATIONS TECHNOLOGY REQUIREMENTS

- INTEGRATED Ka-BAND TRANSMITTER MODULES (32 GHz)

- TRANSMIT/RECEIVE ARRAY
MK XOTY 01X

MIAXN AN NINX ]l‘JWN
- X AND Ka BAND TRANSPONDER. 7

I‘ Q. 'L ARTLAB "_'
E.zra Orion Collectlon
Public Art Archive

PAGE 21
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MARS ROVER SAMPLE RETURN
AGENDA
JANUARY 13-14, 1988

Wednesday, 113 von Karman Auditorium
8:00-4:30 MRSR Study Status Presentations
8:00-1:30 Aerocapture, Entry and Landing J.Gamble
8:00- 9:30 In-house Study Presentation
9:30-11:15 Martin Marietta Study Presentation
11:15-12:00 Lunch
12:00- 1:30 Lockheed Study Presentation

1:30- 3:00 Ascent, l}pn#yqqsm Return D.Long
3:00- 4:30 Viking Entryldnd Landing) Experithée! Martin-

Marietta

/_ *“\_‘

Thursday, 1/14
8:00-5:00 MRSR St
8:00-1:30 Rover «ine

800-930  In-house rSé"E;rP Sﬁ'@Bﬂ‘ectlo n

9:30-11:15 FMC Study Presentation, i\ o
11:15-12:00 Lunch

12:00- 1:30 Martin Marietta Study Presentation
1:30-3:00 Orbiter J.Randolph
3:00-4:30 Mission Design J.Kwok

4:30-5:00 MRSR Precursor Requirements R.Kahl
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MARS ROVER SAMPLE RETURN MISSION
PROJECT STATUS REVIEW

JpL JANUARY 14, 1988

ROVER MOBILITY

CHi IVERS:

0 MISSION REQUIREMENTS

1111 N

— HIGH RELIABILITY TRAVERSE TO SELECTED \SAMPLING SITE(S) AND BACK TO
€~k S O ASCENT VEHICLE '

- STABLE PLATFORY FORSAMPL!NG AND SGIENCE
0 PRINCIPAL SYSTEM neounEMéNTS/consTnAms

— TERRAIN AND TRAVERSE RANGE/RATE UNCERTAINTY
— MASS, POWER ANlj VOLUME LiMITA“I‘ION’S

0 PRINCIPAL SUBSYSTEM FUNCTIONAL REQUIRMENTS:

—~ LOCOMOTION
— HAZARD TOLERANCE/ACCOMODATION (SELF — RIGHTING)

— SCIENCE AND ENGINEERING PLATFORM




J p L MARS ROVER SAMPLE RETURN MISSION
PROJECT STATUS REVIEW

ROVER SYSTEM

MOBHITY
POWIER
THERMAL CONTROL

MANIPULATOR AND END FFFECTOR

JANUARY 14, 1988

BRIAN K. MUiRHEAD —




MARS ROVER SAMPLE RETURN MISSION

PROJECT STATUS REVIEW
JpL JANUARY 14, 1988

ROVER MOBILITY

STATUS:

0 PERFORMED PRELIMINARY ANALYSIS OF MOBILITY SUBSYSTEM AND COMPONENT OPTIONS
- LEGSvsWHEELS |
_DRVESYSTEM

0 DEVELOPING ROVER DYNAMICS ﬁQDELS FORIOBSTACLE TRAVERSE

0 PERFORMING TERRAIN AND $ D! AN NALYSIS
(INCLUDES PRESIDENTS FU Sgh Eggﬁ Pp’

T AIC \ live
0 GRUMMAN ROVER (LUNAR) DELIVERED TO JPL FOR MOBILITY TESTBED

0 PRELIMINARY DESIGN OF "GOSSAMER DUNE BUGGY" AND OTHERS IN PROCESS

0 COMPLETED PHASE 1 OF TECHNOLOGY REQUIREMENTS PLANNING



MARS ROVER SAMPLE RE TURN MISSION

PROJECT STATUS REVIEW
JpL JANUARY 14, 1988

ROVER MOBILITY

TECHNOLOGY DEVELOPMENT REQUIREMENTS: * HIGHEST PRIORITY

O DEPLOYABLE/ADAPTIVE STRUCTURES '™
~ ADAPTIVE FIGURE; STIFFNESS AND DAMPING CONTROL
~ WHEELS, BOOMS AND'SUSPENSION

0 3D VEHICLE/GROUND ANALYTICAL MODEL *
~ GENERAL FORMULATION OF SURFACE/"WHEEL* AT ALL ANGLES OF ATTACK

Ori Collection

cZra url

0 FLUID ACTUATORS * o
— HIGH FORCE/DISPLACEMENT STORED ENERGY DEVICES
— DAMPING AND POSITION CONTROL

0 THERMODYNAMIC ENGINES

—AUXILIARY POWER DEVICES UTILIZING WASTE THERMAL ENERGY

0 VARIABLE SPEED/TORQUE MOTOR/TRANSMISSION SYSTEMS
— OPTIMUM POWER EFFICIENCY OVER WIDELY VARYING TERRAIN

0 FLUID DRIVES



MARS ROVER SAMPLE RETURN MISSION

PROJECT STATUS REVIEW
JpL JANUARY 14, 1988

POWER AND THIERMAL CONTROL.

STATUS:

TN NATY OOV
1N J 1N

0 PRELIMINARY EVALUATION OF MARS ENVIRONMENT EFFECT ON EXISTING
RTG TECHNOLOGY COMPLETED: EXISTING DESIGN NOT VIABLE

N= M ARTI AR

0 PRELIMINARY STUDY OF AUTONOMOUS THERMAL CONTROL SYSTEM.
PAY — OFF AND TECHNOLOGY IN PROCESS

Ezra Orion Coll

0 COMPLETED PHASE 1 OF TECHNOLOGY REQUIREMENTS PLANNING



MARS ROVER SAMPLE RE TURN MISSION

'pl PROJECT STATUS REVIEW

JANUARY 14, 1988

ROVIR POWIR

TECHNOLOGY DRIVERS:

0 MISSION FUNCTIONAL REQUIREMENT: 22
J "X X1V v
— PROVIDE COMPACT, LGHTWEIGHT, VERY HIGH CAPACITY ON - BOARD POWER SYSTEM

— ENABLE MAXIMUM SCIENCE CAPABILﬂYmETURN
g b=

VY o LAB
0 PRINCIPAL SYSTEM REQUIREMENTé[CONSTRAINTS 14

— MARS HOSTILE ATMOSPHERE AND ROVER DYNAMIC/T HERMAL ENVIRONMENT

~ LIMITED LAUNCH VEH|CLEMAS SDELIVER

A
0 PRINCIPAL SUBSYSTEM REQUIREMENTS:

O Nt

— DEVELOP AMARS UNIQUE_‘EI\JERGY SQURCE(GPHS)/CONVERSION SYSTEM

— MAXIMIZE SPECIFIC POWER OF ELECTRICAL ENERGY SOURCE/CONVERSION AND
STORAGE COMPONENTS

— MINIMIZE MASS AND VOLUME OF POWER CONDITIONING/CONTROL ELEMENTS




MARS ROVER SAMPLE RETURN MISSION

JpL PROJECT STATUS REVIEW

JANUARY 14, 1988

ROVER POWER

CH OGY ELOPMENT REQUIREMENTS * HIGHEST PRIORITY

ENERGY CONVERSION

0 MODULAR RTG WITH ADVANCEDTHERMOELECTRICS (10W/kg) *
0 AMTEC (20W/Kg, SCHEDULE RISK) * |
0 STIRLING/BRAYTON (SCALING ISSUES AT 1kWe)

ARTLAB

[ & w‘

ENERGY STORAGE -

0 Li-TiS2 BATTERY (IOO Whr/kg) &

0 Li—Al/FeS2 BATTERY (180 Whrlkg)

0 BIPOLAR LEAD — ACID BATTERY (50Whr/kg)

0 REGENERATIVE FUEL CELL (1000 Whr/kg, SCHEDULE RISK)

POWER DISTRIBUTION
0 POWER INTEGRATED CIRCUITS (7W/IN ~ 3 PACKAGING DENSITY) *



MARS ROVER SAMPLE RETURN MISSION
PROJECT STATUS REVIEW
JpL JANUARY 14, 1988

ROVIER THERMAL CONTROL.

TECHNOLOGY DRIVERS: AT
MK XITY 701K

0 MISSION FUNCTIONAL REQUIREMENT:

— MAINTAIN SCIENCE AND ENGINEERING SUBSYSTEMS WITHIN ALLOWABLE TEMPERATURE
LIMITS FOR ALL NON — OPERATIONAL AND OPERATIONAL CONDITIONS

i
0 PRINCIPAL SYSTEM REQUIREMENTS/CONSTRAINTS

— SINK TEMPERATURE 140 - 300 K

0 PRINCIPAL SUBSYSTEM FUNCTIONAL REQUIREMENTS:
— PROVIDE HEAT REJECTION FOR ROVER ELEMENTS FOR ALL MISSION PHASES
— PROVIDE THERMAL CONDITIONING FOR SCIENCE ELEMENTS

— PROVIDE CRYOGENIC THERMAL CONTROL FOR SCIENCE AND SAMPLING



MARS ROVER SAMPLE RETURN MISSION

PROJECT STATUS REVIEW
Jl : L JANUARY 14, 1988

ROVER THERMAL CONTROL.

TECHNOLOGY DEVELOPMENT REQUIREMENTS: * HIGHEST PRIORITY

0 SORPTION REFRIGERATION* 01X
— UTILIZE LOW QUALITY WASTE HEAT FOR:CYRO COOLING

0 TWO PHASE HEAT TRANSFER LOOP *
~ HIGH PERFORMANCE, CONTROLLABLE OVER LARGE DISTANCES

0 THERMAL CONTROL MATERIALS *
— MARTIAN ENVIRONMENT COMPATIBILE MATERIALS

0 THERMAL ENERGY STOHAGE i ol
— PHASE CHANGE ENERGY STORAGE

0 AUTONOMOUS THERMAL CONTROL
— FAST, EVALUATION AND CONTROL OF THERMAL SYSTEM STATE

0 REMOTE THERMAL SENSING
— IR CAMERA SENSING OF TEMPERATURE DISTRIBUTION

0 THERMAL DIODE HEAT PIPE
— OFF/ON UNI - DIRECTIONAL HEAT PIPE




MARS ROVER/SAMPLE RETURN MISSION

ROVER TECHNOLOGY DEVLOPMENT AREAS:

LOCAL NAVIGATION & HAZARD AVOIDANCE

SAMPLE ACQUISITION

Andrew Mi’sl‘ll\(/i‘n
JET PROPULSION LABORATORY
January 14, 1988

I T T T oy T O I S



MARS ROVER SAMPLE RETURN MISSION
JPL ROVER TEAM STATUS

JANUARY 14,1988

THOMAS J. PENN
ROVER SYSTEMS ENGINEER



MARS ROVER/SAMPLE RETURN MISSION

LOCAL NAVIGATION & HAZARD AVOIDANCE

ROVER FUNCTIONAL REQUIREMENT:

RELIABLE TRAVERSAL TO A VARIETY OF SAMPLING SITES IN MINIMAL TIME,
UNDER CONDITIONS OF ACCEPFABLE RISK D17

MISSION CONSTRAINTS

+ COMMUNICATION TIME DELAYS PRECLUDE CONYENTIONAL TELEOPERATION
AND REQUIRE ON-BOARD CONTINGENCY-HANDLING

* LIMITED ROVER-EARTH COMMUNICATION | _ ..

« MARTIAN TERRAIN AND SURFACE PROPERTIES NOT WELL UNDERSTOOD
TECHNOLOGY OPTIONS:

+ CARD (COMPUTER-AIDED REMOTE DRIVING)

* SEMI-AUTONOMOUS MOBILITY



MARS ROVER/SAMPLE RETURN MISSION

LOCAL NAVIGATION & HAZARD AVOIDANCE

TECHNOLOGY OPTION TRADEOFFS

CARD | 'SEMI'-AUTONOMOUS ROVER

. 150-300M TRAVERSAL PER DAY - 1:J0KM TRAVERSAL PER DAY
. HUMAN INTERVENTION REQUIRED EVERY 30M |- UPTO, 10KM TRAVEL W/O HUMAN
.| INTERVENTION

7

ublic Art

« LIMITED ABILITIES IN EMERGENCIES b L ONIBOARD EMERGENCY REFLEXES

« FALLBACK TO CARD USED IF NECESSARY
« VEHICLE NEVER TRAVELS BEYOND THE « WITH CONFIDENCE PROVIDED BY ORBITAL

HORIZON OBSERVED BY A HUMAN BEING IMAGERY, VEHICLE 1S ALLOWED TO TRAVEL
USING THE ROVER'S CAMERAS BEYOND ITS OBSERVED HORIZON

. LARGELY EXISTING TECHNOLOGY « REQUIRES NEW TECHNOLOGY

e s heant Ml -



MARS ROVER/SAMPLE RETURN MISSION

LOCAL NAVIGATION & HAZARD AVOIDANCE
CURRENT STATUS OF DEVELOPMENT EFFORTS

CARD bt CHNTER.
« CONCEPT DEMONSTRATED IN ARROYO'SECO ADJACENT TO JPL IN
ARMY-FUNDED EFFORT

* RTTV PROGRAM
- ROBUST lMPLEMENTATlON lN PROGRESS
- TESTING WILL OCCUR AT EDWARDS AFB
- ARMY PROGRAM (~$I1M/YR)

SEMI-AUTONOMOUS ROVER
« JPL DDF EFFORT
- CONCEPT DEMONSTRATION IN ARROYO SECO EXPECTED IN NEXT MONTH
- I-METER RESOLUTION ARROYO MAP COMPUTED FROM AERIAL PHOTOS
- STEREO VISION, TERRAIN MATCHING & ROUTE PLANNING IMPLEMENTED
- ROBUST IMPLEMENTATION WOULD REQUIRE SIGNIFICANT
TECHNOLOGY DEVELOPMENT




MARS ROVER/SAMPLE RETURN MISSION

LOCAL NAVIGATION & HAZARD AVOIDANCE

TECHNOLOGY PROGRAM AREAS:

WORLD SENSING & PERCEPTION
PROVIDES UNDERSTANDING OF THE LOCAL TERRAIN ENVIRONMENT IN THE VICINITY
OF THE ROVER - ~

SURFACE PROPERTY DETERMINATION
NEEDED TO IDENTIFY UNSTABLEJ‘E}_RAIN B_ER)RE THEROVER TRAVERSES IT. INCLUDES
DETERMINATION OF SURFACELOAD-BEARING CAPACITU AND FRICTIONAL COEFFICIENTS

ROUTE & PATH PLANNING
ON-BOARD AUTOMATED PLANNING OF SAFE PATHS OVER THE NATURAL,
UNSTRUCTURED TERRAIN OF THE MARTIAN SURFACE
Ll¢ JI Lt

EXECUTION MONITORING & REACTION “""
MONITORING OF VEHICLE STATUS DURING TERRAIN TRAVERSALS TO DETECT AND
CORRECT MODERATE DEVIATIONS FROM PLANNED PATH; MONITORING TO DETECT
AND RESPOND TO IMPENDING CATASTOPHIC EVENTS (E.G., VEHICLE ROLLOVER,
SLIPPAGE ON A STEEP SLOPE) REQUIRING TIME-CRITICAL RESPONSE

VEHICLE CONTROL TECHNOLOGIES
TOOLS FOR MOBILITY CONTROL DESIGN, INTELLIGENT ACTUATORS, ACTIVE
ARTICULATION TECHNOLOGY




MARS ROVER/SAMPLE RETURN MISSION

SAMPLE ACQUISITION SYSTEM

ROVER SAMPLE ACQUISITION FUNCTIONS

* SAMPLE & SAMPLE SITE SENSING
IDENTIFICATION \
« RETRIEVAL
+ PREPARATION
« PACKAGING FOR ANALYSIS

+ STORAGE,, :
+ REJECTION /

« CONTAMINATION MANAGEMENT
« LABELLING
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Mars Rover Sample Return
Rover Mobility & 'Surface’Rendezvous Study

Program: Review

Jet Propulsion Laboratory
Pasadena, CA

14 January 1988

MARTIN MARIETT A




Presentation Outline

Mars Terrain Design Environment B. Clark

Terrain Problem
MTDE Design Tool

Mobility & Navigation Concepts A. Spiessbach

Methodology
Concept Analysis & Synthesis Results

Progress Summary & Plans



MTDE Inputs -- Terrain Components MTDE

Topography . ° Slopes: Smooth, nominal, rough

Surface Units ° Physical characteristics
- Weak '(drift fines; flour-like clumps)
- Nominal (duricrust)
/ - 'Strong (adobe clods)
- S&d (cohesionless)

° Depth to competent surface (overburden)

Features {  ° Volcanoes, craters, scarps, channels, dunes, etc.
Rocks ° Shapes

- Irregular, subrounded, round, faceted

- Smooth, pitted

- Competent, friable

° Size
- Boulders > (blocks > 0.256 m)
- Cobbles” (6.4-25.6 cm)
- Pebbles (2-64 mm)
- Sand 62.5 pm-2 mm)
- Silt 3.9-62.5 pm) G
- Clay (<3.9 um)



The MTDE Surface Can Include Multilevel Resolution

B

Grid locations 1o be
expanded in resolution
are selecled by the

——

MTDE Sudace
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ROVER STATUS REVIEW OUTLINE

INTRODUCTION AND PREFACE TOM PENN
STATUS OF ROVER TEAM FUNCTIONAL GROUPS
-SYSTEM CONTROL AND OPERATIONS
-GLOBAL NAVIGATION 171X KTV OIN
-COMMUNICATIONS 11270 ANN2A NINKX

-COMPUTATION AND DATA HANDLING

JIX

w |
STATUS OF ROVER FUNCTIONAL GROUPS |
-MOBILITY/MOBILITY CONTROL
“THERMAL CONTROL Ezra Orion Collection
-SAMPLE ACQUISITION TOOLS P ;
-POWER

BT

ARTLAB -
BRIAN MUIRHEAD

. AN

STATUS OF FUNCTIONAL GROUP ANDY MISHKIN
-LOCAL NAVIGATION
-SAMPLE ACQUISITION

-JPL ROVER TESTBED PAGE 2



Topographic Features

Features

Volcano*
Crater*

~ canyon |
Mesa**
Mountains and Basins**
Scarp*
Ridge*
Dune field**
Fissure**
Trough*
Channel**

* Implemented
** Planned

X XTY 701X
MI2XN AN NPAK 1IN

i
IPQ /\RTL/\B

Ezra Orion Collection
Public Art Archive




Forces Shaping Martian Surface MTDE

Geophysical Agents Tectonics, Faulting
Mass wasting ;
Meteoroid Bombardment (impact cratering, gardening)

Wind Eolian deposition
Eolian deflation
Physical weathering (erosion)

127X 2NN NUINK I IX
Volcanism Lava resurfacin
Surface expressions of intrusive s

"'Geothermal perturbations (permafrost melting)
Gases (for chemical weathering)
-, |

Water Fluvial transport
Chemical weathering
“Ice ‘mechanics (glacial, periglacial)

BCC V-GLRVR-16 MARTIN MARIETTA 12/18/87




The 6 Cases

1. Volcanic
cone; caldera
lavas and pyroclastics: flood (smooth), aa, pahoehoe, ash
wrinkle ridge
fissure

2. Eollar(; heet (i) o
sand sheet ; sandy s s
dune field (with slip fadelsl)pe
duricrust, drifts (surfaoe units)

3. Impact 7
craters ARTLAB
ejecta blankets (rock flelds) B e
rocks with drifts o PR

4. Aqueous mediated A
channels (troughs) zra Orion Col
boulder field Public Art Ar
ground sapping Sig T

5. Tefct?‘nlc S
fault scarps and gr. en
landslides
scree over bedrock

6. Preliminary Surface Model
random combination of slopes, sail units, rock models

BCC V-GILRVR-24 MARTIN MARIETTA 12/18/87
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Mobility & Navigation Concepts

Andy Spiesébaévh

MARTIN MARIETTA
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Surface Characteristics Foatures

Bedrock
lava -- aa, pahoehoe, flood (smooth)

Rocks
impact ejecta
pyroclastic material (tephra) -- ash, cinder

Soils ,
eolian materials (drifts, dunes, beds)
duricrust
salt deposits (evaporites)
other

Mixtures
drifts/dunes with embedded rocks

bedrock with scree
desert pavement

BCC V-GL.RVR-5 MARTIN MARIETTA 12/18/87
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Innovation & Analysis Cycles

Concept Development

Generate

B\ N1INX 1"IK

[ rara € S
Issucs [0 T AT

Evaluate

MARTIN MARIETTA




Rover Issues

Concept Evaluation

Performance Cost

Risk

Volume/

>

\Mass

Sampling
Capability

Accessible
Sites

Program

Mission

saJnjonJs pabbny
swalsAg juepunpay
uoneindwon

|0J}U0D |BJUSWUOIIAUT
lamod

Avjiqels
uoneinbyuon peojhey
sse|if peojhed

uonebiaeN
ebuey/poads

Aigisianes |

1500 weubouid

%S [eoluyos |

Auiqeljey
Alajes

MARIETT A

MARTIN




Outline
Mobility & Navigation Concepts

. Methodology

. \Concept Evaluationl

. Concept Development

. Summary & Plans

T — L e
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Design Process

P Existing Options Concept Development
Concept 4 - L :
Development < =198%

~ New Ideas

e

(] 0
Concept BT
EvaluaF:ion < RO Promising Concepts
S atio
N

Candidate Concepts
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Fundamental Tradeoffs

Concept Evaluation
Issue Option Design Considerations
Robustness * Rugged design ("Brawn") * Minimum complexity, cost, technical risk
Survivability - Fixed performange, insensi- ; } s, Results in largest rover design
Reliability tive to conditions X _* Rigid performance capabilities
- Reliability 'via “simple 'system{'' -/’ If doesn't work, can't do anything about it
+ Sophisticated design (*Brain") * Increased complexity, cost, technical risk
- Flexibility to ;adapt” perform- - Additional degrees of freedom
ance to conditiong ) 371 ) (Active articulation
- Additional sensory & processing
Level of Autonomy | - Teleoperated from Earth |-+ Mission success (communication delay)
Control - Human makes‘ all dec_isi_ons e Operating vehicle blind for several
Ezra Orion C CLION  minutes/10-100 meters risky traverse

+ Supervised Autonomyi- |;

] IC Al “NéVincreased complexity, cost, technical risk
- Machine makes some decisions

*+ Mission success (machine trustworthiness)
- Decisions machine must implement
unchecked could cause fatal errors
» Degree of delegation unclear

MARTIN MARIETT A




MRSR ROVER TEAM OBJECTIVES

N W J P N PR Wakas
~ DEFINE 3-5 CANDIDATE ROVER SYSTEM CONCEPTS (MEET REQUIREMENTS OF

SWG MINIMUM, MODERATE, MAX!MUM'ROVER SGENARIOS)

1M1 7 ¢ 117N

l"v Y A N DIV > "'_\/;’v”\

- DEFINE TECHNOLOGIES REQUIRED TO BUILD EACH ROVER TYPE
- DEFINE TRADE STUDIES /REQUIRED TO PROCEED WITH ROVER SYSTEM DESIGN
AND MISSION DESIGN
Ezra Orion Collection
- IDENTIFY CRITICAL ROVER AND MISSION REQUIREMENTS DRIVERS
AW Yo 8Gork
- INTEGRATE CONCEPTS FROM ROVER CONTRACTORS FMC AND MARTIN
MARIETTA IN THE AREAS OF MOBILITY AND NAVIGATION/ RENDEZVOUS
\,/*‘. | R IA
- CONSIDER ALL PLAUSIBLE APPROACHES TO THE PROBLEMS: E.G. WHEELS,
LEGS, TRACKS, ETC FOR MOBILITY; TELEOPERATION, CARD,
SEMI-AUTONOMOUS FOR LOCAL NAVIGATION.




Mobililty Trade Space (Top Level)

Concept Evaluation

Design Brains Brawn Mixture
Philosophy
Traction Wheels' || Tracis’’ Legs Hybrid
System y y ‘ IDXJITPX

Single Elastic | Passive Active
Articulation Unit Frame Jointed Jointed
(Chassis)
Articulation Whegl/g__ OfoWheels. i id; Tracks Other
(Traction on Axle’ on Legs | | on Legs
System)

MARTIN MARIETTA
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Rover Mobility Design Requirements

Sow

+ safely traverse 1 km/day for 3 years

+ ascend or descend 60 % hard suface grades

» ascend or descend 35 1% 'loose’'sand 'grades

» climb vertical steps at least 1 m high

- cross crevasses at least/ 1 mowide - 7| 3

« rover and payload will experience accelerations less than

25 g's peak or 10 g's avg. over 30 msec

MARTIN MARIETTA



Rigid - 4 x 4 Minimum Envelope

m = 1000 Kg

MARTIN MARIETTA



Passive Frame Articulation

Design
Philosophy

Traction
System

Articulation
(Chassis)

Articulation
(Traction
System)

Concept Evaluation

Brains) ¢ Brawn Mixture
' |
Wheels_ Tracks Legs Hybrid
Single | | Elastic Passive Active
Uhit'| Frame'“]' | Jointed Jointed
‘ublic rdN1
Wheels Wheels Tracks Other
on Axle on Legs on Legs

MARTIN - MARIETTA




Active Frame Articulation

Design
Philosophy

Traction
System

Articulation
(Chassis)

Articulation
(Traction
System)

Concept Evaluation

Brains Brawn Mixture
Wheels Tracks Legs Hybrid
L
Single Elastic Passive Active
Unit Frame Jointed Jointed
|
Wheels Wheels Tracks
on Axle on Legs on Legs g

MARTIN ~ MARIETTA



4x4 Tracked

(S U (RN N N e e

Design
Philosophy

Traction
System

Articulation
(Chassis)

Articulation
(Traction
System)

Concept Evaluation

Brains Brawn Mixture
Wheels Tracks Legs Hybrid
Single | Elastic Passive Active
Unit Frame Jointed Jointed
I :
Wheels Wheels Tracks Other
on Axle on Legs on Legs

MARTIN  MARIETTA



Rigid - 4 x 4 Minimum Envelope




Rover Mobililty Trade Space

Design Brains Brawn Mixture
Philosophy
Traction Wheels Tracks Legs Hybrid
System
Chassis Single Elastic Passive Active
Articulation Unit Frame Jointed Jointed
"I 17 ’ .\.( “‘l \) [ '[ ‘\
Trsac:ion wheels | [TWheets ] |'[7 Tracks Othbr
A on Axle 4 on Legs on Legs
Articulation = %
1 ARTLAR
Ground Contact | Wire Mesh| = Cone Inflatable Disk
System Tire Wheel [ |- /Bags Footpad
Z tion
Power Electric UplI{ hivel  Geared Direct
System Motor Drive
Stowage Fetal Pos. Spring Load| Additional Deflate/
Mechanism (Active) (Passive) Mechanismg Inflate
Safety Roll Retractable Environ. Fenders,
Features Bar Systems Protection Dust Covers
Autonomous Multiple DOF Compliant Foot/Wheel Reflex
Functions Coordination Control Placement Arcs




Wheel Options

Channel

B

Wire Wheel Hemisphere
Solid Sphere Simllar to:Sphere . .+, ,

Ezra Orion Collectio
\/ @ Py A i/

Beveled Wheel Conventional
Wheel




Track Options

Footprint:
Length:

Geomery:

Quantity 9'}

Short Track

Tread Config:




s 5  hd s & s - . - e e L > l i
ROVER TEAM DISCIPLINES
-SYSTEMS ENGINEERING -COMMUNICATIONS
-MOBILITY FTY 10 COMPUTATION/DATA HANDLING
12NN 2NN NUINK [PIAIN
-LOCAL NAVIGATION I'® ) ." -SYSTEM CONTROL AND OPERATIONS
> MRTLAB -
-SAMPLE ACQUISITION w . -GLOBAL NAVIGATION
: { s 0N » /V
-THERMAL CONTROL Ezra Orion ColleGUIDANCE AND CONTROL
Put t Archive
-POWER SYSTEMS

PAGE 4



Outline

Mobllity & WNavigation Concepts

Methodology

Concept ‘Evaluatidn

|' Concept Developmentl

Summary & Plans

MARTIN MARIETTA



Generate Ideas in Response to "Key" Issues

Concept Development

Requirements

Compare What's Hard!

Existing Ideas

MARTIN MARIETT A
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The "Hard" Mobility Issues

Concept Development

Risk (Failure)
» Damage due to tiping, slipping‘,i bumping into hazards

- Immobilization due to tipover; hang-up, nose-in failure, wedging running
gear, breaking through lava.crust, sinking in porous soil, etc.,

* Reduced capability due tp’ _fa;jlts and environment contamination
Performance

» Weak Soil Crossing ) Collection

« Obstacle Crossing (Crevasses, Channels, Lava, Boulder Fields, Talus)

+ Slope Climbing (Energy Efficiency) '

MARTIN MARIETTA
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Alternative Approaches - Entrapment

Concept Development

Approach

Example

Drawbacks

Test Ground Before Commit

ing Vehicle - Vehicle stable
while force reflection, haptic
touch, etc. assess danger

6-Legged Walker with
StaticallyStable . Gait
Vehicle with Hazard/
Soil- Strength ' féelers '

Reduced Speed
Added Complexity

Emergency Mechanisms

Deployable /Recovery
Structures (air bags, etc
Jack, Winch; etc. -/

Mass/Volume Penalties
Mechanical Complexity
Perception Required

Breakaway Mobility
Mechanisms

Exploding bolt at leg or
lrame joint

Need Redundant Mobility
System to Afford Loss

Reconfigurable Mobility
Mechanisms

Umbrella, mechanism to
retract disk footpad to

allow leg removal
Quick Disconnect Pads

Sensors, Actuators and
Algorithms

Associated Computation
& Power (Mass, Volume)

Active Articulation

Contort frame/leg to
free vehicle

Mechanical Complexity
Associated Computation
& Power (Mass, Volume)

. MARTIN MARIETTA
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Alternative Approaches - Weak Soil

Concept Development

Approach

Example

Drawbacks

Vehicle with Large Foot-
print - Reduced Ground
Pressure

Large tracks

(e.g. single track vehicle)
Wide/many' wheels
(Lunokhod) 11JK
Large walker footpads

Extra Mass

Reduced Stowability
Steering Issues
Footpad Interference

Adaptable Vehicle - more
footprint available as
needed

Extra wheels' or track in
contact as sinkideeper
Hemispherical Wheels

Extra Mass/Volume
Deployment Mechanisms
(Failures)

Augment Basic Mobility by
Mechanical Aids

Deployable Traction Mats
Pull with 'Winech=ct
Switch-to Large Footpad

Extra Mass/Volume
May Require Dextrous
Arm

Change Environment

Construct "Bridge"
Dig Down to Firm Ground

Extra Mass/Volume
Need Dextrous Arm

Air Vehicle - fly over
obstacle

« Balloon
» Dirigible

* Airplane

* Low Payload Mass
» Landing Risks

MARTIN MARIETTA



Taxonomy Examples

Concept Development

GROUND MOBILITY SYSTEM

rn pm e ma e

MULTI- ] VEHCLE
BRAINS | BRANS T BRAINS COMPONENT CAPABILITY
« SLRV « Quad ELMS » OSO Hexapod « Wheels + Strong
+ 3-Body Active + Odex;} & Il on Legs Arm
Articulation
1 BRAWN —1 BRAWN ~1 BRAWN ] MULTIVEHICLE - ENVMC'“E
+ Mars Ball « Single * Dumb * Riding * Road
* Lunokhod-1 Track Walker Walker Builder

MARTIN - MARIETT A



Active Frame Articulation

Concept Development

A ; =
¥ \ = f
\/-:/' ; l ~ 1o
7

CAM Y/
Rl T e

% "’9)/}‘ (=, 3 o S =
ey B 7 A

MARTIN MARIETTA







Mars Ball

bt

s,

ection

.
ret?;

Arcnive

MARIETT A

WARTIN
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2-Body Active Articulation

Concept Development

MARTIN MARIETT A



ROVER TEAM ACTIVITIES

ROVER TEAM IS SUPPORTING ORBITER TEAM |IN AREAS OF SYSTEMS
ENGINEERING, GLOBAL NAVIGATION, GUIDANCE AND CONTROL, AND
COMMUNICATIONS.

\/
< LN

ROVER TRADE SPACE DEFINITION HAS GROWN BEYOND A MANAGEABLE SET
OF OPTIONS, °*TAXONOMY's [FORMAT “HAS BEEN ADOPTED TO IDENTIFY
TECHNOLOGY REQUIREMENTS. TRADE - SPACE"'FORMAT MAY BECOME USEFUL
AS SWG ROVER SCENARIOS ARE FACTORED IN TO'NARROW OPTIONS.

ROVER SYSTEMS OPTIONS DEFINITION' TO (BEGIN IN FEBRUARY (IN SYNCH WITH
SWG DEFINITION OF THREE ROVER CAPABILITY CLASSES) '

DEFINITION OF TECHNOLOGY REQUIREMENTS FOR. PATHFINDER PLANETARY
ROVER FUNDING

ROVER TEAM IS SUPPORTING CONTINUING ACTIVITIES WHICH WILL BE
DESCRIBED BY THE TWO SPEAKERS TO FOLLOW.




Single Track Steering

Concept Development

MARTIN MARIETT A
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Taxonomy Examples

Concept Development
GROUND MOBILITY SYSTEM

| 1 1 |
rwneen.sj ITHACKLI | LEGS | I HYBRID ] lAUGMENTEDl

b - ‘ . = srane T A= MuLTi- - cmv
« 3-Body Active + Quad ELMS « ASV : « Wheels « Strong
Articulation ool 2 Odex | & I on Legs Arm
i L B P iz ~ | ewiRonmeNT
+ Mars Ball » Single * Dumb » Riding * Road
* Lunokhod-1 Track Walker Walker Builder

MARTIN MARIETTA



Taxonomy Examples

GROUND MOBILITY SYSTEM

Concept Development

il ® 1 1 1
rwmaELs I l TRACKLI ruses | rHVBRIDJ Iﬁeuemsﬂ

g n 4 e Cm
+ 3-Body Active + Quad ELMS -0 i»ASV i « Wheels « Strong
Articulation «Odex | & Il on Legs Arm
. ¥ =
BRAWN BRAWN BRAWN MULTIVEHICLE ENVIRONVENT
+ Mars Ball « Single » Dumb » Riding * Road
* Lunokhod-1 Track Walker Walker . Bullder

MARTIN MARIETTA




MARS ROVER CONCEPT: DEPLOYED CONFIGURATION

=zra Orion CT

yifection

Public Art Archive
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Walking Truss

Concept Development

MARTIN MARIETT A



"Dumb" Walker

Concept De velopment




I,

Dumb Walker Deployment

Concept Development

MARTIN MARIETTA




Marine Robot RM3

Concept Development

Walking Speed = 500 fvhr Built by Normed Shipyards (France) _
(0.15 km/hr) MARTIN i: MARIETT A
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Taxonomy Examples

Concept Development

GROUND MOBILITY SYSTEM

I 'WHEELS I TRACKS ] I LEGS I | HYBRID | IAUGMENTEDI
= o S \RTl ; MULTI- e  VEHICLE
+ 3-Body Active « Quad ELMS » ASV « Wheels « Strong
Articulation 4 -2 Odex L&l on Legs Arm
— CHANGE
~| BRAwN ~| BRAWN ~| BRawN MULTIVEHICLE "1 BVRONMENT
* Mars Ball * Single * Dumb * Riding * Road
* Lunokhod-1 Track Walker Walker Builder

MARTIN MARIETTA




Big Wheels with Independent Elevation

Concept Development

MARTIN MARIETT A
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MISHMOBILITY SUBSYSTEM TECHNOLOGY JTAXONOM Y Hian K Mua st 17787
SYSTEM
HEQ /CONST Mouurvrunmwgw MOBILITY OPTIONS TECHNOLOGY OPTIONS | 1§14 DEVELOR 1EQ OIS TIEICATION/COMME N
LOCOMOTION
MASS (kg) Peak speod A LOCOMOTION MODE DHVE/THANSMISSION Sy
(1.1.10 km/hr) Ve spmu /b quus
3001000, 1500 |, 0 xclunbmavc'sc i | o m;‘cls (large. small) | :-iu]:'hw:'u-*m. ek, EATMLSKN Sy :.’-’::l’;‘:’l:‘.:v’:::‘::u)
Tum radwss (0.1.2.3m) Hybod : ’:::7*::;'5 PO
Fluict cherwess 1 s
"Ommm) Stop/Park Other (balloon plane. fic ) | - Varabie speed/1onque ST i #:;:uy:::yv‘::::m
! PAYLOAD ACCOMODATION | Themudynamic en.
- Sampling canister CHASSIS | - Hiytaas Thesmodynamic eng Amllaz mech jxwves unit
TERRAIN In situ instruments (TBD) Single/Double - axle o (aintas lmiment
1.1 5.2 m obstacle ENGINEERSNG S/S ACCOM : Sigle/Mult 3 :: -I((J LA hive = feCovery o and alter
g 3‘; :god‘:wwgh «puuo.mcn (e ;m Muli/Multi - axle Geaed molors HEEVIGUE Capat wilty
b 988 - RF vansc (5m) - Ball screw Fluld actuator Sk energy. low leng
e SUSPENSION - Solenokd high rel . dust proof, kow
- Power source (RTG) for B
TRAVERSE (km) Cameramount (Fixed,deploy) | - Passive ~ Huld actuator l;‘;‘: “:I"Vt SUSPENsIon
u 4 il
100.900.1000 | pri (Body. arm mounted) gt ELASTIC COMPONENTS i
1 (:Srm Ak Sexee and
S;O?ED EN:\‘IEL ~ STEERING l] X XWY take corrective action
.3.4m" s Figue and
SR 2NN TS e conotol whe s
FEIU“B&' e IT'Z — Scuff B and suspension elenients
- Haulttolerant i High damping active and
2faulttolerant - HazardIndependence peassave methods > m"""’“"
~ Repair
THERMAL ENVIR S_E;CSNG FUNCTIONS Deployable wheeks; 10/ packing factor.
100 - 300K 7 raction obstacle (ol ant
: ~ Onentation
Kz - Distance
LIFETIME \ - Weight distribution 30 vehicle/ground moded Full 30 tormutation
! ‘_l:zn/ ~ Ineral reference for any terrain at any
TELEMETRY et SoprRON PRk
ADAPTIVE ~ < 100Kk
(Mul - methods to § F M&y‘bllc Ar
do things) COMPUTATION "WOP' =
Highly ~ Speed (2,1, 10 mips) Bullot
None ~Memory (64, 256, 1000 kbit) ||~ Selective protection st
AUTONOMY (local control)
PLANETARY ~High SCIENCE PACKAGE
e - lglax ~ Integrated sloyabie | CONTAMINATION CONTROL
g ~ IndependentDe -S ~ £
No organics FAULT TOLERANCE 4 Seats, Coatings. Boots Rotory/prismalic seals | | o dag.  abrasion
~ Internal Redundancy SERVICING resstent magnetic,
- Ruggedized Loy o . leﬂm) lvluty(uul
Maintenance T A CONTROL S/w siding seals
- Agrithms
-m Hules basext controls Fast. adapiive hauct

PAGE 6




Big Wheels on Legs

Concept ' Development

Side View Top View

Stowed

Maximum
Extension

Moderate
Extension

MARTIN: MARIETT A




RELAY ANTENNA \
QPTICS PORTS & STROBE \
-

IMAG ING/LASER RANGE FINDER MAST (2)

EARTH COMMUNICATIONS ANTENNA (STEERABLE)

/— SELENIDE RTG (SHIELD REMOVED)

v

SAMPLE INLETS F)

MANIPULATOR

CHASSIS

HAZARD DETECTORS

MARS ROVER
JPL 1977




Incremental Road Builder

Concept Development

MARTIN MARIETTA
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Two Approaches to Meeting Requirements

Concept Development

Terrain

Environment

Requirements Change

Environment

Satisfied?

Change

Capabilities Vehicle

MARTIN MARIETTA



Change Circumstances - Examples

Concept Development

Remove Obstacles from Path (chip/move rocks, fill holes)

Destroy Obstacles_(explosive, ‘ddfirqsi‘\{e)

- Construct Path (build bridge, widen ‘narrow corridor)

Many Others

MARTIN ' MARIETTA



Surface Navigation

R,

Minimum Configuration

VISION ALGORITHM

EXTENDED AUTONOMOUS
TRAVERSABILITY/] =~-=--- LAND VEHICLE (ALV) EARTH-BASED
HAZARD DENSITY @
ANALYSIS (R) ROVER-BASED
y 100 m RESOLUTION
ROUGH ESTIMATES OF TRAVERSABILITY (© ORBIT-BASED
VLBI MAV HEADING & RANGE ASSESSMENT "!z‘? !
TRACKERS EXISTING ALY 2 roat
® R) ALGORITHM AN AR "iéhmh}\l A
WHEEL COMPENSATE —»| MANEUVER
R FOR WHEEL [ OONTROLLER STEERING AND
SLIPPAGE ® . SPEED COMANDS
POSITION & HEADING e
ACTUAL ___._l RTLAR gl <A
“MILEAGE" A 1 . vy 5 2
® set COMPUTE PLAN “PLAN PATH STEERNG | * | MOBILTY
IRA RELATIVE #] ' GLOBAL #1- THROUGH  }—| COMMAND | CONTROL
POSITION CORRIDORS. CORRIDORS | *, GENERATOR SYSTEM
® R CRZar O —'@® ] R
f (J .V\: ; KO.VER C/
SENSOR CALIBRATE USE“CARD*  CENTERED
®) INTERTIAL DISTANCETO .| APPROACH  WAYPOINT
TILT REFERENCE OBJECTOF -*" COORDINATES
METER ® INTEREST
® ABORT PATH
® COMMAND
STEREO INTENSITY IMAGE PAIR RANGE PROXIMITY
> IMAGE | THRESHOLD
.. | conversion MONTOR |
EXISTING MACHINE . - - "= EXISTING ALV ALGORITHM




Example Rover Desigﬁ Concepts
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Incremental Road Builder

Concept Development

[ e .

MARTIN MARIETTA




R R R R R R R R R R R R R R R R R R RRRRRRRER AR,
Rover Design Envelope

Limited Autonomy High Autonomy

f Hardwired Unexpected Unexpected Hazard Damage/Fault

Situations  Soil/Hazards Recovery Recovery
——=fp ADAPTABILITY

Segemented Body Active Articulation

f Wheels Tracks 'Legs MECHANICAL

= COMPLEXITY

Stereo Cameras Reactive Legged - Real-time
Teleoperation  Control Coordination . Image Processing Al
—=fp TECHNOLOGY

Actuators Actuators Associated Power

f Many Sensors, Powerful Computation &
—fp MASS/VOLUME

MINIMUM MODERATE MAXIMUM



JPU
ORBITER STATUS

JAMES E. RANDOLPH

MRSR STUDY STATUS PRESENTATION

14 JANUARY 1988



Conclusions

Concept Development

1. Not all Mobility Capability Has to Be "Built-in"

2. Terrain is not Inmutable '~ One Can ‘Change Environment
(to a limited degree)

3. Lander Structures Can Be“Exploited (whole or in part)
for Rover

4. Walking Vehicles Are Not Necessarily Complex

MARTIN ' MARIETTA
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- JPL
ORBITER ASSUMPTIONS

+  TRANFER CAPABILITIES FROM OTHER SYSTEMS TO " MOTHER" ORBITER

. LANDSAT CLASS OBSERVATIONAL CAPABILITY
LANDER SITE SERVEILLANCE, ROVER TRAVERSE SUPPORT
MK KTV 01X
+  HIGH PRECISION ORBIT CONTROL, 111711 17771
ENTRY VEHICLE REFERENCE
ROVER REFERENCE B N
REFERENCE FOR aassmknona BATAL A B

*  RELAY COM“UN'CATP”d Orion Collection
ROVER Public Art Archive
ENTRY VEHICLE

JER 1/14/88



JPL
MRSR LAUNCH CONFIGURATIONS

W MOV AMRO[:

m
X
<

RV
W0

)

_MES(RVR)

[E B e, by B
e

RVR
L) /oA

MLM(MAYV) MLM(MAV)
MES MES(MAV) MES(MAV)




T,

ORBITER SYSTEM OPRPTIONS

FUNCTIONS:
a) INTERPLANETARY AND ENCOUNTER GC & N
b) SITE SURVEILLANCE
c) SUPPORT FOR ROVER
d) RELAY COMMUNICATIONS
e) SUPPORT' FORENTRY VEHICLE
) R]E“ \iJIOE.Iéq NHINX 1MIIX
g)  SUPPORT FOR MAV.
h) supp@lﬁ Fba ERY ARTLAB.
L 8
OPTIONS . FUNCTIONS
Ega Oriop (‘,mH(—?r},i(m ~ f
PoubiicATtArchive
A X X X X X
B2,C1 X X X X
B1,C2 X X X

JER
1/14/88




R R R S RS R R R R R R,
"JPL

ORBIT TYPES

» ELLIPTICAL, LOW PERIAPSIS, ROVER & SUN SYNCHRONOUS
250 x 12600 an‘h\ia':si%bfi 41166 degrees
12X 2NN NDNK 1IN
IMAGING AND'RELAY COMMUNICATIONS
VO [ ARTLAB
* CIRCULAR, RENDEZVOU‘_S ALTITUDE
500km :

ion

RENDEZVOUS AND'EARTH RETURN

JER 1/14/88



__’\ \4— 1° LATITUDE
(60 km)

JER
1/14/88



-JPU

ORBITER OBSERVATIONAL CONTROL CONCEPTS

* 10 X 10 km LANDING SITE AT 0.5 meter / pixel

1.5km WIDTH X 10 km SCAN EACH DAY
7 SCANS IN 10 DAYS

*  ORBIT POSITIONAL CONTROL
~1km (3 o )DOWN RANGE
GEODETIC ERRORS-ADDITIONAL

* IMAGE CORRELATION TRACKING CONTROL
~0.1km(3 o)

NO GEODETIC ERRORS

JER 1/14/88



MRSR ORBITER IMAGING TELESCOPE

PRELIMINARY CONCEPT

N A SN "

g 0.8m Telescope (F8.7 Ritchey-Chretien)

T\EXPLORED VIEW OF -
FOCAL REGION

VISIBLE
FOCUS

IR FOCUS




=~

MRSR ORBITER IMAGING TELESCOPE

PRELIMINARY CONCEPT

0.8m Telescope (F8.7 Ritchey-Chretien)

|, ., .EXPLODED VIEW OF
< X1 pocAL! REGION W

1 N7 AN, .

VISIBLE
FOCuUs

IR FOCUS




MRSR FY'88 STUDY HNN, 1/8/88
MOV LAYOUT

6.2 &3
3.8

IRIEESL qjﬁﬁx k3w
MY M 1% QP

SCALE (m)

RN 2




-JPU

.

.

ORBITER SUPPORT FROM GENERAL ELECTRIC

EXTRAPOLATION FROM CORPORATE EXPERIENCE

MARS OBSERVER, LANDSAT, ETC.

DATA STORAGE - TAPE VS SOLID STATE

1IN XITY OIX

DATA COMPRESSION . EFFECTS ON STEREQ RECONSTRUCTION

ON-BOARD COMPUTATION.- FOR /DATA COMPRESSION, NAVIGATION
: ARTLAB

PRECISION POINTING - BUS H_ANEUVERS VS SCAN PLATFORM

MO APPLICABILITY?EZra Orio

NAVIGATION USING ORBITER AS REFERENCE
ROVER
ENTRY

JER 1/14/88



MRSR ORBITER ENABLING TECHNOLOGY

TECHNOLOGY ENABLING'
ATTITUDE CONTROL:
SURFACE FEATURE TRACKER [1711 MTY T CLLANDING SITE CERTIFICATION
112X N1 NN ROVERTRAVERSE PLANNING
PRECISION POINTING TECHNOLQQY - HI-RES IMAGING: HIGH STABILITY,
ya HIGHRATE SLEWS
RENDEZVOUS AND DOCKING e % RENDEZVOUS
SENSOR TECHNOLOGY

E.G. PROX-OPS SENSOR Ezra Orio
Public Art

COMPUTATION & DATA HANDLING

DATA COMPRESSION AT HIGH HANDLING OF IMAGING DATA
COMPUTATIONAL RATES
DATA STORAGE RELIABLE STORAGE OF 1010 BITS

* ENABLING SIGNIFICANT MISSION OPTIONS

e i et e L e L S IE R AL O
JER 1/14/88



MRSR MISSION DESIGN STATUS REPORT

MK XOTY 01X
MIAXN ANINA NUINKX 1MIIX

““E‘?\R‘TL/\B

JOHNNY m KWOK /

" ALAN FRIEDLANDER
Ezra Orion Collection

Public Art Archive

12-14 JANUARY 1988
PASADENA, CALIFORNIA

JHK
1/14/88



JPL

OUTLINE

MISSION DESIGN TEAM ACTIVITIES

MISSION ANALYSIS ACTIVITIES! TV 01X
NAVIGATION ACTIVITIES) 1710 N1INKX mjw
MISSION REQUIREMEN
INFORMATION SYST!

MISSION OPTIONS /\RTL/\B
MACRO-EVENT ANALYS RO

MISSION I'I'JRFOR.MANCE L ‘AND DATA})’ASE
NEAR TERM SCHEDULE " :
CONCERNS Ezra Orion Collection

Public Art Archive

JHK
1/14/88



JPL

*

MK XY g0
ACTIVITIES

NN 13X

SOLY 1987
ATION FXCII)\NG!-,

1|~.anlCM. NE-ORM
REPRE ALYEIS) NAVY {GATION, 1 |NFORMATION
SYSTEM, TDA/MOS, "L\PL NET ¢ OBSERVER
MINUTES O ¢ MEETING p\/sraxxgu' ‘gD TO I8C* AND SMC, AND LOGGED IN MRSR
DATABASE rion Collection
LECON ExCHNNGE/ AMONG! 3 CENTERS

Hll,QUl'N'\ TELE

J

HK




MISSION ANALYSIS ACTIVITIES

COMPLETED LANDING SITE' 'ACCESSIBILITY 'STUDY REPORT — KWOK, JPL IOM
312/87.2-1321, 28 OCTOBER(1987/)MRSR 05-09+(87) 1 1 ¢

PRODUCED MARS TO EARTIL uAm)noox 5 SPRGFYI',VSKY JPL PUBLICATION
82-43, 1 DECEMBER 1987 _ | p ] ;

COMPLETED EARTH-MARSSE RTIT OI’I’OQ(,TﬁJN,
312/88.3-4065, 11 JANUARY 1987
VERFIFIED CONIC APPROXIMATION WITHI INTEGRATED TRAJECTORY —
SWEETSER, JPL 10M312/87.3-4037, 17 NOVEMBER 1987

MRSR PERFORMANCE SPREADSHEET (ANDEDATABASE UPDATED
MACRO-EVENT ANALYSISCONGOING/+ A rchive
OUTLINE OF MISSION DESCRIPTION DOCUMENT ISSUED

DEORBIT AND ENTRY REQUIREMENTS ANALYSIS ONGOING

AEROCAPTURE VERSUS PROPULSIVE CAPTURE RATIONALE TO BE DOCUMENTED
IMPLEMENTATION OF COLORADO MARTIAN ATMOSPHERE MODEL INTO
TRAJECTORY SOFTWARE ONGOING

x STUI)Y — SWEETSER, JPL IOM

JHK
1/14/88



JPL PUBLICATION 82-43

Interplanetary Mission Design
Handbook, Volume |, Part 5)

Mars-to-Earth Ballistic Mission Opportunities,
1992-2007 11" 1K X1V 701X

17127%0 ANID NINK 1T11IIX
Andrey B.I sergeygvsky X 1) 1

December 1, 1987

NASA

Navonal Aeronautcs and
Space Acministrabon

Jet Propuision Laboratory
Caidornia insttute of Technology
Pasacena. Caiforna
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Table Comparing v-Infinities

Earth (98/12/18 18:33) to Mars (99/10/07)

EME of date Mars Eqr. & Eqx. of date
yodel L. DAL BAL vEA DA RAA
QTRAJ 9.976 17.562 219.761 3.410 -33.208 307.018
QSTEP 10.038 16.795 219.666 3.410 -32.833 306.594
FAST (rot.) 10.012 16.873 219.578 3.408 -32.577 306.444
FAST (red.) 9.999 16.838 219.651 3.406 -32.556 306.476

FAST (full) 10.000 16.76@"1I2ANBTY TJOIX 3.410 =-32.587 306.513
MIAXN ANINA NUINKX 1'IIX

EME of date
Model c3L DAL v N DRA RAA
QTRAJ 6.120 2849 Oriea foollectiors-076 -0.518 88.861
QSTEP 6.177 29.F§yplicl§/5r.56%f'0hive 4.073 -1.007 88.598

FAST (full) 6.173 29.370 196.776 4.080 ~-1.236 88.608
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NAVIGATION ACTIVITIES

PRELIMINARY RADIOMETRIC APPROACH NAVIGATION STUDY REPORT
COMPLETED — KONOPLIV, Jﬁl. lQh&{qH 4—69}’\3 DECEMBER 1987
PRELIMINARY ORBITPR (0)} (I)%’l‘;r

OPTICAL APPROACH NAVIdAll‘I UDY STARTI-‘I)

LANDING ERROR ELLIPSE RFMH\V SETUP:"

Mléqunmummmm

MISSION REQUIREMENTS I)OCUMPNT OU‘lLINE I)[S’ﬁUBUTED

lectio

lﬁﬁ‘{)hﬂmﬁbﬁ(w&ﬁm
C/ \ [ LAl

ORBITER MISSION SCENARIO — REPORT IN PROGRESS

OUTLINE OF REPORT DISTRIBUTED

PROGRESS REPORT (1/29), PRELIMINARY REPORT (4/29)

I.HA}’QQﬁi1 S%UDY REPORT UNDER REVIEW

JHK
1/14/88




Sigma of B-vector (km)

Sigma of FPA (deg)

Figure 6: Sigma 3 vs. Cases

200
150 4
Ho
@ o+R
100 4
) B 0+ DDOR
D+ R+ DDOR
O D+R+DDOR+NB
S0 4
04
CaselD
Case
Figure 71, STgma Flight-PathrAngle vs. Cases
|
B o-+Rr
B 0 +0DOR
D +R +DDOR
O D+R+DDOR-+NE

Cese



A MACRO-EVENT ANALYSIS APPROACH
TO SUPPORT MRSR TARGETING DECISIONS

Prepared By

Alan Friedlander
Science Applications International Corporation

For
The MRSR Project Meeting

12-15 January 1988
JPL - Pasadena, CA



PROBLEM STATEMENT

THE MRSR STEERING GROUP QUESTIONED WHETHER THE STUDY TEAM WAS
DEVELOPING A RATIONALE FOR THE TOP-LEVEL MISSION OPTION TRADE-SPACE
(i.e. LAUNCH OPPORTUNITIES, LANDING SITES, TARGETING REDUNDANCY, etc.).

GIVEN THAT MISSION SUCCESS ACHIEVEMENT IS A HIGH PRIORITY GOAL,
IT WAS STRONGLY IMPLIED THAT REDUNDANT FLIGHT SYSTEMS (i.e. two launches
of Identical systems) MAY:BE THE BEST WAY, TO REALIZE THIS GOAL.

DESCRIBING THE TRADE SPACE IN QUR STANDARD FORMAT IS FAIRLY
STRAIGHTFORWARD, BUT DOES LITTLE TO CHARACTERIZE OR QUANTIFY
THE KEY ISSUE OF MISSION SUCCESS.

AN APPROACH BASED ON EVENT/TREE/ANALYSIS, SIMPLIFIED TO CONSIDER
ONLY MACRO-FAILURE EVENTS, IS MORE\USEFUL IN-DELINIATING FAILURE
SEQUENCES AND POSSIBLE RESPONSE DECISIONS. FURTHERMORE, BY ADOPTING
A PARAMETRIC EVALUATION VIEWPOINT, ONE CAN READILY QUANTIFY

VARIOUS SUCCESS/FAILURE PROBABILITIES AND SENSITIVITY FACTORS.

THIS TYPE OF ANALYSIS CAN BE PERFORMED AT AN EARLY STAGE OF THE STUDY
EVEN WITHOUT DETAILED SUBSYSTEM FAILURE DATA, AND CAN HELP TO
VALIDATE “A PRIORI JUDGEMENTS".




MRSR LAUNCH OPPORTUNITY / LANDING SITE TRADE SPACE

LAUNCH
CONFIGURATION ....ooooiicicnaeens COMBINED FLIGHT MODE, SPLIT FLIGHT MODE

NUMBER OF LAUNCHES 2 1y N 20
PER OPPORTUNITY ... ..-L-ONE, TWO, FOUR

NUMBER OF LAUNCH YEAR Y o AR AL
OPPORTUNITIES .oooooecccccecnennnnien- ONE, T TWO ML LA

SITE REDUNDANCY
VIA RETARGETING

LOCATION OF
LANDING SITE ..o NEAR-EQUATORIAL, MID-LATITUDE, POLAR

S AVAN 4wl

NUMBER OF SITES
PER OPPORTUNITY _...iinnaes ONE, TWO

TOTAL NUMBER OF
LANDING SITES ....oooiiccieaeen ONE, TWO, THREE, FOUR

e e R B Rt Bt



PROBLEM STATEMENT

THE MRSR STEERING GROUP QUESTIONED WHETHER THE STUDY TEAM WAS
DEVELOPING A RATIONALE FOR THE TOP-LEVEL MISSION OPTION TRADE-SPACE
(i.e. LAUNCH OPPORTUNITIES, LANDING SITES, TARGETING REDUNDANCY, etc.).

GIVEN THAT MISSION SUCCESS ACHIEVEMENT IS A HIGH PRIORITY GOAL,
IT WAS STRONGLY IMPLIED THAT REDUNDANT FLIGHT SYSTEMS (i.e. two launches
or Identical systems) MAY BE THE BEST AY TO REALIZE THIS GOAL.

DESCRIBING THE TRADE SPACE IN OUR STANDARD FORMAT IS FAIRLY
STRAIGHTFORWARD, BUT DOES LITTLE TO CHARACTERIZE OR QUANTIFY
THE KEY ISSUE OF MISSION SUCCESS.

AN APPROACH BASED ON EVENT TREE ANALYSIS, SIMPLIFIED TO CONSIDER
ONLY MACRO-FAILURE EVENTS; 15 MORE USEFUL 'IN‘DELINIATING FAILURE
SEQUENCES AND POSSIBLE RESPONSE DECISIONS!/FURTHERMORE, BY ADOPTING
A PARAMETRIC EVALUATION VIEWPOINT, ONE CAN READILY QUANTIFY

VARIOUS SUCCESS/FAILURE PROBABILITIES AND SENSITIVITY FACTORS.

THIS TYPE OF ANALYSIS CAN BE PERFORMED AT AN EARLY STAGE OF THE STUDY
EVEN WITHOUT DETAILED SUBSYSTEM FAILURE DATA, AND CAN HELP TO
VALIDATE “A PRIORI JUDGEMENTS".



A MACRO-EVENT ANALYSIS APPROACH
TO SUPPORT MRSR TARGETING DECISIONS

Prepared By

Alan Friedlander
Science Applications International Corporation

o1 For,
The MRSR Project Meeting

12-15 January 1988
JPL - Pasadena, CA
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RVR-1

FIRST LAUNCH SECOND LAUNCH
-1 TARGETING
By, DECISION
S F —G
MES-1 MES-2
F F S

i CONTINGENCY
i SAMPLE ONLY

CONTINGENCY
SAMPLE ONLY

S = SUCCESS STATE
F = FAILURE STATE
DECISION RESPONSE 7
(D)= MISSION FAILURE
(2)~ MISSION SUCCESS
@- PARTIAL SUCCESS

RVR-2




MACRO-EYENT PROBABILITIES FOR MISSION OPTION 1 - CONFIBURATION A

FAILURE PROBABILITIES
PF(EMTY) =0.1
PF(MES) =0.1
PF(RYR) =0.1
PF(MAY) =0.1
PF(ERY) =0.1
SINGLE MISSION INDEPENDENT MISSIONS
1L TARGETED SITE) ( 2 TARGETED SITES )
TOTAL MISSION SUCCESS .....cc...coooeoccrrn. 121X 2NN DI 0X9p8I N 0.8323
TOTAL MISSION FAILURE ... o 402054, 0.0422
PARTIAL SUCCESS 0.1255
1.0000
AT LEAST 1 RYR SUCCESS, NOSR ... 0.0761
AT LEAST 1 CONT. SR, NO RYR | JOLGOH 0.0313
1 RYR SUCCESS, 1 CONT. SR ...... AT L 0.0182
Ezra Orion Collection
NO SAMPLE RETURNED ......ooooooccecceomrersoooo Rublic. Art.Ar@#439 0.1183
NOROVERFUISSION o0t i o s i tere bl 0.2710 0.0734



MACRO-EVENT
CONSEQUENCE
PROBABILITY

SENSITIVITY TO ELEMENT

FAILURE PROBABILITY

MISSION OPTION 1 — CONFIGURATION A
e s S rorsse
< 1MIN N- x:bﬁ,\
\i 11X XY fO1X »\
08 1+ - NI DAA3-FHIFN1T? .L \c B !
SINGLE MISSION | 7°“'- s'l'c £ss
|ARTLAB o Ay |
Ezra Orion Cdllection /
i | P
NO SAMPLE RETURNED | _—
1
/’w’lofmsswus
0.0 & |
0 0.1 0.12

SYSTEM ELEMENT FAILURE PROBABILITY




MARS ROVER SAMFLE RETURM

Tiguration A) Fage !
21=Dec-87

Launch Opportunity 1998
Trajectory Type Conjunction, Tvpe 1I
Crpoit Capture Mode at Mars A/C Frop.

1 0
Vaint at Earth Departure J.161
Yanf at Mars Arrival J.414
Vin? at Mars Departure 2.481
Yint at Earth Return 4.064
MASS ELEMENTS: JMIX X1V 01X

e ot el ) LR B NUNKX WJW

Sample Can.
FRandezvous Module 126
Rover/Lndr Scai. 130

Earth Return ¥ 180 /2

Orbiter S50/ « .

Drop Orbiter , “ ol = ARTLAB
Har ) r

PAFKING OREBITS
Feriapse Alt. ikm) 370 370
Apoapse Alt. -E;asa—ﬁmonColleoblon 370 713%6.2

crest Reries (B biR A Ardige T

th Earth
e EXIIp.

Orbit Transter A/C Prop
0 1
FETFCFROFPULSION SYSTEMS Mars Op Ta2rm Des Earth OI
Isp i1sec) = 326.00 290.00
cankage factor QL7 0.12
Engine mass 126.00 S0.00 0.00

DV MANEUVERS

Outboung M/C Q. Oﬂn
Feriapsis raise 0 7
Deorbit maneuver 0.028
Orbit Transfer 1.134
Orbit Traims 0.150
Mars Osparture 1.989
Return M/C 0.0%0
Earth Orbit Insert 3.718

1.178

A-2



ZARTH FETURN

Sampie Capsuie S1 S1 35 i
Frope nt 256 %0 o o)
Inerts 31 4 131
>3 8% 130
MARS DEFARTURE
ERV 180 180 180 180
Fropellant 679 414 432 B
Inerts 24 198 208 200
uitiaru- HBIN i T
870 813
M1axn gha mink 11’37?(
LANDED MASS
Rendezvous Module ﬁ@b 125 126
Ascent Fropulsi Hoss 1038 1038
Rover./Lrdr Sca. ii‘t 150 150
Farachute + In s / TL/\B 133 133
Lander Structu 2%0 250
Term. Propuls 276 278
' 5— 1973 1973
SEsa Ty Ezra Or|on Collection
i~ ARRIVA
Orbiter PublleeArt Arestive 550 550
Drop Orb:ter Q 0
Fropellant 1!.'86 .'En‘ 859 802
Inerts 185 133 136 136
1821 1362 15%S 1488
M a/c ! 647 247 547
M a/c 2 338 =3& 704
Fropellant 1098 89 90
Inerts 144 141 141
1874 1%&4 1583
TZM MAMNUEVERS
Autbound M/C Froo. 112 27 102 28
Cutbounc M € Inesrt 19 5 7 17
185 154 182 1%5¢
229 bigzds) 200 193
707 3o 20 2427




MRSR LAUNCH VEHICLE REQUIREMENTS FOR SEVERAL MISSION OPTIONS

EARTH RETURN T0 370 KM CIRCULAR ORBIT ROYER MASS ASSUMPTIONS
LOCAL 0 K6
PROPULSIVE CAPTURE nsown(AlLo( 4oo)xe)

I AEROCAPTURE EXPLORATORY ( 700 K6)
ENHANCED (1100 K6)

12000

1000G

8000
INJICTED
MASS 6000
(xa)

4000 -

2000

............................................................................................................... HLVY/CENTAUR 6°

----- TITAN IV/CENTAUR ©°

--------------- ~---SHUTTLE/IUS/PAM-D

A
REGIONAL EXPLORATORY ENHANCED

¢1 c2

CONFIGURATION / SAMPLING CAPABILITY
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MRSR ENGINEERING PRECURSOR

REQUIREMENTS

JETPROPULSION LABORATORY
., JANUARY 14,1988

R. KAHL
IsC



AGENDA

® BACKGROUND

I

.o AséuﬁPﬂONs‘J e

BRI J J
. wﬁgﬁy Rst’)\t{jgs!\{!’tNTs

e  SPACECRAFT REQUIREMENTS
zra Orion Collection
Public Art Archive

® RECOMMENDATIONS

RCK-14-1/8/88 1
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BACKGROUND

SIGNIFICANT SWG SUBCOMMITTEE ACTIVITY FROM MARCH TO JUNE 1987 TO
IDENTIFY MRSR PRECURSOR REQUIREMENTS IN TIME FRAME TO IMPACT MARS
OBSERVER PROJECT

COMPLETED TASK AND PUBLISHED REPORT OF FINDINGS JUNE 1987
TRANSMITTED TO MO PROJECT FOR EVALUATION
RESULTED IN IMPLEMENTATION OF FOLLOWING:

® ADDITIONAL HYDRAZINE PROPELLANT LOADED INTO ATTITUDE CONTROL
PROPULSION SYSTEM ON BEST EFFORTS BASIS

® PROVIDE MORE 70 METER ANTENNAVT(ME ON BEST EFFORTS BASIS

® CONSIDER MODIFICATION OF MO TO ALLOW TRANSMITTAL OF SOVIET DATA
FROM MARS 92 MISSION

ITEMS SELECTED REPRESENT ONLY SMALL PART OF RECOMMENDATIONS
CONTAINED IN SWG REPORT

RESULTS WILL BE CONSIDERED IN ESTABLISHING REQUIREMENTS FOR A
DEDICATED MRSR PRECURSOR MISSION



RECOMMENDATIONS

ADOPT AS PRELIMINARY SET OF PRECURSOR REQUIREMENTS
DISTRIBUTE FOR REVIEW AND COMMENT TQ MARS TEAM AND SWG _
COMPILE AND FLESH-OUT WITH ADDITIONAL DETAILED REQUIREMENTS

INITIATE STUDY TO EVALUATE THE POTENTIAL FOR EXISTING SPACECRAFT TO
MEET REQUIREMENTS

DEVELOP IMPLEMENTATION PLAN INCLUDING SCHEDULE AND COST OPTIONS
DEVELOP MRSR MISSION OPTIONS INCORPORATING PRECURSOR ORBITER

® ASSESS IMPACT TO PROJECT IMPLEMENTATION PLANNING

PROGRESS REPORT AT MARCH REVIEW BOARD

COMPLETE PRECURSOR STUDY AUGUST 1988

L\




MISSION REQUIREMENTS

CONJUNCTION CLASS MISSION, TYPE Il TRAJECTORY
LAUNCH VEHICLE TITAN/CENTAUR G’

PROPULSIVE INSERTION INTO MARS ORBIT REQUIRED FOR SPECIFIC MISSION
SCENARIO PN NN

MISSION SCENARIO CONSISTS‘OF FOLLOWING COMPONENTS

® ENGINEERING DATA FOR MRSR MISSION PLANNING

® SUPPORT FOR MRSR MISSIONS

® SUPPORT FOR INTERNATIONAL AND FUTURE MARS MISSIONS

OVERALL MISSION SCENARIO OPTIMIZED/ON BASIS OF TRADE-OFFS BETWEEN
EFFICIENCY, TIMELY INFORMATION RETURN,; COST, ETC., FOR EACH COMPONENT

® SPACECRAFT PLACED IN ORBIT DRIVEN BY PLANETARY PROTECTION
CONSIDERAT!ONS BETWEEN MISSION SCENARIO COMPONENTS

® SPACECRAFT MOVED TO SUITABLE SUPPORT ORBIT FOR MRSR AND OTHER
MISSIONS

® UPON COMPLETION OF OVERALL MISSION SCENARIO SPACECRAFT PLACED IN
ORBIT DRIVEN BY PLANETARY PROTECTION CONSIDERATIONS



JPLU

CONCERNS

*  EXPECTATION EXCEEDS RESOURCES AVAILABLE
*  INFORMATION EXPLOSION
: T I(‘l’ll‘ S(,II’FI)ULP k 1X '\'W‘J qOIX g 7
PERTURBATIONS — NEW CONFIG., NEW SITE, ACTION ITEMS, ETC.
* 70O MANY OPTIONS 'FOR ' l?F‘l;\l‘]/ﬂ\fssioWA\NM YSIS AND MISSION
REQUIREMENTS DEFI :
* CROSS-CENTER COMMU ﬁ
* MRSR PLANETARY MOD 'AND coNS'mmg/N;:m MORE ATTENTION —
ENVIRONMENTAL MODEL, UPPhL ATMOSPHERE, GRAVITY FIELD, EPHEMERIS
AND COORDINATE STANDARD, Uscs DIGITAL TERRAIN AND MOSAIC MAPS,
PHYSICAL CONSTANTS e
Ezra Orion Collection

>ublic Art Archive

JHK
1/14/88



SPACECRAFT REQUIREMENTS

SPACECRAFT SHALL COMPLY WITH PERFORMANCE AND ENVELOPE
REQUIREMENTS FOR THE TITAN/CENTAUR LAUNCH VEHICLE

SPACECRAFT SHALL INCORPORATE AN INSTRUMENT COMPLEMENT TO ALLOW
THE DETERMINATION OF ATMOSPHERIC DENSITY, DENSITY GRADIENTS AND
DISCONTINUITIES AS A FUNCTION OF ALTITUDE BETWEEN SPACECRAFT ORBIT
AND SURFACE 127X ANN3 E2slin:

SPACECRAFT SHALL INCORPORATE LOW RESOLUTION (3-5 METERS) AND HIGH
RESOLUTION (0.5-1 METER) IMAGING CAPABILITY

SPACECRAFT STABILITY AND POINTING REdUIREMENTS SHALL BE SUFFICIENT TO
ACCOMPLISH MISSION REQUIREMENTS

SPACECRAFT AND INSTRUMENT LIFE SHALL BE CERTIFIED FOR 15 YEARS

SPACECRAFT SHALL INCORPORATE. APP‘R,(V)FRllATE COMMUNICATIONS
CAPABILITY



SPACECRAFT REQUIREMENTS (CONT'D)

® ATRADE STUDY SHALL BE PERFORMED TO DETERMINE NUMBER AND TYPE OF
NAVIGATION AIDS PLACED ON SURFACE CONSIDERING THE FOLLOWING

® ACTIVE AND PASSIVE DEVICES

® REQUIREMENTS FOR EASY IDENTIFICATION ON MAPS GENERATED
® USEFUL LIFE ;

® STANDARDIZATION FOR INTERNATIONAL USE

® SPACECRAFT SHALL PROVIDE A'STANDARDIZED RELAY LINK SUITABLE FOR
SUPPORT OF INTERNATIONAL MISSIONS

RCK-14-1/8/88



Single Track with Legs

WARTIN WARIETT A



Taxonomy Examples

Concept Development

GROUND MOBILITY SYSTEM

Jis 1 1 1
[ WHEELLI chxs I r LEGS l | HYBRIDJ WJGMENTE]

MULTI- VEHICLE
BRAINS BRAINS | eaans COMPONENT ™| capasiLITY
« 3-Body Active + Quad ELMS + ASV « Wheels - Strong
Articulation + Odex | & Il on Legs Arm
BRAWN BRAWN BRAWN ENVIRONMENT
+ Mars Ball » Single « Dumb * Riding » Road
* Lunokhod-1 Track Walker Walker Builder

MARTIN MARIETT A



Towed Balloon

HARIETT A

WARTIN



Problem Partitioning

Concept Development

Probability of

Occurence Basic Deployable Aids

? Vehicle <€— |—® Carried On-board

N\ NN Terrain
rock fields very weak soil aa-lava Difficulty
duricrust extended boulder field weak pahoehoe lava
scree on rocks crevices slopes at repose
steep slopes  element-trapping (recovery)

talus

MARTIN MARIETTA



Problem Decomposition - Advantages

Concept Development

Simpler Mobility System
Basic Vehicle Designed to Less Demandmg Requirements

Augmentation System Specialized to Less General Requirements

Higher Reliability :
. Complex Mechanisms out of the Way Until Needed

. May Never Need to Deploy Them'

MARTIN MARIETTA



Taxonomy Examples

Concept Development

GROUND MOBILITY SYSTEM

[ whees | [ TRacks | [ teas | [ Tnvemo | AUGMENTED|
bl Ed p{  MULTI- VEHICLE
BRAINS BRAINS r BRAINS COMPONENT
+ 3-Body Active * Quad ELMS + ASV « Wheels « Strong
Articulation s Odex | &Il on Legs Arm
~1 BRAWN —1 eRawnN ~| BRAwN 1 MULTIVEHICLE gy [
* Mars Ball * Single * Dumb * Riding * Road
* Lunokhod-1 Track Walker Walker Builder

MARTIN MARIETT A
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Deployable Mobility Enhancing Mechanisms

Concept Development

. Ramp for Obstacle Crossing

«  Traction Mats for Weék Soil

. Strong Arm for Steep’i/Grades (Kaiser. Spider, Backhoe)
«  Struts, Air Bags, Jack fér F%écov;afy

. Leveraging Mechanismsc(Ritons; Grappling Hook)

+ Many Others

MARTIN MARIETTA



