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ABSTRACT . S
. ; Presented is-one of a series of publications of , .
Nationals Aeronautics and Space Addinistration (NASA) facts about the
exploration of Mars, The Viking mission to Mars, comsisting of two
unmanned NASA spacecraft iaunched in 2ugust and September, 1975, is
described. A description, of the spacecraft and their'paths is given.

presented. A diagram of the lander spacecraft and the orbpiter
" spacecraft with the lander attached in cruise mode is included.
Descriptive and pictoral views of landing sites and photographs taken
with a Viking lander camera show some of the aspects of the science
experiments being completed. 1A life detection experiment is-explained
in, detail. Three student-oriented pr6jects are given as well as a
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A diagram identifying the five phases of the mission to Mars is 1
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THE -VIKING MISSION

Mission to-Lannd on Mars - .
The American bicentennial Viking mission to Mars
condists of two unmanned NASA spacecraft launched
in Aug. and Sept. 1975. When each spacecraft reaches
Mars during the summer of 1976 it will go into orbit
around the red planet and later dispatch a landing cap-
sule to the Maruian surface. Each lander and orbiter will
_carry a payload of scientific instruments aimed at two
major scientific explorations of dur neighbor world:
o Seek evidence of whether life exists now or has
. existed in the past on Mars. ~_
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e Qbtain information to improve our undeistanding
of how Earth developed &s a planet able to suppott
life and hpw we can better preserve and protect the
environment of Earth. | ]

If Viking detects life on Mars we might expect
that among the hundred billion stars in the Galaxy,
smany of which have planets, there may be other solar
systems that also have life and possibly hayg developed
intelligent life forms. it

* The_Viking gpacecraft are designed to make three
basic types of scientific observations of Mars. First, the
orbiting spacecraft will continue with the detailed photo-
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survc) of the planet startcd h) z;a:hct ‘»Iannez space-
craft. Second, the ‘nuclear-ponered lander will scarch
for Jorms of life on the surffcé. Third, both spacecraf}
will obtain information abeut the physscal features and
" makeup of the planet and its atmpsphere. _

The orbiters and the fandérs will condu:t their
experiments to study surface “peology and the mtema{
structure of Mars, and fo find out if Mars is still _
geologically alive. Orbiter and:Jander photographs will
identify types of land forms, stratlﬁcatwn:folds, joints;
faults, rock types, erosion, sediments and sajl “and will
provide clues about_ mmeral al ind chemical
of the Martian surface. If marsquakes are
expecled scientists might be -able to determing if Mars
has a core, a mantle, and 2 crust, as does the Earth.~
Thus they will be abk¢ to.compare the internal struc-
tures of Eatth, Moon, and Mars through actual se;smxc
recordings:

The lander instraments will identify elements and
—minerals-in_the soil. Thermal mapping from orbit will

" search for grotifid frost and thermal hot spots that might
indicate heat flow -anomalies, such as volcanoes, where
intgrnal heat comes to the surface of the planet.

»V;kmg’s radio and.radar systems will provxde in-

formation that should improve our knowledge of Mars*’

size, mass, gravilational field, surface density, and

~ electromagnetic properties, arid atmospheric dénsity and
_“turbulence. The orbiters will also observe the formation

- and movement of clouds on Mars, watching the gross
nieteorology of the plant from orbit, while  the landers =~

sample ground-based wedther at two posmons on the

- planet’s surface:

Vol
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Qkhe five phases of the Viking mxss:on 1o Mars are rdentlﬁed

;r_&po__srﬁon .WMMMMMW
rded as Operations. If the Viking spacecrafl survive beyond solar

Each spacecraﬁ.txavcls through §paec iot almost a.:, ]
yeat and artives at Mars when the planel is on the eppo- ... .
site sidd of the Son from the Earth, having travgled .
sume 644 million kilometers (400 millign. rm) 1o szath .
the Réd Planet, At the rendezvous. dist:mce.oof 322
million kilometers {200 million mu) radio,.signdls
traveling at 300,000 kilometers per second {136,000 ~
mps).take 20 minutes to traveI om, the spacecraft ?9
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unction in November 1976, there will be F ] scxxh extended

phase of Viking operations. X
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The V:kmg Pro;ect

The Vlkmg pro;cct of the. ‘National Aeronautlcs and
Space Administration i is managed by the Langley Re-
search Center at Hampton Virgmia, Martin Marietta
Corporation designed™and, bmﬁm‘

sponsible for developing the science. instruments, and
builds the Titan III Jaunch velicle. NASA‘S-JEt’Piopul-
sion Laboratory is fesponsible “foy buildigg the; o’

tracking and for mission control Eighty scientists. of -
the United States and other nations direct the sc}ent:ﬁc?
inyestigations of this project. They form thirteen scxencc
teams ..
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The Spacecraft and their Pj‘aths

Viking is the mostscomplex. space mission to be flown
-by NASA, since it requires. the simultancous operation
of four sophisticated spacccraft around a distant planet,
each of the’ spacccraft scarrying out exactmg s¢ientific
cxpcnments on 6r about an alien world.. It is the first =
, American 'mission to.land a spacecrait on another

‘
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lu the, spawu also take the

Barth and commén?s
samc fime to rgach it\from Earth,

~ The dizgram shows. the fiye ma_;or o ratfons of the
"hng mussion. The Jaunch phase is agco phshed when

I;om, the pad at the Aur Force Eastern\Ic
. Flonda, and places it unto, orbil around the

Titan HJ. Centaur lausch vehicle lifts he sEa.»ecra&

Range,

th. A,

‘short while later the rocket engiges .of taur again
. thrust and send the spacceraft “into an eliptical solar
orbit to carry it from Earth 1o Mars.

The cruise phase. 6f Vikmg operations i a period

Mm;euhim&w_wwqgma:ed by.

~
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some on-course corrections to the flight path to make
sure that arrival is fimed just right to enter the required
orbit around Mars. | .

Next, when the Spacecraft entcrs its elliptical path
around Mars, the milsion moves into the orbital phase
of operations. Cameras aboard the orbiter photograph
the landing sites, the orbit is adjusted as needed, and all
is made ready for the descent of the landing capsule.

An entry phas#follows in which the landing cap-
sule goes through a series of complex sequential opera-
nons deceleration from orbit by rocket braking, entry

atmosphere and braking by atmospheric_dra

T Deorbit Burn -

Z———-ééntaur 1st Burn

*8pace Flight Mars Orbit

305360 day_s i Insertion -
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, on the enclosing aeroshell, opening of a.parachute and
further aerody nathic braking, andfinally landing on the
surface with thic aid of rocket engines. T,

With the lander safely down, the mission enters its
final landed phase in which scientific exploration of the
Martian surface takes place. .

. The orbiter spacccraft is the larger of the two
spacecraft components of the Viking system. The
lander is contained within its own capsule and
attached to the orbiter by a-truss adapter. It remains
quiescent during the long journey to Mars. The orbiter
is a larger version of the Mariner spacccraft that ex-
plored Mars from flyby and orbit in carlicr years. The
arrangement of components is similar to Mariner, but
Viking carrics much Jarger propellant tanks and more
powcrful computers. Its camera system has been im-

proved to permit taking of landing site pictures and

rcjaying them to Earth much faster than would have

been possible with the carlier Mariner spacecraft. The

O “ures arc'ni:cdcd urgently for scicntists to assess the
MCCC of lariding sites.

IText Provided by ERIC
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The Viking orbiter is also equipped with a larger \
area of solar energy collecting cells to provide addi-
tional clectrical power for the complex mission; a
total of 620 waits.’A large parabolic antenna is motor
driven to point toward Earth and provide a tight

communications beam that allows rapid transmission

of data to fthe big antennas of the Deep.Space Net
located in California, Spain, and Australia.

The combination of orbiter and-lander must be
positioned. correctly in orbit around Mars and pointed
in the right direction when retro-rockets fire aboard the
lander to separate it from the orbiter and send it on its
way to the Martian surface. '

The lander is a very special spacecraft. Since
we do not want to contaminatc Mars with Earth
bacteria, the lander is sealed in a protectjve structure—
a lightweight bioshicld—and heated to a high tempera-

ture long enough for all bacteria to be destrpyed. The |

lander remains in this bjoshicld. until it lcaves the
Earth’s atmosphere. Three .small hydrazine engines in

. the lander capsule apply thrust to break from orbit and

-~
-




. caunse the Jander to fall toward Mars. y
~ after separation, the lander encoupfers the Martian
atmos$pherc and uses its-aeroshell 36 protect it from the
heat of entry into this atmosphesé. This.shell also slows
the capsule -down by dissipating enesgy into the at-
mosphere. When' the Jlan
(20,000 ft.) above the surfacc of Mars a parachute is
deployed to slow the dgécent furfher. The aeroshell is
blown off and falls a¥ay from.the slowly descending
lander. At about 1200 meters (4000 ft.) above the
surface, fhe.gockey engines of the lander ignite’ and
brake the fall'furthes, ultimately bringing the spacecraft

-

r is about 6200 meters.

of Martian soil and deposits them lﬁﬁo the maw of the
machine like some strange animél scooping ﬂ:x{g food.
The soil samples are not, hawever, food for Earth

monster invading the Red Planet. They are samples o

for complex mini-faboratories inside the lander, there
to be analyzed and bathed in nutrients to see if any

that will reveal its presence. -
For several weeks after touchdown each landef |
will gather samples, take photographs, record weather _

. conditions, arid analyze the atmosphere of the Red

Planet. All the while the orbiters aloft will .be keeping

- Martian life within them can be cuftivated into activify ;, .

_ softly to rest op the surface of Mars, As soon as the
. footpads toi:cl';}éow'g. the rotket engines are farnéd off.
. For these maneuvers the lander has to be a very com-
plex spacecraft able 10 perform them all automatically.
But oncc it 1s down on the surface its operations change
to a highly sophisticated machine for exploring the
Putfave of Mars. Now it setd on three spindly legs,

s anstruments whirring,. jts dish-shaped antenna

pointed skyward, its two cameras turning and blinking

as they build.up-detailed strip pictares gf'thé Martian

panorama. = | . .
o On top of the lander at cither sidc are two radio-
 isotope-powered electricity generators for its power
. needs. And stretching out in front, between the two

camera turrets, js a long arm which scoops up samples

¢ 7 - 7 : - ' i : .
- D%ém of the orbiter spacecraft of Project Viking with
lander attached in cruise mode. - ) o

" tended missions, and Viking is expected to do the same.

watch on their offspring below, accepting their data ahd
relaying it back tq Earth, J h ’

But gradually and inexorably the motion of Earth
and Mars will carry Mars behind the Sun as seen from
Earth and communication will be broken during No-

vember 1976, Before this happens, the landers. will be

placed into h'ibernation_. When the planet emerges again
from behind the Sun, the landers can be brought out
of hibernation and continue their expéri_megts on the
surface of Mars, .o T
This would be an. extended- mission “since “the
nominal Viking mission ends at the time of solar con-
junction. In recent years all NASA spacecraft have sur- .-
vived their nominal missions and continued -into £x-

-
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‘Where the Vikings will land on Mars

Following months of study by a pancl of geologists and "

other scicntists, four sites were selcted on Mars for the
landing of the two Viking spacccraft. These sites were
se!cctcd om the basis that they must bu geologically dif-
ferent to provide two types of Martian surface sampling.
must prosvide unobstructed arcas for meteorology, and

be at low altitude wheye atmospheric pressure is great- ;.

est and there would be a chance of liquid water. Addi-
tionally the sites were chosen on 'river” deltas and not
tvo widely separated so that the two Viking landers can
make, seismographic ebscrvations of the same mars-
quakes., - e

In addition, the sites had to be between 25 de-
grees south latitude and 75 degrees north latitude at
locations where there would be only gentle supes with
no large protubcrances and no’surface rocks, and
whgrc winds might blow at fess than 70 mefers per

ond- (220 f.p.s.).

EMC :

Aruitoxt provided by Eric

v

The: tander spacecraft an the surface of Mars searches for

evidence of Martian life; it samples the soil and the
atmosphere, and photographs the suirounding area. -

14

The first Vlkmg vull bc aimed for a landing site
at 19.5 dcgrccs ‘north latitude and 34 degrees west
longltudc, in a region of Mars called Chrylsc This is
prime site A. Chryse megns “land of gold,” and relates
in ancient Greece to a golden land in the far east. In
mythology Chryse was a pricst of Apojlo whose daugh-
ter was scized in the battle of Troy and given to Aga-
memnon, only to be returned after Apollo struck the
Greek camp with a.plaguc.

The southern half of the Chrysc arca consists
mostly of deeply dissected plateaus, possibly deposited
from volcanoes. But much material from this arca
seems to have been swept northward along well-defined
channcls to a low arca of only slight, refief where it is
intended to land the Viking lander. Scientists belicve

_that the surface at this site is nearly everywhere par-
tially covered by dust deposits transported by the wind.
There may also be material washed from the canyons
and interspersed with the dust layers. The wind-driven .
deposits may consist of sand dunes, cach hundreds of .
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- theters across and covered with tiny, ripples. ’{'he chan-
nel déposits ‘might consist of slightly rolling hills with
small channels and low sandbanks, cach perhaps tens
of megers wide. This site is within a region wiiere water
may have flowed in copious quantities in the' past.

] Lo

Landing sites chosen for the two Viking spacecraft. Each

consists of a prime site and a -backup site as syown on this .

map of the. planet..Close-ups of each landing site are shown *

; R above and left. Prime-A in ChrySe and Prime B in Cydbnia,

L . © - The-long ellipses signify the areas in which the Vikings
- . ‘ ) might land. . . ‘ .

L] . )

@ PO % L.

> o - [ Gt Ll v, 1 e .

. . g . "-.ff".‘, f _4’:;‘;&#}» -14‘»-‘.—.: *L 3.2 . <, i
. e L I SN chrroei & 32} vMroms Ladps ) ¢

:

.




cn g
- > ﬁ" I
The second Viking will be targeted to land farther " action when it reaches the surface could be damaging
. morth in an area called Cydonia, a flat stretch of the | during the Jander’s gescent. i
northern basin plams where water may be available With the lander safer dawn, the orbl.(ers came%
even today Cydoma Js the name of a town in Crete . will then be used for routine mapping, of Mars to sup- . .
which, in tum, is qaq)ed for Kydon, the son “of the plement the pictures returned by Mariner 9 in 1971
greatest king of Cret . " Minos. and Jook for. sngmﬁcant changes on Mars since'that date. .
The landing sw;..area consists of smooth and As far as is known at present, life must have water . .
mottled rolling plaindfipossibly flows of basalt covered.  for its survival. Consequently, in searching for life on
by wind-borne debris, volcanic dust, and water-borne .Mars, landing at sites where water, mlght be in the liquid .
sediments. The site is located on the eastern side of - state is very important. The orbiter will carry anvht- .

. -

the Mare Acidalium where the plains units of the Mar- mosphetic water detector that will. scan*the selected
. tian northern lowlands abut the higher equatorial pla- landmg sites to see if there are. concentrations of water . |
teaus and hills. There may be veleanie cones and lava vapor in the atmospherc above thcm*ﬂfterﬂreiandcr B
flows in the area, as well as the wmd borne and water- _ is safely dows, this instrumefit will lopk:at other re- '
—bome debris. . gions of Mars to map thair water vapor characteristics. '
There is a band around Mars between latitudes Since life, too, on cold Mars might be predisposed
_ 407and 55 degraes north at which some parts of the to seek warm spots on the generally inhospitab} planet,
surface are deprcssed like the floor of some .mment a search will be made from orbit for warmer reflions in .
dried up occan. In this band liquid water may be pres- the vicinity of the landing sites.. The .instrument uses
ent for about two or three weeks dm:mg each porthern infrared measuring devices at various wavelengths able .
spring. Thus lifc might flourish for 4 brief period here , to-detect Small areas of Mars that are as little as one
each Martian year, taking up its water from the Martian degree hotter or colder than their surroundings.
soil as permafrost melts into liquid. To a single bac- e
. terium a drop of water is as good as arr ocean. This: * i T .

second landing site, known as primé site B, is located The Sc:ence Experlments —_ Landers
in this band at 44.3 degrees -north latitude and 10 de-
grees wesf longuude : Most of the: science mstruments are carned in the
Both prime sites have backup sites to be used if Ianders, which jll not only sample the surface but also
o the first sites are rejected following close observations ° : E ' o
@ from orbit before the actual landings. The backup to ’
site A is in & region known as Tritonis Lacus dt 20 ' - T
-degree$ north latitude and 252 degrees west longitude. s
The site B backup 1s in the region of Alba at 44.2
degrees north latitude and 110 degrees west longitude.
All the sites are thus in a variety of plains in the north-
ern lowlards pomparablc to the Earth’s ocedn floor
basins, close to the margins of the Martian continents
The A sites arc where the. highlands "drained, so, sam-
.ples there should provide regional highland material.
The B sites are on ocean floor sediments.. This com-
—bination gives the best 3possibilitics for fossit and .
__present water and best samples to test current theories
about the evolution of Mars.

o . Y
.

The Science.Experiments — Orbiters

Each orbiter carries two télevision cameras which at
closest approach to Mars on cach orbit (periapsis) will
provide plctures of the surface sufficiently detailed to
reveal dn object the size of a football stadium. A major
effort will be to check the landing sites chosen for the
Viking landers before these landers afe sent down from
orbit to" the Martiart.surface. .
Scientists on Earth will interpret the pictures geo-
logically to try to ensure that the exact landing sites
chosen will be in a relatlvcly flat area rather than in
hilly or rough country. The orbiter will also be alert
for local dust storms that might be .developing before
¢~ lander is sent from orbit to the surface. Such a
EKC rm, while 1t is not expected to put the lander out of

. .
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make -direct measurements of the Martifm atmosphere
on the way down to the surface.

Some atmospheric measuremgnts h?ve been made
previously by Soviet spacecr'afg entering the atmosphere
of Mars, and by both US. and Soviet orbiting and
flyby spacecraft. The surprise to scientists was that the

* atmosphere of Mars is very deficient in nitrogen com-
pared with that of Earth., Some of the Soviet experi-

-

ments imply that there might be quantities of another

inert gas such as argon; as much as one-third of the
Martian. atmosphere.

Two entry experiments will be made by the lander.

,‘.’4\ - ' -
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sfmmen; is a mass;spectrbmete&' which must rapidly
sinalyze the gases flowihg through it as the acroshell of

_ the lander pushes through the atmosphere. Every five
~ seconds the instrument will search throu
“atomic particles incjuding hydrogen (atomiq mass 1)

range of

and carbon dioxide (atomic mass 44). Thi# range in-
cludes those other gases expected in the Mars atmos-
phere, N ' ‘
The physical characteristics of the Martian at-
mosphere will also be measured during the landing
phase by several other sensors carried on the aeroshell
and the lander itself. Measurements will be made of

‘8

#

The first is for the highest regions of the atmosphere
knowiag the ionosphere, where atmospheric molecules
lose electrons under the influence of solar radiation, and
become ionized. Farlicr Mariners pxaé'sed radio waves
through the upper atmosphere of Mars and detected this

wwnusphere-at # height of about 130 kilometers (81 mu.).

The Viking landers will use an instrument called. a
retarding potential analyzer which measures the con-

centration and charge of ions and the concentration of .

electrons in the ionpsphere as they flow across the in-
strument's wire grids. Charged particles of different en-
ergies and clectrical charges are filtered and measured.

But the gases in the atmosphere of Mars arc mostly

. ., un-ionized, i.c. clectrically ‘neutral. A separate instru-

IER]

v o .

" ment is carried to determine the identities and concen-
trations of the uncharged atmospheric gases. This -in-

L

This photograph of éaﬁd dunes in a western desert of the
United States was taken with a Viking lander camera. it

Q
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Thow quickly the atmosphere slows down the Tander. The
pressurc and temperature of the atmosphere at various
heights will be measured along the landing track.
_But the main science experiments begin when the
lander has safely reached the dry, dusty surface of Mars.
Two cameras, mounted on extensions above the upper
surface -of the lander, will take 360 degree panoramic
views of the landing site. The two cameras permit three-
diménsional (stereo) views of the surface of Mars. These
cameras are the facsimile type which use nodding mir-
rors to make a picture by scanning the scene to be
photographed in a seties of very narrow vertical strips.
Kach camera requires 20 minutes to scan a full scene;
5o a rapidly moving object would not be photographed
on Mars. However, the cameras do not require a lens
(that might be scoured by Martian dust storms) and

’

s

shows the type of detail that is expected to be revealed
by Viking when it returns photographs from Mars in 1976.
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' they show ob}ects in sharp focps from c)ose to the
lander to the far horizon. They are adapted to take
photographs in black and white, full color, and infrared.
A picture of terrestrial sand dunes. taken with one of

these cameras shows the tremendéus detail expected to ~

be revealed on the Martian landscape. f
) The pictures of Mars will provide geologlsis with
information to help interpret what has been happening
. on Mars since the_ water flowed in the ancient channels
perhaps hundreds of thousands of years ago. Wat
worn debris might be revealed that will confirm fl
of surface water. The cameras will also reveal any vege-

across the, sand dunes. And squatting on the Martian
soil would be the Viking landér moving its mechanical
appendages, The faint whirr of electric motors would
struggle through the thin cold air as a slender arm ex-
tends in front, of the lander and carefully scoops up a
sample of soil in its' mechanical claw, The arm then
retracts and drops the sample mto round opcnmgs in
the top of the lander.

_ The search for life on Mars will have started. The
lander carries three major life detection experiments
which test for photosynthesis (the basic process of ter-
restrial plant life), for metabolic activity (consumption

’”
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Martian, plants could be brown or black since they
.might use other sunlight absorbers than the chlorophyl
that gives the green color to Earth’s plants. Views of
the footpads of Viking resting on the Martian dust will
allow scientists to determine the strength of the Martian
soil and possibly its composition.

Suppose you,could stand on the dusty 1andscape
of Mars on July 4, 1976, beneath the dark blue sky

tation a{at might be growing on the surface. Note that

. with its feathery wisps of high cirrus clouds. In the

broad valley where mountains of soil were spread even-
ly in past ages by, water dcluging from the equatorial

canyonlands you might see 2 dxstant dust devnl whirling

Biology experiment
This diagram shows the three life detection expenments
that Vlkmg will make on the surface of Mars; a) checking

of nutrients), and for respiration (interchange of gases
-with the atmosphere) .

In an instrument occupying a smgle cubic foot of

volume, each lander packs the equivalent of three auto-
mated biochemical laboratories, a cemputer, ove{?
radioactivity counters, a sunlamp, and a gas chroma

graph. It has 43 miniaturé~valves to control flow of gas °

and nutrients, 40 temperature control devnces, 22,000
transistors, and 18,000 other electronic parts.

A simple drawmg of the blology package is shown.
The first experinent deals with photosynthesis, the
basic process by which plants apply energy from
the Sun to aesimilate carbon from the atmosphere
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for photosynthesis; b) chec‘king for conversion of nut;ients,
and ¢} cliecking for respiration.
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and use it wrth hydrogen from water to produce organic
molecules. ©xygen from the water is emitted by the
living system as a waste product. It is believed that the
Earth’s atproSpFere became oxygen-enrrched by thrs
process. -

On Vlkmg a Mquarter of ope cubrc centimeter of
Martian soil is placed into a fontainer in which the
Martian atmosphere has_ begn’changed to includg car-.
bon monoxide and carbori dioxide made from radio-
active carbon-14. For several days{thé sample is bathed
in light simulating Martian sunlight. A living organism*’
—. . inthe soil would be expected to assimilate carbon, some _
of which would be “the radioactive isotope. Then the
remaining,gases in the chamber are flushed from %the

- ,sample to remove all the remaining catbon-14, and the

sample is immediately heated to 625°C (1155°F). Or-
. ganic nraterials ‘are changed into gases that are passed
, into a device that detects for the presence of any carbon-
N 14.” Detection of this radioactive isotope will indicatg
> that something in the soil, most probably a living or-
ganism, has extracted the carbon-14 from the atmos-
phere. The second experiment places about twice as
much Martian soil in a tube and moistens it with. a
nutrient fluid labeled with carbon-14. The sample then
stands for gbout two weeks. at a temperature of “about
10°C (50°F). If there are any microorganisms in the>'
sample they would be expected to consume the nutrient
and later release gases containing the carbon as a waste
product. If a detector finds carbon-14gin the gas from
¢around the sample the conclusion wouid be that a livin
A

system exists on Mars able tovabsorb' nutrients from a

fluid and exude carbon dioxide as a waste material.

_ Many Earth life forms, including people, do just that.

 People eat food rich in carbon (see this carbon if you -
overcook” food in a skillet until it blackens), extract

.energy by changing the complex molecules containing

- the carbon into simpler molccules, and exhale carbon

dioxide as a waste product.

The third biological experiment carried by the.
Viking lander operates on. the basis that living creatures
smust alter their cnvironment as they live, breathe, cat,
and reproduce Soil which has been moistened by water
rich in nutrients is incupated for close to two weeks in
a sealed cup. Periodically the gas surrounding the soil

ssample is withdrawn and passed through an instrument

known as a gas chromatograph. Thus any changes to

the atmosphere surrounding the soil sample ar¢ de-

tected; for example if methane.and carbon dioxide have

+ " been developed by a microorganism. -

But should all these instruments fail to detect life,

this 'will not mean that there is no life on Mars: The

landers might have beer set down in barren places. Or

Martian life might fot even be detected by these Viking

instruments, whrch are based upon what we know about .
. how Earth life operates biologically.

" Besides looking for life, Viking will analyze the
surface materials of Mars. A soil sample will be bom-
barded with X-ray$ which cause the soil atoms to flu-
oresce by cmitting other X-rays characteristic of the

“fferent clements, present in the sample. This experi-
]:KC ent only tel]s what eclements are prescnt in the soil

ulToxt Provided by ERIC l
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and their chncentrations, ngt how they arc compounded

into molecular substances. But a good, ynderstanding of
servations o how the claw like s er scoops up the

net on ‘the sc P will als%eveal the presence of mag-
netic materials\in the Martian soil. L

The presence of large vo]canoes\ on Mars raises
the question of whether they are still actrve Volcanoes
on Earth often lie dormanf\for centuries. But dormant

volcanoes can still give rise to marsquakes. Each Viking - :

arries a seismometer to detect .such. quakes and

uld also detect the footsteps df a large ahimal passing
by the lander!

Another group of thd lander’s instruments will re-
cord Martian weather as
Pressure, temperature and
ed. The atmosphere will 80 be analyzed for its com-
position by means of a ass-spectrometer, It will de-
termine how the atmosphere! changes each day for many

Martian days. Then the ipStrument will be used in

conjunction with an oven that will roast soil samples

so that they give off in sequenqe gases that can be recog-

~

nized as ofginating from orggnic molecules. -

The next booklet in this series describes the se-
quence in.which these CXperrments will be made dn orbit
and on_Mars during the phission of the twg Viking -
spacecraft—the orbiters and the landers.

.

'STUDENT‘PROJECTS  ~  °
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Project Ope—Bole Playing . ¢

You are the leader of the Martian- community. By

monitoring Earth TVx\even though you do not under-
stand Earth lapguages, you have seen thit Viking is
coming to your planet and What it will do; i.e. photo-
graphs from orbit, photographs from the sutface, life
detection, seismometry. You and your subjedts, the
class, must decide if and how you will make 90urse]ves
known fo the Earthmen through their spacecrafts in-
struments If you decide YES, what will you do to com-
municate with Earth through Viking? Design a message
to Earthmen from your civilization, remembering that
Earthmen cannot read your language and may not even
understand your symbology. For example, an arrow-
head on Earth is a symbol of directions and was devel-
oped as a result of man’s early use of bows and arrows,

" . sorgething unknown pn Mars. ‘

,If you decide YO, how will you try to fool Viking?

- ! z. .

Project Two : N

You are a sclentist at Viking Mission Control in Cali-

, fornia and on one of ‘the pictures returncd from the

lander you see a group of curious creatures standing
still and examining the lander. They were not on the
previous picture and have vanished on the next picture.’
You see them th color and in stered or 3D. You have to ,’

’

aterials may Be obtained by camiera ob-.

eather stations do on Earth. ¢~

ch for evidence of a Martian core. The seismometer

-

4




inform the’ U.S. President about this amazmg dlscovcry
Write your report describing what you see in the pic-
ture, what you think it implies; recommend what should
be done and point out the possible ‘dangers or benefits
to humamty from discovering this life form on Mars.

Project Three

Experimental detection of life by an optical Ecch'niquc
" Use ‘the following equipment

.Lime water, _
C4(OH).
A test tnbe
A simp hotoekctnc lightmeter
A soil saniple with and without organic
material. : ’

~ Method: Placc the lime water in the test tube and take
a readmg of the hght meter against the tube with a
fal{ly/constant light' source, a north-facing window for
exaniple. Next insert a.good amount of the soil samplc
Watch how the presence of any osgamsm that gives
off carbon dioxide will cause a’shift in the clanty of the
water and register on the light meger.

Suggest how. you might modify an cxpenment such
as'this ‘for use on Mars. Compare this experim ntwith
those in Viking that-detect the, production o{caYbon
dioxide by’ living orgamsms List the advartages and

dlsadvantagcs ofy the various metHods.

-

}b Search for Llfe on Mars

The Viking Mission to Mars
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