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The winds of men have often been haunted by éreat problems, Man
has been able to solve many of these, others continue to haunt him,
One of the great problems which continues to haunt man is the distribution
of life within the universe, It is probable that man has, since his
realization that other plansis exist, continucusly asked the question,
"Does exbtraterrestrial life exist?"

Seme two thousand vesrs ago Lucretius, a poet, wrote about life

o Suh

beyond the earth in 2 poem that appeared in his work, De Rerum Natura
(Of the Nature of Things,. He wrote:

el And if the very seme laws of nature hold

Which have the power to cast the seeds of things

Together in their geveral places, then

Ls here they are together thrown, perforce

L
Thou must confess that cother worlds exist
In other realms of space and divers tribes
Of numan kind and bresds of savage beasts.!

Pos

Thus the question of extraterrestrisl life is not a recent one; neverthe-
less, we still seek its answer.
In attempting to solve another of the great problems confronting

mankind, the origin of life on the Earth, one hypothesis, that is knowm

03
4
u

nepermia, presupposes the exwistence of life elsewhere in the
universe, According to this hypothesis, life on the Barth csme from

n

!_h

life ‘he universe by the migration of spores.through space from one

- planet Lo another. These spores were assumed to have been carried by
dust particles of meteorites from distant parts of the universe. This

bypethesis has been resjected bescouse the extremes of heat and cold,

]



as well as the deadly radiation to which these spores would have been
subjected are beyond what life as we know it can tolerate.

Je« B. S. Haldane has suggested rather passively that 1life may have

H

been disseminated by intelligent beings from other stellar sysiems.
It woudd be rather foolish, given another century of productive science
and technology, to deny that man could possess this capability,

al

if on

D

is to examine the possibility of extraterrestrial life, he

is compelled to investigate the origin of 1life on the Earth, The theory

P

that life arose due to the conditions that existed on the primitive Farth

has besn given impetus by the work of such men as flexander 7. Opsrin,
2. S, Haldane, 3taznley Miller, Sidney ¥W. Fox, Cyril Ponnamperuma, and
numerous.other investigators. Assuming life originated on the Earth in
this manuer, our knowledge of the universe,which has been gzined from
astronomicel observations, should give us a number of clues sz to where

r

we should lock for extraterrestrial life,

Studying the generally accepted theory of the origin of our galaxy

o -

with the subsequent Tormation of the Sun and its solar system will aid
man in deciding where he should search. This understanding will give
him an idea of what means are at his disposal 2nd what new means he
must produce to carry out his search fdr extraterrestrisl 1ife. It will
indicate what precautions he must take to insure that he does not con-
tamingte the oblect of his search with terrestrial life. These problens

v

will require careful study =nd planning.

Man has made some deciszions concerning the search slready. He

has decided to make Mars the first objlect of hiz sesarch. He has begun

9

to design and constrict instruments that he will eventuslly use to



accomplish his goal, The search for extraterrestrial life, the prime
objective of space biology, has begun, We hope and feel that this will

be accomplished by the beginning of the twenty-first century.



CHAPTER T
THE ORIGIN OF TH® EARTH

The universe, according to astronomical evidence, appears to have
evolved through a series of successive stages in which each successive
stage was commected with the one preceding it. We can understand a single-
stage only in the light of what is knowr of its predecessor,  There is
general agreement among astronomers that stars are formed from local con-

densations of clouds of gas and cosmic dust which are found in meny parts

o+

of the universe, The pressures of radiation is believed to initiate the
concentration of dust., Two dnzt rarticles screen sach other, to some
extent, from radiation., This results in the radiation pressure being
least along the line which joins the particles,
slowly propelled toward each other by this self-accelerating process,

Eventually enough particles concentrabe and condense to form a star. It

nay be that planets and other heavenly bodies are formed in 2 similar
J o

The oldest stars zre found in the central regions of a galaxy. They
form part of what is known as a glohular stellar group. The younger
stars for the most part belong to the disc system of the galaxy. The
youngest stars are found in the immediate neighborhood of the spiral
sranches of the galaxy. 1t appears that in our own galaxy the origin
of the oldest stars occurred between 12.0-20,0 X 10° vears age.;2 These
stars consisted zlmost exclusively of hydrogen. OCur Sun was formed from

a mixture of light and heavy elements. The heavy elemsnts are thought

—
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to have resulted from a powerful ocutburst of material from the center of
our galaxy between 5,3-6.0 1U/ years ago.

The origin of our Sun and the planets of the solar system were Formed
out of ready-made protoplanetary material which contained all the elements

the periodic table. This occurred approximately 5.0 X 107 vears ago.

'*n

The formation of the Earth with its present mass and composition resulted
. Q9 o . . .
some 4,5 X 107 years ago from a continuing evelution which was due to its
internal energy. This continued evolution led to the separation of the
mass into the nucleus, the mantle, and the crust which formed L0 X 107
™ L e o n T
vears ago. 1he coldest minerals known on the Farth were formed 3.6 X 10
vears ago. This was followed by the formalion of the oceans which occurrad
between 3.,0-3.5 X 10° years ago. The formation of the Farth’s secondary
reducing atmosphere occurred about the same time. The most important
milestone in the Farth’s development was the formation of ils surface of
a crust, an atmosphere, and a hydrosphere.,
The existence of a fully reducing almosphere is placed betwesn 1,0-
2.0 ¥ 107 vears ago., Through a continuous gradual chenge an oxygen-
containing atmosphere with its present composition was formed 1.0 X 10
years ago. These changew‘were neceszary for 1life to originate in the
manner it is assumed to have arisen. The table on the following page
sunmarizes these eventis,
The origin of the chamical elements necessary to form the compounds
which sre involved in all living organisms occurred over a considerable

periocd of time. Iydrogen is considsred to be the most primordial

chemical element in the universe, All of the other elements were

vltimately formed from hydrogen. Nuclear-fusion of hydrogen resulis in
the formation of helium. The helium burning process produces carbor.

< L

This is followed by the carbon-nitrogen cycle which produces nitrogen,
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An alpha-particle capture process leads to the forwmation of oxygen. The
heavy elements which are involved in living organisms as we have previ-
ously mentioned were formed by a powerful outburst of weterisl from the
center of our galaxy. Since our solar system was formed within a cloud

g

of gas and cosmic dust which contained all the elements of the periodic

LD
l,_h
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table, the elements necessary for 1life were conbtained in the megs of the

Zarth.
TABLE I
CHRONOLOGY OF ASTPONOMICAL AND GECLOCICAL EVOLUTION
Lvent Time (10/ years agoc)

Crigin of the oldest star in our galsxy 12.0-2C.0
Crigin of the heavy elemants 3= 6.0
Crigin of the Sun and solar system 50
Tormation Df the Tarth with its present

mase and corposition ) T
Differentiation of the materisis on Earth,

formation of the ecrust !

Lge of the oldest minerals known 3.6

Lge of the oceans 3.0- 3.5
Age of the secondary reducing atmosphere 3.0= 3.5
Ind of a fully reducing atmosphere 1.8- 2.0

Formation of an oxygzen-contsining atmosphere
with its present composition N




As the Farth formed, il increased in mess and ils gravitstional
forces inereassd, This resulted in compressing the particles closer and
closer together and causing the tempersture of the Zarth to rise., After
the Earth reached its greaitest mass, 1t eventually hegan to cool and
continued to do so for millions of vesrs. The heating anrnd cocling

caused the formation of many chemical materisls, The heavier materials
were forced toward the center of the Farth while the lighter ones formed
the outer portions. As the coeling continued, the surface of the Earth
began tc solidify.

Becauze of itz size, the Farth exerted enough gravitaticnal force
to hold part of the gases that surrounded it., This produced an atmos-
phere which was very different from our present atmospghere., This easrly
atmosphere is believed to have been Tormed of hydrogenn and the hydrogsnous
compounds ; ammonia, methane, and water, The basic ingredients necsssary
for 1life are containsd in thess gases.

Heteorites, and espscially carbonaceous chondrites, have gontinued
to "feed" the Farth with organic substances throughout its existence,
The quantity of hydrocarbons arviving on the Larth in thisz manner may

be compararle with the quantity of these substances which were formed

I

endogenously on the Zarthss surfsce,

With the presence of 21l the nec 1ife on the
Barth, and particularly the composition of the early atmosphere, the

staze was sebt for the evolution of life.
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Stanley Miller demonstrated in 19 an atmos-

ts . ) .
phere of hydrogen, methane, armonia, and water.” He electric

sparks to strike continmucusly for several days into a mixture of these

gases, 1his produced a violent miniature thunderstorm such as could

nave occurraed on a much

here on the Zarth,

a number of organic

Srom his miniature ocean,

larger scale more than four billion v

Miller was able to

compounds such as amino acids, which are the building

blocks of all living matter.

building blocks

hataaietl )

and that a living orgenisnm 3

This experiment demonstrated

of living matier could have been formed by

)
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:

the

this means

Other

source to produce aminc acids from
hydrogenous compounds .-
From Cparin’s hypothesis, and

we have made varilous assumpbion

Tarth.

The energy from

perhaps from erupting volcanoes, acted upon the
atmosphere to produce such substances a
compounds rained down into the primitiv

As time passed, the molecules o

invegtigators have used

the uvltraviolet rays of

as not required for thelr synthesis.
ultraviolet radiations gs the energy
. . A

—~
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werk of numerous investigators,

s concerning the origin of 1ife on the
the Sun, from lightning,

the primitive

These
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sugears.

oceans forming a thin, hot soup.

these compounds grouped ftogether to



form larger molecules ard slusters or aggregates of molecules.
The primitive atiosphere was also uﬂder‘oing charige. The bonds of
the water moleculss were being broken by the rays of uliraviolet light.

1

This process released the gases of hydrogen and oxygen. Host of the

g

hydrogen escaped intq space, leaving the heavier oxygen behind. Ammonia
and methane were also being broken up in a similar manner permitt 1ng the
nydrogen to escape but retaining the heavier nitrogen.

Sidrey W. Fox, in his experiment, demonstrated how the amino acids

formed on the primitive Earth msy have bonded together to form nove

6

complicated molscules very similar to proteins,- The conditions he
imagined could have existed on the primitive Barth,

Films of polymerized organic substances formed on the surface Qf
the oceans. R. J. Goldacre has shown that wind can oreak with such a
film and that the film particles will curl themselves up into primitvive
individual systems., Isolated from thelir environment these systems tske
the form of dropiets of liguid enclosed in a surface film. The formation

these systems, or coacervates, may occur spontsnsously under csertain
conditions of temperature, pressure, acidity, etec., which occour very
commonly in water.

Some of the coacervstes hecame stable and developed the capscity
to interact with their surrounding medium.
capable of maintaining themselves in a stationsry condition and were
able to use the chemical~bond energy of organic mcoleculss Lo increase

their volume and weight. This enabled them to maintain, develop and

improve their molecular organization, Oparin refers to such coacer-

1]

vates as protobiants.z The protobionts conld sxist for long pericd

£
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of time. They were able to grow by a series of chemical transformations.

As time passed the protoblonts improved and became able Lo increase
the number of reactions taking place and to form longer chains. These
chains branched and joined to form polypeptides of a varisty of protein-
like substances, This gave the progeny of the protobionts an advantage
n that they possessed g more efficient means of synthesizing the
polypeptides, during their growth, which produced the same catalytically
favorable collection of'aminb acids.

The protobionts underwent further progressive evoluiblon in which

the polynucleotides played an extremely important part. Polymucleotides

Py

differ from other polymers in that the two polynucleotide chains can
combine to form a double helix only when they are complimentary. One
purine or pyrimidine bvase in one chain combines by means of hydrogen
bonds with a particular bul not identical LaoeVLM the cther chain,.
Adenine combines with thymine or uridine while guanine combines only
with cytosine. Thie mechanism arose in the prolonged evolution of living
systems,

The structure of the protein-like polypeptides and polynucleotides

becane more ordered and betler adapted to the functions which they

'l,.

performed in extending -and multiplying the biclogical systems., The

<
b

protobibnts wnich were capable of using an orderly sequence of reactions

and using adenotriphosphate in releasing energy from organic nmolecules

were called heterotrophs. The heterotrophs begen to use energy to

transport materials through the surfounding film or membrane.
Evemtually'the riucleic acide established control over ail the

basic processes in these organisms and they became the successful forms

of early 1life. These organisms grew until they reached a Ylimiting



size, growth then ceased. Some of

duplicating themselves by dividing to form
eventuelly died,

more nwmnerous,

11

these organisms evelved means of

two like organism

Natural selection resulted in ihese organisms becoming

Duplication or reproduction by this means is under the contrel of
the nucleic acids. Normally the mucleic aeids duplicated themselves
accurately, but occasionally the coded messages in them changed causing
a nodification of a cell process or of the cell structure, a mutatlion.

Cells grouped together to form colonies In time some of these
cells became specialized. This led to interdependsnce among the cells,
The formation of more complex organisms eventually resulted giving rise,
through the processes of evolution and vatural selsction, to *the plants

and animzls of toda

4

The beginning was very slow, but as t

1% toock over 50

faster.

to develop. Half of neces

dry land, Amphibians began to crawl out

o

Terrestrial

o

on the water.,

bout 100 ﬂWllLOD years

Some 35 million vear

noss
posoe
£

e reign of the birds and he

of time,
Studying
the pos

cen help us icture of

extraterrestrial life might possess., With
we have a better idea of where

to look for

O million years for the organic

on the land but r

animals developed more

involved in ilhe

ime passed the lempoc became
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wordid today

sary for plants {o cover the
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origin of terre

traits that a system of

extraterrestrial life.



SUITABLE SITES POR FXTRATERRESTRIAL LIFE

The flames of the younger stars are rich in atoms of hydrogen
=} s

carbon, nitrogen, oxygen, and calciwm which are the principal constituents

£y

of living matter. On the surface of the cool stars can be found a few
familiar molecules but nothing as complicated as the proteins. The heat

and radiation near a staer’s surface would cause the mnlecules of proto-

plasm to be dissociated. Thersfore, we can eliminate the trillions of
rediant stars as possible sites of extraterrestrial 1ife. This probably

represents more than half of the material in the universe,

Yo life, it is generally agreed, exists on meteors and meteorites
because they lack an atmosphere., These bodies are too cold for liguid
water when they are at great distances from the stars and are too
unprotected from the lethal radiations of hot stars to suvstsin life.

The same argument holds for comets since they are simply assemblages of

L]

dust and fragmented meteoric material infused with escaping gases.
Meteors, meteorites and comets can then be eliminated as possible sites.
The most likely sites for extraterrestrizl life appears to be the
other planets. The question arises as to how many planets exist. ‘e
are aware of the eleven planets of our solar system. Are there others?
At present we do not have the instruments of inquiry necessary to detect
bodies of planetary dimension and mass, even at distances of the nearest

stars, although some advances to correct this have recently been made,



It is generally belisved that many of the stars have planetary systems

associgted with them. A number of hypotheses have been given concerning

2

the origin of planets.7 We will not discuss these, but lel vs assume

that other planstary sysitems do exist.

23

Astronomical studies indicate that there zrs at leasst 10 stars in

2 . . . R .
the observable universe,” TFach star is capable of providing the energy
necessary for life. If esch star had a planetary system where at least

one of its planets was situated so that it ecould produce 1life, there
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would be 107~ possible s
egsons, it is unlikely that this is the case. Let us, therefore, place

some restrictions on the number cf possible sites.
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collisions end the like, thal only one star out of 2 thousand has a
planetery system. FSuppose further that only one star out of a thousand
with planetary systems has one or more planets at the proper O+stence
from the star to provide the water and warmth that protoplasm requires.

Suppose that only one out of a thousand of these planets is large enough

g
te hold an atmosphere and, further, that suitable compogition for life
to arise occurs only once in a thousand times. Then conly one star in
10 ¢ stars meet these rather rigid requirements. Performing a sinmple
calculation, we get (1027 + 1012 = 10+1) 10t planetary systems suitable
for 1life.
Harlow Shapley estimates that there is a minimum of 108 suitable
tes for extraterrestrisl life 7 He further states that he would

recommend this number be multiplied by a2t least a thousand and possibly
& million.

The astronomer, Su-Chu Huang, is less rigorous in his reguirements



1k

for the existence of extraterrestrial life. Iie has come to the conclusion,

.

by studying the time scales of stellar and biclogical evolution, the
habital zones of a star, etc., that at least 3-5 per cent of the stars in
the universe must support life.9 If this be true, then there are 3-5 I

21 . s . ot .
10~ sites for the existence of extraterrestrial life,
Calculaﬁions by Harrison PBrown, using the illuminacy funetion, indi-
cate virtually gvery star should have a planetary system a2ssocieted with
it., If this is the case then there are far more possible sites for
extraterrestriasl life than has generally been thought possible.

Cne must therefore recognize that there are many suitable sites

for the developmeunt of extraterrestrial life existing in the universe.

It is reascnable to assume that a minimum of at least 10¥ and nrobabl
T Y

many more sites capable of producing 1life exist in the universe.



CHAPTER IV

CONDITIONS NECESSARY ¥O

hydrogen, carbon, unitrogen, oxygen and

L

Lo be on any and

abundant cosmicslly and can reasonably

- ., 10 o
every planetary body.’ Fvery nlanet, therefore, possesses the elements

which are necessary for life, but these elements may he present only in

a teally bound form and may not be readily accessible for vitsl
curposes. Water may occur only as hydrates dn rock mirverels for eyample.

carriss on its chemicel reactions,

Active 1

e opn the Barth is limited to the rangs of lemperabure
from =-20°C to 100°C. There is no lower thermal 1imit to latent 1life
but the upper 1imit has a sharp cubt-off peint. Wost organic compounds
decompose at high temperatures. The rings and chains of carbon atoms
cannot ﬂtana too much hest. Life as we know it is possible only within

Fad

the range of temperature in which the chemical composition of organic

compounds OCCUT'.

Is it ﬁecessary that 8ll 1ife be primarily composed of hydrogen,
carbon, nitrogen and oxygen and that 1t emerges, grows, reproduces,
mutates, survives, evolves and diversifies in the same general way as
it does on Barth?

are organisms on the Rarth which can grow only in a medium
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veld of oxygen., Others are capable of ueing solid sulfur as their diet.

)
i

others to make use of

Aome orgenisms combine toge the unique

characteristics of each for the growth and survival of both. Organisms

1

are found on the highest mountains and in the deepest ocean trenches.

These differ somewhat Trom ocur general concept of terrestrial life. Life
mey exist under conditions that are very different from those of the
Larth

Tn cherdcal reactions
ammonia and water are similar in many respacis. Upon self-dissoci

ammonia yields the catbion W, which corresponds to the Lydronium ion

+ At . ~ . . N e

HBU of water., DBoth give a proton (&) in rsaction producing the
gpective anions of WH‘ and OH7. In an smnono life scheme the part of

oxygen may be completely taken over by nitr ogcw. There may be a system

*

of life somewhere in which ammonia replaces water and nitrogsn roplaces
OXFgEn .

Various alternates for carbon have beecn suggested, Silicon seems
to be the most likely alternate, Hydrosilicons are sufficientiy stable
thermally for any likely scheme of 1life. That such a ecystem could exist
is doubted by many, but it is a possibility that we may wish to invesli-
gate later,

The search for extraterrestrizl life, it is hoped, will determine
the conditions under which life exiéts. Is Farth biology universal,

answer to th n will tell us whether or not biclogy is guridsed

=
w0

péé

D
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by universal laws as chemisiry and nhivsice appear to be or if there






CHAFPTER ¥

THE SEARCH

ve would be to search for a form of 1ife that is

‘r‘h

The first object

«

e, 1ife composed of the

[N

almost idenvical to 1life here on the Earth;
same chemical elements and performing the same or very similar functions.

L)

A second possibility would be to search for organisms which are gen

o)

oo
ally similar in éomposition and function to organisms on the Zarth but
which differ in seversl Important detzils.

Living matter radically different from that of the Earth would be
a third possible outéome of the search for extraterrestrial 1life, The
discovery of this type of 1life would be the most significant result.
If organisms were found whose structure and metabelic machinery are
based on silicon or whose rmetabelism is ammonia-based rather than
water-based, we would be confronted with a completely new system of
biclogy to investigate. These are not absurd possibilities, although
they cannot be discussed intelligently at the present since no such
systems are presently known. The discovery of this sort of life would

f

generate many new concepts in the study of living matier.

.

The discovery of exlinct 1life on some planet, though 1

o
e
O

significant, would not provide any great btlological insight into extra-
terrestrial 1life since there would be no functional material to study.

1

1

%}

e

The most obvious assumption to make in beginning thz =zearc

U

that extraterrestrial 1ife must be similar to terrestrial life, for

18



if it were so radically different from terrestrial 1if

4
\

e that it exhi

none of the properties with which we are familiar, we would not be able

The current life detecting instruments being desi

structed are based on this assumption. Visual examina

gred and con-

tion through the

landing of a spacecraft on a planet and using vidicon photography to

i

examine the nearby landscape is one means of detection

The design of chemicel experiments which are capable o

]

between the indigencus biogenic and abiogenic organic
sary, nowever, before this means can be employed, I
systems of 1life om other planets sre similar to those

organisms, then metabolic tests which demonstrate that

reproduction occur may be used to datect life. The simples

demonstrate this would employ bactericlogical culture

being cousidered.

9]

£ distinguishing

mavber are necese

ast to

v
ct

techniques.

The instruments for detecting life are being designed with minimum

weight, size and power reguirements. However, recent

[0

rocketry indicate we will soon be egble Lo gend larger
payloads so that the instruments may not need to be so

Py

The instruments should be desigrned to give us the maxi

informztion with restricted dsmands on the telementary

instruments must be designed Lo withstand the launch,

enviromment during transit, the "re-entrr" maneuvers,

advances in

smell and light.
mum amoung of
system. 'The

the space

and the landing

on the planet without lesing their reliability. In fact, the instru-

ments must be highly reliable.

The multivator is a life-detecting device being p
L 'g b4 4 oo ” 1 2 T -4 '
vhe directions of Joshua Lederberg. It ]

the presence or absence of microscopic forms of life i

repared under

to demonsirate
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soil, Initial experiments are designed to tsst for enzymes of types
found in bacteria on the Zarth. Soil samples blown into the multivator
will be scanned Tor the presence of these enzymes, Information of the

results will be transmitted back to Farth at about the same speed the

myltivator generates it.
"Gulliver" is a life-detecting instrument using a radioisotope
hiochemical probe to detect the metabolism and growth of extraterrestrial
e}

. . 1 S . . T
microorganisms., - The instrument detects the carbon dioxide which is

formed from the metabolism of a tagged carbon sﬁbstrate. The number of
metabolizing organisms and their metabolic rate will determine the
amount of carbon dioxide released per unit of time. Measuring th
amount of Clu detectable in the gas phase will give a measure of the

o . o . . . 1!
rate of growth and metabolism of the microorganisms, Plotting the C
(] o (=)

102
in the gas phase against time would tell us whether the organisms were
growing or non-growing. An exponential curve would indicate growth
while a linear curve would indicate no growth. If no ClhO2 were
detected, this would indicate there were no living microorganisms
present in the tagged substrate.

The Wolf trap is an instrument designed to suck dust into a tube

4

where it will be exposed to culture media suitable for bacterial

12

L
v

growth.B’ Resulting growth will change the H concentration and the
turbidity of the medium. The occurrence of either of these will result
in the detecting devices transmitting the information back to Zarth.
Humerous cther instruments are being considered or are being
prepared which will be used to search for extraferrestrial life. Among
these are the gas chromatograph, the Mars Miscrope,rthe ultraviolet

spectrophotometer, and the J-band detector.



A

A problem facing man in his efforts to detect life elsewhere is to
avoid the accidental introduction of terrestrial microorganisms on other
planets, If terrestrial organisms should survive and multiply on a
planet, the fecognition of any native exlraterrastrial 1ife would be
very difficult if not impossible since these newly immigrant organisms
might become the predominate species. This would mar the investigetions
and the possible discovery of an independent origin of life. It is
necessary, therefore, thail the instruments and the spacecrafi be
sterilized prerequisite to exobioleogical exploration.

Sterilization is in itself a major problem. Sterilization of the

fta

spacecraft lowers the reliability ts systems and reduces the chances

of a launch within the periods which are fixed by astronomical restraints.
The gain is sigrificant biolegical snd bilochemical informetion which
would be gained by spacecraft sterilization must be balanced against
these losses., Ve must maske every effort to develop instruments and
spacecralt components ihat can withstand the necessary sterilization
vrocesses without the loss of their reliability, If life has arisen
independently on any other planet we wish to explore, then we are obli-
gated not to destrov forever the chances of discovering the fact and
svbsequently adding to man?s knowledge of life in the universe,

We have one means al our disposal of searching for extraterrestrial

life without the risk of contaminating the planet on which it is located,

Ead

if we assume the existence of intelligent beings in space with a

technology as advanced or even greater than our own, We must further
assume that the logic we use is that most often used in other civili-
zations and that other civilizations ettemwpt to contact other

11,
!

s is by means of the radin itelescope.

]-h

communicative civilizations. Th
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The possibility of life on Mars has led to much speculation. The
seasonal wave of darkening across the planet bas ded many to belisve

that some form of life musl exist there. Some have suggested the

existence of highly intelligent beings who by incredible feats of

o

engineering have saved for themselves the depleting wsier supply on
the plenet by building mammoth canals crisscrossing the planet.

Host of the life-detecting instruments previously mentionsd were

(o]
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desligned with the exploration of Mars in mind. IEfforts to lan
ments on a reighboring planet are presently directed toward Mars.
Eventually a group of scientists will probably be sent there since the

<«

information sent back to Earih Yy instruments will never satisfy nan’s
curiosity sbout his neighbor.

The actual Martian conditions today make the existence of advanced
Torms of 1life very unlikely, Ificroorganisms, however, could survive
under the existing phﬁsical conditions there. The atmosphere of lars
iz composed of carbon dioxide, a irace of water, and possibly nltrogen.
No oxygen has been detected., If it exists, it must be in very low
concentralion. The surface of Mars must receive a high flux of ultra-
viclet light since its atmosphere does not appear to have any built-in
system of protecltion agsinst ultraviolet light such as the ozone layer

e ta)

which surrounds the Earth., Mardian organisms would have to protect



theﬁselves by burrowing into the surface or have evolved a mechanism
compatible with the existence of a high flux of uwltraviolet light.

The polar caps of Mars have been shown to be ice or frost. They
come and go with the seasons. The caps are prebably not more than a few
centineters thick since they recede at about thirty-five miles per day

during the summer. As the cap at one pole recedss, the cap at the other

3

pole seems to form under a cloud, Water appears to be transported from
pole to pole. A dark band has been observed to follow the receding
polar cap. This phenoménon has led maxy to speculate on this ag heing
a growth of vegetatlon across the planet.
The Martian tempersture ranges from about 30 degreses centigrade
"

near the eguator during the day to a low of -70 degrees centigrade., The

@

atmospheric pressure is between 10 and 25 millibars. This may not affect

&
=3

the survival of microorganisms, but it does affect the availability of

found in the Barth’s

e
21

o

y I ey
water, Mars has about 1/10CC as much waler ¢

s
atmosphere. Above average accumulations of water wmay occur in micro

enviromments, however,
The physical cenditions on Mars are well within the range in which

microorganisms can survive. It has been shown that some Earth micro-

an survive snd muliiply under suvch conditions 1f waler is

crganisws ¢ 2]
iy WL L : i
availatle. . B. Szlisbury is about the only present-day bioclogist

: e
who maintains that advenced 1ife possibly exists on Mars.l)

The experimentsl approach to the detection of Martiasn 1ife has

T«

already begun with the fly-by of Mariner IV which gave us the range of

s

the atmospheric pressure and the information that no detectable magnstic

field existed on Mars. The phetographs relayed back to Earth revealed
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SUMMARY AND COWCLUSICHN

‘\v‘ » A

The formation of our Sun was not a unigue occurrence. It is
reasonable, therefore, to assume that as other stars formed, many of
them had an associated system of planets. Some of these planets must

g

have occunied a position in relation to thelr star similar to the

the Farth in relstion bo the Sun., The physical conditious

-

on a part of these planets were probably close enough to those on Farth

(=3 =1

that 1ife could have arisen. Therefore, many possible sites for extra-
terrestrial 1ife surely exist,

The same laws of chemistry and physics, so far as is known, hold
throughout the universe, Since the conditions necessary for 1ife must
have ozcurred many times, it sesms reasonable to assume that 1if

evolved in a larger number of sites and that some of these sites heve

han our own

s

produced intslligent beings as advanced or more advanced
civilization.,

Our search for extraterrestrial life will he directed first toward
Mars. It is doubtful that we will find intelligent 1ife, but we may

o

find some forms of microscopic life and perhaps some marcoscopic

organisms. WNo decision has been reached g3 to whers the naxt search
would be made, but one will surely be made.

Mammed exploration of the solar system and/or radio telescopes

nt galaxies for intelligzible messa,
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canni may tell us whether
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we are alone in the universe or that other planets are inhabited by
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