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All the countlen observations of celestial 

bodies, many of them with the mast ingenio"s 

methods known to modern science. have not 

yet given us a definite proof of the exidence 
of life in places outside 01 Ollr own Earth . 

The only direct indication of the possibility 

01 living motler existing on another star is 

the observation of green patches on the sur­

face 01 Marl. These polches e~pond during 

the Morlian Iprino and Slimmer and recede 
again during fall and winter. They are com­

monly interpreted as being cOIl,ed by green 

plants, probably nOI 100 different from our 
mOHes and Ikhens. Olher than this one ob· 

servation. no trace 01 life has ever been ob­
served in the universe . And yet, scientists 

state with a high degree of certainty Ihal 

life must be expec'ed to exist on other slars. 
They bOle .his stalemen' on a simple rule 

which, for a long time, has served as a most 

powerful and a mos' succeuful guide to the 
biologist. II simply stole, that when the nece.· 

sory conditions for a certain developmenl 

are fu lfilled , nature initioles this development 
very readily. Applying thil rule . we mus t ex· 

pect that life hOI developed on many other 

celestial bodiei on which the necessary con-

···lif. Oft oth., Sto .. :· PD" I , S' ,,"CE JOU'" DI, .p,ing , 
1958 . p . 10. 

Ii f e Dn Dt~er s tar s 

B , Ern s I Stu h I n 9 e r 

dition, lor its development were met at one 

time or another. A. we onumed in the first 
par t 01 thi. article,' Ihere ore obout 100,000 
planets within our galo~y which very prob­
ably are iimllor to Eor!h. Thot pori of our 

universe which can be observed with todoy's 

means (ontoins. in oli likelihood, no less than 

len thousand billion planets on which, at 
some time, condi lions were lauorable for Ihe 

developmen' 01 life . 

What, then, are these conditioni? Fin', 

there mu~1 be a soufce to supply energy in 

on adequate lorm to the living organ;sm~. 

Second, there mud be a source 01 "building 
material " to provide Ihe proper row material 

lor their growth. Third, there must be water. 
Fourth, the temperature variations must be 

within reo.onoble limih, about - 20 C 
1_4 FJ to + 80 C (176 FJ. Fifth, there 
must not be an excessive amount 01 poisons 

or other agents detrimental to living mailer. 

Once life has developed on a planet, it may 
well adopt itself to leu stringe nt conditions. 
Many o rganism~ on Earth live and even thrive 

in regions where the tempe ra ture regularly 

drops lor below zero or where there i5 no 
waler or air. However, it is not probable Iho' 

living organisms could grow th rough Ihe very 
early phases 01 their ontogenetic develop­

ment if the temperolure dropped (onsiderobly 
below zero lor longer periods or if there were 

no wa'er and air. 

Yet Ihese requirements are nol enough. 

II we 

water in 

provide 

fill carbon, oxygen, nitrogen, 
a tes t tube. irradiate it with sun 

o,d 
ligh., 

a convenient temperature and keep 

poisonous material oul, the re will still be no 
development of life. A living cell, e ven the 

mosl primi.ive, contains protein. The bOlic 

elemen" making up protein molecule, ore 
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corban, hydrogen, oxygen, and nilrogen; but 

each protein molecule has a ve ry !o rge num · 

ber of atoms. These otams are ononged in 

e dremely comp!icoted but very orde,'y pot· 

te rns. Even though many diReren t patterns 

of atoms moy be farmed ius t by random 

events in 0 mixture of those atoms in the 

course of time, it is improbable that the for· 

motion of 0 highly complex pralein molecule, 

ius l os a random event, is completely negligi. 

ble, even ove r a time spon of million. of 

ye ars. A very special force il necessary to 

p ut the atoms in the righ t order, to arrange 

them in such a way that a pralein molecule 

resulls. Even so, would this complicated pro. 

tein molecule, immediately a fter its formO lion 

be alive' Would il show the charoderis tic 

fealu re. of life , Ihe metobolism, the regula. 

lory proceues, the growth, the tendency 10 

procreate, Ihe development of protedive 

meOlures ond, mosl importanl of all an in· 

herenl Irend for evolution? These fealures 
which make live matter so characleristicolly 
diRerent from dead malter, can they be 
unders tood at all on Ihe basis of the lows of 

no lure as we know them from loday's physics 
and chemistry? Or do we have to assume a 

creative ad from for outside Ihe boundaries 
of our natural sciences? There is, I believe, 
only one answer which we Can give in han· 

esty: we do not know. But this very question 
hal been with mankind as long as there hOI 
been scientific Ihoughl. It will certa inly re· 

main not only the most intriguing question 
of all science, but also one of the mos t pro· 

found questions which can be asked by man. 

The physical sdences have given us 0 

marvelous picture of the inorganic world, ex· 
tending out 10 the remote galaxies of the 
universe ond down into the submicrostruc· 

tures of the atomic nuclei. We understand 
the laws Ihat make Ihe sian move; we can 
design complicated machines which utilile 

the forces and interaclions of eledric phe· 
nomena; we have learned to move through 
the air, and beyond ii, with unbelievable 

speeds; ond we draw almosl limi lleu power 
f rom the interior of Ihe a tom. Biology has 
been no leu successfu t in revealing the low, 

that underlie the world of animals and plants. 

space journal 

The lows of physics and chemistry , correclly 

applied, ore valid also in the realm of o rganic 
matter. And ye l the fundamental questiol1 
which fa ces Ihe natural scientist is still un­
answered: are the laws of physics and chem. 

istry, including Ihou: still unknown, suffident 
to explain Ihe formation of living matter? 

All we can do is to continue our researches 

in to the mysteries of nature, even if this ques­

tion should remain unanswered for a very 

long time. 

Scientists, indeed all of us, would be re­

luctant 10 assume that our little plonel Earth 

is the on ly ploce in the vast universe on 

which li fe has developed. Allhough we do 

not know whal causes a pro tein molecule to 

develop oul of its basic ingredienh and what 

makes it behove like a live protein molecule, 

we are confide!,1 Ihot noture iniliotes Ihis de­

velopment whenever. and wherever, the con­

ditions are right. This reasoning implies that 

lif..--even on Earlh-may have started in 

more thon one place, and more often than 
once. In fact, it is conceivoble thol molecules 

which poness the charaderistic fea tures of 

life developed mony limes on Earth, and con­

tinue to develop today. It should be assumed, 

though, thot Ihe first phases of Ihis develop­

ment, taking place in a single live protein 

molecule, may well toke millions and millions 

of yeors and thot such a molecule e;o:hibits 

Ihe feotures of life in such on inconlPicuous 

monner thot we may nol become owore of ils 

exislence, even if we had il in our test tube. 

Earth owes its life-fovQring condi tions to 
ils atmosphere, its stare of water, and its 

proxim ity to Ihe Sun. The elements found on 

Eorth are the same os Ihose found on olher 
celestial bodies. This can be verified by on 
analysis of the light which reaches Earlh 

from other slars. The chemical compounds, 
however, ore quite different on slars and 
plone". While Ihe allIer regionl of Ihe Sun 

consis t mainly of hydrogen ond helium ond 

only Iroces of particularly hardy components 
like cyonogen, silicon fluoride, and tilonium 
dioxide, the crusl of Eor!h, and that of the 

plonels, is made up of a greot variety of 
chemical compounds. The relolive obundonce 
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of these compounds is very probably the some 

on the solar planets and in all likelihood, also 
on the planets of other $lars. This, however, 

is only true for the solid pori of the planets. 
Their atmospheres and their water content 

differ very widely. It is this difference and 
their distances from the heat· providing cen­
tral star which mgkes some planets suilgb!e 

for life gnd e><cludes others very defin itely. 

The atmosphere o f Egrlh fulf,lI s g number 

of functions which are essential for the sup· 

port of life. It provides 0><Ygen for the gni· 

mgls and cgrbon dioxide for the plants. It 

emries rain to the remotest ploee~. It mod­

erates the impact 01 the solar rays during the 

daytime, and it keeps Ihe surface of Egrlh 

'.om losing it. heat too quickly during the 

nighl. It shields the living being s Irom ul! rg­

violet and cosmic radiation, and it prolects 

Ihem ggainst Ihe countless meteorites which 

conslontly shower Egrlh . 

The animal organism, being constgnlly a t 

work in one way or gnother, need s a conlinu­

ous supply of energy. 0><Ygen, with it. great 

gffinity to e><athermic reactions with many 

olher elements, is on ideal source of energy. 

Nature chose the slow combustion of oxygen 
with other elements as the principal supply 

of energy for the bodies of animgl.. The 

luel which is burned with the oxygen of the 

a tmosphere is normally some form of plant 
or gnimol life. It is well known that Ihe body 

of on animal could not subsist on the com· 
bUltion of soot or crude oil, allhough the 

amount of heat energy per gram 01 those 
fuels is much higher than Ihat of a gram 0 1 

spinach. This fact indicates very clearly thol 
Ihe onimgl body does not only require calories 

for its subsistence, but also g specific kind of 
"molecular orderliness." This peculiar feature 

of onimgl organisms will be discussed some 

more in 0 fu lure article. 

The g tmgsphere gf Earth hgs not always 

been the sa me th roughout the several billion 

years of its exislence. In the beginning, Ihere 
was a great abundance of lighl goses, par· 

ticularly hydrogen, helium, methane, gm­
monig, water vopor, and neon. However, 
Ear th could no l retain these gases while il 

was still very ho t. They gradually drifted out 

into space, and we must onume that for 
some period during its development Earth 

was wi thout on oppreciabJe atmosphere. To 
understand the reason why a planet cgn lose 

its atmosphere, we musl toke 0 look 01 the 
structure of our atmosphere in general. 
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The molecule . 0 1 0 gos 0'., in con.lont 

motion) the ir ~elocities and di ll,<;: lions 0 ' " dis­

I.ibuled 01 'a"dom Unde r (a"di tio" , o f "0 •• 

mal lempe.olure ond olmo.ph.,ric pr essure. 

one cubic inc h of oi. co ntains about a hund red 

bill ion bi llio " mo lecule •. Eoch of Ihem collid e. 

with onolher one a fte r 0 polh of nOI mOre !ho" 
a hundred Ihou.ondlh of on inch, thereby 

changing its ~e l oc i ty and ils direction. The 
o~erog., ~eJociti e. of the mol.,cules in (> gas 

depend on Ihe temperolUfe: Th., holler the 

go •. the higher the o~eroge veloci ty o f i" 

mo lecule •. The meon molecula r velocities of 
~OI;oU' gose. ore listed in loble 1 for Iwo 

dIfferenT !emperolure •. Some o f the molecules 
will o lwoys be fo ster thor'! Ihe overo ge, olher. 
will be Ilower. The distribUlion of Ihei r ve. 

loc itie. follow. a so·co!led Moxwellion distri . 
bullon cur~e . 

The heigh I of Ihe atmosphere .. not 

welt d"fined . It . den.i ty decreases can­
!;nuau.ly on Ihe way up, but even alan alti _ 

Iud., of 100 miles we find .till almost a billion 

molecule. in .,och cubic inch . The poth I.,ngth 
b.,lw.,., n two colli. ions. howe~er , has increased 

10 many thousand miles . If a t on olli tude of a 
f.,w hund.ed miles 0 molecule happens 10 

acqui re a po.licularly high ~elocily in a few 
lava.oble collisions, and if ils direction i. 

,odiolly oulwo.d from Earth, it moy w.,11 

overcome the grovity pull of Eorth ', field and 

e.cope into Outer .poce . The velocity needed 
fa. Ihi. e.cope i, independe"" of the mall 
o f Ihe mole<;:ule, bu t depends on Ih., mOil 

ond Ih., diameler of the plonel. Some , horoc­

te.htic cHape veloc ilie. are Ii.ted in loble II. 

Although the ave.oge velaci tie. 01 go.es, 
.,ven at highe r lempero tures, are generally 

lowe' Iha" Ih e eHape velociti.,. of Eo .th 

a nd olher plo"els, there will always be moJe­
cut., . wha.e velocities, at one lime or onolher, 

a.e w fficiently high to mo ~e them escape 
from Ihei. mother p lonel. In the COune of 
million. of yeo .. , Ihi. g.oduol escape may 

w., 11 I.,od 10 a conside.oble rOr.,ficolion, and 
even a lotol lon, o f a planetary olmo.phere. 

t" Ih., cos., of Eorth, it did. II was only much 

lot e ., o fter fo. lh hod cooled dow", thaI a 
" ew otm05phe re developed . Corban dio xide, 

" 'trogen, and water vapor w.,re probobly 
Ih., main con. liIU.,,, ,, of thi. n.,w otmo. phere. 

space journa l 

They were ,.,Ieo.ed from Ihe crust o. it .Iowly 

solid,f,ed. Bul Ih., • ., woo . Iill no o . ygen in Ihe 

oi., o"d if Ih."., hod been, ,I would ho~" b.,en 

consum ed ago; " in Ih ., o . ido tion p,oc.,,,e l 

0 1 Ihe ,ad . a nd mine.o ls. There wa s . ome 

melhane and ommonio, and Ihis o lmo.t chOOI,c 

seH,ng woo probably Ihe backdrop On which 

Ihe fi.s ! live plo t., in molecule. were fOlm.,d. 

How Ih is pouibly may have happened, or 01 

least what we can conjeclure today, will be 

described in more d.,toil in Ihe ned issue 

of SPACE Journa l. It may suffice hele to nOI., 

thot the f"st living organism . were probably 

5mOU coogulolian. 0 1 proloplosma·like molte., 

copablill of .pli tti ng carbon d ioxide with the 

aid of sunligh1. The corban and a numbe r of 

chemical compounds incorporat ing corban 

wele retained in the orgon;.m, a nd thlll 0.Ygen 

wo. re leased. We. must assume Ihot Ihe 10101 

amouni of oxygen found in our o!mosphele 

today was produced by plonl o rgani sm • . 

Th,, 'e would b., ev.,,, mOle o.ygen in the 

oi , today If the pia"", ofter Ihe i. d eolh and 

du.ing their decay. hod no l used up so much 

of it in a slow o.idation p.Ocell which fin a lly 

r ... uiled ago'n in corban dioxide. How.,ve •. 
Ihroughoul Ihe age s, much of Ihe organic 

moll". was buried deep in Ihe ground whe'e 

it was nOI "xpo~l!d to Ih., oxygen of thll! a t_ 
mosphere. A consid., rob le omouni of oxygen 

was Ihe.efo.e I.,ft j" Ihe atmosphe'II!, and 

huge re~e.voirl of cool ond oi l wer" buill up 
simulloneously in Ihe d.,eper layers 01 Eo.,h ·s 

crusi . It is very interel ting 10 nole that the 

total OmOu,,' of o xygen in the atmosphere 
would jusl about be sufficie,, ' 10 oxidize the 

1010i amount of cool and oil .till bu.ied under 
the surface . 

A"imol life was able 10 d" "elop on eorln 
os .oon as Ihe oxygen supply wo. sufficienl 
for its support. The a nimal o.goni. m depend, 

10. its food .,nli'l!ly~e ilhe r d i.ectly Or ,,,di­

.eclly--on Ihe e.i.lenee of p lo"l lif., . But. 
Ihe production o f corban d io.ide by the a"i . 

moh is .uch a smoll contribUlion to Ihe lo.ge­
scale production by oxidation of dead plonl 
o rganisms tha t onimols could no l be conlid _ 

ered ellentiol lor Ihe e.islence of pia", Iile. 

II i. conc.,ivoble, the r.,fo.e . Ihol a plOn.,1 
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conloins vegetation and no animo!.; but it i~ 

not to be expected that there are planets 

populated by anima ls and bore of any plont­

like organisms_ 

It is by no means certain, of course, whether 

life will always develop into a plant branch 

and on animal branch. There are numerous 

species of living organisms even on Ear lh 

which cannot be counted under one of the.e 

branches. Viruses, bacteria, and even some 

of the protozoa, do not clearly belong to the 

plants or the animals . Some highly specialized 

parasites which live in the inlestines of other 

animals requ ire neither oxygen nor corban 

dioxide nor light for their subsistence; they 

live on sugar o r storch which they toke from 

thei r immediate vicinity, and they produce 

energy not Irom oxidation, but from a process 

of fe rmenta tion which is controlled by specia l 

enzymes. These parasites, of course, depend 

on a live hall. It may be a ssumed with a 

high degree of certainty that if life develops 

at all, it will at first be in the lorm of plont­

like organisms which consume corban dioxide 

and release oxygen, with the help 01 sunlight. 

Corban dioxide and sunlight afe therefore 

mandatory for the development of life. Water, 

100, is obsolule ty essenlial, not only o. a 

source of hydrogen, bul also as a solvenl, 

and a s a basis for the colloids which form the 

bulk of the structural materials of plant cells. 
Most of the tramportotion of materials imide 

a living organism, plant or animal, is done by 

di ffusion or by osmotic processes; Ihis would 
be un thinkable without water. With its large 

specific heat, wate r is on ideal thermostat 

which helps to equalize the tempera ture wi lh_ 
in one organism and which protects the or­

ganism against rapid changes in temperatu re. 
Jt i. true that life can exist for long periods 

of time without water, as in dry spores or 

seed.. However, Ih is is a latent kind of life 
only, and no t the active development of living 

organisms. There are even mammals, like 

the little desert mouse, which never drink 
water dur ing their whole life; they synlhesize 

it oul of carbohydrates and oxygen. Even 
though they can live without taking water, 

Ihey procure it in on indirecl way, for Ihe 

space journal 

seeds and o ther food which they eat could 

never develop without on adequate supply 
of water. 

Life can only de velop, and subsist , when 

the ambient lemperolure is favorable . The 

lower limi t of the temperature range suitable 

for life is nol only determined by the freezing 

of the liquids within the organism, bul also 

by Ihe rates of chemical and physio logical 

reoclions which, as a rule, d epend very sensi­

lively on the temperalure. It is true that a 

living body can develop and mainloin a tem­

perature considerably higher Ihon that o f the 
surroundings, but the temperature gradients 

within the outer layers ollhe body can not be 

too great. Fur thermore, octive temperature 
control i. a rerlflemenl tha i is ochieved by on 

organism only 0 long time after it has de ­
veloped the basic feotures of life. We may 

safely assume, therefore, tha t life develops 

only in regions where the temperature does 
nOI d,op below Ihe freezing point of waler 

solu tions. The high-temperolure limit is set 

by the stabili ty of large orgonic molecules. 
Any molecule can be broken up if the temper­

otufe i, roised high enough . The large mole­
cules which are found in living moiler decom­

pose fairly easily, mony of Ihem even below 

Ihe boiling point of water. Most live o r. 
gonisms can be killed by boiling them in 

woter . Some algae are known to live, and 
even thrive, in hot springs, but Ihese orgonisms 

are highly specioliled and cerloinly donal 

rep resent on Ori9i<101 development. " should 
be assumed that on environment which allows 

temperatures below obout- 20 C 1_ 4 F) 

and above + 80 C 1176 F) is not suited 
for the development 0 1 life. 

Wilh these restrict ing conditions in mind, 
we wiIJ now proceed 10 look 01 the solor 

planets os (I Iypkol planetary system, and we 
wiJl (lsk whkh of them might be copable of 
bearing life. 
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TABLE 1 TABLE II 

MEAN THERMAL VElOCITIES Of ATOMS AND MOLECULES ESCAPE VELOCITIES AT SURFACES OF PLANETS 

AT DIFFERENT TEMPERATURES 

Milse.: 

o C 2400 Q 

Moo, 1.5 

Hydrogen 1.15 mi, lte 3.4 m; lee Mercury ' .6 
Venus 6.4 

Helium 0.82 , .. Earth 7 .0 

Water Vapor 0.38 1.1 Mars 3.1 
Jupiter 37.0 

Nittagen 0 .31 0 .• Saturn 22 .0 

Oxygen 0 .29 0 .86 Uranus 13.0 
Neptune 14.0 

Corbon Dioxide 0.25 0.74 Pluto 6.5 

TABLE III 

CHARACTERISTIC DATA OF PLANETS 

H ' JlU 

Mucun 

VENUS 

EArTH 

~" 
JUPITfi 

SATURN 

U~NUS 

NfPTUN( 

PLUTO 

NOON 

II . .. " .. 
(. l lIl) 

l .loo 

7.100 

l .nT 

. ,1 15 

11.640 

73,100 

31.000 

'''''''' 
'.m 
2.160 

VOIU.,' ""H, , 
O.~ 

0 .9 10 

.. 000 

0.15\ 

1.312.000 

763.000 

59.000 

72.000 .. ~ 
0.010 

010111. ~ .. CI""T 
lOU." U ",M, 1 I U 'M, 1 

0 .74 0,054 O.J I ... 0.117 0.1' .. ., ' .000 .. ., 
0 .7 1 0.101 .n 
O.H )1..,50 2.64 

O.ll 93 .210 1.1 7 

~. )] 14.510 1.03 

0.29 17 ,)60 U3 

0.96 0.700 .. '" .... 0.011 0.16·0.20 

".,. O. , .. ,, " u .". Of UT IIIIU U ' .... IV .... ".0' UU 0",'''\ 'l lOCln ..... \." IMllIlI I 1,,· .. U1UTI) (MIIU . "'I 1· llll/ lI Q 

,~. l,rOS .1S 17.96 35 .9 It.1 

110' 71' .23 n~ .70 61.1 21.1 

140 ' '3.94 365.15 92.9 '1.5 

",. 24.61 686.91 14 l.S 13.0 

. ]00' 9.11 4,332.60 ~.U ••• 
.140' 10.03 10)'39.53 816.2 ••• 
.270' 10.75 30.616.'- 1,71l.' .. , 
·330' 15.10 60.1 .... 2 2.793 ,5 , .. 
. 370 ' 155.61 90.471.33 3.676.0 , .. 
. 240 ' 6S4.D-I 27.32 . 24 " 0.6' 

"DISTANCE flOM fAITH. 
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The ClmClun! Clf sClICI, ene'gy ..... hich is reo 

ce;ved by a given ClreCi i. inversely prClpCl" 

tiCinCl! tCi the squClre Clf the distance belween 

this oreo and the Sun. Mercury, for example, 

WhOle meCin distance from the Sun is only 

about one·third that of Earth, receive~ almost 

nine lime1 01 much ,olor energy per unit area 

01 Earth. Solurn receives almOSI a hundred 

limel less. There is only a limiled region 

around the Sun, and around eCich fjlted I:ar, 

within which a planet receiVel Ihe righl omounl 

of sol(lr radialion to mah life possible. If a 

planet wilhin Ihis region has aboul the right 

magnitude, il could have developed an 01. 
mOlphere which conloin1 at leoll waler vapor 

and some olher gosel like nilrogen and 
carbon dioltide. Thi, almosphere in turn 

would equalize Ihe temperature sufficiently 
so that On environment favorable for Ihe de. 
velopmelll o f life would result. H. Strughold 

hos named this fovorable region around a 
fol(ed Itor Ihe "ecosphere." Our Earth happells 

to be righl in the middle of the SllIl 'S eco. 

sphere. Venus i, at il. inner, Mars Cit ih outer 
margin. 

Mercury, our .mallesl plonet, hee table IIIl 
is unluitoble for life. It hOI the peculior 
feolure of alwoys lurning the some face 
la'Nord Ihe $1.11'1, very much like the Ma:lll 

olway, look. toword Eorlh with the some .ide. 

The bright ,ide of Mercury , hClvillg elernal 
doy, is healed up to a surface temperalure of 

oboul 400~C (750 oFI. The " night" side, 
which i, permonenlly in the shadow, is (!l( . 

tremely cold . There is a very brood twilight 

lone between the hot Clnd the cold region~ 

becouse of ongulor oscillolionl of .he plonet; 
in Ihi, l one, the lempera lure VOriel widely up 
ond down du,ing the Me rcurion yeCir . If 

Ihere is any olmolphere On Mercury-and 
there are optical o blervotions which imply 

Ihol the re is some_its pressure is not greater 
Ihon obou. I 800 of thai On Eo.th. Mercury 
is simply '00 small , and 100 halon its sunny 
side, to reloin On appreciable omount of go~ 

as On atmosphere. II;s probably mountain. 
OUS, bul travellers 10 Mercury will find no th ing 

except "0 lifelen, desolole world , with a sur. 
face parched and crocked" (Polrick Moore). 

Venus, one of .he mo.1 beautiful sighls in 
the evening or morning .ky, ho~ been veiled 

in my.lery as long 01 Oslronomers have lurned 
Iheir telescopes lo word it. A dense Olmos. 

phere, opaque 10 o p tical observation, covers 
the enlire planet. It is not knowll whol this 

opaque gas layer comi.11 of, bu. it il prob. 
oble Iho l it contains corban dioxide, and pos. 
sib ly large cloud. of du.t. Bul what does i. 

hide? Since no water "Clpor Can be detected 
in Ihe ouler toyers of the olmo.phere of Ven",s, 
il W05 onumed in ' he po,t that Venus is on 

entirely dry and deserl . ti~e plonel, whipped 
by terrir,c storms ond shrouded by a per. 
mon ent layer of dUll clouds. W hipple and 
Menzel recen tly suggesled tho l Ihe entire sur. 

face of Vf!nUS may be one lorge ocean of 
wOler. In Ihis COle, it is not impossible Ihot 
Ihere i, some kind of aquatic life on Venul . 
The temperolure of the wate r would be high, 

bul il would be below the boiling poinl. There 
is only little hope Ihol we will learn much 
more oboul Ihe surface of Venus un t il Our 

first inlerplonetory spaceship circles the plonel 
and ~ends lounding rockels through ils 01. 
mospheric blonkel. 
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The Moon is on entirely inhospitable ploce . 
Although it receives the some solar energy 

per uni t time ond area as Earth, there i. cer. 

toinly no life on the luna r surface. The lem-
pe rature on the sunlil side goes up 10 

120 C (250° F), " ] n Ihe shadow, it 
quidly down to - 150 C !- 240 ° F). 

about 

drop. 
There 

is no a tmosphere which could equalize these 

large tempera""e diffe rences. Even il Ihere 
hod been some go.es during its early de­

velopment phases, the Moon would have lost 

them very rapidly because 01 ils smoll size . 

There might be minute troce~ of very heavy 
go.es like krypton or l( e rrOn, but their exist ­
ence would be insignificant for the develop_ 

ment of life. 

Mars is always named first when life on 
other planets is discussed. Its surface can· 

d itions are more like terrestrial conditions than 

thc.e of any other known planet. Specula­

tions about the forms of Martian li fe have been 
numerous and fontc.tic, and Ihere is almost 
no limi t to the weirdness of Ihe Martian mon­

sters which have been conjectured by in_ 

ventive minds . Aslrobio logis ts are now more 
coutious_ They do not el(pect more than 

some modest, bu t very resistant forms of p lant 

life, such as we find on Earth in the dry and 
rocky areas of the for north. The green 
polches which can be seen on Ihe Martian 
'urfoce, togelher with the rela tively low tem ­

peratures + 20 C !+ 68 f) during the day, 
but orlly - 70 C !- 94 F) during the nigh t 
according to G, de Vaueouleurs and G. P. 
Kuiper) imply a possible "egetotian simila r to 
mosses or lichens. The a tmospheric densi ty 

on Mars is only one-Ienth of that on Earth, 
It conlains ni tragen and carbon dioxide, but 

olmost no oxygen. The waler content of Ihe 
Martian atmosphere is only 0 few percent of 

Ihe mois ture in the atmosphere a bove ter­

restrial deserts. Animol life similar to that on 
Eorlh would no l be poss ible. A very interesl_ 

ing suggeslion hos been mode by H. SI.ug­

hold: it is possible thaI planh on Mars store 
the oxygen resulting from their metabolism 

within Iheir tissues. thereby building up a ki nd 
of "i nternal otmosphere. " Plant types dif ­

ferenl from ours could Ihus develop, and e"en 

specioli~ed forms of animal life, drawing 
oxygen direclly from the plant., would not be 
u!lerly impossible. However, condilions for 
life are not overwhelming on Mars. As H_ 

SIrughold put iI, Mars hos a lways been, and 
will alwoys be, on "underdeveloped p lane t," 

os for as life is concerned. It is iust a lilt le 
too fo r owoy fiom the Sun. The greolest di, ­

tonce from the Sun is even much more signifi­

cant lor the rest of the plonets, Jupiter, 

Saturn, Uranus, and Neptune are large enough 
to reloin even the lightest gos, hydrogen, in 
their atmosphere., However, their surface 
tempera ture, are so extremely low hee lable 

Ill) thaI none of Ihe proo".ses which are 

essentia l lor the development of life could 

possibly toke place. The mean densi ti es of 
these lour large planet. are surprisingly low; 
the logical explanation is thaI considerable 

portions of their observed sizes are made up 

by otmowheres of great depth. The water, 
which exists unquestionably in great quanti ­

ties on theoe plonets, must be frOlen. In fact, 
it is assumed today that each of Ihe four 

2. 
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mojor plonels hos a rocky core which is 
covered by a layer of ice severol thousond 
miles thick; Iheir otmospheres above Ihe ke 

cooling olso hove depths of several thousand 

miles. These figures ore implied by Ihe low 
den.ities, Ihe observed diomelers, ond the 

very pronounced i10ttening of Ihe plonels. 
The o lmospherk prellure ot Ihe .urfoce of 

Jupiler is oboul 0 million limes greoter Ilion 
Ille o lmospherk p rellure ot Ihe surfoce of 

Eorth . Even 01 much lower prellures, all gases 
are liqllid or solid, or ot least 1I0ve densilies 

equol 10 their densilies in Ihe liquid or solid 
slote. Tile term '·olmospllere" is therefore 

misleading; only Ihe Olliermosl few hundred 

miles of Ihe '· otmosphere" of Ihese ploner. 
can be e~pec led to be goseOUI . Again 

judging from Ihe observed densities. il mUll 
be ollumed thaI Ihese ouler loyers conlisl of 

hydrogen or helium. Jllpi ter ond Sotum con . 
loin, in oddition, foidy lorge quontities of 

goseous om mania. All fOllr planels ore rkh 

in galeolll methane. Most of Ihe ommonia, 
however, is frolen; Ihe some is true for cor­

bon dio~ide , which should nol be e~peCled 
in gaseous form. No ga'eous nitrogen or 
o~ygen shollid be e~pected ei ther. 

We need no l hope 10 find ony Iroces 01 life 

space journal 

on one o f Ihe four ma jor plonels. The le m­
perotures are for too low; Ihere is no gaseous 

o~ygen or carbon diox ide; Ihere i, no liquid 
wole r; Ihe re is o n abundonce of the poisonous 

goses ammonio ond methone. Their surfaces 
ore deserls of frO l en goses, hos tile 10 any 

possible form of li fe . It is liard 10 imogine 

how fulure space Irove lers could ever sel fool 
on one of Ihele plonets. They will only orbil 
oround Ihem ot respectoble dis tonces, sending 

the ir unmonned sou nding probes down inlO 
these oceons of hydrogen, helillm, methone, 

and ommonio. The rocky co.e of these plonets 
will p robobly never be occessible to mono 

Utile is known about Ihe losl and remotest 
plonet, Pluto. II i. too for owoy for meoning. 

ful, direct obServo lions. But even wilhout 
knowing too much obout ils surfoce conditions, 

the possibility of life con be excluded be­
couse of the edremely low surfoce tempera. 
lure •. 

Among the nine planets of the Sun, there 

are Ihree whose orbits are within the eco­
sphere; but o ... ly anI! 01 Ihl!m, Earth, exhibi ls 
such a lovoroble combinotion of properties 

Ihol life could deve lop on 0 grond scole. 

Venus may bear some aquotic IOfe; Mars very 

probobly corries low forms of vegetation. 

How long will Eorlh continue to oRer these 
fovorable co ... ditions? Wilhin the ned billion. 

of yeors, Ihe Sun will heat up ond expand 
and eventually will exle ... d its white hoi 01· 

mosphere beyond the planetary orbit of Earlh . 
Bul long before Ihot time, Eorth will hove lost 

mOre and more of its atmosphere. Within the 

next several million yeors, the atmosphere will 
groduatiy dri ft owoy in lO outer spoce. W hen 

Ihe gaseous oxyge ... and corban dio~ide are 
significontly rorefied, animol and plont life 

in its present form will no longer be ponible . 
Will life by then have developed into form s 
which con subsist under Ihe cha ... ged con­

ditions? Will rna ... have found o lher ways to 

prevenl the gradual decline of fovoroble 
living conditions? Will he change his Earth, 

long be fore noture does, in to 0 ploce whicll 
is no longer a ... inviting obode fo r life? Alrer 

011, the history of homo :lop;ens covers only 
some Ie ... thousand years, ond homo sapiens 
lechnic,",s has been a t work lor only 0 lew 

hllndred years. 
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