


LIFE ON OTHER WORLDS 
On o STRU\'t:. L euschner Observatory, U11ivcrsity of California 

W H r :-.; 1 l>WflCU \\'OJ king 011 this 
art iclc 1 intendcd w use the 
Litle Astro Bi<>log). But the timt 

is pwl>abl) not )C:L ripe to rc:cognile su~h 
a cornpl~:tely new diM:ipline within the 
(umeworl o! astronom). 1he ha~ic facts 
of the ongm o( Ii(e on cauh arc bUll 
\.tguc.: antl un<.cnam .wll tHH L..uowlc:dge 
o( 1..he phpial conditions on Venus and 
:\lar) Jb tnsulhcient to gh·e t~ a reliable 
background for an~wcring &.he CJUCbtion: 
Doc~ life cxi~l on UIL'M: planets, or has it 
cxi)tC'd in the tlbtam pa~t? 

I ha\e LbcJclore adopted tl1c title of 
a lamous I.>()Ok b) 1.11e Ast.rouomer Royal. 
Sir Jl:uold \penccr Jones '•hiLh Ius been 
read b) nmny thom:~nds of people, and 
ILls t:Hiked cnthu.a:l~lic rc ,iews by cntics 
~uch ;u ~ir J:uncs Jeans, who wrote in 
.\"u(urc: "lt h'a model o! ''h"t su~h a 
I.JOOl ~huuld \Jt, popul;1r .111d \cit·ntific 
.tt the same time, dc;1r bm concise io il\ 
11 ri1 ing. with lhc lll.llfl thcml' ~t.t mhng 
out unburdened b} 1ncln .tnt dctaJis, a nd 
Lhc wnclmions st.Hnl 11ith bal.tncc :111d 
lairnt'~~. ' 

Sir ll <~rold's buol.. 11a~ hrst puiJli>hed in 
19~0. Since th<:n tllt:rc b:n b<:cn impor· 
tant nc:" J~tronomic;tl c1 idcncc, such a~ 
C I' '-. uipu·~ ~llulit' t> f rht infr.nl'll 
spccua of t he pl.llleti. J hct e have bet'n 
cn·n mort; J>r<>founcl ;ulditirm~ to our 
undt ntun<ling of tht· un gut of liic o n 
l'drth \nd, luld.ll v, there has been d 

rc:,CIIution in ou1 iclco1~ c.on\.etning the 
uni11uencs~ nf the solar S)Stem in Lhe 
gaJaxy. 

~f} own conuihulion tu the-e advance~ 
is quite small. and pertain~ onl) 1.0 tltc 
last item. the place o£ the. solar >)stem 
<~mong the star. or our gal:l'\(y. 1 h :ne 
therefore feh JoOII)c rcluct:.n<;C about 
writing on the problt·ms o f life on other 
world~. but three inspiring articles have 
helped me to overcome thh feeli ng. The 
fi1 ~t. in order of Lime, W<tS Kuiper·~ tc· 
'ision of the chapter on "Planetary At· 
rno~phcres and The ir Origin .. in the 1952 
<.~iuon of Tire r1lmosplttrcs of /Ire Earth 
and Planru (lnh ersity of Chicago 
Pru)). T be ~econd was George \VaJd's 
summ.tri1ing article, "The Origin of 
Lth•." t il the \ugust. 1951, iS)UC of .Sw'll· 
lr[u .·Jmnica11. ·1 hP third \\:1~ " Cllll!J'I C· 

hen,ive dis<u~~iun b)· \ '. G . Fesscnku' 
enutled. "On che l'h\·,iol Conditions 
and tile l'o!>:•[bility of Li£e on :\ Jan," in 
the Russian pe ricxlkal. Problwts of Plu· 
ltJ.IO/Jh), No. 3. 1951. \Vc h.n·c here .tu· 
thoritath·e opin ions U\ two a~u onomcrs 
and one biologht l•ho ha\1! cont.ributt d 

to our problt·m. J he wntings o( an 
<.-quail> dhtinguio.h<.'tl chembt, Harold 
Ure). wil.b whom J luvc nl\0 h:td a nullt · 
ber of di..cu'l,)ions, ba"e sull lurther in­
fluenced my own ideas 

·we take the 'i.;w that life is an intrin 
~·c and mbcpamblc propCil) of certain a.g· 
grcgau. ~ o( 't:f) c.ompk"" organic mole· 
cule. l':cl sud1 aggregate) have been pro­
duced artificiallv, but i£ we could make 
them 10 the labor.HOI') . we '''ould un· 
douhtcdh find thtm to be ";~l i\'e." 

We shall :ti\Cl .1dop1 the opinion of 
many modern biologists and speak of a 
"sp<mu nt•nus genera tion" uf Ji, ing mole· 
rules and their :JggT('g:ttt-~ b~ nacural proc­
es~c.:.-the form:-.tion of highh complex 
organic molecules in a medium conla in 
ing tht required kinds o f atoms 

The principal building blocls of thing 
organ ism~ an· the carbohydrates, fMs, 
proteins, and nucle-ic acith. \II o l them 
arc complkatcd structures conuining 
dnzen~ nr hundreds of atoms. They con­
si~t almost cmire h· o f Lhe rather common 
atoms. hvclrogen, carbon. OX\gen and 
nitrogt•n. All these atoms arc abundant 
0 11 th<. canh. a nd prcsumabh also on 
othE·r plantt<,. ·n,e unmual feature of 
thest molecule\ i~ 1hat -.o man~ ~impiP 
:noms :ue bound together in a single 
emil\ . H o,,• have thtv C\Cr succeeded in 
bc:ing :n the ~ame piO'ce. at the ~ame time. 
to comhinc into a single mt>lcculc? 

Let us comirkr bricny ho"' a simple 
inorgank molecule such as wa&.er, H:!O. 
is fo rmed. Earh atom of H has a single 
eleCLron th_at remlves around a proton. 
I he 0 atom h:.ti eight electrons. tii'O in 
an iuncr sht'll and ~L"- in an outer shell. 
But the inner ~hell C':l n never contain 
more 1.han two t>lectron< H elium. which 
actuall r ha' two clcctrom. ha~ it~ inner­
most shell filled t<> capacit'' and it has 
no further room to nccommodatc nddi 
donal electron~. lienee the 0\tom of He 
b inert ; it don ram ca,ih com hint with 
other awrns ancl r.trclv appt'ltr~ 35 n pan-
ncr in a. molecule. 

and e1gbt in the outer. T here is no more 
room for additional eleca.rons in the outer 
shell, thus neon is also inert. a nd we call 
rt :1 noble gas 

But ux,gen h:IS two empty spaces i n iu 
omcr c.kct.ronic shell lienee it is chem· 
a.alh oll.tll c. h C..lfl .ntract Cree hydrogen 
:\UJtn> aml pla<.c the two electro ns, one 
from each II a tom, in these vacant spaces. 
I hh bind:. the atoms into a molecule 
1 on taining a t<ll.tl o[ I 0 electrons. 

\Vhatc1er the binding forces are, the 
atnrn\ mu:.t l>Olllt!hi)W get do$C enough 
togc LhtJ-nut ncc.c..,saril) at one time, for 
concei,ably an 0 11 mokcule might be 
formed fir~t. which couJd later become 
ll:P· 

1t wnulrl serm ~l fi rst ,c;ight, thH th l' 
prc.hahility of Conning the ('omple'\( oi-­
grutic molecules a'> the result o( chnncc 
encounters between hundreds o£ atoms 
i~ ~ small ns to be ruled out. ,\ nd spoo· 
mneous formottio n o f an ad,anced living 
11rganhm is trw improbable 10 ha ve even 
ontt· t.II..Cn plac.c during llH~ five•bill ion· 
\Car hi~loT) ol the eanh, or e1·cn on any 
or the rnillil'lll~ or billions or planets that 
probably C'-M 1ll our ~f illy Way galaxy! 

Bill Lhe compl<:x orgar1ic molecule 
rai\C' lc» di(Jiwlt). However, the atoms 
mu\t have a ch:~ncc to approach one 
another. not onU'. hnt billion~ of times 
wi thin a ~hon imerva I. 

In a solid substance, the a toms are 
f>rev('ntt-tl from do ing thi\. W e need a 
liquid or gasco111 medium to 1:ui~rr this 
cond ition , say, ,,;ncr or 0\ir fo r terrestrial 
life. 

Aoout two du:adcs ago, A. I. Oparin 
~ugg(''>H'd linn giH•n enough time, organic 
moltcuh:~ might fom1 ~JX.I II taracou51y in a 
gas cont<~ining '''atcr vapor, methane 
(Cll 4) . anunon ia (N H3), and h1·drogen. 
Inspired f)\ th1s idea, one o f Urey's stu­
dents. S. L. ~Iiller, at lhe Unh•cf'iity of 
Chicago carried out an cxp<·riment with 
these gnses. conLinuoml) circulating tllem 

The second \h t>ll of elcctrom. a~ the C H3 C H=CHz 

physici>u tell u~. m ;H connin .a- ma ny a ~ D 
eight rlt>nrons. :-\eon atmn~ Ita' " a to tal 

HC ...._ - C H 
o f 10 C'lenron~. two in the mncr <;h r ll ........ 

c,..
3 

C l-!
3 

CH3 c"'
3D' • -~, _/! '"' 

I I I I \=.1_ 
CH3CHC ,...2 (CH zC HzC HC H2)zCHzCHzC-CHCII200C::HzC>1z I ~ ~- CHlCH3 

,cDcH 
The c hloroph) ll molecule <;hown hen: CH3ooc-c~ 
il> \ 'Cr,· simple compared to man) vf _.,c CH J 

the others that make up living m.attcr. o H H 
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.\ Pt•t d1 al Lowt'll m.tp nl dw II<>Tlht•ln ht·mi,pht•tt' ul \ l.tn, '' uh th1· uorch 
r.ot.u (.Ill in the (t'IIIC:I. hum hi' Ob't'l\.tlion' of 11101 Lu\\t'll mainwincd that 
ch~ canab lornu:od ,, gcouwtric.tl net hurl.. .111d 1n·r•· attific ial ''.ttcrtour..e,. Thi\ 
'it'\\ i' nn l1mgc1 held •• uul J.tlt•t nb..cncr' .,t'[<fnm cft•,..rilw tht• t.ma l~ '" n.trro" 

1 uhng, forrnin~ '" rt'Klt lar .1 p.lltcl n 3) thi~. 

thr.utgh .1 gl.t" tuiJl '' hl'Tt' thl~ l'·'''t·<l 
iutu a \trong dClllll.ll tfi,th;ugl \t 
tht t•nd of ,, IH c·l thuc appc.ucd 111 du 
ml' .. turt· u :rt.tiu mganit moln uln. )Udl 

;t- ght int• anti ,tl.llline. 11 hil h lorm p.Jrh 
of llw umn.: 1 ••mpk' prlllcin mnkculc-

EH'II though the pmh.thilit~ ul dtt 
Sf><•llt:uwou' formation "' :t mukc uk i, 
C:'-l c:nlin,t.:h •m.oll, the ntuul»tt ul .thUII' 

in watl't j, ,.,tt.l'llin~-:11 l.ugl', .tncl tht 
tilllc iutt•nal cltning ''hid1 '<•lllc •uth 
Jli<Kl'''' m.n h.tH' npt tatcd in ll.lllltC i, 
C'-tu·tlingh J,.m: • .\fo,t bt.,Jn:;.:i'" hdieH 
th.tt tlw uri~in "' late on tth '"' urrt-d 
in lar~t·, "ar111 (11\ll 1111l h· >I IH~tlit·, ol 
".ttu , r.tther tlt.111 in ,tit II •UH.IIIt'OII' 

g(nt'lation h.ul fn,t optt.tH•I iu au. tlw 
plimiLiH· nt:;.:.llli'lll' \\<tttltl ptnh.thh h.t\t' 
been dl 'l>tr<IH'tl t .tpitlh II\ till' ullJ,I\ iolt:t 
li.~ ht ol the ~utt 

It j, ""'' Jt',hon.thlt to he litH thai 
It\ 111~ lllolnulo or .l~g~ ~.llt.:' ol molt 
tuJr, '" 11 lmnwtllt\ t'lltoiiiHcr' iu 1\,llel. 
fl11 tht •l h,tlt: ,1 I h31llt' to llllllltf'h• IO I'X• 

pcnclt•Jtu ~' upon tho.. pto< .~ ol ' lh 111g .. 
.11111 HI tlltllftltll' ~t.tduJJ[I lit 1<11111 llll>H 

tompJi, .Jtt>cl II\ tn!t h, tng,;. 
l'rntllll.thh thl'll' ''·" 110 r ... ""}1-:1~11 Ill 

tfu• 1\,lltl, C>l Ill tfu t',ltth', .llllii"Jiht·rf', 

hd Ill tht•ro• 1\;t, ,, '·"' popu:.tllon ul 
pr uuili\ l n, inr,; oH~>Ull,nl\. Stnn• ()"~en 
15 nnt·tlin~h .tctiH· (ht·mil.llh .tn~ 'lll:tll 

.11uouur ul 11 th 11 tllt~ht he ''It .• wtl in 
\Olc.lllil UIIJlllom. m he ptmlurt·ll IJ) 

'unltt:ht ftctnl thl tlnutll)"''iti•m of \\ llt:l 

.ntcl "'"''I "'}!.:I'll t<IIH.Ilntng mulnuk> . 
,,·oulcl lw "''·tl up imnwrli.nt:h ''' "'idllt 
th ,,,1111 '"'l' ol tht· earth', '·"' u1• 

'tfltn< '"' "' .ttt' nt 11 th>ll undt·tn,itlitt·tl: 
tlu 1 Tl.. I• • (;tk< up .ttl\ ;nail.tlolt• ht•• 
""1-:UI :111cl bind 11 up iu null hi;;hh 
"'idind "'lid or liquid to!Htp<HIIlfh 

l't 1 haP' tltc It \\.1, not l:\ lll • "' t.lt 

l1t111 tliu,itlt• in the miguul nitrogen 
lw,t \ 1 .11mmphc1 1 of tlw c.u t h 1 huu~lt 

1111 1hi, poult lhcre i' "'" unJnnnit\. 
lt wcnthl .tpp1',1T 1h.11 till' nri~in.tl 

,,,tiC'' hnmc ._,[ the primili~t• lh in~ mol• . 
• ulc~ • Ptlf,lltll'tl nothin::: that u ould Ill 
II" tl (OJI f11o<.l. J Itt• Jlli)Jn uk' IH'lt' I 0111 

pt lied to fcccl upon t:.lo h nthe1, ,t t-;uh~r 

tlt•Huctht• prnt:p~ ''hidr, unit:'' ptrunpt 
1\ .1111 •at:tl. ''nulcl tk'""' lilc .t~ rapitlh 
.t< it 11:1~ r rt.Illtl It\ '~llll311CUlh g..:nen1 
tion 

lt Jta, !Jcu1 ~uggt·,t<"d, howc1 cr, th.u 
tht• pt••t:css .,f f1•Hhn~ "' \!>Ill{' organit 
,UIJ't;IIIU'' II J>Oil ntflt·t, I' Jilc tfll' It I • 
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mentauon of ~ugar b) ~ea~t. lim pro· 
chtu:- .1 ,m,tll .unnum of energy cuough 
w ... ui,Jr tlw 'en litnitt·d In~~~~ u·quirc: · 
llll'llt> uf plimili\C ofXaiiNm ;tllcl prn 
tluH:5 .tlcohol .tud (.lrh.,n dm"t1< Ilcnt:'C. 
t'\1.:11 if CO. 11.b not .11 fir-l ;nail:lhlc 
it mi~:ht )t;t\-t' bt:t 11 pmclutt·d I>\ dtc m· 
~.111i'111' thcm'<·h n. 

Ouc , . CO.. ht·~.llliC a\ ail.\blc, the 1 t'· 

mainiu!; <II'J:~tni'm' could tap a 111:\,. and 
C'l.lt:t'dliiJ:,h r 11h ''lllllt' of Cllt:l~\, ~Uil 

lt~.:ln, "ttlu •Ill ha\ in~t tn rcl\' upm1 tltt· 
''·"tdul P'"' ,,, ·•I funwntathw Sun 
light t·n.tl>lt·, tht: ( .0 ~ w com bin•· "llh 
II ~0. gtdn~ '"J.:..II .ond lru· nx~~t'll \\'t• 
• .tll tht• prut t'~' phulll" nthC'tlS. 

I flu, all th,tl ''·'' m·cdecl 11a~ the fot · 
m .• 111111 nf '"me ( 0 ~ l'hutos~ nthc-.i<. 
would cht·n .tutnm:lltt.tlh prrxlucc mon 
'"lt·'r th;u t<tuhl :r,::a111 he lt•tniCillcd. Btll 
it '''~'•ttltl aJ.,, ptoduu frc•t 0::. nnt pn· 
duu'h .1\.til.d•k·. :uul tfti, p.I\Cd th~· ,,;av 
I'll a Ill ' \\ "111111' ul the \il.ll nt't'd of <lll 
ulg;tl11'111~-t'lll'l~\. f he ftt·e "'-\~Cll 
wuulcl •>..:itlin· tht· 'ug.tr .tnd nthn or· 
~.Ill it tuuln uk ... r~plt nhhing the 'UJIJ»lv 
••I CO .ltttl m.tktll~ m••rc ~·nctg\ :t\'ail 
.tl>le 

'Tlw furt~ui111; pitt nrc hinJ.,gi'l' h.11 t• 

p.llntt d fttr "' .tgll'n n'.t"mabl~ 11 ell 
"ith the ·''"'"'"Ill it.tl t' idt·nttc. I he 
"' i~in.tl ·''"'"'l'ht•~t· .. r tlu ~.uth c..on· 
t.uncd 1111 <> •• 111tl little or no CO.,. 'l he 
olllll<"J>'" rt' .;Ill, tilt' .. urf.tct• ,,f th~. c.ll "' 
i1u lmlilll{ tht· ••tt·an' and cxtt'!mlint: .1 
'ht1rt tli,tall< t' lido\\· 1 he 'iOlid ~lll C.tce. 
con,tinttt• tlw liiOIJlh,·re, a l.t)l'l """"' 
prt'\t'lll tht·tnil.tl tompo,ition ha~ h<·<·n 
gre,uh illflllt'll( · tl '" the prc:sencc of li1 • 
ill~ "'~·'lll'm' thitll\' tht.• pbnlton of 
the ou•an,, Out pn·,c·nt 'upply of fret· 
0::. tlt'.ll h ollt' fifth of .til', h .dm•1~t 

t'lltirch the tt ,uft of phmo\}ntht·,is. If 
,til Jilt• IH'fl 'lllltll'lth t'Xllll~Ui\ht·tl, lht• 

lr• < (I! '''"'''' tli'·'PJ't'ar in .tbotu !?.Oon 
\1':11, ..,lllliL•th, i1 j, l""'iblc: that th,·n· 

"·'' "" on it:ill,tl < .o .. ;mtl that ,11! alw 
,1\,til.thlt t.~rl,wt "···~ -prc,clll in till' Conn 
q[ tht• Jlllll' dt·uwut, ill lndrc»t.trhom' 
'lith ,,, tm·th.tllt. "' iu mt:t.tl t;;ul>itlc.:' 

llll'tt " hllll('\1'1, 1111 .tll..uhllt' 1'<.1 · 

l.tillt\ th.lt ,,ff .ttmmpht·Ju <>:: ''·'' )111> 

1luH·d '" Jilin~: maun '-• \l·rotl gt~oph~' 
it j,,, l11 lint th.n "'"" 0 11.1, fn···cl lw 
tlu pluotudu mic.tl dt·trttnpr.,illoll of 
1\ ol ll'f Ill I ht• ,lllllii'J'h( I c. ft j., 1111 Ul' prnl. 
,tlok th.tl ,1 1.11~1 Jll'lll'tll.l~t· nl du• •" .til 
.tl•lc C<>: h:~' ht•cn prndth cd IJ\ \Olt:lllic 

otuptiou, :111d I" tltemic.ll ll..llll!tll,. iu 
tht prnt ll(t• of ll:llt'l. ollll•Hl!.: .,oluJ ,UJ.• 

t.:tiiH' m llw , ""' .. r th• nh 
,\ftht ol otil 1\ 11111••!-:t II, " IJII, 11\<Jit·· 

tuft is ~· lu.n' that tl ' tlh ~"' nnw 
prc\ltll it "'"" c''•'Jiillg lllhl ~Jlolll nut 
tht ~·'' lll'nll. 11hich is :tUllli'l ·" ht~o\\, i" 
f>IC\1:111 '-'"" Ill IIIIIIUI< CJII.tlllilit.~. Ull 
douhtt·dh , .tt ''"m tinw 111 the <li,t.llll 

!'·'''• tltt• tt·ml" '·'""' nl che earth w:~' 
llllllh lnghu 1 1 n nom· Sinre the H•loc-
iut' of tht• ntnluult·' :t r<' l.nt:n :tr hi!o:h 



temperatures, we believe that most o£ the 
nc·on tht•n e~CJped. and wilh it the ni 
tHlgCt\ and w:.tcr vapor. fh us the N!! 
ancl H .• O in th<' atmmphcrc tod.t\' mu~t 

be ol "~cundary" origin. ' 2 escape~ (rom 
vokanOC$ and fumaroles, and wnu:r \lapor 
ma' lnwc been produced fr<>m the break· 
down of hydr.Hcd ~ilicatc$ in the earth '~ 
Lru~t-containing "(o~ilitcd" water. 

But 1\:! is also exhal ed by cenain auun 
dam bacteria. l· or this reason V. 1. Ver 
n:ubl..y has suggesLCd that the presen t 
N:~ g.tJ. in out atmosphere is parlly bio 
geniml and partly tcctottic in origin. 

Let us now wrn to the problem ol 
lit~ on l\lars. The obsen·ations show that 
i~ atmo~phcrc cunlains no free 0:!• cer 
tainly k-ss tl'un 0. 1 per <.ent ol its .1bun 
d:wcc in air. \V;ttcr \':tpor has not been 
found, but 11.:> cxistcm.c: is inferred £rom 
Kuiper'!> dcmomuatitllt that the polar 
caps mnsin of J1oar frost. 1 he abundance 
o( H,p in the Manian aullo~phcrc '' 
less than I f l ,000 ol "lt.tt we hnd in air. 
There lS a considerable amount of CO.,, 
SC\Cral times as much as tn air. 1 h<. tot.~l 
amount of :luno~pherc on Mars above 
e'ery square centnnelCr is about I f lO the 
air abo\'e the cauh. About 98 per cent of 
it must be '~· which i~ unob..en•able in 
the accessibl; region o( the speurum 
Argon ;md CO:: lOJ)Cthcr con~titute al 
most two per cent, lhc Conner prc~unwbly 
being of J'adiodcti-c OJigio on Mar~ a~ 

un the can.h. Other ga~c~ wmtituu: 1<::» 
than 0.5 per cent. 

'1 here arc no permanem free water 
basins on ~l:us. ,\n) moisture that ma) 
result from the melting or the polar caps 
is of a seasonal tharaClcr. 

The temperature on Mars aver.tges 30 
to ·10 degrees centigrade lower than on 
the ~arth On the ~Janian equator. the 
mean tempt-r:tture is -10° or -20° C .. 
with the noontime m:"imum :u about 
+211° C. ~ear the poles the aH~ngc 

tcmpc:r:llurc is abmtt - 60° C. Fc~enko,· 

bclic:vc~ t.l1at l\ lanian conditions arc 
similar w whru we miglu expcn on a 
hypothetical u·rre\lrial plateau 10 mile~ 
high. 

It is dear that with th< absence o l 
water there doc~ not now exist a bio· 
spher<' nn l\l ar\ '\o life ca n origin.ttc 
then at the ptescnt time. The abscnc( 
of free 0 ., couhmh thi~. 1 he ahu nda nce 
or 1\" :111~1 c.o .. indiat t('<, I hat lhev .m· 
nnr ; r hingr•nir- orig in. 

But pcrh~l fh condition> on ~l.tn wct e 
difft•rcnt in the disLuH f>.ll>l. Did ltft• 
come uHo lwmg "he n th<:'rc w.ts mon 
Wiltn? Ft·>~<:rlJ...O, , "hilt: a<.luuuin~ we tall· 

nm 01mwc:r tltb lflll'~ liou , argue' th ll t ht 
green rPgious on :\Jars ar~ not caw.ctl 
b) ' <'gc ta tion t:\C tt t.he primiti\e l..ind 
of I i1 hr m :111cl mo,scs consjclcrcd bv K u i· 
per . He r<• ft·rs to the absence of the ~prt 
tra l fcawrcs of chloroph}ll in thL rt 
Rcctt;d sunlight. which rule~ out :ti l more 
arhaucccl t)'pcs o f vegct:uion. H e aho rc-

marks thrJl 1hc obscr\'cd temperature<. 
of t.be green region'\ arc ahout 15 degree~ 
warmer than those ol the adjoinin~ )el­
low deser tS. Both l..imb of n :gions re 
ce&\'e the \ame amount of o;olar r.1uiation 
per ~quare <.cnwnetc: r. (~. But the rellcc· 
ll\ it) (or ;oliJCd•>) ol the )'Clio'' 1cgion~ i~ 
about 0.30, .u1d of thl.' g t·cc n 1<:gww. •>llh 
r). l !i. Hc:nw the )Cilcn' •cgiom ~c c)lll) 
Q ( I - I) 30) o[ -.olar raflintinn [or heat­
ing the surfact.•, while for the gn-cn rc· 
1-,rion~ the amount 1s Q ( I - !US). B\ 
~tdarl"l> law the u.:mpuaturc of a ht.atcd 
area is proponionnl w the fourth root 
of the amount of radiation u<,ed (or heat 
in g . This gives 1 he r~hnion : 

T•grM!n= T\l"tlu,.. ( 1- 0 30) 1
A (1-0. 15) 1

• . 

The result i5 7 ~·"'·"- / ,,.11.,,. =+ IJ0
• I hh 

is ex:u.tly in accordance '' tth the ob!>Cr\'a· 
tinns. Butli,ing orJ;alll~m~ u~c energy to 
maintain growth and rcproduni•lll: ,\rca\ 
co\•cred with H:gcta lion arc :always cooler 
than ,imilar :nea~ dcmid o( plant life. 
Fes,enko,· mncludc5 th:n the green ana~ 
reflc.-cr \unliglu as would a dnrk ~urfae<· 
<lr innrganic mattt'r- perh:ap ... V>me green­
<·oJ,,n·d rm I. or loh:ale of :1 J...ind th.tl ma' 
be found in m.lll) or 0 \11 own clcsnt~ 
Th~ .argum<:lll i\ ~nund .tnd intcrc\tin~. 

hut it clcx:s not t:\.dudc thl· cxislcntt· cJf a 
'>j>il~ cli'>tribuuuu nf lie h em Ill mo..,..,cs. 
CI)\ Criug onl} ,, fraction nf the entire aaea 
and ~et gt\ tng it n gretnhh tinge. nw 
cooltng product'tl b) ~uch primittve plant' 
might be negligible. Jlt·rh.lp' the intt.>ncn 
ing ~urf:tcc c«msiM~ of a kind of i norganit; 
uhmanct• that i, imrin\icalh d;trkcr than 

that of tin· ytllow r<•gion~ . and i~ for tlti~ 
\CI') rca>on bette r \Uitrd to support tht• 
<'Xi~tc>nce of thr lithcm or mo~c~. 

r\cH•rthtiN\, the prl..,CIIl conditirlll~ on 
:'lfars ar~ ..n unf:J,orahle 10 the origin o f 
an lh inf; orgnn i~ms, a hat any lid1cns or 
mo~s~ "hidt may no w grow in the grrc:n 
.trca~ wu LLid t1l ~c 11.~ ttl hd ic' c that 
there onre \\<LS more lk1uid water on the 
surface or !\Jars. 

In man ) a c~pect~. the plane t Venus i' 
C1c n m n rt• inu.•n ·.,Ling than :'\ fan. In nl:i \\ 

ancf '>ite it rc~~mbles the caath. fhc cs­
c:tp r H·lncitl of the molecule~ (10 kilo-

meters per !>Ccc>nd) JS nearl) the sam<: as 
lor the earth ( II l:.ilomct<·f\ per second). 
instead of fhe kilomctcn per serond as 
LOI ~tan. I he amount or -.olar radiat ion 
i~ grc<~u·r a ncl the \Ill Lice temperature 
rtt:l be con~ider:tblv higher than that of 
the c;trth. Pcrh:1p' it i~ 'KI hnt, a bene the 
boiling point of watt·r, th.tl there could 
be no c.x.t·am. But thi~ h uulikely: at 
lt:.tl>l the polar regions oC Venus may be 
below IOU° C. 

\\'c ne\ cr 'ee the )Urfa"c of Venus. 
It i~ J)Cnnancntly crwcrcd with clouds of 
unidl'ntific·d rompmiuon. The atmM· 
phc.>1c of \ cnm rcwmbles that of the 
cnnh in to,.:tl :1mount :tnd in its dcn~it~ 
cli~t ri hulion. 13ut there is no ob$crved free 
0~ ur w;ltc:r \apor. Jn,tcad, an illtlating 
amount or C.O:! Ita~ been rcvcakd b)o the 
\J'C:ClrO\CO(>C. 

l ' ntil IJttlle r~centl) . lhtronomers cou­
t hailed that the im i~ihlc Jottrf.lce o[ Venus 
h wmplctd) de\ oid ol water .tnd t!> a 
clr}. ch1~t) dt">Crt with no lire of .1ny kind. 
, lw :th\C'IlCC or free 0~ ~CCffi<; lO ~uppnrt 

thi~ 'ie" ; and th«: pre\en ce of CO:: :\nd 
prolmbl) .tl~><> N~ n ectl not diuurb us, 
since we ha'c already concluded that on 
~J.tn lllc>~ g.1\c~ arc probably not of IJic>­
gcnit urigin. If Lht'll<! dew~ an: corrt·n, 
we cmHlude that lire ha~ never cxhted 
011 \'t•nu~ in till' ra~l-it:. tempcr:nur<· 
w11uld llCI cr ha1 c been lower than Jt 

pn·~cnt •. tnd tl ·~ improbable tllat there 
wuld h;n·(· been ;tny ''ater in the liquid 
l>tatc. ·1 here rem~ in~ lhe rather vague 
pos\ibili t) - '>uppmtcd by little more than 
wbhful thinling- thnt life may come into 
t' '-i~ t ence on Vt•nu~ in the future. It i~ 
concciYnhlc· 1hat it' atmo\plwre might 
d t':lt up .tnd gradually 1tdurc the in­
n U{' ll( C of the grcenbOU\C clfcct of the 
CO .. and .tu.,t in il.> ootmo~phere. lC the 
wri~trc: ~tmp<·r.Hurc should drop well be· 
low 100" C., water 111igbt af'pCar Crom 
tecton ic ciluM·s and organisms could then 
he pm<luc<'<l h)' ' routaneous genera tion. 
~pc·nrcr J on<'s. in his bo()k. rclcrrcd co 
prc,iomh . sa id : " \ 'cnu .tppcat"l ... to be 
a " o tld \\'he re li(l· ma~ be on the \ Crge 
n( 10 111 inq i ll tO ell. i~tCIIC e a lld l\ f :\r<i a 

The brilliant do"ul <.O\ Cl'ed disk of Venu< ' i~uall ) ~ho"' little beyond ~light 
sh ad ings ~ud1 th tho)e pittU&ed here by L . Rucbu-.:. D !l)·to-d:av ch:mgc' ind icate 
tbt>y arc a tano<pherir phenomena. From ",\~lrOJH)mie," bv Rucl:lUx and de 

V:Hicoulen r:. 
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wmld \dtt·•c Jill' i~ in tht· ~~ • c .tnd )Cllow 
)(r,t[," 

'1 h~.:1c t,m lit' nn tJlll'>ll••n that the 
n IJ)CIIll' ol "oliCI \,1 J>OI in the .lllnO!>phCH' 

ul \'cma' •~ "'" Alt',Hnt thlluult). Ht t,llht 

nl the gmat ~imil.n it) of the c.t rth :nul 
\ 'ows, we ~houlcl la.t\l C'l''' ct•cl th;ll 
11_0 \\ould he .tbtnulant. lt i> tht·tdtJic 
nt•tc'".lf) l•• l<'·n;.lllllllt' tht• ,., itlcnct• \\'t• 
att u:u.ain th.ll thnt· is "" oh,u\,IUic 
11..0 ,,l·m(.' !lac' lo11nl l.aH·t ul \'cnu,. But 
J'l'l h.IJ" ll tcolllcl IJc JIIC,CIII bt•lmt the 
c lt~ud~. o11 1 Itt• ml:u c. :uul a' en in the 
du111h lht·uN·h ,.,. I hi' !Jilt''' ion It~, ht·t·n 
trt•:lJ<·II "' ll . II \It 111 I .uul F. I ~ \\'hip· 
pi<.' ('l'e Sir) 1111•/ 'J d· r. ,,,., :'\oH•ntllt'r. 

1!1.)4. pagt· ~'')· ' I he~ '");!-:' 't th.n the ~ur 
f.tCC ro( \ t:IIUS j, (0/llfJ/(/d)' {UVt:rt.•tJ With 

w.11t 1. '" t•mtin<.'llh ,aid. out .ab111e the 
lc1d ol t tt oc<'ftn. I hh ptciCilb the 
tlc,lltulion ul .11111\l'l'hu it (.OJ ahwuglt 
lht: fnnn;atittll ol t:uh<Uioltt'' Ill tht• rod., 
(.t proH'" 1ha1 "' h.1 H' .ilrl'.uh '""'icl· 
t·n·d '" m:.int.oiuin~ aht· t'tJIIilihrium cnn· 
lent of (.() ~ in the .lllllll'l'hctC II( the 
t~nh). I he tunpet .HUH a/1m••· tltt' clu111h 
of \'cnu' i!> -3~1 ° C ... tt<.,tdiug tu \\'. 
!'iilllflll. Al tJti, ttiiiJ~Cl.HUit' Ill'"' WlltCI 

\':lpor ''uuh.l be lwtt•n out, .11111 11 j, nul 
surpri~in~ that we do nut oh\CI \C: 11 ~pn 

UO\lflJlicitlJ~. 
' 1 ht• itlt·.t~ ,1(1\';JII(t'tl u~ .:'\lcntd :uul 

\\ htpplc .arc w lc\UIIIlionary th.n it i~ 
tlilhtuh tu .appr.thc them at thi~ dutc. Dut 
il lllllhllllt'd thl') \\OUitf ttll.lllll}' JUHify 
the cttuhtlt•ute ol ~pt:Jttt:r June.- t.b:.rt 
\ l'lllh h ·' pl.llll:l ol li(c in the begin· 
Hill g. I he r.tfl th.ll then: j, II() ().: Wt)Uid 

indit.tte th.tt ahc·n· ha'> nut )Ct appe:unl 
.am l.11ge aant•unt ol ''~ct:uion. 

I ,,,lilt w nkr. in t•Utcht\ion, lt) the 
ptoi.Jit·nt ul lilt• cht:,,hnc in the ~:al.tX)• 
'>pc.'lltu June- rcad~t·cl 1hc: pt.~imi>tic 

«lltdthiun th.ct ",udt :t )pt:dal comiJiHa· 
t itm ul t 11 c um,t.rnccs i' nt.oetlcd to ac· 
cou111 1m tht• l>nl.u ~pttm th.ll it can be 
inklll'fl th.at tclatht'l} rt:w ~tars ha1e 

(C.ollltllllltrl nu page JHi) 

ASTRONONIICAL SCRAPBOOK modn 11 :.t.md.n tl~ !)duot:tcr 's finL lat-ge 
tdt:'l up< w ·" ;~ rdlerwr o( 7 ·fool focm, 
m.ttlt.. ,,, \\ 11li.un !Icr-.chel; and in 1792 
ht ilflJUilnt a 9.~-inrh. r 17 Schndcr TC· 

lilt tnl \dtic h Lal.tndt• Gdlctl the fincu 
ttlc ,, "Ill in l ,i,t.:nce. A Hl '-:I>IU J) ,nul fall} yc.or, .tgu the 

''''tid c tllll"l ul luu.11 ,ami pl.atwl.ll) 
Stttdtc> \\,15 thC Jill t '•ll'h (:1.1111.111 lll\\"11 
ol Lilit:lllh.tl. llt',lf Ut · c ICII. lit:ll.' \H'Ie 

the ulht'l \.ll••n .uul uptinll slto\J» nl J. 
11 'it u•lt'll'r ( li I).J/\ IG). dud lu.tgi,tl.tte 
,,f tht m •ighholiu><HI, ,,tm lor tll'aJ I) :m 
H·an kc.:pt unll.tgging w;w h 11))1111 tlw 
utu!Jn aml plnnct5. I fete hi' ,1\Si,t,ull, K. 
1.. lloJ.Hiint:. cliS<•IHtccl a he thud ·"It wid, 
Juuu, :unl tht• l.nnoU> 1·. \\'. lks~d htg.tll 
hh WHCI. 

l'all' hot' uttl..llltl hoth tn "dnut'tt:t and 
to hi~ lt:plll.lll(lll, '1 Itt• <ln,tdc~ n£ \\',IT 

th.u <:Oil\ tJI•t·d l.utop<: fiuallv cnguH••d 
him in 1\pril l~>lr., .t< ~.tpolt-ttn scmght 
to teg.ain hi' ~lipping hnlcl nil C:c·rman}. 

Lilit·ntlt.tl '''" 'Mkt•d .111cl lotuunl lo) the 
htlllh .IIIII\ ol (,r •un 1! \ .tlltl.tlllllll', :tml 

~dnot:tt!l lo\t .at nn~ ~llol..c hi\ oh"'f\il 
tor~. lttmth, tn.t~;i,tt.ttc\hip •• ami wt.1lth. 
l 'no~IJ!t l<l tt·\Uillt' uh,c·n iu~. lu cll<'d 
tinct w;u, l. tlll 

1 ha~ tnthu,i."tit ,uu.alt'llt, tlw Pt•u:il.al 
l.uwcll ul hi\ agt•, h.t, lit'l'll lllltlcll.ttt·d 

IJ, l.llt'l ,1\tltlltuntt·t, IIi> "''u '"''1.: on·t · 
l.tppnl th.at nl hi, IIIIIH' \ u,.llih-. lu il· 
li.1111 tlllllt"IIIJII>l ·ll\, \\'illi.un ll(t'thl'i , 

whtht' l.tlllt' h." uh•tllrt'tl all ntho nh· 
't.'rHI"'i u( Jaj, rimf'. •\gain, it h,,, bt·c·n 
'it hrru·tc•r'.s mi,fc>t I IIIII' In In• u ·mt·mhcrt·cl 
n1on• fur hi, C.111h\ wt.uiun pcti••cl> nl 
:\lcrtlll\ :111cl \ ' t 1111~ th.a11 lru hei11g tlw 
lint .1\tronom•• t•J dt·H•t• .t hftotillu' to) 

tek\lopil <tuth f1f tht• plane''· Antl, 
linalh, the ro\\' n( !.11 'nlumt•, de\'ott:tl 
lo hh fa11tlin~~ on .\lt:tctll\ , \'cnm. fupi 
ter S.tltttn, .nul tlw mnon. w.ts written 
in a f.utt.l\tit.tll)' utt~t .td.tulc "ylc tl1at 
left l11t·ir 1 lllllt·nt' l.n~t'l~ unnoticed. 

•1 he I.ilit•lll hal ·"' a .. nomer puhlt~hc:d 
11fl hn~>k on .\lah, :tlth .. ugh he. had fol· 
Jm,cd thi, plam·t itut·Jhin•lv. l t was long 
~IIJ>flO\I'd that hh mall II\( I ipt or Martian 
ohw11.a1iom had f>l't 11 dt•\IHIJ rrl in the 
Jtlitt nf hi' nil'ot 11 :atol\. Hn.tlh• rccml.'rccl 
autou~; the• l.unil} p.tpu' nl ·., nephew. 
tht• ,\1.11 \II itill~\ Wt'IC pubJhhccJ in J88J 

b\' the L>mch a~tronumct. II. C:. \';In dt• 
S B:al..hu)/1'11, 1•\l:;t'lhcl with !?Ill nl 
~dtiuctcr\ tlwwiu~' 

, \ turiroll\ dcha,iun l''"'"lc~ thi- hool.. 
-th.ct Ull' \l.uti.au m.arl.ing' "til mere 
''ind-blcmn dmul lnnn:uiom in a thit k 
;atllli"J1ht"rC th.ct \CiJ«J tilt' IIIII' 'lllf.tCt 
rol tlw pl.ant t. \niug 1111 aJtj, lll'lil'l , 
~· hrru:tn hum ni~hl ao night t;m•Cull\ 
ntim:llc d th( 1 imc' wlwn \.11 ioth .Jar I; 
m~arkin~' "'""·c) ahe n:n11.tl nwritli.111 uf 
the pl.mu, in "11 t"!Tott '" ""·""It' \l.u 
ti.m wind 1dncitit . I lu I' 111.11~ 1 .:' •·•II 

oltt•n Ill' itlt•ntifiul; ht'llc "•lllrlt 'l< r\ 
tran,it 1 inH"' might he mul 111 "•lllhin.t 
rion with rt'( l'lll tth'n' .1t ion' tu clt'lll 
mint.' 1111' tnl,ttiotl p<:rind ul ~l.tl \dth 

hit:;h I"" i,iu11. 
Xo cme h.l, t"\11 dum· thi,, .111tl i11 f.tcl 

tlti<; \ .cluahlt' lila tc.·a i.cl >l'l'lll' lu h.11 t• l~t'l'll 

tul.t)h 11\t I Jr11Jlt:d JletclnfUt< , Ill \hltJ\• 
in~ \lattiau rnt.t(ton, n11h ...,,lauwlt·l\ 

rlrawinl{' han ht'tll U't:d. a111l lht y ;an· 
ill·~lliWd lnr tht• purpnw. 

The tlr.n• iu~, ·"''• lie'\ c1tlwlc "· of 
mudt \ ;ahtl in lool;iua; (ua ~tuf.u c• 
( h:IIIJ:t) 1111 \J,th , ful tht'l \\('I C lll.tdt• 

\\ ilft ill\lfiiiiH"IIb ll"J>I'tl,th(C I Hll lo\ 

. -.. 

I 

,. 

\\Idle mmt of the features in tltt~sc 

cl1.m ing' atc itkntifiablc on prt-scnu.lay 
"'·'I"· tht•tc j, a \en )uiiJng ~:xcrption. 
I hi- i, a dati. rl>gi•m nearh .• ~ hat:;c: :1~ 

•1 c,n,, m.trlcd (In lh n{ "c'1roclet\ 
11lctclth of I i!lli·ISIIO. ''hid1 '' 1 .o longer 
t•l he fnuntl. T1•0 clr:l\.-ing~ m:ulc h)' 
llcl•<ht'l in 17~3 ~ahu 'hem it. R.alhuH•'n, 
"Ja(, 1\I(I(C' ill German. named it SJiitu n; 
he mi:,:ht l,tll it thl' .lnowhrnd. 

Uuah :-ic.hrut•lel •• nc.l Ilcrxhd ~t·prc,cna 
1hi, ~'' :1 long 11 iangular muL:ing mnrh 
lilc ""''~ ~l.tjur. It\ )r>C.<IIinn <ntt hr 
r .. untl "" tht .:'\1.11~ m.tp nn J'·l);~~ ~~~~ !!1;11 
ol tht• \u!,:tN, 1!1:'.1 , i"nc. 'I hl' ha~ of the• 
.\n•mlu ,ad''·'' II< ill" lnn~itmlc• 2:!'i 0

, J.ui· 
tlldt• -l·~o .. 11 tht: t ol:.;t nl .:'\l;ue Cimmt r· 
ium: it 'ttt·tdwd 11c11Lhwartl ml'r Lhc 
l':ltl • .t L\t I"Jl' and l',unhoti' l.at"U\, The~>c 
l.1'1 ""' m;a~ h< it' n•nmant,, 

' llw di,appcuautt· .,( thi< \.1\l tr.t<t­

for 111'11 cln <trln mae uf the uamt t'a\ilv 
'''('11 It .ttllrt' u11 .\!at, - h the most 
·'" il..itt~ t h.au:.;t· H t rct"urck•tl on thc sur· 
fau• of the tnl pLmt:L Its c:..planation is 
.111 1111ri~-:uin~ puule. J. A. 

,.. .. 

Tht ec Sduoc:tct dtol"inA' nf ' f.lh, made with a 9.3·imh reflec.tor dunn~; tbe 
fa,or:ahlc.> nppo~ilion u( 1800. l.dt to tight: O n ;\O\cmhct 2nd, the \.t to"ltt:.ld 
''·'~ uc.tr the ccntet o f the di,k, e'tcndiug dtmuwu1tl wward t he nunlt pol.tr 
cap; ~ !tout~ ]ultlr that 11i~h t, the.• t\rrtm hr.Hl h.t!l toiUIC:tl Jchwnrd OUt o( \ it'\1. 
and S)rtis ,\J;tjot wa~ ceuu.tlh lnc.urtl; nn N<>,cmbet l t h, the Arrtndlt.'ad ''·'' 

01gain ccnUill. From ."'dtmc.•tt• t·, " \wo~t.tphi\c hc Bcitncge," Leiden. 18SI. 
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!>i' ' ' "gn iu the unu~u .•l bJ ightcn iug o f [dum Pwmo nwrium, Juh I. 195 I. at i ntC:I\ .t l, of 2. 1, I. 2 .• mel 2 'ClOnd,. 
The w lor o l thi' ft•,\luJ c d a.u agcd hom H~lluwi'h white 10 H'f\ lni~hl pure " hiu•, and chen h.Jtl. tn 'cllow or n-1 

lmli'h while. T hnt: ob '>C.'c '·•tion, o~rc b\ \ft. ' ahel i. at ~~30, and 100\. 

lhe d''·I['Pl'ar.lll<< n£ the li~ln , H in 1!1.11 
,\ metc:mitl! f.tll on ,\fat" might pwtluc<! 
IJoth light and ·• d.,utl. l>ut mt'l't' <lith· 
cult, m iii.<.<JUIItin~ fur ll.uc chu.nion' :h 

lung ;.- !iH· minutl''• rc:wnh:cl in Hl~i 
and 1!11 I. A lnunh i lltc·cprl·tati<HI thac 
m•t}' ht• Jt•jt•rtcel ;h umca...,n.tl•k j, .tn 
artifici.al ori~;in, !nr thi' nquin~ "\far 
ti;lfl'\," of 1d1u" t:.Oi\ll'IIIC thtTt' j, 1111 

\Cif,lllific c:dckme•. 
, \ H'nliCIIllllg P"''ihiht\ ,, \Uit .lllic: 

e1 uptiom. I ht\l' lllol\ ~:xplain Lltl' li~ht 

;md 1he tlu't cloucl furm:nion . l lmH'\cr, 
tlw uL,crH•d cluratinn of tht• li~lu IJl,l\ 

be• wo ~h<lrl, :mel clw pr11hahlt· ,,,1rrin 
of W:lll'T on ;\l.lh IJI,I flli,t• cJifht ultir'­
tellntl ia I \ uh.tnot:' t•j••ct l:ngt• •lll.tiHilit:, 
of ~tt·arn. 

.\~ ,UI uh'>t'l\t·t nl :\f.ll,, I t.tnllut \,1\ 

clt-rmitd~ .IL pll·,~nt 11 ht'Uicl Lht• gla) 

doud' ;wd ll.uc\ .ell' iu .til\ \\,tV COil• 

llt:ctcll '' ith vnlc,tnit: .ttth it\ un th.ll 
plant:t. But I am confident of ' Ll1c u~.tlil\ 
of till' phtnnrncwt, ;mel bt:lit•\C that fu· 
turc t,h,tn .uinn' will malt· thdr 11.1tun• 

clt·ar. 

CO\l\U'd .. o\ Dl<. n 1\ ;\ l d .. Ht;llll,. 

;\l r •.,..hel..i and hi~ c•JIIabor.ttoh .nc tn 
be ceml{r•Hulau:d on till' Gll'l' with whkh 
tllt'il ulhl'f\ at iom h;n t' het·n matlt• .uul 
rt:pottnl-and on 1 ltarh -<·p • .r:Hmg oh· 
'cnt:d f:lc" from i111nprcla1ion 

' J ht• repnrH·d grmt ht·ight of the cloud, 
i' 'tlllll'\' h;ll -urpri,iug :u fir" gl.tntt' 
Hol\'l·H·r \t'\ mour He" h." pointe•tl out 

(Jounw/ of ,l(,·tt'molrJJ,'). 'i, 7, 19'i0) that 
the \larti.•u tl•lpmph< rc """ C\lttltl up 
to J;, lilnmct~·r:s alxwc the 'iurbce, ill· 
stcotd ,,r the Ill lilnmt'l<'l' lor tlw t.urh 
\'olc.mic a)l. would ea,ih lw c.m icd Ln 
the '''I' or the uupo~ph~·u·. :•mi. fnr .• 
gre;u nuptinn lil.t• that of K1 .1k:uan in 
J88S, might well lw projcctul ron~iekr­
ably higher. The nh\cn ch' c~timates ma) 
be c"''"-Si\(• fm .t \light irrc:gul.uit) in :1 
n·gul;&r outliru~. $lith a~ the limh o£ .t 

pl:lnct. can be ~ ob' iott~ to Lhe e' t' ·'' 
to be ovt·n·,thnatcd.. Thu\ :a bci~ht .1p· 
prt·ciahly It•,, than 10() kilometc~ for a 
!lf.lrti,tn a~h cloud ~em' ncH impo~'ible. 
and tn<~) nut conflict with the ob~·rva­
tions. 

The lu·i~hl fbres wert.· of enormous in · 

• Dr. ;\ld.au~hlin', Cllnllll('llh wne; \COl 

111 us 1\·ht n ht rr:msmincd :\lr Saheki'~ 
manu~uipt to Sh a11d Tclctcopr -1' 0 . 

tl'll'>itl tnmp.uul \ddt .Ill} \ok:mio: gl.trt: 
n·r nnlltl •m the c.nth. It i' l(llt,ti<>ll.lhlc: 
'' ht tht•t t 1 ('II the ~IJO.iu< h tt•ft:,c..npc rnuld 
''""' thc: hn··pit of Kil.1u~;a .11 the di' · 
1.11111.' e1l :\f.lf,, t'\1'11 ln·\olltl till' pl.ult.'t'> 
tc 1111iu.•t••• · It '"mid tt·rt,tinl\ not Ill' 
'i·ihk e"' tht• illumiH,IIt·d di,~L ' l hl' 
'ht•n t loud· 11! \lt . l'l'lt·t• (\\hid• rlt 

,uoyt·el 'tt l'it•llt' in 1!111~) 1\,t, pwh.tbh 
'"" l..iltunllch in cli.unnn .uHI \1'1' hut. 
IJut nnt brilli;uuh gluwm~-:. l.ttc:r clrtu<h 
t.·r upu:ll h1 Pl'ln appc:tt t ll dull h1 
tl;l\ li)!;ht "I he fitt·-loumai n ul \'nu· 
d1" un ,\ugmt S, lii9. might h.l\t.' been 
'i-ibk fuun the mnon ·" .1 5th· or 6th· 
llJ,I~tlltlleft• !>(,tr, h11111 ,\1:1" i1 \\OUltJ h<t\(' 
appc<~t<'d w bt• ul the lfitll nr 17th rn.tgni· 
tude, <ll :.t < ln'l' ''I'P'"ition II tht·,e \ l.u 

Si1uo '\l:llcd<~'" brigh t fi..re un ~l.tr' 
"a' , l..e tt hed b} him on Ju ne I. 1 11~7. 
''ith an 8-iodt rdlcnor :n j UQ power. 

ci.m ll.un \H'rl· \Ok.lllit. the\ would in· 
t!itate lh.tt .\!.11 ti.tn \ult.:11ri>m i' thacat:· 
tt d~t:tl U\ mta\loll.d Areat nulbrt·.tk~ o( 
lilt .melt·,tc Ill J.\••' .t few kilumctcr' Ill tli· 
amt•tn and '' irh tt•mpuature~ 'en l.lr 
.dJIII l' tho-~: I.: ntH' n in tt.'rn:,trial vulcan· 
,,111, 

'>lie h l'IIOIIIIOU\ tltfll'fl'll( t:' jU\tif~ CCIII• 

\ldu.thlt• ,Lquic i)tn a~ to a Wllc~mic imet· 
pr t'L.t llon. J'erhaJ" it '"utdd be worth 
"hilt• to exploH: the P"''ihilit\ of a mlar 
rdktt ion I rom oriented i((· 1 n ,, ... J, su:.­
pt·nt!t:tl in the :'-l::lni.1n atmo,phnc-a 
~"ll ol 'un·dO)!; phennmt"nun in rc,ersel 
Tht• ,Juu fh;m"· 1hat \Omtthing of thb 
~011 mtght ht• involved t\ ~uggt>Stcd b,· 
the fact thal ,1 whiuo,h cloud was seen. 
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111-1:.0\ 01/UU 11'0/U.JJS 
( f)lltillr(rd (11)1/1 /Ill!!,~' J./11) 

l.multu o l pl.mc:h." and t.Oil~'C(Uentlv 

"lilt: tf,c,du:rc in tht• uni\l~ro;e ;, •.. the 
C\(Cfil ion .nul not the rule." H t• points 
utn rhat whitt• wt· mi!(ht hml ntc;t,ional 
,fat' with pbnewt: ')'tern,, onl~· pnlup' 
OIIC pl.111et in I thc)ll'-llld ()I ol million 
mi~hr \uppon life. L\ ell -,o, he ~t\ s, "the 
tut.tl mnnbcr ol world~ that arc 'uit.1blc 
Lur life would \el be crm~idt•raulc, ~ "·"l 
t\ tht• ..calc wt whirh the unhl'l''l' i\ 
(Clll\tl\1\ ft•tl." 

\\' t• h<IH' nn1 .1~ )t't actu;lll) nlhtT\Td 

.t ~in~le rt.':d planet tlul'ide th C' \Olar 
')'tc:m-unh "llllt' Lti111 ftllllJMflitlll 't.lf'\ 

\\hO\t' 111:1\\l'' OIH' inlt'flllCtliatt• hl'lWt:t:ll 
thmt• nf Jupitu and tlw ~un. But all the 
C\ iclt'llft! ol(( lllllUiall·d rlur iug the p.ISt 
tk<adt• <cmtnllill~ the ph)'it:al proper­
tin ol the ~un 'bm\S th.et it reo;cmhlcs m 
.. 11 ohwn able rc,pcets the h ill ion~ ot 
nthcr 't;u--; in the \Jill) \\':11 with similar 
m .• ,~e' a11tl tempcr:tture•. \Ve mtHt inf~r 
th•Jt thh ,jmiJarit} e:o..tcnd• to the mann~r 

in whid1 all thr\c sun were formed. lt 
i• unreaM>nabJc ro 'uppose that one in 
a thou;and or ont! in a million of these 
hillium ol ;tar, undtm·cnt a tat.a\trophic 
prO«''' r~,uhing in the form .. tion of 
planet\-withouL at the same time pro­
ducing other. obsrroablc differences in 
~ud1 p t npcrtit·, as the a:-.i,tl mtauon• o l 
the:: ~tM\ 

Since ''c t.tnnnt addun· .t pumf nne 
"'" e>t the other. ''c lllll\t rei\' upcm what 
\et:llh to be tht: 1110\l lugic.tl h) pothc:sis. 
,\ncl this is \\'lthout doubt the .t~sumption 
th.tt ;ell, 01 at lea'l tnO~l. d\\·arf ,t,t~ of 
the ~nlat t} pe ha\ c planetary spu~ms. 
The· t•Hal number o£ plancts in the 
:\lil\.1 \\'a · m."· chus be wulll<'d in the 
h1lhou~. 

,\) to how mall) (<Ill '"PJ>Olt life, we 
might adopt tlw 'nlar \\~lnn a\ a llpic-.o!l 
s:unplc. This w.mld give u• ont· out o£ 
nin~ fm the kinrl o{ ach-ancerl or!f.lni~m~ 
we find on r:mh, and perhaps ont nut o£ 
nine which we might clf-,(1'iht• with 'lpt.'n· 
cc·r .Jones n~ "a planet o£ ~pent life " :tnd 
anothc:r one nut of nine with lire in the 
cmlJr,onic state. Thus, the total number 
of planets \\'ith <>nmc form of lile on 
them could still he in the billions~ 




