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ENTRODECTRON
Im receni years there has bosn o resungenco of ioberest in the ancsent specalation that
civilizations exist on other workls beyond 1he Earth, This queition has retained a basic
and widespread appeal froem the heginnings of husas history: but anly in the past decade
has it become even slightly tetable 1o serious sckentific investigation, Work on seilar
statistics amd stellar evodution hes suggested that & bnge fraction of the stars i the sky
have planetnry systems,  Studies of the origin of the solar system and of the origin of the
firsl terrestrinl orgonisms have sagpested that |#e readily arises enely in the history of
favarably-situated planets, The prospect cocurs that life is a pervasive conaituent ol the
umiverse. By terrestrial analogy it is not unneascmable to expect that, over astrononsical
Izmescales. imbefligence and technical civilizations will evolve on ATy Efp-'hu:in; |1-I|:|m1:5,
Under such circumsiances the possthility then looms that comtact with ofher j.llnﬂ'pc
communilics may somehow be esinblished.
It has boes argued that the natoral channel for interstellar commumication is radio
eenisaion hear ke 21 cm lige of ira hydrogen'™; or between 32 and 81 cm™; or ag
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LSem™. Aleraatively, laser moduisiion of the intensiy of core reversal in the Fraunhaler
limes of Lnie-type stars has been suggested™'. or awtomatic imterstellas probe vehicles
transmiling & preceded message 1o planetary sources of monochromatic radio emission
which are rapdomiy encoantensd'™,

The purpose af the present paper is 10 explore the Lkelibeod and possible consequences
al another commimicatsons channel; direct physical comiact among galacisc communities
by refathvistic intersellnr spaceflight. Part of the impetus for publishing shese remarks bas
been o paper by von Hoerner™ which arvives ai very pessimistic estimades for the number of
eatralerrestrial civilimtions; and three papers™™! which reach distinctly negative con-
¢lusions on ihe wltimate prospeci of relstivistic ioterstellar spaceflight. 1 feed that the
wnfaremation now availablk p:rmin rather different conclusions io be drawn.

The line ol argument to be pursued iovolees o number of parnmeters which ore ooly
paorly known. The disciession is intended to stimulate farther work in s sumber af disciplmes.
The resder & inviled 1o adopl a skeptical frame of nuind, and 10 modify the conclusions
accordingly. Chwly through extensive discussion and experiment will ibe true outlines
gradually emerps in this enigmatic bul significant fubgect.

L MSTRIBUTHON OF TECHNICAL CTVILEZATIONS P4 THE GALAXY

Wi dexire to compute the number of extant galactic commumrities which have atixined &
techmical capahiliity substantially in advamce of car own. At the present rate of fechno-
logecal progress, we might picture this capability &5 several hundred years or more beyond
var own slage of development. A simpls method of compating this number is primarily due
wo F. D. Drake, and was discussed extensively at & Conference on Intelligeni Extrater-
resirinl Life bedd at vhe Mational Radio Astronomy Observalory In Movember, 1961, and
spanaresd by the Space Semence Board of the Mational Acedemny of Scemst. While the
detalis differ in several respecis, the following discussson iy o ushstamtial agreemant with
the conclusions of (he Conference,

The nember af exiant advanced technical clvilletions possessing beth ibe fnterest and
the capabality for interstellar communication can be expressed as

N = Ry [ NS n
Ry is ihe mean rate of siar formation averzped over the lifetime of the Galaxy, [, is the
fraction of stars wik Fiquhryqnml,n‘hlh:rmq nu.ml'hernlpllruui.u.u.n:h planetary
Tystem with envrosimenis favoruble far the n-nﬁ:in. of life, Iﬁ s the fraction of such favorable
ph.nr_u nn'lilc.hli'kdnud:vdup ; 1 the fraction of such thl.hl.nd.ptl.nuum which
|d:lhlu:|t life with rn:.mpuhmre ahilsises arses durmg the lifetime of the loml san, f &
the fraction of planets populated by ml.dllﬁml beings om which an advenced technical
civilization in the sense previousty defined arses during the |ifetime of the local sun, apd L
is the lifetime of the technical civilimibon, We now proceed o discuss cach parameler
im fErm
Since dars of solar mass of less have lifotimes on the mamn sequendce comparabile 1o
the ape of the Galaxy, it is nol the preseni rate of star formation bat the mesn rate of swar
Forenation duseng ihe age of ihe Galaxy which concerns us here.  The nzmber of known
seers in the Calaxy b5 ~10Y, meost of which have mass equal oo or less than the Sun, The
ape of the Galaay [ ~100 vears. Consequently, a first estimate for the mean rate of star
formagion ix ~I0 sars/year. The present rate of star formation i a9 least an arder of

t Adicedin ﬂ-rnlll-m were IF W, Anchiey, M, Cibvin, {i. Cocooni, F. [ Drake, 3. 8. Huanp, L. C
LI.:pl'Il-'l.'M'I m:!rmucm-ﬂnm
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magnitude Jess than thes fgure, aml the raie of star formation in enrfy galactic higory is
possibly several orders of magnitede more™, According to present views of sseltar nucleo-
genesis™, siars (and, by implication, planets) formed in the esrly history of the Galaxy
are extremely poor in heavy elemenis, Technical chvifizations developed on such ancient
phn.:r.-: l‘uuld.nl'fpu:uﬁ:' hm, different from cur cwn, Buat in the ﬂu'rr:r ul'{:"t!
star formation when the Galaxy was young, |'II'I.'IT elements musi have been Fﬂﬂﬂ:ﬂ
mp}d.lg,' u.nd.l.lhﬂiuu:'l.ium of stars and pl.ln.l:l:l woeld hove had ll.lnqu.l'lrrnlinmu of
hi]_h mass number ouclides. These very early systems shouk] be subiracted in our estimate
of #,. On the other band, & swipxion exisis L'h.l.lll.r|,= mumbers of low mass stars may
exist b Lhe right of the main sequence in the Hemzprung-Russell dingram''". Inclusion
af these objects will bend 10 iocrease vur estimade of K,. For presenl purposes we adopl
By = Hiyr,

There is & discantimiiny in fellar rotmionsl velociies near spectial prpe AV, stars of
Later spectral type have very slow equadarial roaation rales. This circumstance is generally
atirihigted 10 1he iransfer of angulsr momenium from the siar to & surounding solar sebila
ty magmetie conpling! =005 The solar rebobs is then expecied to condense Into 2 planeuary
sysoem 11T, The fracison of stars of laer type than F5Y & preater than 098 well
over i per cent of 1hess are dward’ M stare!™, 1t is not known what influsace the luminosity
of the siar has on the subsequent condensation and dissipation of the surrounding sodar
mechula, 'We might expect ihat sinrs of much earier iype than the Sun readily dissipaie
their solar mehulss; and that sars of mach later type than the San dissipate very fintde of
their solar nehulse, thereby forming large numbers of massive planets of the Jovian type.
There is good evidence that many of the chemical processes in the sarly history of the solar
sysiem occurred af low temperaiore’™, and the low lumisosty of e type stan is unlikely
[T mpﬂlﬂmﬂmﬁuﬂ processs im the solar nebula. 'We therefore l.dqﬂ!_f.-—-u- 1.

Hlmuidmlbldmﬂdpi.mm“qmdhpﬂmhm—m
psiranonmviozl timescales—such ermatic orbita that the evolution of life on them is deemed
unlikefy™, 1 faf 1o find this argement entirely comvimcing; bat for conssrvative reasons
it will be included in the discussion, The fraction of vans which are ot members of double
or mualtiple systems B~ 059, In oar own solar sypsiem the number of plassts which are
favarably sibanted for the atgin of life is st least two (Earih and Mars), and ibe possibility
kit Hife asose sl some tlene om ibe Jovian planets™ has recently been rabed, I is
somgtimes argoed that lfe cannot develop on planets of M dwarfs, becasse the liminosay of
the lecal sun & (o0 small. Howeves, especislly for Jovian type planets of M dwarls, ihe
presnhouss effect in 8 methane-ammonig-watsr atmosphers shoald produce quite reasonabile
iemperniures, W:l:d-nptu,-*-.-ﬂ-j o e ],

The most recest work oo lh.tnri;:in of 1ide nmuﬁrunuu that life arose very rl.phl.ly
during the early history of the Earth™ ™ It sppears that the production of selfs
replicating malecalar wysiema is a forced process which is bound b oocur becowse of the
phisics and chemisiry of primitive planciary esvironments. Such self-replcating systems,
situnbed in a medium filled with replication procurors, satisfy all the rogueirements for
nalural selectbon apd biological evedution. Given sisflicient lime and an environment
which ii Bt entizely static, the evolution of complen organisms is apparently inevitable
In owr own solar system, the orgin of life has probably scourmed al loat twice, 'We adopt
fi=1

The question of the evolution of inelligence (s a difficult one, This 1 nod a Gedd whick
lends il io laboratory experimeniation, and the pumber of inmelligent spocies availabla
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for sudy on Earth is imiied. Intelligent bominids have inhabited the Esrth for < 1072 of
Fanh kistory,

I is clear thas the evoluibon of intelligence and manipulative abifity has resulted from
the prodect of & lirge number of individually unlikety events. I the history of the Earth
were sroried i.p:in. it i% hil]ﬂ_lf mp‘nh.lhh that ike same sequEnce of events would recur
and that i-nhdli];:nm wiould evolve m the identical manner. Chn the oiber hand, the adaptive
valse uﬁu.l.:llg:m: and ru.lrl.ip:ﬂ.lrju l.hlErl.} i 50 great—ai least ustl technical ervilizations
Ere ml:u[:ﬁt—ﬁlt. il it is Fn.elin.l.lf feasible, matornl selection @& wvery likely to hri:ug;
it fargh. There is some evidence that lurpri:.iug;l}' high levels nrinulli‘:m have evalved
in the Celooea '™ F'I'L:,l.'nn-p'l:th]lr.thzu are raiber close 1o hominids; ibe neunoanalony
of Cetncea hrains is remarkably similar 1o that of the Pimu:,:ﬂﬁnu.ghihlmml
camman ancesior of the two groups lived more than 10F years ago™, The Celacca have
very bimited manipulative abaities.

izan of the rates of sigllar and of baological evolution provides some perspective
o the probabality that intefligence will arise 00 &n otherwise suitnble planel. Terreatral
intelligence and civilzation have emerged roughly midway in the Sun's ressdence time oa
the main sequerce, The overwhelming majority of stars in the sky have longer Lifketimes
than the Sun. With 1he expectation that the Earth is pof exiraordinary in it reeent evalation
bai allowing for the fact thai appanesily only one intelligent phylogeastic onder wiih
manipulative abilities has developed, and this only recently, we adogt f, ~ 10—,

Whether there i one, or several, foci for the line of coliural developrsat which hay k=d
ta the present technizal civilietion on Earih is still sn open question, depesding in part on
the extent of cultural diffusion over larpe distances some five of six thousand years in the
pasi. 1 appears ihat litte can be gained from speculation on, e p. whether Aztec cvilization
waull have developed a fechrical phase had there been mo Conguintadores,

Recorded history—even in mrm:ﬂup'ul H,u.il.n—nuum w 10-0 of the 'pannd in whixh
e Earch has been inhabited 'h:p homimids, and < 160-% nfpuln-g;i::nl time, The same con-
siderntinns are imvodved a5 in the determinaticn of ;. The *\tlnpnnul; ol a technical
civilization has lkigh sarvival yoloe of keast up o I.'P-ui.ﬂ1'. but in I.I'I.}'EE‘I'HT!!IIH il depenads
nm ike concuienation of many imTrm'hl.EI-: events; and it has coourred only recently im
terresirinl history, [t is unliloely that the Earth is very extraordinary in [ru-mﬂ:].g i techindcal
civilization among planels mhabited by miefligent beings.  As before, owver siellar evialip
Linl]r, timescales, we adopt f = 10-F,

The multiplication of the preceding facior gives

N 0% 1 x 0 el @100 it w L= 100

I s the mezn Efetime in vears of @ technicul civiliaison possessang both the interest and the
capability for interstellar communication. For the evaluntion of £ there is—lortunstely
for us, but enfortanaicly for the discussion—not even one known tereestrial example. The
present bechnical civilization on Earth has reached the communecative phnse (in the seme
of high-pain directicnal aniennas for the reception of cxtraterresinial radio signals) only
within the lasl few years, There |3 a sober posalbality thot L for Earth will be measared in
decades. i s also possthle that imigrnadional politcal differences will be permanenily
settled, and that L may be messored s peolopicsl time. It is concefvable that, on other
workls, the resolution of national conflicts and the establishment of planciary gevernmests
are accomplished before weapons of mess desaroction become available. 'We can imagine
two extreme alernatives for the evalumtson of L (a) o techmical civilimtion destroys
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itsclls soon alter reaching the tommunicative phose (L < 10® vears); of (B & sechnicnl
civiliegtion learms 1o live wilh sl goon afier reacking the communicative phase. 17 it
survivgs == 10F years, il will be unlikely (o destroy Hsell afierwnrds. In the lniter case s
lifetime may be measured on a sellar evolmionary timescale (f 2 107 years. Such a
sociely will exercise self-selection on s members; gesetic changes will be unable 1o meove
the species off 1he adaptive peak of the technieal civilition. The technology will certainly
be adequale o cope with teclonic and orogenic changes.  Even fhe evolution of the Jecal
wuin throuph ihe ped piant and white dwarf eveluliosary stages may not pose insaperable
prohlems for the survval of an extremely advanced community.

It sezems improbable that, surraended by large oumbers of Bourishing and diverse
palactic communities, o given planetary civilimtson will retreat From the communicative
phase, This is ome reason thot L is isell o functson af ¥, Yon Hotrmer™ has
amoiher reason: he feds that the means of avoldeg sell-destruction will be amimg 1hbe
primary combents of initial mberslellar commuanications,

Crold™™ hax talked of the possibility that intersiellar space voyngers accldentally may
binlogically contamnabe lifedess planets, and thereby indtiate the ongin of life There is
also some prospect ihat such indlisiion might be purposefully performed. In these cases
Si= FiN). Below we will desodss the possibdity that f — ((N), For these reasons i
should be remembered that equstion (1) s in reality an :irl.l:j_rll eq'u.ulnn.

The twd chaices for L{{Iﬂ*jnﬂﬂ arel = 1{F vears) lkead 10 two valoss of ¥; =0 com-
mitinicative echnical civilizations per galucy, or 5 IF, Thus the evalustion of & depends
quite critically on our expectation for the lifetime of the avernge sdvanced community,
Var Hoerner™ has made wery possimistic estimabes for L, omd his valoes of N are cor-
respandingly small. 11 seems morg reasonable 1o me that ot least & few per cend of the
wilvaneed techadeal civilizations in the Galaxy do nod destroy themselves, nor lose interes
in Imterssellnr communicition, nor Fulfer imsuperabln biclogical or geologicul catsstrophies,
and thay chebr lifetimes, therefore, are messured on siellarevolutionary imescales. Averaped
awer all technical civilizations, we therefore take L ~ 107 years. For the purposes of the
following discession then, we adopt s the stesdy-stai mumbser of exiani sdvanced technical
civilizations i the Galaxy:

M 108,

Thus, approximately &-000 per cent of the star in the sky will have o plaset upon which
an advanoed cnvilization resides. The most probable distance 1o the nesrest such communlty
i3 ibven several husdned Tight years.®

3, FEASIMILITY OF INTEMSTELLAR SPACEFLIGHT

The difficublies of electromagnetic communscatlen over such |stersellor distances are
semiias. A simple query and response to the nearest technical civilizsiion requires periods
approaching 1000 years, An extended comversation—or direct communication with a
particularly inleresting commanity on the other side of the Galany—will occupy misch
greater lome indervals, 10F (o |04 yenrs,

Eleciramagnatic communication assumes. that the choice of signal frequency will be
obvisus o all communities. But there has been considerable disagresment aboudt imerstellar
iranimissdon frequency assignmend cven on oor own planet™ #3485, among galactic com-
munstkes, we cam enpoct much mare sizable difierences of opinion about what is ohvious

* Im the Specs Schence Board Conference previmnly mentioned, (ke conciusions e N [Er ST/ L
and e datame b (he nearos adveeod axmemenny anged frem fen o sl tousand E:run.
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and whai is ned, Mo matier how ingenious the method, there are ceriadn limitations op the
character of the communication effecicd with an alien civifzaton by eleciromagnetic
sgnaliing.  With billions of years of independent biclogsal asd socinl evoluticn, the
thought processes ard habit pattersn of any two communitics mast differ greatly; eleciro-
mEgretic eommunication of programmed learsing berween two such commumities wrould
wem 1o be & very difficult undertaking indeed. The leaming is vicarious. Finally, electro-
mAgretic communication does nol permit twis of the mest exciting categones of intersieliar
comact—namely, contact between an advanced civilimibon and an intellipent bat pre-
iechnical society, and the exchanpe of ariifacts and biolegical specimens among the various
communibes.

Interstellar space Might sweeps away these difficulties. 1t reopens the arena of action
for civilizatioms where local exploration has been completed; #t provides access beyand
the planstary frontien,

There are two baske methods of achieving intersiellar spaceflight within characiensiic
hwmas lifstsmes, One invalves the stowing down of humon metabalic activibies during very
lomg flight 1smes. In the rensainder of the paper, we will discuss relativists inberstellor space-
fighe, which, in effect accomplishes the idemical funcison, and further, pefmils the vo¥ager
ta return 10 his hoene Iﬂ.l.ﬂ:'l in much sharter perind-l of tine, & measured on the home

IF relativistic velocities can be achioved, lime dilsison will permat very Jomg journeys
within a human Idetime. Consider a starship capable of uniform acceleration 1o the
midpuint af the journey, and unifoem deceberation thereafier. The relativisiic equations of
motion kave been solved by Peschka™ and by Singer™!. For cur fight plan, their results
are readily modified, and wield for the time ¢, a9 messarsd on the space vehidle, to trave] a
distance 5, with a wniferm scoeleratbon a to 5/2 and & uniform deceberation —a thereafier:

= [2c)a) arc cosh {1 + a5/2eh {2
where ¢ 45 the velocity of light, The results for such an acceleration-deceleration flight
plan age shown is Fig. 1,

Al an accelerntion of | p—as would be lppl'npliieﬁurinhlbi‘l:nt: nflplmnfl.u-
festrial mass ond rodius—it tokes nrnl:r o few years shiptime to reach the nearesh s1ans,
21 years foreach the Galactic Cender, and 38 years (o reach the nearest sparal galasy beyond
ike Milky Way. Wb acceleratians of 2 oc 1 g—-as would be approprisie for inlsbiants
of & planet of Javian mass and radis—thess distances can be negotiated im sbaut hall the
time. (f couwrse there is no time dilatson on the hame planet; the clapsed time in years
sppronimately eqaals the distance of the destination in lght years plus twice ibe lime to
rexch relntivistic velocities. For distances beyond abaut ten light years, the slapred Gme
on the home planet in years roughly equals the dusiance af the destination in ght yesrs.
Thus, for a round irip with & several-year siopover 1o the nearesi stars, the elapeed tinee
on Earth will be a few decades; 1o Dench, & few cenieries; o the Velo Clond Comples,
o few millemin; 1o the Galactic Center, a few teas of thousands of vears; 1o M3, o frw
million years; tothe Virge Clester of CGialavies, a few tens of millions of years: and to the
Coma Chuster, & few hundresds of mallloms of years, Meveriheless, each of thes immense
joizrneys coald be performed witkis the lifetimes of o homan crew. For transgalactic and
intergaloctic detances, equation (3) reduces to

i = Irlaln (a5/c%) (3
and in this rampe the curves of Fig. | are straight lines on & semi-logaritlimie plot.
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A oumnber of difficulties have besn presented by early suthoms on the technical aspects
of pelativieiie inderstellar spaceflight, Even with complete comversion of mass imto energy,
exirgme mnes ralios are required if all the fuel is camied of lnunch, For relativistic veloce
ities and the above flight plan, the mas miio & approximately equal to 2/é, where & -
1 — {ec’h and p {5 the maximum vehicle vebocity*"-*2 8, For example, to reach p = 0999 ¢,
:'h.:llﬁ.nﬂ'wri]hl mus be some 200 times H'urpq:pinld. and it 15 clear thal encrmows imitial
vehicle masses are required.  Fof the roand trip with no refiocling, the nsass ratio is (380
Thus, Ackeret'®3 coneluded that “even with d.l]'iug assumptions,” memlellar spoceflight
a8 relativistic velocities woall be feasshle anty for travel 1o the nearest stars. Furthermore,
baryon charge conservalic prevents the complete conversion of matler tn energy, exoept
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il half the working Tuel is antimoriee™ ;e contaimment of the aptimaiier—o say nothing
of s production in the quantities required —is cleardy o very seriows problem, An od-
ditinnal dilfculty with such ns sniimatter siarihip drive has been emphasieed by Puncsll™;
the gamma ray exhaust would be leihal for the inhabitants of the lnunch plane if the drive
were tarngd on pear the pl.lni{lnd Il'ﬂmuq;lheri:l'hutpﬁnu il.l'l.l:'}l:clnd]. ann!ul‘
lusson rockels™ provides some relansiion of the required miass ratios, bt it sppears thas
relativistic velovities cannot be obisined by such stagmg alone.

A way owl of ihise difficulties has been provided by Bussard™! in o most stimulating
paper, Bussard describes on imiersellor remjet which wses the intersiellsr medium both
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i & working flusd (1o provide resctson mass), and &5 an energy source (By ihermonuciesr
fasion). There i no complee conversion of mainer into energy; the existing mass deficits
snd low reactson cross-snctions for the conversion of hydrogen to deuberium are used,
The resdtor i certainly ot available teday;, but it vialates so physial principles, it is
carrentily beimg very actively pursued, and there is o reason o expect (1 10 be more than &
few centiries away from realization on this plased, Tie Busanl |miersicllar mmjet re-
quires very large frontal area losding densities: ~~140-* g ¢ ® per pucleon cm~ in the
interstellar medium, Thus, if the payboad is 10" gm, the intake aren must have a radias
of ~~&0 km in regions where the intersiellar dewsity b ag high as 10 nocleons cm™2. In
ordinary istersiellar space, where the density is ~~1 nuclean con?, the imzke area radio
st be ~~2HH km. IF the latier radivs seems absurdly lerge, even projecting far the
propress al fature tﬂhﬂﬂuﬁ'.“clll ul.ll:,' imagine the vehicle to seek trajectories through
chods of intersteller material, and vary #s occeferation with the density of the medium
within which it finds ifself. Piesce™ had enrlier considered and rejected intersteflar ramjets,
best the rojection was based on mach smaller imtake areas ithan Bussand

Of course the intake area may not necessarily be malenal; to the extent thak the remjet
waecps up jonized icderstellar makerial magnetsc felds could be used for collecton.  Star-
ships would then seek irajectories through Bl I regions. The Bussard inbersicllar rampe
alzo reguires moderaie [ofl velagiiss; bul even presemby-achisvable 1fodl velosities &
loee g I-10 k5o woald by sdafuane.

Busssrd does not discuss 1he methad of faanelling the imicrstellar matter 50 b can be
codbecied and wiilized for propulsion, Indeed this 5 one fendamendal problem which must
be faced by any relativistie interscellae vehicle; otherwise the structumal snd bialogical
damape from the induced cosmic ray flux will prevent any useful application of the extreme
veloxitios achisved. The maximam velocsty of the vehicle in the rest frane, after
512, half the distance to the destination, st uniform acceleration &, & E-I\'Eﬂl-m by

v = el = {1 4 aSf2Tpa ]

Equation {4} is Elustrated in Fig. 2 for the same three choices of @ which hive alroady been
used. The nbscissa gives the maximam velocity reached, expressed g3 @ = 1 — o, during
& half soceleration-halfl deceleration fight plam to a destination at distance 8. For cxamgple,
far o irip to Galactic Center, mazimum velocilies within 1007 o 100 ® per cent of the velocity
of light mre required. Abso shown in Fig. 2 are the weloaties ot which relative kinetss
energics of | MeV, | BeW, mnd | erg are imparted (0 intersieliar prodons by the motion of
the wehicle. For travel to even the nearcsi stars within o lusman shipboand lifeime,
prodection from the induced coimic ray fux @ masdatory, 10 evident From ihe lange
mass ralios alresdy requined Tor boosiad isterstellar Might, and from the bow (ronizl londing
aren surface denssics requined For an interstellar ramijet, thag matevial shielding is probably
oot & feasible solwion

I some means of fomisng the lmpacting interstellar material coudd be found, the ions
can be deflected and capiured by o magnetic field. In ihe case that trajectonies through H 1l
regions are sought, the interitellor medium will be already largely ionzred, asd magnetic
fumnelling winshl be practiceble. The coafiguration of the field would have to be
d.ﬂ,"ﬂ:d VEFY I.nanl.u'J_ql. bui the l.\':ng:cidd m'n:ptlmquhldmﬂdhtuhw as B few
hignidred BaLE S¥EN fiar very long vayages. Much higher feld sirengths woiald be reguired,
i Jeast in the propulsion module, for o Fusien ramjet; or aliernatively for & conlained
plasma driving o photon rockel™ . It appears Hkely that sapereondecing fux pumips™*
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can provide the magnetic fiekd strengihs required for deflection of the induced coaumic ray
flux,

Bussard's'™ concluding remarks on the szee of the frootal hldin.‘ mrea and H:.rrn.l.pi—
tude of the effort imvolved in relativistic imlerstellar spaceflight are worlh quoting: “This
is wery lange by ordinary standards, bal then, on nny mocount, interstellnr travel e Inh,-.ruﬂr
& rather grand undertaking certainly many magnitades broader in scope and likewise more
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difficult than interplanetary travel in the solar systzes, for example, The engineering effort
reqquired [or the schievemend of neccessful shori-time interstellar fight will likely be as much
greater than that involved in interplasctary fight as the latter is more difficall than travel
on the sistface of the Earth, However, the expansion of man's horizons will be propor.
tionadely preater, amd nothing worthwhile is ever acheeved eusily.”

Thie prpose of this Section is bo lend credence to the proposition that & combination
af staged Tusion boosiers, lange mass-matios, ramjeds working on the fmensellar medium
and tragcionics through H 11 reglons {5 capable of travel cortaindy 1o the nearsst stars
within o human shipboard Efetime, withoud appesl to & yei undiscoversd principles.
Especially allowlsg for o modicum of scieatific and technological progress within the next
few cemturige, | beleeve dthat intersteller spaceflight ag relativistic velocities to the fanbest
reaches of our Gialaxy is o feasible objective for humasity, Amd If this is the cose; other
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civilizations, ascons more advanced tham ours, mast wdoy be plying Lthe spaces betwoon
the slars,
b FREQUENCY OF CONTACT AMONG GALACTIC COMMLUNITIES

We can expect that if intersteliar spaceflight i technically feasibbe—even though an
exceedingly expersive and dificalt undertaking, from our poinlof view— it will be develapad,
Even beyond the exchanges of informatbon and ideas with other inlalligent commumities,
the scientific ndvantages of imerstellar spacellight snpger the imagination, There are
direct astronomical samplings—aof stars sl evolaiionary sages, of distant planetary
sysiesns, of the isterstellar medivm, of very ancient globular clusters. Theee are
tive astroammical ventunes, such as the trigenemetnic paraflases of exiremely disian abgects,
There is 1he observation and sampling of » mubiinede of independent bologies and societies.
Thesa are undertakimgs which could challemge and inapire even n very leng-lived civilizzison,

For the civilizathon lifetimes, £, previously adopeed we see that intersellor space flight
1o all peints within ihe Cralaxy, snd even 1o ciber galanies, is possible in principle, The
vayagers will returm far in ihe foiure of their depariare, but we have already amicipated
ikt the civilization will be stable over these immense periods of time. There will siill be &
record of ihe depariure, & repository for the information collecied, and & commumity
interesied in e resufis. To avood ANDECEEArY -d.uli.rm'lmq i ipderseedlar upl-nlﬁ.iu:,
the communicative societies will poal information and sct in concert, as Bracewell™ has
already poimted oul.  Dhrect comtacts and cxchange of miormation and artifacis will exss
amang mosl spadeliring wwtics possesasing mlativistic slarships.  In fact, over large
distamces, starship commumsation will cecur very nearly as rapadly as, amd much mars
reliably than, commuanication by eleciromagnets: radistion, The siusison bears some
similarty 1o the post-Renalsance seafarng communitics of Europe asd their calonies
before the development of clipper and seam ships, IF relativistic ferstellar space Mght
is [easible, the technical clvilizanions of the Galaxy will he an intercommumicating whale;
basi the commuanication will ke sluggish,

It is of some inderest 1o estimate the mean tme interval beowesn contaces for & given
plansiary system, Althowgh the shipboand trapsic times ot relativistc velocities are very
rnug_hll_l,l the same to any p-ll.nt in the Gl.l.l.l::ll. ihe :I.lpud time on ibe home pllnﬂ = of
COLkrEe qu]rW.iJ‘Dﬂ.El" pl'nrhzrﬂ-nnq.l io the distasce al the vayage. l'.'u'n.l.u:pu:nl:'l]r conkact
shouald be preatest among r!iﬁhhﬂri.uﬂ COMImaniises, l.llimuih we can aslcipatz that
oocasional very long joarneys will be aticmpesd.

Let each af the ¥ planets in the commurdcative phase launch ¢ relativistic starships per
year, These vehicles each effect ot least one contact per jowmnegy, and ame most often gone
sosmee JCF- | 0* years from the home planet per mission. In the steady state, 1here dre then g
wontacts cffected by each starship-launsching civileeation per year. and =-q conacts per
year for the Galaxy & o whaole, Relative io the economis capacity of such advanced civil-
ralions, & valug of § == | ye' seems modest. (Other choices of g will modify the resulis in
an obyious maneer.) Each crvilicalion then makes ~] contsct per year, and an average aff
W contacts dureng iis lifeume, The number af comacts per year for the Galoxy 23 8 whode
in then 10°; a sizabls fraction of these should be between two sdvanced communities, The
mexn number of starships on pairal from each iechnical civilimtion ot any given ime is
i Lo 1

* In s ey shown dhai with the sdopied valoms of ¥and g, and with eves bsrge rameged fromial o=
aneai, the axk Troom ach & i Mﬁ'gﬂ&ﬁluumuﬂ_ﬂ
:I"“"“‘-"‘Tm
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Il comiactis aro masle on @ parely random basis, each star should be visibed about omce
cach WH yoare. Even the neost massive stars will then be examincd at least onoe while they
afe of the Mum seqissnde.  Especially wiih o contral galscie informalion reposilory, thess
aifvanced civilizations shoald have an excellent idea of which plancliry environments are
miosl likely te develop intelligens life, With average contacl frequency per planet of 10-¥
yrt, ke onigin and evoletion of life on every planct in the Galaxy can be monitored «ffi-
cienily, The successive development of metazoa, of cooperative behaviar, ol the wse ol lools,
and of primizive introspecific communicsiion sclsemes would cach be poted, and would
each be followed by an increase in the imerstellar sampling frequesey. IF f, ~ 107, then,
n= g purely random basis, the frequency of contact with intelligent preteclonival planeiary
commaniies should be ~10% yr-1. Omee techinienl chvilization has been extablished, noed
especially afier ibe communicative phase has come into being, the contact Trequency
should azain increase; o f - 107, 1o come I0°% 3", Plancts of eatsaoedinary inlesest
will be visited even inore Erql.l:tlﬂ]'. Uinder the pmmd:lng u:.'umpli.unl. each commoni-
cative lechmical civilization should be visited by ancther such cvilzation abowsl once every
thousand years. Thlnnl}nhhﬂunruchdﬁliulinnlhmﬂrdﬂmtnﬂmhmphm{

= rate of abeal ome a year, amd a sizable fractson of these will have bad contact with
other communities.  The wealth, diversity and brillizsnce of this commerce, the exchange
of :uud.l arel enformation, of arguments amd arificts, of concepls and conmflicts, musl
contimuously sharpen the Gatiosity and enhance the vitalily of the partcipating socties.

The preceding discuisson bas o curious application to our own planet. On the basis of the
assumpdions made, some ong of Two million veurs aga, with the emergence of Froceasud
and Ziwfanthropud, the rate of campling of our planet should kave inercased 1o aboul onee
overy ten thoussnd years, Ar the beginning of the most recent posil-glacial epoch, the
devilopiment of socisl strecture, art, religion, and elementary technical skills should have
incneased the comtact Frequency siill furiber. Bud f the nterval between samplings is
only several thousand years, there is then & possibddy thai contoct with an extratesies-
trial civilization hos occurred within historical times®,

5 POSSIBILITY OF EXTRATERRESTHIAL CONTACT WITH EARTH DURPNG
HISTORICAL TIMES

There are no relisble reporis of contacts daring the less few conturies, wiven critical
scholarship and nmuupemil.inu; r:ln:m.iu. have hzen fuirdy wkl-upﬂ.d. ﬂn}' earlper
contact story must be encumbered with some degree of fancifl embelBshmend. due mply
to ihe veews prevailing at the time of the contact. The exient 1o which subseguent variation
amd embellishment alters the basic fsbnic of the acooanl vanes with time and circiemstance.
Brailoir™* recosds an incident in Rumaninn folkiore, where, bul Forty years aller a rfomants
tragedy, thi siory became elaborately embellished with myibobogical material and super-
mataral beimgs, At the time as the ballad was being sung ard ariribated 1w nemle antiquigy,
thi actual heroine was still aliv,

Anciber incident, which is mone relevant 10 the twple st haed, is the naiive sccount of
the frst comact with European civilization by the Ténpit people of the Mortheast Coast
al Morth America™, The comact socurmed in 1786 with ap expedition led by the French
mavigator La Perouse, Tise Thngu kepi no wriiten records, One century after the contact
the verbal narrative of the encounter was related to Emmony by a principal Tlingit chief.

* This possibilfy has heen fi Fat ‘I:_{-d" Ferest, in & e rather wedl-
kmm-ﬂ-n::uh-hd.m-ul..r- 'H.mﬂll;nsimnd."ﬂ' ‘War, when he raroduced the pros
tebem with e wards "Where are they T
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The story s oserladen wiih the mythological [ramewark in which the French sailing vessels
were initially interpreted. Hut what is very striking is that tbe true naturs of the eacounter
find been faithfully preserved. One blind old warrior kad mastered his frars o1 the time of
the encoqnter, had hoarded one of the French ships, snd exchanged gisods with the Euro-
peans I]ﬂp-lh: his blindmsess, he reascned 1hat the acguipants of the vessels were men.  His
interpretation fed to active trade Between the expedition of La Perowse and the Thngn.
The oral trdition comtained sulficsnt informatbon for later reconstruction of the true
natsre of the sncounter, altheugh many of the imchdenty were dispussed in & myihological
framework: ez, the sailing ships were described as immense black binds with while wings.

The encounter between the Tlimgii and Lo Peroase suggests thai under oerain cgam-
stanoes a bevel condoct with an allen civiligathon will be recorded in 8 recomstructable man-
ner. The reconstruction wiil be greatly aldad i7(1) 1he nccount s comminied to wiiiten mcand
soon afier the gvent, (2) & major change is effecied in the contacted society by ihe encounier,
and (3) mo atiemg 5 made by the contacting civilization to disgudse |t exogenaus nafure.

O e oiber hand, it is obvious that the recomstruction of o contoct with sn extra-
terrestrial eivilization is frought with difficoliies. ‘What guise may we expect g@ich a cangacl
myil b wear? A mnp]: aocount of 1le IH'Luri.lJ.nnnl' n sEramge bl:lng whi pﬂ'.fﬂrrnl HAar-
velows works and resides in the heavens is oot quile sdequate. All peoples have a need o
undersinsd their emvironment, and the atinbution of the hunmﬂﬂ:lj umderstood o
nonbuman desties is ot keast mildly satisfying. When inferaction occurs among l::uph
HW-I.‘HB'E different deities, i is mnevilable that sach graup will claim extraordinary powers
far its god. Resklence of the gods i the sky is not even approsimsiely sugeestive of exim-
berresirial ml,l.l. Allter ali, where can the gods reside? Obviously mol over i the nex
coimty; it would be ted casy b disprowe thewr existence by laking a walk, LUntd very
subtle melaphysical constracts are developed—possibly in desperation— ke pods cn only
live benesth the grownd, i the waters, or in the sky, Amd excepl perhaps for scealiring
peoples, the sky offers the widest msge of opparturities for theologial gpecalation,

Accondingly, we requite more of a legend than the appanison of & sirange being who
does extraoedinary woeks and llves in the sky. 1t woull coainly sdd credibility if ao
ohvious supernatural adumbratizn were arsched o ibe mory, A deseription of the mor-
phalegy of an imelligent non-kuman, a clear aceount of asronomical realities for a primi-
tive peaple, of o ransparent presentatios of the perpase of the contact would increase
the eredilality of the legend

In the Soviel Uinion, Agrest™ und others have called attention fo several beblical
igadents which they suspect to reflect contact with extraterrestrind civilizations. . For
w,ﬁmmmmmwmmwmt.&ﬂmm
Enoch,' o be in n:nit].' an account of the visitation of Earth by extraterrestrial cosmomauzs,
arl the :rﬂ','JJ:I‘ﬂﬂ] visitation af several E;ll.l:!l.l: commundies by o rather befuddled inkaba.
wand of Farth, However, the Shvomic Enoch fails to sstssly several of the cmera for a
leu contact m:gﬂ: mentioned above: it has been molded tnto several dallerend stnmd-
nrdized supernatural frameworks; there is 0o transparent extratermesireal modivation
for the evenis described; amd the astronomy is largely wrang. The interested resder may
wish 10 comsult dandard versions of the mapuseript™®,

There are other legends which mare nearfy satisfy the foregoing contael criteria, and
which deserve serious study in the preseal conlexl. As one example, we may mentlon the

Rabylomian acoount of the origin of Samertn clvillzaibon by the Aphaily, representatives
af as advanced, ponhuman and possibly extratermestrial soclen i,
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A completely canvincing demonstration of past comacs with an cxiraiesmestnal civili-
saibon may never be provided oo textaral and Sconopgraphic grousds alone. Bui there
are other possible sources of information,

The stadksiics presentod carlier in this paper suppest thai the Eanh has heen visived by
varmous galactic cvilieations many times lpum'hlf =~ [{F¥} du.nn.s g:uhgjﬂl time, e nod
ot of the guestion that artifects of these vitils stil] gas?, or even thet some Kind of base i&
maintained {pessibly autometically] within the solar sysiem 1o provide continuily for
suooessive enpeditions.  Because of weathering and the pﬂ.u.i'h&l.}' of detectson and inter-
frrmuhjihiuh:'hillmnflhl E.Iﬂh.itwmh:lhep'd'mﬂzmlmﬂemml bk Qi
the Earh's serface. The Moca seems one reasonshle shermsbve Fnrl..hmin; hl'ﬂ
resolution phulup:phip.‘ reconndissance of the Mooa fram space vcll-u-le-p—p.l.rﬁcuh.ﬂrqf
ike back side—mighl besr these possibilities In mind. There are also otber locales in the
sidar system whach might peeve of interest in 1his eombent. Cominct with sech o hase would,
of course, provide the most direct chck on the conclusions of the presenl paper.

Otherwise the abusdancs of advanced civilizaticas in the Galaxy could be tested by
sucoesafial detection of msifipble sleciromagnetic signals of intersigllar origin. In the
next fiew decadis mankind will hive the capabilty of irmasmifling electromagnetic signals
awer distances of several hundreds of ight years. The meceipt end retarn of such a signal
would amnounde pur presence as & technical civilieation, and, if tbe conclusions of the
present. paper are valid, sould be follawed by a special contact mission.  Evén il an in-
telEgible interstellar signal wers received and retusned taday, it would be severnl hundreds
al years bufiors the contecd misskan could arnve on Earth. Hopefully, thers %l then sifl
bwr a thriving serrestrial civileeation bo greet the visitors from the far distant stars.
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