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Commumcaunn mth Extraterrestrial Intelhgence

BY LAMEROS D. -:,uumos
Uncfasnﬁed i -

We are not alone in the onmiverse. A few yeers age, this notion
seemed farfetched; today, the existence of ¥traterrestrial intelligence
is taken for granied by mosi smentists. Sir Bernard Lovell, one af
the werld’s leading radio astromemiers, has calculated that, even gl-

lowing for a margin of error of 5000%%, thare ruust be in our awn galaxy
zbout 100 million stars which have planets of ‘the right chemistry,
dimensions, and temperature to support organic evolution. If we
consider that onr own galaxy, the Milky Way, is but one of at least a
billion other galaxtes similar to curs in the observabie universe, the
mumber of stars that could support some form of Lfe iz, to reach for
& word, astronomical.  As to advanced [by miserzble earth standards)
forms of life, Et. Frank I0. Drake of the Nstlana! Radie Astronomy
Observazery at Green Bank, West Virginia, has stated that, putting
all gur knowledge together, the number of civilizations which could
have arfean by now is about one billion.  The next question is, “Where
is evarybody 2

The nearest neighbar ta our solar sysism is Alpha Cenim.n oniy 4.3
light years away; but, aceording to Dr. Su-Shi Huang of the Nacional

- Aeropautics and Spar.e Administration, its planetarv system is
- prabably too voung for the emargence of life. Two other heavenly

friends, Epsilon Eridani and Tau Ceti, about 11 Eght vears away, are
stronger contenders for hatboring life.  Newvertheless, if superior
civilizations are abundant, the nearest would probebly be at least 100
light vears away; tharelfore, it would take 200 vears for a reply £0 Le
{orthcoming, & sinzl] matter of seven generations. This should, how -
ever, mzke litile diference to us, in view of the enormmons p-:rtmtl.e] gain
from our contact with a superior vilization. - Unless we'ts terribly
mm:elted {(a very unscientific demeanor), we must assume that the
“others™ are far more advanced than we are. Even 2 30-year gap
would be tremendous; 8 $00:year gap stasgers the imagination, and as _

" The substanca of this artics was prerented at & parel dscussion of the same ttle
deiring 1be 1965 IEEE Conference an Military Electmeics held in Washingeon, In C., oo
23 September 1965, Besides the author as crvplologint, the ather mesmbers of the paosl
were Dir. Paul Garvin, lingpuist; Dr. John C, Lilly, detphinalogiss; D, Willlam O, Devis,

- physicm: and Fr. Erancia J_ Heyden, 8. J. mtronomar, _ The moderatpr was Dr. Harcid
Weoostar, Director of Information Servics of the Air Forca Office of Seimific Rasaarch.
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" “for 2 500D-year gap . . (By the way, if tl:e:..r #ié 32 much a 50 y;axs .. :

. “behind us, forget itY) It is quite possible that “cthers™ have satellite

"+~ probes in space, retransmitting to “them”, anything that sounds nom- -, < -
Zapdom to the probe. "But they have probably called us several '

thuusa:nd years ago, and are waiting for an answer; or worse vet, they
have given up; or, more probably, thay have reached such impressive
technological advances that they have destroyed themsalves

Epsilon Eridani and Tau Ceti were the targets on which Dr. Drake

forussed his attention in the spring of 1860 in Project Ozma, an _

attempt to detect possible intelligent signals from cuter space. The
frequency selected for listening was 1420,405752 mepacycles per
second, of & wave length of 21 cm. ‘This particalar frequency, pos-
tulated independently by twa profsssgrs on the faculty of Cormell
University, Giuseppe Cocconi and Philip Maorrison, happens o be the
}-adiatinn frequency of atomic or free hydrogen which permeatss space
n great clouds; moreever, this frequency s within the rang= of
radio frequencies able to pass throvgh the earib's atmosphere. Pre-
?unzably, the significance of this frequency would b known to other
inTellizent beings in the yniverse who undarstand radio theaory, We're
scill talking about radic waves 23 the communication medjum; other
possible media might be masers, lasers, or the 25.yst undiscoversd and
unnamed “rasers.” A technology supericr to ours might even have
learned how to modulate s beam of neutrines (weightless, uncharged
parcles that physicists on earth find it difficult sven to deteet); if zo,
”they"_may have to wait & cantury or two before wa learn how to buiid
a neucring receiver. .

{ another civilization were trying to establish communication with
us, it would first embark on attention-getting sionals of such 3 nature
that we could distinguish them from random cosmic noise; once we
receive & recognizatle sigonal, we have a good chance of understanding
the message. For example, they could start with trains of siemals
cotresponding to the natural numbers I, 2, 3, ..., followsed perhaps
by prime nurnbers. Thev might continue with equal-iepgth extended

" siynals eonsisting of start and stop-bmpulzes, with ooracionel pulses in -+

" In this eomatection, Prolesor losif Sidovsky, Ruomi's Freatest madio Sotronoinet
hag vt iokiowing to aay in the Sentember 1365 e of Sodist Life - "
" Prifound crises lie in wait for a davalaping civilization and ove of them may wall peowm
Baal. e wrw already famdlar with sevenl soch ritical jitussions

ta) Self-destructiorrasa vesult of 2 thermooucloar catuszrophe or Jome othwr discorery ~

.. which mey have unpredictable and urcontrellabis . .
. 0) Gembicdanger. - - azc 2

. {81 Qverproduction ofinformation:"-. - . . .t S i)

. {d} Restricted qpacity of Bw indivitfual's bain winch can lad t6 eocemive
- Yon, with corsaquent dangers of depereration ' Lo
.. (e} A crisis precipitated by the crestion of artificial intallipent beings™ -
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. between; when these signals are aligned flush over sns another, they

_ . would show = cizcle, the Pythagorean Theorsm, or similar geometrie
..design. Thess attantion-gatting signals would be followed by early . . -
"language Jessons ™ interspersed with items of technical infordation to” .-

) he]pb;ingmu;;mthe level of cur superiors, “them ™ ¢

» .. It may bw sssomed that the ssnse of sight, of an'eqﬂiﬁ]ent; 15 .
- poasessed by alf higher formy of life; the problems of commumication . .7 -
could thus be greatly smplified through the medinvm of 5 “raster” -

representation such as that of a television sareenn.  After a confercnce
held at Gresn Bank in 1961 to discuss the possibility of communication
with other planets, one of the participants, Bernard M. Oliver, made
up a hypotbstical message an the raster principle. The memage,
consisting of 1271 binary. digits or “'bits.*” is shown in Fi 1z. 1. Since
1271 has but two prime factars, 31 and 11, we would naturaily b led
Yo write out the message in raster form, in 41 lnes of 31 bita each, or
in 31 lines of 41 bits sach; the latter case revagls 2 greater nonrandom-
ness in the patterns disclosed, indicating that these are the correct
dimensione. In Fig. 2 is the writs-out of the message, in which tha
binary 1's have ben replaced by 2 dot and the O's left as blank spares,
Now for ite intarpretation.

There are dofs at the four cormers of the pictogTam as referance
peints, marking the outlines of the rectangie. At the upper ieft iz a
zepresentation of the sun; directly underneath in a column are dots
reprasenting 3 planets, identified by the appropriate birsry coding to
their left, praceded by a binary paiat as a marker - The ereet, fwo-

- logged beings lustrated are chvicusly bisextal and mammalian; one
.- hend of the male figure points to the fourth planet where they ap-
parently reside. - At the top of the pictogram meay be sesn represenia-
tions of hydrogen, carbon, and oxygen atoms, indicating that the
chemical structure of life on their planet is smilsr to ours, From the
third planet thers emerges s wavy line, ghowing that it is covered with
water; the represantation of a fish shows that they must hove visited us
and therefore have space iravel. One hand of the female figure poinis
t0 a six {preceded by the usual binary point}, perhaps implying thag
there af¢ %ix Bngers on each hand: we could therefore aszume that
their number gystem is probably to the base 12. At the right of the
female figure may be s=en & bracket, in the middle of which is eleven in

binary form (preceded by a binary point]: this implies thet the beings -

2re 11 unics high. A rsasonable interpretation is that the wnit is 21
c)., the wave length of the transmission, making them about 714 feat
tall, which chould be all right for averaze Martiang, .
In 1952 the British mathsmatician Lancelot Hogben deliversd an
address before the British Interplanetary Socisty entitied “Astraglogma,
o1 First Steps In Cetestial Syntar.” Hogben pointed gut that nurrber
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is the most universal concept for establishing comamunication between .- -
. intelligent beings; therefore, mathematics forms the basic far the first R
. steps in extraterrestrial communjeation. . He then Hlustrated how he =77 -

could transmit pulses fepresenting integers, and distinetive signials or -

“radioglypha™ repressnting “4 7, *-.» Ve, and so on. . Momison | .
[ later'carried out the basic ides 2 lttle further, “using different pulse - < - -
- ¢hapes to refiresent elementary ‘mathethatics] symbols.” An entirely :

diffsrant approach was developed by Hirs ‘Freudenthal, Professor of -
Mathernatics at the University -of Utrechty whe in 1960 published a -

book entitled *“Lineos: Designof a Language for Cosmic Intereourse.”
“Lincos,” an acronym of “lingua cosmica,” triss to establish a COTE-

‘munication of ideas through symhbolic logic, but the gemerzl consensus
- of thoge who have taken the troubls to study his book is that hisplag -

is too difficult. After all, the chject of the ezerciss s petting ideas
acrese to ancther party, whose thinlking proceszes may be egtirely
different from ovr own.  In other words, what we nead to develop iz
2n “inverse cryptography,” or communication symbolizm specialty
designed, oot to hide meaning, but to be as eary as posgible to cormn-
prehend. Cleverness on Lthe part of the sender iz than the impertant
factor, not reliance on ingenuity af the recipient. The inverse
yptographer—somehow, this ferm doesnt sound miite rigcht—rnost
make his meaning clear to the recipient, even if the latter does not
pussess A cusinic equivalent of the Rosetta Sione.”

A3 an illustration of haw much information could be conveyed with 3
reiniraum of materisl, and as an example of facile inverse cIyptography,
let us eonsider s message I have devised Lo be typical of what we might
#xpect of an injtial communication from puter space. In Fig. 3 is

. shown a series of fransmissions which could have come from another

inhabited planet, many Light years away. The 32 arhitrary symbols
are repressniacions for the %2 diferant signals (combinations of bezns,
or distinctive puiss shapes) heard an 2 fretuency of 1420.4 megacveles.
The puncitation marks are not part of the message, but here reoresent
differant time lepses: adjacent symbols are sent with a short pause {1
unit} betwesn them; a space between symbok means a longer pauss
(2 units); commas, semirolons, and penods mdicate panses of 4, 8, and
16 units, respactively. Betwesn transmissings {nurchered here for

. refgrence purposes) there is  time lapss of 32 units.

The first trapsmission, (1), & obviously an anumeratinn.of the 32
different symbols which will be used in the commurnications; in trans-
mission {2) is the clear implication that A represents the integer 1, B

'ThﬂmsmiaﬁquﬂMMEIMM&ﬁmmm

- 9l the Nile, bearing & bilingual inscription (in Egyptisn kiarogiyphics, Egypcan demotic,

ﬂﬁmﬂﬁmmmmmmﬂ:humhlhemufth
T UNCLASSIFED
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theinteger2,. .., J the integer 20, In the first twenzy transmissions
there ave introduesd symbels for the introduciory e¥positary treatment
in teaching us their mathematics, Among the jtems treated are:

if they can teach us such g complex netioh 2t this early stage, we will
be staggered by what they will teach us by the 200th or the 2000tk

. tranemisgon. Baginoihg with ' transmision {22), words apd word.
cluster copcepts are introduced, so that by the Hme we come to_
transmisica {35), we now are understanding, it a manner of speaking,

pure Venerean, Furthermare, we can niow 2ee how we could recover
the code they are usibg on us, and whith w1l obvioualy copsist of
thousands vpon thousands of eode groups with differant meanings:
this is easdly appreciated by anyvone who takes the trouble to faihom
the mezning of all 30 transmissions in the foregoing example *

Even right after this first message, If we are in direct communicacion
with that planst, wa shail have questions to put to “tham": the proof of
Fermat's Last Thegram, Goldbach’s conjectyrs,’ ang many other
unsolved problems i mathematics and the naturm) sciences. It wiil
not be diffcult for “them” to demonstrate their intellectua] and tech.
nological superiority (first of all, don’t forget it was they who were
able to eail zsl).  If “they” but know the seventh digit of tha “fine

-structure constant.” they sre ages ahead of vz {we know only the first

fve for sure, suspeet the sixth). This numbar, 137.039 | . . . iz the
ratio, among others, of the spead of licht tg the spesd of the hvdrogen
electron; it may take g century to calecubate this constant to 8 digita
And after we resolve gur pressing scisntifie questions, it might he
apuroprigte to make discraet Inquiries as to how we could live in
harmony and peace with our fellow man—that js, if we aren’t eaten gr
otherwiss ingasted by the superior cviization that bad the T |
fortune to contact us, Bgt 85 far as the cryptolosist is concerned, he
(and generations of his descendants who might experiance the suprems

" * Thé sohution may b found on p. 109; Bt eschew the preroatare peel.
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" Ebrill of their lives when w hear from “them”) must keep a level head, e
not get excited, and be- prepazed to cope with problees the Iike of ' : :

=vhich he Bas never seen—out of this world, so tospeak. - ) Electrons
, ectroni:
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Selution to My, Gallimahos' Space Commumication.
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