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Simple ealeulations indicate that the spatial dengity in the galaxy of extinet
civilizations, and of planets inhabited by intelligent ereatures who do not Bave
technioal eivilizatipns, may be quite Llarge.

Drake, Oliver ef al. (1872), Huang
(1959}, Shklovskii and Sagan (1966}, and
others have developed formalisms to
estimate the chances of success of at-
tempted radio communication with extra-
terrestrial civilizations. Extension of these
formalisma here indicates that throughout
cosmi time the galaxy may have harbored
several hundred million technically ad-
vanced civilizations, and thousands of
millions of intelligent specigs. These con-
clugions do not depend on eonjectures
about the average lifetimes of advanced
civilizations,

The number of advanced civilizations
which have arizen in the galaxy can be
estimated in three steps. First, after
Drake, write the probability that an
advanced civilization ever evolves at a
wiven star as

p "fafvneflflfan (1)

where f, =fraction of stars at which
suitable planets are not precluded by
spectral elass or by multiple-star orbital
dynamics, f, = fraction of suitable stars
which have planetary systems, n, = num-
ber of Earth-like planets per planetary
system, f; = fraction of Earth-like planets
on which life evolves, f,=fraction of
bicepheres in which a family of creatures
evolves intelligence, and f, = fraction of
families of intelligent creatures i which
at least one species develops an advanesd
technital civilization.

Second, note that during the early
stages of star formation in the galaxy,
nucleosynthesis probably had not pro-
duced enough atoms heavier than helium

for biospheres to be possible. Approximate
this effect by assuming that P becomes
zero for stars formed before some char-
acteristic time T,

Third, chserve that evolution takes
timne; henece stars formed choser to the
pregent than some characteristic evolution
time T will be too young to possss
advanced civilizations,

Then the number of advanced civiliz-
ations which have arisen thus far in the
galaxy is

B, = (T — Ts — Th) Bufofgtaf fifo 2

where 7' is the age of the galaxy and X.
is the rate of star formation betwesn
T, and T — T, The number of families
of intelligent creatures which have arisn
in the galaxy differs only by the absence
of the factor f, (assuming the same Ty is
approximately eorrect for both cases),

BI = fT - TE - Tl)R*fnfpﬂsflfl' [3:'

The form of (2) and (3) was inspired by a
formalism that Oliver ef al. (1972) devel
oped for other purposes.

T 1s abont 10 yr. If the history of o
own planet is representative, then Tp=
4.5 % 10%yr is satisfactory. And although
the early history of nucleogynthesis in our
galaxy is not well known, a valne of T
3 3 107yT seerns reasonable. Values given
by Pearman (1963), Shllovslii and Sagan
(1966Y, and Oliver et al. (1972) for the
other factors are approximately B.=
2051, f,=0.25, f,=1, n,=1, f =02
fi=1,and f, = 0.1, so that

B,=25x 105, B,=25x 10° {4

1975 by Academic Press, Ing, AR

Uit ductian in any i ved
rights of renrg @n in any form reser
Printed in Greas Briigan :

INTERSTELLAR ARCHAEOLOGY 369

An estimate of how many advanced
civilizations presently exist depends on the
average lifetime of such civilizations, and
that number appears uncertain to at least
five orders of magnitude, from 10%yr to
107 yr (Pearman, 1963) or perhaps even
10° yr. But if the experience of the pri-
mates on Earth is typical, then the average
lifetime L; of families of intelligent creat-
ures (who do not necessarily have ad-
vanced technical societies) is at least
3 x 10fyr. Hence a formula of the form
due to Drake for the number of such
families in the galaxy,

Ny = R ffonfifi Ly, ()
gives N, =3 = 108,

So if there are 10! stellar systems in the
galaxy, then the fraction where intelli-
gence exists =3 x 1075, the fraction where
intelligence onee existed ~2.5 x 1072, and
the fraction where advanced civilization
onee existed &~ 2.5 x 1073, And, assuming a
local star density of 0.06parsec—?, the
expected distances from the Sun to the
nearest such stars are: 250, =5.5, and

= 12parsec, respectively. These conclu-
sions are independent of the average life-
time of advanced civilizations.

An extinet advanced eivilization might
have left behind space-borne artifacts
which could survive for a very long time.

ACKXOWLEDGEMENTS

We thank the referecs for helpful comments.
This work was in part supported by a grant from
the Committes on Research of the Academic
Senate at the University of California, Berkeley.

REFERENCES

Hoaxe, 8. (1958). Oceurrence of life in the
universe, Am. Scientist 47, 307,

Ourver, B., ef al. (1972). Projeet Cyclops, WASAS
Ames Research Center, Moffett Fiald.

Pearuax, J. P. T, (1863). Extraterrestrial
intelligent life and interstellar communication :
An informal discussion. In Interstellar Com-
mienication (A. G. Cameron, Ed.), pp. 287-283.
Benjamin, New York.

Smrrovskr, 1. 8., axD Sacaw, C. (1966). Intelli-
gent Life in the Universe. Holden-Day,
Ban Franeisco.



