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I. LIFE ON OTHER WORLDS?

“Two large dark-colored eves were regarding me steatdfast-
lv. The mass ‘that framed them, the head of the thibg, was
rounded, and had, one might say, a face. There-was # movith
under the eyes; the lipless brim of which quivered and pinied,
and dropped sakiva 7

Thius did the noted English writer 11 G Wells! dusttibie a
Martian in his famous novel The War of the Worlds; pablished
in 1898, He told how the Martian invaders of the earth, oéto-
puslike monsters with an intelligence far béyond man’s; mearly
destroyed human civilization.

Well's story, however fanciful; still reflects the thinking
of many people:about possible living beings on other worlds.
Man has long regarded the stars, sun, mooniand planets abthe
homes of gods and demons. In countless myths, man is either
the victim of these creatures or is helped and civilized by them.
In some tales, the.extraterrestrial (nonearthy) beings are-fully
human, ‘at! least physically. These themes have survived i pre-
sent-day science fiction:and fantastic stories, including many
flying-saucer reports. Many people believe that well-developed
life exists somewhere in the universe besides here on earth.
They believe that some of these possible living forms may be as
intelligent as man, if not more so®.

At the opposite extreme, many people, including a rium-
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Or, at best, these worlds are thought to have only the lowest
forms of life, such as bacteria, algae and lichens. These ideas
are more correct than the others, at least in regard to our solar
system.

The branch of biology that deals with the possibility of life
on other worlds is called exobiology. It literally means “biology
outside [of the earth].” Exobiology deals in addition with the
fundamental question of the origin of life. In this article, we
some of man’ﬂs_ ;tt;;pts to communicate with extraterrestrial
civilizations. First, however, let us consider the chemical foun-
dations of life and how it may arise on a planet.

THE CHEMISTRY OF LIFE

The only life we know of at present is the kind that exists
on the earth. This life is extremely varied and includes bacteria
and protozoa, which are so small that they can rarely be seen
without a microscope; millions of species of insects; giant se-
quoia trees, and whales; and, finally, man himself. The bodies
of all these organisms are composed of chemical elements. Rela-
tively few elements are found in living matter: carbon, hydro-
gen, oxygen, nitrogen, sulfur, phosphorus and some others,
including certain metals. These elements are usually combined
into biological compounds, or biochemicals. A number of bio-
chemicals, such as proteins, contain all or most of the elements
listed above. Other life-related molecules, such as water and
carbon dioxide, contain only a few of these elements. Most bio-
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Because so many biochemicals contain carbon, life on earth is
said to be carbon-based.

There are three major reasons why exobiologists ‘usually
limit their work to carbon-based biochemical systems. First.
these systéms represent the only forms of life with which we
are familiar. Second, astronomers have detected simple, earth-
type organic compounds in outer space. This discovery has led
many exobiologists to conclude that the chemical building
blocks of life are the same everywhere in the universe., Third,
these chemicals become part of planets when planets first form
from the elements’in a nebula, for’/cloud of dust and gas in
space. The elements are present in proportion to their, abun-
dances in space: hydrogen, helium, carbon, oxygen, nitrogen
and so on, with a huge excess of hydrogen. In the atmosphere
of a primitive planet, compounds such as methane, water and
ammonia have been formed from many of the el&§its.

MATTER IN OUTER SPACE

QOuter space contains a variety of matter, ranging in size
from subatomic particles to.cosmic dust and larger bodies. But
by earth standards, outer space is a yacuum. Its average densi-
ty of matter is very low, perhaps as low as ane molecule per cu-
bic centimeter. .In comparison, the atmosphere of the earth is
millions of times denser.

Like all matter, cosmic matter exists in various states of
energy . Therefore it emits different wavelengths of electromag-
netic radiation. If the electromagnetic waves are in the radio
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range of frequencies, they can be received by radio telescopes on
earth. Scientists analyze these waves to identify the chemical
nature of the atoms and molecules that emitted them.

Among these cosmic molecules, scientists have already
identified a number of chemicals that are related to life on
earth. That is, they are identical to elements and compounds
that are part of living systems, that help life to exist or that are
produced by organisms. The substances discovered in space in-
clude water, ammonia, methane, formaldehyde, cyanogen,
hydrogen and methyl alcohol. These compounds, except for
ammonia and water (and excluding the element hydrogen), all
contain carbon.

How did these chemicals originate? Most scientists believe
that these substances are of inorganic, or nonliving, origin.
That is, the biological chemicals evolved from nonliving chemi-
cal systems. This theory is called the chemical evolution of life.
Itis close??‘ﬁlated to the origin and development of planets and
the origin of life, in that it seems to be the same kind of chem-
istry believed to have occurred in the early history of a planet,
preceding the appearance of life there. The question in somie
scientists’ minds is whether these biological compounds do lead
to the formation of living things.

CHANGING CHEMISTRY OF PLANETS

Chemical evolution begins even before the appearance of
stars and planets in a particular part of space. Simple organic
compounds are formed from elements in the cosmic matter.
Slowly, cosmic matter of all kinds comes together to form stars
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and planets. As this happens, many of the organic compounds
become part of the planets. Thus, at this early stage of devel-
opment, the planets have a composition much like that of the
space matter from which they formed. Later the chemistry of
the planets changes as they develop through the ages.

Many scientists believe that a typical early planet, just af-
ter its formation, has an atmosphere with large amounts of ky-
drogen, methane, ammonia and possibly water vapor and oxy-
gen. If it is distant from the star (sun) around whieh it re-
volves, the planet is cold. Therefore, much of its atmospheric
gases may be condensed into clouds of droplets or snow; sothie
gases may even be'frozen in layers on the surface of the planet.
Our solar.system’s large outer planets—Jupiter, Saturn,; Urarilis
and Neptune'—exist under such conditions. Many scientists
are convinced that such planets contain, and are still produc-
ing, biological chemieals.

In comparison, the earth’s atmosphere is rich in nitrogen
and oxygen. It supports life very well, as we know. Did our
earth once resemble Jupiter or Saturn? A number of scientists
believe it did. About 4,000, 000, 000 to 5, 000, 000, 000 years
ago, they say, the earth had 4 ‘hydrogen-ammonia-methane at-
mosphere in which living systems eventually developed. Other
authorities disagree: they think that at least some free oxygen
was also present in the earth’s early atmosphere.

PLANETS FIT FOR LIFE

What are: the chances that chemical evolution will lead to
life on a planet? How many planets in the universe are suitable
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homes for living things? Astronomers estimate that there are
10°(1 followed by 20 zeros) stars in the universe. Most of
these stars probably have planets circling them, just as our sun
does. (So far, we have been unable to see any planets outside
our solar system). Astronomers estimate that life could have
arisen on some 100, 000, 000, 000 planets. Qf these, many re-
semble the earth and could support the kind of life with which
we are familiar.

We know that life is very adaptable. Nearly every place on
earth is the home of some organism. Certain bacteria and algae
survive temperatures close to the Bml}gmnt of water; others
endure temperatures far below freezing. Therefore planets we
think hostile to life may harbor living things of some kind, no
matter how simple.

Discovering life of any sort on other worlds would do more
than satisfy our curiosity. It would also shed light on the evolu-
tion of the earth and of the organisms that inhabit the earth. If
planets and life systems are forming now in other parts of the
universe, many of them may be at a stage that the earth passed
through several thousands of millions of years ago. Other plan-
ets and life systems may be older than the earth; these could
show us what our future may be.

As we develop the ability and instruments to investigate
other planets closely, we will obtain important clues to the
earth’s past and future. Even lifeless worlds may tell us some-
thing. If, for example, an otherwise earthlike planet’® is found
to be barren of life, it would cast serious doubt on present theo-
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ries of the chemical origin and evolution ot hite.

At present, we have direct knowledge only of planets in
our own solar system. These have been studied colsely for well
over three centuries, since the invention of the telescope.

ARE WE ALONE?

The search for extraterrestrial intelligence (SETI) has
been compared to® finding a needle in the “cosmic haystack.”
In spite of the enormous difficulties involved, scientists have at-
tempted to listen for intelligent signals from outer space. In
196061 Dr. Frank Drake, at the National Radio Astronomy
Observatory at Green Bank, West Virginia, used a radio tele-
scope for this purpose. He directed the telescope’s 26-meter an-
tenna at two nearby stars that emit radio waves. This experi-
ment was named Project Ozma. Dr. Drake failed to discover
any intelligent patterns in the radio noise he received from these
stars.

Similar experiments in the Soviet Union had no conclusive
results. For a time, one investigator detected signals coming
with some regularity from a part of the sky. But this event was
not confirmed by other radio astronomers.

Scientists, however, did not give up hope. Since the end
of Project Ozma, more than 20 radio-telescope searches have
been conducted, mostly in the United States and the Soviet
Union. A study named Project Cyclops was undertaken by the
Ames Research Center of NASA’ and by Stanford University.
Its purpose was to determine the possibilities of receiving mes-
sages from outer space. Project Cyclops suggested establishing a
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vpot wriay of 1adio telescopas: up to 1U, OUU dish-shaped radio
tolescope antenn s, each 30 meters in diamcter, would be
spread over ap arez 16 to 32 kilometers wide

“uch an atray v culd be able to detert 1adio and microwave
Lahages f1 aa plonetrry civhizatior s as much as 100 light-years
from onrth  Leakage tesults when soruc of the waves ueed for
radin, televisinn, and radar cecape into outer space. This leak-
age mey travel many light years. Similar waves escape from the
carth dailv: 1t s possible that some distant civilization is éven
noev taring e enrth’s electronc leakage.

Although NASA suppoirted the SF T oncept, federal
funding becarne a serions oroblem .n the United Staws Senate
action in 1981 withdrew financial suppori for NASA's involve-
ment in the SETI effort. In December 1981, however, a SETI
conference in Tallinn. U.S.S.R"., enabled world scientists 1o
establish plans for an international approach to the search for
life in space. A further step in encouraging the search was tak-
en in August 1982, when the members of the International As-
tronomical Union voted to create a commission on the search for
extraterrestrial life.

Yielding to arguments that there might be useful by-prod-
ucts {rom the work, the U.S. government renewed some of its
financial support for NASA's SETI involvement. That organi-
zation then made plans to use several of its large radio telescopes
in the search, including its 91-meter Gold-stone dish in the Mo-
jave Desert® and 300-meter Arecibo antenna in Puerto Rico'’.

In addition, new equipment enabled scientists to broaden
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their search efforts. At Harvard University in 1983, a four-
year search for signals from space began, using a 25-meter-wide
radio antenna linked to a compact multichannel receiver and to a
computer that can analyze a signal for the patterns that might
fnean a message. In 1985, the receiver was upgraded so that it
could monitor 8.4 million channels. The project was tenamed
the Megachannel Extraterrestrial Assay. With ddvanceditiom-
puter and data: processing techniques, scientists also reduced
from weeks to seconds the time necessary to scan millisiis of

frequencies.

Notes

1..H. G:;Wells; Herbert George Wells (1866—1946), ¥ [%
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29.5 EF L% KM — M. Uranus, XEE, 1781 FHEKEK
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5. an otherwise earthlike planet: iX B otherwise (adv.) &N
“EHMTE", EREGRAEGI—ARMBIES
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€. ---has been compared to: ¥4 compare 5 1118] to % i & N
“H-- HAE™, “4§--- LM 4", B : Shakespeare compared the
world to a stage. 1 %ﬂ%‘?ﬂiﬂ:ﬁ wﬂﬁ)ﬁﬁé‘o

7. NASA: National Aeronautics and Space Administration (3%
H)EEMEFEHEITE.

8. Tallinn, U. S. S. R.: #H, MHAKZYEEHAEY
. U. S. S. R. =Union of Soviet Socialist Republics ( #
Mo E IEMERKE),

9. the Mojave Desert: SEM4EDBE, {1 F 3 B nF 4 2 LA
8, WA 38 850 For B, JL FIEA, B B ea 4 T,
Mojave B PF4E Mohave.

10. Puerto Rico: i B R K. # £ 8 & & & i K % 5 i Y
& BRI B Z — 4> o o B R TP ¥ B A L Bth I
B, HBLBRE AN, BARKY TR, & L8> IR
Ay,

Classified Words and Phrases
alga({ X Jalgae) W, WK

lichen $h A
10



