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I want to assure ewverybody that this is definitely not
a paper about Rock and Roll music! Tonight, I want to
address the "X" Ffactor in the SPHEX acronym and talk about a
subject about which nothing is definitely Known. To gquote
T.H. Huxley: "The Known is finite, the unknown infinite;
intellectually we stand on an islet in the midst of an
illimitable occean of inexplicability. Our business in every
generation is to reclaim a little more land." Tonight, I
want to address one of our generation’s attempts to "reclaim
a little more land": namely the search for extraterrestrial
Tife.

The possibility of 1ife on other planets is a subject
that has fascinated me personally ever since I becams old
encugh to stare at the sky on a clear night and imagine what
might be out there. I have not been alone in this interest,
as we will see. The wiew of the moonless sky away from city
lights on a clear night is truely awe inspiring, and if one
has any imagination, one can not help but wonder at the
seemingly limitless possibilities that are there. In fact,
for thousands of wyears, humans have beliewed that there are
beings in the sky, and many have believed that we have been
vicited by extraterrestrials. The multiple reports of UFQ
sightings through the years have certainly lent credence to
the thought that even today we are being visited by alien
creatures of extremely high intelligence. This idea is at
once intriguing, mvstifring, and frightening. In my own

lifetime, there have been many fictional accounts which



appeal to mankind's longing to communicate with other worlds

and their civilizations — Buck Rogers, the Star Trek TV

series and movies, the Star Ware trilogy, the movie E.T.,

and my favorite, Invasion of the Body Snatchers, Just to

name a few.
In 1938, Orson Welles’ famous radioc broadcast of the

H.G. Wells story War of the Worlds had l1iterally thousands

of people believing that Earth was being invaded by
Martians. Thousands cried, prayved, szealed their homes
against poison gas, or fled to shelter. lbWe might reasonably
ask why so many people were so quick to believe that we had
been invaded by Martians. To answer that question, we need
to look at the history of the question of extraterrestrial
life and how humans have lTooked at it.

Even in the Bible, we can find stories that seem to
recount the wisitation of the Earth by travelers from cuter
space. The Book of EzekKiel in the 0ld Testament reports a
tale of visitation from beings that could well represent
visitors from another planet. To quote from Chapter One of

the King James version of the Bible:

"énd I looked, and, behold, & whirl-
wind came cut of the north, a2 great
cloud, and a fire infolding itself,
and a brightness was about it, and
out of the midst thereof as the colour

of amber, cut of the midst of the fire.



Aleo out of the midst thereof came

the likeness of four living creatures.
Aand thise was their apprearance; they
had the likenese of a man. And every
one had four faces, and every one had

tour wings————

The story continues, and it is not my purpocse here to
recite stories from the Bible, but suffice it to say, that
the tale does scund like & scriptural encounter of the third
kKind., This is just but one of the many curious stories that
have been passed down from ancient times that can’t help but
make even hard core skeptice wonder whether perhaps, some
time in the distant past, we may have been visited by an
alien civilization.

Such ancient stories are not limited to Western
cultures. For exzample, there is an ancient Babylonian
account which tells the story of a2 fish 1ikKe animal with the
head of a man which came to the people with great Knowledge
which it imparted to them - Knowledge that we could not
reasonably expect them to Know if they didn’t have
technological Knowledge.

Then there is the case of the African tribe called the
Dogon, who live in Mali. These people claim to have been
vigited by beings from the star Sirius, and they further say
that the star has a companion that moves around it every
fifty wears. The interesting fact is that indeed Sirius

does have a companion star that orbits it every fifty rears



and that this companion is invisible to the naked ere.
Furthermore, the companion star was not discovered until the
19th century. @Although there has been scientific skepticism
concerning this account, it certainly does invite
speculation.

In 1948, Erich von Daniken published his book Chariocts

of the Gods? In this book, he not only raises the

possibility that we have been visited by beings from cuter
space, but he postulates that early religions were bhased on
visitations from aliens and worship of their material goods.
He not only cites the passage from Eziekel to which we have
already alluded, but he quotes other passages from the Bible
which he claime support the concept that we have been called
uypon by creatures from cuter space. He goes on to tell many
tales of ancient civilizations that appear to worship
deities that could conceivably represent ancient astronauts
from other worlds.

von Daniken’s book seems gquite incredibkle, and it has
been panned by serious scientists. Howewver, I think that it
ie worth noting that there is a strikingly similar paraliel
in modern history. The Movember, 1974, issue of Mational
Geographic containse a remarkable article entitled Tanna

fviai te the Coming of John Frum. This artic}e relates the

bizarre but true story of the natives of this Socuth FPacific
island and their strange religion., These people worship and
await the arrival of a2 hoped for messiah of material riches

whom they call John Frum. &ll followers of John Frum



believe he will someday appear on their island and magically
usher in a prosperous, work—-free millennium of unlimited
"cargo" - pidgin English for Western material goods. Their
faith began with the arrival of Captain James Cook in 1774,
but it blossomed in 1942, when American troops landed on
nearby islands, bringing food, arms, pre—fabricated houses,
Jobs, and legions of jeeps. With the war’s end, the cargo
disappeared, but the islanders have Kept & wvigil ever since
in hopes of luring "John Frum" and his cargo-laden ships
back to their shores. Their ritual is loosely based on
American military drills, and the followers paint the
initiale "U.5.4." on their backs as they perform their
rites. @Although we may smile at their naivete, it is really
not too difficult to see how Stone Age South Pacific
izslanders could mistake American scldiers and sailors with
their plethora of worldly goods for deities. Furthermore,
it does not take a great leap of the imagination to see that
a similar sudden and strange visitation from outer space
could have led to am ancient pagan religion.

These tales all represent what I would call
psuedo-scientific speculation and even sensantionalism of
the subject of extra-terrestrial life. There has also besen
a remarkable body of science fiction literature on the
subject. "Gort, Klaatu berada nikto!" Thus spoke Patricia

Neal in the unforgettable 1951 Film classic, The Day the

Earth Stood Still as she saved the world from the rampaging

alien robot Gort., This film is a beautiful example of Z20th



century science fiction, but this literary genre has deep
roots in the 1%th century, which was & time of rapid and
impressive scientific and technological advances.

&1 though most peoplie think only of Jules Yerne and H.G.
Wells when thinking of 1%th century science fiction writers,
the amazing fact is that most of the greatest American
writers of the time, as well as some of their European
counterparts wrote science fiction. Such authors include
Edgar Allen Poe, Sir Arthur Conan Dorle, Herman Melwille,
Honore de Balzac, Mathaniel Hawthorne, Jack London, ambrose
Bierce, Edward Bellamy, Mark Twain, Mary Wollstonecratt
Shelley, James Fenimore Cooper, Henry James, Stephen Crane,
Washington Irving and even Frodor DostoyevskKy. It is beyond
the scope of this paper to review their writings in any
detail, but it is important to note that there was a strong
1#th century science fiction school that has continued down
to our present time. MNone of this literature would have
succeeded if there were not a strong human desire to believe
in the existence of alien civilizations.

&1 though the many science fiction accounts of alien
beings and civilizations are entertaining, amusing, and even
edcucaticonal, the real purpose of this paper is to examine
the sericus scientific searches for extra terrestrial life.
Before we can do that, I believe it is necessary for us to
attempt to define life and what it is that we are talking
about. lebster s dictionary defines life as "That state of

an animal or a plant in which its organs are capable of



performing their functions , or in which the performance of
functions has not permanently ceased; animate existence;
vitality; the time during wlhich such a state continues; the
pericd during which anything continues to exist ——=". The

Encrclopedia Britannica defines life as "a phenomencon almost

impossible to define or to explain in all of its varying
aspects," & definition sufficiently broad certainly to
encompase any¥ alien life.

Would Tife on ancther planet have to be like life on
earth? Before we dismiss that concept out of hand as
hopelessly gec-chauvinistic, we should stop for & minute to
consider the biocchemical basis of life on Earth and the
astonishing diversity of life forms that exist here.

The Key important biocchemical fact about life on Earth
is that at the atomic scale, earthly life consists almost
entirely of a sparse handful of elements - hyrdrogen,
nitrogen, oxygen, phosphorus, sulfur, and most importantly,
carbon. Carbon is by far the most important element,
because it easily forms multiple bonds with other atoms and
therefore acts as a Kind of glue, cementing together the
pieces of life's complex molecules. Carbon bondes so easily
because it has relatively few electrons - only four in its
cuter shell which thecoretically has the capacity for eight
electrons. Therefore, esach Carbon atom can bond with as
many as four other atoms at once. Ewven the language of

chemistry acknowledges the primacy of carbon. Compounds



containg carbon are called organici all others are termed
inorganic.

Many organic molecules are relatively simple, and small
organic compounds are commonly found in space, where they
have been detected in dust clouds, on comets and meteorites,
and even floating in the atmosphere of Jupiter. But
complex, self-regulating ocrganisms that live, reproduce, and
die require far more sophisticated molecules, some of which
contain more tham 10,000 atoms. These compounds are called
organic polymers - giant chains, rings, lattices, and
globules which are built from units Known as monomers.

There are four classes of crganic polymers: carbohrdrates,
fate and cils, nucleic acide, and most common of all,
proteins. Proteins are composed of long chains of amino
acide, and one of the remarkable facts about life on earth
iz that there are only 20 different amino acids which are
found in all living things, both plant and animal, on earth.
There are many more than 20 amino acids which are at least
theoretically possible, and it is conceivable that carbon
based life on ancther world could well employ an entirely
different set of amino acids.

Living things require a genetic code that can be passed
from generation to generation, o0 that each species can
replicate itself. Terrestrial life accomplishes this coding
function by means of a molecule called DMN&. Like proteins,
DMA i composed of long chains of simpler compounds, in this

case called nuclectides. @& nuclectide contains a phosphate,



a sugar and a section called & base. These nuclectides are
linked together in long double spiral chains, called the
double helix, and it is the bases which 1ink to each other
to form this double helix. Incredible as it seems, there
are only four bases which Tink this genetic code together,
and these four bases are found in the genes of all living
things on earth. [ somehow find it astounding to think that
we humans have the same basic genetic code as trees,
spiders, snakes, grass, bacteria, and all the rest of
Earth’s living organisms. It does not take a great leap of
the imagination to suppose that life on ancther planet could
have a similar genetic code which is based on four or more
other bases.

Could there be alternatives to carbon based life? The
most promising element, based on what we understand about
the biochemical basis of life here on earth, is silicon.
Like carbon, silicon is a versatile element that can kKnit
together complex chemical chains. It too has an cuter shell
aof only four electrons and thus has room for four electrons
tfrom other atoms with which to make compounds. It also
bonds with oxygen in long molecular chains which are called
silicones. Like organic compounds, silicones come in
several varieties which depend on the organic groups
attached to the silicon atoms. Silicon-oxygen bonds are
very strong, however, and once formed, silicones tend to be
self-contained and rarely react with other compounds. This

fact bodes poorly for silicon as the chemical building block



for Tife. Other elements such as germanium, tin and lead,
which occupy the same relative place in the periodic table
of elements, and thus have an cuter shell of only four
electrons, are even less promising, because their chemistry
iz not suitable to the formation of multiple compounds that
can react with others to form the complex chemicals that
seem to be necessary for life. Finaily, the cosmic
abundance of carbon exceeds that of silicon, germanium and
all the other alternatives. Therefore, it seems reascnable
to assume that any search for life berond the Earth should
focus on carbon based life and a2 a result that we should
ook for environmental conditions roughly equivalent to
ours. MNevertheless, as we shall ae; from an examinaticon of
earthly forms of life, even carbon based life could be
dramatically different from 1ife as we Know it.

In addition toc a basic organic element, such as carbon,
life also requires sclution chemistry, that is - material in
the ligquid state. The gas state does not permit definite
mechanical structure, and the sclid state is too crganized;
it does not allow atoms and molelcules to move around freely
enough for the the things that have to happen in a living
creature. In short, the essential chemistry of 1ife occurs
in & sclution — in cur case in compounds in & water
solution. Other solvents are at least theoretically
possible in planets with a significantly different
temperature range, but it seems clear that any form of

complex life must exist in some sort of sclution.

10



Finally, I believe that any form of intelligent life
that we might communicate with would have to be an upright
species with hands that have thumbs. The upright position
hae freed us to use our hands to make toole and the other
trappings of technology. The thumb is very important,
because it allows us to grasp cbijects and use them for our
purposes. Those people who doubit the importance of the
thumb should attempt to drink a glass of water or write a
letter without using their thumbs.

I think that we should pause to examine the remarkKable
diversity of life forms that are found on Earth betfore
proceeding with a discussion of the search for
extra-terrestrial life, if only to realize that life can
thrive in the seemingly most hostile envircnments. From the
subfreezing Antarctic desert to the sulfurcus waters of a
hot spring, terrestrial organisms grow and prosper in
environments that seem almost as inimical as those exisiing
on other planets and moons of the Soclar Sretem.

For example, Antarctica is by far the least hospitable
continent on Earth. It aisoc happens to be the closest
terrestrial anmalog to the planet Mars. It is thus
intriguing to exchioclogists that éntarctica is home to
thriving populations of lichen, algae, fungi, bacteria, and
insects, and there is a strong belief among exchiclogists
that we may one day find fossilized remains of microscopic
life on Mars. Some even hope that we might find living

microbes at the borders of the Martian permafrost.
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Ae another example of the extraordinary variety of 1ife
that we find on Earth, consider the fact that fish and
shrimp have been sighted 25,000 feet below sea level in the
Facific Ocean, swimming easily in spite of water pressure of
eight tons per square inch, which is more than a thousand
times the atmospheric pressure that we find at sea level.
There have alsc been found organisms that live in the
complete absence of sunlight, as well as bacteria that grow
in the 212 degree waters of thermal springs such as those
found in the gevsers of Yellowstone Mational Fark. @As a
ph¥sician, I Know all too well about anerckic bacteria -
organisms that not only do not require oxygen for their
life, but for which ox¥gen is actually poisoncus. It is
important to remember that all of these living creatures
have the same basic genetic code and that they use the same
fundamental protein structure and the same chemistry based
on carbon compounds as do more common life forms.

With that background information, I now want to proceed
to actual theories and searches for exitra-terrestrial life
that have occurred and which have been the subject of
serious research by serious scientits. This topic has often
been called a science in search of a subject. But I believe
that it is in fact a true scientific discipline. UWhether it
will ever bear fruit in the sense that we will someday find
intelligent life remains to be seen. One thing is certain,
however, and that is that the search has begun, and it will

continue.,
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Az we have seen, there are many ancient accounts which
may describe contact with extra—-terrestrial life, but it is
safe to =ay that in the Middle Ages and for many centuries
before, accepted wisdom held that the Earth was the center
of the universe. Although ancient astronomerse had Known for
centuries that the planets had anomalous paths in the sky,
the Egrptian astronomer and mathematician Ptolemy had
devised an elaborate and artificial explanation for these
observaticons. The Fiolemaic system was used by the medieval
church and medieval scholars to buttress the thought that
the Earth was really the center of the universe. @As long as
this belief held, there was no real incentive to even
speculate on the existence of life on other worlds.

However, in 1343, the Polish astronomer Micolaus
Copernicus pushblished his monumental work -0On the

Revolutions of the Celestial Spheres. In this book,

Copernicus attributed to the Earth a daily motion arcund its
own axis and a »early motion arcund the Sun. In so doing,
he developed an idea that had far reaching implications for
the rise of modern science. Henceforth, the Earth could no
longer be considered the center of the cosmos; rather it
became one heavenly body among many. This concept caused
profound shock in its day, because no longer could the Earth
be considered the epitome of creation. This challenge to
the entire system of ancient authority required a complete
change in man‘s philosphical conception of the universe, and

has rightly been called "the Copernican Revolution.®
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Copernicus himself died at the time of the publication
of his great work, so he did not suffer any consequences
from his own revolution. The Italian astronomer Galileo
Galilei was not so fortunate. He was the inventor of the
telescaope, and as such, he amassed evidence in support of
the Copernican theory that the Earth revolwes arcound the Sun
and is therefore not the center of the universe. He even
informally stated the principles that were later embodied in
Mewton’s laws of gravity. His position represented such a
radical departure from accepted thought that he was tried by
the Inquisition in Rome, ordered to recant, and forced to
zpend the last eight vears of his life under house arrest.
Mevertheless, hie ideas formed ﬁhe basis of modern
mathematices, physics, and cosmology, and his place in
history is secure.

As the primacy of Earth in the cosmos dimmed, it became
wirtually certain that humans would begin to consider the
possibility of 1ife elsewhere. Perhaps inevitably, the
longing to prove thaﬁ mankind is not alone in the universe
came to focus most intensely upon Mars - a2 world that seemed
to observers as remarkably Earth-like. @&s the advent of
telescopes allowed astronomers to study that planet and its
habits more closely, various similarities appeared.

Al though Mars has a »ear that is nearly twice as long as
Earth’s, it has a twenty—four and a half hour long day that
seems to mimic ours, Furthermore, there are dark regions an

Mars that waxz and wane seasonally, thus svoking thoughts of



oceans, continents, and wegetation. The fact that Mars has
polar ice caps that advance and retreat before the Sun adds
turther fuel to the thought that Mars is similar to the
Earth. Mars’ distance from the Earth varies; at its most
distant it is 248 million miles away, but every 15 to 17
vears it draws to within 35 million miles of Earth.

It was at such a time in 1877 that the Italian
astronomer Giovanni Schiaparelli studied Mars. He focused
on one feature of the planet at a time, looking away to make
a meticulous drawing, then returning to the eyepiece.
Gradually, an astonishing pattern seemed to emerge: Mars
appeared to be covered by a planet-wide network of
geometrically ordered lines. Schiaparelli called these
Tines canali, which in Italian means “channels", but which
the English speaking public inewvitably took to mean
"canals". This concept staggered the public imagination,
for in a day when the 107 mile long Suez Canal was less than
10 wvearse old and still a cause for wonder, people began fo
imagine beings capabale of digging canals that would span an
entire planet.

Schiaparelli‘s musings and the popular support for them
were immediately buttressed by the French astronomer Camille
Flammarion. Fifteen years garlier he had written a book
about extraterrestrial life, and therefore had established
himself as a Kind of sage on the subject. He quickly
suppaorted the theory of Schiaparelli and thus reinforced the

belief in intelligent life on Mars. Across the Atlantic,

15



the influence of Schiaparelli and Flammarion was felt by an
amateur American astronomer named Perciwval Lowell.

Lowell was the zon of a prosperous Boston family who
had devoted his adult life to oriental scholarship and
travel. However, at the age of 3%, he abruptly changed
careers and turned to astronomy and the study of Mars.
Immediately he grasped the idea of the canals of Mars as the
work of highly intelligent beings, and in 18%4, just in time
for the next close encounter of Mars to Earth, he
eztablished the Lowell observatory near Flagstaff, Arizona.
It was here that he spent the rest of his life pursuing the
elusive inhabitants of the Red Flanet.

Atter less than a year of formal observation, Lowell
published a book in which he described the Martianz as =&
serious race bound in peace and common effort by the
relentliess desertification of their planet to create the now
famous canals for irrigation. He also concluded that any
race that could create such an elaborate planet wide
irrigation system must be more intelligent than humans.

Lowell“ s work and his conclusions were an immediate
popular success, and his influnece in the popular psyrche
caontinues to this day. Howewver, most scientists of his time
were skeptical, and many serious studies of Mars not only
tailed to confirm the presence of the canals, but showed
that there was no water vapor in the atmosphere of Mars and

therefore no need for canals to serve as irrigation ditches.
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In spite of the increasing body of contrary evidence,
the belief that Mars harbored 1ife died hard. In the late
1930°s, for example, the discovery of slight perturbations
in the orbkits of the two Martian moons, Phobos and Deimos,
prompted & prominent Soviet astronomer to state
categorically that the two moons were in fact artificial
satellites of Marse. They could, he pointed ocut, be either
present—-day artifacts of an advanced civilization or the
relice of a vanished society.

The advent of interplanetary space flight has dealt a
virtual death blow to the concept of intelligent 1ife on
Mars, and probably even to the thought of microscopic 1ife
there. Early unmanned flights to Mars by the Mariner series
of spacecratt sent back pictures of a hostile world that
appeared more similar to the Moon than to the Earth,
although they did show evidence of significant geclogic
activty, thus Keeping alive the thought that there might be
living microbial forms or at least evidence that life had
ance existed on Mars in an earlier epoch.

But it was the Wiking Mars landers that became the
world's first real life—search wvehicle. These space crafis
were designed not only to fly to and land on Mars, but their
mission was to conduct experiments that might be abkle to
detect 1ife — either currently living or extinct - on the
planet. WMiking I landed on Mars on July 20, 1974, and on
September 2, 1974, Viking I1 landed half & world away. Both

space craft were equipped with soil samplers and biochemical
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testing apparattuses that were designed to test for life on
Mars. I do not intend to go into the technical details of
these experiments, but suffice it to say that not only was
there found no evidence of life, there was strong evidence
to indicate that the Martian environment is
self-sterilizing. The surface of Mars contained even less
organic material than the most inhospitable patches on
Earth, the nearly sterile soils of éAntarctic dry vallers.
Mot only were organic compounds evidently not being produced
on Mars’ surface, but any organics imported by meteroites,
an occurrence common on Earth, were zapparently being
destrored in the Martian environment. In this vast red
world, richly marked by old signs of planetary vitality and
ancient floods, seemingly so Earth-like that human
imagination had populated it with a race of noble,
intelligent beings, nothing lived. This finding was a great
disappointment to excbiclogists, but sven today, years after
the fact, some scientists still argue that 1ife might exist
in at least some areas of Mars. Martian life, having
survived for centuries in human imagination, will not be
gasily exterminated. aAnd, in fact , Mars still retains some
of ite age-old luster as an abode of life. It has huge
channels that are reminescent of earthly riverbeds, which
fact suggests that liguid water was present in significant
quantities at some time in the past. Some scientists argue
that we may well find fossillized remains of Tife in more

thourough searches of the planet. To that end, the Soviet
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Union has launced the Phobos space mission to further study
the Red Planet.

In the meantime, the United States has alsoc sent other
planetary explorers in an effort not only to study the other
bodies in the ZSoclar Svetem, but also to search for possible
environments that would possibly be conducive to the
development of life. HMNot incidentally, these spacecraft
also contained mankind’s first conscious effort to
communicate with alien civilizations., These space
travellers were Known to be destined to go berond the Solar
Syvetem when their planetary exploration was completed.
Hltimately, they would leave the Sun‘s influence and sail to
the domain of other stars. It was inevitable that those
interested in the concept of extraterestrial intelligence
would decide to send a message on these vessels.

Our firset deliberate note in a space-bottle was an
MAaSA’s Pioneer 10 spacecratt, which was the first vessel to
fly close to the planet Jupiter. Important as that fact
was, from the exchiclogist’s point of wiew, it was even more

important that Picneer 10 would also be the first ocbiect

from our civilization that would leave the Solar Srstem
forever. With this realization came the idea of sending a
message to any alien civilization that might find the
spacecratt, even millions or billions of »ears into the
future. Consequently, there was eitched onto the Picneer
spacecraft a plague which showed & picture of a naked man

and woman along with a description of cur Solar Syetem and

19



its location in our galaxy. The identical message was also
sent on Pioneer 11.

In 1277, the two Vorager planetary explorers were sent
on their epic journers, with their ultimate destinations
alszc being the wast reaches of ocur galaxy. These space
ships carried ancther message +from Earth - a Kind of
videodisk. Encoded in the grooves of this disk are some of
the sights and sounds of Earth. It includes recordings of
greetings from the then Secretary-General of the United
Mations, Kurt Waldheim, and Jimmy Carter, the President of
the United States. Messages in dozens of languages are
given, as well as photographs of people and places from all
over the planet. In addition, there are recordings of
representative music from all over the earth, including

Chuck Berry’'s classic Rock and Roll hit, Johnny B. Goode.

Even as we speak tonight, these spacecratt continue on their
endliess journey intoc the far reaches of interstellar space,
perhaps someday to be interecpted by ancother civilization.
The Pioneer and Yorager space ships have given
planetary scientists marvelous close—up views of Jupiter,
Saturn, Uranus, and Meptune, as well as their rings and many
af their moons. #@A&lthough these pictures have been
fascinating and tantalizing, none of the data that has thus
far been studied from any of the other planets in our Soclar
System has shown any evidence for the sxistence of life of
any kind, much less intelligent life. In fact, all of the

other planets and their satellite systems have been shown to
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be very inimical to the formation of any kKind of life.
Therefore, it seems that if we are to find an
extraterrestrial civilization, we will most likely find it
orbiting some star other than our Sun.

For life to thrive and evolve into intelligent forms at
cother locations throughout the universe, there would
certainly have to be an abundance of extrasclar planets -
preferably planets similar to Earth orbiting other stars
similar to the Sun. Earth-like planets would have all the
crucial ingredients: a stable scurce of energy (the parent
star? which is far enough away to allow molecules to form,
but not much farther; and plenty of raw materiales in readily
usable forms. Some people alsc think that the existence of
a2 large moon is crucial, because of the tidal forces which
it exerts. These forces create tidal pools, which many
biclogists feel were essential in the initial formation of
life out of the primordial soclution of chemicals.

With the crucial role that extrasclar planets play in
our search for extraterrestrial life, it is disappointing to
learn that we don’t even Know if such planets exist.

Al though most astronomers expect that they are there, the
fact is that as yet there is no hard evidence for the
existence of even one planet outside the solar system.

Although this fact may seem surpriszing, it should not
be =0 when one considers just how small and insignificant
planets really are. For example, Jupiter is more than three

hundred times the mass of Earth, but the Sun is more than
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one thousand times the mass of Jupiter. Furthermore, the
mass of Jupiter is more than the combined mass of all the
cther planets of the Sclar Syetem and their satellites.

Mot only does the huge difference in mass matter, but
there is alsoc the consideration of the amount of Tight that
is radiated from a planet. Planets produce essentially no
energy of their ocwn, and they are visible only through the
tiny amount of starlight that they reflect. At interstellar
distances, even a Jupiter sized planet would be completely
Tost in the glare of the parent star and would thus be
virtually impossible to see. There had been some hope that
the Hubble Space Telescope might have good enough resolution
to directly see plansetary systems arocund other stars, but
unfortunately that telescope’s well publicized mirror
problems have thus far preciuded that possibility.

There are other theoretical wars in which an
extra-solar planetary system might be detected. These are
indirect methods, such as measuring so called "wobbles" in
stars’ motions that would be caused by an orbiting planet’s
gravitational effect on the star. #@Although there have been
some tantalizing observations made, at this point no
definite extra-solar planetary system has been discovered.

In the absence of any direct cbhservations of other
planets, astronomers have been forced to assume that they do
in fact exist - a leap of faith that is somehow difficult
for scientists who are used to testing hrpotheses by

reproducible experimentation. This assumption is greatly
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helped by the cosmological principle, alsc Known as the
assumption of mediocrity. This principle basically states
that there i= nothing special about ocur place in the
Universe and that every place in the Universe is pretty much
like every other place, and that furthermore, the same basic
laws of chemistry and phy¥sics apply everywhere in the
Universe. #&As far as we are able to tell by direct
obeervation, the assumption of mediccrity is true, and if it
is 80, then it seems reasonable to deduce that there are
ather planets which support life, even if we have not as ret
found them.

In an effort to determine the number of civilizations
that are technologically capable of communicating with us,
Corneli astronomer Frank Drake devised an equation which is
Known as the Drake Equation. #Although in my opinion it is
impossible to acurately Fi11 in the numbers of this
equation, the Drake Equation remains a widely used tool for
speculation. Mo discussion of extraterresirial intelligence
would be complete without at least mentioning it. The

equation is as follows:

M =R. f(p) nie) F{1) £CidFf(cIL

g

the number of technological civilizations in

our galaxy
F.= the number of new stars formed in ocur galaxy

gach year
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fipi= the fraction of thoze stars that have
planetary srstems
n{el= the number of planets in each system that can
support 1ife
fi1)= the fraction of such planets on which life
actually originates
f{i3= the fraction of life-sustaining planets on
which intelligent 1ife evolues
fici= the fraction of intelligent life-bearing
planets on which the beings develop the means and the will
to communicate over interstellar distances, and
L= the average lifetime of such technological

civilizations.

This equation has been used by all seriocus students of
the subject, but in my opinion, it has been used to suport
gach person’s pre—-conceived ideas. For example, Carl Sagan,
whao fervently wants to believe in extra-terrestrial
civilizations, has assigned large numbers to each of the
variables and has concluded that the number of civilizations
ie 200 miltltion, just in ocur galaxy alone. & more
conservative estimate would place the number at one million,
while the pessimistic judogment states that in effect we are
alone. This range of opinions from sericus students of the
subject demonstrates that the Drake eguation, while useful
as a starting point, doss not really answer any questions.

In fact, it raigses more questiconse than it answers.
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The development of the field of radioc astronomy in the
1?30 marks the actual beginning of the modern era of
searches for extraterrestrial intelligence. The +first
cosmic radio signals were detected by Karl Jansky in 1932,
while he was studyring radio interference from terrestrial
sources at the EBell Telephone Laboratories in Mew Jersey.
The first actual radic telescope was built in 1238, by an
amateur astronomer in his back ward in Illinocis. World War
IT saw great development in radic equipment which was
developed for wartime usage, and after the war, there was a
great burst of activity in the then new field of radic
astronomy.

In 1%5%, the radioc search for alien life was launched
by an article in the British scientific jounal Nature by
Giuseppe Cocconi and Fhillip Morrison, in which they
concluded that the sasiest war to communicate across
interstellar distances would be by radic signalse. Theyr
suggested that we should begin ocur search by listening near
the hydrogen line frequency, which, they concluded, would be
a frequency Known to all intelligent civilizations. They
realized that the hunt would be difficult and that the
technical problems were enormous. The whole problem has
come to be Known as the Cosmic Hawvstack, in an obvious
analogy to the proverbial needle in a haystack. Cocconi and
Morrison concluded their paper with the following statement,
which probably summarizes the thoughts of most

exobiclogists: "The probability of success is difficult to
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estimate, but i+ we never search the chance of success is
zero.,"

The first serious scan for alien radic signals was
started in 1240 by Frank Drake, whom we have already met as
the author of the Drake Equation. A young radio astronomer
working at the MNational Radio Astronomy Obhservatory in Green
Bank, West Virginia, and working independently of Cocconi
and Morrison, he conceived of what he called Project Ozma,
"named for the gueen of the imaginary land of Oz - a place
very far awayr, difficult to reach, and populated by exotic
beings." He began hie search in the radic frequency that is
Known as the water hole, because it falls between the
wavelengths of hrdrogen and the hydroxyl radical, the
components of water.

In & dramatic episode, Drake became the first person to
hear radio signals fraom an extraterrestrial civilization.
Or o he thought, Eventually he discovered that the signals
were not from another intelligence, but for two weeks he
thought that he had succeeded. The story is worth telling
in some detail, because it gives us a glimpse of what it
might be 1ike when and if we do successfully detect signals
from another civilization.

On the very first day of Project Ozma, Drake directed
his radio telescope to a sun-1ikKe star named Tau Ceti. It
was chosen, not only because of its similarity to our sun,
but alzo because of its proximity — 11.% light years - a

stone’s throw speaking cosmically. After six hours of
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observation, Tau Ceti seemed to have nothing to say, so the
telescope was aimed at another close sun-like star, Epsilon
Eridani. Wihat happerned next is best told in Drake’ s own
words., Even today, 231 wears after the event, one canm still
sense the excitement. "In less than a minute we suddenly
heard something remarkable from a loudspeaker connected to
the system. We heard a very intense, pulsed noise."” It was
beating regularly eight times a minute, a frequency not at
all characteristic of naturally occurring radic emissions
tfrom celestial bodies, and it sent a chill of excitement
through the astronomers. "We were all dumbfounded," =said
Crake. "Could it be this easy? &1l »ou need to do is point
to a random star and within one minute »ou get a signal that
putse your receiver into cverlocad?" Unfortunately, it turned
out to be not that easy. The signal disappeared within a
few minutes., bhen it returned in 10 dars, Drake and his
colleagues were able to determine that the socurce of the
noise was indeed terrestrial, although they were never able
to determine exactly what it was. They searched both of
those stars intermittenly for the next several months and
never again heard anything remotely scunding like an alien
intelligence.

Frank Drake’s problems with Froject Ozma typify the
difficulties that have continued to plague SETI scientists
ever since: the difficulty of distinguishing real signals
from interference; the prevalence of vast amounts of radio

pollution, some of it from people who don’t want to announce
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their activities to others; the jor of apparent success; and
the devastating disappointment when the needlie in the Cosmic
Hawetack turns ocut to be nothing but a thorn.

In spite of its complete lack of success, Froject DOzma
gtirred maginations all over the world, and radio
astronomers every where began to listen to the heavens for
alien signals. The search continues to this dar, and there
have been some intriguing false alarme. One of the most
interesting is the so—-called "Wow!" signal, so named because
the initial chserver was so impressed with it that he wrote
"Wow!" in the margin of the chart in which it was recorded.
This signal was found in 1777 at & radic observatory at Ohio
State University, and it fit &all the crifteria for a
communication from an intelligent extraterrestrial
civilization - it was unmistakably strong, it was narrow
band, it appeared to come from a far distance, and it had a
different transmission pattern than naturally cccurring
radic signals from space. But the "blow!" signal was heard
only once, and in spite of a dilligent search it has never
been repeated. We will probably never kKnow what it was.

Ancther fascinating story of a SETI false alarm
concerns the so-called LGM signals. These signals were
discovered by a woung Irish astronomer named Jocelyn Bell,
who was working at a radic telescope in Cambridge, England.
She discovered rapidly and regularly pulsating signals which
appeared to be coming from a distant source. Unlike other

strange sionals, this one did not disappear, and socon other
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such sources, now named pulsars were found. HNobody Knew
their source, and they were dubbed, onl¥ half in jest by the
scientists, LGMs, standing for "little green men", the
classic science fiction aliens. The pulsars wers studied
for several years, and multiple theories as to their meaning
were put forth, including the sericus consideration that
they in fact represented some sort of alien Morse Code.

U timately, however, they were proven to be rapidly spinning

nevtron s=tars, stars so dense that a flea—-sized particle of
& neutron star would weigh a million tons. #@&lthough pulsars
turned ocut not to be signals from extraterrestrial beings,
they are one of the most important discoveries of modern
astronomy. Their discovery illustrates that the search for
extraterrestrial life, even i+ it never succeeds, will
inevitably expand mankind’'s kKnowledge of the Universe.

One of the main problems with the search for alien
radic transmissions has been in Knowing where to tune.
There are literally billions of radic channels in space in
which to listen. Furthermore, ZETI scientists even have
trouble agreeing on which direction we should listen. Many
believe that we should spend extra time and effort listening
along the plane of the galaxy, because stars are
concentrated there. Others contend that stars in our
neighborhood our uniformly distributed ocut to a distance of
a few thousand light »ears and that therefore we should

gearch in this area, because signals coming from nearby
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stars would be stronger and thus easier to hear. The best
bet seems to be to try to accommodate both approaches.

So far, the most thorough and exhaustive search of the
heavens for life has been the META (Megacharnnel Extra
Terrestrial Assay) program, which i run by Dr. Faul
Horowitz of Harvard University and financed by the Planestary
Society, which i a private organization of space
enthusiasts. META has also been given a £100,000 donation
by Steven Spielberg, of E.T. fame. META uses a radic
telescope that takes 210 days to cover as much of the sky as
it can see, and it uses electronic filters to split the
incoming radio waves into as many as 8 million channels,
each of which i analyzed separately. It looks at a new
band every 20 seconds, but even at that rate, it would takKe
4000 years to look at each frequencyr. Thus META tries to
choose its frequencies with care, because some Seem more
lTikely than others to be used for transmittal of alien
signals. We have already menticned the hydrogen freguency
and the water hole.

There is, however, »et ancther complication. Stars
move at very high speeds relative to each other, and this
relative motion changes the freguency of any signal, Just as
the motion of a police car shifts the tone of its siren.
This phenomencn is Known as the doppler effect, and it means
that if a remote civilization sends & signal at one of the
special frequencies, by the time it reaches Earth, it will

have a distincly mundane one. Dr. Horowitz of course
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realizes this and thus has adjusted the frequencies he scans
in an effort to compensate for this effect.

Im October, 1¥90, the Planetary Scciety launched METH
II, which is based in Argentina and thus is searching the
southern sky. So far, after five years of searching, META
has found no evidence of extraterrestrial intelligence.
Undaunted, Dr. Horowitz i planning & bigger system which
could look at 4 billion channels at a time.

MAESH also has plans to be involwed in the search. They
had originally wanted to participate much earlier, but
funding for MASA to be involwed in the search for
extraterrestrial intelligence was thwarted largely by the
efforts of former Senator William Proxmire, who had given
NAaSA the dreaded "golden fleece" award for their
participation in SETI. It required an intensive lobbying
effort on the part of many people, as well as several years
to convince Senator Proxmire and Congress that this is in
fact a worthwhile scientific endeavor. Mow, howewver, MNaSA
has an ambiticus program planned which will be wastly more
thorough than any previous search. Their plan is basically
a two-pronged attack. One prong is a survey of the whaole
sky at every 320 Hz-wide band between one GHz and 10 GHz,
while the other will utilize =some of the world’s best radic
telescopes to take a long, hard look at 700 or so nearby
stare which appear suitable for Earth-likKe planets. RMNARSA s
search is scheduled to start on Columbus Day, 1772, the five

hundredth anniversary of the discovery of America.
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Mot only are we listening for signals from other
civilizations, but we have also sent messages of our own.
Ferhaps, someday, some other beings will find our
communications, which have been likened toc a letter in a
bottle which has been tossed into the ocean in hopes that
somebody on a distant shore will find it. What have we
zent? As I have already mentioned, we have attached
mescages to the Pioneer and “Yorager spacecratt, including
the Chuck Berry recording, which we hope will some day in
the far distant future be intercepted by alien
civiltizations. In addition, we have been broadcasting radio
and television programs for about seventy wvears. These
inadwvertent communications are now travelling into outer
space at the speed of light, and they could be received by
any intelligent civilization within seventy light ryears of
us. One can only wonder at the reaction of an alien
civilization as they receive signals from our most popular
television programs!

We have also sent at least one deliberate radic message
to space. In 1974, scientists from Cornell University
broadcast a signal which was beamed to & group of stars
Krnown as the Great Cluster, 200,000 stars in the
constellation of Hercules, 25,000 light years away.
Fundamentally, this message described who we are, what we
Took 1ike, and where we are in the Milky kay. Obvicusly,
nobody expects to hear a reply, but the mere sending of the

message is an act of faith that, in fact, we are not alaone.
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One might reasonably ask why, if we are not alone, we
haven’t heard from or contacted any extraterrestrial
civilizations. This question is kKnown as the Fermi Paradox,
named after the famed Italian phrsicist, Enrico Fermi, who
initially raised the issue. PBasically, the problem can be
stated as follows: "If they are there, why haven’t we heard
from or seen them?" His answer, which we will explaore a
tittle later, is, simply that we haven’t heard from any
extraterrestrials because they aren’t there. I think that
thise issue needs to be addressed directly, because it goes
right to the core of the entire sublject.

In my opinicn, one reason why the search for
extraterrestrial life has proven to be so difficult is
simply the vastness of the Universze. dAs one chserver
stated, nobody would have been disappointed i+ the Milky Way
Galaxy, with its great size, had been the entire Universe.
Galactic distances are measured in light wears, and a light
vear is defined as the distance in which light travels in
one year. The speed of light, which is alsc the speed of
radic waves, is 184,000 miles per second, so it is easy to
see that even one light »ear is a distance that is virtually
unfathomable to humans. Furthermore, the speed of light is
a cosmic speed limit; nothing can trawvel faster. The Milky
Way is roughly 300,000 light years in diameter, and it
containe hundreds of billions of starse. The astonishing
fact is that the Milky Way is but one of hundreds of

billions of galaxiee in the Universe, esach of which contains
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hundreds of billions of stars. FPractically speaking,

therefore, the =size of the Universe limits our search to our
awn galaxy. Other galaxies may be teeming with intelligent
civilizations, but we simply would not be able to observe or

communicate with them.
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It is sasy to see that no matter how many intelligent
civilizations there might be in the Milky Way, the 1ikKlihood
of their conversing with one another depends heavily on the
Ly, or longevity factor in the Drake equation. Because of
the distance between stars and the size of the galaxy, the
Drake equation suggests that civilizations are separated by
at least hundreds of light ywears. Centuries would pass
between the sending and receiving of messages, so a
civilization would have to survive for a long time to even
begin to communicate across interstellar distances. As an
example, our civilization has had the capability to transmit
messages by radio for only about 70 wears, even though the
Earth is § billion vears old. Thus only civilizations
within 70 light years of us could hear our signals, no
matter how advanced they might be. Therefore, in order to
carry on any meaningful communication with another world,
any civilization must have significant longevity. When one
considers that the nearest galaxy to us, the Andromeda
Galaxy, is 2 and a half million lTight years awayr, the
impossibility of intergalactic comminication becomes
apparent.

There is alsc a group of astronomers and cosmologists
who belisve that we have not contacted any extraterrestrial
civilizations for the simple reason that they do not exist.
Tulane astronomer Frank Tipler, as well as University of
Virginia professors Robert T. Rood and Jamee S. Trefil argue

that since we have not been visited by an alien
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civilization, they simply do not exist. Their view is that
any intelligent, technologically advanced civilization would
ultimately begin a program of space exploration, even as, in
fact, we have. They further point out that it is only a
matter of time before such a society would exhaust the
energy resources of their home planet and thus be forced to
set out to colonize space. Such beings would become
permanent spacefarers, and they would not think it unusual
to spend their entire lives in large, travelling space
stations. For us, interstellar travel seeme improbable, if
not impossible. @A society of space colonists, however,
might view things very differently. Such beings would be
born, live their lives, and die in space colonies, never
having seen their mother planet. Their autonomous space
probes would use materials en route to fuel and rebuild
themselves. @&t 100,000 years per interstellar flight, and
1000 vyears to construct each new probe, a single probe would
take 300 million years to send a descendant to every star
svetem in the galaxy. I+ »ou allow & billion years from the
formation of & planet to the fTime its intelligent species
begins sending out probes, this line of reasoning projects
that we should have heard by now from anvone whose star
zyetem is more than 4.3 killion years old, the age of about
half the stars in the galaxy. Thus Frank Tipler concluded,
"I1f a civilization approximately at ocur level had ever
existed in the galaxy, their spaceships would already be

here. Since they are not here, they do not exist.”
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There are several possible answers to this line of
reasoning. One possibility ie that they have been here but
didn’t see anything that interested them and so they left.
Perhapes, the galaxy is too big and not old enough, so that
aliens haven’t had the time to get here yet.

Others have suggested that interstellar colonization
might ke much more difficult and take much longer that
Tipler, Rood, and Trefil think. Not only are the stars far
apart, but the real history of expansion would not be in
simple, =straight lineges. Thus it would be unrealistic to
believe that one space colonizing society from one planet
would vwisit every star in the galaxy in only 200 million
¥ears.

Ferhaps the real answer is that interstellar ftravel is
impossible, or at least impractical. For one thing,
interstellar space might be filled with debris too small to
be seen, but large enough to destroy a spaceship. Most
astronomers believe that #0 per cent of the mass in the
Universe is not visible, and certainly at least some of this
missing mass might be in particles large encugh to do just
such damage to space craft. #@Additionally, the economic
constraints are staggering. If one considers, for example,
the amount of energy that it would require to send a space
cratt to the nearest star system ( four light years awayl,
it immediately becomes apparent that the energy required
would be almost unobtainable. @& one hundred year triptat

.04 the speed of light, which is 7440 miles per second) fo

37



that nearest star would need encugh energy per colonist to
support 200,000 people in the United States for their
lifetimes. Ewen for our profligate society, such a

commi ttement would be overwhelming, particularly when those
people who were left behind, and presumably paying for the
trip, would reap no benefits in their own lifetimes.
Furthermore, it is not at all cbviocous where that energy
would be derived, since for interstellar travel, solar
energy would probably not be available.

There is alsoc the theory of anthropic cosmology. There
have been books written on this subject, soc it is difficult
to summarize it. Basically, the anthropic cosmology school
states that the entire Universe exists for us and for us
alone. This theory is based on what are called cosmic
coincidences, namely that i+ the Universe had had just =z
little less mass, and if gravity had had just a little less
attraction, the Universe would not have survived long encugh
for us to have evolwed. This theory further states that
because it has taken us as long as it has to develop to our
present state, it required the development of our entire
Universe merely for us to be here. Fundamentally, the
Anthropic Principle contends that, because we exist, the
Universe must be the age it is, and it must just be big
encugh for us - and only us - to come into existence.

There are, it appears to me, several fallacies in this
argument. In the first place, although the cosmic

coincidences may be true, their existence does not preclude

38



the development of life somewhere else in the Universe,

They merely state that these coincidences were necessary for
our appearance. @&dditionally, this argument seems to be the
Ftolemaic theory dressed up in modern terms. Once again,
according to the anthropic principle, the Earth is the
center of the Universe. Surely it is not unreascnable to
think that a universe with hundreds of billions of galaxies,
each of which contains hundrede of bilions of star, might
have plenty of room for many diverse creatures. Certainly
the entire thesis of this paper is that there are probably
other civilizations out there and that we should attempt to
find them.

Finally, we need to address the question of the impact
that the discovery of extraterrestrial intelligence would
have on us., I well remember the first landing of men on the
Moon in 124% and the unifying impact it had on all of us.
For one brief moment in time, human beings around the world
were united in their humanity and we all realized that we
really do live on an island in space. The planetary
encounters of the Pioneer and Yorager space explorers also
excited our imagination. We realized that not only were the
spots of light in the sky real places, but that our own
Earth is indeed =z very unigue spot in the Solar System, iF
not in the Universe. The contact with an intelligence from
ancther world would have an even more profound effect. It
would change our lives and our wiew of the world forever,

even if imperceptibly at first.
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Because of the vast distances involved in any contact,
the assumption is that any civilization we mar encounter
would be more advanced than we, and that therefore we could
and would learn many fundamental truths from them. Peter

Schenkel, in his book ETI: A Challenge for Change literally

rhapsodizes on the possibilities. He believes that any
extraterrestrial civilization that we would encounter would
be so advanced as to be able to give us the secrets to
ending war, poverty, disease, and even death by natural
causes. Carl Sagan alsc believes that such an encounter
would be that beneficial, although he is careful not to be
go optimistic. ™My personal belief is that, although such a
civilization might be more advanced technolgically than we,
there is no reason to believe that they would be any Kinder
or wiser than we are.

Would the discovery of alien intelligence lead to the
Kind of clash between science and religion that the
discoveries of Galileo and Darwin caused? One would hope
not, for there is really no need for a conflict between
science and religion. It is certainly not, in my mind, at
all incompatible with the power of God to imagine that He
would choose to allow the development of more than one
planet that sustains intelligent life. To buttress this
line of reasconing, I nesd only to quote the following prarer

from the Episcopal Book of Common Prayer: "@&t your command

211 things came to be: the vast expanse of interstellar
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space, galaxies, suns, the planets in their courses, and
thise fragile earth, ocur island home."

There is no doubt, however, that any communication with
an other worldly society would have a deep and lasting
impact on us. Its effect could be both positive and
negative, a gigantic stimulus and a demoralizing revelation:
it could stir both hopes and fears on an unprecedented
scale. It could involve us in a dialogue of centuries,
bringing an incalculable richness of Knowledge, phrsical
instuments, and cultural growth - thus opening the door to a
galactic society. On the other hand, it could wreck our
cultures and endanger our survival. In either scenarico, it
would be mankind’s greatest adventure.

The consideration of contact with extraterrestrial
intelligence has alsc raised several interesting legal and
quasi-legal points. The first consideration is how to
announce the first contact and the context in which that
signal would be placed by whoesver would be the announcing
authority. One of the most important issues raised has been
the guestion of how we would respond to such a signal, and
who would do the responding, thus, in effect, speaking for
the entire Earth. Consequently, there have been many
recommendatiaons that we develop now an international code of
conduct with extraterrestrial life on behalf of Earth for
the purposes of sharing and extending Knowledge. There is
aleo the concern of how we should respond if the

extraterrestrials poze a threat to human health and peace.
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Thus far, there has not developed any universally accepted
code of conduct for dealing with alien civilizations, should
they be encountered.

Finazlly¥, what if, in fact, we never make contact with
extraterrestrials? Ewven if all our searches, including
MRSa“s very extensive project scheduled to begin in 1992,
fail to find anything, it would not mean that mankKind is
alone in this galaxy, let alone the universe. It would take
a negative result from a search a million times more
thorough and sensitive to rule cut the possibility of a
civilization like Earth’s existing anywhere else in the
Universe, and even then, we couldn’t be sure, simply because
of the time lag involved in sending and receiving signals
cuer interstellar distances. For example, if a civilization
anly 10 light years from us did exist, it would only have to
be 100 wears behind vus techrnologically for it to be unable
to send a radioc message to us or to receive one that we have
gent. UWhen we consider that the Earth is & billion years
old, 100 vears is equivalent to the snap of a2 finger. To
gquote the SETI scientist Martin J. Rees, "The absence of
evidence is not evidence of absence." I+, however, after
decades and decades of thorough ocbservations, we gradually
come to the conclusion that we are alone in the galaxy, we
would certainly have strong evidence of our importance. 1
hope that with this realization would come 2 greater sense

of humility and responsibility in our dealings with each
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other and in our utilization of the resources of both Earth
and cuter space.

Tornight, I have tried to address the issue of whethér
we humans are unique in the Universe. To the gquestion,"Are
we alone?", I can only answer: "I don’t Know, but I have
this fantasy that hundreds of millions or even hundreds of
Billions of vears from now, we will receive a message that
say¥s,"lWe have found vour Vorager space craft — Send more

Chuck Berr»!"
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