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EXTRATERRESTRIAL INTELLIGENCE RESEARCH

TUESDAY, SEPTEMBER 19, 1978

US. House of Representatives,
Committee on Science and Technology,
Subcommittee on Space Science

and Applications,

Washington, D.C.

The subcommittee met, pursuant to notice, in room 2318, Ray-
burn House Office Building, 10:07 a.m., Hon. Don Fuqua (chairman
of the subcommittee) presiding.

Mr. Fuqua. The subcommittee will be in order. Without objec-
tion, permission will be granted for radio, television, and still pho-
tography to be taken during the course of the hearing.

During the next 2 days, the subcommittee will review space
research dealing with analyzing the radiation from space for evi-
dence of intelligent life beyond our planet Earth.

As you are aware, NASA requested funding to initiate a program
designated search for extraterrestrial intelligence in order to con-
duct a systematic study of the radio frequency spectrum for evi-
dence of intelligent transmissions from space. The House and
Senate authorized $2 million for fiscal year 1979 for NASA to
initiate the program. However, the House and Senate Appropri-
ations Committee have elected in conference not to provide any
funds for this program.

This subcommittee supported NASA's proposal to initiate the
program in fiscal year 1979 in recognition of the importance of this
new field of space exploration growing out of the science of ralio
astronomy.

Although the prospects for making contact may, indeed, be
remote, a positive or even negative outcome can have significance
on society substantially in excess of resources required to conduct
the search.

The whole idea of other intelligent beings existing beyond our
planet is both fascinating and mind-boggling. It captures the imagi-
nation, not only of space scientists but of people throughout our
Nation and the world.

As one theologian has said in pondering the extent of the known
universe, God certainly made a lot of matter, why not more intelli-
gence, more free beings, who, alone, can seek and know him.

A number of highly qualified and distinguished scientists will
appear before the subcommittee today and tomorrow to give their
views on the subject.

The subcommittee will have the opportunity to review the
nature and scope of the program and examine the rationale, re-
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quirements, and issues associated with establishing, and maintain-
ing a viable search capability.

Our first witness this morning is Dr. Richard Berendzen, provost
of American University and professor of astronomy. Following him
we welcome Dr. Philip Morrison, the Institute Professor and Pro-
fessor of Physics at MIT. Then Dr. Noel Hinners, NASA’s Associate
Administrator for Space Science will be our last or wrap-up
witness this morning.

We will ask the witnesses to first present their testimony and
then we will have questions after all of the testimony is completed.

The House is going in session at 11 o’clock. There will be a series
of votes and a lengthy interruption shortly after that. We hope in
this process the delays will be held to a minimum.

Now, Dr. Berendzen, if you will proceed, we will be happy to
hear from you. You may read your statement.

STATEMENT OF DR BERENDZEN

Dr. Berendzen. Mr. Chairman and members of the Subcommit-
tee on Space Science and Technology, | appreciate this opportunity
to testify before you on the subject of SETT—the search for extra-
terrestrial intelligence.

In the 19th century, Thomas Carlyle considered the stars and
said: “A sad spectacle. If they be inhabited, what a scope for misery
and folly. If they be not inhabited, what a waste of space.” Or, as
Lee DuBridge, Science Adviser to President Eisenhower, put it
“Either we are alone or we are not; either way boggles the mind.”

The quest for mankind’s kin invariably prompts philosophical
speculations. But on the basis of modern knowledge, what actually
do we know about this esoteric yet enthralling subject?

As recently as a generation ago, most scientists would have
argued, often ex cathedra, that the likelihood is low that life exists
beyond Earth. However, as Martin Rees has succinctly noted, “Ab-
sence of evidence is not evidence of absence.” And accumulating
evidence during the last two decades has convinced many scientists
world-wide that extraterrestrial life probably does exist, possibly in
enormous abudance. It must be noted, however, that incontrovert-
ible proof has yet to be found: to date, the evidence is strictly
circumstantial, but it is highly suggestive and possibly compelling.
Today, the serious scientific search for extraterrestrial life com-
mands the attention and respect of many of our most prominent,
careful, and judicious scientists. SETI—in its sophisticated, modern
form—is solid and sober, not tawdry or sensational.

Even for many informed skeptics, the question of the existence of
extraterrestrial life has become not so much one of if as of where,
and with regard to the search it has even become when, for ulti-
mate contact may be virtually inevitable. This view was summa-
rized recently in a report by the august U.S. National Academy of
Sciences:

. Each passing year has seen_our estimates of the probability of life in space
increase, along With our capabilities, of detecting it. Maore and more scientists' feel
that contact with other civilizations is no longer something beyond our dreams, but
a natural event in the history of mankind that will perhaps occur. within the

lifetime of many of us. ... In the long run this may be one of science’s most
important and most profound contributions to mankind and to our civilization.
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Life, yes—but in what forms? Extraterrestrial beings almost cer-
tainly will not be humanoids. It would be too extraordinary if this
planet’s conditions were duplicated precisely elsewhere. Our life
resulted from a lengthy, delicate evolutionary process, which would
have been permanently changed if any of a multitude of param-
eters had been different. Thus, although many scientists believe
that life, even in advanced forms, probably is ubiquitous in the
universe, they are equally convinced that there are no humans
beyond Earth. In Loren Eiseley’s words: “* * * nowhere in all space
or on a thousand worlds will there be men to share our loneliness
¥ * * Of men elsewhere and beyond, there will be none forever.”
Even in a fertile cosmos, life here remains unique and precious.

Biochemists believe that of the 100 plus elements known to man,
only one can be the basis of life, here or elsewhere—carbon. Given
that terrestrial life consists of aggregates of complex carbonaceous
polymers, such an assertion may appear chauvinistic; actually it
reflects nature itself. Carbon is the only known element capable of
forming the intricate molecules so seemingly essential to anything
approximating life as we understand it [fig. 1],

Figure 1—The Creation of Man” from the Cappella Sistina.

The insightful question about the genesis of life on Earth is not,
“Was it miraculous?” but rather, “Was it unique?” In the 1920’s
the biochemists Haldane in England and Oparin in Russia
independently suggested that organic compounds could be produced
from elementary inorganic molecules. Increased knowledge about
the Earth’s primordial atmosphere indicated that it had contained
appropriate ingredients for the origin of life—hydrogen, ammon-
onia, methane, water vapor. Then, in the early 1950’s, Miller and
Urey dramatically showed that these molecules would form amino
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acids if subjected to a laboratory simulation of the Earth’s early
conditions [fig. 2].

Figure 2—Miiller/Urey synthesis of amino acids.

Subsequent research supports the conclusion that life likely will
arise spontaneously, given the right initial situation. Of course, if
we are wrong on this, irrespective of the cosmos’s vastness, we
could be alone. Even though terrestrial life now is hearty and
adaptable, any one of a multitude of possible calamities could have
prevented our development, such as inadequate supply of terrestri-
al water, severe irregularities in solar luminosity, major dynamical
perturbations by the Moon or planets, or collision with another
astronomical object. Our biological beginnings may have been spe-
cial, even unique; or perhaps no other suitable habitat exists. But
besides the philosophical repugnance of this egocentric view,
modern findings seem contrary.

Therefore, many of us believe that, under reasonable conditions,
chemical and biological evolution will be inevitable. And, although
the appearance of extraterrestrials may be wildly different from
our own, their chemistry will be at least remotely similar. If this
last assumption is false, then the following statements will consti-
tute a conservative lower bound; that is, if noncarbon based life is
possible, the overall prevalence of life will be even greater, [fig. 3].






Figure 3—Mars, as photographed in 1909.

Of all the celestial objects, the one that for the longest time has
prompted man to wonder if he is alone is the enigmatic Mars. Like
Earth, it has seasons during which its polar caps shrink in the
spring, while its equatorial regions darken as if vegetation were
being nourished by melting liquids [fig. 4],






Figure 4— Lowell's map of Martian canals, .. 1900.

And in 1877, a leading Italian astronomer reported sighting long
rectilinear features on the Martian surface—*“canali,” or channels.
This innocuous term was later Anglicized to “canals,” which im-
plies intelligent intervention. At the turn of the century, the quest
for Martian life was championed by Percival Lowell of the promi-
nent Boston family; and, in the early 1920’s, Marconi reportedly
detected Martian radio signals. Moreover, on the evening of 2!
August 1924, as Earth and Mars passed exceptionally close to one
another in their elliptical orbits, many radio stations worldwide
ceased broadcasting for several minutes each hour in order that
Martian radio signals might be detected.

Another impetus to the Martian intrigue arose in the mid-1930'’s,
when a clergyman read a story over British radio alleging that
communists were invading the countryside. That this fictitious ac-
count should elicit widespread consternation prompted a perspica-
cious young American radio producer to employ a similar ruse but
with creatures even more terrifying than communists—Martians.
This led to the famous radio hoax in 1938.

Due to local atmospheric turbulence, ground-based astronomy
from Earth cannot provide a definitive answer about the nature of
Mars’s surface; hence, an in situ experiment was needed. In 1971,
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our understanding of Mars changed dramatically as a NASA probe
returned by far the best photographs seen of the planet until that
time [fig. 5],

Figure 5—Mariner 9 view of Martian canyon system, roughly four times the depth
of our Grand Canyon and as long as from California to New York.

Although they did not settle the question of Martian life, they
revealed a fascinating world, with gargantuan volcanos and colos-
sal canyons. The fabled canals were revealed to be nothing more
than undulating natural depressions, and the equatorial darken-
ings were explicable without life forms.

Still, we do not know about the possible presence of microscopic
Martian life. The rigors of Mars would make life difficult although
not insuperable. NASA’s Viking mission has been stupendous but
many questions remain. If even elementary life forms were discov-
ered on Mars or elsewhere in the solar system, we would be embol-
dened, for the presence of two life-supporting objects about a single
star would strongly imply prevalence elsewhere.

But our discussion today focuses on intelligent extraterrestrial
life, and that unquestionably implies a search outside our solar
system.

To proceed, let us assume that life will arise only, if not reside
permanently, on planets, not in interstellar gas clouds or else-
where. Again, if we were wrong on this, our estimates would be too
conservative [fig. 6].






Figure 6.—Mosaic of the Milky Way.

Our story now must turn to the planets’s parents, the stars. Our
Sun is one of more than 250 billion stars composing the Milky Way
galaxy, in a universe containing tens of billions of galaxies. In fact,
there are more stars in the heavens than there are grains of sand
on the beaches of Earth. Of these multitudes of stars, which might
make suitable parents for life-supporting planets? A candidate star
should be moderately luminous, roughly like the Sun. Extremely
luminous stars burn nuclear material so rapidly that their life-
times are mere fractions of the Sun’s; hence, life near them prob-
ably would have insufficient time to undergo the arduous process
of evolution. In contrast, extremely under-luminous stars burn
slowly, permitting biological evolution; but their ecospheres, or
habitable zones, would be small, requiring potentially life-support-
ing planets to orbit so close that they would be forced to keep one
face perpetually toward the star, thereby evaporating their atmos-
phere on one side while freezing it on the other. A candidate star
should also be temporarily stable; it should not pulse in size, or
erupt, or throw off gaseous shells, or spin frantically. Therefore, we
omit as prime candidates such objects as variable stars, novae,
planetary nebulae, and pulsars [fig. 7].






Figure 7.—Planetary nebula—an ultra hot central star, shedding a vast shell of
gas.

The planets themselves must not undergo dynamical perturba-
tions. Roughly half the stars in our galaxy are members of multi-
ple systems in which two or more stars lock gravitationally and
orbit each other. Planets around a member of such a system might
be perturbed by the other star. To be cautious, let us discard all
multiple star systems as being dangerous abodes for life [fig. 8],
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Figure 8—Binary star system.

The next question is whether any of the suitable stars actually
possess planets. Several independent lines of evidence suggest they
do. Theory indicates that stars form by condensing gravitationally
from the gas and dust that lace throughout a galaxy’s spiral arms.
As such a nebula contracts, apparently it can split into clumps of
different mass: a large one with several small companions, leading
to a single star with planets; or several of comparable size, leading
to a multiple star system. In principle, a substantial fraction of the
suitable stars could possess planets [fig. 9].
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Figure 9.—Perturbation of a star’s motion by an orbiting planet.
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And planets appear to be observed orbiting some of the stars
nearest the Sun. Interstellar distances are so vast that a Jupiter,
much less an Earth, would scarcely be visible directly at even the
nearest star. Planets can reveal themselves indirectly, though, by
the minute wiggle their gravitational pull causes in the path of
their parent star. After decades of painstaking observations, such
perturbations seem to have been detected for a few nearby stars.
(The measured size of these shifts, incidentally, is about the same
as a hair’s angular diameter as seen at one mile.)

The planets appear to exist, but are the requisite chemicals
available? Even though chemical analysis of these planet’s atmos-
pheres lies far beyond our present capability, in the past few years
radio astronomers have discovered numerous forms of interstellar
molecules, including biologically significant ones. Considering that
the planets formed in such an environment, it seems highly plausi-
ble that their atmospheres contain the substances necessary for
biochemical evolution. Hence, we now strongly believe that the
suitable parent stars exist, the planets exist, the chemicals exist,
the necessary conditions exist. But does all that imply that extra-
terrestrial life exists? [Fig. 10.]

Figure 10.—NUmMber of extant communicative civilizations in our galaxy roughly
equals (rate of star formation) ?fraction of stars with planets? (number of those
that are ecologically suitable for life) (fraction on which [ife originates and
evolves) (fraction that is intelligent) (fraction that is communicative) (lifetime of
technological civilization).

Findings and conjectures such as these have prompted several
bold efforts to estimate the number of extant civilizations that
might be attempting interstellar communications within our
galaxy. Even though such calculations obviously are plagued by
unknowns, science can provide educated guesses for all the factors
involved, save one—the length of time a civilization will spend in a
communicative phase. The number of civilizations in the galaxy
today turns out mathematically to roughly equal to this time span
in years; for example, if advanced civilizations survive for an aver-
age of a million years, then about one million of them are extant in
our galaxy. Paradoxically, the greatest uncertainty in this calcula-
tion may arise not from the study of nature but of Man.

Within the solar system we can search directly for non-intelli-
gent lower life forms like ferns or bacteria. But outside our paro-
chial environment, the hypothetical creatures must be communica-
tive if we are to find them. The most dramatic way to communicate
would be through direct contact; however, even using wild extrapo-
lations of contemporary technology, deep space voyages seem
highly problematic. If a rocket could burn with the efficiency of the
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solar interior, the energy requirements for a round trip even to a
nearby star still would be enormous. Such pessimistic conclusions
are based not on our ability in technology but on our understand-
ing of nature. The distances between stars are characteristically
light-years; yet, Einstein showed [figs. 11, 12, 13, 14] us that no
craft can travel faster than the speed of light and even to approach
that rate would require titanic expenditures of energy. Although
perhaps ingenious solutions eventually can be found, most astrono-
mers today concur that interstellar space travel will be untenable,
at least for Earthlings, probably for generations to come.
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Figure 11.— Earliest known existing photograph of Albert Einstein.
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Figure 12.— Einstein at age 14.
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Figure 13.— Einstein relaxing at Caltech.
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Figure 14.— Einstein, the classic view .
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Nevertheless, interstellar communication could be achieved im-
mediately by using the fastest, most efficient mode known—the
electromagnetic spectrum, of which visible light is only a small
portion. In the 19th century, several imaginative but vain propos-
als [fig. 15] were made for attempting visual contact. The math-
ematician Gauss, for instance, suggested planting a pine forest in
Siberia in the shape of a Pythagorean triangle, as a detectable sign
of terrestrial intelligence. And an astronomer proposed signalling
by burning kerosene in a 20 mile-wide ditch to be dug in the
Sahara desert [fig. 16].

Figure 15— Gauss' plan for interplanetary com munication, c. 1820.
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Figure 16.— Von Littrow's plan for interplanetary com munication, C. 1840.

Are we equally naive today? Undoubtedly! That unprofound ob-
servation, however, should not prevent action; if it were to do so,
we would ensure the blunting of mankind’s ingenuity. To para-
phrase William James, only by risking do we live at all.

Astronomers now study the heavens with radio waves as well as
with visible light, and such bands now seem to offer the uniquely
rational mode for interstellar communication: They are easily
transmitted and received, propagate over interstellar distances
without being absorbed, stand out against background stars, and
travel at the maximum speed in nature—that of light [fig. 17].






Figurw 17—140-foot radio telescope .« Green Bank, W. Va.

Coincidentally, we on Earth inadvertently have been sending out
such signals for the past few decades, through our use of radio and
television and of military and scientific radar. At present, man-
kind’'s major interstellar emissary is commercial radio and TV.

But to communicate this way, we should follow a play on Biblical
dictum: In the case of SETI, it is better to receive than to send. We
fail to know not only exactly where and how to send but also when.
Even if we knew that a certain star had a habitable planet and
that radio was the proper medium, our message might not arrive
there at the proper epoch: It could come before the inhabitants had
evolved to the level of radio technology or after they had passed
that era or even after they had annihilated themselves. If we were
to receive a signal, such problems would vanish. On the other
hand, if each civilization were to follow such logic, none would
transmit, at least until it could do so without being exorbitantly
consumptive. Because our radio ability is in its infancy, we are as
technologically primitive as a civilization can be and yet achieve
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interstellar communication. Thus, if we make contact, the other
beings must be as scientifically advanced as we, and possible eons
ahead.

On 8 April 1960, the first serious attempt by man was made to
intercept signals from other beings, when a radio telescope was
tuned to 21 cm. (1420 MHz) and pointed at a Sun-like star about
10.5 light-years away. Since then other searches have been made in
the United States and abroad, looking toward a handful of nearby
candidate stars, usually at 21 cm., because interstellar hydrogen
emits at that wavelength, producing a prominent natural marker
presumably known to all advanced beings [fig. 18].

Fig. 18.—1,000-foot radio dish at Arecibo, P.R.

The attempts to date have been negative, as one would expect
considering the range of unknowns involved. Nevertheless, it is
sobering to realize that today the world’s largest radio telescope—
the 300 meter diameter surface at Arecibo, Puerto Rico—would be
capable of communicating with its twin, if one existed, even in a
distant part of the galaxy.

Contemporary science is already able to identify candidate stars
and likely wavelengths, and contemporary equipment could detect
the signals if they were transmitted with devices no more powerful
than our own. These are but a few of the reasons why many
serious scientists treat the search with new respect: Science fiction
is rapidly becoming science fact.

Presumably, the initial discovery of life elsewhere will be made
one-way and at-a-distance; i.e.,, we will infer the existence of life on
another planet by detecting non-natural, quasi-coded radio emis-
sions from it. Such signals could be intentional messages or inad-
vertent radio noise, revealing the other planet's advanced technol-
ogy. Of co&rse, other scenarios probably will occur, especially
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among advanced beings, but irrespective of the details, inhabitants
here seemingly will have at least these options: to avoid response;
to return a radio signal that can be readily detected and decoded,;
or, possibly, to launch spacecraft toward the other plant. Clearl¥, if
Earth ever discovers such a radio emission, mankind will ftace
monumental decisions.

Regardless of the wisdom of making initial contact, it could occur
serendipitously: At our modern level of technology, we might acci-
dentally discover other civilizations or vice versa. Although we can
only poorly affect the ability of others to detect us, we can strongly
influence our capability to find them, by making concerted search-
es. But should they be made? [Fig. 19.]
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Fig. 19.—Cartoon with caption: “One small step for a znargh—a giant stride for
znarghkind!”

Science fiction is replete with tales of potential hazards, a
common one being the invasion of Earth. But such holocausts
would”require the other beings to be aware of us, as well as we of
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them; also, it assumes the feasibility of interstellar space flight. As
another danger, the beings elsewhere could subvert us intentional-
ly with their seemingly beneficent broadcasts, playing on our igno-
rance. Obviously mankind would have to proceed carefully, guard-
ing against impetuosity or gullibility. And there is the serious
possibility of culture shock. Just the realization that we truly are
not alone might be traumatic, but would it threaten our egos or
shatter our institutions? Even the converse could happen: At last
the commonality of all Earthlings might become more apparent.
But suppose the messages we received were both benign and volu-
minous, enabling us to leap centuries in knowledge. Would that
celestial umbilical cord rob us of our own ingenuity, or would it
inspire us to new heights? [Fig. 20.]

Fig. 20.—“Encounter” by M. C. Escher: Would friendship and a galactic community
occur?

The most frequently cited benefit to come from contact would be
instant technological gain. Even though this might occur, the im-
mense distances militate against lively repartee. A two-way conver-
sation would require tens or possibly hundreds of years, even using
radio and anti-cryptography (that is, readily readable messages
based on parameters in nature). But if information could be trans-
mitted and deciphered—from an advanced, friendly civilization to
us__it might enhance our understanding not only of science and
technology but also of arts and humanities. Perhaps it would pro-
vide us with new aesthetic forms, raising our consciousness and
making life more rewarding. And the very existence of such long-
lived civilizations would prove that the rigors of survival are not
inevitably debilitating. In short, we possibly could join what has
been called the “galactic heritage”.
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To view this matter properly and possibly even to perceive our-
selves in rightful context, we should consider briefly science's
greatest story—that of cosmic evolution. Literally, it is the saga of
all that was, is, or will ever be. And it rests upon that most
profound concept: time.

We kill time, spend time, lose time, make time, beat time, take
time, waste time; but we virtually never consider time, much less
understand it. Now, let us go back in time, even to its beginning.

For countless ages, there truly was darkness on the face of the
deep. Then, some 15 billion years ago, a cataclysmic explosion
brought forth the cosmos itself. And so the universe was born [fig.
21].

Figure 21.—Spiral galaxy.

Even today we live in the lingering remnants of the radiation
created by that awesome fireball. As the initial blast expanded and
cooled, thermonuclear reactions produced elements from the prime-
val soup of fundamental particles. Then, billions of years after the
explosion, large ensembles of material clumped because of their
mutual attraction. And so the protogalaxies were born [fig. 22],






Figure 22—nterstellar gas and dust.
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In those early galaxies, some of the gas and dust congealed by its
own gravity to form large, amorphous, spherical balls, which slowly
Ehrank and ultimately flickered into light. And so the stars were

orn.

In the hearts of those stars, nuclear furnaces raged. In a form of
stellar alchemy, hundreds of millions of tons of hydrogen were
converted into helium every second. They have burned thus for all
these billions of years. As the stars formed, debris was left behind,
some of which locked gravitationally to the stars. And so the
planets were born.

Surrounding many of those planets must have been early atmos-
pheres, perhaps similar to the Earth's in its primordial days. Some
of those atmospheres must have contained the very chemicals that
later brought forth life on Earth. And the same processes that were
to operate here might even then have operated elsewhere, possibly
thousands or millions or even hundreds of millions of times. Ubig-
uitous life may have flickered into existence and started onto the
laborious path of evolution. And if so, intelligent, potentially com-
municative life was born [fig. 23].






Fioure 23—Evolution of Sun-like stars, from interstellar matter, through a long
period of steady luminosity, to expansion, contraction, and death
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Billions of years went by, with galaxies forming and stars burn-
ing, expanding, exploding, shrinking, collapsing, dying. Then, some
five billion years ago, on the remote periphery of an average
galaxy in an unexceptional part of the universe, a particular star
was born [fig. 24].

Figure 24.—Mosaic painting of the entire sky, showing the Milky Way, composed of
gas, dust, and tens of billions of stars, including our Sun.

On a piece of debris No. 3, special events were to take place, for
several billion years later the chemical and biological processes
[fig. 25] of that young planet’s atmosphere and oceans yielded a

strange new apparition—Man [fig. 26].
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Figure 25.—Earth, as seen by Apollo 17.
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Figure 26.— Australopithecus Robustus, predecessor of Man.

After more eons elapsed, Man evolved, creating societies and
civilizations and eduction and nations and war and peace and law
and [fig. 27] science and technology and our modern world. And
here we are in the year marked in time as 1978 [fig. 28].
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Figure 27.—The United States as photographed by Earth satellite, showing centers
of heat and light: a Rorschach test, continent-wide.
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Figure 28—Washington, D.C,, in infrared light, as photographed from an aircraft.
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In such a cosmic sweep through space and time any rational
person must feel an almost overpowering smallness. Our day-to-day
concerns and trite prejudices shrink into microscopic, infinitesimal
nothingness.

Y ~'J™here is another side, and it gives dignity and worth to life
itself ror even though our physiques are but specks in space and
our lifespans are but ticks in time, we nonetheless can comprehend
a system far vaster than ourselves. Our ethical and moral con-
cerns, together with this ability, constitute some of the most enno-
bling characteristics of humankind [fig. 29].

Figure 29.—Man Looking Into Outer Space,” early 16th century woodcut.

And with our ability to comprehend comes a yearning to explore,
to move out of Cradle Earth, even to know our kin beyond. If the
estimates of scores of modern scientists are correct, at this instant
there may be thousands if not millions of advanced civilizations,
whose radio transmissions are passing not merely through space
but even through our very bodies. If we only knew exactly where
and how to look and had the will to do so, life on this planet might
at last reach childhood’s end.

Rarely, however, do major triumphs come easily. Requiring
monumental ingenuity and resolve, this search would be like virtu-
ally no other effort known before. What we contemplate here
would challenge our imagination and wisdom with unprecedented
effort in diverse disciplines; moreover, it would test our fortitude,
possibly spanning not only terms of Presidents but also lifetimes of
scientists and even of nations.

But irrespective of the pros and cons of searching, would the
inquisitive human mind be willing to forgo the quest? Within the
next few decades we will have explored most of the “ghetto Earth”,

~ "' be viewed in its present state of cosmic quar-
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antine. Will humankind limit its vision over astronomical time
periods to this minute locale, especially with the ability to do
otherwise at hand?

The sternest arbiter of all is not the President, the Congress, or
even the People; it is Time. Before that unforgiving master, how
will our judgments stand? As we sit in the Court of Ferdinand and
Isabella, will we give Columbus his ships? Are we willing to look
through Galileo’s telescope? Dare we join Darwin on the Beagle?
How long will we tarry at Newton’s seashore, while the ocean of
truth lies undiscovered?

Only in exceptional epochs do we face such decisions. Now is one
of those times. Even though the issues here perhaps seem vague,
implausible, and futuristic, their ultimate significance possibly
could dwarf the Apollo Project, if not the entire space program.

But about this search we are fearful—of appearing naive, of
venturing imprudently, of proceeding hastily, of squandering re-
sources, of confusing priorities, even of achieving success. Yet, as
Bronowski has noted generally: “We are all afraid—for our confi-
dence, for the future, for the world. Yet every man, every civiliza-
tion, has gone forward because of its engagement with what it has
set itself to do.”

Our root questions here come down to these:

1. Are our reasoned suppositions and circumstantial evidence
misleading or wrong? Because we can know the answer to this
uncertainty at best, are we yet confident enough to proceed? If not,
when will we be—at what stage of discovery, with what degree of
certitude?

2. How much are we willing to pay to achieve contact—in terms
of money, time, and commitment—especially if for decades the
search were unsuccessful?

3. And even if the search if practical now, do we actually want to
know if there is life beyond Earth? Do we want to make contact?

Each person must answer individually.

1. For myself, I am impressed by the current evidence, even if
not entirely convinced. That the modern findings are inconclusive
and incomplete is unarguable, but so too is the unmistakable fact
that they cannot be ignored. Science never rests. Contrary to popu-
lar belief, science is not an immutable body of absolutes—codified,
comprehensive, and final; rather, it itself is a growing, evolving
process. And that generic truth holds for the case here. Instead of
only lamenting about our ignorance, let us also rejoice at our
knowledge; while steadfastly recognizing our limitations, let us
likewise acknowledge our achievements. And of late, they have
included the piecing together of a wondrous mosaic—spanning eons
of time and leaping megaparsecs is distance, ranging from stellar
core to atomic nucleus, from primordial egg to human gene. The
data are not all in, nor will they ever be. But from what we do
know, a reasonable person could reasonably conclude that we likely
are not alone.

2. Any responsible search should include, at core, cutting-edge
science and technology; accrued benefits should be both potential
and immediate. Like in any pursuit, the suitable level-of-effort in
this one should be simultaneously frugal and adequate, commensu-
rate with the task. But would even most modest funding for such a
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search be extravagant or wasteful? In short, would the search be
worth the cost, however low? If contact eventually were achieved,
the $24 purchase of Manhattan Island would pale in comparison;
and even if the search were not successful, the ancillary scientific
and technological benefits alone would justify it.

3. I believe mankind’s desire to know if we are alone and to
make contact with life elsewhere is instinctive, innate, indelible. If
not now, then, soon, a methodical search will begin. If not by the
United States, then by other nations, it will be made. And | believe
here and now to be the proper place and time. To me, the answer is
clear and irrefutable: Yes, let us proceed.

Mr. Fuqua. Thank you very much, Dr. Berendzen. If your sched-
ule permits, we will proceed with the other witnesses and then
have the questions and answers.

The next witness will be Dr. Philip Morrison, Institute Pro-
fessor and Professor of Physics at the Massachusetts Institute of
Technology.

We want to welcome you here and we thank you for taking your
time tojoin us.

STATEMENT OF DR PHILIP MORRISON

Dr. Morrison. Thank you very much, Mr. Chairman, and
menbers of the committee and ladies and gentlemen.

We've just entered the 20th year since public attention was
drawn in the scientific community to the fact that we had in our
hands, even at that time and much more clearly now, what is more
or less a unique possibility of signaling across the tremendous
distances of interstellar space.

No light, no sound, or signal of any sort that we know except
particular parts of the spectrum, such as the microwave region and
possibly some newly developed lasers are possible means to make
our presence known across the tremendous gap of interstellar
space.

Of all these means, it became clear about 20 years ago that the
microwave dishes of the radio astronomers were so curiously pow-
erful, compared to the natural means of noisemaking with which
the universe is normally fitted, that they present a unique opportu-
nity for new signaling, if intelligent beings exist so that there could
be two ends of the communication.

Of the millions of species, no organism on this Earth uses radio
save ourselves. Most of them do use light. Many use infrared and
other forms of radiation, but the Sun is a poor emitter of radio
radiation. Most other stars are also.

The only way in which radio is made in our galaxy extensively is
in the large, very extensive clouds of gas through space, on a much
larger scale than any star or planet or—in fantastic amounts. But
it is diffuse in direction and waveband.

There, radio emission is found. It is that which the radio astrono-
mers like to study. But this uniqueness of radio, this artificiality of
our coherent radio, has ultimately no natural competition. It is the
fundamental physical reason why the microwave spectrum has
been found to be the most advantageous.
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I would like to make a few remarks looking back over the 19 or
?noa%j/gars to see what has happen since the earlx suggestions were

| believe we can look back on the 20 years with some satisfaction.
It has been a long time, a good third of my lifetime. | think it could
be regarded and will be regarded as the pioneer stage of this
investigation.

Take Newton’s discovery of gravitational forces and the theory of
the motion of the planets. This dominated science for 150 years.
But you can look back and show that the generation before him
were pioneers, they were groping near the prize here and there.
They were on the verge, but didn’'t quite get there. They did not—
but they did open the way.

In the same way the pioneer search begun by Frank Drake in
1960 and carried on since by half a dozen teams of radio astrono-
mers in the United States, Canada, and the U.S.S.R., are land-
marks in the search, as it will eventually be chronicled.

It's fair to say for all of them that they were at the most
preliminary, hopeful investigations. None were prepared to contin-
ue with improvements, expansions, systematic searching step by
step for all possible targets, with capabilities commensurate with
less than the most optimistic estimates.

The pioneers show the way. We owe a debt to the pioneer investi-
gators. But that they had not achieved positive results was only to
be expected.

It hardly could have been otherwise. | used to think when |
heard of Drake’s first experiment that what we have established
was that not every star was broadcasting at us a strong 1,420
megacycle signal. Until Drake that could have been the case, he
could have opened up a universe crammed with communications.

We know that is not the case. We know life is not everywhere.
But yet it may be in very many places. We have looked in the
haystack very little. The pioneer workers, a few radio astronomers,
were financing themselves under the table, using spare time and
existing equipment, working on weekends, and so on.

They have been people that walk by the great haystack and pick
up a handful of straw. They looked for a needle but they didn’t find
one. This is not exactly a fair and full search.

I think we are still in the pioneer phase. For me, the end is quite
clear. The end of this phase will be marked by some sort of an
effort very much like the one proposed by NASA or the administra-
tion.

It would be a scheme that did involve some degree of specially
constructed instrumentation, designed and devoted to the purpose,
and the progressive use of it for some time by a number of people,
systematically dividing the search up and trying to do the best job
they could.

They would share the task. The scale of this effort is a scale of
one important radio project, not even of the most important—it
seems to me this would not represent the mounting of the final
search commensurate with ultimate success, the kind of search |
think eventually human beings will carry out.

Rather it is the minimum search that you can say is the begin-
ning of a genuine effort to find out whether or not we are alone. |
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am confident it will start in 1 year or later, this year or some other
year.

It seems to be that its logic is compelling. The sentence we wrote
20 years ago still goes: That the probability of success is unknown
but the probability of success—well, it is nothing if you don’t
search.

What are the changes in the 20 years? | see two. One positive
and one negative, both worth discussing.

The first change is the extraordinary rise of power of the digital
computer which is symbolized to everyone by the little pocket
calculator carried by every student and that is found on all the
counters of the discount houses.

It more and more astounds us with low price and tremendous
capability and reliability. It is literally the case that in your pocket
for $20 you can carry a computing power that would have been
regarded as a first-class triumph a generation ago.

Any university would have been proud to have it. | used some of
the old ones. | can say this firmly. Now people can use this not
only for the calculations that we see everywhere, but also, for very
much throughout the entire domain of technology. In radio astron-
omy what it means is quite clear.

It means we can easily have dedicated computer systems capable
of searching the radio channels, 1 million at a time, instead of one
at a time, or, as the best technology installed and used day to day
would now be, about 1,000 channels at a time.

You search, but there are a million marks on your dial. This
makes the search powerful. It enables us to think of searching in a
systematic way without guessing too much as to the answer, as the
earlier pioneers tried to do.

A first step of this kind has been taken here and there. One
experiment was done this past spring by a young Harvard physics
professor. He was able to use a general-purpose computer in a
specialized way to simulate a narrow band, 40,000-channel receiver.

When we have a few of those that can be used all the time over 1
million channels, there’s no question that will place the search on
a fully systematic and professional basis. But until we do that we
still remain in a valuable and interesting pioneer phase.

The most negative feature in the past 20 years, has been the
slowness of the maturity of our answer to the auxiliary questions
of the search, questions that don’t direct themselves to the search
but rather to our estimates of the probability of its success.

Are there distant planets? Are those planets earthlike? Can they
support life? These questions | have hoped we would be closer to
answering than we are today. We have not found anywhere in our
solar system a clear sign of the presence of life, even the first
evolutionary stages of life.

We have not even found for sure those companions to stars that
we call planets. The earlier searches have been carried on for
decades by brillantly applied older means, means | can character-
ize as the means of the old astronomers, and photographic plates
carefully measured and carefully stored for a long period of time,
and rather elaborate calculations.
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Those techniques are not the best that we have. In the last
couple of years, we see the beginning of bringing that domain into
the modern world. The data handling is now much faster.

We don’t have to be quite as extraordinarily patient to get re-
sults. I think in the next 5 or 10 years new systems and modern
astronomical equipment will enable us to answer this.

This will bring candidates where we have some reason to believe
there might be life. There are several new methods and many have
been suggested.

I anticipate a powerful growth in the next decade. If we are wise
in using our resources we will have a successful search for planets.

This has nothing to do with the final question. It is only a
precondition, but it is valuable. It is interesting. The point never
was that we should be able to estimate what the chances are before
you search. The point is that only the search itself, the search
alone, can make empirical as to what is a very old speculation.
With marvelous images on the television screen and film | have a
feeling that many people lose the sharper contrast between simula-
tion and speculation and reality, between fact and what could be.

I myself think that distinction is very sharp indeed. | don’t think
we can claim at all that theory and analogy, even given a very
large increase in reliable theories of formation of planets or origin
of life or evolution, could add to the actual search anything more
than interesting and useful background. In short, you must try.

There are three positions which | find in the present world
expressed freely by writers and the scientific community that |
would like to mention.

I could name each one after a scholar. The most conservative
view is the one | would refer to Aristotle, and he was no stick-in-
the-mud. This was 2,300 years ago. It was this: One planet is the
little blue footstool in the universe, and no other place. In those
hundred thousand million stars in our galaxy, thousands of mil-
lions of galaxies, no other place harbors radio telescopes, even
though we have seen the suns in all those places.

The other story that’s coming up makes the assumption that the
counterparts of our society sustain indefinite growth in numbers.
Call it Malthusian.

We would move among the stars to fill up a great expanding
sphere until two spheres collide. It is exactly like the large-scale
films you see on television every day in which, in spite of the
technology, the human motivation and social structures look like
daring pirate stories.

I don’t think it is a plausible picture, because | think we are
finite beings with finite capabilities. They are surely growing, but
they are bound to be limited. They are not certain to become
universal.

Nor are we certain to remain alone. Rather we are somewhere in
between. The Copernican assumption of mediocrity seems so char-
acteristic of the entire structure of the world that we see that it is
extraordinary to hold any other view.

One thing is sure. We are not going to contradict any of these
philosophers except by trying to find out in fact. That is what we
have to do. It requires patience. It requires a mixed strategy.
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You don’t put every egg in one basket. We have to recognize we
face ignorance. We must do many things. We modify our plans to
search a variety of frequencies, directions, and times. This can only
be done in the presence of a thriving, systematic effort.

It is not a big part of science, but it is an important part. It
promises perhaps the most important change in human thought for
a very long time.

An urgent problem is the growing interference from satellite
signals. Some of this arises from somebody carrying on the business
of communication or of radar reconnaissance. That may interfere
with our search. But much is merely sloppy, avoidable noise, some-
thing built and orbited with no great attention to the state of the
art, for not many people can enforce laws on the satellites. In
either case the interference is grave.

In the next year an international conference in Geneva will fix
the use of the radio waves. That is the World Administrative Radio
Conference. | hope that some protection, of course short of an
absolute monopoly for our search, will come.

An important fact there will be the demonstrated seriousness of
the effort toward systematic search. The international technical
organization that operates the radio conference has put the matter
on the agenda.

It remains for the nations in their sovereignty to decide—on the
basis of one country, one vote—what to do about the problem.

We may well see coming out of this conference a genuine recog-
nition of its importance.

In the spring of 1959, a Cambridge biochemist turned historian
published volume 3 of his great work “Science and Civilization in
China.” His name is Joseph Needham.

He cites from the 13th century Chinese philosopher Teng Mu
who wrote, in one of the quaint essays which were the best thought
of the time: How unreasonable it would be to suppose that besides
the heavens and Earth which we can see, that there are no other
heavens and no other earths? We in our time have still to follow
this long-marked path.

Thank you.
Mr. Fugqua. Your complete statement will be part of the record.

[The biographical sketch and prepared statement of Dr. Morrison
follow:]

Dr. Philip Morrison

Born: New Jersey, 1915; Ph. D. University of California, Berkeley, 1940. Theoreti-
cal ohysics and astrophysics; physicist on Manhattan Project. 1942-46: a Group
Leader Trinity test of first atomic bomb, and Tinian airbase for combat missions.
Faculty, Cornell and now MIT (1963- ) with Ion?—standing interest in science
education at primary and secondary levels as well. Regular book reviewer for
Scientific American_((1964-present). Founding member and past chairman, Feder-
ation of American Scientists. Chairman NASA Scientific Working Group on SETI,

1975-77.
Twenty Years After
(By P. Morrison)
A brief personal statement on the search for extraterrestrial communications as it

looks now, by the co-author of the first scientific paper on the search effort, pub-
lished in 1959.






41

Twenty years may be long enough to justify a few personal reminiscences.. They
begin during a chamber music performance In the Cornell student center when |
first came to think about the promise of gamma-ray astronomy. The idea seemed
good, and | am afraid | paid less than due attention to the quartet. By the end of
1958, | had published the first summary of what one midcljht learn from gamma-ray
astronomy. (Like most theorists, | badly under-estimated experimental difficulties,
and it was to take almost fifteen years before ingenious experiments could get much
real result in this field.) But the paper was interesting, and made the challenge an
inviting one. A few months after its publication, one sI[:]Jring day in 1959 my ingen-
ious friend Giuseppe Cocconi came into mK office; which then looked northward out
over a small lake to the green hills of Ithaca. Giuseppe has an unlikely question.
Would not gamma rays, he asked, be the very medium of choice for communication
between the stars? They would work, that was plain, and my answer was enthusias-
tic yet cautious. Shouldn't we look at all the spectrum for its possibilities, and
genuinely seek out the best means for such a link? In those days Jodrell Bank was
in the news for its big dish, and the fiasco of Sugar Grove was in the planning stage;
I do not recall whether we knew even the mere rumor of the big Arecibo dish, then
perhaps a little more than a gleam in the eye of the Cornell radio physicists.
Certainly neither of us knew the rudiments of radio astronomy. It took a few weeks
of reading and discussion to come to understand that: “The wide radio band from,
say, IMc to 104Mc, remains as the rational choice.” We wrote and rewrote together
the five-page letter Searching for Interstellar Communications which from the first
we had hoped to publish in the rather sEecuIative pages of Nature. Giuseppe wrote
to Sir Bernard Lovell directly, urging him tp devote some time for this task at
Jodrell Bank, but that radio astronomer was Intensely skeptical (Sir Bernard later
wrote that he regretted his indifference to our proposal.) We knew of course that
our proposal was both unorthodox and improbable, but we held, and we still hold,
that its argument compels serious attention. “The probability of success is difficult
to estimate; but if we never search, the chance of success is zero.” | sent the letter
to London via Professor Patrick Blackett, the influential and igwoi?inative physicist
then in Imperial College, whom | knew personally, to seek his good offices in having
it accepted by Nature. He acted promptly and successfully, and the note soon
appeared. By the time of its publication, | had left the United States for a year’s
stay abroad, around-the-world sabbatic, and | recall the far-away hints of public
interest, as various journalists tried to reach me in Europe or Asia during this or
that brief stay after the article had come out in late September.

How does the question look after these twenty years. First of all, we have passed
through what | would call the pioneer stage. Since Ozma at Green Bank, Frank
Drake’s path-breaking 1960 beginning of the search, a half-a-dozen teams of radio
astronomers in the USA, in Canada, and in the USSR have devoted serious effort to
the search. A few of these have even used specially-built equipment for some time,
but on the whole one could characterize their searches as preliminary. None of
them prepared to continue, with improvements and expansion of effort, for a pro-
tracted search, gaining capabilities commensurate with less optimistic estimates of
the task. These pioneers have shown the way, and our debt to their ideas and
devotion is great, but the absence of positive results so far is not at all unexpected.
These are people who have walked past the haystack, picked up a few handfuls of
straw, and cleverly looked for a needle. That pioneer phase is not quite over; for me,
its end would be marked by an effort rather like that proposed by NASA in the
spring of 1978 to Congress for funding: a scheme aiming at specially constructed
ecprm_ent, and its progressive use in a systematic way for some years, on the scale
of one important radio astronomy project. The task would be shared among several
big dishes, usina each one only for a portion of the time, rather than devoting one
dish to the work exclusively. It is humanly unattractive to demand that individual
people spend decades in a search which offers no intermediate success, even though
the eventual outcome is of great social importance. Much better, it seems, to divide
the task, so that no one finds a whole career spent in an important but so far
fruitless search. ) . .

The ubiquitous rise of computing power has been the most positive change in
twenty years. People speak easily now of megachannel spectral analyzers and more;
it becomes clear that we can carry out a search even if all the guessed strategies
about special channels or directions or times prove wrong. What seems needed is to

ass from the pioneer phase to a systematic stage, and to learn how and what to do

y serious trials. The most negative change in twenty years has been the slowness
of the scientific maturity of the auxiliary questions. WWe have as yet no clear result
and have found no life anywhere in the solar system pointing to the existence of
mijL other planetary systems. The early claims of dark planetary companions to
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some stars now seem less than certain, and they were in any case not close
analogies to our system, since the stars we have measured astrometrically so far are
nearby red dwarfs, and the companions we are sensitive to rather massive. Here is
where | hope for the earliest real success: several new methods enable a much wider
search for “solar systems” within the next decade.

For me, of course, the point has never been that we need to know much more
about the chances before we search. The point is that search alone can make
empirical what is after all a very old speculation. Whether we are alone or not
needs to rest on experimental search, not on a string of evolutionary inferences. For
I do not believe that our science is yet close to reliable theories of planet formation,
of _thte; origin of life, or especially the evolution and duration of communicative
societies.

A curious view has fgrown up, which | may call Malthusian. It makes something
like the assumption of Malthus, that human society or its counterpart will sustain
indefinite growth in numbers and capability, so that we will be pressed to dwell and
travel among the stars, filling the Galaxy in a geological epoch or less. Then a
simple look at the Galaxy, which shows no signs of intense colonization, strongly
suggests that we here must be the first. “Where is everybody?” is a question already
more than thirty I)ﬁl/ears old. Even this argument is more plausible than the opposite
one, which | might father upon Aristotle, that our planet is the single little blue
footstool in all the universe and no other place can harbor mind—and radio tele-
scopes. But it seems to me neither position is as persuasive as the Copemican view
taken in our 1959 letter, which suggests that we are finite beings, with finite
capabilities, growing but limited, who are by no means sure either to become
univerglal or to remain alone. Perhaps we can find out, and that is what we ought to
try to do.

Finally, the task requires patience and a mixed strategy, that is, a plan which
does not place every egg in one basket. We face ignorance, and we seek to lessen it.
That requires a modest stance, willing to try in many directions, and to learn b
doing. Even the microwave choice is not ?ainsaid, though it seems still to me muc
the most likely. Indeed, | find myself still of the belief that the 21-cm line remains
the best guide, of course, not right on top of it, but in its neighborhood, implying a
small band search tempered by other knowledge. For example, if ever there are to
be found the heroic extragalactic signals—hard to accept because of their demands
on power and patience—they are most Iikelg emitted at the 21 cm line as viewed in
the cosmic rest frame, the frame defined by the microwave thermal background.
That is universally known to every observer, and even now defined to a part in a
thousand. (Of course one should look at shifting frequencies as different directions
are scanned, for the sun is moving with respect to that great stationary frame.) But
the frequency choice is almost without ambiguity. The many rf lines which have
been found since the 2l-centimeter discovery seem by their very number to lack
equal promise, though they ought not be disregarded. In the same way, narrow-band
acquisition signals still seem the best choice, but other forms of modulation, far less
familiar than steady cw carriers or even simple fast pulses, deserve consideration.
All of this will follow as the search effort becomes stronger and more systematic.

The problem of interference from satellite signals, whether deliberate signals or
merely sloppy noise, is grave; one very much hopes for recognition of the SETI task
and for some measures of frequency protection to come from the World Administra-
tive Radio Conference this coming fail in Geneva. Every interested person can play
some part by urging through his or her government, protection for the rest of the
century, the time span to be addressed at Geneva.

Just today as | wrote this piece, | realized that new 1959 astronomy volume of
Joseph Needham'’s magnificent work, Science and Civilization in China had caught
my imagination during the same months that we were working out the Nature
letter. | do not at all recall noticing it, but it would be agreeable to think that | had
read his translation from old Teng Mu (on pg. 221) in volume HI of Needham),
ending with the now familiar words:

“How unreasonable it would be to suppose that, besides the heavens and earth
which we can see, there are no other heavens and no other earths?” (From the Lute of

Po Ya, 13th century AD.)

Mr. Fuqua. Our next witness is Dr. Noel Hinners, Associate
Administrator for Space Sciences, National Aeronautics and Space
Administration. We are happy to have you. You may proceed with
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STATEMENT OF DR. NOEL HINNERS

Dr. Hinners. Thank you, Mr. Chairman.

It is with some chagrin that | follow the two previous witnesses
\_/vhSoEr_]I_alve been so eloquent in telling why one might be interested
in :

In considering the NASA portion of the President’s fiscal year
1979 budget, this subcommittee approved the request for initiation
of a modest radio search for extraterrestrial radio signals. | was
encouraged by that action, because | regard the proposed “Search
for Extraterrestrial Intelligence” (SETI) first as an imaginative,
relatively low-cost gamble that could provide immense rewards in
the event of a success, and second, as an effort which Would pro-
vide an excellent return of science data and technology develop-
ment, regardless of the SETI aspect.

Mr. Chairman, for these hearings, you have assembled some of
the world’s foremost experts to testify on the scientific, philosophi-
cal, and technical aspects of SETI. | cannot, and have no intention
of trying to compete with them on their own grounds. What | will
do, instead, is to paint for you the picture that | have drawn from
their various arguments and tell you why | believe that it was wise
and timely for NASA to request funding in a competitive environ-
ment, for a modest SETI effort.

The history of civilization is one of of expanding horizons. At the
same time that European man explored the other continents, and
found other civilizations, he also, by means of the telescope, discov-
ered other worlds, and asked whether those other worlds were
peopled. We still do not know the answer to this question.

What we do know, through our program of planetary explora-
tion, is that the nearby planets do not contain civilizations, and in
the case of Mars, most likely not even life. But what of the distant
worlds? What of the hundred billion stars of our own galaxy? Do
they have planets? Life? Civilizations? Technology? And what of
the billions of other galaxies in our universe? Among these billions
piled upon billions, are we alone? Are we “it”?

These billions upon billions of other worlds that we believe may
exist are so vastly more distant than are the planets of our own
Sun, that even the most basic information about them is extraordi-
narily difficult to obtain.

For example, although many astrophysicists believe that planets
are likely to be extremely plentiful around other stars, we do not
even know for sure if even one other star is attended by planets!

In fact, even the very powerful space telescope will have a
chance of detecting the presence of Jupiter-size planets only for the
nearest 40 to 50 stars. But the occurrence of planets outside our
solar system is only the first unknown. If there are planets, do they
harbor life? We don’t know. And how do you know that life, if
present, develops intelligence? You don’t. Does intelligence neces-
sarily lead to technology, and to radio broadcasts? We don’t know!
How, then, can we judge whether or not a SETI search will be
successful? The straight forward answer is that we cannot.

I believe that this is a very important conclusion, and is one that
is often misrepresented. Even enthusiasts for the SETI program
will say to me something like this: “The chance of success is very
small; but the rewards of success would be very great.” It seems
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clear to me, however, that the chance of success is not small, it is
unknown.

It cannot be calculated in any really meaningful way. It is per-
fectly possible that the SETI program that we have proposed or
some future ﬁrogram will find large numbers of broadcasting civil-
izations. We have yet to look.

While there have been a few pioneering “stab-in-the-dark™ type
investigations, a comprehensive wide-frequency systematic search
of the kind you have authorized has never been made.

You might say that we have “dipped our hand in the ocean,” and
not caught a fish; and now we have suggested that instead we tow
a small net behind our little boat for a while.

We don’t know if this ocean is sterile or is teeming; we haven’t
given it a meaningful try!

You can see that the “negative” arguments don’t hold much
weight with me. Just as | don’t believe anyone who says that he
can prove that civilizations are highly likely out there, I don’t
believe those who say that there is practically no chance that there
are civilizations out there.

I am imPressed by the fact that we exist—nature can do it. Four
and a half billion years of evolution can lead to civilizations. The
chain is immensely complex. It isOPossibIe to argue that the chain
IS so complex that it has happened only once in our universe; but
the argument cannot be conclusive just because we have only one
star (our own Sun) where we have experimentally tested the argu-
ment.

If we accept that a modest activity in this exploration of the
totally unknown is justified, and | am convinced that it is, then we
must ask that activity, and what level of activity, makes sense and
can be afforded.

In trying to decide our search strategy, we are forced to try to
guess the strategy (or equally important, the lack of strategy) of
civilizations out there are broadcasting. The mere fact that they
are assumed to be broadcasting means that they are “like us” in
many respects.

You may ask how likely that is, but that would return us to the
original argument, and we have agreed, | hope, that we do not
have any meaningful ability to calculate probabilities of this kind.
All we can do is ask the question, “What will our civilization be
like in 100 years, in 500 years, in 5,000 or 5 million years?”, and
try to search for such civilization out there.

How would civilization communicate if they were so inclined?
Very advanced civilizations might well have means that we know
absolutely nothing about; for example, by neutrinos, so speculation
of this type serves no immediate purpose. However, ordinary radio/
television is so technically simple and so effcient that it is hard to
Imagine any way to beat it. The transmitters necessary to be
detected require little or no advance from our relatively young
technology. A major space solar power station, pointed out to the
universe Instead of directing its power to the mother planet, would
be a reasonable SETI transmitter. | will not speculate on whether
we will build such power stations soon—that is a topic much more
controversial”*than extraterrestrial intelligence.
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I am not now proposing, and | dont think anyone else is propos-
|n?, that we do any major, deliberate beamed broadcasting our-
selves (I am for the while ignoring the “leakage” broadcast radi-
ation arising from the abundant radio and TV transmission.) We
are much too young and new a civilization to be able to afford the
enormous cost of the necessary transmitters and energy. | do want
to note, however, that the United States has already sent coded
signals into “space” for Arecibo and that both Pioneer and Voyager
Sﬁacecraft contain messages for ‘“whomever” might come upon
them after their escape from the solar system.

The fact that we are not conducting major space broadcasts does
not, of course, prove that civilizations do not deliberately broadcast.
The point is, that we are a terribly young civilization, and the
universe is terribly old. We have had a village-building civilization
on this fplanet for only a few thousand years, and significant tech-
nology for only 100 years or so. The Earth and Sun are 4.6 billion
years old. This means that there may be billions of Earth-like
planets in our_ﬁalaxy with civilizations that reached our state of
development billions of years ago. What will Earth be like in a
billion years? What will be our GNP? What will it cost such a
civilization to build the enormous transmitters needed?

Speculation of this kind can become a bit ludicrous, but one
great attraction of SETI is that it allows us to probe such intrigu-
Ing questions in a meaningful way. By looking for other civiliza-
tions, we are in effect, trying to look into our future.

If we accept that radio and television broadcasts are what we
should be looking for, we still have to decide on a detailed strategy.
NASA has looked carefully at the options, and we have come up
with a two-tiered strategy that offers a lot of advantages.

Our first priority has been an all-sky broad-frequency survey,
which we proposed to carry out at the Jet Propulsion Laboratory.
As you know, JPL operates the NASA Deep Space Network (DSN),
which is the facility that is, in fact, currently being used by us to
actually detect extraterrestrial signals—those from our own space-
craft far out in the reaches of interplanetary space. It is no coinci-
dence, therefore, that we propose to conduct a SETI activity at
JPL.

The strategy involved in this particular SETI effort, which is the
one that you have authorized, can be described as “cast a wide
net,”—cover as much of the sky as possible, and cover as much as
possible of the radio frequency spectrum. The price that is paid for
this breadth is sensitivity. The broadcasting civilization would have
to have truly enormous transmitters. But such transmitters are
ph'KsicaIIy entirely possible. o

second tier has been proposed by scientists at the NASA Ames
Research Center. This second part has not yet appeared in a Presi-
dential budget, and of course, you will understand that | cannot
discuss the administration’s intentions for fiscal year 1980. The
Ames proposal involves a so-called targeted search, in which much
higher sensitivity is achieved at the cost of drastically narrowing
the area of sky, and the number of frequencies searched. This in
effect means that we must guess where they are, and guess what
frequency they’ll broadcast at but this does mean that they don’t
have to put so much resources into a transmitter. In practice, there
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is a feeling that civilizations might be most common at stars that
are very similar to the Sun, so Ames proposes to concentrate on
observing such stars, in a particular frequency region, called “the
waterhole,” which some scientists argue is most likely to be the
frequency band of broadcast. Putting these two assumptions togeth-
er means that you concentrate your efforts and thereby achieve
much higher sensitivity.

In putting together a program for the administration to consider,
and subsequently for the Congress to consider, | must of course, be
extremely mindful of cost, and not just near-term cost, but also
runout cost. The JPL effort has a beginning and an end, whereby
we will have detected civilization or we will not. If we have not, we
will be able to say that extremely developed advanced civilizations
are now absent from our part of the galaxy. Of course, it would be
possible subsequently to mount a repeat all sky broad-frequency
surve?/ at higher sensitivity, which would, if negative, tell us that
even less-developed civilizations are absent. The Ames proposal is a
somewhat different story, simply because the philosophy is one
that tries to maximize sensitivity. Similar to JPL, Ames has a well
defined short-term proposal for technology development and a tar-
geted search using existing large antennas.

We considered 1t better, in terms of a fiscal year 1979 initiation,
to make a broad radio survey first, even given the much lower
sensitivity than the targeted search, on account of increasing pollu-
tion of the airwaves. In addition, NASA needs to know the interfer-
ence environment for planning communications with our space-
craft. This area of concern was recently heightened by our poten-
tial difficulties with Earth-based-radar interference with TDRSS.
The JPL survey will be of great value in this regard in that it will
sample the sky radio environment over most foreseeabl?/ usable
communication frequencies. This is not to say that a similar argu-
ment might not be germane to the Ames project. In fact, the
communications pollution is increasing perhaps most rapidly in the
region of the waterhole itself, although recently developed tech-
niques indicate that we have a way around that problem.

The Ames and JPL programs are similar in that they both are
dependent on the remarkable advances that are taking place in
electronics—the microprocessor revolution. This makes posssible, at
reasonable expense, the million-channel analyzers that are at the
heart of both programs. A prototype 64,000-channel analyzer is
being built currently as part of JPL’ ongoing activity in investiga-
tion of the electromagnetic interference environment of the Earth.

Construction of analyzers of this new type is bringing a techno-
logical revolution to radio science.

Finally, let me make a general remark or two on the broader
guestion of understanding the origin of life in the universe, and
NASA’s role in exploring for it.

The radio SETI search is only one approach, albeit the most
dramatic in its implications. Many approved NASA science pro-
grams bear on this most fundamental question.

For example, the Viking landers provided basic data bearing on
planetary physical and chemical conditions which must be recon-
rnted ~vith “the~origin of life on Earth. Our sounding rocket pro-
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gram, and the Copernicus satellite, discovered interstellar molecu-
lar hydrogen, a basic building block of life.

Radio astronomy has revealed many complex interstellar organ-
ic, that is, carbon-based, molecules, including molecules that are
expected to combine to form amino acids. Natural, not-produced-by-
life, amino acids have been found in meteorites and laboratory
research has shown how clay minerals may play a role in concen-
trating critical amino acids to the point where they may play a
vital role in prebiotic chemical evolution.

As | mentioned before, space telescope may produce evidence for
the existence of planets around nearby stars. Future projects that
might include a more sophisticated ground-based search for extra-
solar planets, using advanced versions of conventional astrometric
and spectroscopic techniques.

And our infrared astronomy program is providing us with in-
creasing detail on the process of star formation. It is in the regions
of star formation that the molecules are most concentrated. If
planets form cold, those interstellar molecules may actually con-
tribute to the origin of planetary life.

Some of our other astronomy satellites will provide data on
interstellar silicate grains and elucidate their role in catalyzing
organic molecule formation.

The radio search for extraterrestrial intelligence is a bold at-
tempt to leapfrog directly to an answer to one of the most impor-
tant questions confronting us—are we all alone in this incompre-
hensibly vast universe?

In view of the fact that Congress chose not to appropriate funds
in fiscal year 1979 to start SETI, this may be a time to think more
carefully about the role of SETI as but one aspect of the larger
guestion of the origin of life.

In so doing, | believe that we must now work to describe better
our integral program of fundamental science that is providing us
with a greater understanding of the origin of life and the potential
of the rest of the universe for bearing life. Within that context, the
radio SETI search can be seen in perspective and as one relatively
low cost, albeit very important, element.

Thank you for your attention. | would be pleased to respond to
guestions.

Mr. Fuqua. Thank you very much. If the other two witnesses
could rejoin the table we will try to proceed with the questions.

Now, we will start the discussion.

Well, this program was offered a famous award that is given
away frequently by a member of the other body and he indicated
that it was a luxury that the country could ill afford.

There was not one scintilla of evidence that life existed and that
there were more higher priorities available.

Now, Dr. Berendzen, could you comment on that or how do you
answer a question like that?

Dr. Berendzen. It’s a fair question. It should be asked. Basically,
it's a question of the appropriate level-of-effort of this project,
particularly contrasted with our gross national product and with
the national budget. And it also reasonably raises the question of
our current level of scientific knowledge.
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At the outset, it must be stressed that any responsible SETI
program should have, at core, cutting-edge science and technology,
which presumably would lead to beneficial findings and results,
irrespective of whether ultimate contact were made or not. Also
because such a search would be fundamentally multidisciplinary
and international, it might help beneficially to join fields and
nations, at least among the scientists.

And SETI would press all scientific fields to the limit of what is
known and even beyond. When you consider the expenditure being
requested for this SETI program in contrast with many other pro-
jects and in context of its potential yield, I think it is worth it.

Mr. Fuqgua. | will let Dr. Hinners plead executive pr|V|Iege if he
wants to.

Dr. Morrison. | support what Dr. Berendzen said. | don’t think
it is indicated that all of those statements need be taken quite so
seriously. | think they were meant a little bit very cleverly—as a
kind of dry humor.

I might answer the same way. | do recall a cartoon that im-
pressed me that showed a few people sitting around and a distin-
guished figure walked by. One said, “Yes, Prometheus. | recognize
he discovered fire, but what has he done for us lately?”

It is not my intention to try to convince him or anyone else that
this is a worthwhile effort per se.

For 20 years we have discussed what is involved, and what is
implied. If it doesn’t appeal to anyone, then there is every reason
not to do this. But the objective nature of the arguments show it is
supremely worthwhile. | think if you asked 100 persons in the
country, at random 85 will think it’s already going on and is the
purpose of much astronomical work. Of course that view is quite
wrong.

It is strange that it would be regarded as not worthwhile.

Mr. Fuqua. Thank you.

To what extent are some of the other nations of the world
supporting extraterrestrial intelligence research?

Dr. Morrison. | think we are probably first or second in this.
The Soviets have a number of very interested scientists in positions
of responsibility.

They implement some of their ideas. They have done somewhat
more in the past than we have. At one point several years ago,
they established a few inexpensive receiving stations across the
breadth of the country in order to carry out the idea of search.

I don’t personally think it was a good idea, but it was initiated
by an able, young astronomer. Certainly the plans expressed there
(in the U.S.S.R.) are as big, or somewhat bigger, than the plans
expressed in this country.

The implementation of the plans is larger than our present level.
The Canadian astronomers have made a nice contribution using
one of the two big Canadian radio installations. They continue to
work at a modest level.

As | said nobody anywhere has got beyond what | would call the
pioneer phase in this investigation.

Mr. Fuqua. Thank you. Now, Dr. Hinners, the radio frequency
spectrum is getting rather crowded and the level of signals from
spare are expected to be extremely low. Do you see any way of
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conducting a radio search from spacecraft, as you mentioned, such
as the Voyager or the Pioneer, or incorporating a search capability
from spacecraft in conjunction with some of the future space sci-
ence missions?

Dr. Hinners. Eventually, yes. We are focusing our effort now
trying to assure that the waterhole is protected. At various time we
have considered things like the use of the far side of the Moon as a
radio observatory site.

Also, we have looked at techniques for shielding the satellites
from the terrestrial radio environment.

Mr. Fuqua. Thank you. Dr. Berendzen, you touched on this in
the answer to my first question, and you referred in your paper to
the potential significance of this research.

How important do you think this research is to the Nation?

Dr. Berendzen. | think the importance would come in at least
three different forms.

First, if there ultimately were contact, it is impossible now to
guess what the results would be. But surely at first there would be
a flurry of media activity, probably unprecedented in world history.
W hether or not this would continue would depend upon our ability
to understand and to learn from the messages we received. Obvi-
ously, though, just the detection of such a signal would itself be
profoundly important. Beyond that, however, the importance of the
contact would depend in large part on whether we could decipher
and understand the message. Many of us now believe, perhaps
optimistically, that in due course we could understand it. Note that
with SETI, communication could not be based upon a common
cultural heritage as is the usual case in terrestrial communication.
But even with extraterrestrial beings we would have in common at
least one thing—the universe itself, the common place in which we
all reside. Thus, if extraterrestrials were to speak in scientific
terms and we were to interpret their message as such, we might be
able to understand the transmission. In that case, the impact of
contact could be colossal.

Second, however, until contact were made or if it were never
achieved, the search itself could have multitudinous benefits in
science and technology. For instance, the search for habitable plan-
ets outside our solar system is itself a significant issue in modern
astronomy, as are the related matters of thoroughly understanding
stellar evolution, planetary evolution, atmospheric evolution, and
even the Earth’s own chemical and biological evolution some 4.7
billion years ago. These are key scientific research problems, aside
from whether contact were ever made or even if the search per se
were never undertaken.

Third, irrespective of contact and irrespective of the scientific
aspect of the search, SETI could have a profoundly great value in
stimulating general public education. And this would be in respon-
sible science, not in the pseudo-science in which our Nation now
often drowns. If done properly, SETI should focus on some of the
truly most engaging aspects of modern sciences, this could be of
great benefit.

Despite the searches conducted to date, as yet we have used only
a handful of frequencies to study less than one-millionth of 1
percent of the stars in our galaxy, to say nothing of the hundreds
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of billions of other galaxies. Perhaps the most beneficial lesson we
would learn from SETI is how much we have yet to learn. Yet, as
Einstein put is, the ultimate incomprehensibility of the world is its
comprehensibility.

Mr. Fuqua. Thank you.

Now, a question that I'm frequently asked as a member of the
Government and some by the scientific community—that | believe
invariably comes up in the scientific community is—in the event
that a signal is detected, who will release the information to the
general public? Will it be the President or NASA or the National
Science Foundation or will it be kept in close surveillance by those
in the scientific community until they have been able to digest the
information or to understand it in order to make it public?

Just who will decide whether or not to send another response
and what type of response?

Dr. Morrison. Let me start at the end. | think we should realize
this problem of making a response is not a matter of just coming to
the telegraph key and pressing a button.

It is extremely probable, should we come to the happy day that
we have a signal that we believe is real, that the instrumentation
for making any response will tax the maximum capability of our
science and technology, to build some big dish and to make a
powerful transmitter.

There would be a long program of design, not to say of funding.
It could then begin. There would not be any instantaneous answer.

In my opinion, I think most people would concur, it is extremely
unlikely the messages would be on the time-scale of a newspaper.
It is more like reading in a library and less like reading the daily
papers, even once there is a message.

It would be elaborate, complex collection of signals slowly would
be deciphered and painstakingly interpreted with conflicting mean-
ings, over a very long period of years. It is like university study or
scholarship. Then some reporters might quit filing.

The very acquisition, the first time it is found, once it is genuine,
once we have the evidence it is real, that is tremendous news.
There is no question that such news would be eagerly sought, and
widely published.

I am not giving the design of any oranization for doing it. We are
not at the stage of finding the signal.

One of the reasons we should begin a systematic search is to face
this problem squarely. The main thing | want to say at the
moment is that what we will first see most likely will be a false
alarm.

We have had many false alarms already. | gave a talk on this
not long ago to international journalists, young men and women
that come to Harvard University each year representing 30 to 50
newspapers around the world.

One very intelligent man, a political specialist from a Western
European country, said he’d read all about it. That contact had in
fact, been made; he was surprised that | did not know about it.

It was hard for me to displace his view of reality. | pointed out
there is a kind of shaky margin between the real and the false.
That is true in spite of our best efforts when computers and signal
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processing is new. If they tell you it's a real signal only a few
times, | think you might still be wrong.

The way to be sure will be to conduct the whole thing in the
ordinary manner of scientific exploration: relatively publicly, free
of access to any competent, well-behaved observer who wants to
work with the group.

‘pris should be done in the familiar scientific fashion. | don’t
think it should be regarded as a secret or a matter of state. It
should be regarded as a scientific exploration.

I don’t think that means you can allow arbitrary people to come
and grab the data, take it home, make their own things out of it. It
should be done in an orderly, systematic way, with great hospital-
ity, with an effort to show to the press, especially to those able to
judge the validity of the signal whether it is a real signal.

If we had such a candidate signed the first thing would be to
summon an international committee to study the data. Are we
being fooled by something we haven’t understood? It’s quite likely
we will in fact be fooled a number of times before we understand
that the signal is unmistakably coming from beings alien and yet
like ourselves.

Mr. Fuqua. | concure wholeheartedly in your answer.

My response has always been similar to the lines that you have
expressed. | don’t think there is any way that the Government
should or could keep anything of this type under wrap. | see no
reason that it should.

Mr. Lloyd, have you questions?

Mr. Lloyd. Thank you very much, Mr. Chairman.

I would like to say that | am indeed awed by the presence of our
three eminent witnesses today. | would like to thank you very
much for joining us.

I have listened to your testimony, really, in an almost spellbound
manner. | am one of those people that has participated over the
years—having read scientific fiction and so on and so forth.

Even though I am unqualified to assimilate what you have said
and to interpret these concepts, | am nevertheless stimulated by
your discussions, and | am delighted.

As our chairman has already indicated, | think there has to be a
great emphasis—and | will get to questions in a moment so bear
with me—there has to be great emphasis in this area of explora-
tion.

I am always appalled and | guess angered is a good word when |
see people at any governmental level that try to refute or try to
roll back or demand evidence—concrete evidence, whatever that
requires—evidence of the existence of other life.

In essence, they are saying it does not exist. It is always easy, as
our colleague has indicated, for those of us in governmental posi-
tions—particularly legislative positions, to demagog the issue, be-
cause it is so easy to scoff at.

We are really unable to justify the sums of money that we put
into these things to encourage people like yourself. It comes down,
as vou indicated earlier, to a time function and when does time run
out? . . .

Time never runs out. It is dynamic. It is ongoing. We can project
not only through this galaxy but perhaps galaxies in the future.
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Who knows what the actural measurement of time is? Are we a
function of the measurement of time and therefore are we an hour
or a second or infinitely more? The answer is—I don’t know.

We speculate. We just know of our own existence. We have a
function, however crude it may be, as to a measurement of time. In
that timespan, we sincerely hope that in the random thrashings
about that we have, that maybe we will indeed make contact with
somebody. Better yet, maybe they will make contact with us, who-
ever, they may be.

I'm just trying to express my personal delight that people of your
capability are, indeed, out there looking with some hopefulness
that we could amass data that could indicate that this is the right
way to go, so that the search itself, and not necessarily even the
acquisition of a target but that the search itself is no longer
random but it begins to have a direction and a purpose.

I would say to you I'm delighted to have you here today. With
that | will get down to asking each of you the same question
because you can all respond as you so desire.

W hat would you say, in light of your own experience, would be a
reasonable amount of financial effort on the part of this committee
to go forward in our involvements in this specific area?

We can start right to left or left to right in answering.

Dr. Berendzen. As a private citizen, | find it difficult to make
responsible recommendations in detail about the Federal budget,
because of the enormous number and array of competing priorities
and needs of our Nation. But specifically with respect to SETI, it is
important to realize that single-year funding would be inadequate.
What would be needed would be resolve and commitment, possibly
spanning many years. And a number of other things ideally would
be helpful, too—for example, possibly a dedicated radio and re-
search facility to be allocated specifically for this study. Also, there
should be adequate funding to support fundamental research on
the origin of life on Earth, which, as | said earlier, would have
significant scientific importance besides SETI, including in bio-
chemistry and geophysics. Likewise, there should be adequate re-
search funds for ongoing astronomy studies, to find for certain the
extra-solar system planets we confidently believe exist. And radio
technology itself would have to be improved.

Now, what would all this come to in actual dollars? The amounts
for NASA'’s proposed SETI program would come out to about 1 cent
per U.S. citizen per year.

W hat would the American public find to be a reasonable amount
to spend on such an endeavor? If a Gallup poll were taken, un-
doubtedly funding as great as that for the Apollo program would
be considered wildly exorbitant, especially given the Nation’s social
programs. But suppose the proposed level of funding were what
NASA in fact is contemplating—namely, about a nickel per citizen
for the entire 7-year program. In that case, | suspect the public
response would be almost unanimously favorable, especially if
beneficial science and technology would be ancillary byproducts.

Actually, what could occur here is not excessive funding but
rather inadequate funding. What could happen is that eventually
the funding would be given but that it would not be commensurate
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with a serious level-of-effort, in which case the search would begin
but with inadequate support.

A few million dollars per year for a period of about 5 to 10 years
would be the scale of the commitment we should now consider,
which would come out to be roughly a total per caplta project cost
of 5 cents.

Mr. L1oyda.Thank you.

Dr. m orrison. | think | would agree with the general assess-
ment. | would put it perhaps somewhat differently. | think we need
to establish a professional community of people, with different
means and different skills, working at the problem in some fairly
serious way. At the moment, there is no such thing. There is the
occasional person who does a few things.

A few devoted people have written about it here and there; in
some radio observatory a small team of people work together. That
is clearly all that is happening.

Now it is time to pass beyond that stage. We should engage a few
tens of persons. (There are several hundred persons working direct-
ly in all of radio astronomy in the United States.)

It seems something on the order of a few percent of that effort is
appropriate to the situation. That would mean some capital ex-
penditures, dozens of persons of different skills communicating
with each other, and a few small teams in different centers, doing
what they should do.

Emphatically, there should be some feeling that this was a per-
sistent commitment. People and places could flow in and out of the
job. The job could be transferred from one place to another. I'm not
very enthusiastic to take one place and make it become the overall
focus of all searches.

I think that would be difficult. It is difficult to give persons the
sole task of carrying out speculative exploration, no matter how
important the goal.

One must be enormously dedicated to give a whole lifetime to a
search in the hope that it might be successful. It is better to have
people in a number of centers each giving some time to an overall
effort, but nobody devoting an entire life career to it.

Each could say | spent some years in this search, but in addition
I did many other things that gave immediate satisfaction.

Otherwise, you are asking for lonely, dedicated persons who
spend decades to get no single result, except that one chancy great
result that engages the whole world. It is very difficult to do that.

It is better to spread the task out among many, with all of them
devoting some part of their time and facilities to research of a
more conventional, less exploratory type.

Dr. H inners. | think what the two other witnesses have said is
consistent with our thinking. | was influenced somewhat by people
thinking like them. We talked about a 7-year program in our
proposal. We recognize it needs the continuity.

Now, the fiscal year 1979 proposal would average about $2 mil-
lion per year. We have found in our research programs, that a
critical mass of scientists is required. People that are interested in
the problem. That would be 5 to 10 individual investigators work-
ing independentiy ON the program.
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Now, the funding for a community like that would be about
$500,000 or $1 million per year, depending on the equipment and
how vigorous the research is with that equipment.

Funding for the equipment part is of similar magnitude. You
come up with what | think is a minimum, viable program of many
years duration, averaging a couple of million dollars per year.

I frankly would not feel uncomfortable in going up to $4 to $5
million a year. That is comparable to many other scientific endeav-
ors we undertake on a continuing, dedicated, long-range basis.

We did prioritize this past year. That was one of the reasons the
SETI program was in the budget. We said, yes, this is something
that NASA should be in as part of its program of exploration.

Mr. L1oya. Thank you. We look at a very specific problem. You
have alluded to it, each of you and specifically Dr. Morrison did.

That is the public attitude.

Dr. ™M orrison. Yes.

Mr. Lioyda.As we all know, we watch TV shows, or we see “Star
Wars.” Instantaneously, we, the general public are delighted, we
are enthused.

On the other hand, as has been pointed out here, it is extremely
easy when we get a proposition 13, as we have in my home State of
California, to say the Government has to be cut.

The easiest way to cut Government is to not start a program.
That saves money because we never have to go into it. If you don’t
go into it, you are never challenged to put money or additional
effort into a situation.

That is really where we are with a program of this type which
requires hard scientific vision, which is at the very least, almost
discernible by people such as myself.

Then it is injected into the general public. I'm not any different
than they are. | am a product of what they are. At least I've had
some additional exposure which they may not have had.

Therefore, | guess the question is, to each of you.

Indeed, if we start such a program, how can we sell this to the
American public so that we won't get a cheap shot on the backside,
which is a function of demagoguery or that we don’'t get the impa-
tience that we have spent X number of dollars and nothing has
occurred?

Therefore, plainly we have wasted the money.

How do we, as legislators, address this so that we as legislators—
such as the chairman and | and the members of the committee can
go back and say go forward and let's get started on this because it
is terribly important that man pursue this kind of goal?

Dr.Berendzen.Two decades ago, C. P. Snow asserted that what
is spoken at MIT is understood by the general public about as well
as if the scientists were speaking nothing but Tibetan. Regrettably,
the problem today is probably even worse! Scientific knowledge in
the last two decades has increased exponentially whereas public
understanding of science has grown linearly, at best.

Although many culprits could be identified for causing this situa-
tion, the answer to your question and the root of this general lack
of scientific literacy comes down to one fundamental, profound
concept—education. With better science education, the American

- public and -through it the American Congress could better under-
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stand why many scientists and several scientific organizations find
SETI to be an enthralling and responsible concept, one worthy of
financial support even in light of out other scientific needs and
even in an era of proposition 13.

Now, how to achieve such an educational Nirvana? One of the
first steps would be to overcome the media’s fascination with the
glamorous and tawdry and to stress instead what is potentially
even more engaging: modern science fact. As Carl Segan has noted,
not only can science fact be far more interesting than science
fiction but also it has the additional value of being true, or at least
true to the limits of our current understanding.

I believe educators and scientists have responsibilities to make
better known to the public what they are finding and why they
believe these endeavors are credible and important. The media, the
Congress, and the U.S. Government in general should aid in that
endeavor.

(As an obvious example, SETI is often confused with other al-
leged ways to attempt contact with extraterrestrial intelligence
that many of us believe do not possess merit yet receive wide press
attention.)

Dr. Morrison alluded earlier to the possibility of false starts.
Indeed, there already have been some, perhaps one of the most
notable occurring over a decade ago with the discovery of the first
pulsars, when periodic radio blips were found. A first explanation
tentatively offered in jest was the “LGM theory”—the *“Little
Green Men theory.” But rather than rush off imprudently to inun-
date the public with false claims, the scientific community proceed-
ed reponsibly. And pulsars soon were found to be explicable as
natural phenomena, not as extraterrestrial intelligence. Unfortu-
nately, such sober approaches have not always been taken.

The root issue here is the same fundamental one President John-
son 15 years ago said ultimately would be the solution to all of our
problems—education. If that isn't the cardinal issue here, | don't
know what is.

Mr. Lioya.Thank you.

Dr. m orrison. | am perhaps a little more optimistic. Who could
disagree with the wisdom of what Dr. Berendzen said? But | find—
and | go to other campuses than MIT by and large, the matter is a
generational matter.

I am not any younger than the members of the committee. | can
say with some honesty that a few people are still as odd as | am
and spend all their time doing strange things which don’'t butter
any parsnips, don't make any money, don’'t defend us against our
enemies overseas.

But | think we may have modified the way all of us think and
live. A lot of young people believe this. | don't know whether it is
true. But are people exclusively concerned with this year’s budget
and its economic problems?

I recognize there are many things that occupy legislatures. |
hope we will be wise enough to start this going now. I think it will
be well received. | don’'t think that there is indifference or antago-
nism out in the community.

I find the younger people in the world believe this is an absolute
necessity, that sooner or later must be done. They are rather
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skeptical that any government, say ours, with its checks and reexa-
minations could undertake a long-range program that does not
promise immediate economic or military return.

That skepticism is, | think justified by events. When the halls
are occupied by the generations of persons who are now just stu-
dents, I think there will be a shift in attitude.

The question is: can we have the attitudinal shift in a few cases
where it is reasonable, even in advance of considerable changes in
the world?

I think it’s sure to come one way or the other.

Dr. Hinners. | agree that education is at the base of our chal-
lenge. | have been trying to understand who | have to educate. |
think that I know who a couple of them are.

Mr. Lloyd. Don’t leave us out. This is your golden opportunity.

Dr. Hinners. | think that the chairman and the committee have
tried to become educated. | think that is a wonderful thing. | wish
we could get the same kind of exposure on the appropriations side.

Seriously, one has to reflect on experience. Now, the public that
we talked to is enthusiastic. The subject often comes up at meet-
ings that I've been to and | ask the public groups, should we invest
a couple of million dollars a year in SETI? | take votes at the end
of the meeting. The response is almost always positive and unani-
mous. There may be one or two dissenters however. | don’t think
the problem is with the public. I, of course, don't know how to
reach the whole 200 million.

Mr. Lloyd. Don’t you think there’'s a possibility you could be
preaching to a choir here?

Dr. Hinners. The audiences | talk to, and they are nonscience
audiences-----

Mr. Lloyd. But you're talking to me and | want you to know I'm
not an antagonistic audience. I may not know what you're talking
about but I'm very positive in my personal reaction about what all
of you have to say.

You can take a survey with me or my colleagues on the subcom-
mittee, I'm sure you would have no problems. But, you have solved
only a fraction of your problems with this body alone.

I have never won an election on those kinds of odds. What I'm
saying to you is that | think we have a long way to go. | really do
want you to address, as you go along, how do you approach that,
because precisely that is what is going through my mind.

Proposition 13, frankly, is not all bad. We are wasteful in govern-
ment. You know that.

The point | make is that we have to translate your activities into
the public domain and the public arena.

For every person that is positive, | will lay you odds | can show
you 10 that are not.

Dr. Morrison. It would be interesting to have a poll.

Mr. Lloyd. It might be worthwhile. The three of you gentlemen
do not come in contact with one another normally. Well, you do
within your own discipline because you're keenly aware of who you
are and where you are.

However, this is probably as intimate a contact as you have had.
The three of you together are infinitely stronger in projecting the
one-mindness, to the general public, than you are individually.
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Perhaps 1,000 people could be utilized and they may not neces-
sarily be collected into one area. In this case you just can’t pursue
the scientific approach, but perhaps we could use them for a single
presentation. Also, whenever you go into a community, wherever it
may be, you should utter the words you have done here today.

Now, the press in the community will be more interested. Since
you have uttered the same words here, they will then discover you.

One of the requirements in our society is that the press must
discover you. It is really true. It has nothing to do with being good
or bad. I'm always amazed. | have been flying airplanes 37 years. |
am not without my own capability in this, but all of a sudden since
I became a Congressman and I'm here—and I've flown the B-1—
people have discovered me.

I want you to know I'm not one iota better as an aviator and
probably worse today than | was 20 years ago. But | am discovered,
I am an expert. | am something that is a real—well, | get a kick
out of it and I'm sure you’'ve had the same experience.

People talk about how they flew with me when—I don’'t remem-
ber all of those instances. Maybe | don’t want to. It has been
reported | once looped the Golden Gate Bridge. If I did that, | don’t
care to have it remembered. It is possible, even with the aircraft
we had at that time to do it.

I make that point since that, too, is why you must get into the
general arena—to collectively do this, so you can project, so that
my good chairman and | and the members of this committee can be
far more supportive.

I guess that's what I'm really asking for. I'm asking you to
address this among yourselves. To this we will help you.

I am of no value in your scientific endeavor. If you told me to put
together circuitry, |1 would be incapable. | understand a few things
but I can’t design circuitry. | don’t know where a capacitor and a
resistor would go.

I don’'t know what frequencies would be best. I don't know the
methodology of radio transmission or if it is the best way to go. |
am back there with the guy that will light the kerosene, in the
canal on the Sahara Desert. That is where | am. Or take a whole
series of mirrors and collect the sun’s energy and shoot that out
into space. It is in the same category as the guy with kerosene. As
a result | can’t help you, but I can help you in the other area. That
is the only offer | have.

Thank you very much, Mr. Chairman. I've enjoyed this.

Mr. Fuqua. Thank you, Mr. Lloyd.

Now, thank you very much for being here. | have one closing
question. Now, Dr. Berendzen, let me ask you this. I think my
colleague had touched on this, but what would be the impact of
this program if it were started next year or 10 years; how would
that change the program?

Dr. Berendzen. Whether there is a funded program or not, there
undoubtedly will continue to be sporadic searches across the
Nation and in a few other countries. The Soviet Union is embark-
ing upon a preliminary study, for example. To date, a handful of
radio astronomers have devoted some of their own time, usually
between regular scientific research projects. It is possible—unlikely
perhaps, but possible—that these uncoordinated efforts will prove
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successful. On the other hand, the chances of success of a concen-
trated, methodical search would be substantially greater.

If the media and the educators and scientists genuinely attempt-

to educate the public—not to bend people’s views for funding—
but truly to open to the public the beauty we are finding, then |
think the constituencies to whom you are responsible would indeed
be more supportive of science in general and of SETI in particular.
And this would be particularly true of SETI if there were solid
ancillary benefits in science and technology that would be of gener-
al utility to the Nation and to other areas of modern scientific
research.

Mr. Fuqua. Thank you.

Dr. Berendzen. Thank you.

Mr. Fuqua. Thank you, gentlemen. | thank all three of you for
being with us this morning and sharing your thoughts on the
subject matter.

The subcommittee will stand in recess until 2 p.m. this afternoon
in this room.

AFTERNOON SESSION

Mr. Fugua. The subcommittee will be in order.

This afternoon we continue the hearings on extraterrestrial in-
telligence research.

The first witness this afternoon will be Dr. George C. Pimentel,
Deputy Director, National Science Foundation. The next witness
will be Dr. A. G. W. Cameron, Chairman, Space Science Board of
the National Academy of Sciences.

We are pleased to have you here this afternoon, Dr. Pimentel.

You may proceed.

STATEMENT OF DR. GEORGE C. PIMENTEL

Dr. Pimentel. Thank you, Mr. Chairman.

I am pleased to take part in these hearings on the search for
extraterrestrial intelligence. | should say that I do not speak today
on behalf of the National Science Foundation but rather as an
individual scientist who has had a sustained interest in the subject
matter of these hearings.

The possibility of communicating with extraterrestrial intelli-
gence is exciting not only to scientists but to the general public. In
my view, the relatively small-scale experiments being conducted
today are proper efforts. They consume only a minute portion of
the time and resources available for scientific research. They have
a rightful place in the process of scientific inquiry. It is through
such investigations that important and unexpected scientific
knowledge is sometimes obtained.

In the search for extraterrestrial intelligence, scientists ask two
prime questions. What is the probability that other intelligent
beings inhabit our galaxy and, if they do, how should we go about
the job of trying to detect their presence? Generally, scientists
propose to look for beings who might have evolved much as we
have—on the surface of a hospitable planet located close to a star,
like our sun, that would provide the heat and light necessary for
the development and function of intelligent life.
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During the past 20 years, a number of publications and discus-
sions have considered such a search. There have been several con-
ferences and international discussions, and an initial search, Proj-
ect OZMA, has been followed by several other experiments. All of
these searches to date are considered to have been unsuccessful.
For the sake of your discussion today, | would like to assume the
possibility of extraterrestrial intelligence and proceed directly to
the second prime question: What is involved in the job of trying to
detect the presence of other life in the universe?

Consider, first, the possibility that some other civilization in
space might be detecting a portion of the radio transmissions from
Earth. As you know, radio waves do escape from Earth’s atmos-
phere. However, at most, these signals have traveled no more than
50 light years from this planet. We have been transmitting radio
waves only about 50 years. Indeed, only in the past 30 years have
we transmitted significantly at short wavelengths and with suffi-
cient power likely to be detectable by eavesdroppers on planets
surrounding nearby stars.

Let me suppose that an eavesdropper has detected a transmission
from Earth, has replied, and the reply is arriving now at the Earth.
Given the roundtrip travel time for radio waves the locus of the
eavesdropper could be no more than 15 light years away from us.
As it turns out, within a distance of 15 light years of the sun, there
are about 50 stars. Most of them are known to be of types that
would not provide planets with hospitable environments.

Indeed, there is good evidence that probably only two of these
stars might provide the right conditions for the evolution of intelli-
gent life. Both of these stars have been studied in Project OZMA
and then in subsequent searches. So far, there has been no evi-
dence of signals that might have originated from an intelligent
source.

Where do we go from here? The next step might be the consider-
ation of other stars farther away, but of the type that are appropri-
ate to support the development of life on their own planets. Such
stars tend to be 100 or 200 light years away in our own portion of
the galaxy.

These distances cause a critical problem. If inhabitants of planets
near any of these stars want to use radio waves to get in touch
with other intelligent life in the galaxy, they have two choices.
They may beam the message directly toward the intended receivers
or, if they don’t know the location of such receivers, they may
broadcast in all directions. The latter mode of trying to attract
attention, which might be referred to as an omnidirectional beacon,
requires an extremely high power level to create a signal strong
enough to be detected over distances as large as several hundred
light years. The odds are that such an omnidirectional beacon
would require a prohibitively large amount of energy.

The inhabitants of such planets have an alternative, of course.
They could try to pinpoint their targets by focusing the beam and
aiming it at the most likely regions. In this way, they could save
energy but would still encounter another problem. We at the re-
ceiving end would have to be looking in the right direction, at the
right frequency, and at the right time to be able to get the mes-
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sage. Each of these factors conspires to decrease the probability of
contact.

Let me return for a moment to the mechanics of beaming such a
signal. If such a signal is operated within a very narrow band, it
saves energy and makes it more obvious to a listener that the
signal is artificial, not natural, in origin. Unfortunately, such a
signal puts an additional burden upon us as intended receivers. We
must have equipment capable of detecting the narrow band signal.
For such studies, new equipment would have to be developed.

These considerations lead me to conclude that the likelihood of
success in a large scale SETI project is quite small. The sender
won’'t be be able to devote much attention to our solar system, as
one of a multitude of likely places.

As | have noted, in order to detect his occasional message sent
our way, we have to be tuned in on his program in just the right
direction and at just the right time.

Nevertheless, | am not led to the conclusion that we should
forget about trying to detect extraterrestrial life. My expectation is
that if such life is indeed detected during my lifetime, it will occur
serendipitously in the course of other activities of our best astrono-
mers trying to understand better the structure of the universe.
They will be looking at nearby stars with our largest telescopes,
trying to learn how stellar systems evolve, when multiple-star sys-
tems form, when single stars with planetary systems form. As-
tronomers will be working to develop better receivers for new
spectral ranges. If there were some extraterrestrial life out there
sending us messages 100 or 200 years ago, our chances of hearing
them tomorrow or next year are probably best advanced by devot-
ing as much of our scientific resources as we can afford to the best
astronomy of the day, and giving serendipity its chance to help us
out.

This concludes my formal statement, Mr. Chairman. | will be
pleased to answer any questions that you or other members of the
subcommittee may have.

Mr. Fuqua. Thank you, Dr. Pimentel.

As we have done previously, we will now hear from the other
witness since there may be some interplay with some of the an-
SWers.

Dr. Pimentel. May | remain at the table?

Mr. Fuqua. Yes.

Our next witness will be Dr. A. G. W. Cameron, Chairman, Space
Science Board, National Academy of Sciences. Dr. Cameron was
recently a witness before the Subcommittee on International Space
Activities. We are happy to have you. Dr. Cameron.

Dr. Cameron. Thank you, Mr. Chairman.

Mr. Fugua. You may proceed and read your statement for the

record.

STATEMENT OF DR. A. G. W. CAMERON

Dr. Cameron. Mr. Chairman, | am pleased to appear here today
to discuss SETI. The views that I will present are my own and do
not represent any position taken by the Space Science Board.

SETI is one important component of a larger and extremely
fundamental question: What is the role of biology in the universe?
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If a search for extraterrestrial intelligence yields positive results,
then we would conclude that intelligent species in a communicative
mode are farily widespread throughout our own galaxy.

On the other hand, if we fail to find such systems, the lesson is
less clear-cut. Regardless of whether we have lots of neighbors or
we are alone in space, knowing which alternative is correct will be
very important to the human race and its ultimate development.
Should we feel elated if we find lots of neighbors and gloomy if we
find that we are alone? The ultimate destiny of the human race
will be quite different in these two cases, but it would be prema-
ture to judge that the one destiny would be better than another.
The role of science is always to find the facts of nature, and
humanity builds upon these facts for its own purposes.

| propose to address the problem of SETI in terms of this larger
problem of which it is a part. What is the role of biology in the
universe? NASA programs are involved in a majority of the areas
of research on this question. Two very fundamental questions that
NASA has undertaken to address are the origin and evolution of
the solar system and the origin and the development of life in the
solar system. These questions lie at the heart of any attempt to
determine the actual prevalence of biology elsewhere.

NASA has had a very successful and vigorous planetary explora-
tion program. The fundamental question which this program seeks
to answer is how the origin and development of the solar system
took place. In the inner solar system, our attention is currently
focused on the triad of major terrestrial planets: Venus, Earth, and
Mars.

Through comparative planetology we seek to understand how the
Earth became very hospitable for life and its sister planets did not.

We seek to provide a large range of fact which will heavily
constrain theories about the origin and development of the solar
system, so that we can ultimately acquire reasonable theoreticald
tools which have some degree of predictive power with regard to
the prevalence of earthlike planets elsewhere.

But no general theory of planetary formation can command
widespread acceptance without some degree of observational verifi-
cation.

Considerations of the problem of SETI have focused attention on
the possibility of detecting giant planets circling nearby stars. One
possible approach is the classical astrometric one, in which the
positions of the stars on the sky are very accurately determined so
that wiggles in their motions due to the presence of giant planets
can be detected.

It has been estimated that the use of modern technology to
improve astrometric telescopes will allow improvements in the po-
sitional determinations of stars on the sky of between one and two
orders of magnitude in precision.

By going into space it may be possible to add yet another order
of magnitude in positional accuracy. This explains why NASA has
a natural interest in fostering a planet-detection program which
not only grows out of the intellectually vigorous program of solar
system studies, but may also be a predecessor to the development
of space astrometry.
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In recent years, NASA has carried out biological investigations
associated with the Viking project. The discovery that the surface
of Mars is a violently oxidizing environment and hence, severely
hostile to known forms of life emphasizes the biological uniqueness
of our own planet within the solar system.

However, the fact that we have a negative answer concerning
the existence of life on Mars now does not detract from interest in
Mars as a possible environment in which substantial prebiological
chemical evolution may have occurred.

The attention of biologists interested in questions of the origin of
life has now shifted back to the more fundamental questions. Radio
astronomy studies have shown that the molecular clouds of the
interstellar medium have a great variety of complex organic mole-
cules, many of them key molecules for the early development of
life on Earth.

Biochemists are clearly very interested in how such biologically
important molecules can have been produced under such seemingly
inhospitable conditions.

When such clouds collapse to form stars and accompanying plan-
etary systems, much of this organic material is likely to be stored
inside comets.

This possible connection of comets with the organic chemistry of
the molecular interstellar clouds explains why a number of life
scientists are beginning to become interested in comet rendezvous
missions in which such questions can be investigated at close
range. It is possible that the Earth acquired the bulk of its vola-
tiles, including its organic compounds, through collisions with
comets early in its history.

If the comets did not do the job, then carbonaceous meterorites
almost certainly did, and these also represent interesting environ-
ments in which there has been a great deal of synthesis of organic
compounds which are very prevalent in living materials.

It is a very big jump from the first living things upon the surface
on the Earth to the complex interrelated living species which we
have today.

There is a considerable range of biolgical thought which holds
that living creatures were formed as a result of increasing organic
molecular complexity in favorable environments upon the Earth.

Such living creatures depend upon suitable nutrient materials
being present in their environments. However, when such nutri-
ents ran low, the living creatures could survive only by evolution
and adaptation, and it is clear that the ultimate direction of such
evolution and adaptation is toward an enormously complex interde-
pendency of any species upon all the other species in its environ-
ment.

The study of such interrelated dependencies is called ecology.

If mankind aspires to live in space in significant numbers with a
minimum supply problem, then it is necessary to create something
approaching a closed ecology. The trouble is, the only closed ecol-
ogy that we know is that of the Earth as a whole, which hardly
provides a good model for a space station or human colony in
space.

Even so, we really do not understand the closed ecology of the
Earth. There are global biological cycles, such as the production
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' labsorption of carbon dioxide, which must truly be studied on a
global basis.

NASA has many of the necessary tools in the form of Earth
observation satellites which can be utilized to learn much more
about the global ecology and possibly about regional ecologies. Only
by learning much more about biological interdependencies can we
gain some insight into how biological evolution may have pro-
gressed upon strange planets elsewhere in the galaxy.

This year the administration proposed to Congress a new initia-
tive of modest cost which carried the SETI label. This has not fared
very well in the appropriations process. | think that the SETI label
was prematurely applied to such a modest program as this one and
that it may have led to some misunderstanding of the new techno-
logical advances that were intended.

The basic idea of SETI is to search the skies with high sensitivity
for signals in very narrow bands of wavelength which may be of
artificial origin. Such a program would make use of the techniques
of radio astronomy, but would provide radio astronomy with a new
tool, a spectrometer which would detect all narrow-banded signals
within a wide wave-length region.

The funds requested by NASA would have allowed the building
of this new tool and its use by the Jet Propulsion Laboratory in an
all-sky survey to look for narrow-banded signals.

Such activities are clearly very important precursors to a serious
SETI program, but the probability that this modest initial attempt
would succeed in discovering extraterrestrial intelligence appears
to be small.

Its real importance is that it would utilize an important new
scientific tool (of ultimate use for SETI) to determine whether
unexpected phenomena were present in nature.

Such a tool would clearly be important in radio astronomy stud-
ies. Radio emission lines of interstellar molecules are usually dis-
covered only after specific searches have been made at predeter-
mined wavelengths.

With a true radio astronomy spectrometer it will be possible to
observe all of the lines present which have an appreciable intensi-
ty. Such results are likely to be of considerable interest to parts of
the biological community as well as to radio astronomers.

The ultimate use of radio astronomy techniques for SETI will
probably depend mainly on targeted searches. Much of the strategy
that has been proposed for a SETI program has centered around
the hypothesis that there may be beacons.

These are omnidirectional broadcast devices designed to establish
communication with emerging civilizations such as ours. If you are
looking for beacons, then there is a substantial chain of logic which
suggests that they should broadcast in the range of frequencies
known as the “waterhole” between the interstellar lines associated
with the hydrogen atom and the hydroxyl ion.

Much of the suggested SETI strategy is centered around exten-
sive listening to selected targets in the sky in this range of frequen-
cies. | find the beacon theory interesting but far from scientifically
persuasive.
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If beacons do not exist, then all is not necessarily lost. Certain
types of signals emitted by advanced civilizations may be as strong
as or even much stronger than beacons.

Interplanetary radars are a case in point. The trouble is that
such emissions are in narrow beams and therefore a long period of
listening to a particular target may be required before such signals
could be confirmed.

This is known as eavesdropping. One among many problems
connected with an eavesdropping program is that there is no spe-
cial reason why the emitted signals should be confined to the
waterhole.

Therefore, the problem of the search is greatly complicated by
the need to cover a much wider wavelength range in which artifi-
cial signals of terrestrial origin can provide a very bothersome
background.

Because the radiospectrum is becoming more heavily utilized all
the time, the ultimate solution for SETI investigations such as
eavesdropping may require the establishment of sensitive antennas
on the back side of the Moon, where they will be shielded from
terrestrial interference. This may also become necessary for the
most sensitive work in radio astronomy generally.

Mr. Chairman, | have taken the liberty of discussing a rather
broader subject than that which is specifically the focus of these
hearings, but the concept of SETI is intrinsically a part of this
larger subject.

There is already a wide range of scientific activity going on, both
in the physical and the biological sciences, directly relevant to the
role of biology in the universe.

NASA is or will be intrinsically involved across this broad spec-
trum of fundamental studies.

Some of the new funding which NASA is likely to request during
the next few years will find a very good use in what | call SERI
precursor studies with applications across a wide scientific spec-
trum.

SETI is one component, albiet a potentially very important one,
of investigations of the general biological prevalence questions. It is
logical that an appropriate portion of the funding available for
these diverse projects should go into attempts to listen for artificial
signals from other stars.

But it is important that our knowledge relevant to the preva-
lence of biology in the universe should advance simultaneously
across a wide spectrum of disciplines, and much of the scientific
rationale for carrying out a SETI program lies in its being an
intrinsic part of the endeavor.

Major portions of this spectrum of activities are intimately asso-
ciated with NASA goals and missions, and it is logical that SETI
activities should have a place among NASA scientific programs.

That concludes my statement.

Mr. Fuqua. Thank you very much, Dr. Cameron for your testi-
mony. We now have some questions for both of you. If you feel so
inclined to give comments that somebody has asked about earlier,

feel free to do so.
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Dr. Pimentel do you believe that the SETI related finding by
NSF is at the right level or do you expect any increase in this
effort, particularly if NASA does not pick up the ball?

Dr. Pimentel. The present level of participation in SETI activi-
ties at NSF is connected almost wholly, | believe, with providing
access to the telescopes and observation facilities operated by NSF.

The Foundation’s contribution can be translated into a dollar
amount through the cost of operating the observatories. It is quite
modest, less than $100,000 per year. | believe that this is a reason-
able investment and a reasonable use of a modest part of the
observing time of the observatories.

Now, if NASA were not to continue funding such activities, |
would expect that some of our best astronomers would do it on a
basis that could be appropriately called, in this case, moonlighting.
My feeling is that the activities should be sponsored at ihe current
modest scale.

Mr. Fuqua. Dr. Cameron, the space telescope is going to be
available in a very few years. What type of role do you think it can
play in detecting other planetary systems and analyzing their bio-
logical characteristics?

Also, you mentioned in your testimony about the astrometric
telescope. Could the space telescope be classified as in astrometric
telescope?

Dr. Cameron. There has been a suggestion made that the space
telescope could be adapted for attempts to discover giant planets
associated with other stars by direct observations.

Now, Dr. Oliver, who | believe will testify tomorrow, has taken
the lead in that particular analysis. You might wish to ask him
about it. But in principle that is a way in which the space telescope
could be used.

It requires a special adaptation that might not be most generally
desirable for other purposes unless it was done during a period in
which the shuttle was rendezvousing with the space telescope and
a very special filter was placed across the aperture and taken away
afterward.

As far as the astrometric telescopes are concerned, the character
of my testimony was that, using ground-based techniques we can
do much better than we have done in the past which generally
involved the use of telescopes a half a century or more old.

This is simply by bringing modern technology to bear upon the
problem and constructing special purpose instruments for astro-
metry.

ThYare have been some studies under NASA sponsorship dealing
specifically with how this might be done. There have been some
interesting suggestions along the lines that this is possible.

It would appear that a modest program of ground-based activities
should precede any special purpose telescope put into space for
that purpose.

When you go into space, the general technique involved would
probably be swinging the telescope through angles and making use
of the opportunity to do very accurate timing in order to translate
time to angular separation.

Mr. Fuqua. Then it could be used?
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Dr. Cameron. | was talking about two things, the space telescope
could be used as a special purpose experiment for direct detection.

In going to space to do astrometry, we could not use it per se. It
would have to be an especially designed instrument.

Mr. Fuqua. The telescope, as designed, could it be adapted without
a great deal of modification?

Dr. Cameron. That has not been studied. | suspect it would not
be an ideal design.

Mr. Fuqua. What effort, internationally, is there going on in
SETI type activities, particularly—we discussed this morning about
the U.S.S.R. program.

Dr. Pimentel. | know of the interest in the U.S.S.R., but | cannot
answer in a quantitative way. Perhaps Dr. Cameron can.

Dr. Cameron. There has been a long-standing interest in the
Soviet Union as to the possibility of doing SETI studies.

There have, in fact, been several activities carried out in which
Soviet astronomers have devoted some time, actually to listening to
select targets.

I think there were three or four programs. | cannot recall specif-
ic details. I know they have a continuing interest in maintaining
activities of that type.

Dr. Pimentel. Possibly one of the most competent observational
instruments available would be the radio telescope in Germany. It
has a 100 meter steerable antenna. | wonder if it has been devoted
to the SETI studies?

Dr. Cameron. | am not aware of it.

Mr. Fuqua. What rationale is there for funding the SETI type
programs through NASA rather than NSF?

Dr. Pimentel. A possible answer is that NASA, in the course of
its planetary program, has contributed significantly to our at-
tempts to find life outside the terrestrial atmosphere. In the course
of the Viking program, NASA has significantly advanced the ques-
tion of whether there might be life on another planet within our
solar system. Since this community of interest has been developed
within NASA, it is logical for NASA to proceed to ask if one might
find life outside our planetary system.

The continued encouragement of this community of interest
would be one rationale of why SETI might be more logically placed
in NASA.

Mr. Fugqua. Now, Dr. Cameron, what would be the impact of a
negative finding of life in our own solar system on the search for
life or intelligent life in some other solar system?

Would there be a correlation?

Dr. Cameron. | think the realization that we are biologically
alone in our own solar system has had already an intense intellec-
tual impact on the thinking and feeling here on Earth.

The pictures published of the Earth taken from spacecraft
coming back from the Moon have surely, played an enormous role
in the ecology movement.

The ecology movement has influenced a great deal of legislation
coming out of this Congress. It has impacted on the thinking of
many people. So the question as to what the impact of actually
finding life elsewhere would be, is a little hard to answer.
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Certainly it would be tremendous but it is likely to be so tremen-
dous that it would reshape almost everything we think about in
ways that I cannot foretell. Whether that would be good or bad is
not my role to judge.

It would however, have an enormous impact and it would influ-
ence what the human race does downstream in a very profound
way. As | stated in my testimony, the contrary finding might take
longer to be reached.

This would be the conclusion that we are also alone in at least
the nearby portion of the galaxy. That also may have an impact
similar to seeing pictures of the Earth alone in space.

Probably it would have an even deeper or longer lasting impact
on the future of the human race in a different way. Again, it is not
my role to judge this.

Mr. Fuqua. You mentioned in your testimony that a better
understanding about the Earth’s ecology is needed so that we
might look at how to analyze radiation from space. Has any prog-
ress been made in this and does the NASA SETI program incorpo-
rate any of these concepts?

Dr. cameron. | think NASA has potentially useful tools for
studying ecology in a global sense—they have SEASAT and other
observation programs. They have LANDSAT. Now, the trouble is |
believe that the funding for research as to how to utilize the data
that comes back from the spacecraft for biological and ecological
purposes has been greatly missing in the past.

The attempt has been to have a quick product in the form of a
picture that can be distributed for people to work with at the State
and local level.

That part of it, I think, has been an astounding success in many
respects. But the mechanism to get from those pictures data that
will be of ecological and biological interest has not yet been found.

I think that it is very important to learn how to extract data of
general global ecological interest but it will take a lot of develop-
ment money in order to find out what is possible to be done.

I see administrative and institutional barriers that would be in
the way of doing this. These include the fact that Earth observa-
tions are part of the applications program.

There has been a great lack of funds in the past to use the
output of the applications programs associated with Earth observa-
tions which include biological science.

I believe that we don’t really know in detail what is possible. |
think it is very important that we should find out.

Furthermore, we should clear away some of the other adminis-
trative barriers to being able to look at the Earth globally and
scientifically such as whether observations belong to this or that
agency of the Government.

I think there is also great difficulty in taking data from one set
of observations that resides at the Department of Interior and
correlating this with others that reside at the Commerce Depart-
ment of other agencies. -

This is what one needs to do. There are substantial barriers of
nonscientific types. These must be overcome if we are to develop a
global understanding of planetary biology and ecology.
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Mr. Fugua -Now,Dr. Pimentel, what programs have the United
States had in trying to find intelligent transmission from space? As
to this, have all been funded by NSF?

Has any other agency funded it?

Dr. Pimentel . NASA has helped to fund a SETI project exclu-
sively through the use of installations that are NSF-operated.
These are the Green Bank telescope and Arecibo which has a
larger listening area. NSF has contributed by making facilities
available; the individual scientists have been funded through
NASA.

Mr. Fuqua What has been the level of funding? Do you recall?

Dr. Pimentel . The estimated cost of NSF installations providing
services---—-—-

Mr. Fuqua .l mean NSF funding for these programs.

Dr. Pimentel . It amounts to the cost of operating facilities for
the time devoted to the NASA observational program. The figure is
in the neighborhood of $50,000 to $100,000.

Mr. Fuqua -That’s all that’s been spent?

Dr. Pimentel . That is an annual investment over the past few
years. | understand that the NASA funding might be in the order
of three times that.

Mr. Fugqua . What percentage or fraction does that represent of
the NSF radio astronomy funding?

Dr. Pimentel . The total astronomy budget from NSF is in the
neighborhood of $60 million; the cost of SETI to NSF would be a
small fraction of 1 percent.

Radio astronomy itself gets a fraction of that total; perhaps a
third or so. The final figure would be in the neighborhood of a few
tenths of a percent of the amount spent on radio astronomy.

Mr. Fuqua .Mr. Winn.

Mr. W inn _.Thank you, Mr. Chairman.

Dr. Cameron, why hasn’t the Space Science Board taken a posi-
tion on SETI?

Dr. Cameron .The reasons are a bit complex. They have, 1think,
much to do with the fact (a) NASA hasn’t specifically asked us and
(b) we are not really properly structured to do so.

We could restructure it to do so if it became a goal.

I think that deserves an explanation. The things that one can do
in developing radio astronomy techniques which are of primary
importance to do the SETI studies are of great interest. But they
are not of the highest priority to radio astronomy.

Similarly, doing astrometric studies for planet detection tends
not to be the highest priority goal for people that want to study
astrophysics.

What it amounts to is that one could ask how could one bring
together a wide variety of tools and many disciplines to bear on
SETI and related studies; what would be the strategy for doing
this?

We could structure an interdisciplirary committee which would
look precisely at how such a strategy could be developed for that
purpose. As we are presently structured with disciplinary commit-
tees, if one asked each of the disciplinary committees how they
would view doing something that is SETI-related in relation to the
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rest of their discipline, the chances are that it would be given a
high priority.

Certainly, however, it would not be at the top of the list in that
discipline. | think the message is, that doing SETI has different
goals than doing the individual disciplines within the sciences that
tend to contribute to SETI.

Mr. W inn.Il don’t really visualize SETI—how deep in space will
the program communicate for instance? Would it be 4 or 100 light
years?

Dr. Cameron .l think probably one way of describing this is that
if one were to use the telescope at Arecibo to send signals to
another civilization, then those signals could be received by an-
other civilization clear across on the other side of the galaxy with a
telescope similar to Arecibo, if pointed at the right direction at the
right moment for the signal to be received.

So, with existing technology there really isn’t any problem about
reaching very far out into space. The problem is more one of time
in the sense that for those signal to be received by any likely
receiving civilization and for them to anwser requires probably at
the minimum some decades and more likely some centuries. That
amount of time has not yet passed.

Also, we need to know that we are going to listen to them in the
right direction at the right time. | call it the needle in the haystack
problem.

As far as modern technology is concerned signal strength at
large distances is not the large problem. It is the needle in the
haystack or where to point the telescope and when and where to
expect an incoming signaL That is the whole reason for the theory
that a more advanced civilization would establish beacons ip space
that would broadcast in all directions at the same time. '- j I’ ?

It is a way for newly arriving civilization” such as ours to discov-
er where there is intelligent life and look for associated signals
that will carry information with them.' - 5>

The trouble with the beacon theory is that I am not sure that we
as a race, when we are older, would expend the effort td establish a
beacon of our own. That is why | find the idea that there may be
beacons interesting but I'm not persuaded that they have™ to be
there. It requires a degree of altruism that I'm not sure we have.

Dr. Pimentel .Could | add a word? Dr. Cameron has addressed
the beacon-to-beacon type of transmission. | asked the same ques-
IjQu of an NSF astronomer about the other type of coinmunication.
There might be life outside our solar system trying to detect
random noises from this planet. v

The NSF astronomer estimated that a megawatt ultra hlgh fre-
guency TV station on Earth, scattering noise in all directions,
might be detected by a facility like Arecibo at about 2 light years.

On the other hand, our much more powerful radar, such as that
used in interplanetary studies might be detected by a listening
device of that quality at some 20 light years.

Mr. W inn_.Thank you. Thank you very much for that interpreta-
tion and clarification. Now that both of you have gotten into the
act, let me talk about the span of the program.

It’s my understanding that it is based on a 7-year period. Based
on the immensity of the task, is it a realistic timeframe or can the
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committee expect this to be a continuing program. | would like to
have both views.

Dr. Cameron .1 think, sir, you are referring to the NASA fund-
ing request of the past year regarding the 7-year period.

Mr. W inn_.Yes.

Dr. Cameron . That was for a specific experiment to be carried
out at the Jet Propulsion Laboratory to do an all-sky survey to look
for a narrow-banded signal.

I really don’t consider that as having a very significant likeli-
hood of detecting extraterrestrial signals except possibly if there
were very bright beacons to be detected in the appropriate wave-
length range.

In an all-sky survey it is more important to make sure that there
are not unexpected signals which exist in nature which would be
picked up by this technique and which a more sensitive targeted
search used by SETI might find confusing, if they were discovered.

I prefer to call what NASA called SETI in the last budget hear-
ings—to call it instead a kind of SETI precursor—it would develop
some of the technology that would be useful in a SETI program
later.

I really don't consider it was a SETI program in its own right.
Now, if one wants to undertake a SETI-type program seriously,
then one must contemplate larger amounts of funding and longer
periods of time because with such large distances between the
stars, the communication time is very long.

There are so many targets and so much time needed for each
target that the total endeavor to have really listened in a serious
way would be very time consuming.

Mr. W inn_.That was my point even if we go to the all-sky survey,
do you think that can be accomplished in 7 years?

Dr. Cameron. For what it is intended for, I think the 7-year
period is reasonable for that specific program. | would like to
emphasize | think that is more of a SETI-type precursor.

It would be to find out if there are some natural phenomena and
also to look to see if there are SETI-type signals so strong and
powerful that they would knock us over when we actually listen in
on the right wavelength.

Mr. W inn.If no contacts have been identified, what is the next
logical step? Do we stop or go in a different direction? Do we use a
different type of a survey. I'm trying to look further down the road
past 7 years. | won't comment at this time on the money part.

Dr. Cameron .l think that if one is serious about doing SETI one
would start targeted searches much sooner than 7 years down-
stream. When you enter into any kind of a new field of astronomy,
and in a certain sense, SETI is such—one of the first things you
would do is an all-sky survey to find if there is anything unex-
pected.

The 7-year survey is that kind of survey. It is not done with the
greatest sensitivity that one would like. The programs that have
been proposed to do the targeted searches or to look very specifical-
ly at small parts of the sky o