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Are we alone? Is anyone else out there? The questions have been asked for millennia. And 
for a few decades, astronomers have made sporadic and unsuccessful efforts to answer 
them by eavesdropping on the torrent of radio frequencies spewed out by the galaxy. Now 
the National Aeronautics and Space Administration has begun a 15-year program, using 
the most sophisticated signal processors ever built, to answer the questions once and for all. 

By ARTHUR FISHER 

ometime this fall a truck loaded 
with bulky wooden crates will 
rumble some 500 miles south and 

east from NAS.Ns Ames Research Cen­
ter in Mountain View, Calif., to the 
Jet Propulsion Laboratory's Goldstone 
Observatory deep in California's Mo­
jave Desert. Nesting inside one of the 
padded crates will be a chest-high 
VAX main-frame computer. In another, 
a standard gray equipment rack will 
bear vertical circuit boards wrap-wired 
with miles of copper strands and in­
terconnected by yards of fiat cable. A 
third crate will house a shiny copper 
box within a vacuum bottle that will 
be filled with liquid helium. 

Together with specially created com­
puter software, these components will 
constitute arguably the most sophisti­
cated apparatus for receiving, analyz­
ing, and processing radio signals ever 
built. This brainchild of teams of en­
gineers, physicists, and astronomers 
working at Ames, the Jet Propulsion 
Laboratory, and Stanford University 
will be yoked to Goldstone's 26-meter 
(85-foot) radio telescope, part of NASA's 
Deep Space Tracking Network. As the 
great scope scans t he heavens, the 
equipment will split the galaxy's cha­
otic outpouring of radio signals into 
74,000 narrow frequency channels and 
then sift patiently through the data, 
seeking the one unambiguous pattern 
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that would signify something totally 
extraordinary. It will be the first stage 
of a newly organized, long-term, highly 
complex search-there have been ear­
lier, more-primitive attempts-for in­
telligent life in space. 

Even as the new search begins, an 
old quarrel continues. One group of 
scientists, including astronomers and 
biologists, has emerged with the con­
viction that extraterrestrial intelligent 
life- ETI, for short-is overwhelm­
ingly probable and that a well-planned 
search should be able to detect it. Yet 
to others the search for extraterres­
trial intelligence (SETI) is a chimera; 
they consider the quest itself anti­
scientific and a waste of time, intel­
lectual resources, and money. 

Question with a history 
The belief that intelligent life might 

exist elsewhere in the universe- for 
some a near-mystical article of faith 
and for others a logical outcome of ra­
tional thinking-was not subjected to 
a truly scientific inquiry until recently. 
Yet it undoubtedly antedates recorded 
history and was stated as early as the 
fourth century B.C. It was then that 
Metrodorus of Chios wrote in his book 
On Nature that "to suppose that Earth 
is the only populated world in infinite 
space is as absurd as to believe that 
in an entire field sown with millet, 
only one grain will grow." 

The first actual suggestion that the 
human race try to communicate with 

other intelligent races was made by 
the brilliant German mathematician 
Carl Friedrich Gauss in the middle of 
the 19th century. He wanted to plant 
a gigantic forest in the shape of a right 
triangle. Astronomers on other plan­
ets who saw this symbol would then 
immediately realize that Earth is peo­
pled with creatures cultivated and in­
telligent enough to be familiar with 
the Pythagorean theorem. 

The man who first moved from spec­
ulation to experiment, the man who 
put the S in SETI, was Frank Drake. 
Now a silver-haired professor of as­
tronomy at Cornell University, Drake 
in 1960 was a young radio astrono­
mer at the National Radio Astronomy 
Observatory in Green Bank, WVa. By 
1960 radio astronomers had discovered 
that the heavens were full of radio 
emanations from every direction-a 
cosmic cacophony. Following a 1959 
recommendation of two Cornell Uni­
versity physicists, Philip Morrison and 
Guiseppe Cocconi, Drake decided to 
canvass two nearby stars, Tau Ceti 
and Epsilon Eridani, to see whether 
he could detect the kind of pulsed or 
coded radio signal that another intel­
ligent race might use to send a mes­
sage. So Drake wheedled some time 
on the observatory's huge-for-the-time 
85-foot antenna, and thus began Proj­
ect Ozma (named for the princess in 
the Oz books), the first serious attempt 
to find other races. It failed to do_so. 
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Life in space 
In the years following Project Ozma 

some three dozen different radio 
searches for ETI have been aimed at 
more than 1,000 stars and a few gal­
axies-conducted primarily in the 
U.S., the Soviet Union, and Canada. 
(Some have had rather wistful names, 
including "Qui appelle?" "Serendip," 
and even "Mania.") In the 1970s Proj­
ect Ozma II, headed by Ben Zuck­
erman and Patrick Palmer at the 
National Radio Astronomy Observa­
tory, tuned in on more than 600 stars 
within 80 light-years of the sun. 

Neither these nor any other searches 
were rewarded with a true "encoun­
ter," although there have been anum­
ber of false positives. For example, in 
1967 Cambridge astronomers Jocelyn 
Bell and Anthony Hewish were trying 
to measure the scintillations of qua­
sars. Suddenly they began to receive 
from a point in the sky a series of 
radio pulses that had a precise, un­
varying rhythm. Said Cambridge as­
tronomer Sir Martin Ryle, "Our first 
thought was this was another intelli­
gent race trying to reach us." But in 
fact they had discovered a pulsar-a 
kind of rotating neutron star that 
mimics a radio beacon. This first pul­
sar was dubbed "LGM," for little 
green men. 

What dictates the frequencies at 
which such searches are conducted? 
They result, Drake explains, from 
the limits imposed by certain cosmic 
phenomena: "You don't use the state 
of your technology to select a fre­
quency. You select optimum frequen­
cies as set by the laws of physics in 
the universe. One of these laws says 
that the energy required to communi­
cate a bit of information rises directly 

with the frequency-in other words, 
the signal-to-noise ratio gets worse 
as the frequency increases. There's 
no overcoming that with any technol­
ogy. If that were all, you could say 
that you should use the lowest fre­
quencies. That would be horrible 
because they don't penetrate the ion­
osphere and wouldn't propagate in 
the galaxy at all. 

"Moreover, there is a second phe­
nomenon: galactic radio noise. That 
increases as you lower the frequency, 
so going too low, in essence, jams the 
radio telescope. 

"So on the lowest frequencies you 
are jammed by the galaxy, and on the 
highest you have a bad signal-to-noise. 
And there is yet a third phenomenon 
that gets into the act: the three-degree 
black-body radiation left over from the 
primordial fireball. That imposes its 
own noise level. If you take these three 
sources of noise and sum them at every 
frequency, you find the range of fre­
quencies in which the total noise is 
at a minimum. 

"It turns out that the best signal­
to-noise ratio is at about a 10-centi­
meter wavelength. But the minimum 
is broad because there isn't much more 
noise at 21 centimeters or at three 
centimeters." 

Interstellar oasis 
Most of the past radio searches have 

been in this band or at something 
aptly called "the water hole," a des­
ignation apparently first used by 
Bernard Oliver, a vice-president of 
Hewlett-Packard and a SETI pioneer. 
In the summer of 1972 he and John 
.Billingham of the Ames Research 
Center conducted a summer study ses-

sion named Project Cyclops, in essence 
a SETI think tank. Describing the re­
sults of the study some years later, Oli­
ver wrote: ''The Cyclops team felt that 
it found an appealing reason to favor 
a rather narrow region at the opti­
mum part of the spectrum. At 1.42 
GHz there is a strong spectral line 
caused by interstellar hydrogen. Just 
a little bit higher in frequency, at 1.66 
GHz, is another spectral line caused 
by hydroxyl ions in space. We think 
that this may be the interstellar com­
munication band, defined for all of us 
by nature itself. 

Detecting just one 
signal would answer 
many fundamental 
questions about life 
in the universe 

"Water separates into hydrogen and 
hydroxyl ions, both of which are im­
portant in all life processes. So is 
water. Thus the band lying between 
the two spectral lines of the two disso­
ciation products of water is a poeti­
cally symbolic place for water-based 
life to search for its kind. Where shall 
we find intelligent species? Why, at the 
age-old meeting place of all species 
-the water hole." 

Despite all the sporadic attempts 
to find extraterrestrial life, and the 
lively debate over the quest, today's 
serious attempt got under way only re­
cently. In 1982 the Astronomy Survey 
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The mathematics of searching for intelligent life 
When Frank Drake launched Project Ozma in 
1960 he sought a way to calculate the prob­
ability of finding other intelligent races. Within 
a few years he had formulated the equation 
that remains a kind of tablet from the mount 
for SETI researchers- an expression in math­
ematical terms of the likelihood of the num­
ber of extraterrestrial civilizations will ing and 
able to communicate across the galaxy. The 
equation goes like this: 

N=R* FP NP F1 F; Fe L 
Though somewhat formidable looking, this 

is simply the number (N) of technological civi­
lizations in our galaxy, as the product of ·a 
string of probabilities: 

R *=the average rate i!l stars per year of 
star formation in the galaxy. 

F P =the fract ion of ·stars having planets. 
NP = the number of suitable planets per 

planetary system. 
F, =the fraction of planets on wh ich life 

starts. 
F; = the fraction of life that evolves to 

intell igence. 

F c = the fraction of intelligent species to 
develop the means of communication. 

L = the longevity (in years) of the techno­
logical phase of such a society. 

Drake and other early extraterrestrial-! ife 
enthusiasts, including Carl Sagan, arrived at 
a va lue for N between 100,000 and one 
million- sti ll only about one technological 
civilization per million stars in the galaxy, 
which astronomers reckon contains approxi­
mately some 200 bill ion stars. 

When asked whether his own assessment 
of N has changed over the intervening years, 
Drake replies: 

"The terms in the equation still seem to 
me to be right. The precise numbers or esti­
mates or guesses that are put in the equa­
tion have changed over the years- some have 
gone up and some have gone down. But the 
product N has stayed about the same. Some­
times I ask myself whether it's just that I want 
to come out with the same answer as 20 years 
ago, and I finally decide no ... it's just com­
ing out that way."-A. F. 

Council, under the chairmanship of 
Harvard-Smithsonian Institution's 
George Field, issued a highly influ­
ential report titled "Astronomy and 
Astrophysics for the 1980s." It recom­
mended that SETI be one of our na­
tional goals. 

In August 1982 the august Interna­
tional Astronomical Union, with mem­
bers from more than 70 countries, 
established a new commission: Com­
mission 51, Search for Extraterrestrial 
Life, under the chairmanship of Bos­
ton University's Michael D. Papagi­
annis. Drake was vice-chairman. 

Two months later the correspon­
dence pages of Science (October 29) 
carried a long letter in the form of a 
petition, written by Carl Sagan and 
co-signed by 72 other prominent sci­
entists from 14 countries, including 
seven Nobelists. The petition began: 
"The human species is now able to 
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Life in space 
communicate with other civilizations 
in space, if such exist. Using current 
radio-astronomical technology it is 
possible for us to receive signals from 
civilizations no more advanced than 
we are over a distance of at least many 
thousands of light-years. The cost of 
a systematic international research 
effort, using existing radio telescopes, 
is as low as a few million dollars per 
year for one or two decades. The pro­
gram would be more than a million 
times more thorough than all previ­
ous searches, by all nations, put to­
gether. The results- whether positive 

or negative-would have profound im­
plications for our view of our universe 
and ourselves." 

The letter concluded: "We urge the 
organization of a coordinated, world­
wide, and systematic search for extra­
terrestrial intelligence." 

In November 1982 Congress ap­
proved a modest $1.5 million in the 
NASA budget to begin the develop­
ment of a long-term S~TI project. 

Technical challenges 
The new work under way grows 

out of an unfortunate fact: The equip-
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ment typically used by radio astron­
omers is not good for SETI projects. 
The reason, explains Jill Tarter, a 
research astronomer at the Univer­
sity of California at Berkeley, is that 
SETI requires extremely high-fre­
quency resolution. 

Tarter, a svelte young woman with a 
penchant for ice-cream lunches, spends 
much of her time working at Ames, 
one of NASA:s SETI Project Offices. 
In a trailer at Ames festooned with 
computer printouts and star maps, she 
explained the technical challenges of 
the program: 

"Signals generated by natural phe­
nomena in the cosmos have a band­
width of kilohertz or megahertz. The 
kind of signal we want to look for is 
very narrow, only a few hertz wide, 
because if we did detect such a nar­
row-bandwidth coherent signal, we'd 
be pretty sure it was generated by 
another technologically advanced civ­
ilization. Why? It's the one type of 
signal we don't know nature to pro­
duce. Of course, if we happened to dis­
cover a previously unknown class of 
physical phenomenon-that would 
certainly be interesting in itself. 

"The narrowest kind of phenomena 
in the universe are hydroxyl maser 
sources, with bandwidths of about 1/2 

kHz. The channels we are now look­
ing at are just five kHz wide. That's 
the kind of signal we ourselves create 
for communications-carrier waves 
that are one kHz or narrower [there 
is some amount of spreading of any 
radio signal due to multipath scatter­
ing as the signal travels through ion­
ized gases in the interstellar medium). 

"The reason one would use as nar­
row a channel as possible-so long as 
the bandwidth doesn't get narrower 
than the broadcast frequency-is to 
get the best possible signal-to-noise 
ratio. On the one hand, we want to 
scan very narrow channels; on the 
other, we don't know-within a fairly 
broad range- which particular fre­
quency another civilization's signal 
might arrive on. So we want to listen 
to very many frequencies on very nar­
row channels." 

Until now, Tarter and her associates 
have been using special high-speed 
tape recorders, developed for the very­
long-baseline-interferometry astron­
omy program, to generate 65,000 chan­
nels of spectral data-recorded di­
rectly at the 305-meter (1,000-ft.) dish 
at Arecibo Observatory in Puerto Rico 
- each channel only five Hz wide. 
That observing program looked at 200 
to 300 stars. 

The long-term program approved for 
NASA is far more ambitious. It calls· 
first for the development of a proto­
type instrument called a Multichannel 
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Spectrum Analyzer. That is the phase 
just completed at Ames, Stanford, and 
the Jet Propulsion Lab. Its purpose is 
to filter a wide-band signal into many 
narrower bands and to do it in real 
time. "The prototype now built," says 
Tarter, "has 7 4,000 channels, each one 
Hz wide. Eventually it will grow to 
eight million channels-maybe more, 
depending on how fast the electronics 
program progresses in the next five 
or six years." 

Later in the program the signal 
analyzers will be yoked to the Deep 
Space Tracking Network's 64-meter 
(210-ft.) radio telescopes at Goldstone; 
Tidbinbilla, Australia; and Madrid,. 
Spain, as well as to the Arecibo an­
tenna. In a sense it will be the most 
powerful dedicated computer ever 
made. Generating a billion bits of in­
formation a second, the analyzer will 
examine more interstellar data in 
minutes than the total of all SETI pro­
jects heretofore, from a broad region 
of the radio spectrum in which back­
ground noise is low. 

J ohn Billingham is chief of NASXs 
Extraterrestrial Research Division at 
Ames, under which the SETI program 
falls. "The way it is structured now," 
he says, "we have a five-year R&D pro­
gram in which to check out exhaus­
tively the design of the SETI systems, 
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including the analyzer. By that time 
we will have tested the prototype ex­
tensively. Then we will have roughly 
a 10-year period during which we will 
build the search machine proper, which 
will cover a much wider spectrum 
than the prototype; we will distribute 
search machines to various large radio 
telescopes and then begin the search 
according to a very specific pattern 
that we have developed over the years. 

0 

"We would not expect to detect any-
thing during the R&D phase because 

lVxtraterrestrial 
life could establish a 
colony somewhere in 
the asteroid belt 

we're not going to make that many 
observations-it's going to be mostly 
checking out the instruments. I would 
say there is a chance of making a de­
tection during the fo llowing 10-year 
period. Beyond that it's difficult to say, 
bec.ause our technology will have im­
proved enormously 15 years from now. 

"J ust the detection of one signal 
would a nswer many fundamental 
questions. They have to do with the 

nature and distribution of life in the 
• 

universe. What are we doing here? 
Where are we going? Are there others, 
and if so, what are they ,like?" 

The hope that some of those ques­
tions just might eventually be an­
swered lures even some who had 
turned skeptical into supporting the 
SETI program. Take Ben Zuckerman, 
for example, who talked to me during 
a lunch break at the University of 
California at Los Angeles: 

"The searches that Pat Palmer and 
I carried out ended about 1976. I guess 
I was an agnostic in the matter of in­
telligent life in the universe when we 
first started those searches. But in the 
late '70s my view started to shift. I 
felt more and more that they weren't 
out there, and that there might be 
very few or no civilizations in the 
Milky Way more advanced than ours. 

"That was partly because the 
searches didn't find anything, but even 
more because of an argument Michael 
Hart [professor of physics at Trinity 
University in San Antonio, Texas] 
presented in a paper in 1975. Essen­
tially he said that if advanced civili­
zations existed in such great num­
bers-100,000 or more according to 
people like Drake and Sagan-then 
at least one of them ought to have 
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Life in space 
been here already; they should have 
colonized not only us but the whole 
galaxy. Because they are clearly not 
in our solar system, and there is no 
evidence for them elsewhere, maybe 
there just aren't any anywhere. 

"But even so, I signed the petition 
in Science that Sagan drew up be­
cause although the negative argu­
ments are strong, I don't think they 
are airtight. I think we are extrapo­
lating so far from our own civilization 
to possibly super-advanced creatures 
that we still have to do more searching. 
The searches up to now have not been 

sensitive or comprehensive enough 
that we can give them a great deal of 
weight. It would be nice to get that 
extra radio data." 

The basic argument against the ex­
istence of any other advanced civil­
ization in the galaxy-or the universe 
-was formulated years ago by that 
very enquiring mind, Enrico Fermi, 
and has become known as the Fermi 
Paradox. If there are so many of them 
and they are so advanced-certainly 
possessing the secrets of nuclear pow­
er, for example- then, Fermi asked: 
"Where are they?" 
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An elaboration of this viewpoint is 
given by Michael Papagiannis, whose 
speech-and perhaps the intricacy of 
his reasoning-suggests his native 
Greece. "Radio searches," he says, "are 
based on the assumption that an evolv­
ing civilization stays within its own 
solar system. Implicit in Drake's equa­
tion [see box] is the notion that it was 
impossible to travel from star to star 
to initiate a colonization process. The 
reasons were based on our thinking 
of 25 years ago that no race would be 
willing to make the trip if it took 
longer than a lifetime. 

"But our thinking on this score has 
changed. Perhaps a very large self­
sustaining colony, with many individ­
uals willing to spend generations on 
spacecraft, could travel at a fraction 
of the speed of light-perhaps only 
a few percent. That is feasible with 
forms of energy we have now. Four 
years ago at an International Astro­
nomical Union meeting, someone said 
that would exhaust the total stockpile 
of nuclear weapons on Earth. Then ev­
erybody laughed when they realized 
what a terrific idea that would be! 

"Thus arose the idea of 'star-hop­
ping,' of civilizations expanding-like 
a gas filling empty space-and going 
from star to star until a colonization 
wave would fill the whole galaxy." 

The calculations that attend this 
speculation are fascinating. "Has col­
onization started?" asks Papagiannis. 
"If so, they must be everywhere in the 
galaxy. If travel took place at the speed 
of one percent of the speed of light, it 
would take about 10 million years to 
colonize the whole galaxy. Now 10 
million years is a very small fraction 
of the lifetime of the galaxy-10 bil­
lion years. In this context the con­
version of a vast desert to a galaxy 
teeming with life would be almost 
instantaneous." 

Drake resists the idea of the inevi­
tability of an advanced civilization 
colonizing away from its own star sys­
tem: "My argument is that any civili­
zation that takes a look at the time, 
risks, and energy requirements of such 
a trip will stop and say, 'This is crazy 
-we'll colonize our own system.' For 
example, the kinetic energy of some­
thing just the size of a 747 going at 
one-tenth the speed of light is equal 
to the total energy generation of the 
United States." 

Probability dictates that because 
colonization could have started any 
time within the last five billion years 
(leaving a few-billion-year developmen­
tal period for an advanced civilization), 
the chance that it started only yester­
day is very small. "After all,'' says 
Papagiannis, "if you visit a family 
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Life in space 
with children in Boston, the chance that a baby was born 
last night is very, very slim. So if we grant these as­
sumptions, we have to conclude that the galaxy is colo­
nized now. The next question is one that has been making 
the rounds for a long time-the one attributed to Fermi: 
'Where are they?' 

"Some people have answered by saying they're going 
around in flying saucers or they built the pyramids, but 
there has been no scientific evidence for these notions. 
For the time being it does appear that we are indeed alone. 
There are several hypotheses to account for this observation: 

"1. They are in fact around but they don't want to inter­
fere with us, regarding Earth as a kind of zoo or preserve. 

"2. Perhaps they are not communicating with us be­
cause they don't know whether we are some kind of 
cosmic disease that should be eradicated or promising 
youngsters that should be helped to join the galactic club. 
Maybe the ethic of cosmic civilization is to leave us alone 
to demonstrate which we are. I have myself suggested this 
possibility. 

"3. Most likely," Papagiannis continues, "they are not 
around to contact us, although we can't completely ex­
clude hypotheses 1 and 2. The next question is, what is so 
special about Earth that made us develop a technology 
here but nowhere else?" 

There are two possible answers, both somewhat chilling. 
They are, according to Papagiannis: 

"1. Intelligence leads to technology, but civilizations with 
advanced technology simply don't last very long -they 
end up destroying themselves. Then it would not be sur­
prising that there were no colonizing civilizations-they 
self-destruct before they start. Such civilizations could 
have appeared and disappeared many times in the history 
of the galaxy-like shooting stars, just a flicker and 
then out. 

"2. Another possibility is that because of the very long 
time that it takes life to evolve-four billion years on Earth 
from the first appearance of life until technology appeared, 
a substantial fraction of the age of the universe-conditions 
on a planet may change to become unfavorable to life rather 
than hospitable. It's possible that on many planets life 
appears and begins evolving, but then conditions change 
for the worse. For example, water freezes or boils, and 
evolution is interrupted." 

Hide and seek 
What if extraterrestrial beings exist but have chosen 

not to show themselves? "Then it won't be long before they 
have to, or we will find them," Papagiannis explains. 

Papagiannis has suggested that it would be worthwhile 
to search the asteroid belt for possible extraterrestrial 
colonies: "This is based on the assumption that if they 
have colonized the solar system, they would probably have 
parked their space habitats somewhere in the asteroid belt 
to be close to the least expensive and most plentiful source 
of raw materials. They could establish a perfectly self-sus­
taining colony there. 

"Out of all the confusing arguments put forward," adds 
Papagiannis, "no one has come up with a statement that 
has convinced everyone. I think that in the next 10 or 20 
years we will either have detected some sort of signal from 
SETI, or we will begin to accept the fact that we are alone 
in our galaxy. If the latter happens, it shouldn't be consid­
ered a failure of the process. To know that you are the 
only technologically advanced civilization in the galaxy 
is important. It would also have some effect on our own 
future behavior. Knowing we are the only ones might make 
us realize that we are too valuable to destroy." 1111!1 
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