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To Lynn Harper and her colleagues,
courageous scouts on
the frontiers of knowledge

And to the memory of Carl Sagan,
pioneer and friend








Either we are alone in the universe or we are not; either way its mind-boggling.

Lee DuBridge, science advisor to President Nixon



(Also attributed to the comic-strip character Pogo)
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E-Book Extra
Astrobiology on the Space Station: A Brief Commentary

by Dr. Ben Bova


Some astrobiologists believe that biological research could be the salvation of the hard-pressed International Space Station [ISS] program. For example, consider research on kidney disease. Researchers culture samples of kidney cells for study in the laboratory. But on Earth the cells form flat, thin sheets instead of the three-dimensional shape they have in the body. In the weightlessness of zero gravity, cell cultures grow into three-dimensional forms and behave much more as they do in the human body. David Wolfe, of NASA's Johnson Space Center, has developed a rotating wall bioreactor that has been used successfully aboard the Space Shuttle and the ISS. Zero gravity (or microgravity, as the purists call it) offers an ideal environment for studies of cell cultures, and the International Space Station provides a long-term microgravity platform for such studies.

We can give the ISS a reason for existence that every taxpayer can appreciate, says one enthusiastic researcher.
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E-Book Extra
The Tides of Titan: A Short Fiction

by Dr. Ben Bova


You are standing on the shore of Titan's hydrocarbon sea.

Titan, the giant moon of the ringed planet Saturn, is larger than Mercury, a cold and dark world ten times farther from the Sun than the Earth. Only pale and weak sunlight filters through the clouds and smog of Titan's thick, murky atmosphere.

Standing on an outcropping of ice, you stare through your spacesuit helmet's visor at the black, oily sea surging across the rough, jumbled ice field below. In the distance, a sooty "snow storm" is approaching; a wall of black hydrocarbon flakes blotting out the horizon as it nears.

Then the bleak, frozen landscape grows suddenly brighter. You look up, and the breath catches in your throat.  The clouds break for a moment and you see Saturn riding high above, ten times larger than a full Moon on Earth, its rings a slim knife-edge slicing across the middle of the gaudily striped body of the planet. There is not a lovelier sight in the entire solar system.

A voice in your helmet earphones warns you that the tide is coming in. Pulled by the immense gravitational power of Saturn, the hydrocarbon sea is a frothing tidal wave swiftly advancing across the broken landscape of ice, swallowing everything in its path, submerging spires and boulder-sized chunks of ice, covering the frozen ground in hissing, bubbling black oil, flooding the world from horizon to horizon. Soon it will drown even the prominence you are standing on. It will slither halfway across Titan before reversing its course.

Tomorrow you will return to that sea, equipped to sample it and search for living organisms in the black, oily liquid. For now, it is time to get back to the safety of the base, higher up among the peaks of ice. The clouds have covered Saturn again and the black snow is coming closer. Titan grows darker, colder. And the devouring black sea is lapping at the outcropping on which you stand, stretching its oily waves toward you.

You turn and begin climbing toward safety, knowing that tomorrow you will come back and begin to search out its secrets.

Tomorrow.
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E-Book Extra
Isaac Was Right: N Equals One

by Dr. Ben Bova

Its time for serious science fiction enthusiasts to admit the obvious: there are no intelligent aliens out among the stars.

Despite more than four decades of radio searches for intelligent signals from the stars, no hint of an alien civilization has been found. The most likely reason is that there arent any out there to be found.

Despite all the scholastic numerology in which the Drake equation has been played like a church organ, there are no other intelligent creatures in the Milky Way except us.

If N = R*fpneflfifcL is the question, then the answer is, N = 1. Were it. The late and sadly missed Isaac Asimov was right. In his galaxy-spanning novels of the Foundation and intelligent robots, there are no intelligent aliens. And in the real Milky Way, there are none either.

Drakes famous equation was never meant to be holy writ. It was intended as a guide to thinking about the possibility of extraterrestrial civilizations. Since all the factors in the equation are unknowns1 , it can hardly be considered a reliable guide to anything except our own prejudices.

Freeman Dyson, of the Institute for Advanced Study at Princeton (and no stranger to unorthodox ideas himself), wrote: I reject as worthless all attempts to calculate...the frequency of occurrence of intelligent life forms in the universe. Our ignorance of the chemical processes by which life arose on earth makes such calculations meaningless.

But the situation is actually worse than that.

Its not merely the deafening silence from the stars that brings me to this sad conclusion. Admittedly, our radio telescopes have probed only a tiny fraction of the Milky Way.

The real problem is that underneath our search for extraterrestrial intelligence lies a basic assumption that todays biologists find highly questionable: the assumption that wherever life begins, it will eventually achieve intelligence, given enough time and the good luck to avoid total extinction.

That assumption, modern biologists strongly believe, is just plain wrong.


Hubris or Narcissism?

Yet science fiction writers continue churning out stories about intelligent extraterrestrials, alien civilizations, interstellar empires and interspecies wars. Meanwhile, very bright and dedicated scientists - including Frank Drake himself - continue to search the skies for intelligent signals.

Why? Are they guilty of hubris, the sin of overweening pride, believing that they know somebodys out there waiting for us to find them, despite the mounting evidence that it just isnt so?

No, I think the fault is narcissism: we look out at the stars and see our own reflection.

We have the been the victims of that false assumption, an assumption buried so deeply in our psyches that we didnt even realize it was there, coloring our thinking, leading us onward like a siren toward the rocks of bitter disappointment.

We blithely assume that intelligence is the end-point of biological evolution. As a fundamental part of our world view, we firmly believe that we Homo sapiens are the most complex creatures on Earth, and our splendid intelligence is the secret of our success.

This leads us to assume that wherever life is found beyond Earth, intelligence will develop quite naturally, inevitably, unless some planet-shaking catastrophe interrupts the progression of local life forms from simple to constantly more complex.

We are aware that intelligence poses certain dangers, such as nuclear devastation or ecological collapse, but we believe that most (or at least some) intelligent species will be smart enough to avoid those traps and flourish into an interstellar civilization.

In the April 2002 issue of Analog Robert Zubrin displayed this hidden, almost subconscious assumption:

... the entire history of life on Earth shows clearly that, once life starts, it exhibits a continuous tendency toward development of greater complexity, activity, and intelligence.


Tell it to the bacteria, the most successful form of life on Earth (and probably elsewhere, as well). Theyve been chugging along since before our planets crust cooled down, and those single-celled prokaryotes  outweigh all the other forms of life on Earth, put together. Bigger life forms come and go, but the bacteria roll on forever.

Zubrin goes on, In other words, based on everything we know, life and intelligence should be common in the universe.

Alas, he is wrong. We dont know any such thing. Life in the universe may indeed be as common as bacteria, but intelligence might just happen to be a fluke that happened here and nowhere else. Because it happened here, we naively assume it is an inevitable result of biological forces. Taint so.

Harvard paleontologist Stephen Jay Gould points out that although life began on Earth nearly four billion years ago, multicellar life is only about 750 million years old, and intelligence (us) didnt come onto the scene until a scant few million years ago.

Considering that the Sun is about halfway through its stable life span of roughly 10 billion years, Gould writes, If a meandering process consumed half of all the available time to build such an adaptation (intelligence) even once, then mentality at the human level certainly doesnt seem to rank among the sure bets, or even mild probabilities, of history.

In other words, the existence of life does not automatically lead to the existence of intelligence. Intelligence is most likely a survival trait that has been adapted by only one genus (Homo) of all the countless life forms that have inhabited this planet Earth over the past three-plus billion years. The odds against it happening on another world are, frankly, astronomical.


Wheres the Evidence?

The modern search for extraterrestrial intelligence (SETI) began in 1959, when Drake arrived at the spanking-new National Radio Astronomy Observatory (NRAO) in Green Bank, West Virginia. A graduate of Cornell and Harvard, Drake had become intrigued with the possibilities of locating alien civilizations ever since he had been a student at Harvard and had detected a strong radio signal while observing the Pleiades star cluster. The signal turned out to be from a terrestrial source, but that sudden thrill of thinking that maybe, just maybe, he had found an extraterrestrial civilization was a turning point in Drakes life.

Few astronomers admitted even to thinking about alien intelligence in those silent generation days of the 1950s, but Drake was fortunate enough to hear a lecture by Otto Struve while he was at Cornell. Struve was an astronomer of impeccable international reputation, and the son of a world-famous astronomer, as well. Among his many interests in astronomy was the way that stars spin: Struve believed that slow-spinning stars must be accompanied by planetary systems that have absorbed the stars angular momentum, as the planets of our solar system have absorbed the Suns angular momentum. At that time there was no clear evidence of planets orbiting other stars (that was not to come until 1995), but Struve maintained that stellar spin rates showed that other stars must have planets accompanying them. In those days, hardly any astronomers avowed an interest in whether other stars were accompanied by planets.

Struve became the first head of NRAO, and Drake joined his staff in West Virginia. Somewhat hesitantly, Drake suggested using the new 26-meter radio telescope to search for possible alien signals. Struve enthusiastically agreed with Drake, but, because the search for alien life was still a touchy subject in academia, and carried a large giggle factor among the politicians who decided on NRAOs funding, Drakes search was started in secret, piggybacked on a legitimate study of the 21-centimeter radiation.

Meanwhile, two highly-respected physicists from Cornell University, Giuseppe Cocconi and Philip Morrison, proposed using radio telescopes to search for intelligent signals from alien civilizations. Their landmark paper, Searching for Interstellar Communications, was published in the British journal Nature in September 1959. It ended with the words:

The presence of interstellar signals is entirely consistent with all we now know, and if signals are present the means of detecting them is now at hand. Few will deny the profound importance, practical and philosophical, which the detection of interstellar communications would have. We therefore feel that a discriminating search for signals deserves a considerable effort. The probability of success is difficult to estimate, but if we never search the chance of success is zero.

Drake calculated that his equipment could detect radio signals similar to those being broadcast around Earth out to a distance of little more than 10 light years. He did not expect to find alien messages deliberately beamed toward us; he was hoping to detect the background chatter of a global civilizations radio and television broadcasts. He picked the two nearest solar-type stars to study: Epsilon Eridani and Tau Ceti, 10.7 and 11.3 light years distant, respectively. He dubbed his bootlegged program Ozma, after the queen of L. Frank Baums fictional land of Oz, which, in Drakes words, is a place very far away, difficult to reach, and populated by exotic beings.

The very first day (radio telescopes can operate in daylight) their first look at Epsilon Eridani produced a sharp signal that electrified Drake and his colleagues. But it turned out to be a false alarm: something nearby put out an electrical pulse that the radio telescope picked up. The search was not going to be that easy. Far from it.

Over the next four decades, more than a dozen radio searches probed the stars with ever-more-sophisticated equipment. NASA became involved, and turned the worlds largest radio telescope, at Arecibo, Puerto Rico, and the Jet Propulsion Laboratorys Deep Space Network array of radio dishes at Goldstone, California, to the search for  intelligence.

Aside from one Wow! signal that was picked up by an array at Ohio State University in 1977 - a strong radio pulse that was never repeated and therefore could not be identified - no sign of intelligent communications has been found. There was a brief flurry of intense excitement in 1967, though, when very precise pulsed signals were detected by Jocelyn Bell and Antony Hewish in Britain, but despite a few weeks of wondering whether they had discovered little green men, the astronomers found that they had stumbled onto a new type of stellar object, the pulsars.

SETI became an international affair, with the Russians devoting considerable effort to the search. Thinking about the difficulty of finding an individual star that might be broadcasting messages, Carl Sagan suggested that radio telescopes be turned to some of the nearby galaxies, such as M31, the great spiral in Andromeda, some two million light years distant. His reasoning was that by aiming at a whole galaxy, a single telescope could see hundreds of billions of stars. If there were any highly advanced civilizations among that host deliberately beaming out powerful messages, their signals might span the immense distance between us.

By 1974 Drake was a professor of astronomy at Cornell. Together with Sagan, who by then headed Cornells Laboratory for Planetary Studies, he used the Arecibo telescope to beam a simple message at the globular star cluster M13, which contains more than 100,000 stars. British astronomer and Nobel laureate Sir Martin Ryle strongly objected, arguing that no signals should be sent out because they could show possibly hostile and dangerous aliens where we are. Sagan, who grew up reading science fiction, pointed out that since M13 is 25,000 light years away, even if there are evil aliens intent on conquest, they could not possibly trouble us for at least 50,000 years.

The Counter-Attack

Despite the bright hopes and hard work of the SETI researchers, dozens of radio telescope facilities working for more than four  decades have found no repeated signals, no signs of intelligent life.

Politicians found SETI an easy target, and a good way to make headlines. In the 1970s, Senator William Proxmire, of Wisconsin, postured as a guardian of the taxpayers purse by presenting a Golden Fleece award to government programs that he thought were wasting tax money. In 1978 he awarded a Golden Fleece to SETI, deriding the scientists who, his news release claimed, were searching for Martians.
 
By 1981, when the proposed NASA budget included two million dollars to support SETI (million, not billion) Proxmire led the campaign in the Senate to forbid NASA from spending any money on SETI.

Sagan visited Proxmire and, by showing that SETI efforts were leading to much more sophisticated electronic equipment, which would have an impact on many industries, he got Proxmire to back off somewhat. But the handwriting was on the wall. To the politicians, SETIs lack of results meant failure. Washingtons interest in SETI shriveled like a pinpricked balloon.

Moreover, there was a scientific counter-attack against SETI going on.

Where Is Everybody?

In 1950, at lunch with fellow scientists at the Los Alamos National Laboratory, Nobel laureate Enrico Fermi asked a simple question: If there are intelligent extraterrestrials, where is everybody? Why havent we seen evidence of them?

The obvious answer was that, if they exist, the distances between their worlds and ours are so vast that the only hope we have of finding evidence for them lies in radio searches. Hence SETI.

But by 1975, after some 15 years of radio searches, two scientists published papers that proposed something close to heresy, as far as the SETI researchers were concerned. American Michael Hart and David Viewing of Britain independently came to the conclusion that the reason no intelligent signals have been found is that there are no intelligent creatures out there. Planet Earth is so rare, they argued, that we should not expect to find a similar world, or intelligent life.

In 1980 Tulane University mathematician Frank Tipler joined the counter-attack. Tipler is not a hidebound conservative, nor a chalkdust-dry academic. His work has included ideas on how to build time machines. Yet he concluded that there are no other intelligent species in the entire universe.

The Milky Way galaxy is at least twice as old as our solar system, he pointed out. There are billions of stars that have existed for billions of years longer than we have. If intelligence has arisen on even a few of these ancient stars, those alien civilizations would be far older and far more knowledgeable than we. Their technological capabilities would immensely exceed our own.

Such a civilization would be able to colonize the entire galaxy, Tipler suggested. It need not send its own people into space, it could send self-replicating machines that move from one star to another, colonizing any planets they find and using those planets natural resources to build more copies of themselves and move on to the next stars.  In effect, such machines would be like a virus spreading from star to star, planet to planet. If their spacecraft could achieve velocities of only 10 percent of the speed of light (something that we should be able to do before this century is out), they could spread exponentially across the entire Milky Way in just about a million years.

The fact that Earth has not been visited by these mechanical representatives of a superior civilization, Tipler concluded, is proof that no such civilizations exist.

Howls of protest greeted Tiplers pessimistic argument. The SETI optimists pointed out that his conclusions rest on enormous assumptions. For example: Could such ancient civilizations exist? The oldest stars are metal-poor, they might not have contained the proper elements for life, or for a technologically sophisticated civilization, to arise around them. Or, if such very old and wise civilizations do exist, perhaps they would have no interest in colonizing the galaxy.

By the year 2000, the various arguments against the existence of intelligent aliens were summarized by paleontologist Peter D. Ward and astronomer Donald Brownlee in their book, Rare Earth. Basically, they refined the idea that complex life (meaning multicelled organisms) is so rare in the universe that we may be the only example in the galaxy. While microbial life may flourish  elsewhere, intelligent life might be unique to our special planet.

Is Intelligence Inevitable?

Moreover, biologists were awakening to the idea that intelligence is neither a necessary nor inevitable consequence of life. Most of us still hold in our minds the concept of a Tree of Life (or perhaps a Ladder of Life) that starts with very simple organisms and culminates, at the top, with an intelligent species: Homo sapiens.

We tacitly assume that wherever life exists, intelligence will eventually arise, given enough time. But is that true? The modern biological view of Earths life resembles a thick, wild bush more than a tree or a ladder. Intelligence is merely one evolutionary tactic, an adaptation that helps a species to survive, little different from developing a shaggy coat of fur, or sharp-focusing eyes, or wings or gills or any of myriads of adaptations.

Life adapts in every way it can, and intelligence - which we regard as the high point of it all - is most likely just another adaptation that has helped our particular species to survive, but may eventually push us into extinction as our weaponry or heedlessness exceeds our ability to control our passions.

The dinosaurs did very handsomely for nearly 200 million years without intelligence. The brainless bacteria have been around for nearly four billion years. In the entire history of Earth only genus Homo has developed unquestioned intelligence, and only one member of that genus, H. sapiens, has avoided extinction - so far. What makes us think intelligence is so lofty?

Gould put it this way: Humans [and intelligence] are here by the luck of the draw, not the inevitability of lifes direction or evolutions mechanism.

In other words, it is not inevitable that there are other intelligent species out there to communicate with us. We may indeed be alone.

Congress Strikes Again

Scientists argued these points back and forth. The politicians in Washington acted on them. In 1992 Congress again forbade NASA from spending a penny on SETI. Proxmire was long gone from the Senate, but Sen. Richard Bryan of Nevada echoed his sentiments:

The Great Martian Chase has finally come to an end. As of today, millions have been spent and we have yet to bag a single little green fellow. Not a single martian has said take me to your leader, and not a single flying saucer has applied for FAA approval.

Notwithstanding the fact that SETI had nothing to do with Mars or UFOs, NASA was prohibited from working on SETI.

Is Anybody Out There?

The hell of it is, those know-nothing politicians may be right.

Enthusiasts such as Zubrin may write, Our galaxy is almost certainly currently inhabited by large numbers of starfaring species. But that is a statement of belief, not fact. It is based on that tacit assumption that life anywhere will inevitably lead to intelligence.

All the supporting arguments that Zubrin, and Drake, and Sagan, and everyone else have used to prove the existence of extraterrestrial intelligence are nothing more than sheer numerology. They all rest on that assumption that intelligence is a natural culmination of life.

I dont mean to pick on Zubrin especially. He possesses a sharp, original mind, and his proposals for exploring Mars at a fraction of the official price NASA has hung on human missions to the red planet are wonderful examples of clear thinking and bold vision.

Yet when he writes about Galactic Society it seems to me that he is allowing his enthusiasm to run far ahead of the evidence.

But if [intelligence] could have happened on Earth, Zubrin says, then it could happen on other planets. And there are likely billions of other planets where it could have happened first, and therefore, in all probability, did.

See how the assumption colors the attitude? Zubrin goes on to draw up a table showing the probable numbers of extraterrestrial civilizations. Then he writes, So even in most cases where the galaxy is only partially settled, the Earth should have drifted through somebodys interstellar empire at some time in its history.

Then he goes on to offer explanations for why theres no evidence of our being visited by these hypothetical extraterrestrial imperialists.

The simplest answer is that they dont exist. Occams Razor can cut painfully through our most cherished dreams, but the simplest answer is usually the closest to the truth.

There are no interstellar empires. There are no intelligent extraterrestrials. There is very likely a lot of life out among the stars. The universe may very well be teeming with life. But the chances are overwhelming that it is primarily microbial. Even on worlds where multicelled creatures have evolved, intelligence is no more inevitable than any other trait a species might develop in its struggle for survival.

I wish it were otherwise. I wish Zubrin and all the other pro-intelligence thinkers were absolutely right, and we live in a galaxy that abounds with intelligent species. But the evidence points against it.

Where does that leave us? With an enormous opportunity. And an enormous responsibility.

The human race can expand through interstellar space, unchallenged by alien and possibly hostile intelligent species. This places the stewardship of life squarely on our shoulders. We must revere life, wherever we find it. We must protect life while we expand our own habitat across the starry heavens.

For some day the galaxy will be filled with intelligent civilizations: the children of Earth. We owe it to our descendants to keep the living universe a fit place for them to grow in.

We should strive to make Isaac proud of us.





This article was derived from Ben Bovas book, The Living Universe.
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Prologue

Author to Reader

Astrobiology is the scientific study of the origin, distribution, evolution, and future of life in the universe.

Astrobiology Roadmap WorkshopAmes Research Center, July 1998

THIS BOOK IS ABOUT ASTROBIOLOGY, a field of scientific research that didnt exist ten years ago. Astrobiology is the study of the living universe. Astrobiologists seek the answers to three fundamental questions:

What is the history of life?

Are we alone in the universe?

What is the future of life?

The men and women involved in astrobiology come from many different scientific disciplines, including astronomy, biology, the geophysical sciences, computer sciences, and many more. They are probing the farthest reaches of space and time, from the distant origins of life on Earth to the future epochs when humans may live on other worlds, far from our planet of origin.

Scientists are like explorers, constantly heading into unknown territory. To understand what it is like to be a scientist working on the frontier of existing knowledge, imagine yourself a scout in uncharted terrain. No one has reached this far before, no one has ever seen the pristine vista that your eyes now behold.

Just ahead of you lies a deep, rugged canyon, a rift in the ground with walls so steep you have no hope of climbing down them. This chasm is deep, too; its bottom is hazy with mist. The canyon is so wide that its far rim is barely distinguishable, wavering in the heat haze of the bright afternoon. You can make out the dim and distant shapes of what might be low hills and huge boulders, but even in the binoculars you have carried with you those distant shapes remain blurry, indistinct.

Then something catches your eye. Movement! Something moved on that distant edge of the canyon. Was it dust blown by the wind or some animal stalking its prey? Might it have been a person, a human being from some unknown tribe who lives in that undiscovered country?

Scientists are like that scout, probing into the unknown, searching, seeking, stretching our knowledge and our capabilities to their uttermostand beyond.



The men and women who work in this new and exciting field of astrobiology are trying to understand whether life is a normal part of the universe or whether our Earth is the only world that harbors living creatures.

This means that they must learn how life on Earth got started. After all, our planet is the only place that we know of where life exists. Can there be life on other worlds? Are there other intelligent creatures out among the stars? If there are, are they superior to us?

The astrobiologists are in the same predicament as that scout at the canyons rim. They are searching through new territory, regions never before seen by human eyes. They are at the edge of the known world, peering into the unknown. Even with the best instruments and tools that human ingenuity can devise, they cannot get a clear view of what lies on the far rim of the chasm.

They are working hard to get a sharper, more distinct view and to find ways to bridge that chasm so that theyand wecan cross the abyss of ignorance that now separates us from the knowledge we seek.

You and I are going to journey with them on this thrilling quest. We are going to discover what is known about life here on Earth and in the wide and starry universe, why many hard-headed thinkers fully believe that life exists beyond the limits of our planet Earth. In fact, some of them believe that we have already discovered firm evidence of extraterrestrial life.

Astrobiology is a new field of research, born hardly ten years ago. It has been a tumultuous decade filled with startling discoveries in astronomy, biology, and many other sciences. It has also been a decade of political struggle, for science and politics are intimately intertwined in modern societies, and there is political infighting among the scientists themselves.

All the discoveries, all the struggles, have led most astrobiologists to believe that life is an integral part of the universe, as much a part of the cosmic whole as the stars and planets. They are seeking evidence for life on Mars and on the moons of the giant planets Jupiter and Saturn.

Within the next decade or two they very well may find unequivocal proof that life exists beyond our Earth. Whether that discovery is made in ten years or twenty depends more on political decisions than scientific ones. The astrobiologists know where to look, and they know how. All that they lack is the firm commitment of funding to build the necessary instruments and the spacecraft to carry them.

Moreover, in their quest to understand lifes role in the universe, it is equally likely that scientists will create forms of life in their laboratories. Not Frankenstein monsters, but microscopic cellular living creatures will be created out of nonliving chemicals. The first steps have already been taken. The fundamental processes that started life on Earth are being simulated in laboratories, where biologists and computer scientists are striving to determine if life can begin anywhere that the proper environmental conditions exist.

The discovery of extraterrestrial life and the creation of life in the laboratory are two parts of the same quest for understanding how life arose and how it has affected the universe. These discoveries will rock human consciousness as nothing else has rattled us for thousands of years.

Once we find life on other worlds, no matter whether it is a bacterium or a whale, the search for intelligent life will intensify. Once we know that Earth is not the only place in the universe where life exists, we will face the question of whether or not ours is the only world where intelligence reigns.

That is the great unknown. We tacitly assume that intelligence is a natural outcome of life; after all, life on Earth has led to an intelligent species: Homo sapiens. But is intelligence an inevitable outcome of life, or is it just a useful trait that living creatures might or might not adopt, like wings or gills or tails?

Will we at last find other intelligences somewhere in the vast universe and end our long loneliness? Whether we do or not, the search itself will expand our consciousness as never before.

This is the ultimate quest, and the astrobiologists have already embarked upon it.







Section I

The

Path

to

Astrobiology








1

Are We Alone?

It goes against nature in a large field to grow only one shaft of wheat, and in an infinite universe to have only one living world.

Metrodorus of Chios
Circa 400 B.C.

WHAT IS THE HISTORY of life?

Are we alone in the universe?

What is the future of life?

Is life a normal part of the universe, or is our Earth the only world that harbors living creatures?

Children ask, Where did I come from? Stargazers wonder if there is life on any of the fiery specks that dot the night sky. Philosophers ponder the meaning of life and seek to understand our place in the greater universe that surrounds us.

These questions haunt our consciousness today, as they have for countless millennia. Human beings have always wondered about how life began and whether life exists beyond the Earth. The quest for life elsewhere in the universe is far older than written history.


THE ALIENS AMONG US

Since the beginning of human existence our ancestors have populated the world with powerful supernatural creatures. The earliest writings we know of deal with gods and goddesses who are obviously much more powerful than mere mortals and who inhabit realms far beyond this mundane world in which you and I live.

Try to see the world as our prehistoric Ice Age ancestors did. Living in small tribes of hunters and gatherers, following the game herds across the land, they faced a world of terrifying dangers. Powerful lions and leopards stalked the night. When they sought shelter in caves, often as not a ferocious cave bear would mangle them with its sharp claws and powerful, crushing teeth. Hunger was a constant threat; wildfires, bewildering attacks of disease, a broken bone, even childbirth was dangerous.

Those early hunting/gathering tribes saw no difference between the animate and inanimate. To them, everything was alive: trees, rocks, clouds, animalsespecially the animals they hunted for food and the predators who hunted them. Each and all had their own individual spirit.

They did not feel alone in a cold and uncaring universe. If anything, there were too many other creatures, real and imagined, sharing the world with them. They must have felt overwhelmed by spirits that were much more powerful than themselves. On the walls of their caves they drew hauntingly beautiful pictures of the animals they lived among, probably in an effort to gain some sort of mystical control over those wild beasts, or at least to ease some of the fear they felt when facing the animals fangs and antlers with nothing more than primitive weapons of wood and bone.

And they watched the night sky. Paleontologists have discovered a bone with the phases of the Moon carved into it, dating back 30,000 years.

Eventually, our ancestors invented agriculture.


FROM AKHENATON TO ZEUS

Farmers depend on the weather. So much so that the earliest farmers believed that the forces of the weatherwind, rain, sunwere gods who needed to be propitiated by prayers, sacrifices, and fertility rites. The idea that there were beings who were more than human, beings much more powerful than themselves, was well-entrenched in them by the time agriculture began to irrevocably change human society some 12,000 years ago.

In ancient Egypt the Sun was worshiped as a god. One of the earliest prayers we know of is attributed to the Pharaoh Akhenaton (circa 1370 B.C.), a prayer to the Sun that gave life to the world, which he called Aton:



Thy dawning is beautiful in the horizon of the sky,

O living Aton, beginning of life.

When thou risest in the eastern horizon,

Thou fillest every land with thy beauty.



Even wild nomadic tribes such as the Achaeans, who invaded and conquered the land we now call Greece, worshiped gods of the sky and the weather. Zeus, the chief god of their pantheon, was originally a storm god. The thunderbolt was his sign and his weapon.

Farming also depends on the seasons, and farming societies began to study the stars in an effort to predict when they should plant their crops. In ancient Egypt, where the Niles annual flood brought fresh, fertile silt to the parched land, it was vital to know when the Nile would rise. The Egyptians learned that when the bright star Sirius rose just before dawn, the rivers flood was only a matter of days away. In cloudy, dank, chilly Britain, Stone Age farmers somehow managed to build gigantic megalithic circles such as Stonehenge, which served as astronomical computers that predicted the seasons, most importantly the spring equinox, the time to plant the summers crops.1


FROM ASTROLOGY TO LUCRETIUS

It was only natural for people to believe that the heavens had an important influence on their lives. They did! Curious thinkers wondered why this was so and how these influences could be predicted, interpreted, and used for practical everyday affairs.

Thus was born the ancient art of astrology, which attempts to predict the events of an individuals life by considering the positions of the stars and planets. It doesnt really work, but to this day most newspapers and many Internet sites carry a daily horoscope column based on ideas that were hoary with age in Julius Caesars time.

The ancients also came to believe that the realm of the stars must be very different from the Earth on which we live. A mental separation between Earth and sky arose, a separation that would have seemed strange to the Ice Age hunting tribes. To the average citizen of ancient Athens or Rome, this world of ours was an imperfect place, filled with pain and unhappiness. The heavens, however, they thought to be very different. As they watched the stars moving serenely across the night sky, it must have seemed obvious to them that this celestial domain was the abode of creatures far removed from ordinary, fallible humans.

They saw that the stars marched across the sky in perfect order, night after night, year after year, generation after generation. There was a certainty and predictability about the stars. Even the Moons ever-changing face was predictable: For millennia people have been counting time by watching the Moon go through its monthly phases from full to new to full again. They realized that womens menstrual cycles were roughly equal to the Moons phases; obviously, the heavens exerted some form of control over human lives.

By the time ancient Greek civilization produced the great philosophers Socrates, Plato, and Aristotle (470322 B.C.), most men believed that the Earth was the fixed and immovable center of the universe and the stars were flecks of fire on the vast bowl of the sky that hung over us. The stars and the bowl of the sky revolved around the Earth, they believed. Although the Earth was the center of the universe, it was a dull and dirty place, the abode of sinful, changeable, mortal humans; the heavens were considered to be perfect and everlasting, the fitting abode of the immortal gods.

In the clear, dark night skies of the ancient world, long before industrial smog and pollution, it was easy to see the stars and make out the groupings that we now call constellations: the Great and Little Bears, the lopsided W of Cassiopeia, the Big Dog, Orion the Hunter, Perseus the Hero, the Bull, the Twins, the Lion, the Scorpion, and many others.

There were five stars, however, that refused to stay put. They meandered across the sky, constantly changing their positions. The Greeks called them planetos, meaning wanderers. Today we call them planets. Clearly such powerful stars must be very special. Ancient societies named them after their gods, and we know them by their Roman names: Mercury, Venus, Mars, Jupiter, and Saturn.2

Claudius Ptolemaeus (better known to us as Ptolemy) lived in Alexandria, Egypt, in the second century A.D. Using the observations of earlier Greek astronomers such as Hipparchus of Nicaea (circa 190120 B.C.), Ptolemy wrote a book that described the prevailing ideas on the state of the universe. His book is known to us today by the name Arabic astronomers gave it: Almagest, which means, roughly, the greatest.

Ptolemys Almagest laid out the details for the geocentric concept of the universe: the idea that the Earth is at the center of it all, and the Moon, Sun, planets, and stars all revolve around us. This Ptolemaic system held sway for more than a thousand years.

There were a few thinkers who believed that the Earth was a sphere, not flat. Aristarchus of Samos (circa 310230 B.C.) even suggested that the Earth goes around the Sun, not vice versa. The Alexandrian Greek astronomer Eratosthenes (276195 B.C.) actually measured the circumference of the Earth and came up with a figure that was within 1 percent of our planets actual girth. But these ideas were in the minority; the geocentric system ruled supreme.


Astronomy In A Well


If you had nothing but your naked eyes and a few simple instruments for measuring the angles between stars, you would be hard-pressed to prove that the Earth is not at the center of the universe. Just go out and look! The heavens obviously pinwheel around us.

The first-century B.C. Roman writer and philosopher Titus Lucretius Carus was among the earliest thinkers to propose that there are other worlds like the Earth out there in the depths of spaceand other creatures like men living on them. Lucretius was an atomist: He believed that all matter was composed of invisibly small units (atomos was the Greek word for it). He wrote:

It is in the highest degree unlikely that this earth and sky is the only one to have been created and that all those particles of matter outside [the Earth] are accomplishing nothing. This follows from the fact that our world has been made by nature from the spontaneous and casual collision ... of atoms whose suddenly formed combinations could serve on each occasion as the starting point of substantial fabricsearth and sea and sky and the races of living creatures.



THE TIMID CLERIC AND THE HOT-HEADED MONK

The Roman Empire collapsed in the fifth century A.D., and Europe entered an era of ignorance that lasted nearly one thousand years. New ideas were discouraged. The Roman Catholic Church held a considerable amount of political power as well as religious authority, and it actively suppressed ideas that contradicted its own position in every field of thought, from theology to cosmology, from economics to art.

Ptolemys geocentric system explained the heavens perfectly well as far as the Church was concerned. Even though there were a few nagging problems about it (for example, the planets were not exactly where the system predicted they should be), the prevailing view was that the Earth was the center of the universe and the stars were very different from our world.

Moreover, the Church believed that the Earth had been made specifically to be the abode of human beings, who had been created by God and given dominion over all other forms of life in the world.

Enter a timid Polish cleric, a man who earned a living as an official of the Church but whose real interests were in mathematics and astronomy. We know him by the Anglicized version of his name, Nicholas Copernicus (14731543). Dissatisfied with the shortcomings of the geocentric theory of the universe, Copernicus worked out a heliocentric system in which the Sun was at the center of it all and the Earth revolved around it, together with the other planets.

He wrote in Latin, and his book was titled De Revolutionibus Orbium Coelestium (On the Revolutions of the Celestial Spheres). Familiar as he was with the workings of the Church, Copernicus had no desire to be a rebel. He actually finished De Revolutionibus in the early 1530s but did not have it published until the month of his death in 1543. Even so, he presented his heliocentric system not as an actual description of the way the heavens really worked, but as a mathematical proposition, something to think about and speculate over. No flaming revolutionary, he!

In earlier ages, new ideas were slow to propagate and could even be stifled because books were rare and had to be copied by hand. The printing press changed all that; Copernicus ideas were quickly disseminated throughout Europe.

One of the men who was turned on by Copernicus heliocentric theory was a Dominican monk named Giordano Bruno. Bruno was basically a philosopher who happened to be an eloquent public speaker and excellent writer. In a way, he was rather like the Carl Sagan of his era. Bruno immediately saw implications in Copernicus ideas that would have petrified the modest Polish cleric.

Above all else, Bruno broadcast the concept that the universe was infinite in extent and that it must contain untold numbers of worlds like our Earthworlds peopled by intelligent creatures. He was the first to make the point that the stars must be other suns; the reason that they appear as pinpoints of light is that they are immensely far away.

If the stars are suns, he reasoned, innumerable Earths must revolve around those suns in a manner similar to the way the ... planets revolve around our Sun. Living beings inhabit those worlds. No reasonable mind can assume that heavenly bodies which may be far more magnificent than ours would not bear upon them creatures similar or even superior to those upon our human earth. [Italics added.]

Such ideas seriously challenged the long-held geocentric theory. Gone was the familiar and comfortable concept that the Earth had been specially created just for us and that we were the center of the universe. Gone with it was the belief that a kind and loving God had created all this solely for our benefit. If there are other worlds and other intelligent beings on them, did God create them, too? If they exist, how can we consider ourselves to be the focal point of creation, the center and reason for the universes existence?

The Church would not tolerate such a challenge. Bruno would not give up his views or even ameliorate them. He became a hunted man. After wandering across half of Europe and even changing his name to avoid capture, Bruno was arrested in Venice in 1592. The Inquisition charged him with heresy. He refused to compromise or abandon his ideas. Eventually he was found guilty; in 1600, he was burned at the stake in Rome, in the Campo dei Fiori (the Field of Flowers).


THE FEISTY ITALIAN

While Bruno was basically a philosopher, Galileo Galilei (15641642) was the first true scientist, in the modern sense of the word. Copernicus could suggest his heliocentric theory as an intellectual exercise; Galileo produced the evidence that proved it to be right.

Galileo realized that keen observations and careful measurements could reveal much about the way the world worked. His first experiments were on the motions of pendulumsinspired, according to legend, by watching lamps in church swaying on their long chains. Where most philosophers believed that a heavy object falls faster than a light one, Galileo took two unequal weights to the top of a church tower and dropped them. They hit the ground at the same time, and they always do. Centuries of philosophical argument were ended by an experiment that took only a few seconds.3

In 1609, Galileo learned that a Dutch maker of lenses had invented a device that made distant objects appear close. With nothing more than that bit of gossip, Galileo ground a pair of lenses and (again, according to legend) sawed off a length of pipe from a church organ to produce his own telescope.

Then, instead of spying on his neighbors or offering his device to the military, he turned his newly fashioned telescope to the heavens.

Galileo provided the observational evidence that showed Copernicus was right. He saw that the planet Venus goes through phases, like the Moon, waxing and waning as it travels in its yearly orbit. That could only happen if Venus circled the Sun and not the Earth. The geocentric view claimed that the heavens were perfect and heavenly objects were without blemish. Yet Galileos telescope revealed that the Moon is pockmarked with craters and rough with rugged mountains. He saw that the Sun is speckled with dark sunspots, which so upset some academics and Church officials that they refused to look through his telescope to see for themselves.

Even more startling, Galileo saw that the planet Jupiter is accompanied by four moons. They obviously revolved around Jupiter, clear proof that not everything in the universe revolves around the Earth. Although we know today that Jupiter has at least forty satellites, most of them only a few kilometers across, the four moons that Galileo discovered are big, larger than our own Moon, with two of them as large as the planet Mercury. They are called Jupiters Galilean satellites to this day.

These discoveries greatly disturbed the Roman Catholic Church, for two reasons. If Copernicus was right, they fretted, then perhaps Bruno was right, too. The idea that the Earth is not the center of the universe, that it was not specially created by God for us and placed in a unique position, was literally anathema to the Church.

The second reason was that Galileo did not sit quietly on his observational evidence; he trumpeted the information as widely as he could, especially in his book, Dialogue Concerning the Two Chief World Systems: Ptolemaic and Copernican, published in 1632.

In 1633, the Holy Office of the Inquisition arrested Galileo and threatened him with torture if he did not abandon his views. Nearly seventy, plagued by painful arthritis, deserted by his friends within the Church hierarchy, Galileo relented. Undoubtedly he recalled what Brunos defiance had earned that rebel thirty-three years earlier.

Wearing the white robes of a penitent and made to kneel before his accusers, Galileo recanted:

[H]aving been admonished by this Holy Office entirely to abandon the false opinion that the Sun is the center of the world and immovable, and that the Earth is not the center of the same and that it moves ... I curse and detest the said errors and heresies, and generally all and every error and sect contrary to the Holy Catholic Church.


He spent the final nine years of his life under house arrest, going blind, confined to his home near Florence. It took the Church 359 years to relent. In 1992, Pope John Paul II publicly endorsed Galileos philosophy, tacitly admitting that the Church had wrongly accused and punished him.

Legend has it that when he finally confessed to his inquisitors that the Earth was the fixed and immovable center of the universe, Galileo muttered under his breath, Eppur si muove. Yet it does move.

And so it does.


THE RISE OF SCIENCE

In the four centuries since Brunos execution, scientists from Galileo to Stephen Hawking have immensely expanded our knowledge and understanding of the universe. We know that the Earth does indeed revolve around the Sun, and the other planets of our solar system are truly other worldsalthough none of them is very much like Earth. We have learned that the universe is mind-staggeringly immense. The Sun is but one of more than a hundred billion stars that comprise the vast pinwheel of the Milky Way galaxy, and the Milky Way is only one of many billions of galaxies.

In the past ten years, new discoveries have come flooding in, discoveries that would make Lucretius smile with pleasure and Bruno shout, I told you so!

Astronomers have detected planets orbiting other stars, planets that are even less Earth-like than any in our own solar system. Yet most astronomers believe that Earth-like planets are out there; they are too small and dim for us to detect with existing instruments. This will change, though, as our technical capabilities grow.

Geologists and biologists have found forms of life on our own planet that live under conditions of extreme temperatures and pressures that were thought, only a few years ago, to be too harsh for life to exist. Even the bedrock idea that sunlight is essential for all life on Earth has been shown to be wrong: There is a deep, hot biosphere kilometers belowground that never sees the Sun. And it probably holds as much living matter as all the organisms living on the surface of Earth.

As yet, however, no firm evidence for extraterrestrial life has been found. No Martians, not even a bacterium.

But that will undoubtedly change.
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Time and the Tide of Opinion

There is a tide in the affairs of men,

Which, taken at the flood, leads on to fortune.

William Shakespeare
Julius Caesar

THERE IS A TIDE in the status of scientific ideas, also.

A hundred years ago the general population, sparked by popular books about the planet Mars, readily accepted the idea that other worlds might be inhabited by intelligent extraterrestrials. Yet most professional astronomers disdained such outlandish ideas, and biologists hardly even considered the possibility.

In the early decades of the twentieth century, the popularity of searching for extraterrestrial lifeon Mars or anywhere elsewas definitely at an ebb in the astronomical community. Planetary astronomy in general was not a hot subject, and the possibility of alien life was deridedwhen it was considered at all.

Yet popular interest in Mars as a possible abode for not merely life, but intelligent life continued unabated. One of the most popular novels about Mars ever written, Ray Bradburys hauntingly poetic The Martian Chronicles, was published in 1950 and immediately gained a readership far beyond the usual audience for science fiction books.

Toward mid-century the tide of scientific interest in the possibilities of extraterrestrial life began to shift. As is often the case in science, new instruments gave astronomers new capabilities, and new capabilities led to new ideas.


RADIO TELESCOPES AND SETI

Radio astronomy began by accident.

In 1931, Karl Jansky (19051950), a young engineer working at the Bell Telephone Laboratories in New Jersey, was assigned the task of tracking down some of the sources of electrical interferencestaticthat often troubled
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