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Preface

The Edge Question



In 1991 I suggested the idea of a third culture, which consists of those scientists and other thinkers in the empirical world who, through their work and expository writing, are taking the place of the traditional intellectual in rendering visible the deeper meanings of our lives, redefining who and what we are. By 1997 the growth of the Internet had allowed implementation of a home for the third culture on the Web, on a site named Edge (www.edge.org).

Edge is a celebration of the ideas of the third culture, an exhibition of this new community of intellectuals in action. They present their work, their ideas, and comment about the work and ideas of third culture thinkers. They do so with the understanding that they are to be challenged. What emerges is rigorous discussion concerning crucial issues of the digital age in a highly charged atmosphere where thinking smart prevails over the anesthesiology of wisdom.

The ideas presented on Edge are speculative; they represent the frontiers in the areas of evolutionary biology, genetics, computer science, neurophysiology, psychology, and physics. Some of the fundamental questions posed are: Where did the universe come from? Where did life come from? Where did the mind come from? Emerging out of the third culture is a new natural philosophy, new ways of understanding physical systems, new ways of thinking about thinking that call into question many of our basic assumptions of who we are, of what it means to be human.



An annual feature of Edge is The World Question Center, which was introduced in 1971 as a conceptual art project by my friend and collaborator the late artist James Lee Byars, who died in Egypt in 1997. I met Byars in 1969, when he sought me out after the publication of my first book, By the Late John Brockman. We were both in the art world, we shared an interest in language, in the uses of the interrogative, and in the SteinsEinstein, Gertrude Stein, Wittgenstein, and Frankenstein. Byars inspired the idea of Edge and is responsible for its motto:


To arrive at the edge of the worlds knowledge, seek out the most complex and interesting minds, put them in a room together, and have them ask each other the questions they are asking themselves.



He believed that to arrive at an axiology of societal knowledge it was pure folly to go to a Widener Library and read 6 million books. (He kept only four books at a time in a box in his minimally furnished room, replacing books as he read them.) His plan was to gather the 100 most brilliant minds in the world together in a room, lock them in, and have them ask each other the questions they were asking themselves. The result was to be a synthesis of all thought. But between idea and execution are many pitfalls. Byars identified his 100 most brilliant minds, called each of them, and asked them what questions they were asking themselves. The result: seventy people hung up on him.

By 1997 the Internet and e-mail had allowed for a serious implementation of Byarss grand design, and this resulted in launching Edge. Among the first contributors were Freeman Dyson and Murray Gell-Mann, two names on his 1971 list of the 100 most brilliant minds in the world.

For each of the eight anniversary editions of Edge I have used the interrogative myself and asked contributors for their responses to a question that comes to me, or to one of my correspondents, in the middle of the night. The 2005 Edge Question was suggested by the theoretical psychologist Nicholas Humphrey.


Great minds can sometimes guess the truth before they have either the evidence or arguments for it. (Diderot called it having the esprit de divination.) What do you believe is true, even though you cannot prove it?


The 2005 Edge Question was an eye-opener (BBC 4 Radio characterized it as fantastically stimulatingthe crack cocaine of the thinking world). In the responses gathered here, theres a focus on consciousness, on knowing, on ideas of truth and proof. If pushed to generalize, I would say that these responses form a commentary on how we are dealing with a surfeit of certainty. We are in the age of search culture, in which Google and other search engines are leading us into a future rich with an abundance of correct answers along with an accompanying naive sense of conviction. In the future, we will be able to answer the questionsbut will we be bright enough to ask them?

This book proposes an alternative path. It may be that its OK not to be certain, but to have a hunch and to perceive on that basis. As Richard Dawkins, the British evolutionary biologist and champion of the public understanding of science, noted in an interview following publication of the 2005 Question: It would be entirely wrong to suggest that science is something that knows everything already. Science proceeds by having hunches, by making guesses, by having hypotheses, sometimes inspired by poetic thoughts, by aesthetic thoughts even, and then science goes about trying to demonstrate it experimentally or observationally. And thats the beauty of sciencethat it has this imaginative stage but then it goes on to the proving stage, the demonstrating stage.

There is also evidence in this book that scientists and their intellectual allies are looking beyond their individual fieldsstill engaged in their own areas of interest but, more important, thinking deeply about new understandings of the limits of human knowledge. They are seeing our science and technology not just as a matter of knowing things but as a means of tuning into the deeper questions of who we are and how we know what we know.

I believe that the men and women of the third culture are the preeminent intellectuals of our time. But I cant prove it.








Introduction



Proof, whether in science, philosophy, criminal court or daily life, is an elastic concept, interestingly beset with all kinds of human weakness, as well as ingenuity. When jealous Othello demands proof that his young wife is deceiving him (when, of course, she is pure), it is not difficult for Iago to give his master exactly what he masochistically craves. For centuries, brilliant Christian scholars demonstrated by rational argument the existence of a sky-god, even while they knew they could permit themselves no other conclusion. The mother wrongly jailed for the murder of her children, on the expert evidence of a pediatrician, reasonably questions the faith of the courts in scientific proof concerning sudden infant death syndrome. When Penelope is uncertain whether the shaggy stranger who turns up in Ithaca really is her husband Ulysses, she devises a proof invoking the construction of their nuptial bed which would satisfy most of us but not many logicians. The precocious ten-year-old mathematician who exults in the proof that the angles of a triangle always add up to 180 degrees will discover before his first shave that in other mathematical schemes this is not always so. Very few of us know how to demonstrate that two plus two equals four in all circumstances. But we hold it to be true, unless we are unlucky enough to live under a political dispensation that requires us to believe the impossible; George Orwell in fiction as well as Stalin, Mao, Pol Pot, and various others in fact, have shown us how the answer can be five.

It has been surprisingly difficult to establish definitively what the truth is about any matter, however simple. It is always hard to get a grasp of ones own innate assumptions, and it was once perilous to challenge the wisdom of the elders or the traditions that had survived the centuries, and dangerous to incur the anger of the gods, or at least of their earthly representatives. Perhaps it was the greatest invention of all, greater than that of the wheel or agriculture, this slow elaboration of a thought system, science, that has disproof at its heart and self-correction as its essential procedure. Only recently, over this past half millennium, has some significant part of humankind begun to dispense with the kinds of insights supposedly revealed by supernatural entities, and to support instead a vast and disparate mental enterprise that works by accretion, dispute, refinement and occasional radical challenges. There are no sacred textsin fact, a form of blasphemy has turned out to be useful. Empirical observation and proof are, of course, vitally important, but some science is little more than accurate description and classification; some ideas take hold, not because they are proved but because they are consonant with what is known already across different fields of study, or because they turn out to predict or retrodict phenomena efficiently, or because persuasive persons with powers of patronage hold themnaturally, human frailty is well represented in science. But the ambition of juniors and adversarial methods, as well as mortality itself are mighty enforcers. As one commentator has noted, science proceeds by funerals.

And again, some science appears true because it is elegantit is economically formulated while seeming to explain a great deal. Despite the fulmination against it from the pulpit, Darwins theory of natural selection gained rapid acceptance, at least by the standards of Victorian intellectual life. His proof was really an overwhelming set of examples laid out with exacting care. A relatively simple idea made sense across a huge variety of cases and circumstances, a fact not lost on an army of Anglican vicars in country livings who devoted their copious free time to natural history. Einsteins novel description, in his theory of general relativity, of gravitation as a consequence not of the attraction between bodies according to their mass but of the curvature of spacetime generated by matter and energy, was enshrined in textbooks within a few years of its formulation. Steven Weinberg describes how, from 1919 onward, various expeditions by astronomers set out to test the theory by measuring the deflection of starlight by the sun during an eclipse. Not until the availability of radio telescopes in the early fifties were the measurements accurate enough to provide verification. For forty years, despite a paucity of evidence, the theory was generally accepted because, in Weinbergs phrase, it was compellingly beautiful.

Much has been written about the imagination in science, of wild hunches born out, of sudden intuitive connections, and of benign promptings from mundane events (let no one forget the structure of benzene and Kekules dream of a snake eating its tail) to the occasional triumph of beauty over truth. In James Watsons account, when Rosalind Franklin stood before the final model of the DNA molecule, she accepted the fact that the structure was too pretty not to be true. Nevertheless, the idea still holds firm among us laypeople that scientists do not believe what they cannot prove. At the very least, we demand of them higher standards of evidence than we expect from literary critics, journalists, or priests. It is for this reason that the annual Edge QuestionWhat do you believe that you cannot prove?has generated so much public interest, for there appears to be a paradox here: those who stake their intellectual credibility on rigorous proof are lining up to declare their various unfalsifiable beliefs. Should not skepticism be the kissing cousin of science? Those very men and women who castigated us for our insistence on some cloudy notion that was not subject to the holy trinity of blind, controlled, and randomized testing are at last bending the knee to declare their faith.

The paradox, however, is false. As the Nobel Prize laureate Leon Lederman writes in his reply, To believe something while knowing it cannot be proved (yet) is the essence of physics. This collection, mostly written by working scientists, does not represent the antithesis of science. These are not simply the unbuttoned musings of professionals on their day off. The contributions, ranging across many disparate fields, express the spirit of a scientific consciousness at its bestinformed guesswork that is open-minded, free-ranging, and intellectually playful. Many replies offer versions of the future in various fields of study. Those readers educated in the humanities, accustomed to the pessimism that is generally supposed to be the mark of a true intellectual, will be struck by the optimistic tone of these pages. Some, like the psychologist Martin Seligman, believe we are not rotten to the core. Others even seem to think that the human lot could improve. Generally evident in these pages is an unadorned pleasure in curiosity. Is there life, or intelligent life, beyond Earth? Does time really exist? Is language a precondition of consciousness? Are cockroaches conscious? Is there a theory beyond quantum mechanics? Or indeed, do we gain a selective advantage from believing things we cannot prove? The reader will find here a collective expression of wonder at the living and inanimate world that does not have an obvious equivalent in, say, cultural studies. In the arts, perhaps lyric poetry would be a kind of happy parallel.

Another interesting feature is the prevalence here of what E. O. Wilson calls consilience. The boundaries between different specialized subjects begin to break down when scientists find they need to draw on insights or procedures in fields of study adjacent or useful to their own. The old Enlightenment dream of a unified body of knowledge comes a little closer when biologists and economists draw on one anothers concepts; neuro-scientists need mathematicians, molecular biologists stray into the poorly defended territories of chemists and physicists. Even cosmologists have drawn on evolutionary theory. And everyone, of course, needs sophisticated computing. To address each other across their disciplines, scientists have had to abandon their specialised vocabularies and adopt a lingua francacommon English. The accidental beneficiary, of course, has been the common reader, who needs no acquaintance with arcane jargon to follow the exchanges. One consequenceand perhaps symbolof this emerging synthesis in the scientific community has been the Edge website and its peculiarly heady intellectual culture. These pages represent only a small part of an ongoing and thrilling colloquium that is open to all.

Ian McEwan









Great minds can sometimes guess the truth before they have either the evidence or arguments for it. (Diderot called it having the esprit de divination). What do you believe is true even though you cannot prove it?










Martin Rees


SIR MARTIN REES is a professor of cosmology and astrophysics and the master of Trinity College at the University of Cambridge. He holds the honorary title of Astronomer Royal and is also a visiting professor at Imperial College London and Leicester University. He is the author of several books, including Just Six Numbers, Our Cosmic Habitat, and Our Final Hour.




I believe that intelligent life may presently be unique to our Earth but has the potential to spread throughout the galaxy and beyond itindeed, the emergence of complexity could be near its beginning. If the searches conducted by SETI (the Search for Extra-Terrestrial Intelligence) continue to come up with nothing, that would not render life a cosmic sideshow; indeed, it would be a boost to our self-esteem. Terrestrial life and its fate would be seen as a matter of cosmic significance. Even if intelligence is now unique to Earth, theres enough time ahead for it to permeate at least this galaxy and evolve into a teeming complexity far beyond what we can conceive.

Theres an unthinking tendency to imagine that humans will be around in 6 billion years to watch the sun flare up and die. But the forms of life and intelligence that have by then emerged will surely be as different from us as we are from a bacterium. That conclusion would follow even if future evolution proceeded at the rate at which new species have emerged over the past 3.5 or 4 billion years. But posthuman evolution (whether of organic species or artifacts) will proceed far faster than the changes that led to human emergence, because it will be intelligently directed rather than the gradual outcome of Darwinian natural selection. Changes will drastically accelerate in the present centurythrough intentional genetic modifications, targeted drugs, perhaps even silicon implants in the brain. Humanity may not persist as a single species for longer than a few more centuries, especially if communities have by then become established away from Earth.

But a few centuries is still just a millionth of the suns future lifetimeand the universe probably has a much longer future. The remote future is squarely in the realm of science fiction. Advanced intelligences billions of years hence might even create new universes. Perhaps theyll be able to choose what physical laws prevail in their creations. Perhaps these beings could achieve the computational ability to simulate a universe as complex as the one we perceive ourselves to be in.

My belief may remain unprovable for billions of years. It could be falsified soonerfor instance, we or our immediate posthuman descendants may develop theories that reveal inherent limits to complexity. But its a substitute for religious belief, and I hope its true.









Ray Kurzweil


RAY KURZWEIL is an inventor, entrepreneur, and principal developer of (among a host of other inventions) the first print-to-speech reading machine for the blind, the first text-to-speech synthesizer, the first CCD flat-bed scanner, and the first commercially marketed large-vocabulary speech recognition system. Recipient of the National Medal of Technology among many other honors, he is the author of several books, including The Singularity Is Near: When Humans Transcend Biology.




We will find ways to circumvent the speed of light as a limit on the communication of information.

We are expanding our computers and communication systems both inwardly and outwardly. Our chips features are ever smaller, while we deploy increasing amounts of matter and energy for computation and communication. (For example, were making a larger number of chips each year.) In one or two decades, we will progress from two-dimensional chips to three-dimensional self-organizing circuits built out of molecules. Ultimately we will approach the limits of matter and energy to support computation and communication.

As we approach an asymptote in our ability to expand inwardly (that is, using finer features), computation will continue to expand outwardly, using materials readily available on Earth, such as carbon. But we will eventually reach the limits of our planets resources and will expand outwardly to the rest of the solar system and beyond.

How quickly will we be able to do this? We could send tiny self-replicating robots at close to the speed of light, along with electromagnetic transmissions containing the needed software. These nanobots could then colonize faraway planets.

At this point, we run up against a seemingly intractable limit: the speed of light. Although a billion feet per second may seem fast, the universe extends over such vast distances that this appears to represent a fundamental limit on how quickly an advanced civilization (such as we hope to become) can spread its influence.

There are suggestions, however, that this limit is not as immutable as it may appear. Physicists Steve Lamoreaux and Justin Torgerson of the Los Alamos National Laboratory have analyzed data from an old natural nuclear reactor that 2 billion years ago produced a fission reaction lasting several hundred thousand years in what is now West Africa. Analyzing radioactive isotopes left over from the reactor and comparing them with isotopes from similar nuclear reactions today, they determined that the physics constant  (alpha, also called the fine structure constant), which determines the strength of the electromagnetic force, apparently has changed since 2 billion years ago. The speed of light is inversely proportional to , and both have been considered unchangeable constants. Alpha appears to have decreased by 4.5 parts out of 108. If confirmed, this would imply that the speed of light has increased. There are other studies with similar suggestions, and there is a tabletop experiment now under way at Cambridge University to test our ability to engineer a small change in the speed of light.

Of course, these results will need to be carefully verified. If they are true, it may hold great importance for the future of our civilization. If the speed of light has increased, it has presumably done so not just because of the passage of time but because certain conditions have changed. This is the type of scientific insight that technologists can exploit. It is the nature of engineering to take a natural, often subtle scientific effect and control it, with a view toward greatly leveraging and magnifying it. If the speed of light has changed due to changing circumstances, that cracks open the door just enough for the capabilities of our future intelligence and technology to swing the door wide open. Thats the nature of engineering: Consider, for example, how we have focused and amplified the subtle properties of Bernoullis principle (that air rushing over a curved surface has a slightly lower pressure than it does over a flat surface) to create the whole world of aviation.

If it turns out that we are unable to change the speed of light, we may nonetheless circumvent it by using wormholes (which can be thought of as folds of the universe in dimensions beyond the three visible ones) as shortcuts to faraway places. In 1935 Einstein and the physicist Nathan Rosen devised a way of describing electrons and other particles as tiny spacetime tunnels. Twenty years later, the physicist John Wheeler described these tunnels as wormholes, introducing that term for the first time. His analysis of wormholes showed them to be fully consistent with the theory of general relativity, which describes space as essentially curved in another dimension.

In 1988 Caltech physicist Kip Thorne and his PhD students Michael Morris and Uri Yertsever described in some detail how such wormholes could be engineered. Based on quantum fluctuations, so-called empty space is continually generating tiny wormholes the size of subatomic particles. By adding energy and following other requirements of both quantum physics and general relativity (two fields that have been notoriously difficult to integrate), these wormholes could in theory be expanded to allow objects larger than subatomic particles to travel through them. Sending humans would not be impossible, but it would be extremely difficult; however, as I have pointed out, we only need to send nanobots plus information, which could go through wormholes measured in microns rather than meters. The computational neuroscientist Anders Sandberg estimates that a one-nanometer wormhole could transmit a formidable 1069 bits per second. Thorne, Morris, and Yertsever also describe a method, consistent with general relativity and quantum mechanics, that could establish wormholes between Earth and faraway locations quickly even if the destination were many light-years away.

Physicist David Hochberg and Vanderbilt Universitys Thomas Kephart point out that shortly after the Big Bang, gravity was strong enough to have provided the energy required to spontaneously create enormous numbers of self-stabilizing wormholes. A significant portion of them are likely to still be around and may be pervasive, providing a vast network of corridors that reach far and wide throughout the universe. It might be easier to discover and use these natural wormholes than to create new ones.

The point is that if there are even subtle ways around the speed-of-light limit, the technological powers that our future human-machine civilization will achieve will discover them and leverage them to great effect.







Douglas Rushkoff


DOUGLAS RUSHKOFF is a media analyst, author, and documentarian. His books include Nothing Sacred, Media Virus, Get Back in the Box, and the novels Ecstasy Club and Exit Strategy.




Though I cant prove it more than anecdotally or experientially, I believe that evolution has purpose and direction. To me it seems obvious, if absolutely unconfirmable, that matter is groping toward complexity. True enough, stresses and threats, ranging from time and friction to decomposition and predators, require objects and life-forms to achieve some measure of durability in order to sustain themselves. But this ability to survive seems to me more a means to an end than an end in itself.

Theology goes a long way toward imbuing substance and processes with meaningdescribing life as matter reaching toward divinity, or as the process by which divinity calls matter back to itself. But theologians mistakenly ascribe this sense of purpose to history rather than to the future. This is only natural, since the narrative structures we use to understand our world tend to have beginnings, middles, and ends. In order to experience the payoff at the end of the story, we need to see it as somehow built into the original intention of events.

Its also hard for people to contend with the likely possibility that we are simply overadvanced fungi and bacteria hurtling through a galaxy in cold, meaningless space. But just because our existence may have arisen unintentionally and without purpose doesnt preclude meaning or purpose from emerging as a result of our interaction and collaboration. Meaning may not be a precondition for humanity as much as a by-product of it.

Its important to recognize that evolution at its best is a team sport. As Darwins later, lesser known but more important works contend, survival of the fittest is a law that applies not as much to individuals as to groups. Likewise, most great leaps forward in human civilization, from the formation of clans to the building of cities, have been feats of collaborative effort. Increased survival rates are as much a happy side effect of good collaboration as its purpose.

If we could stop thinking of meaning and purpose as artifacts of some divine creative act and see them instead as the yield of our own creative future, they become goals, intentions, and processes very much in reach rather than the shadows of childlike, superstitious mythology.

The proof is impossible, since this is an unfolding story. Like reaching the horizon, arrival merely necessitates more travel.








Richard Dawkins


THE EVOLUTIONARY BIOLOGIST Richard Dawkins is the Charles Simonyi Professor of Public Understanding of Science at Oxford University and a Fellow of the Royal Society. His books include The Selfish Gene, Climbing Mount Improbable, A Devils Chaplain, and The Ancestors Tale.




It is an established fact that all of life on this planet is shaped by Darwinian natural selection, which also endows it with an overwhelming illusion of design. I believe, but cannot prove, that the same is true all over the universe, wherever life may exist. I believe that all intelligence, all creativity, and all design, anywhere in the universe, is the direct or indirect product of a cumulative process equivalent to what we here call Darwinian natural selection. It follows that design comes late in the universe, after a period of Darwinian evolution. Design cannot precede evolution and therefore cannot underlie the universe.







Chris Anderson


CHRIS ANDERSON is the editor-in-chief of Wired magazine.





The Intelligent Design movement has opened my eyes. I realize that although I believe that evolution explains why the living world is the way it is, I cant actually prove it. At least not to the satisfaction of the ID folk, who seem to require that every example of extraordinary complexity and clever plumbing in nature be fully traced back (not just traceable back) along an evolutionary tree to prove that it wasnt directed by an Invisible Hand. If the scientific community wont do that, then, the argument goes, they must accept a large red Theory stamp on the evolution chapter in the biology textbooks and the addition of chapters on alternative theories, such as guided evolution and creationism.

So, by this standard, virtually everything I believe in must now fall under the shadow of unproveability. This includes the belief that democracy, capitalism, and other market-driven systems (including evolution!) are better than their alternatives. Indeed, I suppose I should now refer to them as the theory of democracy and the theory of capitalism and accept the teaching of fascism and living Marxism as alternatives in high schools.







Stephen Petranek


STEPHEN PETRANEK is the editor-in-chief of Discover magazine.




I believe that life is common throughout the universe and that we will find another Earthlike planet within a decade.

The mathematics alone ought to be proof enough for most people: billions of galaxies with billions of stars in each galaxy and planets around many of those stars. These numbers suggest that the absence of life elsewhere in the universe is an improbable scenario. But there is more to the idea than good odds. Weve so far found more than 150 planets, just by looking at nearby stars in our little corner of the Milky Wayresults suggesting that there are uncountable numbers of planets in the Milky Way alone. Some are likely to be Earthlike, or at least Earth-sized, although the vast majority of those weve found are huge gas giants, whichlike Jupiter and Saturnare unlikely to harbor life.

Five recent developments suggest that the discovery of extraterrestrial life is not far off.

First, NASAs Mars Rover Opportunity found incontrovertible evidence that a briny sea once covered its landing site, in the Martian plain known as Meridiani Planum. Now the only question about whether or not life once existed on Mars is whether that seawhich spread across Meridiani Planum twice in Martian historyexisted long enough for life to form. The Phoenix mission, scheduled to land on the northern polar water-ice cap in May 2008 and study the caps history and interaction with the Martian atmosphere, may answer that question.

Second, in February 2005, scientists studying images from the Mars Express Orbiter announced evidence near the planets equator of an existing frozen lake the size of Earths North Sea.

Third, a team of astrophysicists reported in July 2004 that radio emissions from Sagittarius B2, a nebula near the center of the Milky Way, indicate the presence of aldehyde molecules, the prebiotic stuff of life. Aldehydes help form amino acids, the fundamental components of proteins. Some of the same scientists had previously reported clouds of other organic molecules in space, including glycolaldehyde, a simple sugar. Outer space is doubtless full of complex moleculesnot just atomsnecessary for life. Comets in other solar systems could easily deposit such molecules on planets, as those in our solar system may have done on Earth.

Fourth, astronomers are beginning to find much smaller planets around other stars. In the summer of 2004 a team led by Barbara McArthur of the University of Texas at Austins McDonald Observatory found a planet eighteen times the mass of Earth (roughly the mass of Neptune) orbiting 55 Cancri, a star about as large as our sun, with three known planets. Around the same time, a team in Portugal announced their discovery of a fourteen-mass planet orbiting mu Arae, another sunlike starthe second planet to be found there. These smaller planets are likely to be rock, not gas. Were on our way to finding an extrasolar Earth, McArthur told reporters.

Fifth, astronomers are getting good not only at finding new planets but also at improving the resolution of their telescopes
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