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INTRODUCTION: by John Brockman
In 1991 I published an essay entitled “The Third Culture,” in which I introduced the idea that a new culture, a public culture, had come into being which consisted 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.”
Science is the big news, and it is scientists who are asking the big questions. Through their books and articles they have become the new public intellectuals, leaders of a new kind of public culture. The Next Fifty Years pictures several aspects of this new culture.
The essays presented here are not the marginal discussions of the old-style intellectual culture; the work of this group of scientists centers on developments that affect the lives of everybody on the planet. Consider the recent international press coverage of such issues as stem-cell research, cloning, the sequencing of the human genome, artificial intelligence, astrobiology, and quantum computing. The topics (as well as the work) inevitably cut across disciplines. One of the reasons for the remarkable increase over the last ten years in readership of books by scientists (including those who are contributors to this volume) is that they are compelled to write in language that their colleagues in other disciplines can understand. The generally educated reader thus benefits, because he or she can now join in and look over the shoulders of members of this group as they take on the big questions of the day.
In this culture, and in the present book, scientists are not writing popularizations meant only to entertain the public; they are writing for, and engaging, their peers in other disciplines in the debates of our times. The goal is not the popularization of science but the attempt to make the latest scientific research understandable within science itself as well as to a wide audience.
That said, I do not claim that the authors of these essays necessarily offer “better” answers to the questions that arise in our daily lives than does any average person. The critical difference is in the quality of the questions they address.
The subject, and a starting point for these twenty-five original essays, is “the next fifty years” in the respective fields of the contributors. How will achievements in science over the next half century change our world? How will they change the questions we are asking about who and what we are? What developments might we expect in each field or discipline, and how might these influence and cut across other disciplines? What current expectations will not be realized, and what will be the surprising shifts in perception?
The book features thoughtful, challenging essays—intellectual adventures—by twenty-five leading scientists, all of them frequent communicators of their science in books and articles for the general public. They are the biologists Richard Dawkins, Paul W. Ewald, Brian Goodwin, Stuart Kauffman, and Robert Sapolsky; the chemist Peter Atkins; the psychologists Paul Bloom, Mihaly Csikszentmihalyi, Nancy Etcoff, Alison Gopnik, Judith Rich Harris, and Geoffrey Miller; the psychologist and computer scientist John H. Holland; the psychologist and AI researcher Roger C. Schank; neuroscientists Samuel Barondes, Marc D. Hauser, and Joseph LeDoux; computer scientists David Gelernter and Jaron Lanier; Rodney Brooks, director of MIT’s Artificial Intelligence Laboratory; the mathematicians Ian Stewart and Steven Strogatz; the astronomer Martin Rees; and theoretical physicists Paul Davies and Lee Smolin.
Part One is an exploration of the future “in theory.” Among the topics: advances in cosmology, the use in mathematics of “virtual unreality systems,” new directions in complexity theory, speculations on what it means to be “alive,” on how we learn, on how we think, on the nature of our consciousness and how we feel, on whether or not we are alone as a unique form of intelligence in this universe.
Part Two explores the future “in practice.” It covers topics such as the future of DNA sequencing and what it will teach us about ourselves; the exploration of Mars and the search for extraterrestrial life; our command over matter; our intimate interaction with our machines and particularly our computers; the future outlines of cyberspace, neuroscience, and the way we raise our children; and the prospects for our continuing physical and mental well-being.
We are going through a rapidly accelerating epistemological sea change. We are using unprecedentedly powerful new tools, and in the process, as the Oxford biologist J. Z. Young pointed out in his BBC Reith Lecture in 1951, we are becoming those tools. What we have lacked until recently is an intellectual culture able to transform its own premises as fast as our technologies are transforming us.
The Next Fifty Years is part of this beginning, a place where empiricism and epistemology collide and everything becomes different—and where we begin to rethink our own natures and what kind of world we live in. That synergy exists in the work of the thinkers represented in this book and in their contributions to this book.
John Brockman
New York City
September 2001 
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THE FUTURE, IN THEORY


LEE SMOLIN
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The Future of the Nature of the Universe
WE ARE ASKED TO PREDICT the state of our science fifty years from today. Fifty years is a long time, given the pace at which physics and cosmology have progressed over the last several hundred years. But perhaps it is not too long a time to make predictions that will not seem entirely stupid by then. If you look back over the history of science, you will see that often the important questions people were asking had been answered fifty years later. And yet the progress of science has usually been slow enough that people speak roughly the same language as their colleagues working in the same field fifty years earlier.
Let’s look back fifty years, then, and note what the big questions were. My own list would include:
What is the nature of the strong force that holds atomic nuclei together?
What is the nature of the weak force responsible for radioactive decay?
Is the Steady State model of the universe right, or might there have been a Big Bang, as speculated by Gamow and other fringe figures?
Do protons and neutrons have any internal structure?
Why do the proton and neutron have slightly different masses, while the electron is much lighter than either? Why is the neutrino massless? What is the muon and who ordered it?
What is the relationship between general relativity and quantum theory?
What is the right way to understand the quantum theory?
I think we can confidently assert that now we know the answers to the first four questions. We are still working on the last three. But the first have not been forgotten; indeed, the methods by which those questions were answered form the basis of the training of a theoretical physicist today.
If we look back a hundred years, however, we find that we no longer care about many of the questions people were asking then. I’m not enough of a historian to write a list of questions asked by physicists at the turn of the last century, but they would likely have been more concerned with the properties of the ether than with the properties of atoms. There was no evidence for the existence of physical atoms until a few years later—and, indeed, in 1900 many physicists did not believe that atoms existed. Others, like Ernst Mach, thought the question was not a part of physics because atoms would never be observed. As for astronomy, there was no evidence in 1900 for the existence of galaxies apart from our own Milky Way, nor did anyone have any idea what made the stars shine. So while physicists of the early 1950s would probably have understood the questions that physicists are asking now, no one at the beginning of the twentieth century could have understood even the words that physicists were using in 1950 to talk to each other.
Sometimes science changes so little over fifty years that it makes sense to try to predict what we will know after that span. But there are periods when progress is faster and this is no longer the case. It seems that there is a horizon, somewhere between fifty and a hundred years into the future, beyond which it may be useless to speculate in any detail about the progress of science.
Let’s take a moment to consider why this is so. It’s probably partly because fifty years is about the length of a scientific career, from the beginning of studies until retirement. This, then, is the span of time over which the conservative tendencies built into the structure of scientific careers act to retard the progress of science. Science is hard, and we scientists prefer to have as good an understanding of what we’re doing as possible; thus, unless forced to do otherwise, we prefer to work with techniques and ideas we already understand well. Another factor is that the careers of young scientists are often controlled by senior people nearing retirement, who are in many cases no longer active and therefore unfamiliar with new techniques. Career-savvy graduate students, no matter how imaginative, hesitate to work on something not understood by the powerful old men and women of their field. Thus, in order to think about what my science will be like in fifty years, I imagine what the brightest of my graduate students will be talking about at their retirement parties. My guess is that unless they are forced by data they cannot otherwise explain to make a revolution comparable to that of the early twentieth century, they will be using the language we’ve taught them. If that’s the case, the present exercise may be useful— though the romantics among us would rather anticipate a revolution than confirmation of our own beliefs.
One can also speculate on what was different about the sociology of science in the first half of the twentieth century to enable such enormous progress. Two credible answers come to mind: One is that it was possible for outsiders, such as Albert Einstein and Paul Ehrenfest, to publish in spite of not having university positions; another is that the generation that preceded the inventors of quantum theory was mostly wiped out in World War I, leaving the field open for Heisenberg, Dirac, and their friends.
This said, what will we know about fundamental physics and cosmology in fifty years? Rather than guessing, I propose a method that has a chance of reaching conclusions that won’t look silly in the 2050s. I will list the most fundamental questions that are currently unanswered. Then I will ask what developments we may expect in experimental and observational science which will enable answers to them to be checked. I won’t worry about theoretical developments, since there are already proposed answers to all of my questions and I assume that over a time span of fifty years we theorists will be able to adjust our theories, or invent new ones, in response to the data.
Here, then, is my list of the seven most important open questions in fundamental physics and cosmology:
Is quantum theory true as presently formulated, or will it need to be modified, either to have a sensible physical interpretation or to unify it with relativity and cosmology?
What is the quantum theory of gravity? What is the structure of space and time on the Planck scale (10−33 cm, or twenty orders of magnitude smaller than an atomic nucleus)?
What explains the exact values of the parameters that determine the properties of the elementary particles, including their masses and the strengths of the forces by which they interact?
What explains the large ratios of scales we observe? Why is the gravitational force between two protons forty powers of ten smaller than their electrical repulsion? Why is the universe so big? Why is it at least sixty powers of ten bigger than the fundamental Planck scale? Why is the cosmological constant smaller than any other parameter in physics by roughly the same ratio?
What was the Big Bang? What determined the properties of the universe that emerged from it? Was the Big Bang the origin of the universe? If not, what happened before it?
What constitutes the dark matter and dark energy that make up between 80 and 95 percent of the density of the universe?
How did the galaxies form? What do the patterns we observe in the distribution of the galaxies tell us about the early evolution of the universe?
The first four of these questions continue, and deepen, unanswered questions from fifty years ago. The other three are new. Let us then ask whether the observations and experiments we’ll be able to make in 2050 will be sufficient to test answers that theorists may propose to these questions. Of course, anything could be invented in fifty years. If my method is to be believable, we have to be conservative about the development of technology. I will thus consider only technology already existing or under development. In the latter case, I will consider only technology that a sizable fraction of experts believe will work in the next few years. However, for each technology existing or under development, I will assume that over the course of fifty years it will have been developed as far as possible, given only constraints imposed by the laws of physics or economics. Ordinary microscopes have a natural limit given by the wavelength of light, while telescopes have a natural limit imposed by the speed of light in a universe of finite age. Other technologies are more likely to be limited by financial considerations. We can safely assume that no experiment will be done whose cost (at that time) exceeds the defense budget of the United States. Let me hasten to add that I am not an expert in experimental physics or observational cosmology and I have not done a careful study of the limits involved. So my estimates will of necessity be very broad. Based on an extrapolation of current technology to its natural and financial limits, here is what I think we may hope for by mid-century.
We may begin with quantum theory. At present, powerful new techniques are being developed that promise to greatly extend the regime over which the quantum theory has been experimentally tested—techniques chiefly in aid of developing quantum computers. These are macroscopic devices that use quantum effects, such as superposition and entanglement, to do computations impossible for ordinary computers. A quantum computer requires those effects—which have so far been observed only for atomic systems—to work for macroscopic systems like the circuits of a computer, so the devices test those predictions of quantum theory that differ most strongly from classical theory.
Because it has been demonstrated that quantum computers could break all the codes now used by governments, militaries, and business, a lot of money is going into quantum computing. So it is safe to assume that as long as quantum mechanics remains true when extrapolated to macroscopic systems, there will be quantum computers in fifty years, and there are also likely to be quantum communication devices that make use of quantum states extending nonlocally worldwide. And if the present quantum theory is only an approximation of a deeper theory, experiments with quantum computers are likely to reveal this. It is thus reasonable to conclude that fifty years from now we will know the answer to the first question.
Let’s turn next to cosmology. By mid-century we will certainly have a detailed picture of the history of the universe, based on observations using the full range of the electromagnetic spectrum, plus neutrinos, cosmic rays, and gravitational waves. The parameters in our current cosmological models will have been measured to high precision, and we will know lots of other facts about the universe, such as the number of black holes, the distributions in space and time of stars, galaxies, black holes, neutron stars, quasars, gamma ray bursters, and other objects. In fact, we will probably know more about the detailed history and properties of the universe than we know now about the history of the surface of our planet. At least in terms of familiarity with the whole range of its phenomena, we will truly be “at home in the universe.”
The results will strongly constrain current theories of the early universe, such as inflation. We will also have a detailed picture of how galaxies and the patterns of galactic clusters and superclusters formed. Even without direct observations of dark matter, those observations will strongly constrain theories of the nature of dark matter and dark energy. By mid-century we may or may not have directly observed dark matter and dark energy and learned enough about them to confirm or refute the various theories that have been proposed about them.
Some readers will ask whether all these observations might confirm the Big Bang theory. To answer that question, we must distinguish between two meanings of Big Bang cosmology. I’ll call the first the Expanding Universe cosmology: This is the theory that the universe has expanded from a much denser and hotter state for roughly 13 billion years. Among the key events in this story is the decoupling of light and matter when the universe had cooled enough for atoms to be stable. For roughly a million years before that, the universe was filled with a plasma, like the interior of a star. Since the transition, the universe has been filled with a very dilute gas, transparent to light, and all of the structures we see—stars and their planets, galaxies, galactic clusters—were formed. And almost all the chemical elements were formed since the transition, in stars; only helium and other light elements, like deuterium and lithium, were formed beforehand. I think it is unlikely that the outline of this story will be modified fifty years from now. We will know much more about the processes whereby stars, galaxies, and the elements formed, but all the evidence will still support the Expanding Universe theory.
It is also safe to say that we will have observations that strongly constrain our theories about what happened in the very early history of the universe. As we turn back the clock, the density and temperature increase. It is interesting to wonder how far back we can go to constrain theories by observation. By mid-century the part of the theory open to test is likely to extend back at least to the Planck time, a period so small that 1043 of them would fit into one second. Take, for example, the inflation hypothesis. Under a certain set of reasonable assumptions, predictions of this theory are testable in current observations of the fluctuations in the cosmic microwave background. These observations make up one of the greatest achievements of recent science. But even if current observations are compatible with inflation, there remain many open questions: The predictions of inflation are simple and may well be implied by other theories, so measurements that are more detailed may be needed to distinguish inflation from possible rival explanations of the present data. Moreover, there are many different versions of inflation, and further measurements are certainly needed to distinguish them. We hope to have those more detailed measurements of the cosmic microwave background not in fifty years but in five. So it is reasonable, if not certain, to predict that by mid-century it will be old hat to consider theories of the expanding universe testable by detailed observations all the way back from our present era to the Planck time.
But the Planck time is still not the origin of time. Very different from the Expanding Universe theory is the assertion that the Big Bang was the absolute beginning of the universe. Even if we know that the universe is hotter and denser all the way back to some point that may be a fraction of a second after some theoretical beginning, this does not prove that something didn’t happen before that to set the expansion in motion. So it remains possible that the universe existed, possibly in some different form, a long time before the moment of the theoretical “Big Bang.” To distinguish these kinds of hypotheses, let me refer to them as Origin of the Universe theories.
There are several Origin of the Universe theories now under study, and they are all compatible with the Expanding Universe theory and therefore with all existing observations. Some of these, such as the Hartle-Hawking “wave-function of the universe,” predict (or better, assume) that the Big Bang was really the origin of time. Others, such as the idea that new universes are created in the collapse of black holes, predict that there was a universe before the Big Bang, and that what happened then determined the properties of the universe that emerged from the Big Bang. It is possible, but by no means assured, that we will have evidence constraining these theories to the point that we will know whether there was something before the Big Bang or not. This evidence will have to come from using gravitational waves to probe the universe in the earliest period of the expansion. Nothing else can do this, because the universe at early times is opaque to all forms of radiation except gravitational waves. Gravitational wave astronomy is currently under development, but no gravitational waves have yet been observed. There are on the table proposals for space-based gravitational wave detectors that will in principle be able to use gravitational radiation to take a snapshot of the universe at the Planck time and thus distinguish different theories of the origin of the universe. It is possible but by no means certain that this technology will be in place by mid-century.
Let me turn now to elementary particle physics. Here the limitations are economic. If there are no breakthroughs in accelerator technology, then accelerators much bigger than those currently under construction with multibilliondollar budgets will not be built. The problem is that the increase in energy with money is logarithmic, so to get roughly ten times more energy you need to increase the budget a hundredfold. It’s therefore safe to predict that by mid-century, unless new technology has been invented, we will have probed at most two or three orders of magnitude higher in energy and smaller in scale than we have so far. But even this modest increase will lead to a host of discoveries, such as the Higgs boson, which is the particle believed to be implicated in setting the masses of all the observed elementary particles. We also ought to have confirmed or refuted the hypothesis of supersymmetry, which is a key element of string theory. All this is very important but will still leave us more than fifteen powers of ten from the Planck scale, which we must probe in order to directly test quantum theories of gravity. Does this mean that candidates for quantum gravity, such as string theory and loop quantum gravity, will still be untested fifty years from now?
Perhaps not! New technology has made it possible to probe the Planck scale. The reasoning is as follows: Some quantum theories of gravity predict that space and time have a discrete atomic structure. If this is indeed the case, it would modify the way in which a photon traveled through space—rather like the way light is dispersed or refracted when passing through water. This effect is extremely small, but it is cumulative: If a photon travels very long distances, the tiny effect is amplified. Luckily we can easily observe photons that have been traveling for billions of light-years, coming from highly energetic events like gamma ray bursts. In these and a few other cases, the effects predicted by certain theories of quantum gravity may be large enough to be observed. Indeed, there are already claims that certain effects already observed in the behavior of very-high-energy cosmic rays may be explained by the effect of the quantum spacetime structure of space at the Planck scale.
I should emphasize that here I am referring to present-day observations made with satellites designed to do other sorts of observations. With satellites designed for this purpose, the Planck scale could be probed in the next ten years. Improving these experiments requires mainly improvements in the precision of the detectors, and I know of no natural or economic constraints on the precision of detectors of high-energy photons which could prevent this new method from being used as a detailed probe of the structure of spacetime at the Planck scale. As for cosmic rays, there will be economic constraints: Cosmic rays become rarer as their energy increases, so it takes a bigger detector to probe further in energy. However, detectors already proposed and under development will be sufficient to study the range of energies relevant to distinguish the different quantum theories of gravity; and here, also, very good data will exist by 2050.
String theory, which is considered one of the leading candidates for a quantum theory of gravity, has been criticized for making few testable predictions. But it does make a few, and one of these bears on the results of such observations—that is, that the results must be consistent with space having a smooth structure. This is required by a symmetry of the theory called Lorentz invariance. Other quantum theories of gravity predict that this symmetry is broken or modified by small effects. The differences between the predictions of the different theories are well within the domain of what these new experiments could test. Thus it may happen that in a few years string theory, or one of its competitors, will have been ruled out by observations.
So here is the result of our quick survey of the experimental possibilities. It seems likely that we will have good data constraining the answers to the first two questions, concerning quantum theory and quantum gravity, and the last two questions, concerning cosmology and astrophysics. We may or may not have data that allow us to test theories of the origin of the universe. Gravitational wave astronomy may reveal information coming from an era of the universe before the Big Bang, if there indeed was such a time, but given the uncertain state so far of gravitational wave astronomy, this is not assured.
There are then two remaining questions, numbers 3 and 4. These concern the reason that the parameters of particle physics, such as the masses of the elementary particles and the strengths of their interactions, take the values they do. Here the situation is unclear. We already have a lot of relevant data, but we cannot answer these questions at present. Developments in particle physics that will be testable by the next generation of particle accelerators may help us to understand why the elementary particles have the masses and interactions they do. But it is not at all certain that probing a few more orders of magnitude will give us enough insight to decide these questions.
Alternatively, it may be that these questions are answered by a quantum theory of gravity. This was the original motivation for string theory. But so far it doesn’t look that way. Instead, the present theoretical evidence is that quantum theories of gravity like string theory are compatible with a wide range of choices for the properties of the elementary particles. This is because the answers we seek have to do with which solution of a particular theory describes our universe, rather than with the choice of which of the competing theories is correct. Each theory seems to have many solutions, and each one describes a possible universe.
This has led some of us to theories in which there are in fact many universes. Or rather, there is one universe but it contains many regions, each of which is like our own. Each begins in a big bang, after which it expands, taking on a structure dictated by the laws of physics. There are, roughly speaking, two kinds of such many-universe theories. The first just posits that the world consists of a large number of universes, in each of which the laws of nature, or at least the parameters of the laws, are chosen randomly. This generally goes under the name of the anthropic principle. The second kind of theory posits a process in which new universes are born as a result of the formation of black holes. This theory, called cosmological natural selection, works something like evolutionary biology, because the most common kinds of universes will be those that make the most copies of themselves.
Of these, the anthropic principle is not testable at all, while the natural-selection hypothesis is falsifiable but not provable—at least, with present technology. To prove rather than disprove this theory, we need a probe of the time before the Big Bang. Gravitational waves may do this for us, but, as I indicated, perhaps not within fifty years. So while the natural-selection idea may have survived all the tests thrown at it by 2050, it may still not have been proved.
Of course, new ideas and technologies may be invented which change the situation drastically. But we have agreed here to be conservative and consider only existing ideas and technologies. If I have to hazard a guess based on this conservative analysis, it would be that fifty years from now we will know the answers to at least five of the seven questions I listed. But it is anybody’s guess whether we will know the answers to questions 3 and 4. That is, we may know the quantum theory of gravity, understand the nature of the Big Bang, have discovered and agreed on the correct formulation of quantum theory, and still not be able to answer a simple question that was posed as long ago as the 1930s: Why do the proton and neutron have almost the same mass, and why is the neutron the one that is slightly heavier?
LEE SMOLIN, a theoretical physicist, is a founding member of and research physicist at the Perimeter Institute, in Waterloo, Ontario. He is the author of The Life of the Cosmos and Three Roads to Quantum Gravity.
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Cosmological Challenges: Are We Alone, and Where?
THE PRIME EXPLORATORY CHALLENGE of the next fifty years is neither in the physical sciences nor in (terrestrial) biology. It is surely to seek firm evidence for, or against, the existence of extraterrestrial intelligence. By 2050 it would be, I think, surprising if we did not understand how life began on Earth. We would then, even without direct extraterrestrial evidence, be able to assess how likely it was that life of some basic kind had emerged on other planets. But this leaves open a second question that could prove more intractable: “If simple life has emerged, what are the odds against its evolving into something that we would recognize as intelligent?”
An armada of space probes will be sent to Mars in the next decade to study its surface and eventually return samples to Earth. There are longer-term plans to search elsewhere in our solar system with robotic space probes—for instance, in the atmosphere of Saturn’s giant moon Titan and in the ice-covered oceans of Europa, one of Jupiter’s moons. If any of these instruments reveals that even the simplest form of life has originated independently at a second location within our own system of planets, this would imply that simple life must be widespread in the Galaxy and beyond.
Nobody now expects “advanced” life anywhere else in our own solar system, but our sun is just one star among billions in the Milky Way alone. Could planets orbiting other stars harbor life-forms far more interesting and exotic than anything we might find on Mars? Could they even be inhabited by beings we could recognize as intelligent? Even if primitive life is common throughout the universe, the emergence of advanced life might not be. At the moment, I think agnosticism is the only rational stance on this issue. We don’t know enough about life’s origins—still less about whether natural selection is “convergent” or would yield a quite different outcome if rerun on Earth—to say whether intelligent aliens are likely or unlikely.
Attempts to search for signals from intelligent extraterrestrials have had a hard time getting public money—even at the level of the tax revenues from a single science fiction movie—because the topic is encumbered by flaky associations with UFOs and so forth. But fortunately the pioneering efforts of the SETI Institute in California continue to expand, backed by hefty donations from visionary private benefactors.
I’m enthusiastic about these searches, and would remain so even if I believed there were heavy odds against success, because of the import of any manifestly artificial signal— even something as boring as a string of prime numbers. We would not know, of course, whether the transmission came from anything “conscious” or from an artifact left by a species that had become extinct long before the message was transmitted. But such contact would confirm that concepts of logic and physics had emerged elsewhere than in human brains. We would look at a distant star with renewed interest if we knew it was another sun, shining on a retinue of planets of which one had a biosphere as intricate and complex as our Earth’s.
Such searches may of course be doomed to fail. This plainly would be in some ways disappointing. Failure need not, of course, imply that no other intelligences exist— they could be leading contemplative lives and doing nothing to reveal their presence. On the other hand, our cosmic self-esteem would be boosted if our tiny Earth were indeed a unique abode of intelligence: We could justly view it in a less humble cosmic perspective than it would merit if the Galaxy teemed with complex life. We could regard Earth as a “seed,” from which life could disperse throughout space. There is plenty of time lying ahead. The entire Galaxy, extending for a hundred thousand light-years, could be greened in less time than it took for us to evolve from the first primates. When the sun dies, 5 billion more years will have elapsed; that is five times longer than it has taken for natural selection to lead from the first multicellular organisms to Earth’s present biosphere, including us. During those eons of time, there could be even larger qualitative leaps. Future changes could indeed be much faster if artificially directed, so that they occur on a cultural or historical timescale. We can’t predict what role life will eventually carve out for itself: It could become extinct, or it could achieve such dominance that it would influence the entire cosmos. The latter is the province of science fiction, but it can’t be dismissed as absurd.
From Other Worlds to Other Universes?
The challenges of firming up some of these speculations in the next fifty years will seem less daunting if we look back at what has been achieved during the twentieth century. A hundred years ago, it was a mystery why the stars were shining. Moreover, we had no concept of anything beyond our Milky Way, which was assumed to be a static system. In the last three decades, space probes have beamed back pictures from all the planets of our solar system and giant telescopes have allowed astronomers to look far deeper into space than was previously possible. Our cosmic panorama extends millions of times beyond the remotest stars we can see—out to galaxies so far away that their light has taken 10 billion years to reach us. Cosmic history can be traced back to within a second of the beginning. Only in the first millisecond of cosmic expansion and deep inside black holes do we confront conditions where the basic physics remains unknown.
These advances have raised a fascinating possibility: that what we call our universe—the domain that astronomers can probe and which originated in the Big Bang—may not be all of reality. Theorists have already come up with illustrative scenarios for multiple universes, based on assumptions that are well defined but speculative. Andrei Linde, Alex Vilenkin, and others have performed computer simulations depicting an “eternal” inflationary phase in which many universes sprout from separate big bangs into disjoint regions of spacetime. Alan Guth and Lee Smolin have, from different viewpoints, suggested that a new universe could sprout inside a black hole, expanding into a new domain of space and time inaccessible to us. And Lisa Randall and Raman Sundrum conjecture that other universes could exist separated from us in an extraspatial dimension; these disjoint universes may interact gravitationally, or they may have no effect whatsoever on one another. In the hackneyed analogy wherein the surface of a balloon represents a two-dimensional universe embedded in our three-dimensional space, these other universes would be represented by the surfaces of other balloons. Any bugs crawling around on one such surface, and with no conception of a third dimension, would be unaware of their counterparts crawling around on the surfaces of other such balloons. Other universes would be separate domains of space and time. We couldn’t even meaningfully say whether they existed before, after, or alongside our own, because such concepts make sense only insofar as we can impose a single measure of time ticking away in all the universes.
Alan Guth and Edward Harrison have even conjectured that universes could be made in the laboratory, by imploding a lump of material to make a small black hole. Is our entire universe perhaps the outcome of some experiment in another universe? Smolin speculates that a daughter universe may be governed by laws that bear the imprint of those prevailing in its parent universe. If so, the theological arguments from design could be resuscitated in a novel guise, further erasing the spurious boundary between natural and “supernatural” phenomena.
Parallel universes are also invoked as a solution to some of the paradoxes of quantum mechanics, in the “many worlds” theory, first proposed by Hugh Everett and John Wheeler in the 1950s. This concept was prefigured by the visionary science fiction pioneer Olaf Stapledon, as one of the more sophisticated creations of his Star Maker:
Whenever a creature was faced with several possible courses of action, it took them all, thereby creating many . . . distinct histories of the cosmos. Since in every evolutionary sequence of the cosmos there were many creatures and each was constantly faced with many possible courses, and the combinations of all their courses were innumerable, an infinity of distinct universes exfoliated from every moment of every temporal sequence.
None of these scenarios has been dreamed up out of the air; each has a serious, albeit speculative, theoretical motivation. However, only one of them, at most, can be correct. Quite possibly none is; there are alternative theories that would lead just to one universe.
Firming up any of these ideas will require a theory that consistently describes the extreme physics of the very beginning, when our current universe was squeezed so small that quantum fluctuations could shake it—a theory, in other words, that reconciles Einstein’s theory of gravity (general relativity) with the quantum principle, which governs the microworld of subatomic particles.
Einstein himself spent his last thirty years seeking such a unified theory, in vain. Unkind critics said that he “might as well have gone fishing” for the last half of his life; now we can see that his quest was premature, because he was unaware of the nuclear and weak forces which any such theory must incorporate along with electromagnetism. Unified theories are likely to offer a more realistic challenge in the twenty-first century than they ever were in the twentieth, and the time now seems ripe for a realistic assault on them. But consistency is not enough; there must be grounds for confidence that a unified theory isn’t a mere mathematical construct but applies to external reality. We would develop such confidence if the theory accounted for things we can observe that are otherwise unexplained—such as a link between the nuclear, electric, and gravitational forces, or why there are three kinds of neutrinos. In the coming decades, physicists may well develop such a theory. If so, it will be the end of an intellectual quest that began before Newton and continued through Maxwell, Einstein, and their successors. But I’d be even more excited if it offered insight into why our universe has features which, to some of us, seem surprising.

Our Special, Biophilic Universe
If aliens exist in our universe, they may understand and “package” aspects of reality very differently from the way our own minds do, but if we ever establish contact we’re assured one common interest. They will be made of similar atoms and governed by the same physical laws. If they have eyes and clear skies, they will gaze out on the same vista of stars and galaxies as we do. We all trace our origins back to a common genesis—a Big Bang about 13 billion years ago.
But our existence—and that of the aliens, if there are any—depends on our universe’s being rather special. A universe hospitable to life—what we might call a biophilic universe—must, it seems, be adjusted in a particular way. The prerequisites for any form of life—long-lived stable stars, atoms (such as carbon, oxygen, and silicon) able to combine into complex molecules, and so on—are sensitive to the physical laws and to the size, expansion rate, and contents of the universe. If the recipe imprinted at the time of the Big Bang had been even slightly different, we could not exist. Many recipes would lead to stillborn universes, with no atoms, no chemistry, and no planets—or to universes too short-lived or too empty to allow anything to evolve beyond sterile uniformity. This distinctive recipe seems a fundamental mystery.
A profound question that exercised Einstein was “Did God have any choice in the creation of the world?” He was pondering—in poetic language—whether the laws governing our universe are unique
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