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PREFACE







   All great discoveries in experimental physics have been due to the intuition of men who made free use of models, which were for them not products of the imagination but representatives of real things.




  Max Born (1953)







  ATOMS AND THE VOID




  Most people would agree that science must tell us something about reality. However, no one has stated what exactly that may be. Scientists do not speak with one mind on the matter. They, and the philosophers who study science, have not reached anything approaching consensus on the nature of reality revealed by science, or even if any has been revealed. Still, despite this collective uncertainty, something must be out there in the real world. And, based on its track record, science is still the best tool we have at our disposal to help us find it.




  Since the seventeenth century, science has occupied first place among the various approaches that humans have taken in their attempts to understand and control their environment. This special status did not come about as a consequence of a jeweled crown being placed on its head by some higher authority. Rather, science proved itself by results. Its instruments have greatly extended the range of vision provided by the human senses, and the theories of science have profoundly altered the way humanity thinks about itself and its place in the overall scheme of things.




  Observation and theory constrained by an uncompromising methodology have worked together to present us with a picture of a universe beyond the imagining of the most talented poet or pious mystic. No other human intellectual or creative endeavor, whether philosophy, theology, art, or religious experience, from East or West, has come close to fantasizing the universe revealed by modern physics and astronomy. Reality is out there telling us that this is the way it is, whether we like it or not, and that reality is far beyond our simple, earthbound imaginations.




  In recent years, the privileged position for science has been challenged. Some sociologists and other scholars who have examined science within a cultural context have concluded that statements made within Western science are simply narratives that have no more claim on the truth than the myths of any other culture. So far they have convinced no one but themselves.




  Science is not fiction. Although it involves creativity, it is not the sole product of unbridled imagination. Scientists build equipment and mathematical theories, gather and analyze data, and come to an always-tentative consensus on what should be added to or subtracted from the library of scientific knowledge. That library is then utilized by technologists to build the many devices that mark the dramatic difference between the lives of humans today and those of the not-too-distant past.




  To be sure, much imagination went into the development of the computer that sits on my desk. But that imagination was forced to act within a framework of constraints such as energy conservation and gravity. These constraints are codified as the “laws” of physics. Surely they represent some aspect of reality and are not pure fantasy.




  Scientists themselves, including great numbers of non-Western persuasion, continue to maintain confidence in the exceptional power and value of their trade. They are sure they are dealing with reality, and most people outside of a few departments in academia agree. But, we must still ask, what is the reality that scientists are uncovering?




  In this book I suggest that the underlying reality being accessed by the instruments of science is far simpler than most people, including many scientists and philosophers, realize. The portion of reality that responds to the probing of scientific experiment and theory is not terribly mysterious. For those portions remaining unresponsive pending further discovery, we have no basis to believe that they fall outside the naturalist tradition that has developed over millennia. No one need think, after this time, that any phenomena currently lacking full scientific explanations can only be revealed by nonscientific or supernatural means.




  Based on all we know today, the complete library of data from across the full spectrum of the sciences is fully consistent with a surprisingly simple model: the natural universe is composed, at the elementary level, of localized material bodies that interact by colliding with one another. All these bodies move around in an otherwise empty void. No continuous, etheric medium, material or immaterial, need be postulated to occupy the space between bodies. Applying an insight more ancient than Plato and Aristotle, but continually ignored because of human propensities to wish otherwise, atoms and the void are sufficient to account for observations with the human eye and the most powerful telescopes, microscopes, or particle accelerators of today.




  The four-dimensional space-time framework introduced by Einstein and Minkowski, along with the associated rules of relativity and all the rest of physics, are adequate to describe the motion of these primal bodies. Furthermore, we find that the great foundational “laws” of physics—the principles of energy, linear momentum, and angular momentum conservation—are not rules imposed on the universe from outside. Rather, they represent physicists’ way of theoretically describing the high degree of symmetry and simplicity that the universe, on the whole, exhibits to their instruments.




  Four centuries ago, Galileo observed that an object falls with an acceleration that is independent of its mass. We find that the same is true when the experiment is done today (with the usual caveats that we neglect air friction), and we measure the same acceleration of gravity he did. When we look with our telescopes at the farthest galaxies, where the light left billions of years ago, we find that the properties of that light, such as the relative positions of spectral lines, are exactly the same as we observe in the laboratory today.




  The fact that the same behavior is found over such an enormous time scale implies that the basic principles of physics do not change over time. No moment, what the Greeks called kairos and philosopher Martin Heidegger translated to the German as augenblick, stands apart from any other (despite the recent millennial fever). When we proceed to incorporate this fact in our theoretical descriptions, lo and behold we find that energy is conserved. That is, the total energy of any isolated system within the universe is a constant. Energy conservation is simply another way of saying that the universe exhibits no special moment in time.




  Galaxies are distant in space as well as time; some are billions of light years away. The fact that the same physical phenomena are observed at all distances in space tells us that the principles of physics are the same at all places. No special position in space can be found where the physics is different. This is what Copernicus discovered when he realized that the earth was not absolutely at rest with the rest of the universe circling about it. When the absence of any special place in space is incorporated into our theoretical descriptions, we find that the physical quantity of momentum is conserved. That is, the total momentum of any isolated system within the universe is a constant. And so, momentum conservation is simply another way of saying that no special place in space exists.




  When we look in several directions with our telescopes, we find again that the basic behavioral patterns of the observed light are the same. This absence of any special direction in space is represented in our theories as conservation of angular momentum. That is, the total angular momentum of any isolated system within the universe is a constant. Angular momentum conservation is simply another way of saying that the universe exlubits no special orientation in space.




  These conservation “laws” are global, applying throughout our universe. Extending rotational symmetry to the full four dimensions of space-time, the principles of Einstein’s special theory of relativity join the conservation principles already mentioned. In other words, the most fundamental notions of physics hardly need explanation. Any other form of these laws would be so astounding as to force us to look for some more complex explanation. They eloquently testify to the lack of design to the universe.




  While the idea that many of the most important principles of physics follow from space-time symmetries may not strike a familiar chord, this connection has been known for a century or more. You will find it described in advanced physics textbooks in both classical and quantum mechanics. So my assertion represents nothing new, merely a public exposition of well-established physics. Indeed, nothing I will say in these pages should be taken as a proposal to change a single fact or equation in the existing body of physics—or any other science for that matter. I am merely reporting what that science seems to be telling us about reality.




  The model of reality I propose is basically the one strongly implied by modern particle physics theory, when the esoteric mathematics of that field is recast in the admittedly less precise medium of words and images. This model cannot be proved correct by any process of deductive logic or mathematics. It is probably not verifiable by additional observations or experiments beyond what has already been done, although more experiments will yield more details and could, in principle, falsify the picture. Nevertheless, the proposed model is based on observation and experimental data, and the theories that currently descnbe all currently existing data without anomaly. The primary alternative models of reality are likewise not capable of being proved by logic, but I will argue that they are less reasonable, less rational, and less convincing.




  Most physicists will object that only the empirically testable merits our consideration. I will not adopt that view, since it leaves us with nothing we can then say about the nature of the reality behind bald statements of fact about observations. I believe we have every right to talk about nontestable ideas, so long as we do so in a logically consistent (that is, non-self-contradictory) fashion that does not disagree with the data. And criteria other than testability must be available to allow us to make a rational choice among alternatives and make our speculations worthwhile.




  The reader will not be asked to believe the proposed picture on the basis of the author’s or any more famous physicist’s authority. The model I will present is simple, economical, and possibly even useful, and these are rational criteria for making a choice. At the very least, I hope to demonstrate that nothing we currently know from our best sources of knowledge requires anyone to buy into one or more of the many extravagant claims that are made by those who would try to use science to promote their own particular mystical or supernatural worldview. Since these promoters introduce extraneous elements of reality not required by the data, their proposals fail the test of parsimony. It then follows that they have the burden of proving their schemes, not I the burden of disproving them.




  Of course, the universe we see with eyes and instruments is not “simple” by our normal understanding of the term. The details we observe are very complex, with many layers of structure and other physical laws besides conservation principles that follow from the global symmetries of the universe. However, I will try to show that these complex structures and laws can still be grossly understood in surprisingly simple terms, where the details are unimportant. I will describe a scenario, consistent with current knowledge, where complex order arises from the spontaneous, that is, uncaused and accidental, breaking of symmetries that themselves were uncaused.




  Just as the structure of living organisms is the result of spontaneous events acting within the global constraints of energy conservation and other limiting factors like gravity and friction, so, too, could the structural properties of elementary matter have evolved spontaneously in the early universe. At least nothing we currently know rules this out. In the proposed scenario, what emerged in terms of particle properties and force laws during the early evolution of the universe was not pre-determined by either natural or supernatural law. Rather, it arose by chance. Start the universe up again and it will turn out different. Thus, much of the detailed structure of the universe, so important to us as earthbound humans, is not of great importance to our basic understanding of reality. This structure could be wildly different, and that basic understanding would be unchanged.




  I will discuss the possibility of other universes besides our own. These might be imagined to have different structures, different laws. While no one can demonstrate that other universes exist, current cosmological theories allow, and even suggest, that they do. Again, no known principle rules them out. To assume ours is the only universe is to take the narrow view of humans before Copernicus that the earth is the only world beneath the heavens. It seems very likely that the sum of reality includes a vastness of possibilities in which our universe is but a speck, even as our earth is a but speck within that universe. The so-called anthropic coincidences, in which our universe appears, to some, incredibly fine-tuned for the formation of carbon-based life, are readily accounted for in a universe of universes. And those who think these coincidences provide evidence for some special design, with humans in mind, exhibit the same lack of imagination as those who once thought that only one world existed and all else revolved about it.




  Moving from the vast to the tiny, one place where a model of a reality containing only localized bodies may be reasonably questioned is at the level of quantum phenomena. Quantum events have been widely interpreted as providing a basis for any number of strange or even mystical and holistic effects.




  For seventy years, the Copenhagen interpretation of quantum mechanics has presided as the consensus view of physics, a position that has only recently begun to erode. The way in which the observer and observed are intertwined in this interpretation has suggested to some that human consciousness has a controlling role in determining material behavior. I discussed this issue thoroughly in my previous book, The Unconscious Quantum: Metaphysics in Modern Physics and Cosmology(Stenger 1995), and have tried not to be too repetitive here. In some ways, this is a sequel to that book; however, Timeless Reality should be self-contained.




  As I described in some detail in The Unconscious Quantum, and will only briefly summarize here, David Bohm postulated the existence of a mysterious holistic field that acts instantaneously throughout the universe to bring everything together into one irreducible whole. Bohm’s model could not be more diametrically opposed to the one I will describe here. I will not disprove the Bohm model, but argue against it on the basis of parsimony.




  The many worlds interpretation, which envisages our universe as an array of parallel worlds that exist in ghostly connection to one another, is less in conflict with the ideas I will present. Many worlds is not to be confused with the many universes, mentioned above, that go their own separate ways, presumably never coming into contact after they are formed. Many worlds might be found in each of many universes. However, the many worlds interpretation is not required in the proposed scheme and other alternative views will be presented. It may be possible to retain the ideas of the many worlds interpretation within in single world.




  Other interpretations of quantum mechanics exist, but none have the dramatic implications of the big three: Copenhagen, Bohmian, and many worlds. No consensus has developed as to which, if any, is to be preferred, though each has a list of distinguished supporters. As we will see, there are many ways to skin Schrödinger’s cat.




  All attempts to come to grips with the observed outcomes of a wide range of quantum experiments, by applying familiar notions based on Newtonian classical physics, have conclusively failed. Still, classical physics remains highly successful when carefully applied to its own still very wide domain, which encompasses most familiar physical phenomena. Since common sense is based on our normal experience of these phenomena, something of common sense must give in trying to understand the quantum world.




  One commonsense notion that may be expendable is that time changes in only one direction. As we will see, quantum events proceed equally well in either time direction, that is, they appear to be “tenseless.” This is what I mean in the title: Timeless Reality. By allowing time to change in either direction, many of the most puzzling features of quantum mechanics can be explained within the framework of a reality of atoms and the void.




  It may be a matter of taste whether you find timeless quanta more palatable than conscious quanta, holistic fields, or ghost worlds. In any case, I am not proposing an alternative interpretation of quantum mechanics, and various ideas from the many proposals in the literature may still be necessary to provide a complete picture. I merely urge that time symmetry be considered part of any interpretive scheme. As we will see, it provides for a particularly simple and elegant model of reality.




  I am not the first to suggest that time symmetry might help explain some of the interpretive problems of quantum mechanics. In fact, this has been long recognized but discarded because of the implied time-travel paradoxes. I will show, again not originally, that the time-travel paradoxes do not exist in the quantum world. I feel that the possibility of time-reversal has been widely neglected for the wrong reason—a deep prejudice that time can only change from past to future. Evidence for this cannot be found in physics. The only justification for a belief in directed time is human experience, and human experience once said that the world was flat.




  I ask you to open your mind to the possibility that time can also operate from future to past The symmetry between past and future is consistent with all known physical theories, and, furthermore, is strongly suggested by quantum phenomena themselves. The indisputable asymmetry of time in human experience arises, as Ludwig Boltzmann proposed over a century ago, from the fact that macroscopic phenomena involve so many bodies that certain events are simply far more likely to happen in one direction rather than the reverse. Thus, aging is more likely than growing younger. We do not see a dead man rising, not because it is impossible but because it is so highly unlikely. But time asymmetry is no more fundamental than the left-right asymmetry of the face you see in the mirror—a simple matter of chance.




  Classical physics is well-known to be time symmetric. Although the second law of thermodynamics is asymmetric by its very nature, it simply codifies the observed fact of everyday life that many macroscopic physical processes seem to be irreversible. However, the second law does not demand that they be so. In fact, every physical process is, in principle, reversible. Many simply have a low probability of happening in reverse. As Boltzmann showed, the second law amounts to a definition of the arrow of time.




  Time symmetry is commonly observed in chemistry, where all individual chemical reactions can occur in either direction. The same is true in nuclear and elementary particle physics. In only a few very rare particle processes do we find the probability for one time direction very different from the other, and even then to just one part in a thousand. While this exception requires us to strictly reverse the spatial as well as time axes and change particles to antiparticles when we reverse the time direction, this will not negate our conclusions about time symmetry. In fact, these small complications will give us an even deeper understanding of the principles involved, which are that natural, global symmetries lead to the great conservation laws of physics.




  With all this taken into account, we can state that the microscopic world is quite time symmetric. The equations that describe phenomena at that level operate equally well in either time direction. But, more importantly, the experiments themselves seem to be telling us not to make an artificial distinction between past and future. Those quantum phenomena that strike most people as weird are precisely the ones where the future seems to have some effect on the past. Weirdness results only when we insist on maintaining the familiar arrow of time and defining as weird anything that is not familiar.




  Experiments demonstrate unequivocally that quantum phenomena are contextual. That is, the results one obtains from a measurement depend on the precise experimental setup. When that setup is changed, the results of the experiment generally change. This may not sound surprising, but what people do find surprising is that the results change even in cases where common sense would deny that any change was possible without a superluminal signal.




  In Einstein’s theory of relativity, and modern relativistic quantum field theory, no physical body or signal can travel faster than the speed of light. In experiments over the past three decades, two parts of a quantum system well-separated in space have been found to remain correlated with one another even after any signal between them would have to travel faster than the speed of light. While some correlation is expected classically, after this correlation is subtracted an additional connection remains that many authors have labeled mysterious—even mystical. While these observations are exactly as predicted by quantum theory, they seem to imply an inseparability of quantum states over spatial distances that cannot be connected by any known physical means.




  As has been known for years, time reversibility can be used to help explain these experiments. We will see that their puzzling results can be understood, without mystical or holistic processes, by the simple expedient of viewing the experiment in the reverse time direction. Filming the experiment and viewing it by running a film backwards through the projector, we can see that no superluminal signalling takes place.




  Let us consider another example that leaves people scratching their heads: A photon (particle of light) that left a galaxy hundreds of millions of years ago may be bent one way or another around an intervening black hole. Suppose the photon arrives on earth today, and triggers one of two small photon detectors, separated in space, that tell us which path the photon took.




  A special arrangement of mirrors can be installed in the apparatus so that the light beams from both paths around the black hole are brought together and made to constructively interfere in the direction of one detector and destructively interfere in the direction of the other. The first detector then always registers a hit and the other registers none. This is as expected from the wave theory of light.




  Now, the puzzle is this: the decision whether or not to include the mirrors is made today. Somehow it reaches back to the time of the dinosaurs to tell the photon whether to pass one side of the black hole, like a good particle should, or pass both sides and interfere, like a good wave should.




  While this particular astronomical experiment has not, to my knowledge, actually been conducted, a large class of (much) smaller-scale laboratory experiments imply this result. These experiments, I must continually emphasize, give results that agree precisely with the predictions of quantum mechanics, a theory that has remained basically unchanged for almost seventy years. So any discussions and disputes I may report are strictly over the philosophical or metaphysical interpretation of the observations, not any inconsistency with calculations of the theory.




  In the traditional methods of classical mechanics, a system is initially prepared in some state and equations of motion are then used to predict the final state that will then be observed in some detection apparatus. However, quantum mechanics does not proceed in this manner. In the most commonly applied procedure, the initial state of the system is defined by a quantity called the wave function. This wave function evolves with time in a manner specified by the time-dependent Schrödinger equation to give the state at some later time. The wave function, however, does not allow one to predict the exact outcome of a measurement but only the statistical distribution of an ensemble of similar measurements.




  Although not exhibiting any preference for one time direction or another, this series of operations still seems to imply a time-directed, causal process from initial to final state quite analogous to Newtonian physics. By removing our classical blinkers, however, we can see that quantum mechanics basically tells us how to calculate the probability for a physical system to go from one state to another. These states may be labeled “initial” and “final” to agree with common usage, but such a designation is arbitrary as far as the calculation is concerned. Nothing in the theory distinguishes between initial and final.




  Furthermore, whereas classical physics would predict a single path between the two states, quantum physics allows for many different paths, like the two paths of the photon around the black hole. The interference between these paths leads to many of the special quantum effects that are observed. It is as if all paths actually occur, and what we observe is some combination of them all.




  When we try to think in terms of particles following definite paths, however, we run into conceptual difficulties. In our cosmic experiment, for example, the photon somehow has to pass on both sides of the black hole to interfere in our apparatus a hundred million years later. We can arrange our detector to count a single photon at a time, so we can’t think of it as two different photons. The same photon must be in two places at once.




  The conventional wisdom has held that physicists should not speak of anything they cannot directly measure or test against measurements. So, according to this rule, we are not allowed to regard the photon as following a particular path unless we actually measure it. When we try to do that, however, the interference effect goes away. The party line for many years has been to leave this as it is. The equations give the right answer—what is observed. However, this policy has never provided a satisfactory response to the question of what is “really” happening.




  I suggest that at least part of the solution has been there all along in the time symmetry of quantum theory and the apparent backward causality evident in quantum experiments. As long as they remain in a pure quantum state, photons can reach just as far back in time as they can forward, as can electrons and other subatomic particles. These bodies can appear in two or more places at once, because a backward moving particle can turn around and go forward again, passing a different place at the same time it was somewhere else. A particle going one way in time can be accompanied by its antiparticle going backward in time in a single (coherent) state of one particle. Together they constitute the timeless quantum.




  Every author must gauge his or her audience and write with that audience in mind. This book, like The Unconscious Quantum, is written for a science-literate audience. That is, the reader is not expected to be a scientist or other scholar highly trained in science or the philosophy of science. I write for the much larger group of generally educated people who enjoy reading about science at the popular and semipopular level, in books and magazines. They also follow the science media, and are interested in the grand scientific issues of the day, especially as they interact with other areas of thought in philosophy, religion, and culture. Scientists and philosophers who may themselves not be experts in these specific issues are also kept in mind as potential readers. Hopefully, the experts will not object too much to what they read, for I have undoubtedly oversimplified in places and provided insufficient caveats.




  As we will see, many of the matters being heatedly debated today are ancient, even eternal. They will not be settled by me, any more than they have been settled by the thousands who have discoursed on the nature of reality from the time words were first used as a medium for that discourse. I am not trying to finalize these matters but make some of their latest manifestations more accessible to the reader and to perhaps open up a few neglected lines of thinking for the professional.




  I will regard my goal as satisfied if I succeed in slightly deflecting thinking in directions that have not been, in my view, adequately explored. Most philosophical, theological, cultural, and historical discourses implicitly assume directed time. Most models of physical reality implicitly assume the existence of material continua. Most attempts to account for the order of nature have suggested a Platonic reality which theists call God and nontheists call the “theory of everything.” I suggest that, based on current knowledge, all of these approaches are at best weakly founded. As I will attempt to show, no basis exists for assuming that the detailed structure of the universe is the product of either logical necessity or supernatural design.




  In adopting the medium of a semipopular but still scholarly book to suggest new ideas, I am catching a ride on a recent trend. For most of the twentieth century, scientific and philosophical discussions were largely confined to the professional journals and a few, highly priced technical monographs of limited circulation and even more limited comprehensibility. In more recent years, biologists Stephen Jay Gould, Richard Dawkins, Francis Crick, and E. O. Wilson have used the medium of the popular book to promote original ideas in that field that differ from the mainstream. In physics and cosmology, Stephen Hawking, Roger Penrose, David Deutsch, Lee Smolin, and many others have done the same. Other fields, such as neuroscience, complexity theory, and artificial intelligence, have seen similar use of this medium to promote new and controversial ideas. The excellent sales by this array of authors testifies to the market for new and challenging thoughts about fundamental issues of life, mind, and the universe. In some cases, the proposed ideas have begun to trickle down into the heavily conservative, formal disciplines in which their authors have usually made substantial contributions.




  Of course, the less formal presentations and freer flow of ideas of popular literature force the reader to search for the pony in a huge mountain of horse manure. In the case of the Internet, this mountain is of Everest proportions. But the lesson of the Internet so far seems to be that the shoveling is well worth the effort, once that beautiful pony is found.




  I hope that this book will not require a large shovel. In fact, it is the result of many years of spade work on my own part. In the four decades before its publication I have taught physics at every level and participated in research that helped elucidate the properties of almost every type of elementary particle, from strange mesons and charmed quarks to gluons and neutrinos. I have looked for gamma rays and neutrinos from the cosmos whose energies exceed anything yet produced on earth. This was with many collaborators to whom I owe a great debt of gratitude. While not a trained theorist or philosopher, I have also published a few theoretical and philosophical papers.




  Over these four decades I have constantly tried to understand and explain the basis of the physical world in simple terms. As much as possible, I have supplemented or replaced the equations and abstract symbols of physics with words and visual concepts. We humans seem not to “understand” an idea until it is expressed in terms of words and pictures, although equations can, more compactly and precisely, say the same thing. In this book I present these words and ideas. In a few places, I use a symbol or a simple equation, but these are nothing more than shorthand. For completeness, the endnotes contain a few short derivations so that the mathematical reader can understand somewhat more precisely what I am saying.




  A few caveats are also included in the notes, in the interest of accuracy, but these are minimal. Technical terms are boldfaced in the text the first time they appear, or when they haven’t appeared for a while, and are defined in the glossary. I have tried to keep the discussion in the main text as complete as possible. In some places, technical aspects of a subject are described in some detail that may make for rough going for those not already familiar with the ideas. If the thread is lost in going through these sections, it should be possible to pick it up again at some point a paragraph or two later. The reader is encouraged to simply plunge ahead in those cases where he or she finds the going rough. The basic ideas are summarized and repeated many times.




  I have been helped enormously in this work by the availability of the Internet and its unprecedented communication power. I formed an electronic mail discussion list (avoid-l@hawaii.edu), whose membership at times exceeded fifty, and placed the drafts and figures for this manuscript on a World Wide Web page (http://www.phys.hawaii.edu/vjs/www/void.html). Members of the list could then read the latest drafts and post comments for myself and others to read, all in a completely open fashion. No one was excluded or censored, and the discussion often ranged far and wide.




  While not everyone on the list joined in the discussions, I must mention those who have directly helped me prepare the work you see before you by providing comments, suggestions, and corrections: Gary Allan, Perry Bruce, Richard Carrier, Jonathan Colvin, Scott Dalton, Keith Douglas, Peter Fimmel, Taner Edis, Eric Hardison, Carlton Hindman, Todd Heywood, James Higgo, Jim Humphries, Bill Jefferys, Norm Levitt, Chris Maloney, John H. Mazetier Jr., David Meieran, Ricardo Aler Mur, Arnold Neumaier, Huw Price, Steven Price, Jorma Raety, Wayne Spencer, Zeno Toffano, Ed Weinmann, Jim Wyman, and David Zachmann. That is not to say that any or all of these individuals subscribe to the views expressed in this book. Indeed, several hold strong opposing views and helped me considerably as friendly but firm devil’s advocates. Many thanks to all, and to the many others who also helped by their interest and encouragement. As always, I am grateful to Paul Kurtz and Steven Mitchell of Prometheus Books for their continued support for my work. Thanks also go to those at Prometheus who helped produce the book, especially Grace Zilsberger in the art department and the copy editor, Art Merchant. And, as always, I have been advised, supported, and sustained by the wonderful companion of my life, my wife Phylliss, and our two adult offspring, Noelle and Andy.
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ATOMS AND FORMS
















   By convention sweet, by convention bitter, by convention hot, by convention cold, by convention colour, but in reality atoms and void.




  Democritus (Kirk 1995)







  THE PRESOCRATICS




  In sixth-century B.C.E. Greece, a diverse group of philosophers, collectively known as the “presocratics,” began to explore unchartered territory. In place of the anthropocentric myths that had dominated human thinking until then, the presocratics visualized an impersonal reality external to the world of thoughts and dreams. This reality, called physis, or nature, constituted the world of sensory experience. Furthermore, all the objects of that experience were composed of the same basic stuff, inanimate, material bodies from which all else was assembled by forces acting within that world alone. The supernatural did not exist. Even the gods and human souls were “natural.”




  Thales of Miletus (d. 550 B.C.E.) proposed that all of this was simply water. He probably did not come to this conclusion by way of internal, philo sophical meditations. Rather, he likely got the idea of a single, basic stuff from observation. With his own eyes, he saw that liquid water freezes into ice and evaporates into vapor—that one substance appears in three widely different forms. Aristotle says of Thales’ principle of water:






   Presumably he derived this assumption from seeing that the nutriment of everything is moist, and that heat itself is generated from moisture and depends upon it for its existence (and that from which a thing is generated is always its first principle). He derived his assumption, then, from this; and also from the fact that the seeds of everything have a moist nature, whereas water is the first principle of the nature of moist things. (Aristotle, Metaphysics 984a)







  Unlike the popular myth about eskimos, Thales did not invent a separate word for every slightly different appearance of snow. Snow was water. Ice was water. Steam was water. He saw the unity of each. Only one word, one concept, was necessary to specify it, not a multitude.




  We should not interpret Thales too literally here. The revolutionary idea was not so much that everything is water, but that the universe is simple, natural, composed of familiar materials, and within the capacity of human understanding.




  By similar arguments, Anaximenes (c. 545 B.C.E.) concluded that the fundamental stuff was air. Heraclitus (c. 484 B.C.E.) said it was fire. Empedocles (d. 424 B.C.E.) combined all three ideas, suggesting that material objects were a mixture of fire, air, earth, and water in varying proportions. Each of these “elements” are characterized by certain observable properties: fire is bright, light, and dry; air transparent, light, and wet; earth dark, heavy, and dry; water transparent, heavy, and wet. In Empedocles’ picture, the elements combine in different proportion to produce the materials of experience. And so, gold is a composite of fire and earth: bright, heavy, and dry. In the Middle Ages, alchemists would try to manufacture precious metals by adding fire to baser substances. They failed, of course, because gold was itself a chemical element and its manufacture by transmuting other elements had to await the development of nuclear physics in the 1940s. The alchemists’ fires were simply not hot enough.




  Included in the natural, material universe of the Milesians as the source of life was the soul. No distinction was made between soul and matter. Soul was as material as the wind.




  To the followers of Thales, matter and motion were “natural.” Matter behaved the way it did because nature just happened to be that way. The heavy elements earth and water naturally moved downward, while the light elements air and fire naturally moved upward. The heavenly bodies, composed of a fifth, celestial element not found on earth, moved naturally in cir cles about the earth. Nothing was needed to “cause” a body to behave naturally. Only when we think something is behaving unnaturally are we prompted to seek causal explanations. What must be explained is any deviation from naturality. One of the themes of this book is that the common perception of unnaturality is wrong. What is often thought to be unnatural, and thus requiring explanation, is in fact perfectly natural and only if it had occurred in a different way would we be compelled to seek causes. This will include much of the observed world, including the most universal of the so-called laws of physics. They will be seen to be natural and uncaused.




  While these ancient ideas about nature are naive when viewed in terms of what we know today, they nevertheless represented a remarkable feat of intellect Imagine the immense chasm that must have existed at the time between mythological thinking and this new idea that the world is so simple as to be composed of a few basic ingredients that behave the way they do because it is in their nature to do so.




  The idea that the universe could be understood in terms of a small number of easily visualized ideas reached its most profound ancient elaboration in the theory of atoms. In a remarkable intuitive leap, Leucippus (c. 440 B.C.E.) and Democritus (c. 370 B.C.E.) proposed that matter was composed of atoms—uncuttable particles (atomos = not to cut) that moved around in an otherwise empty void.




  The atomic theory of matter would take almost 2,500 years to be fully justified, theoretically and empirically. Despite all the caveats we must make about the imperfections of human conceptions and our inability to ever be certain of any notion of fundamental “truth,” a universe composed of nothing more than irreducible elementary objects and the void continues to represent the most economical, useful, and “natural” model for ultimate reality.




  BEING, MIND, AND NUMBER




  Not all presocratic philosophers were atomists, or even materialists. Nevertheless, they can be characterized collectively by their common quest for a natural simplicity to the universe. Parmenides (c. 450 B.C.E.) argued that only a unitary, unchanging being can constitute ultimate reality. The observed world was rife with change and so, Parmenides concluded, matter cannot be the prime ingredient of eternal nature. An unchanging ingredient must exist that is more fundamental than the experiences of finite, temporal humans. I do not know if Parmenides considered the possibility that material atoms, uncuttable particles, might very well constitute exactly the unchanging ingredient he demanded. In what is undoubtedly an incomplete historical record of his views, he seems to have not thought of this obvious solution.




  Anaxagoras (c. 428 B.C.E.) took another tack. He contended that mind was superior to matter and so must constitute the ordering force of the universe. He asserted that mental concepts were not simply tools used by humans to describe the observed order of an objective reality, but reality itself. Mind was the source of all motion. Like the many who have professed the same doctrine throughout the ages to the present, Anaxagoras provided no serious model or mechanism for mind or how it does these wondrous things. Aristotle complained that Anaxagoras introduced mind as a cause only when he knew of no other.




  A century after Thales, Pythagoras (c. 530 B.C.E.) and his disciples discovered the power of mathematics and geometry in describing the world, including music, and decided that number was the basic stuff of reality. In this they previewed an idea that was later developed by Plato and will play an important role in this book—the notion that abstract ideals are more real than the observed objects of experience. As Aristotle puts it:






   At the same time [i.e., as the Milesians and atomists], however, and even earlier the so-called Pythagoreans applied themselves to mathematics, and were the first to develop this science; and through studying it they came to believe that its principles are the principles of everything. And since numbers are by nature first among these principles, and they fancied that they could detect in numbers, to a greater extent than in fire and earth and water, many analogues of what is and comes into being—such and such a property of number being justice ... and since they saw further that the properties and ratios of the musical scales are based on numbers, and since it seemed clear that all other things have their whole nature modelled upon numbers, and that numbers are the ultimate things in the whole physical universe, they assumed the elements of numbers to be the elements of everything, and the whole universe to be a proportion or number. (Metaphysics 985b)







  Actually, the Pythagorean claim was not as abstract then as it may appear to us today. They thought of numbers as geometrical shapes, which were observed in nature, and did not make a distinction between arithmetic and geometry.




  However, their own greatest discovery, the Pythagorean theorem, led to a conundrum in interpreting geometry in terms of numbers. The hypotenuse of a right triangle is not in general a natural number, that is, a number defined in terms of a counting procedure that is easily related to common experience. Say you define a unit of length as the width of your thumb and lay out a right triangle on the ground with sides that you measure as ten thumbs each. You then proceed to measure the hypotenuse and obtain a result that is not an integer number of thumbs but rather something between fourteen and fifteen thumbs. The Pythagorean theorem allows you to calculate the hypotenuse as 10 √2, but this cannot be expressed as so many thumbs. Even if you further refine your scale by introducing fractions of thumbs—half a thumb, a quarter thumb, ¹/₆₄ of a thumb, and so on—your measured hypotenuse will never be exactly 10 √2 at least “in theory.” In short, you cannot solve the problem by using such rational numbers because √2 is an irrational number, inexpressible as either an integer or ratio of integers.




  Until the more abstract mathematics of irrational numbers like √2 was invented centuries later, geometry was the primary mathematical tool for describing observations. The irrational numbers were, in a sense, already built in. Problems could be solved geometrically that were unsolvable arithmetically. Influential thinkers such as Plato (c. 347 B.C.E.) made a distinction between geometry and arithmetic. When Euclid (c. 300 B.C.E.) laid out geometry as a logical, deductive process he avoided the use of arithmetic proofs. Even Isaac Newton (d. 1727) used Euclidian methods in his published Principia, desiring not to hand competitors the more powerful methods of the infinitesimal calculus he had invented and had actually used to provide the solutions to the problems he was reporting.




  The logical beauty of geometry, and its ability to accommodate unmeasurable quantities such as the exact hypotenuse of a right triangle or the exact ratio of the circumference of a circle to its diameter, would take on great mystical proportions in the Platonic cosmology. Eventually, when the abstract differential equations of calculus were applied with dramatic results in physics, even usually pragmatic physicists would be led to surmise that these equations and the symbols they contain are “more real” than the observations they describe.




  SOPHISTRY, SOCRATES, AND SOUL




  In the fifth centuzy B.C.E., a group of wandering street philosophers called sophists shifted learned discourse away from inanimate nature and back toward more popular human concerns, particularly politics, law, and worldly happiness. the most notable sophist was Protagoras (d. 420 B.C.E.), who is famous for his statement: “Man is the measure of all things.” This appears to affirm the popular delusion that the universe revolves about us humans. But a fuller quotation suggests Protagoras’s possible intent: “Man is the measure of all things, of those that are that they are, and of those that are not that they are not”




  This seems to mean that all knowledge is relative, varying from person to person. According to Protagoras, we all decide for ourselves what exists and what does not. Protagoras may have been making an epistemological statement rather than an ontological one. That is, knowledge is molded by human thought processes. We scientists make measurements using tools we invent. We describe these measurements in words, symbols, and mathematics that we invent.




  Protagoras was a religious skeptic: “Concerning the gods I cannot say whether that they exist or that they do not, or what they are like in form; for there are many hindrances to knowledge.” But Protagoras was also skeptical of the notion that humans can uncover irrefutable truths about reality.




  The view that neither science nor religion is capable of producing indisputable knowledge, because all knowledge is operated on by human thinking processes, resonates down to the present day. Every new generation of intellectuals seems to unearth this ancient homily and claim it as its own. The relativists and postmodernists of our current period are the latest to make this discovery. Like the legions who have appeared on the historical stage since Protagoras, all saying more or less the same thing, they are greatly impressed by their own profundity.




  Socrates (d. 399 B.C.E.) had no patience for trivial platitudes. The “Socratic method” of questioning the assertions of others is still widely used as a rhetorical tool. Socrates found the sophists too worldly, too amoral. Although he agreed that the practical matters of law and politics were important, more abstract concepts such as virtue and morality must be probed to attain the goal of human happiness. He discarded the relativism of the sophists and the materialism of the natural philosophers. “Know thyself,” he said. That was all that mattered. Look inward rather than outward.




  Looking inward, Socrates defined the human soul as the essence of an individual’s existence. What’s more, Socrates asserted, this essence continues beyond bodily death. Of course, by the time of Socrates, soul was already an ancient concept, in one form or another, and most cultures had notions of survival after death. However, soul was typically associated with the vital substance or force believed to give life to living things, something that distinguished the living from the nonliving and departed the body upon death. We have already seen how the Milesian notion of soul, which was called psyche, envisaged a fully material substance—specifically, air or breath. Ancient Hebrew thinkers had a similar idea, which they called ruach. The more subtle concept of an incorporeal soul, separate from matter, occurred in India. In ancient Hindu philosophy, spirit-soul was the fundamental stuff of reality and matter-body an illusion.




  In both its material and spiritual renditions, in ancient times and today, the human soul is regarded as part of a greater cosmic soul. It follows that some aspect of soul lives on as part of the eternal, unchanging whole. The Greeks called this cosmic soul pneuma, the breath of the gods. The Latin translation spiritus leaves no doubt to the direction in which this concept evolved. In related fashion, the Greek root psyche seen today in psychic and psychology is clearly connected with the notion promoted by Descartes in the seventeenth century, that the soul is the seat of the mind.




  
PLATO AND HIS FORMS




  Most of what we know about Socrates comes from the dialogues of Plato. Interestingly, substantial differences exist between the opinions of Socrates as reported by Plato, and those opinions identified as Plato’s own. Perhaps the greatest gift of the ancient Greeks to the world was to reject the authority of tradition and replace it with individual reason, observation, and debate. This is to be contrasted with the religious and mystical practices of the Near East and elsewhere, in which the duty of the disciple was to preserve the wisdom of the Master. Thales, Socrates, and others made it clear that the disciple need not parrot the Master’s every word but rather expand on his teaching. So, instead of the static knowledge enforced by authority, as has been found in almost every other culture, we witness a progression of doubting, skeptical, original thought from Thales on to Socrates, the teacher of Plato, to Plato, the teacher of Aristotle, and from thence to the rest of us.




  We have seen how Socrates and the sophists moved philosophy away from the study of inanimate nature toward more immediate human concerns. Although Plato reported Protagoras’s proposition that “Man is the measure of all things,” he did not follow this precept to the letter. Nor did he obey Socrates’ decree to “Know thyself” to the exclusion of other knowledge. No doubt the aristocratic Plato living in democratic Athens had a social agenda; matters of politics and morality constitute the bulk of his writing. However, he had the insight to see that the rational principles used to attack human problems could be applied globally to all phenomena, animate or inanimate, and the inanimate was not to be ignored. “Man” was part of a universe that included many more objects than men.




  Plato concluded, as had Parmenides before him, that the changing universe of our senses could not constitute ultimate, eternal reality. Rather, a deeper, truer reality existed, composed of ideas or Forms. The Forms were perfected conceptions of human qualities such as goodness, justice, and moral judgment. But they also included mathematical objects such as π and √2, and geometrical figures such as perfect triangles and circles that were only approximated in appearances.




  In the Platonic model, appearances in the world are the distorted images of the ideal Forms, shadows on the walls of the cave in which we all live. Observations have a lesser reality than the true, real, eternal Forms that lay behind the fog of perception. A sculpture might be beautiful, but only a finite approximation to the form of Beauty. A symphony may be a thing of beauty, but not Beauty itself.




  Plato sought a unifying principle in his theory of Forms. He applied the notion to all existence, not just the qualities of human behavior and social interaction. For example, in Plato’s view the planets “really” move in perfect circles around the earth, even though they appear to wander about the sky. Their observed wanderings result from the distortion of the perfect form of the circle, just as a triangle drawn in the dirt with a stick is a poor approximation to the “true” triangle we describe with the axioms and logic of geometry.




  Platonism has survived until this day, in both the religious and scientific spheres. In theistic religions, God is Plato’s highest Form, the Good, the spiritual perfection from which all other Forms and the imperfect material world of appearances emanate. Some versions of Buddhism and Hinduism, and recent new age variations in which anything vaguely labelled “spiritual” is automatically divine, imagine a cosmic mind, linked to the human mind, as the source of all existence. Indeed, Plato saw the soul as the force that drives humans from the material world toward the perfect world of Forms.




  In science today, a widespread but far from universally acknowledged view is that mathematics and the laws of physics exist as the deeper realities that lie beneath our observations and measurements. Physics is not simply a procedure for classifying measurements. Mathematics is more than a set of rules we have invented to count the differentiated objects of experience. In the modern Platonic view, the objects of these disciplines go beyond being mere representations of appearances. Indeed, modern scientific Platonism holds that our equations and the symbols within them are more fundamental than the objects they represent. Their abstract perfection is more real, more true, more pure, than the crude, imperfect universe we see with our eyes and instruments.




  ARISTOTLE AND HIS CAUSES




  Plato had been Socrates’ most brilliant student, as Aristotle was Plato’s. And just as Plato did not always agree with his master, so Aristotle deviated substantially from the teachings of Plato. Most profoundly, he did not regard Forms as existing in a separate, spiritual realm. How, then, did they interact with matter? Instead, Aristotle said the Forms were universal properties residing in material objects themselves. Furthermore, knowledge of these universals was accessed by observation and experience, not by merely thinking about them.




  Born in or near Macedonia, as a young man Aristotle studied for twenty years at Plato’s Academy in Athens. Later he returned to the North and briefly tutored a boy named Alexander, who would one day conquer the world. That was surely a contact that could not hurt, and indeed it paid off handsomely.




  Helped by a very large grant from Alexander, Aristotle and his students conducted perhaps the first serious scientific research at the Lyceum in Athens. The Lyceum had far more resources than the Academy of Plato that Aristotle had attended a half-century earlier. Plato’s school was mainly concerned with ideas anyway, and its master felt no need to make measurements or collect observational data.




  Besides funding the Lyceum, Alexander ordered an expedition up the Nile that was most likely prompted by Aristotle (they discovered the Abyssinian source), and saw that the Macedonian armies brought back biological specimens for the Lyceum from their distant conquests. And so, observational, if not experimental, science had its beginnings. The concept of controlled experimentation did not occur to Aristotle—nor to anyone else for centuries. But observational science as a complement to pure theorizing was a good start.




  Aristotle did far more than gather data. He codified the rules of deductive logic in a fashion that we still use today (although other logics are now recognized), and then applied his logic to the understanding of the world of observations. He proposed theories of physics, meteorology, biology, and psychology. He was way off base on most of his physics, violating his own rules of logic and epistemology, according to Galileo. However, the bulk of the remainder of Aristotelian science, especially his biology, was of lasting value. Aristotle also wrote on history, politics, and ethics. His later editors coined the term “metaphysics” (metaphysikos, meaning “after the physics’) to identify the writings that followed Aristotle’s Physics and included speculations that went beyond physics.




  Rejecting the relativism of Protagoras, Aristotle argued for the existence of invariable, universal truths. As I have mentioned, he also rejected Plato’s notion that universals existed in a separate realm of transcendent Forms. To Aristotle, the universals were inseparable parts of substance, coexisting with matter. Substance was a combination of matter and form.




  Still, the invariable and permanent nature of universals called for an explanation of change and impermanence in the observed world. Although he did accept the Milesian view that “some beginnings are originally inherent in things, while others are not” (Metaphysics 1012b), Aristotle proposed that four “causes,” or, more accurately, “beginning principles,” act to create, move, or change the nature of an object:






   (1) Material cause: the elements that compose an object;




  (2) Efficient cause: the means by which the object is changed;




  (3) Formal cause: the concepts used to describe the process;




  (4) Final cause: the purpose toward which an object moves or progresses.







  Since millions of words have already been written attempting to explain what Aristotle meant by his four causes, let me do something different and try to put them in the context of modern physics.




  Within that context, the changes that take place at the fundamental level include the motion of physical bodies, their interaction with one another, and their transformation from one type to another. We can quickly identify material cause with the elementary objects themselves—the quarks, leptons, and bosons of the current standard model that will be discussed in detail later in this book. The basic forces—gravity, electromagnetism, the weak and strong nuclear forces—manifest efficient cause. These forces act to create matter out of energy, accelerate bodies toward or away from one another, and transform one form of matter to another.




  Formal cause is readily associated with the mathematical symbols and equations embedded in the theories of modern physics.




  But what about final cause? Let us consider for a moment the classical, Newtonian physics that predated twentieth century physics. As with modern physics, Newtonian physics is characterized in terms of particles, forces, and mathematical laws. So, it likewise accommodates Aristotle’s first three causes. However, final cause does not exist as an independent attribute in Newtonian physics. The properties of an object, the forces on it, and the mathematics that describe the two are sufficient to determine how the object behaves. In the deterministic universe implied by Newtonian mechanics, the outcome is already built in at the start. God might have brought it all into existence, but she has no need to further fix things up as time goes by.




  Apparently this was not what Aristotle had in mind when he recorded his four causes. The metaphor of the mechanical universe as a vast clockwork had to await the age of clocks and other machines. Scientific metaphors are not pulled out of thin air, but chosen from the array of concepts that characterize the thinking of the times. Virtually all ancient thinking, including materialism, utilized the metaphor of the living organism, with a strong distinction made between the animate and inanimate, living and dead. In the Enlightenment and the following Industrial Revolution, inanimate machines became the dominant metaphor. Today we commonly hear the computer used as the metaphor for the operation of the universe and we are beginning to debate whether computers may someday evolve into living beings.




  When the mechanical universe first appeared in the seventeenth century, its primary creators were not quite ready to abandon final cause, nor to accept the full implications of the machine metaphor. René Descartes (d. 1650), who laid the conceptual foundation for mechanics, went to great pains to find a continuing role for God. No doubt prompted by his political needs (to keep his head), he divided the substance of the world into matter and mind independent of matter.




  Newton (whose head was in less danger in protestant England), after formulating the exact mathematical principles of mechanics, pursued in his studies of alchemy the divine principles he believed were necessary for the animation and variety of life. Newtonian mechanics, in its inventor’s view, was not enough. Indeed it wasn’t. It would take modern quantum mechanics to provide a coherent scheme for a purely material model of life.




  Later interpreters of Newtonian mechanics, especially those in revolutionary France, removed God from the mechanical universe. According to a possibly apocryphal story, Pierre Simon Laplace (d. 1827) horrified Napoleon by telling him that he had “no need for the hypothesis” of God. In a similar vein, Julien de La Mettrie (d. 1751) published Man a Machine which left no room for either spirit or God (De la Mettrie 1778).




  But many still respected the wisdom of the ancients. Surely Aristotle, the inventor of deductive logic, would not have hypothesized a fourth cause unless he believed it could not be derived from the other three. That is to say, we can reasonably assume Aristotle intended that final cause is independently needed to explain the world. The world, according to Aristotle, has purpose as well as design; the agent of this purpose actively and continually participates in the processes of change.




  As Bertrand Russell has noted, when we ask “why?” concerning an event, we are looking for one or the other of two answers: either a mechanical one, that is, “what earlier circumstances caused this event?” or a teleological one, that is, “what purpose did this event serve?” (Russell 1995, 67). Aristotle believed both answers must be provided for a complete description—or at least that one answer did not automatically imply the other.




  In the twentieth century, Newtonian mechanics was revised by quantum mechanics. As conventionally interpreted, quantum mechanics implies that we do not live in a clockwork universe, with everything that happens set down at the creation. When doing quantum mechanics, a physicist calculates the probability that a quantum system will move from some given initial state to some desired final state, but makes no certain prediction for where the system will specifically end up. As I will elaborate on later in great detail, the designations “initial” and “final” are simply conventional and no this-cause-always-produces-this-effect relationship is involved.




  This may simply be, as Einstein thought, an incompleteness in an otherwise useful and correct theory. However, no measurement or observation with the finest instruments of our technology has so far forced us to conclude that, deep-down, the universe is “really” deterministic or causal. And so, while design may still be read into the Newtonian universe without grievous assault on common sense, purpose takes on mystical and indeed supernatural proportions in the quantum universe. In a deistic perspective of Newtonian mechanics, purpose is built into the very fabric of the universe. God has his place as the weaver of this fabric, rather than a force that regularly intervenes to keep the world on course. In the quantum universe, God is not necessary and purpose is not evident, although, as we will see later, the new Intelligent Design movement in theology claims the opposite.




  Aristotle’s final cause thus marks a clear dividing line between scientific materialism and those systems of thought that assert a purposeful universe. Proponents of the latter usually accept physics as far as it goes, but insist that a fourth cause beyond physics, divine plan, is needed to explain the world. The modern materialist needs only physics, neither predetermined nor postdetermined.




  Belief that some teleological principle acts in the universe is not limited to those who hold traditional religious beliefs. Some imaginative theorists have recently claimed that the laws of nature must have been fine-tuned to produce life and that this argues for a universe with the evolution of intelligence as the goal (Barrow 1986). This claim will be discussed in some detail in chapter 13.




  THE STOICS




  Although Aristotle rejected Platonic spiritualism and viewed the soul as substance, his insistence on a prime-mover God transcending the material world certainly removed any possible stigma of his being labelled an atheist by subsequent historians. St. Thomas Aquinas (d. 1274) hardly would have constructed Christian theology on the teachings of a wicked materialist!




  Stoicism arose shortly after Aristotle, in the third century B.C.E. Mainly an ethical philosophy of civic duty and resignation to one’s fate, stoicism was essentially materialist in its metaphysical outlook, viewing the soul as coextensive with the body. The stoic universe operated rationally according to the principle of logos, with all information entering the human mind through the senses. Following Heraclitus, the stoics viewed fire as the basic substance. God and soul were substantial, composed of the primal fire, which was also associated with reason and harmony, beauty and design.




  Stoicism had lasting impact, remaining influential until the Middle Ages. It attained its pinnacle with the Roman emperor Marcus Aurelius (d. 80 C.E.), whose Meditations record the private thoughts of history’s nearest personification of the philosopher king. However, the stoics, like the sophists, were more concerned with human affairs than science and did little to advance either physics or metaphysics.




  The atomic picture resurfaced with Epicurus (d. 270 B.C.E.) and his disciples, most notably the Roman poet Lucretius (c. 55 B.C.E.). In his remarkable poem De Rerum Natura (The Nature of Things), Lucretius maintained that the laws of nature, rather than divinity, create the universe. He also argued that humans, not gods, were responsible for civilization and morality. The gods were human inventions.




  In the sixteenth century, a copy of De Rerum Natura was discovered in Germany and brought to Italy by Poggio Bracciolini. Despite attempts at suppression by the church, atoms soon become part of the new cosmology that Nicolaus Copernicus (d. 1543), Galileo Galilei (d. 1642), and Isaac Newton introduced to the world.




  NEOPLATONISM AND NOMINALISM




  Even today, the Platonist, whether in theology, philosophy, or science, carries on the tradition of belief in a deeper, truer reality beyond the material world exposed to our external senses. As we have seen, this idea probably originated in ancient India, drifted to Greece, and then became integrated into Christian thinking as St. Augustine (d. 430) and other early theologians incorporated it into Church teaching. While the later version is still referred to as neo-Platonism, it is no longer “new.”




  Although Aquinas preferred Aristotle to Plato, Plato’s Form of the One, the Good, the idea from which all other ideas derive in a “Great Chain of Being,” evolved into the God of Christianity who bears little resemblance to either Zeus or Yahweh—except on the ceiling of the Sistine Chapel in the Vatican. Aquinas, whose theology soon became Catholic dogma, gave God the Aristotelian qualities of Prime Mover and Creator that went beyond Plato, but was more consistent with Genesis. Thus, the two greatest Christian theologians succeeded in weaving traditional beliefs together with the teachings of the two greatest pagan philosophers into the blanket of faith that so many find comforting to this very day.




  The medieval theologians who followed Aquinas found room for both Plato and Aristotle. The one who stands out as perhaps the most original thinker of the age is William of Occam (d. 1349). Occam (or Ockham) founded a school of thought called nominalism that distinguished science (that is, natural philosophy) from metaphysics in an important way. Science, according to Occam, deals not with what is but with what is known. He asserted that the so-called universals are mental images of sense impressions and have no objective reality. This is essentially the distinction I will be making between ontology and physics. Scientific theories, like those of physics, deal with abstractions that themselves need not correspond to reality but serve as problem-solving tools embedded in theories or what more recently have been termed “paradigms.”




  Historian Richard Carrier informs me that Occam was simply rediscovering what Claudius Ptolemy (c. 70) had earlier synthesized from the Epicureans and Stoics. In Kriterion and Hegemonikon (Huby 1989) Ptolemy says: “The intellect ... could not begin to think without the transmission from sense perception (unless anyone wanted to indulge in pure fantasy)” (8.5). And, in a blast against Platonism he says it only “sometimes seem[s]” that the intellect acquires “the first concept” of things “by its own agency,” so good is our memory at retaining and presenting recorded perceptions, for the intellect apprehends the Forms of things only “through memory that is an extension from sense objects” (12.3).




  Nominalism was not the sole intellectual contribution of the Franciscan monk Occam, who, while deeply embroiled in the turmoil of Church politics of his day, somehow still found time to think about more important things. Occam is of course famous for Occam’s razor, or the principle of parsimony that is usually rendered as “Entities are not to be multiplied beyond necessity,” though there is no record of Occam using these exact words. Applied to a scientific theory, Occam’s razor shaves away unneeded hypotheses, namely, those assumptions which are neither logically necessary nor called for in the data the theory seeks to describe. Thus, the most economical theory, namely, the one with the fewest assumptions, rules over any alternative that is less parsimonious. Certainly, a less parsimonious theory may eventually turn out to be correct. But we have no right to assume its truth until evidence is found that cannot be explained by a more parsimonious alternative.




  MECHANICS AND MONADS




  The influence Occam may have had on the development of the new science in the sixteenth century, if any, is not clear. The traditional metaphysical teachings of the Church, now supplemented and somewhat modified by Protestantism, continued to dominate European thinking.




  Copernicus and Galileo showed that a more economical explanation of astronomical observations could be envisaged when one assumes that the planets revolve around the sun. The earth, from the Copernican perspective, is just another planet—no more special than Venus, Mars, or Jupiter.1 This realization struck a great blow to human pride. Most cultural traditions have held that the earth, that is to say, humankind, is the center of the universe. As centuries passed, and astronomers probed farther beyond the solar system to galaxies billions of light years away, the traditional view has become increasingly difficult to sustain.




  This was, however, only temporarily unsettling. As human knowledge expanded and revealed a universe immense and ancient far beyond previous estimates and totally unimagined in any holy scripture, these results were soon reinterpreted so as to further enhance the glory of God. God ruled over vast domains, not just the tiny earth. Furthermore, Newtonian mechanics seemed to support the argument from design. Indeed, Newton believed he had succeeded better than anyone before in reading the “mind of God,” a far more wondrous world revealed not in the Bible but in the book of nature.2




  Descartes, who laid the conceptual foundation for the mechanical universe that Newton codified with his laws of motion and gravity, saw matter as the basest component in a universe of matter, mind, and God. Only after Descartes had “proved” to his—or at least his Catholic superiors’—satisfaction that mind and God exist, did matter enter into his metaphysics.




  First Descartes famously “proved” the existence of his own mind by the argument cogito ergo sum. He then expanded upon the contorted logic of St. Anselm (d. 1109), using a variation on the so-called ontological argument to “prove” the existence of God. This argument basically said that since the mind can conceive of a being greater than anything else that can be conceived, that being must exist. Descartes added that the concept of God is innate. Once God’s existence was thus “proven,” Descartes argued that external bodies are real because God would surely not deceive us by malring them an illusion.




  According to Descartes, knowledge is not exclusively prompted by sensory observations of material bodies but can arise internally from within our minds as well. God, in his goodness, has given us the mental capacity to reason and infer the truth of propositions by thought alone. This was the Age of Reason, and Descartes reasoned, or more accurately rationalized, his way to mind, God, and matter.




  Gottfried Wilhelm von Leibniz (d. 1716) was as brilliant a rationalizer as ever lived. He invented calculus, independent of Newton (we still use Leibniz’s notation), and symbolic logic. He devised a calculating machine that did square roots. Leibniz was a major figure of the Enlightenment, whose genius rivaled Newton’s. But Leibniz was also the precursor of a fantastical German idealism that would one day replace scientifically motivated Enlightenment thinking as materialist philosophers reasoned themselves into a corner.




  Leibniz’s law of optimism stated that we live in the best of all possible worlds:






   God has chosen (to create) that world which is the most perfect, that is to say, which is at the same time the simplest in its hypotheses and the richest in phenomena. (Discourse on Metaphysics as quoted in Rescher 1967, 19)







  Although this idea was satirized by Voltaire in Candide, where Leibniz is modelled as “Dr. Pangloss,” we can see from the quotation that Leibniz had a notion of simplicity consistent with richness that, when stripped of its theological baggage, represents a significant proposal for a guiding metaphysical principle.




  Leibniz started from the premise that an infinity of worlds was possible and that God had a wide, but still limited, range of choices in creating the universe. Even God could not break the rules of logic, but otherwise, in his goodness, selected the most perfect world consistent with logic. This may seem inconsistent with God’s supposed omnipotence, but you would not expect an omnipotent being to be inconsistent, and logic is little more than consistency.




  Leibniz explained that suffering in the world is a necessary evil, required in the logically consistent best of all worlds in order to make possible greater goods such as free will. Leibniz’s term theodicy has since been used to identify the task of apologizing for God.




  Leibniz also proposed a specific metaphysics in which the basic substance of the universe is composed of structureless points he later called monads.






   There are only atoms of substance, that is to say, real unities, that are absolutely devoid of parts, which are the sources of action and the absolute first principles of the composition of all things and, as it were, the ultimate elements in the analysis of substantial things. One could call them metaphysical points. They have something vital, a kind of perception; and mathematical points are their points of view, from which they express the universe. (Rescher 1967, 12)







  Leibniz’s monads were of substance, but living, vital substance—little pointlike souls that contained “representations” of what is outside. God is the supreme monad. Leibniz disputes Descartes notion of physical substance as pure extension. Suggestive of Einsteinian relativity, Leibniz points out that size, figure, and so on are relative to our perceptions. The basic metaphysical stuff must be independent of human perception (Rescher 1967, 13).




  While Leibniz’s monads might sound superficially like today’s atoms or elementary particles, clearly he was not proposing a materialist metaphysics. Indeed the monads were spiritual entities that did not interact with one another but were kept in perfect harmony by God. If anything, Leibniz’s monads illustrate how far metaphysical speculations can take you from the reality of physical observations, once you allow your imagination to run free of any constraints provided by those observations. Nevertheless, we can find some interesting insights in Leibniz’s ideas that hint at modern notions, in particular, the relativity of time and the monad as a kind of clock.




  NON-PLATONIC MATERIALISM




  Despite the attempts by early Enlightenment figures to maintain the Platonic Christian metaphysics, and even enhance it by application of the new tools of reason, a non-Platonic materialism subsisted as the scientific revolution progressed. Thomas Hobbes (d. 1679) argued that the concept of “incorporeal substance” such as spirit or soul was a logical contradiction and that all substance must be material by definition. John Locke (d. 1704) founded what we call empiricism, the doctrine that all of our knowledge, with the possible exceptions of logic and mathematics, is derived from experience. As usual, this was not a completely new idea but Locke moved it to the front burner. He disagreed with Plato and Descartes, arguing that we have no innate ideas, calling the mind a tabula rasa upon which experience is inscribed (Russell 1945, 609).




  Bishop George Berkeley (d. 1753) agreed with Locke on the primacy of experiential knowledge, but disputed that it provided a reliable picture of the real world outside our minds. Since sensory knowledge is still in our heads, only thoughts and mind can possibly be real. However, Berkeley still was a clergyman and could not allow his argument to proceed to its logical conclusion: solipsism, the doctrine that only one’s own mind was real. He decided instead that only God’s mind is real.




  Regardless of the merit of this doctrine, Berkeley was the first to draw a clear line between material monism, in which all is matter, and ideal monism, in which all is mind. Even Plato had not gone that far, and Descartes had concluded that substance existed in the dual phases of matter and mind.




  David Hume (d. 1776) agreed with Locke that all our ideas are sensory in origin. But he also agreed with Berkeley that we have no way of knowing that sense data are true matters of fact. Thus, he was willing to tread where Berkeley would not, asserting a doctrine of complete skepticism concerning the ability of the human being to determine truth by any means, empirical or mental. Shattering tradition, Hume rejected intuition and induction as sources of knowledge.




  As part of his skeptical doctrine, Hume issued the first real challenge to cause and effect and, indeed, to the very notion of natural law. He asserted that all we actually observe is the spatio-temporal conjunction between events. Just because two events occur close to one another in space and time, we cannot conclude that one was the cause of the other, that is, in the absence of one event the other would not have happened. Similarly, we cannot assume that events will always happen in a certain sequence and pattern just because they have always happened that way so far.




  Applying this to science, we can never be certain that the “laws of physics” are true, even if we were to attain the fantastical goal of a theory of everything that agrees with all the data that may have been gathered by that time. The notion that the mathematical equations of such a theory would encompass a Platonic reality of which we would then have certain knowledge is a pipe dream from the Humean perspective.




  However, Hume’s rejection of induction went too far. If we cannot predict events with complete certainty from the principles we establish from the conjunction of observations, we can certainly do better than a simple toss of the dice. Science is highly successful in predicting the future occurrence of many events with sufficient probability for most practical purposes. And while we can never be certain that any given ontological interpretation of a scientific theory is true, we can still explore the relative merits, logical foundations, and possible consequences of various proposals. Indeed, we have the intellectual freedom to talk about anything we want, as long as we do so in a coherent and consistent fashion.




  INNATE KNOWLEDGE




  Immanuel Kant (d. 1804) reported that when he read Hume he awoke from his “dogmatic slumber.” Kant proceeded to analyze what could and could not be known about the universe, God, and the human mind. He decided that the mind does in fact possess innate knowledge of “things in themselves,” what he called the synthetic a priori, that are not derived from experience. In yet another variation on Platonic forms, the mind is not a tabula rasa at birth but has a priori knowledge of the forms of phenomena. The purest of these, the transcendental aesthetic, are space and time. The notions of space and time are not simply abstractions from experience but inner knowledge about what lies beyond the world of experience.




  Kant gave Euclidean geometry as an example of a priori knowledge. Such knowledge is applied to the real world rather than inferred from observations, at least according to Kant, yet it successfully describes those observations. However, this example collapsed, along with the rest of Kant’s proposition, when Carl Friedrich Gauss (d. 1855) and others showed that non-Euclidean geometries were mathematically possible. In 1916, Einstein used non-Euclidean geometry in the theory of general relativity, striking the final blow against the transcendental aesthetic.




  Euclidean geometry turns out to be an approximation that we use in everyday life because it happens to work well in describing most of the observations in our neighborhood. We infer it by observation, not pure thought. By the early twentieth century, scientific instrumentation had greatly extended the range of our observations and revealed that both Euclidean geometry and classical Newtonian physics were approximations to the new physics of relativity and quantum mechanics.




  How can we ever be sure that relativity, quantum mechanics, or any future theories we might invent are not similar approximations? Based on the evidence from scientific history, you would be foolish indeed to think you ever had finally achieved the ultimate theory of everything. Nevertheless, this does not mean we should throw up our hands and stop doing science. Approximations can still be applied to the appropriate range of phenomena where they give sufficient accuracy to be useful. In the view of science as a problem-solving activity, no inconsistency arises and the progress of science provides strong support for the contention that it converges on reality.




  GEIST AND FEELINGS




  It was awhile before Kant’s version of Platonic forms was definitively repudiated. In the meantime, he inspired the weird period in Western philosophical history called German idealism that culminated in the baffling abstractions of Georg Wilhelm Hegel (d. 1831).




  Hegel saw the universe as a collective spirit, mind, or soul he called geist. Humans are an intrinsic part of this Absolute, which is continually evolving and gradually gaining self-knowledge through the dialectic method of question and answer utilized in Plato’s Dialogues. Kant had also seen the dialectic as the process by which we gain knowledge of ultimate reality independent of sense experience. Hegel’s idealism thus appears as yet another attempt to find reality by the inner process of pure thought rather than the outer process of objective observation.




  With no little irony, Karl Marx (d. 1883) claimed to use Hegelian thinking in his dialectic materialism, which comes to the directly opposite conclusion from Hegel. To Marx, ultimate reality is fully material and independent of the human mind. Nothing better demonstrates the worthlessness of a theory than having it produce mutually contradictory conclusions. Think of all the human suffering that might have been avoided in the twentieth century had the poverty of the dialectic been earlier recognized!




  Another notable German idealist, Arthur Schopenhauer (d. 1860), pictured the world as “will and idea.” He is reported to have defended his legendary obscurity, which matched even Hegel’s, by noting that, after reading Kant, “the public was compelled to see that what is obscure is not always without significance” (Durant, 1953, 221). Physicist Ludwig Boltzmann was not so impressed by obscurity, however. Reputedly, he once made his views on Schopenhauer unambiguous by proposing to give a lecture to philosophers with the title “Proof that Schopenhauer Was a Degenerate, Unthinking, Unknowing, Nonsense Scribbling Philosopher, Whose Understanding Consisted Solely of Empty Verbal Trash” (Bernstein 1993, 33).




  Nevertheless, Schopenhauer made some sense, arguing that the human mind is incapable of knowing about things in themselves and simply engages in a struggle to find meaning where none exists. In this he became the first major Western philosopher to directly incorporate aspects of Buddhist thinking into his philosophy.




  Even before the German idealists took center stage in humanity’s ongoing intellectual drama, the Romantic movement led by Jean Jacques Rousseau (d. 1778) had reacted against the scientistic universe of the Enlightenment. The romantics emphasized “feeling” over reason. This point of view has dominated thinking in the arts to the present day. However, it should not be taken to imply any great take-no-prisoners war between opposing ideologies comparable to that between realism and idealism. Few scientists deny the value of painting, poetry, music, and the other fine arts, and indeed many have highly developed senses of appreciation for the aesthetic. No conflict between feeling and thinking exists, at least in the feeling and thinking minds of scientists. Most just happen to think and feel that feeling and thinking are being done by gray matter, not some imaginary spirit.




  MATERIALISM HANGS ON




  Materialism often gets blamed for the decline of “spiritual values” in the modern world. Hegel and the bewildering twentieth-century philosopher Martin Heidegger amply illustrate the direction to which the application of “pure thinking,” unfettered by external reality, can lead.




  Materialistic metaphysics was kept alive in the eighteenth and nineteenth centuries by authors such a Paul d’Holbach (d. 1789) and Ludwig Buechner (d. 1899), who are largely forgotten today. D’Holbach, in The System of Nature; or the Laws of the Moral and Physical World, attempted to develop a completely materialistic picture of the world based on Enlightenment science, with no room for spirit or religion (D’Holbach 1853).




  Buechner’s Force and Matter was a complete statement of materialist philosophy that was one of the most widely read German books of the nineteenth century, with twenty-one German editions and translations in seventeen other languages (Buechner 1870, 1891). Needless to say it was also widely opposed, with diatribes against it by theologians and priests rolling off the presses. But Force and Matter continued to be printed and had some small influence on people such as Einstein. By his death, however, Buechner had lost much of the hope he had with his first edition in 1855 of converting most of humankind to materialism.3




  Perhaps one of the reasons materialism did not catch on was a general disenchantment among those who (shades of Socrates and the sophists) saw the improvement of the human social and economic condition as the highest goal and viewed the speculations of both idealists and atomists rather remote from everyday life. Nevertheless, the industrial revolution, fueled by materialist science, had enormous if uneven impact on human material welfare. This great success story suggested that scientific method should be applied as well to human society.




  Auguste Comte (d. 1857) coined the term sociology to refer to the scientific study of social systems. He also founded the philosophical school of positivism in which metaphysics was viewed as an obsolete stage of human intellectual development. In the first stage, according to Comte, humanity looked to gods and other mythological beings to explain events. In the second stage, these were replaced by abstractions such as Plato’s perfect Forms or Hegel’s geist. Finally, human thinking has now advanced to the scientific stage of experiment, hypothesis, and mathematical theory that should be applied to every phase of human life.




  While Comte was primarily a political theorist, positivism found a place in the philosophy of science largely through the influence of the Austrian physicist and philosopher Ernst Mach. Mach was highly skeptical of the atomic theory and many of the ideas that physicists were tossing about around the turn of the century. He was chair of philosophy at the University of Vienna at the same time that Boltzmann was chair of physics, and the two disagreed vehemently. Boltzmann had used the atomic model to derive the laws of thermodynamics. During one of Boltzmann’s lectures at the academy of science, Mach spoke up and said, “I don’t believe atoms exist.” He often would say about atoms, “Have you seen one?” Of course no one had (yet), and Mach was justified in being skeptical. But he remained so, even after Einstein had convinced most other skeptics by showing that Brownian motion, in which suspended particles are observed to bounce about randomly, could be explained as the effect of atomic collisions. No doubt, if he were alive today he would say about quarks, “Have you seen one?” (Bernstein 1993, 28-37).




  Shortly after Mach’s death in 1916, the University of Vienna become the center for the philosophical school of logical positivism, which was partially based on the notion that only statements that have testable observable consequences can be meaningful.




  Positivists of both centuries found an ally in Herbert Spencer, who agreed that metaphysics was a waste of time and philosophy should concern itself with unifying the results of science. He held the view that evolution was evidence for progress and applied this idea to psychology, sociology, and morality. Questions like the existence of God or the origin of the universe, according to Spencer, were unknowable.




  While the power of science as applied to the machines of industry was universally acknowledged in the nineteenth century, and Charles Darwin (d. 1882) had shown how life, including homo sapiens, had evolved by the mechanism of natural selection, few humans were ready to accept de La Mettrie’s notion that “man” is a machine. The modern antimechanical crusade is exemplified by the writing of Henri Bergson, who argued that human creativity cannot be explained by any Darwinian mechanism.




  However, this remains wishful thinking. No evidence exists for any component to the physical universe other than matter. No observation of the physical world requires any processes other than natural ones. A picture of uncuttable atoms in the void remains the simplest and best ontology for explaining the data of modern science. If a mystical, Platonic world beyond the senses cannot be ruled out, such a world is not required by the data.




  NOTES




  1. Actually, to fit the data, Copernicus had the earth revolving not about the center of the sun but a point that itself revolved about the sun.




  2. The catchy phase, “the mind of God,” was used in Stephen Hawking’s best seller The Brief History of Time (Hawking 1988, 175). However, Hawking was speaking metaphorically. Many physicists use “God” to refer to the mathematical order of the universe, which unfortunately can be misinterpreted in sectarian terms that were not intended.




  3. For a complete discussion of d’Holbach, Buechner, and the history of materialism in general, see Vitzthum 1995.


  




OEBPS/Images/frn_fig_001.jpg
TIMELESS
REALITY

Symmetry, Slmphaty, and Multlple ‘Umvet’ses

" VICTOR )./ J/ e
STENGER,. PHD:

AUTHOR OF THE UNCONSCIOUS QUANTUM

/





OEBPS/Images/frn_fig_002.jpg
@ Prometheus Books





