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“Ervin Laszlo presents readers with a tour de force, nothing less than a 
theory of everything. This book introduces such provocative concepts as the 
‘A-field’ and the ‘informed universe,’ making the case that a complete understanding of reality is woefully lacking without them. Readers of this book will never view the universe in quite the same way again.”

STANLEY KRIPPNER, PH.D.,

PROFESSOR OF PSYCHOLOGY, SAYBROOK GRADUATE SCHOOL, AND AUTHOR AND COEDITOR OF VARIETIES OF ANOMALOUS EXPERIENCE

“Over the last 30 years, Ervin Laszlo has consistently been at the fore-front of scientific inquiry, exploring the frontiers of knowledge with insight, wisdom, and integrity. With 
Science and the Akashic Field he takes another quantum leap forward in our understanding of the universe and ourselves. This enthralling vision of mind, science, and universe is essential reading for the 21st century.”

ALFONSO MONTUORI, PH.D.,

CALIFORNIA INSTITUTE OF INTEGRAL 
STUDIES, AND AUTHOR OF CREATORS ON CREATING

“It is rare indeed that a revolution in thought can open our eyes to a new universe that transforms our inner experience as well as our relationships with others and even with the cosmos. Martin Buber did it with 
I and Thou. Now, Ervin Laszlo, one of the most profound minds of our generation, has given us a great gift in this readable book that explores how we are connected to each other in fields of resonance that penetrate to the deepest levels of being.”

ALLAN COMBS, PH.D.,
PROFESSOR OF PSYCHOLOGY, UNIVERSITY OF 
NORTH CAROLINA
AT ASHEVILLE, AND AUTHOR OF THE 
RADIANCE OF BEING

“If you ever wanted to hold the universe in your hand, pick up this book. You can hardly do better than join cosmologist Ervin Laszlo in the ultimate quest: for a theory of everything.”

CHRISTIAN DE QUINCEY, 
PH.D.,
PROFESSOR OF PHILOSOPHY, JOHN F. KENNEDY 
UNIVERSITY, EDITOR OF INSTITUTE OF NOETIC 
SCIENCES’ IONS REVIEW, AND AUTHOR OF RADICAL NATURE: 
REDISCOVERING THE SOUL OF MATTER

“In this impressive and transformative work Laszlo brings the reader into an integral worldview for our time. The reader who encounters this book will be irrevocably transformed and will henceforth experience the world through a global lens.”

ASHOK GANGADEAN, PH.D.,
PROFESSOR OF PHILOSOPHY, HAVERFORD COLLEGE, 
FOUNDER-DIRECTOR OF THE GLOBAL DIALOGUE 
INSTITUTE, AND AUTHOR OF THE 
AWAKENING OF THE GLOBAL MIND

“In a visionary way based on profound knowledge of modern science, Laszlo creates a genuine architecture of human and cosmic evolution. He provides the bridge between all the different puzzle-stones of science and unifies them in a most remarkable and bold ‘integral theory of everything.’”

FRITZ-ALBERT POPP, 
PH.D.,

DIRECTOR OF THE INTERNATIONAL INSTITUTE 
OF BIOPHYSICS,
AND EDITOR OF RECENT ADVANCES IN 
BIOPHOTON RESEARCH

“This is one of the most important books to be published in the last decades. Ervin Laszlo’s 
Science and the Akashic Field has the power and coherence to explain the major phenomena of cosmos, life, and mind as they occur at the various levels of nature and society. In demonstrating that an information field is a fundamental factor in the universe, Ervin Laszlo catalyzes a radical paradigm-shift in the contemporary sciences.”

IGNAZIO MASULLI, PH.D.,

PROFESSOR OF HISTORY, UNIVERSITY OF 
BOLOGNA, ITALY, AND COAUTHOR OF THE EVOLUTION 
OF COGNITIVE MAPS

“Laszlo’s book opens the way toward a great synthesis. Whoever reads Laszlo’s book witnesses the greatest awakening of the human spirit. Not since Plato and Democritus has there been such a transformation in the history of thought!”

LÁSZLÓ GAZDAG, PH.D.,
PHYSICIST AND PROFESSOR OF SOCIAL SCIENCES, 
SCIENCE UNIVERSITY OF PÉCS, HUNGARY, AND AUTHOR OF BEYOND 
THE THEORY OF RELATIVITY

“In his admirable 40-year quest for an integral theory of everything, Laszlo 
has not restricted himself to physics but presented a coherent global hypothesis 
of connectivity between quantum, cosmos, life and consciousness. I cannot think of anyone else who is better prepared and more able, than the genuine post-modern Renaissance Man Laszlo, to offer a vision that is imaginative, but not imaginary, a vision where all things are connected with all other things and nothing disappears without a trace.”

ZEV NAVEH, PH.D.,
PROFESSOR EMERITUS, ISRAEL INSTITUTE 
OF TECHNOLOGY, AND AUTHOR OF LANDSCAPE ECOLOGY

“Is everything that ever happened on this earth recorded in some huge, ultra-dimensional information bank? Are some of us occasionally able to tap into it with some facility, and perhaps all of us to some extent now and then during our lives? 
Science and the Akashic Field provides the pioneering scientific answer to these and many other fundamental questions our species faces at this critical time in human evolution.”

DAVID LOYE, PH.D.,

FORMER RESEARCH DIRECTOR OF THE PROGRAM ON 
PSYCHOSOCIAL ADAPTATION AND THE FUTURE, UCLA 
SCHOOL OF MEDICINE, AND AUTHOR OF AN ARROW 
THROUGH CHAOS

“Science and the Akashic Field shows clearly that science is poised at the threshold of a new paradigm. The new vision offers humanity the perspective of more peace and security, not as an idealistic goal but as a reflection of reality.”

JURRIAAN KAMP,

EDITOR IN CHIEF OF ODE MAGAZINE,
AND AUTHOR OF BECAUSE PEOPLE 
MATTER

“When in search of impacts or nuances useful in discovering and understanding the essential universe, Ervin Laszlo’s brilliant new work, 
Science and the Akashic Field, surpasses previous explorations. The work opens a road to understanding the universe as an integrated entity, connecting science and consciousness, and recognizing the wholeness of the universe, life, and mind. This is a ‘make-sense-of-the-complex’ opus, accessible to every reader.”

A. HARRIS STONE, ED.D.,
FOUNDER OF THE GRADUATE 
INSTITUTE IN MILFORD, CONNECTICUT,
AND AUTHOR OF THE LAST FREE 
BIRD

“There is turmoil and excitement at the cutting edge of cosmology and related sciences. Ervin Laszlo, with his insightful and systems-oriented approach, charts a course through it all that is both truly radical and truly plausible. This is a solidly grounded vision of our cosmos, with perspectives that are wide and deep and have profound implications for all of us.”

HENRIK B. TSCHUDI, 

CHAIRMAN OF THE FLUX FOUNDATION, 
OSLO, NORWAY

“Ervin Laszlo is, arguably, the most profound thinker alive today.”

LADY MONTAGU OF BEAULIEU,

FIRST AMBASSADOR OF THE CLUB 
OF BUDAPEST
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Akasha ([image: image] 
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sha) is a Sanskrit word meaning “ether”: all-pervasive space. Originally signifying “radiation” or “brilliance,” in Indian philosophy akasha was considered the first and most fundamental of the five elements—the others being vata (air), agni (fire), ap (water), and prithivi (earth). Akasha embraces the properties of all five elements: it is the womb from which everything we perceive with our senses has emerged and into which everything will ultimately redescend. “The Akashic Record” (also called “The Akashic Chronicle”) is the enduring record of all that happens, and has ever happened, in the whole of the universe.




Introduction

A Meaningful Scientific Worldview for Our Time

Notwithstanding a widespread view, science is not only a collection of observations, measurements, and mathematical formulas; it is also a source of insight into the way things are in the world. Great scientists are concerned not only with the 
how of the world—the way things work—but also what the things of this world 
are, and why they are the way we find them.

It is indisputable, of course, that in the mainstream of the science community researchers are often more concerned with making their equations pan out than with the meaning they can attach to them. But this is not so in the case of leading theoreticians. The cosmological physicist Stephen Hawking, for example, is keenly interested in making clear the meaning of his theories, even though this is by no means an easy task and he does not always succeed. Shortly after the publication of his 
A Brief History of Time, a feature story appeared in the New York Times entitled, “Yes Professor Hawking, but what does it mean?” The question was much to the point: Hawking’s 
theory of time and the universe is complex, and its meaning is by no means transparent. Yet his attempts to make it so are noteworthy, and worthy of being emulated.

Evidently, the search for a meaningful view of the world is not confined to science. It is entirely fundamental for the human mind; it is as old as civilization. For as long as people looked at the Sun, the Moon, and the starry sky above, and at the seas, the rivers, the hills, and the forests below, they wondered where it all came from, where it all is going, and what it all means. In the modern world, great scientists wonder as well. Some have a deep mystical streak; Newton and Einstein are prime examples. As the Canadian physicist David Peat affirmed, the leading researchers accept the challenge of finding meaning in and through science.

“Each of us is faced with a mystery,” Peat began his book Synchronicity. “We are born into this universe, we grow up, work, play, fall in love, and at the ends of our lives, face death. Yet in the midst of all this activity we are constantly confronted by a series of overwhelming questions: What is the nature of the universe and what is our position in it? What does the universe mean? What is its purpose? 
Who are we and what is the meaning of our lives?” Science, Peat claims, attempts 
to answer these questions, since it has always been the province of the 
scientist to discover how the universe is constituted, how matter was first created, and how life began.

There are many scientists who reflect on these questions, but some of them 
come to different conclusions. The physicist Steven Weinberg is adamant that the 
universe as a physical process is meaningless; the laws of physics offer no discernible purpose for human beings. “I believe there is no point that can be discovered by the methods of science,” he said in an interview. “I believe that what we have found so far—an impersonal universe which is not particularly directed towards human beings—is what we are going to continue to find. And that when we find the ultimate laws of nature they will have a chilling, cold, impersonal quality about them.”

This split in the leading scientists’ view of the world has deep cultural roots. It reflects what the historian of civilization Richard Tarnas called Western civilization’s “two faces.” One face is that of progress, the other, of fall. The more familiar face is the account of a long and heroic journey from a primitive world of dark ignorance, suffering, and limitation to the bright modern world of ever-increasing knowledge, freedom, and well-being, made possible by the sustained development of human reason and, above all, of scientific knowledge and technological skill. The other face is the story of humanity’s fall and separation from the original state of oneness with nature and cosmos. While in the primordial condition humans possessed an instinctive knowledge of the sacred unity and profound interconnectedness of the world, a deep schism arose between humankind and the rest of reality with the ascendance of the rational mind. The nadir of this development is reflected in the current ecological disaster, moral disorientation, and spiritual emptiness.

Contemporary civilization displays both the positive and the negative faces. Some, like Weinberg, express the negative face of Western civilization. For them, meaning resides in the human mind alone: the world itself is impersonal, without purpose or intention. Others, like Peat, insist that though the universe has been disenchanted by science, it is reenchanted again in light of the latest findings.

The latter view is gaining ground. At its cutting edge, the new cosmology discovers a world where the universe does not end in ruin, and the new physics, the new biology, and the new consciousness research recognize that life and mind are integral elements in the world, and not accidental by-products.

In this book I discuss the origins and the essential elements of the worldview now emerging at the cutting edge of the new sciences. I explore why and how it is surfacing in physics and in cosmology, in the biological sciences, and in the new field of consciousness research. Then I highlight the crucial feature of the emerging worldview: the revolutionary discovery that at the roots of reality there is not just matter and energy, but also a more subtle but equally fundamental factor, one that we can best describe as active and effective information: “in-formation.”

In-formation, I claim, links all things in the universe, atoms as well as galaxies, organisms the same as minds. This discovery transforms the fragmented world-concept of the mainstream sciences into an integral, holistic worldview. It opens the way toward the elaboration of a theory that has been much discussed but until recently has not been truly achieved: an integral theory not just of one kind of things, but of all kinds—an integral theory of everything.

An integral theory of everything would bring us closer to understanding the real nature of all the things that exist and evolve in space and time, whether they are atoms or galaxies or mice and men. It gives us an encompassing and yet scientific view of ourselves and of the world; a view that we very much need in these times of accelerating change and mounting disorientation.



PART ONE


THE FOUNDATIONS OF AN INTEGRAL THEORY OF EVERYTHING

How Information Connects Everything to Everything Else

 

Come,

sail with me on a quiet pond.

The shores are shrouded,

the surface smooth.

We are vessels on the pond

and we are one with the pond.

A fine wake spreads out behind us,

traveling throughout the misty waters.

Its subtle waves register our passage.

Your wake and mine coalesce,

they form a pattern that mirrors

your movement as well as mine.

As other vessels, who are also us,

sail the pond that is us as well,

their waves intersect with both of ours.

The pond’s surface comes alive

with wave upon wave, ripple upon ripple.

They are the memory of our movement;

the traces of our being.

The waters whisper from you to me and from me to you,

and from both of us to all the others who sail the pond:

Our separateness is an illusion;

we are interconnected parts of the whole—

we are a pond with movement and memory.

Our reality is larger than you and me,

and all the vessels that sail the waters,

and all the waters on which they sail.





ONE

The Challenge of an Integral Theory of Everything
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In this opening chapter we discuss the challenge of creating a “TOE”—a theory of everything. A theory that deserves this name must be a theory truly of 
everything—an integral theory of all the kinds of things we observe, experience, and encounter, whether they are physical things, living things, social and ecological things, or “things” of mind and consciousness. Such an “I-TOE” can be achieved—as this chapter and those that follow will show.
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There are many ways of comprehending the world: through personal insight, mystical intuition, art, and poetry, as well as the belief systems of the world’s religions. Of the many ways available to us, there is one that is particularly deserving of attention, for it is based on repeatable experience, follows a rigorous method, and is subject to ongoing criticism and assessment. It is the way of science.

Science, as a popular newspaper column tells us, matters. It matters not only because it is a source of the new technologies that are shaping our lives and everything around us, but also because it suggests a trustworthy way of looking at the world—and at ourselves in the world.

But looking at the world through the prism of modern science has not been a simple matter. Until recently, science gave a fragmented picture of the world, conveyed through seemingly independent disciplinary compartments. Scientists have found it difficult to tell what connects the physical universe to the living world, the living world to the world of society, and the world of society to the domains of mind and culture. This is now changing; at the leading edge of the sciences ever more researchers are searching for a more integrated, unitary world picture. This is true especially of physicists, who are intensely at work creating “grand unified theories” and “super-grand unified theories.” These GUTs and super-GUTs relate together the fundamental fields and forces of nature in a logical and coherent theoretical scheme, suggesting that they had common origins.

A particularly ambitious endeavor has surfaced in quantum physics in recent years: the attempt to create a theory of everything. This project is based on string and superstring theories (so called because in these theories elementary particles are viewed as vibrating filaments or strings). The TOEs being developed use sophisticated mathematics and multidimensional spaces in an attempt to produce a single master equation that could account for all the laws of the universe.


BACKGROUND BRIEF

THE PHYSICISTS’ THEORIES OF EVERYTHING

The theories of everything that are being researched and developed by theoretical physicists endeavor to achieve what Einstein once called “reading the mind of God.” He said that if we could bring together all the laws of physical nature into a consistent set of equations, we could explain all the features of the universe on the basis of those equations; that would be tantamount to reading the mind of God.

Einstein’s own attempt took the form of a unified field theory. Although he pursued this ambitious quest until his death in 1955, he did not find the simple and powerful equation that would explain all physical phenomena in a logically consistent form.

The way Einstein tried to achieve his objective was by considering all phenomena of interest to physics as the interaction of continuous fields. We now know that his failure was due to the disregard of the fields and forces that operate at the microphysical level of reality: these fields (the weak and the strong nuclear forces) are central to quantum mechanics, but not to relativity theory.

A different approach has been adopted today by the majority of theoretical physicists: they take quanta—the discontinuous aspect of physical reality—as basic. But the physical nature of quanta is reinterpreted: they are no longer discrete matter-energy particles but rather vibrating one-dimensional filaments: “strings” and “superstrings.” Physicists try to link all the laws of physics as the vibration of superstrings in a higher dimensional space. They see each particle as a string that makes its own “music” together with all other particles. Cosmically, entire stars and galaxies vibrate together, as, in the final analysis, does the whole universe. The physicists’ challenge is to come up with an equation that shows how one vibration relates to another, so that they can all be expressed consistently in a single super-equation. This equation would decode the encompassing music that is the vastest and most fundamental harmony of the cosmos.



At the time of writing, a string-theory-based TOE remains an ambition and a 
hope: nobody has come up with the super-equation that could express the harmony 
of the physical universe in a formula as simple and basic as Einstein’s original 
E = mc2. Indeed there are so many problems with it that ever 
more physicists claim that a fundamentally new concept may be needed to make 
progress. The equations of string theory call for multiple dimensions to pan 
out; not even a four-dimensional space-time suffices. Initially the theory 
required up to twenty dimensions to relate all the vibrations together in a 
consistent theory, but now it appears that “only” ten or eleven dimensions would 
do, provided that the vibrations occur in a higher-dimensional “hyperspace.” 
Moreover string theory requires an existing framework of space and time for its strings, but it cannot show how space and time would be generated. Even more vexing is that the theory has so many possible solutions—of the order of 10500—that it becomes a mystery why our universe is the way it is (seeing that each solution would produce a different universe).

Physicists who hope to salvage string theory have brought forward various hypotheses. It could be that all possible universes coexist, although we live in just one of them. Or, it could also be that our universe has a multitude of different faces but we perceive only the one familiar face. These are among a spate of hypotheses put forward by theoretical physicists who are intent on demonstrating that string theories have some measure of realism; they are theories of the real world. But none of them is satisfactory, and some critics, among them Peter Woit and Lee Smolin, are ready to bury string theory.

Smolin is one of the founders of the theory of loop quantum gravity, according to which space is a network of nodes that interconnects all points. The theory explains how space and time are generated and also accounts for “action-at-a-distance,” that is, for the strange “entanglement” that underlies the phenomenon known as nonlocality, which we will explore in chapter three.

Whether physicists will be able to come up with a working theory of everything is evidently in doubt. It is clear, however, that even if the current efforts were to be crowned with success, success would not crown the creation of a genuine TOE. At the most, physicists would come up with a physical TOE—with a theory that is not a theory of every thing, only of every physical thing. A genuine TOE would include more than the mathematical formulas that give a unified expression to the phenomena studied in this branch of quantum physics. There is more to the universe than vibrating strings and related quantum events. Life, mind, culture, and consciousness are part of the world’s reality, and a genuine theory of everything would take them into account as well.

Ken Wilber, who wrote a book with the title A Theory of Everything, agrees: he speaks of the “integral vision” conveyed by a genuine TOE. However, he does not offer such a theory; he mainly discusses what it would be like, describing it in reference to the evolution of culture and consciousness—and to his own theories. An actual, science-based integral theory of everything is yet to be created.


APPROACHES TO A GENUINE TOE

A genuine TOE can be created. Although it is beyond the string and superstring theories in the framework of which physicists attempt to formulate their own super-theory, it is well within the scope of science itself. Indeed, the enterprise of creating a genuine TOE—an I-TOE—is simpler than the attempt to create a physical TOE. As we have seen, physical TOEs 
endeavor to relate together all the laws of physics in a single formula—laws 
that govern interactions among particles and atoms, stars and galaxies: many 
already complex entities with complex interrelations. It is simpler, and more sensible, to look for the basic laws and processes that 
give rise to these entities, and to their interrelations.

The computer simulation of complex structures demonstrates that complexity is generated, and can be explained, by basic and relatively simple starting conditions. As John von Neumann’s cellular 
automata theory has shown, it is enough to identify the basic constituents of a 
system and give the rules—the algorithms—that govern their behavior. (This is 
the basis of all computer simulations: the modelers tell the computer what to do 
at each step as the modeling process unfolds, and the computer does the rest.) A 
finite and surprisingly simple set of basic elements governed by a small set of 
algorithms can generate great and seemingly incomprehensible complexity merely by allowing the process to unfold in time. A set of rules informing a set of elements initiates a process that orders and organizes the elements, so that they create more and more complex structures and interrelations.

When we try to create a genuine I-TOE, we can proceed in an analogous way. We can start with the basic kind of things, the things that generate other things without being generated by them. Then we must state the simplest possible set of rules that can generate the more complex things. In principle we should then be able to explain how every “thing” in the world has come to be.

Beyond string and superstring theories, there are theories and concepts in the new physics through which this ambitious enterprise can be attempted. Using the findings of cutting-edge particle and field theories, we can identify the foundation that generates all things without itself being generated by other things. This foundation, we shall see, is the virtual-energy sea known as the 
quantum vacuum. We can also draw on a large repertory of rules—the laws of nature—that tell us how the basic elements of reality—the particles known as quanta—evolve into complex things in interaction with their cosmic foundation.

However, we must add a new element to achieve a genuine I-TOE. The currently known laws by which the existing things of the world are generated from the quantum vacuum are laws of interaction based on the transfer and transformation of 
energy. These laws turn out to be adequate to explain how real things—in 
the form of particle-antiparticle pairs—are generated in and emerge out of the 
quantum vacuum. But they do not adequately explain why an excess of particles 
over antiparticles was generated in the Big Bang, nor does it tell us how in the 
course of cosmic eons the surviving particles became structured into more and more complex things: into galaxies and stars, atoms and molecules, and—on suitable planetary surfaces—into macromolecules, cells, organisms, societies, ecologies, and entire biospheres.

In order to account for the presence of a significant number of particles in the universe (of “matter” as opposed to “antimatter”), and for the ongoing, if by no means smooth and linear, evolution of the existing things, we need to recognize the presence of a factor that is neither matter nor energy. The importance of this factor is now acknowledged not only in the human and the social sciences, but also in the physical and the life sciences. It is 
information—information as a real and effective factor setting the parameters of the universe at its birth, and thereafter governing the evolution of its basic elements into complex systems.

Most of us think of information as data or what a person knows. But the reach of information is deeper than this. Physical and life scientists are discovering that information extends far beyond the mind of an individual person, or even all persons taken together. It is an inherent aspect of both physical and biological nature. The great physicist David Bohm called it “in-formation,” meaning a process that actually “forms” the recipient. This is the concept we shall adopt here.

In-formation is not a human artifact, not something we produce by writing, 
calculating, speaking, and messaging. As ancient sages knew, and as scientists 
are now rediscovering, in-formation is present in the world independent of human volition and action and is a decisive factor in the evolution of the things that furnish the real world. The basis for creating a genuine I-TOE is the recognition that “in-formation” is a fundamental factor in nature.





TWO

On Puzzles and Fables

Drivers of the Next Paradigm Shift in Science
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We begin our search for a genuine I-TOE by reviewing the factors that drive science toward a new paradigm. The key drivers are the puzzles that crop up and accumulate in the course of scientific investigation: anomalies that the current paradigm cannot clarify. This impels the community of scientists to search for new ways of approaching the anomalous phenomena. Their exploratory probes (we shall call them “science fables”) bring to the surface many new ideas. Some of the ideas may harbor the key concepts that will lead scientists to a new paradigm: to a paradigm that could clear up the puzzles and anomalies and provide the foundation for a genuine I-TOE.
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Leading scientists wish to extend and deepen their understanding 
of the segment of reality they investigate. They understand more and more of the 
pertinent part or aspect of reality, but they cannot inspect any part or aspect 
directly; they can only comprehend it through concepts built into hypotheses and theories. Concepts, hypotheses, and theories are not eternally valid—they are fallible. Indeed, the mark of a truly scientific theory, according to philosopher of science Sir Karl Popper, is its “falsifiability.” Theories are falsified when the predictions made on their basis are not borne out by observations. In that case the observations are “anomalous,” and the theory in question is either considered false and is abandoned, or is admitted to be in need of revision.

The falsification of theories is the engine of real progress in science. When everything works, there can still be progress, but it is piecemeal, the refinement of the accepted theory to match the new observations. Real progress occurs when this is not possible. Then the point is sooner or later reached when—instead of trying to revise the established theories—scientists prefer to look for a simpler and more insightful theory. The way is open to fundamental theory innovation: to a paradigm-shift.

A paradigm-shift is driven by the accumulation of observations that do not fit the accepted theories and cannot be made to fit by the mere extension of those theories. The stage is set for a new and more adequate scientific paradigm. The challenge is to find the fundamental, and fundamentally new, concepts that form the substance of the new paradigm.

There are stringent requirements on a scientific paradigm. A theory based on it must enable scientists to explain all the findings covered by the previous theory and must also explain the anomalous observations. It must integrate all the relevant facts in a simpler and yet more encompassing and powerful concept. This is what Einstein did at the turn of the twentieth century when he stopped looking for solutions to the puzzling behavior of light in the framework of Newtonian physics and created instead a new concept of physical reality: the theory of relativity. As he himself said, one cannot solve a problem with the same kind of thinking that gave rise to that problem. In a surprisingly short time, the bulk of the physics community abandoned the classical physics founded by Newton and embraced Einstein’s revolutionary concept in its place.

In the first decade of the twentieth century, science underwent a basic “paradigm shift.” Now, in the first decade of the twenty-first century, puzzles and anomalies are accumulating again, and the scientific community faces another paradigm shift, just as fundamental as the revolution that shifted science from the mechanistic world of Newton to the relativistic universe of Einstein.

The current paradigm shift has been brewing in the avant-garde circles of science for some time. Scientific revolutions are not instant-fit processes, with a new theory clicking into place all at once. They may be rapid, as in the case of Einstein’s theory, or more protracted, as the shift from the classical Darwinian theory to a more embracing post-Darwinian conception in biology, for example.

Before the incipient revolutions are consolidated, the sciences affected by the anomalies go through a period of turbulence. Main-stream scientists defend the established theories, while maverick scientists 
at the cutting edge explore alternatives. The latter come up with new, sometimes 
radically different ideas that look at the same phenomena the mainstream 
scientists look at but see them differently. For a time, the alternative 
conceptions—initially in the form of working hypotheses—seem strange if not actually fantastic. They are something like fables, dreamt up by imaginative investigators. Yet they are not the work of untrammeled imagination. The “fables” of serious investigators are based on rigorous reasoning, bringing together what is already known about the segment of the world researched in a given discipline with what is as yet puzzling about it. They are not ordinary fables, but “science fables”—reasoned hypotheses that are testable and hence capable of being confirmed or shown to be false by observation and experiment.

Investigating the anomalies that crop up in observation and experiment and coming up with the testable fables that could account for them make up the nuts and bolts of fundamental research in science. If the anomalies persist despite the best efforts of mainstream scientists, and if one or another of the science fables advanced by maverick investigators gives a simpler and more logical explanation, a critical mass of scientists (mostly young ones) stops standing by the old paradigm. That is the beginning of a paradigm shift. A concept that was until then a fable starts to be recognized as a valid scientific theory.

There are countless examples of successful as well as of failed fables in the 
history of science. Confirmed fables—presently valid even if not eternally true 
scientific theories—include Charles Darwin’s concept that all living species descended from common ancestors and Alan Guth and Andrei Linde’s hypothesis that the universe originated in a superfast “inflation” following its explosive birthing in the Big Bang. Failed fables—those that turn out not to be an exact, or at any rate the best, explanation of the pertinent phenomena—include Hans Driesch’s notion that the evolution of life follows a preestablished plan in a goal-guided process called entelechy, and Einstein’s hypothesis that an additional physical force, called the cosmological constant, keeps the universe from collapsing under the pull of gravitation. (Interestingly, as we shall see, some of these assessments are being questioned today: it may be that Guth’s and Linde’s “inflation theory” will be replaced by the more encompassing concept of a cyclical universe, and that Einstein’s cosmological constant was not mistaken after all . . . )


A SAMPLING OF CURRENT SCIENCE FABLES

Here, by way of example, are three imaginative working hypotheses—“science fables”—put forward by highly respected scientists. All three have received serious attention in the scientific community, even though they are mind-boggling as descriptions of the real world.

10100 UNIVERSES

In 1955 the physicist Hugh Everett advanced a fabulous 
explanation of the quantum world (it was subsequently the basis for Timeline, one of Michael Crichton’s best-selling novels). Everett’s “parallel universes 
hypothesis” refers to a puzzling finding in quantum physics: that as long as a 
particle is not observed, measured, or interacted with in any way, it is in a curious state that is the superposition of all its possible states. When, however, the particle is observed, measured, or subjected to an interaction, this state of superposition becomes resolved: the particle is then in a single state only, like any “ordinary” thing. Because the state of superposition is described in a complex wave function associated with the name of Erwin Schrödinger, when the superposed state resolves it is said that the Schrödinger wave function “collapses.”

The rub is that there is no way to tell which of its many possible “virtual states” the particle will then occupy. The particle’s choice seems to be indeterminate—entirely independent of the conditions that trigger the wave function’s collapse. Everett’s hypothesis claims that the indeterminacy of the wave function’s collapse does not reflect actual conditions in the world. There is no indeterminacy involved here: each virtual state selected by the particle is deterministic in itself—it simply takes place in a world of its own!

This is how the collapse would occur: When a quantum is measured, there are a number of possibilities, each of which is associated with an observer or a measuring device. We perceive only one of these possibilities in a seemingly random process of selection. But, according to Everett, the selection is not random, for it does not take place in the first place: all possible states of the quantum are realized every time it is measured or observed; they are just not realized in the same world. The many possible states of the quantum are realized in as many universes.

Suppose that when it is measured, a quantum such as an electron has a 50 percent probability of going up and a 50 percent probability of going down. Then we do not have just one universe in which the quantum has a 50/50 probability of going up or going down, but two parallel universes. In one of the universes the electron is actually going up and in the other it is actually going down. We also have an observer or a measuring instrument in each of these universes. The two outcomes exist simultaneously in the two universes, and so do the observers or measuring instruments.

Of course, when a particle’s multiple superposed states resolve into a single state there are not just two, but a vast number of possible virtual states that this particle can occupy. Thus a vast number of universes must exist—perhaps of the order of 10100—complete with observers and measuring instruments.

THE OBSERVER-CREATED UNIVERSE

If there are 10100 or even 10500 universes, and given that in all but a handful of them life could never arise, how is it that we live in a universe where life, even complex forms of life, could evolve? Is this pure serendipity? Many science fables address this question, including the anthropic cosmological principle that claims our observation of this universe has something to do with this fortunate state of affairs. Recently Stephen Hawking of Cambridge University and Thomas Hertog 
of CERN (the European Nuclear Research Organization) came up with a related, 
mathematically sophisticated answer. According to their “observer-created 
universe” theory, rather than individual universes branching off in the course 
of time and existing on their own (as string theory would suggest), every possible universe exists simultaneously, in a state of superposition. 
Our being in this universe selects the path that leads to this particular 
universe from among the other paths leading to all the other universes; the rest 
of the paths cancel out. Thus in their theory the causal chain of events is reversed: the present determines the past. This would not be possible if the universe had a definite initial state, for out of that unique state a unique history would follow. But, Hawking and Hertog claim, there is no definite initial state for the universe, no starting point: that “boundary” simply does not exist.

THE HOLOGRAPHIC UNIVERSE

This science fable claims that the entire universe is a hologram—or, at least, that it can be treated as such. (In a hologram, as we shall discuss later, a pattern in two dimensions generates an image in three dimensions.) All the information that constitutes the universe is said to be stored on its periphery, which is a two-dimensional surface. This two-dimensional information reappears inside the universe in three dimensions. We see the universe in three dimensions even though what makes it what it is, is a two-dimensional field of information. Why is this seemingly outlandish idea the subject of intense discussion and research?

The problem the holographic universe concept addresses comes from thermodynamics. According to its solidly established second law, disorder can never decrease in any closed system. This means that disorder cannot decrease in the universe as a whole because when we take the cosmos in its totality, it is a closed system: there is no “outside” and hence nothing to which it could be open. That disorder can not decrease means that order—which can be represented as information—cannot increase. According to quantum theory, the information that creates or maintains order must be constant; it cannot increase, and it also cannot decrease.

But what happens to information when matter collapses into black holes? It would seem that black holes wipe out the information contained in matter. This, however, would fly in the face of quantum theory. In response to this riddle, Stephen Hawking, together with Jacob Bekenstein, then of Princeton University, worked out that disorder in a black hole is proportional to its surface area. Within the black hole there is a great deal more room for order and information than at its surface. In a single cubic centimeter, for example, there is room for 1099 Planck volumes inside, but room for only 1066 bits of information on the surface (a Planck volume is an almost inconceivably small space bounded by sides measuring 10-35 meter). Leonard Susskind of Stanford University and Gerard’t Hooft of the University of Utrecht came up with the idea that information inside the black hole is not lost—it is stored holographically on its surface.

The mathematics of holograms found unexpected application in 1998, when Juan Maldacena, 
then at Harvard University, tried to account for string theory under conditions of quantum gravity. Maldacena found that it is easier to deal with strings in five-dimensional spaces than in four dimensions. (We experience space in three dimensions: two planes along the surface and one up and down. A fourth dimension would be in a direction perpendicular to these, but this dimension cannot be experienced. Mathematicians can add any number of further dimensions, further and further removed from the world of experience.) The solution seemed evident: assume that the five-dimensional space inside the black hole is really a hologram of a four-dimensional pattern on its surface. One can then do the calculations in the more manageable five dimensions while dealing with a space of four dimensions.

Would a dimensional reduction work for the universe as a whole? As we have seen, string theorists are struggling with many extra dimensions, having discovered that three-dimensional space is not enough to accomplish their quest to relate the vibrations of the various strings in the universe in a single master-equation. The holographic principle would help, for the entire universe could then be considered a many-dimensional hologram, conserved in a smaller number of dimensions on its periphery.

The holographic principle may make string theory’s calculations easier, but it makes fabulous assumptions about the nature of the world. Even Gerard’t Hooft, who was one of the originators of this principle, changed his mind about its cogency. Rather than a “principle,” he said, in this context holography is actually a “problem.” Perhaps, he speculated, quantum gravity could be derived from a deeper principle that does not obey quantum mechanics.
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