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      “The emerging scientific revolution in addressing the mind-body question 
and the deeper nature of reality is fuelled by some of the most profound 
revelations from the leading edge of scientific investigations, much of which is 
discussed in Jude Currivan’s thoughtful and insightful book The Cosmic 
Hologram. Jude’s formal training in physics combined with her transcendental 
spiritual experiences beginning at an early age set the stage for a fascinating 
tour of the fundamental underpinnings of reality.”

      EBEN ALEXANDER, M.D., NEUROSURGEON AND
AUTHOR OF PROOF OF HEAVEN

      “The Cosmic Hologram is a wonderfully important and very wise book. . . . the issues Jude Currivan, Ph.D., addresses will determine our fate as a 
viable species. . . . no one can consider herself an educated, responsible 
citizen in the twenty-first century who is not knowledgeable about these vital 
concerns. Written in elegant, clear, empathic prose, The Cosmic Hologram 
belongs at the top of your stack.

      LARRY DOSSEY, M.D., PHYSICIAN, LECTURER, AND
AUTHOR OF 11 BOOKS, INCLUDING ONE MIND AND
THE NEW YORK TIMES BESTSELLER HEALING WORDS

      “A stimulating and deeply inspiring view of the cosmos, consciousness, and 
the role of human perceptions in shaping what we call ‘reality.’ In the end, an 
offering of hope that during this Consciousness Revolution we can mold that 
reality into a compassionate and regenerative future.”

      JOHN PERKINS, COFOUNDER OF
THE PACHAMAMA ALLIANCE AND
AUTHOR OF THE NEW CONFESSIONS OF AN ECONOMIC HIT MAN

      “The Cosmic Hologram is as elegant in its vision of a hologramatic universe 
as it is profound in its assertion that humanity is an integral part of it. We 
are the universe. Jude Currivan has thus pointed to the future by giving 
scientific description and credibility to the most ancient awareness of our 
species, that we are inside and not separate from all that is, that we are in 
fact shaping life even as it shapes us. This book is the new story for a 
planetary civilization.”

      JIM GARRISON, PH.D., PRESIDENT OF UBIQUITY UNIVERSITY

      “We highly recommend this timely, leading-edge book as it brings together 
consciousness with scientifically based evidence in a way we can all understand to explain the ‘revolution of consciousness’ now taking place!”

      J. J. HURTAK, PH.D., AND DESIREE HURTAK, PH.D., SOCIAL 
SCIENTISTS,
FUTURISTS, AND FOUNDERS OF THE ACADEMY FOR FUTURE SCIENCE

      “Jude Currivan, Ph.D., lucidly develops the exciting and revolutionary 
insight and provides the transformational evidence that we live within a 
universe that is a high resolution, dynamically regenerated hologram. The 
Cosmic Hologram masterfully brings together extensive scientific knowledge, 
spiritual insight, and embodied wisdom in a seminal book of sweeping exploration 
and discovery.”

      DUANE ELGIN, AUTHOR OF THE LIVING UNIVERSE AND VOLUNTARY SIMPLICITY

      “A compelling tour de force of interdisciplinary scientific scholarship . . . 
a revolutionary mind expanding and soul restorative plunge through the rabbit 
hole . . . a must-read for anyone even vaguely attuned to the importance of 
evolutionary human spiritualization—highly recommended!”

      OSCAR MIRO-QUESADA, FOUNDER OF THE HEART OF THE HEALER
(THOTH), TRANSPERSONAL PSYCHOLOGIST, AND ORIGINATOR OF
THE PACHAKUTI MESA TRADITION OF CROSS-CULTURAL SHAMANISM

      “This brilliant book will, I believe, serve as a major catalyst to the most 
profound evolutionary moment facing humanity today—the recognition of who we 
truly are. . . . If you are questioning your place and purpose in the Cosmos, The Cosmic Hologram will lead you to your true identity.”

      DIANE WILLIAMS, FOUNDER OF THE SOURCE OF SYNERGY FOUNDATION
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        Foreword
      

      This book is a tour de force. It asks, if you were to make a universe, of what would you make it? And how would you put together what you need in order to make it? These are questions one asks when one bakes a cake. They are questions of “what” and “how” that apply, however, to all things, including the universe that is the ensemble of all things.

      But reading this book is far more than engaging in an intellectual pastime. It is serious: full of information about what there is in the world, and how what there is, is related together. It is one of the most information-rich books I have ever read. Reading it one feels like having been handed the recipe of a master chef for a perfect cake. Only this recipe is for making a perfect universe. There could not be a more ambitious undertaking than trying to find the formula for this recipe.

      Yet it turns out that there is a still more ambitious undertaking, and this book addresses it. It is not only to find what the universe is, and how it is put together, but also why it is. This “why” applies also to our being in the universe; it asks about the meaning and purpose of our existence.

      We learn that the question “why” does not call for recourse to a transcendental entity or an ad hoc assumption about the nature of reality. It can be posed, and a reasonable answer to it can be found, within the enlarged confines of the science now emerging at the new frontiers.

      This book gives me a distinct “aha experience.” While I have known many of the facts and theories it discusses, here I have rediscovered them in a new and convincing light. This is the aha experience par excellence: it illuminates not only my understanding of this or that thing but also my grasp of the fundamental nature of all things and the identity of the master chef who makes them.

      Kosmos, in the original Greek sense, means “ordered whole.” The deeper perspective offered in this book is of the cosmos as an integral, inherently interrelated whole, with its premises rooted in the discoveries that have come to light at the cutting-edge of twenty-first-century science.

      The Cosmic Hologram reveals the information that has made a perfect universe—our Universe. It will stimulate the reader to taste the entire coherent cosmic cake Jude Currivan offers for our palate. I wish the reader bon appétit. This is one feast that every open and intelligent reader will always remember and recognize with relish.

      ERVIN LASZLO

      ERVIN LASZLO, PH.D. is a systems scientist, integral theorist, and classical pianist. Twice nominated for the Nobel Peace Prize, he has authored more than 75 books and published over 400 articles and research papers. He is the founder and president of the international think tank the Club of Budapest as well as of the Ervin Laszlo Center for Advanced Study. He lives in Tuscany.

    

  
    
      
        PREFACE
      

      
        Indra’s net
      

      Imagine a shimmering net of light, without beginning or end. At each node of its weave and weft sits a shimmering jewel, and these myriad multifaceted jewels reflect and are each reflected by every other in rainbow-hued radiance of ever-changing illumination. Its infinite oneness manifests in the uncountable creative gems through which its eternal evolution is continually inspired and co-created.

      Some three thousand years ago or more, this ancient numinous image of the Cosmos was first expressed in the sacred Indian text of the Atharvaveda and termed Indra’s net; it was the means by which the Vedic deity Indra, god of the heavens, created the appearance of the whole world. Now, its revelation of integral reality and self-reflection at all scales of existence is being rediscovered and restated in a less poetic but equally majestic and scientifically based language.

      While this twenty-first-century revolution is being led by cutting-edge science, its empowering implications will profoundly affect all of us. For it’s about to transform not only what we thought we knew about the physical Universe but also our perception of ourselves and the nature of reality itself.

      I’ve been seeking to understand what reality really is since childhood and have felt impelled to be on a lifelong journey to ask not only how but also why the Cosmos is as it is. My scientific pursuit of answers began when I was about five years old. My already growing fascination in astronomy was rewarded that Christmas with the gift from my parents of a copy of The Boys’ [!!!] Book of Space by British astronomer Patrick Moore.

      A few years later, the quantum world also grabbed my attention, eventually leading me by my late teens to study for a master’s degree in physics at Oxford University in the early 1970s. There I specialized in quantum physics, exploring the physical world at its smallest scales and the cosmological physics of relativity theory. I sought to understand the Universe both in its totality and at its most extreme conditions; it was an exciting time—a time not long after the Universe’s big bang origin had been confirmed and abuzz with the newly discovered phenomenon of black holes. Above all, I was attempting to ground and bridge my own expanding perspective in a scientific understanding of our physical Universe.

      Even then, however, I already appreciated the fundamental incompatibility of quantum and relativity theories, theories whose views of space and time are radically different and which, by the time I was studying at Oxford, more than half a century of scientific investigation had still failed to combine in a unified theory.

      In my second year of study I shared my hopes that this impasse might be resolved with one of my teachers, Dennis Sciama. Recently arrived at Oxford from the University of Cambridge, Dennis kindly invited me to take part in a forthcoming discussion of the issues of black holes and the presumed so-called singularities at their centers that would be led by two pioneering researchers. As it was a postgraduate seminar, I was probably the youngest person there when Stephen Hawking, already stricken with motor-neuron disease, and his colleague Roger Penrose described how gravitational collapse of massive stars would theoretically lead to the existence of such space-time singularities.

      Now both world-famous scientists, even back then, their brilliance was being recognized and both were about to become fellows of the prestigious Royal Society, whose president had once been Isaac Newton.

      Inspired by the seminar and encouraged by Dennis, I wrote an essay on black holes and the emerging views of how their behavior might offer insights into a theory of quantum gravity (which aims to reconcile quantum and relativity theories by finding a way to quantize gravity) and entered it for a university prize. I was delighted to win the prize and, as a perennially impoverished student, the prize money of a then-generous twenty-five pounds. I little appreciated though how true my concluding words of the essay would turn out to be: “Our knowledge of the behavior of matter under such extreme conditions is so limited at the moment that the formation of black holes and singularities may prove to be the least of our troubles.”

      For, more than forty years later and despite the brilliance of scientists including Hawking, Penrose, and many others, the discoveries of so-called dark matter and dark energy—whose nature is as yet unknown—have caused scientists to recognize that their cosmological worldview, even as described by the continuing development of still conflicting fundamental theories, is now only able to describe some 5 percent of our Universe. The rest, as currently understood, is essentially “missing.”

      For me, however, even more important than all of this as yet unresolved incompatibility and lack of explanation (or at least how they have been interpreted by mainstream science) is how to understand, account for, and incorporate the nature of consciousness.

      From the beginning of my lifelong quest to comprehend the deepest nature of reality, I’ve also been fascinated with the ancient wisdom of cultures such as Egypt and Vedic India. Both of these traditions sought to explain the world and the perception of reality in terms that I was coming to recognize in my own explorations. Their cosmologies deemed consciousness and an underlying cosmic intelligence to be the foundation of the Cosmos and primary to its expression in physical form, viewing this intelligence as all-pervading and essentially being all that we call reality.

      As such, these perspectives then sought not only to explain the mystery of how the appearance of our Universe arises from such deeper reality but also to understand the meaning and purpose of all life.

      It’s taken until now for science to start to catch up with the metaphysical insights and experiences of sages, shamans, and seers throughout the ages that are described by the metaphor of Indra’s net. Compelling in this regard is the hypothesis of the holographic principle, first mooted by Dutch theoretical physicist Gerard ’t Hooft, who in 1993 put forward the proposal that all the information contained in a region of apparent three-dimensional space can be represented as a hologram of the information held on its two-dimensional boundary.1

      As we go on, we’ll explore and scrutinize the unfolding evidence that our Universe is indeed a cosmic hologram, embodying its innate attributes of self-similar patterns of information and harmonic order that underlie all physical appearance on all scales of existence.

      Having followed the progress of this emerging holographic perspective for more than twenty years, it seems we finally have a perception of reality that truly has the potential to offer a “theory of everything,” a transformational and scientifically based model that recognizes that in-formation, consciousness, and ultimately cosmic intelligence are the ground states and all-pervasive fundaments of the whole world.

      This profoundly empowering new understanding not only consolidates and builds on the discoveries and insights of twentieth-century science but also expands far beyond them.

      For to understand the holographic principle, the pioneering science of the twenty-first century is also beginning to comprehend the fact that information is indeed more fundamental than matter, energy, space, and time. As we’ll see, the cosmic hologram is being revealed across many different fields of scientific research, from the tiniest physical level of the Planck scale, vastly smaller than that of the quantum, to the largest scale of our entire Universe and at every level in between—including the reality of our everyday lives.

      We’ll see how interweaving concepts including quantum information, emergent and evolutionary complexity, the holographic principle, and fractal geometries and entropic processes, progressively backed up with new discoveries and experimental evidence, are revealing that the entire awareness of the physical world arises from a deeper level of informational reality.

      A comprehensive understanding is still emerging, and it will take more time and more discoveries for science to fully confirm and appreciate this incredible new vision of the cosmic hologram. However, even at this pioneering stage, its potential to revolutionize our perception of reality and our place in the Cosmos is, in my view, far too important to leave to scientists alone.

      The cosmic hologram is the twenty-first-century equivalent of Indra’s net, showing—rather like my mum’s wonderful chocolate cake—how all the requisite information in the form of instructions, conditions, ingredients, a recipe, and a container have been present from the very beginning of space and time to make our “perfect” Universe, one in which ever greater complexity can evolve to the point of self-aware individuals able and curious to understand and explore the deeper nature of reality and their place and purpose in the Cosmos (and enjoy chocolate cake).

      We’ll also examine the enigma of light as the bridge that weaves together the manifested physical world and whose extraordinary characteristics are exquisitely structured to enable the maximum creativity of the intelligence of what Einstein termed cosmic mind to express itself and evolve within our Universe. And it is our Universe, one of many universes within a multiverse of an infinite and eternal cosmic plenum, the one in which we have evolved as self-aware beings.

      Throughout, I hope you’ll be as astonished and delighted as I always have been by the wonderful way, as Einstein once said, that our perfect Universe is enabled to manifest and evolve its incredible complexity from a set of fundamental principles that is “as simple as it can be but no simpler.” In fact we’ll use his key insight as a continuing way-shower to the integrity of our quest.

      Above all, we’ll investigate the increasingly powerful evidence that the perceptions of our minds, hearts, and inner and outer purpose are microcosmic jewels of Indra’s net through which the appearance of the whole world of the cosmic hologram is co-created, experienced, and explored.
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          How to Make a Perfect Universe
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        In-formation
      

      
        What is conveyed or represented by a particular arrangement or sequence of things . . .
      

      
        It from bit . . . Everything is information.
      

      JOHN ARCHIBALD WHEELER, PHYSICIST

      
        It from qubit.
      

      DAVID DEUTSCH, QUANTUM INFORMATION PHYSICIST,
CENTRE FOR QUANTUM COMPUTATION,
OXFORD UNIVERSITY

      This book could not have been written until now, as we didn’t have the information. It is literally a time whose idea has come.

      As we begin to understand how emerging twenty-first-century science is progressively describing physical reality as a cosmic hologram, we first need to appreciate the primary nature of information.

      The laws of motion and thermodynamics that define how matter and energy move and how they interact are basically laws of information. The concept of information content and flow is starting to be used powerfully to describe physical phenomena at deeper and more all-encompassing levels than hitherto.

      The two twentieth-century pillars of science, the quantum and relativity theories, are also being reevaluated as informational theories, a development that is being seen as having the potential to finally bring together these as yet unreconciled perspectives of our Universe.

      Yet as we’ll see, this is just the first step to a much more encompassing perception, one that not only aims to understand the completeness of the physical world but also proposes a cosmology that encompasses all aspects of existence and experience and seeks answers to the deeper question of not only how reality is as it is but also why.

      We’ll start by seeing how information is becoming viewed as being more fundamental than energy and matter, and indeed, space and time. Along the way we’ll discover how the minutest Planck scale of our physical world, trillions of trillions times smaller than the quantum realm, is key to our developing insights regarding the primacy of information. And we’ll appreciate that information really is physical and begin our journey to understand how it literally in-forms our Universe—while at the same time transforming our view of what we actually mean by the term physical.

      
        AN INCOMPLETE REVOLUTION

        About a century ago, all our notions about energy and matter, space and time, changed enormously. Until then, since the time of Isaac Newton and other pioneers of science in the seventeenth century, energy was seen as an attribute of matter and motion, and space and time were viewed as being absolute in themselves, essentially separate from each other and a passive background to the “real” stuff going on.

        In the late nineteenth century, however, the cracks created by baffling phenomena—such as the inability to account for the energy radiated by a hot oven—that could not be explained by the prevailing theories of the time appeared and led to the emergence of two revolutionary new approaches in physics: relativity theory and quantum mechanics.

        These theories showed that Newtonian physics wasn’t wrong. In fact, we still use its principles in rocket science as well as for a multitude of everyday purposes. It’s just that this classical physics is incomplete. The revolutionary breakthroughs brought about by relativity theory and quantum mechanics expanded upon Newtonian mechanistic principles, revealing that these latter were an approximation at our ordinary experienced level of a more comprehensive but radically different understanding of our Universe: a universe where energy and matter are complementary expressions of each other and where dynamic fields of influence replace the notion of apparently separate objects and hitherto unexplained “action at a distance.” And furthermore, space and time are each relative to the position of an observer, and we can only consider them as invariant in their combination as a four-dimensional concept of space-time.

        But just as Newton’s insights, three centuries before, were only partial, so the scientific revolution of the twentieth century was too. For the quantum theory that describes the physical world at tiny scales appears basically incompatible with the theory of relativity that describes it at massive scales. Fundamentally, quantum theory has no notion of time, and the space-time and gravity of relativity theory aren’t quantized. In attempts to resolve their differences, much research has focused on developing a quantum description of gravity, with clues emerging from the study of matter under the extreme conditions at the beginning of our Universe and in black holes. Yet despite some eighty years of trying, the two theories still remain stubbornly unreconciled.

        As if this wasn’t enough, astronomical measurements of unexpectedly high speeds of galactic rotation, first convincingly reported by Vera Rubin in the 1960s, showed that something that has become known as dark matter, only measurable by its gravitational effects, is needed to keep the visible stars in their orbits and prevent them from being flung outward. Since then dark matter, most commonly proposed as being an unknown, weakly interacting but massive, subatomic particle, or WIMP, has been shown to pervade our Universe.

        Beginning in the 1990s, measurement of the rate of expansion of space has also revealed that, instead of slowing down as expected, it’s actually accelerating1—a situation currently attributed to the existence of so-called dark energy. While there are a number of candidates for this cosmological constant that appears to be an inherent tension in the fabric of space-time itself, none are as yet proven.

        Neither of these two “dark” and utterly unanticipated components of the Universe are as yet understood, but in constituting a currently estimated 95 percent of all its energy and matter, they relegate the two foundational, but as yet unresolved, theories of twentieth-century science to describing a mere 5 percent of physical reality.

        So where do we go from here?

        As was the case in previous scientific revolutions, it’s in seeking to deal with such apparent differences, inconvenient anomalies, and exceptional phenomena that will open the door to our greater understanding and an ever more comprehensive view of the world.

        It may, however, well prove to be the case that dark matter and dark energy will be able to be incorporated within the expanded bounds of twentieth-century physics. For me, it’s the quest not only to reconcile them but also to respond to the deeper question of why quantum and relativity theories appear so adamantly opposed to each other that may prove to be instrumental in profoundly revolutionizing our understanding of the physical world, as well as our understanding of consciousness and the nature of reality itself.

        Even though the technological potential of these two theories has been exploited, other questions, such as why and how the act of observation renders a quantum entity “real” and what nonlocal connectivity—which Einstein called “spooky action at a distance”—really means, have largely been relegated to the sidelines of research.

        It’s only now that deeper clues, while they are still embedded within quantum and relativistic phenomena, are being considered and rooted in a far more wide-ranging and much deeper perception of how the whole world is co-created at all scales of existence. I think Einstein would be pleased. This emergent understanding of informational physics, however, while based on leading-edge scientific discoveries, represents a radical challenge to mainstream science. Thankfully though, it’s the power of the scientific method and its practical and unbiased approach that will compel mainstream science to follow the experimental and experiential evidence, regardless of an entrenched worldview or the theories that attempt to make sense of it.

        Accumulating evidence from discoveries and insights in the past few years across a far-reaching range of disciplines allied with a dramatically different approach to theoretical paradigms is progressively describing our Universe in terms of holographic information and ushering in a new twenty-first-century scientific revolution. The potential of this radical new perspective is far greater than its ability to profoundly transform our perception of the physical world once again. As we’ll go on to explore, because it’s realizing that nonphysical and multidimensional information is required to understand our Universe, this emergent vision will bring about perhaps a more fundamental revolution in our comprehension of ourselves and the whole world than ever before.

        The progressive recognition that scientific laws can be redefined and expanded in terms of information goes back to the nineteenth-century study of thermodynamics. This is the branch of physics that investigates heat and temperature and how they relate to energy, work, and entropy. Previously, thermodynamics was most commonly understood as the measure of order or disorder in a system, but it is now being viewed more fundamentally in terms of its information content and flow.

        From his study of the behavior of gases in the late nineteenth century, Austrian physicist and philosopher Ludwig Boltzmann predicted the existence of atoms and molecules. He was opposed by the majority of physicists at the time, and this opposition contributed to the deterioration of his already fragile mental state, leading him to commit suicide in 1906. His death was even more tragic as within a couple of years the reality of atoms was confirmed and his theories were vindicated.

        In the middle of the twentieth century, in his study of communications—in other words, the transportation of information—IBM scientist Claude Shannon showed that the mathematical formula that describes the entropy of the energy of a gas in thermodynamic terms and the information content of a system is exactly the same.

        The very simple but hugely important equation that connects entropy with both energy and information should soon become as iconic as Einstein’s famous equation linking energy and matter, and it certainly stands alongside it in importance. In this equation, S = k logW, S stands for entropy, k is a constant named after Boltzmann, and logW is essentially the logarithm of the energy states or informational content of a system.

        As we’ll see, in the past few years this equivalence of information and energy and the relationship with the concept of entropy, the equation for which is inscribed on Boltzmann’s memorial, is revealing that information is actually more encompassing and fundamental, indeed expressing itself in complementary ways through the conservation of energy and matter and entropically through the flow of time itself.

        In 1666, with the University of Cambridge temporarily closed as a precaution against the ravages of the Great Plague then raging through the land, a young Isaac Newton, sheltering at his home in the tiny Lincolnshire hamlet of Woolsthorpe, used his time very well. In addition to his studies of optics and the development of calculus, the mathematical formulation of change, it was here that Newton really did see an apple fall from a tree in his garden, as he later told his biographer William Stukeley, and which led him to discover the law of gravity.

        Some years later he was able to show mathematically that the rules of elliptical planetary motion, observed by Johannes Kepler earlier in the seventeenth century, obeyed the same law. By doing so, he proved that gravity not only pertains on Earth but also that it governs our entire solar system and so, by implication, pervades our entire Universe.

        Indeed, all fundamental laws of physics are universal in that they apply throughout our Universe, regardless of circumstances of space or time. Such universality seems so obvious to us that we tend to overlook its enormous significance in revealing the all-pervasive and intrinsic interconnectivity of our entire Universe and all the phenomena that manifest within it.

        No subsystem, whether an elementary particle, a person, a planet, or a galactic cluster within our Universe, is or can be completely isolated. Everything at all scales of existence is being progressively discovered to be inherently related by in-formational content, flows, and processes as we’ll see as we investigate further, this isn’t just basic data but all-pervasive in-formational patterns and relationships.

        We often use the word random to describe a lack of configuration or order. Yet, as theoretical physicist and philosopher David Bohm is reported to have said in a 1987 interview with holistic researcher and author David Peat, “Randomness is assumed to be a fundamental but inexplicable and unanalyzable feature of nature, and indeed ultimately of all existence. . . . However, what is randomness in one context may reveal itself as simple orders of necessity in another broader context.”

        While they may indeed be probabilistic, phenomena at the quantum level (and indeed at all scales within our Universe), they aren’t “random” or based on chance, as is often portrayed. They act according to the probabilities within a range of possibilities that are dependent on the information they embody.

        Indeed, as the emerging view of the cosmic hologram is revealing, nothing in our Universe is ultimately random; everything that manifests in the physical world emerges from deeper and ordered levels of nonphysical and in-formed reality.

      

      
        INFORMATION IS PHYSICAL

        A couple of years ago when I fell down a flight of stairs and slammed into a brick wall at the bottom, badly breaking my arm, my entire body screamed in pain, and the physical world felt very, well, physical! It wasn’t the moment to remind myself that all that we term physical is essentially 99.999999999999 percent no-thingness, and the rest is excitation patterns of energy and information.

        This fact doesn’t just reflect the vast distances between planets, stars, and galaxies but the innate spaciousness of the quantum-scale realm. The familiar metaphor of a hydrogen atom, where if the single proton of its nucleus is represented by a basketball, and its single orbiting electron is then around three kilometers (1.86 miles) away, offers a visual image of this lack of materiality.

        Even more insubstantial, atomic nuclei actually comprise fields of influence 
within which quarks, the fundamental entities that make up the nucleonic protons 
and neutrons, are deemed, according to the current standard model of quantum field theory, to be point-particles. In other words, they have no internal composition or essentially spatial extent, or they have one that’s too small to be measurable by current techniques. This too is the case for electrons and indeed all so-called elementary particles that are viewed as being the most basic constituents of energy and matter.

        With such a transitory basis for our notions of what’s physical, it’s only the so-called Pauli exclusion principle, named after the Danish physicist Wolfgang Pauli, that prevents the atoms of our bodies from coalescing with the matter of our surroundings.

        This principle states that no two quarks or electrons can occupy the same quantum state—that is, being in the same place at the same time with the same quantum attributes. This rule not only governs the chemical behavior of atoms, giving rise to the elements of the periodic table and their great diversity of properties, but also, in preventing the subatomic components of atoms from approaching each other too closely, accounts for the essential stability of matter.

        In the past few years the emergence of M-theory, the successor to multiple string theories of the 1980s, aims to reconcile quantum mechanics and gravity, replacing the zero-dimensional point-like particles of the standard model with vibrating one-dimensional strings (which in M-theory are associated with holographic boundaries called branes). These too, however, are deemed to have no internal structure. Although M-theory (first conjectured and its name coined by Edward Witten in 1995) and other competing theories are offering progressively deeper insights, all of them merely replace one ephemeral basis of fundamental physicality with other similarly ghostly alternatives.

        As we’ll see later, only by our considering the will-o’-the-wisp nature of physicality in terms of the more fundamental nature of information are we able to perceive the primordial realities from which our experience of physical reality arises.

        In 1931, Max Planck, one of the greatest pioneers of quantum theory, stated that “I regard consciousness as fundamental. I regard matter as derivative from consciousness.” Many other scientists before and since, including Einstein, have expressed similar views.

        In 1991 information theorist Rolf Landauer was the first to explicitly declare the physical and fundamental nature of information2 that is itself inherent in all notions of consciousness. We’ll explore this crucial insight from three main angles: how quantum behavior can be explained in terms of information; how information and the fundamental physical concept of entropy are vitally interconnected; and how all physical laws and natural phenomena can be re-expressed informationally. In all three approaches we’ll see how all universal physicality can be considered and restated as processes, states, and flows of information.

        Further evidence that information is an intrinsic attribute of all physical systems was first suggested by Hungarian American physicist Leo Szilard, who theoretically showed that there is a minimum amount of work needed to store one piece of digital information, or bit.3 Landauer then showed that the erasure of any such bit of information increases entropy by precisely the same amount: kT ln2, where k is Boltzmann’s constant, T is temperature, and ln2 is the natural logarithm of 2—a rule now known as Landauer’s principle.

        Finally, in 2012, physicists Antoine Bérut, Eric Lutz, and their colleagues were able to experimentally prove Szilard and Landauer’s predictions by measuring the dissipation of heat from the erasure of one bit of information.4 Reporting in the journal Nature, they succeeded in verifying the link between the role of heat and temperature in the relationship between energy and information and so confirmed the essential physicality of the latter.

      

      
        QUANTUM INFORMATION

        Considering information as fundamental offers us a deeper understanding of why matter and energy are quantized and also of the wave-particle complementary nature of quantum entities. However, before we move on to considering quantum theory in informational terms, let’s begin by briefly reviewing these two key cornerstones in energetic terms as its pioneers understood them.

        Before their insights, classical physics considered our Universe as a continuum. It was by attempting to explain something apparently as simple as how a hot oven radiates heat that led Planck to propose the first theoretical quantum perceptions.

        The problem was that the classical electromagnetic theory of heat and light maintained that such radiation, from its most idealized source in a so-called black-body, should occur on a continuous and unlimited basis. This conclusion resulted in the total radiated power being theoretically infinite, which was a nonsensical result and one that the bemused physicists of the time referred to as the ultraviolet catastrophe.

        It was Einstein though, taking and applying Planck’s insights, who solved the problem. He was awarded the Nobel Prize in 1922 for this solution rather than for his more famous discoveries relating to the equivalence of energy and matter and the relativity of space and time.

        Einstein’s explanation came about through his studying of a problem related to the ultraviolet catastrophe, that of the so-called photoelectric effect, where incoming light can dislodge electrons from the surface of a metal plate. In classical theory, where light is perceived as being continuous, electrons should be able to be freed by shining more intense light onto the plate or doing so for a longer time. However, this isn’t what is observed.

        By realizing that only light above a certain energetic threshold of frequency is able to free the electrons, regardless of the intensity or duration of the light beam, Einstein postulated that light travels in discrete packets, or Planck’s theoretical quanta, whose energies increase with frequency.

        So as a light beam of progressively higher and so more energetic frequency (say, from red to blue and then ultraviolet light) is shone onto the plate—even if at very low intensity—individual quanta have the requisite energy to bump electrons out of the metal.

        Einstein’s genius was in recognizing that the photoelectric effect as a result of quantization also explains the conundrum that Planck himself was attempting to understand: the finite radiation of a hot oven. Here too emitted energies are expressed, not as the classical continuous and unlimited spectrum of wavelengths, but as discrete quanta each having a specific energy and so totaling a finite amount.

        Quantization of energy and matter, however, is only one side of the complementary relationships between waves and particles that lie at the core of quantum theory. While taking different stances on what it actually meant in terms of the nature of reality, in the early twentieth century pioneering physicists such as Niels Bohr and Werner Heisenberg as well as Einstein and Planck recognized that physicalized matter and energy could be regarded as both waves and particles: for example, the wave-like energies of electromagnetic waves of light also behave as quantized particular photons. In 1924 the French physicist Louis de Broglie then took the next logical step and realized that all elementary particles also exhibit wave-like behavior, albeit at very small wavelengths.

        It was in 1926 that, in a series of scientific papers published in an intense period of only a few weeks, Austrian physicist Erwin Schrödinger produced the equation named after him that has become foundational for understanding how the mechanics of quantum entities behave as well as their wave-particle complementarity.

        Schrödinger’s deceptively simple equation is made up of a series of variables within a single wave function that incorporates all the possible quantum states of a system in terms of probabilities, which are spread throughout the waveform. The equation’s most general form shows how the relative probabilities of these states evolve through time. Only when observed or measured do the probabilities then become a specific state in the physical realm.

        Rightly seen as being one of the most important scientific insights of the twentieth century and honored with a Nobel Prize, Schrödinger’s equation reveals the most complete amount of information that it is possible to know about a physical system, not only at quantum scales but also at every level up to and including our entire Universe.

        Schrödinger’s wave function, though, predicts the likely physical manifestation of a system when observed in terms of the underlying probabilities of how it evolves over time, not in the physical realm but in the so-called complex plane. For many years this was seen as a mathematical abstraction that happens to be very useful in predicting quantum behavior. But more recently, as we’ll see in further detail later, the complex plane and indeed other nonphysical spaces and dimensions are being ever more recognized as a deeper level of reality from which the physical appearance of our Universe emerges.

        Having briefly described the quantization of both matter and energy and their complementary wave-particle attributes, we can now start to reframe them in terms of information.

        Fundamentally, as the need to resolve the ultraviolet catastrophe of classical physics showed, a continuum has the capability of literally carrying infinite information. Our Universe, however, is finite. Within it, time literally began some 13.8 billion years ago at the big bang. And, given our understanding that physical space and time can only be considered as a combined entity of space-time, finite time must correspond with finite space.

        A finite universe can only embody finite information. There thus needs to be a mechanism for the essentially unlimited potential of the nonphysical wave function to become finitely manifest. Quantization, with its innately discrete nature, is such a mechanism, enabling finite information to be expressed within space-time.

        We’re familiar with the idea of the ones and zeros of bits being the digital building blocks for computerized data processing. But such bits are the simplest expression, the literal building blocks, of all finite information, enabling its processing with the minimum energy and maximum stability. Combining bits, rather like building a house out of bricks, enables any and every possible outcome—and multiple outcomes—to be expressed as efficiently as possible.

        Essentially the energy and matter of our Universe is quantized because information is digital and thus quantized, and information is quantized because it is the most effective means for its communication.

      

      
        REAL-IZATION

        From the viewpoint of information, we can also better appreciate how wave-particle complementarity enables energy-matter to be observed in one or another form. The key is in how the definite state of the entity is observed and measured—in other words, in how information about it is accessed. Essentially the realization derives from the information interaction between the entity and its environment. Until that moment the Schrödinger equation describes the evolving probabilities and potentialities of both aspects of its wave-particle nature.

        This understanding of how real-ization comes about has been tested by ever more sophisticated means over the past few years. A preliminary and key question was answered in 2012 in a groundbreaking paper that reported the findings of a so-called quantum delayed-choice experiment. This experiment aimed to resolve whether quantum entities behave either as a wave or a particle depending on the circumstances, or whether they are always both until they’re measured; when dependent on the type of measurement, they switch to one form or the other.

        For the first time, the research team was able to construct a measuring process that included a high level of nonlocal behavior, enabling and revealing photons to exist in a simultaneous state of both wave and particle, as lead author of the paper, Alberto Peruzzo of the University of Bristol in the UK, confirmed.5 Their nonlocal entanglement enabled the photons in the experiment to delay the choice of whether to behave as particles or waves. The nonlocality effectively replaced the delayed choice of an observer, which would have triggered either their wave-like or particle-like form to be exhibited.

        Knowing that the quantum choice to prompt either its wave-like or particle-like aspect does indeed arise from observation, scientists have still sought to determine why the quantum entity sometimes then behaves as a wave while at other times as a particle. And still, scientists being scientists, they’ve tried to see if there’s some way of observing both at once.

        In 2004, and then with a more refined experiment in 2006, Iranian American physicist Shahriar Afshar baffled his colleagues when he appeared to violate the either-wave-or-particle behavior by seemingly demonstrating wave-like interference patterns of light while at the same time measuring the paths taken by the quantum particles of light: photons.6 In a subsequent experiment in 2012, a team of German scientists also set up an experiment that seemed to verify Afshar’s findings.7

        In 2014 though, a collaboration of Canadian and US physicists including Eliot Bolduc and Robert Boyd reanalyzed the challenge posed by these apparent findings and discovered a flaw that comes back to how information is accessed.8

        They realized that the setup for any experiment must choose how it obtains information through observation and measurement—that is, how the experimental apparatus interacts with its environment. For example, a choice can be made to measure the experiment-environment aspect with the best information about the path or, alternatively, to choose that with the best visibility of the interference fringes of wave-like behavior.

        To properly test complementarity, the measurements must be equally sensitive to all the possible states of the system, a requirement known as fair sampling. When this requirement was applied to the German team’s 2012 experiment and Afshar’s earlier analyses, the 2014 team determined that they violated the fair sampling rule. It’s now incumbent on any future testing of wave-particle complementarity to ensure that such fair and unbiased measurements of information are rigidly enforced.

        The 2014 findings confirm the evidence of all past experiments that point to wave-particle complementarity being an intrinsic attribute of space-time. The progressive understanding though of how information underlies and pervades the appearance of such complementarity is crucial to realizing how the environment and observer are integrally interconnected with any and all experiments. In other words, there’s no separate “objective” reality, and the entirety of our Universe is an integrated, coherent, and in-formational entity.

        There is literally no “environment” apart from the consciousness of the “observer.”

        
[image: image]

        Before we go on, and at this point in our investigation, let’s briefly consider how, prior to the emergence of the informational approach and holographic perspective, quantum physicists had come up with a hypothesis that I think will be seen in the future as one of the most unhelpful diversions in the history of science.

        This hypothesis is called the many worlds interpretation, or MWI, and is one of a number of versions of the concept of a multiverse. The MWI describes the nature of reality as consisting of infinite parallel worlds, embodying infinite alternative histories, presents, and futures and maintains that all are equally “real.”

        The MWI was a contrasting response to the interpretation of experimental evidence that the observation of an event affects its outcome: the so-called Copenhagen interpretation. As we’ll see, more and more evidence is accruing that not only supports the Copenhagen perspective but also expands it to the perception of an informationally based, integral, nonlocally interconnected and ultimately intelligent Universe.

        However, in 1957, and before this twenty-first-century perspective gained traction, American physicist Hugh Everett proposed the scenario of the MWI.9 In the 1960s and 1970s it was popularized by fellow US physicist Bryce Seligman Dewitt and entered the speculations of science fiction.

        The MWI seeks to avoid the underlying and all-pervasive presence of information, intelligence, and consciousness in manifesting reality by the premise that every possible outcome of every quantum-scale event really exists by branching off somehow into an infinity of other universes. Essentially, it aims to banish any deeper consideration and involvement of consciousness from understanding the nature of reality.

        Not only is there no mechanism for such a scheme, but it also violates pretty much every principle of physics and adds a level of inexplicable and unnecessary complication without any rhyme or sensible reason. (Now that I’ve got that off my chest, let’s move on.)

        Just as any quantum system exists as an evolving state of superposition of probabilities until its real-ization, so too does the information of its possibilities exist as superposed so-called qubits (quantum bits) until real-ized as specific digitized bits. This enables us to expand the understanding of information to quantum information that integrates with quantum theory and expands it beyond being a description of energy and matter but being more fundamentally expressed in terms of information.

        Qubits are the informational building blocks embedded within the probabilities of the Schrödinger wave function, just as digitized bits are then the information specified by the “it” of its real-ized single state.

        Unlike bits that can only exist as either zero or one (or any dualistic on/off expression), qubits can be superposed in any combination of the two states. Until they interact, are observed, or measured in some way, there’s no way to access any information about qubits. However, once they devolve to a specified state, and are then described by bits, there’s also then no way to retrospectively access information about their superposed states prior to such measurement.

        These attributes of qubits have spurred accelerating research into quantum computers. Their ability to exist simultaneously in many states of superposition enables them to process information at vastly greater speeds than a digitally based computer, and the inaccessible nature of such superposed states can be used to create effectively unbreakable cryptographic codes.

        We’ll shortly continue to reframe the phenomena of our Universe in informational terms, but to do that we first need to begin our exploration of the minutest and most extreme scales of energy and matter, space and time.

      

      
        THE PLANCK SCALE

        The primary laws of our Universe incorporate a number of unchanging physical constants. Three of these universal factors govern the relationships between energy-matter, space and time. These are the speed of light, the gravitational constant, and Planck’s constant. Respectively, each is associated with: special relativity, gravity, and quantum mechanics.

        As Planck was the first to suggest, these constants can be combined to define a scale of measurement that is integral to the workings of our Universe. This scale, arising naturally from the interplay of universal forces, appears literally to represent the possible limits of physical reality itself.

        The extent of its measure of space (or Planck length) is an astoundingly tiny 10−35 meters, which is as small when compared to the size of a soil amoeba as such a tiny organism on Earth is to the size of our entire Universe.

        The Planck scale of time, which denotes the time taken by light to travel a Planck length, is an almost equally unimaginable 10−44 seconds, which is even more extraordinary when it’s compared to the age of our Universe since the big bang—around 1017 seconds.

        The Planck scale of energy-matter denotes where quantum and gravitational forces become equivalent as in the extreme conditions at the beginning of the Universe and within black holes. The Planck mass of 10−8 kilogram is the maximum mass for a point-like elementary particle and equivalent to a black hole with a diameter of one Planck length.

        The Planck scale, though, is far more than an interesting scientific curiosity. For, as we’ll discover, investigations at these extremes, including the entropic informational content encoded by black holes, are not only revealing that the nature of space-time itself and the relativity theory that describes it are best understood in informational terms but also that the informational bits entropically embedded by space-time are pixelated at the Planck scale.

        The complementary nature of wave-particle phenomena is also revealed by consequential restrictions on the ability to measure associated pairs of physical attributes beyond the Planck scale: the energy of an entity and the time of its measurement, and the momentum of an entity (its mass multiplied by its velocity) and its position in space. These limitations are wrapped up in a basic premise of quantum theory called the Heisenberg uncertainty principle.

        As with so many terms coined by science, the so-called uncertainty principle is poorly named, for it is rather a principle relating to indeterminacy. Its deeper insight is of the innate complementary nature of certain universal physical attributes and their measurement. The more exact the one measure is, the less precise its complementary partner. There is a fundamental limit to the accuracy of one to the other that relates to the Planck scale.

        This innate boundary has nothing to do with our ability to take specific measurements but is essentially caused by, and a further clue to, the pixelation of space-time at that minute scale.

      

      
        IN-FORMING THE WHOLE WORLD

        From the Planck scale upward to the entirety of our Universe, we’re beginning to appreciate how everything we call physical reality is literally made up of information. Recent experiments have also shown that quantum informational behavior isn’t limited to the quantum scale. Exactly the same types of wave-particle complementarity and superposition have been demonstrated for entities as large as organic molecules. They are so enormous when compared to the tiny quantum level that such evidence is revealing that there’s actually no difference between the informational behavior of quantum entities and that of macroscopic ones.

        The reason why larger-scale phenomena don’t appear to exhibit quantum-scale behavior is that it’s progressively more difficult to isolate them and the information inherent in them from their interactions with their wider surroundings—surroundings that we incorrectly view as being “separate” from them and term the environment. For, as we’ve seen, it’s accessing such information that manifests the phenomenon, any phenomenon at any scale, from a superposed probabilistic state to a specific state of real-ization.

        Just as quantization and Planck-scale pixelation have perfect informational attributes for the manifestation of the physical world, so do holograms and the generic nature of the holographic principle.

        Holography was invented, or more correctly, discovered, in 1947 by Hungarian British physicist Dennis Gabor.10 While man-made holograms are rudimentary, as we’ll see later, advances in holographic technologies are nonetheless offering deeper insights into the nature of the cosmic hologram. For now though, it’s enough for us to note how holographic characteristics are ideal for the recording, storage, processing, and retrieval of information, both on a distributed basis and nonlocally.

        The interference patterns of light that make up holographic projections are able to incorporate enormous and unmatched amounts of information. In addition, at its smallest coherent scales, every part of a hologram contains the informational content of the whole, effectively distributing and storing it nonlocally and self-replicating the macrocosmic whole within its microcosmic elements.

        Bearing in mind what we’ve learned so far, let’s now turn to examining the larger-scale attributes of our perfect Universe and begin to explore the informational foundation of space-time itself.
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