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            Introduction: Our Radical New Story

         
         We are standing at the very frontier of a radical new model of our universe, with implications so profound that it will revolutionize
            our understanding of how our world works and how we define ourselves.
         

         
         For several decades, scientists in prestigious laboratories around the world have been making bold and heretical discoveries
            about the role of sound—discoveries that threaten to utterly derail our understanding of human cellular, brain, and nervous
            system biology, of the inner workings and comprehension of plants and animals, of solar energy and black holes—even the birth
            of entire galaxies.
         

         
         Together, their evidence reveals something astonishing and almost unthinkable: Sound is not something we simply respond to
            for communication or entertainment.
         

         
         Sound and musical patterning are creating us, and indeed the rest of the universe.
         

         
         Sound is the master conductor of all of life, whose patterns control the growth and development of animals, plants, human beings, and planets—everything from subatomic particles to the farthest realms of the cosmos. Virtually all of nature’s systems—biology, planetary motion, much of animal and plant behavior, even the social order—make sounds or resonate according to a harmonic pattern. 

         
         Vibration and sound are responsible for many of the molecular functions inside us, from chemical reactions and the activity
            of proteins to the way in which our neurons and brains communicate.
         

         
         Even our interaction with others is musical, following innate biological rhythmic patterns—a social dance whose every movement
            is locked precisely with the speaker’s voice.
         

         
         These discoveries unveil something that has eluded scientists since the ancient Greek philosopher Heraclitus attempted to
            design a unified underlying principle of the universe. The harmonics of different aspects of our universe are deeply interrelated;
            our “notes” echo the harmonic rhythms of the earth, the sun, and the planets; and our “music” is deeply affected by theirs.
         

         
         Taken together, these discoveries reveal a universe comprised of one vast, interlocking pattern of sound and rhythm, from
            the vibration of the tiniest of molecules to the creation of vast and distant galaxies.
         

         
         They constitute, in effect, a theory of everything.

         
         

         For more than two thousand years, we have understood that ethereal forces govern the workings of our world, but only in the
            most reductive and functional sense. Even the ancient Greek philosopher Aristotle, who first coined the term for this force,
            enérgeia, a term that loosely translates as “being at work,” gave the concept of energy a decidedly utilitarian slant.
         

         
         German philosopher and mathematician Gottfried Wilhelm Leibniz reinforced that point of view in the eighteenth century after proving mathematically that energy performed “work.” Thereafter, scientists viewed energy, even a kinetic energy caused by the motion of waves, as a potential force waiting to be unleashed. 

         
         Physicists recognized that although energy never dies or dissipates, it could be tamed for purely practical purposes. A bunch
            of electrons could transform into electricity. We could manipulate all manner of chemical reactions in our bodies with pharmaceutical
            preparations. Splitting atoms released nuclear energy to detonate bombs. Liquid hydrogen, oxygen, and kerosene could thrust
            rockets, with explosive force, toward the moon. With these workmanlike uses of energy we have created our industrialized world.
         

         
         Sound was recognized as a “radiant” energy, unleashed when some sort of force or pressure causes a vibration, creating a wave
            through a medium like air or water. But since its energetic output is generally considered far less than that of all other
            energies, its purpose was understood to be limited largely to communication or entertainment. Sound was energy’s Cinderella.
            It couldn’t really perform “work” as we understood it—couldn’t create electricity or nuclear fission. Even music, its finest
            and most complex usage, was nothing more, as Harvard physicist Steven Pinker once disparagingly put it, than “auditory cheesecake.”
            An amusement, no doubt, but with no fundamental raison d’être.
         

         
         But this orphan of the energy world turns out to have an unacknowledged purpose that may prove to be far greater than that
            of heat, light, motion, chemical, or even nuclear energy.
         

         
         Sound possesses the ultimate power: the power to create the world.

         
         

         The God Notes is the story of this scientific revolution in its infancy, and it was born from a throwaway line. I’d been watching a documentary called Did Darwin Kill God, in 2009, featuring presenter Conor Cunningham, a philosopher and theologian at the University of Nottingham, interviewing
            Simon Conway Morris of the University of Cambridge, one of the world’s preeminent paleobiologists and a committed Christian.
            Renowned for his research demonstrating how divergent life forms with entirely independent evolutionary paths produce markedly
            similar results, Morris was making the case for some sort of intelligent and universal design beneath the process of evolution.
         

         
         For instance, take music. “Animals,” Morris said, “have music remarkably similar to ours. Some birds have drumming, for example,
            plus harmony, melody, and invention. There are even cultures of music.” In the oceans, he said, whales even swap songs.
         

         
         “Now, supposing there is a universal music out there,” he added. “The reason why the music sounds the same is because it is
            something which arguably is even preexisting.”
         

         
         I greeted that statement as if I’d just received an electric shock.

         
         This distinguished scientist, who’d made his name studying convergent evolutionary paths of long-extinct species, had just
            suggested something outlandish: Music was not only universal between species, but it was just there, and it always had been—not anything that had evolved over time, but a feature innate in anything that was alive.
         

         
         Throughout the next fifteen years his statement—suppose there is a universal music out there—continued to haunt me, a conundrum begging to be solved. Was there in fact something universal about music—not just in humans
            but in all living things? What had Conway Morris meant by “preexisting”? How far back did it go and where did it come from?
            Had it just sprung, fully formed, out of nowhere? And why music, and not what would seem to be the more logical mechanism
            for communication: language?
         

         
         And then one persistent question of my own: Why does music, a completely abstract construction, alone among the arts, have such a profound effect on us? 

         
         Over the years, even while writing two other books, I kept my hand in, clipping relevant articles, maintaining files marked
            “Universal Music,” mulling over the research, trying to work out what it all meant. After a while it became apparent that
            plenty of other researchers had also wandered into this territory.
         

         
         Music psychologist Hauke Egermann and his colleagues at McGill University in Canada had played eleven Western songs, from
            orchestral music to the theme tune of Star Wars, to forty Mbenzélé pygmies, who live without modern technology of any kind, then played the same tracks to forty people living
            in urban Montreal. The responses of both groups to the different aspects of music were virtually identical.1

         
         After assembling a representative sample of eighty-six of the world’s small-scale societies and a comprehensive discography
            of music, Harvard University psychologist Samuel Mehr and colleagues from twelve other universities found that a vast variety
            of cultures shared similar types of music, with consistent features in similar contexts. Every culture had music for dance,
            lullaby, healing, and love, and aspects of the tones were universal. Lullabies were always slow and quiet, and dance music
            always fast and rhythmic. There was no other conclusion to draw, Mehr thought: Our sense of music and what it represented
            appears to be hardwired.2

         
         In fact, human beings had an innate ability to recognize octaves and harmonics, maintained Martin Braun at the Neuroscience
            of Music research organization near Karlstad, Sweden, likely “due to some evolutionary role.”3

         
         Clearly peoples of all cultures had similar responses to music, which suggested that music indeed could well be primal in humans and even predate language. 

         
         Darwin himself had claimed in The Descent of Man that a musical “protolanguage” was the first means of communication, eventually leading to the development of language and
            speech, as did the Swiss philosopher Jean-Jacques Rousseau in his Origin of Languages.4

         
         Neuroscientist Steven Brown at the Karolinska Institutet in Huddinge, Sweden, had taken up this mantle, arguing that early
            humans developed a communication with each other he’d termed “musilanguage,” mostly distinguished by pitch, rather than individual
            sound,5 and that sound and song were necessary for communication and community. Even hominids were thought to have developed a social
            brain largely due to their musicality.
         

         
         There was no question that music had been with our human ancestors for tens of thousands of years. In Sound Tracks: Uncovering Our Musical Past, British archaeologist Graeme Lawson, who’d made a lifelong study of music’s fossil records, described a fossilized vulture-bone
            pipe that had been found in 2006 in Hohle Fels, Swabia, dating from around 40,000 BCE, demonstrating that music was known
            and played by Neanderthals. The evidence seemed more and more convincing that musicality was hardwired within the earliest
            humans and a major factor in creating social cohesion.6

         
         But whether or not music was universal among humans was not, to my mind, the real question. The bigger issue, raised by Conway
            Morris, was that all living beings created similar music. Why would these sounds be so familiar, so innate? Once I finally
            began researching in earnest, I discovered something even more astonishing.
         

         
         Sound wasn’t just an adjunct to our being; sound was our being. Sound and musical patterning were in good part responsible for our existence and indeed that of the rest of the universe.

         
         This breathtaking notion is hardly news to New Age seekers, sound healers, and practitioners of yogic and other ancient spiritual
            traditions. In the Nada Yogic culture in India, Nada Brahma refers to the idea that God (Brahma) is the ultimate sound or vibration (Nada) from which all of creation arises and ultimately
            returns. Everything in the universe is, at its essence, sound, and when we die, we return to the giant om of creation.
         

         
         The ancient Greeks believed that all things in the world were vibrating entities, ideas set forth in the Seven Principles
            of vibration and harmony. So powerful were these sounds that both Romans and Greeks banned the playing of certain types of
            music to the very young in the belief that if the listener hadn’t reached a certain level of maturity, the sounds could prove
            highly damaging.
         

         
         Pythagoras, the ancient Greek philosopher and mystic, credited as the first to create a mathematical system of musical intervals
            through a single-stringed instrument called the monochord, described the entire universe as vibrating, with a harmonic relationship
            between all things, even the planets and the stars. “Study the monochord and you will know the secrets of the Universe,” he
            wrote.
         

         
         But now this theory of sound as creator is no longer just some fanciful New Age notion or bit of ancient esoterica. It is
            being proven by science, and not by mavericks, but by orthodox engineers, biologists, and astrophysicists, working at leading
            universities: Oxford, Cambridge, Massachusetts Institute of Technology, UCLA. Each of them has stumbled upon a tiny piece
            of evidence of what compounds into a radically different perception of the world, even if its thundering implications have
            not yet been fully understood.
         

         
         From every area of science, this new view of the universe is materializing into focus. Virtually all of nature’s systems—biology,
            planetary motion, much of animal behavior, even the social order—make sounds or resonate according to a grand harmonic pattern.
         

         
         Our bodies are dancing to one vast symphony of sound. Rhythm, vibration, and sound appear to be responsible for many molecular
            functions inside us, from chemical reactions and the activity of proteins to the way our neurons communicate. Sound, vibration,
            rhythm, and harmony form the essential building blocks of life—and all social interactions. Hands, arms, shoulders, and head
            all keep time to the beat of speech and conversation. Even our eyes blink in synchrony.
         

         
         And we are not alone in this. Animals have been vastly underestimated. Species of all varieties appear to create rich and
            complex music similar to ours and, like us, experience euphoria listening to certain sounds. They also make music for far
            more sophisticated reasons than claiming territory or attracting a mate, the current biological explanation. Birds employ
            birdsong as a password for their flock, an instructor for their offspring, a feel-good activity, even a growth promoter for
            plant life. Many animals, such as whales, compose songs with many of the same components—harmony, rhythm, scales—as human
            music.
         

         
         Even plants can “hear” sounds and react to them to ward off predators and make sounds when they are distressed.

         
         What’s more, the sounds from these different quarters aren’t random. The harmonics of different aspects of our universe are
            deeply interrelated; our notes echo the harmonic rhythms of the earth, the sun, and the planets, and our own “music” is deeply
            affected by theirs. The sun and other distant stars emit rhythmic sounds now thought to contribute to the growth of entire
            galaxies.
         

         
         Discovering sound at the heart of much of our cosmology answers many long-standing scientific questions about the beginnings
            of the universe and the origin of the often devastating effects of solar flares on life on earth.
         

         
         And most extraordinary of all, underpinning every part of our vibrating universe appears to be a hidden “musical score,” a concept in part based on the work of the revered British mathematical code buster Alan Turing, guiding a vast interconnected patterning across all natural phenomena. 

         
         The universe is, essentially, one intergalactic sonic superorganism.

         
         I’d spent many years writing about energy and secret forces that power the universe—quantum energy, electromagnetic energy,
            the Zero Point Field—but the most shocking revelation for me was that sound appeared to have been completely overlooked. Until
            recently, this central energy had been largely forgotten or, worse, largely dismissed.
         

         
         The story took on even more astonishing complexity during a conference I’d spoken at in North Yorkshire also attended by Jeff
            Dunne, a physicist with Johns Hopkins University and the son of Brenda Dunne, the psychologist colleague of Princeton’s dean
            of engineering Robert Jahn.
         

         
         Together Jahn and Dunne had created a sophisticated, scholarly research program to study the effect of consciousness on random-event
            generators (REGs), the electronic equivalent of a toss of a coin. Over the course of twenty-five years and more than two-and-a-half
            million trials they’d decisively demonstrated that the mind can influence these electronic devices in the specified direction,7 results that were replicated independently by a host of other laboratories.8

         
         I had recently come across a study that Jahn and Dunne had carried out and published before they’d retired from Princeton,
            examining acoustics in Neolithic structures in Britain and Ireland. I’d spent many hours interviewing both Jahn and Dunne
            for my books The Field and The Intention Experiment, but through all the years I’d known them they’d never mentioned the study. I remembered seeing it before but not fully digesting its implications. 

         
         I’d asked Jeff why they made this strange detour from their main work, and his response took my burgeoning thoughts about
            sound to an entirely new level. In their research they’d discovered that certain frequencies within these structures created
            sounds that greatly impacted the brain. In fact, there’d been a follow-up study showing that with one particular frequency,
            all patterns of activity in certain areas of the brain showed major increases in slow-wave activity similar to dreaming, shifting
            people into an altered state. In most of the different structures examined, this had occurred with the same single note.
         

         
         That short exchange took my breath away. Listening to sound was far more than a relaxing, “feel-good” activity. Certain sounds
            in specific circumstances appeared to have powerfully transformational effects on the brain and body. What’s more, civilizations
            living thousands of years ago had not only recognized this but understood how to create structures capable of instantly transporting
            human beings into a mystical state, creating a deeply transformational experience akin to a “God” consciousness, and with
            it a deep sense of the divine. All this, too, was forgotten knowledge, swept away by the propagation of Newtonian physics
            and Darwinian biology, and never fully resurrected.
         

         
         I began calling these particular sounds “God Notes,” not because they have a connotation affixed to any particular religion but, in a metaphorical sense, because they can stir up in anyone, even the most ardent atheist, a taste of divine transcendence. It wasn’t just due to some sort of relaxation effect. Certain sounds in our world—including a number below our capacity to hear—have profound effects on human biology, altering consciousness and transporting us into a mystical state, with pronounced positive physical effects. Our skin tingles, our emotions soar, we vibrate in time to the music. Within seconds, we arrive at a mystical state of wonderment or may even heal a long-standing condition. 

         
         But if there are good notes, there are also “bad” notes, whether natural sounds from seismic rumblings or manmade ones, from
            such machinery as wind turbines, which can have negative physical effects, causing nausea, fatigue, a sense of malaise, pain,
            sleep disturbances, and a general sense of dread, even if they are below our capacity to hear.
         

         
         We constantly resonate with our world—for better or worse.

         
         The more I looked, the more astonished I became. Science was finally catching up with what Pythagoras and the other ancients
            had espoused: The harmonious structure in nature and the fundamentals of musical harmonics are essentially the same. All of
            life is, in fact, quite literally, a symphony, in which each component part innately understands just the perfect notes to
            play.
         

         
         This was nothing less than a new science, hiding in plain sight, blasting a crater-size hole through much of existing theory,
            particularly neo-Darwinian evolution.
         

         
         

         The God Notes is an attempt to synthesize this copious evidence into a coherent whole—the first book to reclaim the primacy of sound in
            making every aspect of our world.
         

         
         This heretical worldview may upend some of your most cherished beliefs about the way the world works, as it did mine. It challenges many of science’s confident assumptions about biology, botany, cosmology, and even the origins of our species. Acknowledging life as created by a deeply interdependent sonic order calls into question some of science’s most deeply ingrained dogma: the belief in Darwinian evolution as a blind process, as now espoused by biology; the confident conclusions that all bodily communications are electrical or chemical. 

         
         I have framed this book as a detective story, detailing the painstaking discoveries, often by outsiders—many of them engineers
            or physicists, rather than biologists—who were willing to examine this subject with fresh eyes, each contributing one more
            explosive discovery, all adding up to a drastic revision of our universal story.
         

         
         My choice of subjects was by no means exhaustive. I could have written an entire book about the information contained in each
            chapter, whether about sound in animals or plants, human beings, or outer space. With just a few exceptions, I have limited
            my focus to those modern scientists or engineers whose contributions I believed were most important to our understanding of
            the place of sound in creating the superorganism that is our universe.
         

         
         In a sense, I became the chief detective investigating this as I pored through countless books and research papers and interviewed
            dozens of scientists and sound practitioners. Putting the entire story together required many months of painstakingly synthesizing
            all the separate findings, decoding the work of these scientists into plain English from what is often advanced mathematics,
            and highlighting their explosive meanings.
         

         
         Besides their papers, I also had to tease information out of these experts. These are men and women who spend their time peering
            into microscopes or examining graphs on computer screens, the better to come up with one more cautious baby step of scientific
            discovery. I have come to realize that scientists shy away from venturing beyond their own conservative findings to consider,
            much less publicize, the full implications of what they’ve discovered—and for good reason.
         

         
         Modern science is a reactionary enterprise, progressing reluctantly, with new ideas often ridiculed or dismissed. That may be one reason why the role of sound in our world as anything other than communication or musical entertainment has largely been ignored. The scientist who puts forward a novel idea or discovery, particularly one that poses a major threat to the work and livelihood of colleagues, risks everything, from the removal of funding to the ridicule or ostracism from his peers. Scientists are also taught not to speculate about the larger implications of their experimental findings. Publishing anything new or radical requires a sense of necessity, a stubborn adherence to making the truth known, whatever it costs. 

         
         These discoveries may finally answer why music, alone of the arts, has such a profound physical impact on us. That shiver
            down the spine that we experience when hearing certain music may be an unconscious recognition of this natural order, tacit
            understanding that there is no division between nature’s most fundamental pattern and ourselves.
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The Hunt for God Notes

         
         
      
   
      
      
         
            1 
Songs from the Stone Age

         
         Bob Jahn sat down on the floor of the Anasazi kiva with a stick in his hand, dragging it absently in a wavelike pattern on
            the dusty floor while he considered the thundering implications of what he’d just heard.
         

         
         He was inside the Great Kiva, an ancient religious and ceremonial stone chamber at the heart of the Aztec Ruins National Monument,
            a vast Pueblo house and village complex near Farmington in northwest New Mexico.
         

         
         He and his partner, Brenda Dunne, were off duty for once, on vacation with Paul Devereux and his wife, Charla, touring around
            New Mexico, when they decided to make a day of walking through the complex. They’d slogged through a half mile of hundreds
            of interconnecting masonry rooms before entering the final circular chamber, the largest remaining structure of its kind.
         

         
         The Great Kiva had been excavated in 1921 and restored by an American archaeologist named Earl Morris, whose dress and swagger were one of several inspirations for Harrison Ford’s character in the Indiana Jones films. Morris had drawn on his vast knowledge of the Anasazis, whose culture had emigrated from the Aztecs, to create a painstaking
            replica of the thousand-year-old original.
         

         
         All four had entered the subterranean structure from anterooms that led down the stone stairs to the cavernous circular room,
            the diameter the size of a semitruck trailer, light pouring through the small rectangular windows and an elevated firebox
            in the center flanked by raised rectangular pits on either side. The museum’s curators had installed loudspeakers, which piped
            in Hopi Indian chants and song to give visitors some approximation of the atmosphere that might have been present in the chamber
            during the native ceremonies.1

         
         Most visitors remarked upon the sudden drop in temperature they experienced on entering the kiva, but Bob, an applied physicist,
            was immediately struck by the different levels of sound. Certain notes of the songs and chants were louder—far louder—than
            others, as though the speakers had been turned up when they’d been recorded. And whenever these particular notes were played,
            the amplified sound reverberated, echoing throughout the entire chamber.
         

         
         As an engineer, Bob immediately understood the physics of what was going on. He knew that amplified sound and resonance had
            to do with the level of frequency of the sound waves produced by certain notes, the dimensions of the space, and whether “standing
            waves” are produced. Resonance occurs when an object absorbs more energy at a specific frequency and then emits that energy
            at greater intensity.2 Sound is produced by waves, forming a continuous sideways S of peaks and troughs, and standing waves are formed when sound waves of the same amplitude (the height of their peaking waves) meet from two different directions and perfectly overlap. All sound waves are measured in hertz, the speed it takes for one peak and trough round trip—or cycle—to be completed per second. If such waves were visible, they’d appear like a wave standing still, caught in flight, the ostensible reason for the strange name of the phenomenon. 

         
         The creation of standing waves depends on whether sound waves bounce off the walls and come together in perfect alignment.
            When they do, the sound gets much, much louder—five or six times louder—reverberating within a person as though originating
            from inside his body.
         

         
         Bob looked up from the patterns he’d been making in the dirt and spoke aloud all the questions the peculiar resonant effect
            they were hearing had raised.
         

         
         Was the effect accidental or deliberate? Had they just come to this by trial and error? Was it possible that the Anasazi had
            the acoustical sophistication to understand that building their kiva in particular dimensions would amplify the sound? How
            was this tribe able to work out the precise dimensions to make the sound so powerfully resonant a thousand years ago? And
            what was their purpose in ramping up the sound anyway?
         

         
         They were all reasonable questions, and Paul had an idea about how to get some answers. A British writer and researcher, Devereux
            had set up and run the Dragon Project, which used scientific equipment to investigate the claims that many ancient sacred
            archaeological sites held special types of energies. To date, they’d tested many of these sites with equipment designed to
            measure radiation and magnetic energy, but it hadn’t occurred to them to experiment with sound.
         

         
         As a result of his work, Devereux was already familiar with many older Neolithic megalithic tombs in Ireland and the British Isles, all four to six thousand years old. Britain was littered with these Neolithic structures, in the form of barrows (large hills containing an inner chamber) and cairns (those covered by stones). Why not test if these far earlier structures had special acoustical properties as well? 

         
         That presented a far more challenging project for the group, as little was known about the Neolithic civilization in Britain,
            and far less about the purpose of these stone structures dotted around the countryside. Even Stonehenge, the most famous megalithic
            structure of them all, had long puzzled generations of archaeologists: why a Neolithic civilization had been compelled to
            transplant Carn Menyn bluestones, each weighing up to three tons, from southwest Wales to southwest England, dragging eighty-two
            of them the distance from New York City to Providence, Rhode Island, to arrive at their present precise arrangement on Salisbury
            Plain. What was it about these particular stones, this exact placement and their precise arrangement, that had called for
            that superhuman effort?
         

         
         Of course, testing the chambered mounds posed a number of greater challenges than studying Native American kivas, said Paul,
            because nothing had survived about the Neolithic societies that had built the structures—not even what they were used for.
         

         
         Jahn liked the idea of taking the questions posed by the kiva further, even if it represented a major detour from his work
            to date. Bob had followed two distinct and wildly divergent paths in his career—the first, as a conventional, world-respected
            dean of engineering who specialized in aerospace propulsion, and the other, a buccaneering explorer of the very outer frontiers
            of human consciousness.
         

         
         At Princeton, Bob had invested his entire adult life in the teaching and development of technology. His work in advanced space propulsion systems and high-temperature plasma dynamics, tempered by his famous tolerance and ability to navigate through all the campus unrest of the turbulent 1960s, had won him his former distinguished position. 

         
         After getting his degree there, he’d returned to Princeton in the early ’60s with the mission of introducing electric propulsion
            to the aeronautical engineering department, and before long, he’d founded the Electric Propulsion and Plasma Dynamics Laboratory,
            the oldest continuously funded laboratory at Princeton University, which still attracts some of the most promising graduates
            from around the world. During his tenure, Bob had led major research programs in advanced aerospace propulsion systems for
            NASA and the US Air Force. Such was Bob’s reputation and his enthusiasm for his subject that his program had soon doubled
            the student population studying science in this traditionally liberal arts university.
         

         
         For the past two decades, however, his passion for aerospace research had been eclipsed by a largely untrodden path of inquiry,
            at least among scientific circles: whether human consciousness could influence the physical world.
         

         
         His curiosity had first been piqued in 1976 by a graduate student, who wished to study whether human consciousness could affect
            electronic machines. It was the very beginning of the microcomputer revolution, and the idea that humans might have an effect
            on their computers held an irresistible, if humorous, appeal. But two years of the student producing successful results and
            his own experimental dabbling finally convinced him that he should begin studying psychokinesis in a systematic, scholarly
            way, grounded in hard science.
         

         
         In 1979, Jahn created the Princeton Engineering Anomalies Research (PEAR) laboratory at Princeton, and recruited as manager of the program Brenda Dunne, a psychologist at Mundelein College in the Midwest with a track record for producing compelling work in human consciousness research. Together they’d spent nearly two decades and more than two-and-a-half million trials decisively demonstrating that human intention can influence these electronic devices in a specified direction,3 and their results were replicated independently by sixty-eight investigators.4

         
         Princeton tolerated the PEAR program, likely because it was first funded by the millionaire aviator James McDonnell of McDonnell
            Douglas Aircraft Corporation, who believed it essential to determine whether the mind states of pilots could influence the
            sensitive equipment driving the plane. Nevertheless, Jahn and his team were banished to a tiny cluster of rooms in the basement
            of the engineering school, which began to exist as its own little universe within one of the more conservative disciplines
            on this American Ivy League campus. Over the years, no matter how impeccable their research, unassailable their scientific
            papers on the PEAR studies, and persuasive their astounding findings, Bob and Brenda had endured decades of professional abuse
            about their work. Although a tenured professor, Jahn was stripped of his role as dean. Privately, many of his Princeton colleagues
            concluded that the great man had finally gone off the rails.
         

         
         After all the grief they’d suffered over PEAR, Jahn and Dunne began to consider that scientists asking challenging questions
            like theirs, questions that threatened the very foundations of science, were in need of an ark, a safe haven enabling an informal
            consortium of like-minded scientists to gather, explore, and discuss ideas openly together.
         

         
         In 1990, they’d founded the International Consciousness Research Laboratories (ICRL) and began holding “academies” on specific subjects with some twenty colleagues from a variety of disciplines taking part. 

         
         Paul Devereux, with his interest in bringing scientific rigor and study to ley lines and ancient structures, joined the ICRL
            and attended some of these meetings, which is where his and Jahn’s paths began to converge and their friendship was forged.
         

         
         For Bob’s restless mind, the extraordinary implications of the PEAR work proved to have the more insistent call. He and Brenda
            had stumbled across a new science, a completely new view of the world. There was no longer any route back to conventional
            science—nothing for him but to follow the individual lines of inquiry that had caught his fancy, especially those advancing
            his own growing knowledge of the nature of consciousness, which now included the tantalizing questions posed by the kiva.
         

         
         After returning from New Mexico, Bob and Brenda arranged to meet the Devereuxs in the UK in mid-July 1994, and the foursome
            set off on a ten-day itinerary. They’d chosen six megalithic sites of different shapes—round, square, oval, even cruciform—focusing
            particularly on passage graves. This variety, usually in the shape of a cross, had a long passage leading to the main chamber
            and two side rooms—the two horizontal wings of the cross. If there were long passageways to the main room, Jahn and Devereux
            thought it more likely that the structure would have been used for something besides a tomb.
         

         
         Their first stop was Wayland’s Smithy, a picturesque megalith abruptly rising out of the gentle, rolling countryside of the Berkshire Downs in southern England, the entrance to this imposing earthen mound about the height of Niagara Falls, flanked by two colossal sentinels in the form of twenty-one-foot sarsen stones. Metalworking was considered a form of magic when the megalith was built, and the name, given in Saxon times, echoed the belief at the time that if you left your horse tethered to the long barrow at night with a small coin, an invisible elfin smithy named Wayland would reshoe your horse by morning. 

         
         Bob, Paul, and the two women crept past the giant stone entrance through the twenty-one-foot passageway and crawled into the
            cramped main room, a bare six feet and less than four feet high, to seat themselves and all their equipment. Bob crouched
            down to set up, nearly knocking off his blue-and-orange American Eagle baseball cap. He’d put together a protocol he intended
            to use for all six sites: a source of the sound with a loudspeaker that could be shifted to any direction, placed on a tripod
            or even on the floor; an oscillator that could be tuned to a variety of frequencies; an amplifier to broadcast the sound at
            different levels; and a handheld digital multimeter to verify any frequencies recorded. This small kit could reliably tell
            them which particular notes, if any, created resonant standing waves and how loud they caused the sound to be.
         

         
         The plan was for Brenda and Charla to slowly raise the frequency from the oscillator playing through the amplifier and loudspeaker
            from the lowest audible ranges until the equipment registered the lowest natural resonance coming from the walls of the chambers.
            Once that was established, Bob would turn up the sound to the highest level that could be comfortably listened to and then
            lay a measuring tape from the sound’s source to the edge of the walls of the chamber—a simple means to measure the number
            of standing waves present.
         

         
         In Wayland’s Smithy, the foursome recorded a natural resonance of 112 hertz in one chamber, 95 hertz in another, and 119 hertz
            in a third.
         

         
         The team didn’t know what to make of the fact that the resonances all occurred within a tiny bandwidth of the full range of sounds audible to human beings—from 20 to 20,000 hertz. Or the fact that all sounds could easily be made by a male baritone voice. When they were running up the frequencies, some sounds were nearly silent, even if made just a few feet away, but once they hit a resonant frequency, the sound transformed into a thunderous, throbbing noise.5

         
         The Smithy had long been assumed to be nothing more than a tomb largely because the current structure, which had been built
            over an original chamber, housed the remains of fourteen people, including one child. But the ICRL results suggested that
            it may have had another purpose. Bob and Paul kicked around the possibility that Wayland’s Smithy may have been used for some
            sort of ceremony with human voices, and the structure deliberately designed to enhance the volume and cause them to resonate,
            but they didn’t discount the possibility that the resonant frequencies were simply coincidental.
         

         
         They headed off to their next stop, Chun Quoit, one of the best-preserved monuments in Cornwall, entered via a giant mushroom
            shape positioned just below the peak of the exposed north coast of Cornwall, its four sarsen stone walls leaning inward, capped
            by a jauntily angled two-ton capstone. An old Cornish legend had it that the capstones had been thrown by giants in the midst
            of a game of quoits, or ring toss, which is how it ended up with its curious name.
         

         
         After the team had managed to set up their instruments in what was essentially a five-foot cube, they again swept from the lowest audible sound to one that produced standing waves. This time the greatest resonance occurred at 110 hertz, or, on a modern piano, the note A one octave and two white keys below middle C, the second-lowest level of a male baritone. And since no human remains had been excavated from Chun Quoit when it was excavated in 1871, it was now likely that the cairn had been built for something other than burying the dead. 

         
         But if it had been used for ritual, possibly for singing, how it was possible that these early peoples, living six thousand
            years ago, three thousand years before the Egyptian pyramids were built, knew enough about architecture to create a chamber
            able to amplify a male voice? This question grew even more pressing at their next stop, Loughcrew Hills in County Meath, Ireland,
            an hour northwest of Dublin. Fifteen megalithic stone mounds are dotted along the hill ridge of Cairnbane West, one reason
            for the ancient legend that the stone placements resulted from an accident after a witch flying overhead spilled a load of
            stones held in her apron—stones said to be oracles capable of forecasting the future.
         

         
         The most impressive of the fifteen mounds and the ICRL team’s choice for their test was the chambered Cairn L, a mound arising
            from a hillside like a flattened pyramid with precisely placed stone walls converging in a geometric point to an open entrance.
         

         
         All four of the team were relieved to see that they had plenty of space to stand. Once through the passageway to the nineteen-foot
            chamber, many heads taller than the cairns they’d visited so far, they were struck by the freestanding standing stone in its
            center, arising from the floor like a miniature obelisk. During sunrise of the autumn Celtic cross-quarter day on November
            1 and for just that single day, the angle of the sun and position of the entranceway enabled a sliver of sunlight to enter
            the dark chamber like a well-aimed spotlight and encase the stone in a blaze of light.
         

         
         This time their acoustical sweep of frequencies produced an absolute repeat of the resonant frequencies of the last cairn:
            110 hertz. And then another chamber nearby produced a resonance just slightly off, at 112 hertz.
         

         
         Their last and most impressive stop was Newgrange, located at a bend in the river of the Boyne Valley thirty miles away, built in 3200 BCE, at least seven hundred years before the creation of the Great Pyramid of Giza, and one of the largest roofed monuments of prehistory in the world. This time, they’d had to apply for a permit to enter the massive round monument, the diameter of a football field, abruptly rising out of the earth and completely encircled by curbstones. 

         
         Past the sixty-two-foot length of the narrow passageway that led inside, the team entered the main stone chamber, standing
            at close to four times their height, held up by stone blocks. Side recesses contained the remains of just a few individuals,
            making it clear that the cairn served a purpose of something greater than a mass grave.
         

         
         Paul and Bob set up their equipment, swept the tonal frequencies, from low to high, and were astounded by the result: a strong
            resonance, once again, occurring at exactly 110 hertz—the third time the same frequency had produced the greatest effect.
         

         
         What was this building for? They thought of a number of tantalizing possibilities. The likelihood was overwhelming that it
            was a place of ritual, even of worship, and even more likely that it was deliberately built to maximize male voices chanting
            or singing the note A an octave and a half below middle C. Were they priests or shamans? Or an entire choir? And was the discovery
            of 110 hertz accidental, or had they deliberately built their structures to create this effect?
         

         
         The other astonishing aspect of the chamber was the placement of the entrance passageway, which aligned perfectly with the rising of the sun during the winter solstice on December 21. At the end of the passageway, Bob and Paul noticed a roof box, a space filled with quartz above the entrance of the passageway, which presumably was emptied every December 21 so that winter sun could flood the chamber, bathing the stones within for just that single day in an otherworldly halo of light. Small wonder that Irish folklore proclaimed this as the dwelling place of the Lords of Light, particularly if the entrance stone was the door, to be rolled to close the entrance during rituals, which would have massively amplified the sound effects within. 

         
         Staring at the carvings in the rocks around the Grange, Bob noticed something else: many of them contained various continuing
            patterns of spirals, lozenge circles, and waves.
         

         
         All three patterns, he realized, resembled the shapes made by standing waves, observed from the side or the top. In fact,
            two etchings on the west side of Newgrange had the exact number of peaks and troughs as the standing-wave pattern measured
            by Jahn from the center of the chamber to one of its sides.
         

         
         That started him thinking again. How had they been able to see them, he wondered. Perhaps if the sun were present, and dust
            were kicked up or some sort of fire, type of plant, or incense burned, the shapes of the waves may have been made visible
            during these ceremonies.
         

         
         Their research completed, Bob and Brenda said goodbye to their friends and headed back to New Jersey and the PEAR lab, filled
            with questions and speculation, but also considering a way to test Bob’s hypothesis about the origins of the rock art.
         

         
         Bob enlisted Michael Ibison, a physicist and engineering student at the PEAR lab, to build a rough replica of Newgrange, and
            he assembled what resembled a Kundt’s tube—a transparent cylinder with a light source at one end and a sound source at the
            other—with some fine mushroom spore dust placed at the bottom.
         

         
         They began playing different sounds and as soon as a resonant frequency was reached, the dust slowly began to rise from the bottom of the tube as if magically levitating before shaping itself into a continuous, unbroken sideways S. 

         
         The very thought was unsettling: ancient people recognized and understood that sound produced these mystical effects and acknowledged that fact by carving
               it into the walls.

         
         There was one final immediate question in Bob’s mind.

         
         All of the chambers measured had resonant frequencies on or close to 110 hertz, the majority exactly 110 hertz. And they’d
            all resonated at just this particular frequency, even though the chambers themselves were of vastly different shapes and sizes.
         

         
         In some of the chambers, in fact, giant stones had been fitted in much later, as if placed there specifically to tune the
            chamber to an exact resonance at 110 hertz.
         

         
         Was this all just coincidence? If not, what was so special about 110 hertz?

         
         Bob immediately thought of one of the members of the ICRL, a neuroscientist and psychiatric clinician named Ian Cook, then
            at UCLA’s Neuropsychiatric Institute. Ian had attended Princeton and studied under Jahn as an undergraduate majoring in engineering.
            Bob’s open-minded approach to new scientific ideas, even when they countered all established scientific belief, had appealed
            to the iconoclast in Ian, who became one of the earliest of the undergraduates to do work at the PEAR lab.
         

         
         Ian had gone on to receive a medical degree from Yale, and then to specialize in psychiatry. His engineering background had
            led him to develop equipment to better understand and heal the brain, and he’d enjoyed a distinguished career in transforming
            MRI scanning and other techniques that can treat depression and ADHD without drugs.
         

         
         However, Ian never forgot his early experiences at PEAR. Through the many years of his largely mainstream work on the UCLA medical faculty, Ian kept a quiet foothold in open inquiry. When ICRL was formed, he joined and enthusiastically attended in-person meetings and conference calls, all the while maintaining a low profile about it in his day job. 

         
         Ian was an obvious choice to help them test whether 110 hertz had any particular effect on the human brain.

         
         As it turned out, when Bob approached him, Ian and his colleagues were already in the midst of carrying out a study on a group
            of thirty healthy individuals, which made it a simple matter to piggyback onto the study an extra examination of the effect
            of 110 hertz on the brain. Ian placed a quantitative electroencephalogram (EEG) cap on each volunteer to map brain-wave patterns
            while playing them five different frequencies (90, 100, 110, 120 and 130 hertz) for a minute apiece, each time studying if
            there were any changes in the brain.
         

         
         Nothing occurred with four of the frequencies, but at exactly 110 hertz, all activity of each volunteer’s right frontal cortex—the
            part of the brain involved in executive functions and emotional processing—immediately diminished, while activity increased
            on the right side. It was “almost as if a switch had been thrown,” Paul Devereux would later note.6

         
         Years later, Ian published a paper on his findings with some cautious observations: “These intriguing pilot findings suggest
            that the acoustic properties of ancient structures may influence human brain function.”7

         
         The paper was at pains to emphasize that the results were preliminary and that a wider study should be undertaken.

         
         But what it was saying, beneath the cautious understatement of academia, was that there was something special about 110 hertz, an effect that switched the majority of brain activity from the left side, the area connected with logical processing, to the right, the portion more associated with the mystical and transcendental. 

         
         Bob’s curiosity was aroused. Bob was now sixty-four, a year from formal retirement as professor and soon to close the PEAR
            program too, once they lost their basement lab. He’d thought that the door he’d walked through twenty years earlier, which
            had led him to unimaginable places and caused him to ponder the deepest questions about human consciousness, was finally closing.
            But now he was confronted by an entirely new set of questions, this time threatening to upset the entire historical account
            of evolution—and a new door had swung wide open.
         

         
         He considered the major issues that this modest research project had raised, starting with the time he’d sat in the kiva,
            doodling on the floor. They had only multiplied after observing these same effects in structures two thousand years older.
         

         
         To build architecture capable of generating such an experience required a sophisticated understanding of the engineering necessary
            to create what modern physicists would describe as standing waves of one particular frequency.
         

         
         It would require comprehension of the exact acoustical conditions necessary to enhance the collective experience of the attendees
            by building a space that would greatly amplify the original sound of male voices singing or chanting.
         

         
         Even in modern times, to replicate this resonance at a single frequency in buildings that were structurally so different,
            with such vastly different spaces, would require a great deal of computerized number crunching to produce the exact dimensions
            enabling this effect.
         

         
         So important, apparently, was the effect to these architects that they’d been willing to move and shift enormous boulders until they suppressed certain sounds and enhanced certain others to create the desired outcome. 

         
         And to expend all this time and effort required a need so great, a desire so pressing, that it went leagues beyond the need
            to make chanting or singing voices a little louder.
         

         
         And all this in buildings designed to be architecturally aligned with several astronomical phenomena, like the sun’s position
            on a single day.
         

         
         And finally: Was there a possibility that these ancient people understood how to deliberately create a transcendental experience
            using tones that shifted the activity of the brain?
         

         
         How did Stone Age people six thousand years ago, just out of the hunter-gatherer phase, just beginning to create settlements
               and farming, know all of this?

         
         Jahn was spare and gaunt, often turned out in a checked shirt and chinos, and in both his manner and his erudite speech, always
            in perfectly crafted sentences, gave off a sense of containment—never a superfluous word or unnecessary gesture. But even
            in his cautious and deliberate manner, his dislike of histrionics, Jahn had to admit, staring at Ian Cook’s results, that
            there was nothing in his encyclopedic storehouse of knowledge to explain this.
         

         
         Publicly he allowed himself some minimal speculation: that these were not simply grave sites, but that some form of human
            chanting, enhanced by the spaces, was carried out there for ritual purposes.
         

         
         Bob wrote up and published several papers about the British and Irish study, coauthored by Paul Devereux and Michael Ibison, but left it as an intriguing question mark about what early man actually understood. He’d run ICRL as a round table, with all twenty members invited to pick up where others left off, while he and Brenda would continue to delve deeper into the nature of consciousness, based on their decades of research, and go on to coauthor a series of books. 

         
         Paul ran with the project and began to study other acoustical effects of stones and ancient sites, confirming Jahn’s and his
            initial findings at other locations. Work carried out on Stonehenge by Devereux and other scientists revealed that the vast
            stones were resonant with specific ascending tones like a giant Neolithic glockenspiel. The placements of the stones appeared
            to be far from accidental, and their carvings deliberately made to produce and amplify particular sounds.8

         
         But it wasn’t until twenty years later that Spanish neuroscientists published findings offering another important piece of
            the puzzle over the 110 hertz frequency, this time in the El Castillo cave system beneath Monte Castillo, not far from Puente
            Viesgo, in northern Spain.
         

         
         Jose Miguel Gaona, a Spanish psychiatrist, with a team of neuroscientists and psychologists from the Faculty of Medicine at
            the Universidad Rey Juan Carlos in Madrid, examined the effect of thirty-one audio tones of different frequencies in El Castillo.
         

         
         In their investigation of the cave, the Spanish team had discovered a forty-thousand-year-old chamber housing an enormous
            carved stalactite, with evidence that it had been used for rituals during the middle of the Paleolithic period, the time of
            Cro-Magnon peoples and Neanderthals—tens of thousands of years earlier than the peoples who created the barrows of Britain
            and Ireland.
         

         
         Once again, when Gaona and his team tested the chamber, the sound peaked and resonated at exactly 110 hertz.9

         
         Back in Madrid, the Spanish scientists discovered more about the extraordinary effects of 110 hertz. At that frequency, a standing wave is both the wavelength of the average human skull and the fundamental frequency of the hippocampus within the brain, which plays a role in helping us to navigate through space, relative to all the objects around us. Both the size of this wavelength and its link to the hippocampus may help to account for its powerful effects on the brain and body. 

         
         The Spanish team discovered other features of the ability of frequencies to affect people positively or negatively after working
            with the neuroscientist Dr. Michael Persinger and his team at Laurentian University. Persinger had been experimenting with
            low-level magnetic fields and their ability to create altered states at particular frequencies by coursing them through the
            temporal lobes of volunteers.
         

         
         Two decades after Bob Jahn’s first questions about it, scientists confirmed that 110 hertz was a sound wave known to alter
            brain function by creating resonance in human vocal cords and stimulating nerve endings in the skin sensitive to vibration—all
            physical effects that can greatly amplify a spiritual experience.
         

         
         They learned that these effects on the hippocampus would cause an increase in dopamine activity, which in turn had been connected
            with dreaming, hallucinations, and even out-of-body experiences, much as Persinger had been able to produce with certain magnetic
            fields.
         

         
         The Spanish team wrote in their follow-up paper that 110 hertz “may be involved in the induction of altered states of consciousness
            or changes in cognitive processing, experienced in association with various sacred sites.”10

         
         As Gaona realized, these ancient people, living in rough-hewn caves or temporary shelters, hunting for food with the most rudimentary implements, would have somehow recognized that that particular tiny chamber within the half-mile length of interlocking caves had the capacity to create a vastly heightened experience with a very particular sound—a sound capable of causing its residents to resonate together in the midst of a torrent of sound, skin tingling, emotions rising, voices enlarging, filled with wonderment at a tone both mystical and divine. 

         
         Through trial and error, Gaona speculated, they would have discovered that the fastest route to that state was that single
            sound they would sing or utter within the cave. It may even have been the origin of their religious experience.
         

         
         Bob Jahn was never given to an immoderate word—he left emotion to his more effusive partner, Brenda. But even he had recognized,
            some twenty years before Gaona’s study, that certain ancient civilizations were tapping into something primal, something that may have existed deep in the psyche of every human being.
         

         
         Each of these cultures had discovered a fast track to a heightened spiritual state with no modern implements, the only tool
            the power of their observation.
         

         
         They’d found, or had an instinctive knowledge of, a God Note.

         
         But his questions about the import of their discovery went beyond even the notion that primitive people knew of, or had stumbled
            onto, a mechanism enabling them to create a sound that would transport them into this altered state.
         

         
         What Jahn had discovered in the twilight of his career was another stake into the heart of conventional science—something
            that threatened to derail the whole of accepted evolutionary theory.
         

         
         The question before him—that he would have to leave others to answer—was how much of this was learned and how much instinctive.
            Perhaps this knowledge didn’t have to be learned—perhaps it was just there, in the fabric of all of life.
         

         
         Before all the questions posed
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