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PREFACE

Blue panel lights blink ominously on rows of black computers sealed inside a glass room. I walk past the supercomputer nerve center and proceed down an empty, dark corridor. Arriving at a door, I open it and enter a cavernous room painted entirely black. Twenty-four digital cameras stationed around the room pinpoint my every move. Two men stand up from behind a bank of computer screens. I know that by using their sophisticated instruments, they can eavesdrop on electrical transmissions flashing through my brain. The most intimate details of my mind are theirs to see. They can read my thoughts before I have them. They can watch my brain learn. They can glean my intelligence, my propensity for adventurism, identify telltale signatures of mental illness and neurological disorders, and predict my ability to learn specific types of material. Am I a good reader? Bad at arithmetic? Prone to depression? Developing early stages of Parkinson’s disease? These deeply personal insights into my mind are available to them and other brain scientists who are propelling a revolutionary leap in neuroscience that will transform our world.

I’ve come to this place to meet these two neuroscientists and experience for myself how they can watch my brain learn by tracking my brainwaves. There is no need to open my skull and stick electrodes into my brain to tap into my neural circuits. Electricity zipping through thousands of neurons deep inside my cerebral cortex creates electromagnetic waves of energy that penetrate my scalp. These electrical discharges can be picked up by touching a wire to my head and feeding the electrical signals from my brain through the wire into a computer. In Electric Brain I will take you to this and many other laboratories around the world to see this exciting new brain science currently unfolding, and to trace back in time to find the roots of this discovery.

The detection of brainwaves in the early twentieth century is one of the most important developments in the history of neuroscience, yet brainwaves and their momentous implications are poorly understood by the general public. Brainwaves aren’t taught in school. In fact, most college neuroscience textbooks lack a chapter on brainwaves. This situation has persisted for nearly a century. Yet, learning about brainwaves isn’t complicated—anyone who is truly interested can easily understand this new science.

But brainwaves have always been surrounded in controversy. From the moment a reclusive German doctor in the 1920s discovered waves of electricity radiating out of the heads of his patients in a mental hospital, brainwaves sparked astonishment and deep intrigue. His secret experiments revealed that these cryptic electromagnetic emanations from the innermost workings of our mind change with our thoughts and mental state. Today we know that these bioelectric broadcasts expose the most intimate privacies: our conscious thoughts, our unconscious cognition, and the emotions stirring inside our brain.

From the moment scientists first glimpsed brainwaves at the turn of the twentieth century, they were seen as complex and mysterious emanations. The controversy continues, as brainwaves are hotly debated by neuroscientists today. Some dismiss brainwaves as the electrical noise of the brain at work, like the roar of an automobile engine is a by-product of its mechanism of operation. Others believe brainwaves are how the brain functions at its most sophisticated level. Brainwaves, these scientists believe, explain many complex aspects of the human mind that have long mystified philosophers and scientists alike.

While scientific debate rages over the origin and function of brainwaves, no one questions the extraordinary capabilities that can be achieved by monitoring and altering them. Neuroscientists can feed brainwaves into computers to control software, machines, and prosthetic limbs. This melding through brainwaves can fuse man and machine into unparalleled levels of perception, analysis, and problem-solving that far exceed the capability of a digital computer or the human brain working alone. Conscious and even preconscious thoughts can control everything from a motorized wheelchair to a fighter drone. Consciousness and brainwaves are so tightly interwoven that brainwaves, not the heartbeat, now define the threshold between life and death. Psychologists analyzing the pattern of brainwaves in a person’s brain as they sit quietly letting their mind wander can see how that individual’s brain is wired—normally or abnormally. If the brain’s electromagnetic oscillations are atypical, the practitioner can program a computer to signal the patient when their brain’s electrical activity shifts in the appropriate way, and given this feedback, the brain will correct its brainwave activity—healing itself without drugs.

Other scientists are using optical and magnetic methods that can read the brain’s electrical activity through a person’s head, and still others are implanting electrodes and computer chips into people’s brains. Fusion of mind and machine means that the flow of information can go both ways. Human brain function can be controlled by computer-generated signals stimulating neurons by delivering electric current or electromagnetic pulses through a person’s skull to manipulate brainwaves. Brainwaves of one person can be picked up and directly downloaded through a computer into another person’s brain to transmit information from brain to brain as if by telepathy. This once obscure area of science has suddenly exploded into the mainstream as billionaires Elon Musk of Tesla and Mark Zuckerberg of Facebook pour millions of dollars into developing brain-computer interface technology for commercial purposes, which Musk claims will provide a third “digital superintelligence layer” to the human brain. Are such proclamations real or fantasy-fueled marketing? Here are the facts and open questions:

For the first time in human history, Homo sapiens has developed the ability to directly interrogate and manipulate the human brain. But with this new ability come many questions both practical and ethical: What are the risks and benefits posed by this noninvasive method of knowing what your particular brain can and cannot do well, and by being able to link your mind to a computer? How will such profound insights into our innate mental capabilities influence education and career choices? For some, the new technology raises Big Brother fears of mind control via radio-controlled beams or brain implants.

All of these profound developments, transforming our future and our understanding of the brain, are possible because the brain, unlike most bodily organs, operates by electricity. How was that remarkable discovery made? Who were the first people to discover brainwaves? What motivated them to pursue the bold idea that electromagnetic waves might propagate out of a person’s head? What did they think they had found? How did other scientists react? Why was the discovery of human brainwaves kept secret for years? Why are most people unaware of the name of the person who discovered them? Why was there no Nobel Prize for this work? The answers are found by unraveling a fascinating tangle of science and society that surround the electric brain.

Whenever science crosses the threshold into a new frontier, the strange phenomena will confuse people and spark controversy, but I did not write this book to argue my viewpoint. I wrote Electric Brain to share the excitement of science in action, as seen through the eyes of a neuroscientist working in the field; to provide you with the latest scientific research (some of it not yet published) and empower you to form your own opinions. I will, however, separate fact from hyperbole—there is an enormous amount of hype and superficiality in the popular press about brainwaves. I will explain at a scientific level what brainwaves are, what they can do, what we know, and what we do not know—yet. I will take you into laboratories around the world, introduce you to my colleagues who are doing this research, allow you to see the data as I have, and let you learn and draw your own conclusions. That is, after all, what science is—a process of discovery. But first, we need to trace back through time to find the roots of the “electric brain.”
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CHAPTER 1
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Broadcasts from the Mind

The fifteen-year-old boy was shot in the head—the circumstances lost to history, but the consequences made history. The bullet, lodged in the boy’s brain from an accidental gunshot, could not be removed by surgery, leaving him paralyzed on one side of his body and suffering from vertigo. After surviving the bullet wound with a piece of his skull missing, the patient, sent to a mental hospital in Jena, Germany, was just what his doctor, Hans Berger, was looking for. It was not the now twenty-three-year-old’s mental condition that interested Dr. Berger but rather the hole through the man’s skull.

SEEING THROUGH THE SKULL

In eager anticipation, in November 1902 Berger ordered the young patient brought to the laboratory on the ground floor of the psychiatric clinic where he conducted his solitary research. Whether the man believed it to be a treatment of some kind is not known. What is now known is that Dr. Hans Berger, who would become the director of the hospital in 1919, did not regard all human life as equally sacred.

The young man sat in the chair as instructed, his paralyzed arm dangling on one side. Behind him, he felt fingers pinch tufts of his hair and heard the snipping of scissors. He heard water and the hollow rattle of wood against the walls of a ceramic cup; there was a pause and then the luxurious warmth of a frothy shaving brush lathering his head and dispersing the sharp, spicy smell of soap. With long, slow strokes of a straight razor, the doctor shaved the young man’s head and toweled it dry, taking extra care with the area around the head wound, where the missing skull bone had left an irregularly shaped hole covered only by a thin layer of skin and scar tissue.
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FIGURE 1: From Hans Berger’s laboratory notebook from the turn of the twentieth century, recording his experiments on the connection between psychic energy and physical energy. Cranial defects, covered only by a thin layer of skin, in his patients who had lost skull bone enabled Berger to monitor changes in brain volume pulsations in response to sensory stimulation, drugs, postural changes, and emotions.

Over this hole the doctor placed a strange-looking skullcap made of gutta percha—a natural latex rubber—and connected the cap to a fluid-filled rubber tube. The tube resembled a manometer, used for measuring changes in atmospheric pressure, and Dr. Berger was careful to seal it tightly to the fitting in the cap so that there were no leaks. The other end of the tube was connected to a device on the side table that held a sharp metal pen suspended on a pivot. Once the cap and tube were connected, the pen began to scratch out a thin white trace on a piece of soot-covered paper attached to a slowly rotating drum.

Blood, as it pumps through mushy brain tissue, causes the brain to swell and then retract slightly, like the chest of a panting dog, and these brain pulsations, accessible to Berger thanks to the window of missing skull, were what intrigued him. The fluid inside the tube rose and fell with minute pressure changes in the head wound, and the attached recording device traced jagged, regularly spaced undulations on the paper of the drum. Berger stared intensely at the wavy line as it formed in the wake of the shaking pen, tracking the swelling and shrinking of the young man’s brain as it pulsed in time with his heartbeat.

Dr. Berger was not providing the young man with medical treatment, and his purpose was not to understand or alleviate any of his mental or neurological dysfunctions; Berger’s interest was in testing his theory that mental states interact with physical processes inside the brain. At a time when the origins and mechanics of the human psyche, and mental functions in general, were still mysterious, this was a revolutionary concept.

While the brain’s pulsations were regularly paced along with the young man’s heart, their amplitude waxed and waned, and Berger believed that these fluctuations were associated with the mind’s thoughts and emotions sweeping through brain tissue. He recorded in his notebooks, and later published in a monograph in 1904,1 that the pulsations were affected by various drugs and changes in body position—sitting, standing, or tilting the head to one side—but more interesting by far to Berger was his observation that the waves also changed in association with conceptual tasks, emotions, and sensory input. He presented the young man, and other patients he subjected to similar experiments, with various stimuli and cognitive challenges: He instructed the patient to stick out his tongue and stimulated his taste buds with drops of sugar, lemon, or quinine. He passed cotton balls saturated with various pungent substances under the young man’s nostrils, or had him sniff small vials containing pepper or other spices. Using a fine paintbrush, he lightly stroked the back of the man’s hand, arm, and cheek. All the while, he watched the line as it appeared on the rotating drum, tracking the swelling and shrinking of the young man’s brain with the tide of its blood flow. Often, these stimuli perturbed the regular rhythm of the brain’s throbbing, proof to Berger that the elusive psychic phenomena of the mind—such as the experiences of taste, smell, and touch—interacted with biological and physical processes.
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FIGURE 2: One of the patients with a cranial defect who Hans Berger studied using a plethysmograph to monitor fluctuations in brain volume.

Suspecting that human emotions, too, had a basis in the physical, Berger believed that his brain-volume monitoring device (called a plethysmograph) could record these manifestations of joy, sadness, or fear. Human emotion can only be studied in human beings, and Berger was about to use this young man’s brain to put his theory to a test. He stepped quietly behind the chair where the man sat . . . and fired a pistol. The deafening report, a sound the man had not heard since the day he was shot in the head, plunged the young victim into a state of shock and absolute terror. Berger was thrilled to see the rapid decrease in brain circulation induced by the mental state of profound fear. He detailed his findings in a monograph published in two parts in 1904 and 1907, titled Über die Körperlichen Äusserungen Psychischer Zustände [Physical Manifestations of Mental States].2

Berger would move on from his research on changes in brain pressure to study the brain’s electrical activity. He performed the first human electroencephalogram (EEG), becoming the first person to discover and document waves of electrical energy radiating out from the human skull and pioneering the technology that would give science its initial glimpse into the workings of the mind.

Given the significance of what he uncovered, you would think Berger’s name would be a feature of textbooks. Instead, he remains a shadowy figure. Why? After all, the unfortunate truth is that the ethically unpalatable practice of experimenting on patients hardly makes him unique among his contemporaries in the world of psychiatry. So—who was Hans Berger? And how did he arrive at his shocking conclusions?

A JOURNEY TO JENA

I traveled to the city of Jena, to see firsthand what might remain of Berger’s work conducted there a century ago. Rocked by two world wars, subsumed by the Soviets into communist East Germany, and finally restored to a united and democratic German state after the fall of the Berlin Wall, Jena has been tumbled by the most monumental events of the last century. Berger is an enigma, and history, being a written construct, mutates along with political transformations, and the physical records and artifacts essential to reconstructing the true events of the past are all too easily scattered, lost, or destroyed with the passage of time. By seeing Hans Berger’s world and work with my own eyes, I hoped to reach a better understanding of the discovery of a fundamental feature of the human brain: brainwaves.

Behind a medieval church of stone blackened with centuries of soot and encased like a Mayan temple by dead, ropy vines, I found a graveyard, little more than a field of green lumps overgrown with ivy. Large trees screened out the sun. There in a clearing, surrounded by ivy and bracken fern, sat a roughhewn granite headstone bearing Berger’s name, the two dates bracketing his life etched into the stone and painted black to contrast with the gray of the slab. In the silent stillness of the graveyard, Berger was transformed from a historical abstraction, and was now tangible and real. Here he was, buried beneath my feet, Hans Berger the human being, along with his wife and his son, who died in Russia as a soldier in World War II, just a few months after his father.
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FIGURE 3: Hans Berger’s grave in Jena, Germany, where he is buried together with his wife, Ursula, and son, Klaus, near the psychiatric hospital where he worked and discovered human brainwaves.

I left the grave and walked to the anatomy building of nearby Friedrich Schiller University to meet neuroanatomist Christoph Redies and his colleague, historian Susanne Zimmermann, who had kindly agreed to take me to the psychiatric hospital where Hans Berger worked. After a short walk from the university, we came upon the building, now named after Berger, three stories of yellow and red brick with dormer windows jutting from the steep roof. The building was vacant and undergoing renovation, one of the exterior double doors standing open, and out in front was a bust of the doctor himself. The cold stone suited Berger’s formal, stern-looking countenance.

This is where Berger worked for thirty years, searching for the interface between the physical (brain) and the mental (psychic energy). His quest led him from studies of blood flow and brain volume to investigate the stunning new force of energy that was transforming technology and society in the early twentieth century: electricity. Berger began his scientific career at a time of horse-drawn transportation and gas lamps, and ended it in a world of electric light, automobiles, airplanes, radio, and the splitting of the atom. Over this same interval, the study of the human brain shifted from its roots in philosophy and psychology to become the germ of a new science—neuroscience, as it would come to be known—by applying microscopy for cellular analysis, biochemistry for analyzing chemical components, and electronics for investigating the electrical properties of nervous tissue.

In another building at the university, we located Berger’s old notebooks. They are written in a peculiar stenographic notation, inscribed with precision, but the code was sometimes impenetrable even to my native German hosts. As I leafed through one of them, the pages yellow and the spine broken, I found evidence of a different approach Berger used to test his hypothesis that mental function interacted with physical and chemical processes. Berger reasoned from the fact that, according to the laws of thermodynamics, the work produced by energy is always accompanied by changes in temperature. From this law of physics, Berger concluded that changes in mental activity (which he called psychic energy) should be associated with changes in temperature in the brain as well.3 A scene from another experiment is evoked by the sketches, graphed data, and notes recorded in fountain pen in Berger’s tiny script.

His subjects were again patients at the hospital, this time two girls, a twelve-year-old suffering from epilepsy and an eleven-year-old with headaches. After a surgeon drilled holes through their skulls, Berger stabbed a rectal thermometer into the girls’ brains—21 millimeters, according to a penciled anatomical sketch, or about an inch deep. He then proceeded to perform experiments similar to those he’d conducted with the plethysmograph, presenting the children with various sensory stimuli, this time looking for changes in temperature. He published his results in a monograph in 1910, titled Untersuchungen über die Temperatur des Gehirns [Studies on the Temperature of the Brain].4
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FIGURE 4: Reasoning from the laws of conservation of energy, Hans Berger believed that changes in psychic energy, associated with mental function and emotions, should be accompanied by changes in temperature. To test this theory, he inserted rectal thermometers into the brains of people and at least one monkey, and noted how the brain’s temperature changed during mental effort and sensory stimulation.

On the grounds of the old psychiatry clinic, Christoph Redies and I found the building that had once housed Berger’s laboratory. In the early 1920s, working in secret in the basement of this outbuilding, Berger began to assemble the apparatus to record electricity from the human brain. He worked alone, after hours, using mental patients and his own son as experimental subjects. That son was Klaus, whose grave I had just left. Klaus would go on to become a doctor himself before being killed in battle at the age of twenty-nine in November 1941.

The historic laboratory building is now a small library; although arguably the most important discovery in electrophysiology of the last 100 years was made here, it bears no plaque commemorating the place where man first glimpsed brainwaves. But the librarian knew the building’s history. Berger’s lab had been in the basement, he told us, but no traces of it remain. The librarian showed me some faded photographs of the room filled with Berger’s exotic electronic instruments, showing the first EEG subjects with wires attached to their heads, but none of Berger’s equipment has been preserved.

In place of the plethysmograph device, which he still used to study brain pulsations, Berger stuck zinc-plated needles under the skin covering the missing skull bone in his patients, so that the tips of the needles touched the surface of the brain. He connected the needles to an instrument in an attempt to detect electricity, but the signals he extracted were weak and erratic. It was unclear to him whether he was seeing electricity flowing through the brain or instead electrical noise caused by the brain’s pulsation, heartbeat, and subtle movement of muscle. He recorded signals that seemed to waver independently of the patient’s respiration from several other patients’ brains, including a forty-year-old man, but Berger was accessing the man’s brain through the hole in his skull left from surgery to remove a brain tumor five months earlier. The man died a few weeks after Berger’s experiment, raising doubts about whether this man’s brain, swelled from disease, could be considered normal.
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FIGURE 5: Dr. Hans Berger, the first person to record the human EEG while working in the psychiatric hospital where he served as rector of Friedrich Schiller University of Jena, Germany, from 1927 to 1938. Below his portrait is one of the EEGs from Berger’s first published paper on human EEGs.

Over time his instruments and techniques improved. Inside this building one evening in 1924, Berger attached two large foil electrodes to twelve-year-old Klaus, one on the back of his scalp and another on his forehead, and fed the feeble electrical signals into a device, called a galvanometer, that recorded fluctuations in voltage by means of a light beam dancing on a strip of photographic paper scrolled through the device. As Klaus sat with his eyes closed, the beam plotted waves of electricity as they radiated from his brain, oscillating slowly at low frequency. When Berger asked his son to open his eyes, however, the brainwaves suddenly changed, vibrating erratically at high frequency. Berger’s extensive experiments—on patients, his son, and even himself—showed that these oscillating waves of electricity changed with mental activity, arousal, attention, and sensory stimulation, and that they became perturbed in diseases such as epilepsy. It followed that these waves might not only give insight into how the brain operates and interfaces with the mind, but also enable doctors to identify brain disorders, mental aptitudes, and personality traits. But Hans Berger was hoping that brainwaves, like broadcasts of radio waves, might do even more.

The philosophy of Dualism regards the mind and body as separate and distinct from each other. Dualists believe that mental phenomena such as our thoughts and emotions are nonphysical in nature, but that the psyche, spirit, or mind interacts with the physical world. For most scientific Dualists of the time this simply meant that physical stimuli could produce mental events, while emotions or thoughts arising in the mind could in turn be located in effects on the brain. Berger, however, describes the mind as a force—a “psychic energy” that can interact with physical matter. He reasoned that by the laws of conservation of energy, changes in psychic energy producing mental work would necessarily require changes in other forms of energy in the brain, such as temperature and electricity. He believed that the waves of electricity he detected in the human brain were the rippling energetic reverberations transforming between psychic and physical energy. Stunningly, his discovery proved that the human brain’s energy propagated through the skull and could be detected remotely.

In the building that had once housed Berger’s laboratory, the librarian retrieved a monograph entitled Psyche, published by Berger in 1940.5 The title page bears an inscription in his distinctive tiny script, nearly incomprehensible except for the ornate large capital letters initiating each sentence, then vanishing into a thin squiggle. In this paper, Berger relates his belief in mental telepathy and psychic energy. He describes an experience he had in the spring of 1893 while serving as a volunteer in the German army, in which he believed himself to have communicated telepathically with his sister. During a training exercise, Berger’s horse suddenly reared and he was thrown into the path of a horse-drawn cannon. The driver of the artillery battery halted it just in time, leaving the young Berger shaken but with no serious injuries.6 His sister, at home far away, had at that same moment a sudden strong feeling that Berger was in danger. She insisted that her father send him a telegram at once. The incident made such an impression on Berger that it changed the course of his career—after the war, he abandoned his plan to study astronomy for medical school as a result.7 In this monograph years later, he wrote, “It was a case of spontaneous telepathy in which at a time of mortal danger, and as I contemplated certain death, I transmitted my thoughts, while my sister, who was particularly close to me, acted as the receiver.”8

Even in his day, Berger’s research at the fringe of paranormal psychology would have been viewed with skepticism by his scientific contemporaries, and it is almost certainly one of several reasons his work remained on the periphery. Nevertheless, his discovery that it is possible to receive the electrical waves of energy radiating out of the brain by placing electrodes on a person’s head proved the interaction between the energy of the mind and the substance of the brain. Working alone in an isolated psychiatric clinic, Berger shattered the truism that one never really knows what is going on inside another person’s mind. For the first time in history, it was possible to directly monitor cognitive and emotional states in the human brain. With this achievement, the feasibility of transmitting thoughts over a distance via brainwaves was inescapable.
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FIGURE 6: The Edelmann string galvanometer first used by Hans Berger to record brainwaves from patients with trepanations (holes bored through the skull for medical purposes) and in people who had suffered injuries to their skull, leaving a portion of the brain covered only by a thin scar of skin. The oscillating string in the galvanometer was focused through a lens (2) onto a roll of silver bromide paper (4) that was rolled through the device by the belt drive motor (1) and developed as a photograph. Timing marks were made by a tuning fork (7) vibrating at 10 Hz and sustained by a clockwork mechanism driven by a windup spring. Later instruments had a tiny mirror attached to the string to bounce a beam of light onto the photosensitive paper that streamed past.

Berger first recorded human brainwaves in his basement laboratory in Jena in 1924, but he told no one what he was doing; indeed, he shared his stunning results with none of his colleagues until 1929, when he published his first report on brainwaves in the Archiv für Psychiatrie, titling it “Über das Elektrenkephalogramm des Menschen” [“On the Electroencephalogram of Man”].9 Few scientists took note. Researchers were making great strides in understanding the cellular and physiological operation of the brain by taking a reductionist approach—examining brain cells under a microscope, mapping in detail parts of the brain involved in different functions, determining how individual nerve cells generated and transmitted electrical impulses; Berger’s approach of recording activity from the whole head at once made little sense to leading scientists of the time. His work seemed bizarre; most dismissed the noisy voltage fluctuations picked up by the scalp electrodes as originating in electrical disturbances from muscle, not the brain. (When muscles contract they generate electrical discharges that are much greater voltage than that generated by neurons; muscles are more massive than nerves and are directly under the skin where the sensors are attached.)

Berger’s publications established the priority of his discovery, but he shared his work as narrowly as possible, guarding rather than promoting the fruits of his research. “During the several semesters I had been his lecture assistant I never knew him to speak during his course on his own field of research,” said Rudolf Lemke, who joined the clinic as an assistant in 1931.10 “Only in 1931 did I hear him give a paper at a meeting of the Medical Society at Jena on his discovery of the EEG,” recalled Lemke. “I can well remember that the interest amongst his colleagues who listened to him was not very great.”11

Berger’s sensational findings did not escape the popular press, however, as indicated in this newspaper article published in the Baltimore Sun on January 4, 1931:

[Hans Berger has measured] by means of a machine which he has invented to register the electrical energy set free in the brain in the course of mental activity. Similar attempts were made some years ago by an Italian physicist, Dr. Ferdinando Cezzemelli [sic], using a radio receiver of special design to pick up what were believed to be electric waves from the brain; a real example of a “brain wave.” Difficulty was encountered, however, in sorting out from these waves of “brain radio” other impulses generated by the flow of the blood, the beating of the heart, the action of muscles and other vital activities. These difficulties Professor Berger believes that he has overcome by a special apparatus using electrodes attached to the body to pick up the supposed brain impulses instead of depending on accompanying radio waves.12

According to an article by Cyril Burtt [sic] in the book Science and ESP by J. R. Smythies, an Italian neurologist, M. F. Cazzamali [sic], recorded “electro-magnetic waves” conveying information directly from one brain to another. He states that Berger believed the brainwaves he had discovered could be the mode of telepathic communication, and he performed experiments on brain-to-brain transmission of brainwaves, but he failed to obtain experimental proof that such transmission by electromagnetic radiation occurred. He therefore concluded that telepathic communication took place by the transmission of psychic energy.13 (Note that Cyril Burt’s name is misspelled in print throughout Smythies’s book as Burtt, and Cazzamalli’s name is misspelled as Cazzamali.)

Interest in mental telepathy, and other forms of ESP such as clairvoyance and premonition, peaked in the 1920s and 1930s. Upton Sinclair, renowned Pulitzer Prize–winning author of The Jungle, was a firm believer. In 1930 he self-published a book, Mental Radio, detailing his extensive experiments on mental telepathy, most of them carried out with his wife. Radio was the rage of the Roaring Twenties, and the emerging science of radio waves and brainwaves converged in a flash of excitement that crashed as abruptly as the soaring stock market in 1929.

Ferdinando Cazzamalli was a fellow at the neuropsychiatric clinic at the University of Rome working in the 1920s and 1930s at the same time Berger was studying brainwaves in Jena, but Cazzamalli’s studies were focused on metaphysics and telepathy. Instead of electrodes attached to the scalp, Cazzamalli positioned a radio antenna in the vicinity of a person’s head to monitor the feeble brainwave broadcasts.14 Enlisting the assistance of noted radio engineer Eugenio Gresetta to build the sophisticated electronic apparatus, Cazzamalli pursued his “mental radio” research for ten years, first publishing his findings in 1925. The bulk of his research was published in Italian,15 and one paper in 1935 was published in French,16 so Cazzamalli’s research remained obscure to mainstream scientists who did not read those languages or have any interest in the paranormal.

Cazzamalli selected subjects whom he believed would be especially strong in mental telepathy: artists and musicians. One such subject was a painter who was also an Alpine mountaineer. The man was escorted into an unfamiliar room that had walls lined with sheets of lead and was illuminated only by the eerie dim glow of a red light bulb. The lead walls were necessary to screen out electromagnetic interference from man-made radio waves and alternating currents, so that the feeble brainwave broadcasts might be intercepted.

In a corner of the room was a metal chassis containing an electronic amplifier, a rectifier, and an oscillator tuned to a frequency of 300,000 kilocycles—all the components of a radio receiver. There was a couch next to one wall, and the painter was asked to lie down and relax. Cazzamalli positioned a dipole antenna 70 centimeters (about 2.5 feet) above the man’s head and fed the signal through a wire into the radio receiver. The output of the oscillator was recorded on film.

Cazzamalli asked the painter to close his eyes and clear his mind. He recorded the signals for several minutes as the man remained in a passive state. The painter’s mountaineering experiences had extended well beyond Italy and into the Andes where tragedy had struck. Exploiting this, Cazzamalli asked the man to recall the traumatic experience the mountaineer had suffered on Mount Tronador in Patagonia searching for the bodies of fellow climbers who perished on the treacherous mountain. Suddenly, the beam of light tracing out a steady streak on the streaming photographic film was abruptly interrupted. After a moment, the trace resumed. Cazzamalli concluded that all of these emotionally charged thoughts radiated out of the subject’s brain into the radio receiver and interrupted the signals—clear proof of a physical basis for mental telepathy.

You will not find a single citation for Cazzamalli’s research in the PubMed record of scientific publication, but while Cazzamalli is essentially unknown to neuroscientists, in Italy his reputation is sustained by paranormal researchers. In 1937, together with Giovanni Schepis and Emilio Servadio, Ferdinando Cazzamalli founded the Italian Society of Metaphysics to support experimental research on paranormal phenomena.17 The society continues today, and it publishes the journal Metapsychic, The Italian Journal of Parapsychology, which was founded by Cazzamalli in 1946. The publication is not sold, but it is freely distributed among members of the society.18

Lest one dismiss this esoteric episode as an historical anomaly, it is important to recognize that science, in exploring the unknown, is always caught up in a torrent of clear and murky currents, pulled into eddies along the way, and at times mixing science and pseudoscience. At the Society’s annual meeting held in Bologna in December 2018, one of the speakers, William Giroldini, presented research on mental telepathy and EEG.19

Alas, then as it is now, the popularization and sensationalizing of scientific research can have a corrosive effect on how the work itself is perceived within the scientific community. In a German newspaper article published in July 1930, the potential of Berger’s discovery was touted to the public with still more enthusiastic hyperbole: “Today, the brain still writes secret signs. Tomorrow, we will probably be able to read neurologic and psychiatric diseases in it. And the day following tomorrow, we will start to write our first honest letters in brain script.”20

Such an achievement is a persistent dream. As I write this in 2019, billionaires Mark Zuckerberg, founder of Facebook, and Elon Musk, founder of the electric car company Tesla, are reportedly investing in methods of extracting thoughts and emotions from a person’s brainwaves and transmitting them over the internet, directly downloading them into other people’s brains, and using them to operate electronic devices and computers by thought alone.21 In part III of this book we will visit researchers around the world pursuing this type of “mind reading” and “telepathic” communication through brainwaves, to investigate the reality behind the reports you may have read in the popular press, which is no less prone to sensationalism now than it was in Berger’s time.

Over nearly a decade, from 1929 until 1938, Berger published one or more papers a year on his research, all fourteen with the same title as the first, “Über das Elektrenkephalogram des Menschen” [“On the Electroencephalogram of Man”], and all in the same journal: Archiv. für Psychiat. Nervenkr. This peculiar practice served to further shroud the results of his experiments. The titles scientists give to their publications are typically very descriptive of the specific new finding being reported, but no clue of what Berger had discovered in any of his experiments can be gleaned from the title of this series of publications. Any scientist who might be interested in what Berger had discovered in a particular experiment would have to dig through fourteen identically titled papers, as if to find a prize hidden behind one of not three, but fourteen, identical doors. It is also difficult to reference any of Berger’s specific findings, as the citations for these fourteen papers differ only by the year of publication. Cloaking his findings in this way hid them from the larger scientific community and diminished their impact.

Having made the first recording of a human EEG in 1924, Berger’s work remained almost entirely unknown until 1934, when Nobel Prize winner Edgar Douglas Adrian drew attention to the phenomenon of electric brain activity by repeating Berger’s experiments in a paper coauthored with Bryan H. C. Matthews and published in a prominent scientific journal, Brain.22 In that paper, Adrian and Matthews implicitly mocked the significance of what they called “Berger waves” by including a figure comparing changes in Adrian’s own brain EEG when he opened and closed his eyes with the EEG of a water beetle doing the same—evoking identical brainwave responses in the insect and the Nobel laureate.23 Adrian did not pursue studies of EEG afterward, and interest in Berger’s EEG recordings within the medical field remained tepid.

“The lectures which Berger gave each year on his researches [sic] to the Medical Society of Jena found no greater appreciation as time went on,” noted Rudolf Lemke. “In 1934, at the meeting of German Neurologists and Psychiatrists he reported on the EEG at Munster, and there too he did not arouse the interest he had expected.”24 In the final line of her excellent scholarly book published in 1961, A History of the Electrical Activity of the Brain: The First Half-Century, neuroscientist and historian Mary Brazier wrote, “Berger’s contribution to the first fifty years [of research on electrical activity in the human brain] was known only to himself: the successful recording of the electroencephalogram of man.”25

Leaving the place where Berger made his monumental discovery, I followed Christoph Redies to the basement of another library on campus that had just received an uncataloged collection of Hans Berger’s letters, photos, and notes that had been saved by one of his former colleagues. I picked up a photograph and held the actual recordings of one of the first human EEGs—the same recording that had been held in the hand of Hans Berger nearly a century ago.

Berger worked for almost thirty years in nearly complete isolation in this psychiatric clinic a short walk from the cemetery where his body now rests; he hardly seems the most likely candidate for such a scientific breakthrough. Why was no one else at the time apparently pursuing this line of research?26 What led Berger to perform his strange experiments and set him on the path to discovering the electric brain?

Tracing the source of Berger’s inspiration would take me to the mountains of Turin, Italy, where in the 1880s, nearly two decades before Berger’s experiments, Angelo Mosso was the first person to record human brain activity. But the activity Mosso recorded was not electrical; he developed the plethysmographic method later used by Berger, using it to monitor how blood flow in the brain varied in response to exertion, changes in respiration, and, among other things, adaptation to high altitude in the mountains surrounding Turin. Berger’s early studies on brain volume changes were directly adapted from Mosso’s methods and research, and Berger credits Mosso extensively in his first publication in 1901.27 Today, functional MRI, imaging of the brain at work, uses changes in blood flow in localized regions of the brain to pinpoint where specific neural processes are taking place. It too can trace its origins directly to Angelo Mosso, who pursued similar investigations using only the primitive methods available to nineteenth-century scientists.

My route to Mosso’s laboratory in Turin was a circuitous one.

SWELLED BRAINS

Dodging a frigid rain in the coastal village of Alassio, Italy, I escape to the Caffé Roma, where Ernest Hemingway once scrawled his name on the wall and started an infectious custom I could not resist. The previous day I’d been in a hospital in Zaragoza, Spain, watching the ceiling slip away as I slid into the chamber of an MRI machine, my mother’s scolding whine from weeks earlier echoing in my head: “Why would you want to damage your brain? You have such a good brain.”
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FIGURE 7: Angelo Mosso, 1846–1910, an Italian scientist and one of the first people to study brain function quantitatively with instruments. He used a plethysmographic method to measure fluctuations in brain volume in patients who had cranial defects, which inspired Hans Berger’s research. Of particular research interest to Mosso was how the brain is affected by high altitude, which he studied in his laboratory built on Monte Rossa, Turin, Italy.

A good question.

It all started when I read a paper by a pair of Spanish researchers, radiologist Dr. Nicolás Fayed and neurologist Dr. Pedro Modrego.28 In a study of thirteen mountain climbers on an expedition to Mount Everest, they found that all but one returned from the summit with physical brain damage, as clearly visible on an MRI as a bone fracture on an X-ray. The damage was permanent.

Mountaineers are well aware that the oxygen-depleted air at high altitude can cause serious sickness—and in the extreme, brain damage and death—from what is known as high-altitude cerebral edema (HACE). The body’s response to the lack of oxygen increases the pressure inside blood capillaries, causing fluid to seep out of them into surrounding brain tissue, bloating the brain and crushing the life out of gray matter as it is compressed against the skull. This phenomenon is precisely what Angelo Mosso was investigating in the work that inspired Berger. Attaching his manometer device to the heads of people with cranial defects, Mosso monitored the swelling of their brains as they climbed the 15,000 feet of Monte Rosa, where he had built a mountaintop laboratory to study altitude sickness and the physiological mechanisms of adapting to high-altitude conditions.

The lasting cognitive effects of altitude on some veteran alpinists are well known among climbers—“spacey” is the usual description—but most high-altitude mountaineers believe that if one acclimatizes oneself properly, severe altitude sickness and brain injury can be avoided. In fact, the first reports of altitude illness are from monks accompanying the Spanish conquistadors advancing high into the Andes in the 1500s. The astute monks noticed that while the generals were stricken with altitude sickness, the soldiers under their command were spared. The reason, they soon realized, is that the generals, who were riding on horseback, ascended the mountains rapidly, while the soldiers climbed on foot at a much slower pace. (Monks, in addition to serving God, were both historians and brewmasters; all of their activities have left lasting impacts.)

The process of acclimatization requires ascending slowly to give the body sufficient time to adapt to the drop in oxygen at higher altitudes, which involves a series of fascinating and complicated physiological changes. Acclimatization takes time, and weekend warriors paying guides to help them bag a summit often pay a price for their impatience by becoming very sick. While the subjects of Fayed’s and Modrego’s paper had experienced the milder reactions to high altitude that virtually all climbers endure—headache, nausea, fatigue—none had exhibited the more severe symptoms that are the hallmark of HACE. In short, they weren’t aware that they had injured their brains at all, much less permanently. The Spanish researchers then studied climbers scaling other popular mountains of lesser height, including Aconcagua, Kilimanjaro, and Mont Blanc, and found the same damage visible on an MRI, although it appeared with less frequency in mountaineers who had ascended these lesser peaks. Again, none of the climbers had suffered symptoms of HACE; nevertheless, their brains had swelled enough at high altitude to cause injury.

Being both a neuroscientist and a climbing enthusiast, I found Fayed’s and Modrego’s paper especially fascinating, and it occurred to me that the subject would make an excellent article for the general reader interested in mountaineering’s effects on the brain. I approached an editor at Outside magazine and proposed that I climb Mount Rainier, “America’s Mont Blanc,” taking extra care to acclimatize myself, and have an MRI before and after to prove that mountaineering could be done safely. They loved the pitch and commissioned the article.29

That’s when I encountered a roadblock: I could find no one who would agree to examine my brain by MRI for this project. It didn’t matter whether I paid cash, or if the venue was a medical clinic or an experimental facility at a university: Apparently, there is some ethical problem with putting a person in a position where they might injure themselves just because it would be interesting to study the damage.

I was stuck—until I thought to contact Dr. Fayed, who had done the original study on climbers’ brains. “Sure!” he responded agreeably. “Come on over; we’ll give you an MRI after the clinic closes and all go out for dinner.”

So that’s what I decided to do. I wouldn’t have a “before” picture, but at the very least I’d see whether my years of mountaineering had damaged my brain. And en route to Zaragoza, I would go to Turin, Italy, to see the laboratory where Angelo Mosso had done the research on brain swelling that had been the inspiration for Hans Berger. But first, I had a mountain to climb.

CLIMBING MOUNT RAINIER

I set off for a rendezvous with my climbing partner and son, Dylan. Attempted by hundreds of amateur climbers in a season, Mount Rainier is a perfect setup for altitude illness. The glacier-shrouded active volcano rises steeply to an elevation of 14,410 feet from sea level in Seattle, Washington, where most climbers begin their ascent. Like Mont Blanc, Mount Rainier is often attempted in a weekend push that is far too short to allow the body to acclimatize properly to the thin air at the peak. Dylan and I, however, would take our time.

It was the end of climbing season, and the guided groups and most other climbers on Mount Rainier had bailed in advance of a ferocious approaching stormfront. Dylan and I decided to head up into the weather despite whiteout conditions, hoping to wait out the worst of it in our tent and make for the summit after the storm had passed. I carried a pulse oximeter to monitor the oxygen saturation of my blood and my heart rate. On one particularly strenuous part of the climb, my blood oxygen plummeted to 75 percent, while my heart rate rocketed to 165 beats per minute. (High heart rate is one of the mechanisms by which the body tries to make up for reduced oxygen supply.) I’ve seen my blood oxygen drop lower, while climbing the 19,347-foot Cotopaxi in Ecuador, and climbers on Everest have registered numbers in the 50s. At normal elevations, people with that low of a level of oxygen saturation are likely found only in the intensive care unit, and, from a medical viewpoint, anything below 90 percent would be cause for some concern. But at high altitude, changes in how tightly the blood’s hemoglobin holds on to oxygen (among other things) lets us get by on less, demonstrating what a nimble problem solver the human body can be if given time.

Of course, all the physiological calibration in the world can’t eliminate some of the risks of climbing. On the way back down, I snagged a crampon blade on the icy slope and took an invigorating header. When you hear about mountaineers falling to their deaths, this is usually how it happens: Unable to stop their screaming slide down the icy slope, the climber is rocketed over a cliff into space, shot into the abyss of a crevasse (I hate crevasses), or stopped, bug on a windshield style, by a rock outcropping. Careening down the peak headfirst, I knew I would only get one chance to sink my ice ax into the surface and break my fall as my acceleration built exponentially (32 feet per second squared, as every scientist knows). Once you get going fast enough, there is nothing you can do—your ax will skitter off the icy surface, made as impenetrable as cold concrete at 60 miles per hour, and your partner can only watch you sail by. That is, unless you are roped together, as Dylan and I were at that moment, in which case your buddy can try to use his own ax to brace his end of the rope and yank you to a gut-wrenching halt . . . or, if that fails, join you in tumbling toward death. So, appreciating the situation as I accelerated rapidly, I jackknifed quickly into the proper position (head upslope) and swung once, hard, with deliberation and purpose. My ice ax bit. Grasping the head of the ax with my left hand, I rammed my right shoulder down onto it, driving the blade into the snow and gouging a furrow down the mountain, slowing and finally arresting my death slide just before bowling over Dylan, who was poised like Paul Bunyan with his ax at the ready.

It was a good reminder. Hypoxia is bad, but gravity sucks.

After returning to sea level at the Seattle waterfront, the oxygen-rich air felt thick as cream, as if I could swim through it frogman-style; supercharged to operate in the thin air of the mountain, my strength and energy felt superhuman. This feeling will only last a couple of days, but it is a profound sensation. It’s easy to see why, living among the mountains of Turin, Mosso might have been moved to study altitude’s effects.

Climb completed, I was off to Italy to see where Mosso worked . . . and then to Spain, to get my head examined.

THE CLIMBER’S BRAIN

Dr. Gianni Losano is waiting for me outside the Instituto de Fisiologia Umana, a complex of nineteenth-century stone buildings at the University of Turin. Losano, a gentle lion of a man, now works at the same desk Angelo Mosso once did, a massive oak and leather throne at the center of a spacious office with twenty-foot-high vaulted ceilings and a parquet wood floor. It’s Saturday, and the buildings are empty as he takes me to meet his colleague, Dario Cantino, an expert on Mosso who is engaged in translating his work from Italian to English and making it available on the internet.

A scientist and mountain climber himself, Cantino is a lean sprite of a man with an exuberantly cheerful disposition. He is also an eclectic collector of scientific and mechanical apparatus. He takes me through room after room: In one, he has collected electron microscopes—from the earliest devices of the 1950s, which resemble something out of an old Boris Karloff movie, to recent models—and in another, printing presses of every design are stashed to the ceiling, with trays of lead letters spilling their contents. Cantino’s collection of printing presses has grown so large that he has no place to store them all; some are kept outside covered with tarps to protect them from the elements.

“Why printing presses?” I ask him. Cantino thinks a minute before offering that perhaps it is because printing presses translate and record information and ideas, which is what he does himself, both as a scientist translating data into insight and in translating Mosso’s work into English. Cantino walks over to an enormous press and selects a single letter the size of my hand to give me as a souvenir: a question mark—a most appropriate selection for one scientist to give another. (Equally appropriate as a punctuation mark to my present quest, my mom would have thought.)

Next, Losano and Cantino take me to the library, where Angelo Mosso’s notebooks and instruments are kept neatly organized and cataloged in a room open only to scholars. Smoked recording drums that turned by brass clockwork gears and devices to measure changes in blood pressure and brain volume were displayed on tables or housed in small cubbies. There are photographs of subjects having their brain swelling monitored and of Mosso’s various other high-altitude experiments. My fingers become lightly soiled with soot as I hold in my hands a strip of blackened paper, covered with the delicate oscillating tracings that were the first recordings of human brain activity. I am mindful that I have now had the privilege of holding both of the first two such records ever made—one by monitoring blood flow and the other electrical signals—each bearing the fingerprints of the scientist who made the recording a century ago.
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FIGURE 8: Apparatus used by Angelo Mosso to study the effects of high altitude on the brain and body. Fluctuations in brain volume, detected by a plethysmograph, were recorded by a pen scratching soot off paper on a slowly rotating drum.

From Turin, I drive all day and most of the night to reach Zaragoza, Spain, after taking a detour through Switzerland (I think) when I make a wrong turn somewhere in France. Dr. Nicolás Fayed, radiologist at the Clínica Quirón de Zaragoza, is tall and pewter-haired, with a casual manner and friendly sense of humor. He asks about my climb as his colleague, Dr. Jaime Medrano, translates our exchange. “You have to be poco loco [a little crazy] to be a climber,” Fayed says with a smile, implying that this is not entirely a bad thing.

We enter Dr. Fayed’s office adjacent to the MRI control room, and he begins pulling out files; the desk is soon covered with scans of climbers’ brains.

“Atrophy of the frontal lobes,” he says, pointing to the black-and-white slice of brain on the film. The forebrain is located behind the forehead; in this scan it is shriveled like a dried fruit. This is the brain region severed in a prefrontal lobotomy, a surgery that leaves patients intellectually unimpaired but with deficits in higher-level executive functions like focus and planning—in other words, “spacey.” I have scrutinized similar images with clinical interest in published papers, but suddenly this is different. Each of the images is labeled with a climber’s name.
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FIGURE 9: The author holds a recording of physiological responses recorded by Angelo Mosso using a plethysmograph.

“José suffered the most serious damage,” says Fayed. He hands me a picture of a robust young climber in red Gore-Tex standing on the snowy slopes of Aconcagua, with windblown dark hair and a whiskered beard, bronzed by the high-altitude sun. He looks fit and determined, someone I would enjoy roping up with. “When José came back, he couldn’t remember his own phone number. His wife would send him to the store for a loaf of bread and he would forget why he was there and come home without it.”

“See the lesions in the forebrain?” he asks, pointing at another scan. Lesions like these are caused by small strokes or hemorrhages. They show up as bright spots on an MRI throughout the brains of climbers but are especially common in the white matter regions. White matter is like the core of a baseball, composed of millions of tightly bundled cables that connect neurons in the surface layers of the brain together into networks. Damage to white matter anywhere in the brain can have severe and wide-ranging consequences, just as when a backhoe digs up power cables in one yard and causes extensive blackouts throughout the city. White matter seems to be particularly vulnerable to hypoxia because it is not as richly supplied with blood capillaries.

Eleven of the climbers scanned had enlarged Virchow-Robin (VR) spaces, caused by swelling and loss of brain tissue. You don’t need a medical degree to see these: They look like white shotgun pellets lodged deep in the brain. VR spaces are the areas that surround blood vessels in the brain; we all have them, and as our brains age, the spaces widen. However, while multiple or much-enlarged VR spaces are common in the brains of the elderly and those with Alzheimer’s disease, they are not normally encountered in healthy people in their twenties and thirties—the ages of these climbers.

Next I meet Coral Roya, at the controls of the MRI machine. To my surprise she reveals that she was one of the test subjects on the Kilimanjaro climb (5,895 meters, or 19,340 feet, above sea level). As is typical, all seven climbers on that climb experienced mild symptoms of mountain sickness, but no one suffered HACE or other serious altitude illness. They all had MRIs before the climb, which showed no abnormalities, but one of them returned with dilated VR spaces in his brain. On Mont Blanc (4,810 meters, or 15,781 feet, above sea level), one of the seven amateur climbers returned with a subcortical lesion, and two had multiple dilated VR spaces.

I ask how many of the climbers in the studies, most of them physicians and engineers, stopped climbing after seeing the damage to their brains. “They are all still climbing,” Fayed tells me.

“Our purpose is not to stop climbing,” Dr. Modrego emphasizes. “It is to make people aware of the dangers and the need to acclimatize properly.”

Now it is my turn—the moment of truth. I strip to my underwear and don green paper booties and a powder-blue hospital robe. The costume makes me feel instantly infirm.

A smiling assistant, Elisabeth Pérez, hands me a pair of sticky pink wax plugs to stuff into my ears to blunt the noise of the MRI machine as it takes pictures of my brain, slice by virtual slice. I lie down rigid as a mummified pharaoh on the narrow plank sticking out of a monstrous machine that looks like an industrial clothes dryer on steroids. She adjusts the position of my head with reference to a luminous grid projected onto my skull. Then she lowers what looks like a catcher’s mask over my face and activates the machine, which feeds me headfirst into a tunnel. If this were a James Bond movie, now would be the time to break out one of Q’s inventions, grab Ms. Pérez by the waist, and make my escape, but I brave the claustrophobic confines and try not to move a muscle so as not to blur the photos.

Then the racket starts. Even with the earplugs, it is deafening. It sounds like a massive construction job is being conducted inside my skull, with hammering and buzz saws punctuated by bizarre video-game sound effects. Suddenly it occurs to me that maybe this isn’t such a great idea. What are they seeing as they virtually slice my brain like thin prosciutto? To hell with climbing scars—what if they find a freaking brain tumor? My mind taunts me with the unforgettable image of Homer Simpson’s head X-ray, a walnut-size brain lost inside his cavernous cranium.

I can see the doctors and technicians framed between my green booties through a mirror suspended above my eyes. The mirror is intended to relieve the stress of patients reluctant to bury their head in a machine that from my current perspective suddenly resembles a guillotine. They are gathered behind a plate glass window watching the scan on computer screens, but without my glasses on, I can’t tell if they are disturbed by what they see or just looking up my skirt and making jokes.

When it is over, I anxiously approach the group standing around computer screens displaying a part of me far more intimate than my jockeys.

“Perfectly normal,” Dr. Fayed says, a bit too quickly for my comfort. Dr. Fayed and Dr. Modrego leaf through the slices on the screen, magically peeling away layers of undulating cerebral cortex, penetrating into the dark core of my imaged brain and emerging out the other side, as my living brain tries frantically to take it all in. Dr. Fayed stops the shuffling and points: “A small VR space.” Flipping through a bit more: “Another one.”

“Perfectly normal,” Dr. Modrego reassures me. “For your age.”

Shit! What does that mean?

Dr. Fayed burns the stack of 3-D images of my brain onto a CD and, with a smile, hands it to me like a deck of tarot cards.

NAZIS AND BRAINWAVES

Hans Berger committed suicide. Perhaps ironically, for a scientist intimately familiar with the effects of restricted blood flow on the brain, he chose to do it by hanging.

Berger served as director of the Psychiatry Clinic at the University of Jena from 1919 until 1938, when he was made a professor emeritus and retired. He continued his work under the new director after his retirement until his death in 1941. Rudolf Lemke, an associate who’d assisted Berger by taking photographs of the EEG traces, and who was himself a professor at the University of Jena for the rest of his career, shared his personal remembrances of Hans Berger in 1956 in an article published in a scientific journal devoted to research on EEG.30 “Berger was no adherent of Hitler and so he had to relinquish the service of his University,” wrote Lemke. “Not having expected this, he was gravely hurt.”

In 1930s Germany, leaders in academia and elsewhere who were not allied with the Nazis were purged. Berger came to be seen as yet another tragic victim of the brutal Nazi regime. His suicide inside the hospital in Jena, using an electrical cord to hang himself (yet another irony), was viewed as either an act of protest against the Nazis or an act of desperation driven by Nazi reprisals against him. This belief was echoed and reinforced in the neurology community for the next fifty years. In a 2001 book, epilepsy and EEG expert Dr. Eli Goldensohn wrote that “Berger showed his dislike of the regime and they retaliated. In 1938, he was humiliated by Nazi functionaries who abruptly removed him.”31 In 2005, Ernst Niedermeyer, another pioneer in the field, wrote that “his relationship to the Nazi regime was not good and Berger was most unceremoniously made a professor emeritus at earliest convenience.”32

It is well known that the horrors of the Nazi “Final Solution” originated in mental hospitals. The concept of “racial hygiene” involved ridding society of people perceived to be inferior and therefore detrimental to the ideal of genetic purity, either by preventing them from reproducing or exterminating them altogether, and psychiatric institutions were ground zero for the eugenics craze of the early twentieth century. The forced sterilization of the mentally or physically handicapped was common practice in mental institutions long before the rise of Nazism—in fact, the United States was one of the first countries to implement such practices—and Hitler’s first extermination programs involved the euthanasia of the mentally ill. The methods and instruments of killing used by the Nazis, including the gas chamber, were developed in German mental institutions for use on psychiatric patients, and later transported and expanded into the death camps where they were applied to mass
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