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Foreword


There are books that explain, and books that illuminate. And then there are the rare books—this one among them—that do both with equal grace. Rob Brown, physician, radiologist, scientist, and lifelong student of the invisible forces that animate our world, has crafted a work that bridges the gap between the seen and the unseen, between what we believe we understand and what our biology has not yet fully revealed.

Rob possesses a singular combination of gifts. He has the grounding of a trained radiologist, the analytical mind of a clinician who has spent decades studying the human body from the inside out, and the storytelling instincts of a writer who understands that science is not merely a collection of facts but a lens through which we learn to see. With these tools, he guides readers through one of the most consequential scientific issues of our time: our growing immersion in industrially crafted electromagnetic fields.

From the first pages, Rob welcomes us into a journey that is both deeply personal and broadly universal. He has cared for patients as their radiologist, comforted loved ones as a son, and marveled at life as a father. These roles converge in a simple but profound question: What happens when the modern electrical world intersects with the delicate electrical architecture of the human body? It is a question that threads through every chapter of this book.

x

The Invisible Sea We Swim In

Before electricity powered our cities, before the first telegraph wire hummed, before a single human voice was carried across the air, the Earth was already alive with electromagnetic rhythm. Our planet spins inside a vast cocoon of natural fields; our bodies evolved to the gentle cadence of Schumann resonances, the faint radio murmurs left over from the birth of the universe itself. Life has always been electrical at its core.

But in just a few generations—a blink in evolutionary time—we have filled our homes, workplaces, streets, and even our children’s cribs with artificial EMF emissions millions of times stronger and infinitely more complex than anything found in our natural world. We carry radiating devices against our hearts, our reproductive organs, our developing bodies. We live in what Rob aptly describes as an electromagnetic “weather system” of our own making. To imagine that such a transformation might be biologically inconsequential is to misunderstand both biology and evolution. Every organism, every cell, every heartbeat listens to the world through electrical language. And when the language changes, the body cannot help but notice.



Electricity as the Essence of Life

Rob writes with a clarity that is both lyrical and startlingly direct. The difference between life and death, he reminds us, is not chemical—it is electrical. Our hearts beat because of coordinated electrical impulses. Our thoughts arise from waves of charged particles. Our circadian rhythms signaling when to sleep and when to rise depend upon electromagnetic cues. When the brain stops generating electrical activity, life ends.

At death, the body contains every molecule it held an instant earlier. What is gone is the electrical symphony that once organized every part of our body. With this in mind, understanding how external electromagnetic fields interact with the internal xielectrical fabric of the human body is not merely an academic exercise; it is essential to public health, child development, our capacity to have healthy children if and when we choose to do so, and the very future of medicine itself.



A Discovery in Real Time

Rob’s own research marks a radical turning point in this conversation. Using the everyday tools of his profession—ultrasound imaging and a clinician’s relentless curiosity—he captured, in real time, a biological response to microwave radiation that had never before been documented in a living human subject.

The experiment was simple: place a cell phone behind the knee of a healthy volunteer for five minutes. Then watch what the blood does.

Through the ultrasound screen, Rob observed the red blood cells beginning to gather into tiny vertical stacks resembling towers of coins. Scientists call this formation rouleaux. Physicians recognize it as a sign that blood viscosity has temporarily increased and that microcirculation has been altered—conditions that, when persistent, are linked to blood clots, heart attacks, and stroke.

Researchers had debated whether EMFs could induce rouleaux formation, but prior studies were performed in test tubes, criticized for stripping blood of its natural rhythms. Rob and his colleague Barbara Biebrich have brought the debate into the living body, where physiology unfolds in real time in a healthy human being. For the first time, the phenomenon was visible, undeniable, and alive.



Questions That Now Demand Answers

The implications of this discovery ripple outward. If five minutes of exposure can shift the behavior of blood cells in a healthy person in one exposed region of the body, what might hours of exposure do to other parts of the body that also can be regularly xiiexposed? What about days, weeks, years—particularly in organ systems that depend on delicate microvascular flow?

What does this mean for the eye, with its fragile capillary networks? For the inner ear, with its electrically tuned hair cells? For the thyroid, resting in the very place where many people hold their phones? And what might be happening to children, whose thinner skulls and growing bodies absorb proportionally more radiation, whose tissues are still differentiating, whose lifelong exposure begins in infancy?

Rob does not sensationalize these questions. He presents them with the calm urgency of a clinician who understands that unanswered questions can be as dangerous as wrong answers.



The Good News—and the Unfinished Work

For now, the blood changes Rob observed are reversible. An hour or more after the exposure ends, the rouleaux dissipate, the cells drift apart, and circulation returns to baseline. But biological systems have limits. Reversibility under acute exposure says nothing about the effects of chronic or cumulative exposure—conditions under which the modern world increasingly operates. We do not yet know the point at which adaptive biological responses become maladaptive, or whether that point varies by age, health status, or environmental burden.

What Rob does know—and demonstrates with admirable restraint—is that this is a call for serious research, not fear. And that, tragically, is where society has faltered.

Federal agencies and industry leaders have not invested in the kind of rigorous, long-term studies needed to understand the full implications of continual EMF exposure. Instead, this responsibility has fallen to independent scientists and nonprofit organizations like Environmental Health Trust. That work continues only because thoughtful readers, concerned xiiiparents, visionary philanthropists, and public health advocates understand that knowledge is our greatest shield.



A New Frontier for Medicine

Rob’s insights open the door to a new frontier in medical imaging: using ultrasound and other real-time technologies to observe how living tissues respond to electromagnetic forces. This frontier has the potential to revolutionize our understanding of environmental health.

Imagine being able to watch, in real time, how EMFs influence microcirculation in the eye, electrical pathways in the ear, or thyroid tissue during growth. Imagine mapping these effects in children, in pregnant women, in the elderly, in those with chronic illness. This is not science fiction. It is simply science waiting to be funded.



A Call for Wisdom

As a species, we have always advanced more quickly than we have understood the consequences of our own inventions. But we are also capable of great wisdom, especially when we listen—to evidence, to experience, to one another.

Rob Brown’s book is a guide to that wisdom. It invites us to see the invisible—make the invisible visible—as the motto of Environmental Health Trust holds. To question with curiosity rather than fear. To acknowledge both the promise and the peril of the electromagnetic world we now inhabit. To recognize that children, pregnant women, and those facing illness deserve clarity, not uncertainty. To work with Rob and others at Environmental Health Trust to educate and motivate homes, schools, and workplaces in ways to reduce exposures.

Above all, it reminds us that we are electrical beings living in an electrical age. The forces that sustain us deserve our respect. The technologies we create deserve our scrutiny. And the future we build deserves our most careful attention.

xiv


An Invitation—and a Hope

It is my honor to call Dr. Brown a colleague and friend. His work, and the work of Environmental Health Trust, stands as a testament to what independent science can achieve when guided by integrity and a steady moral compass. Rob has written a bold and important book that expands greatly on efforts begun by Drs. Ronald Herberman and David Servan-Schreiber (both deceased) and I at the University of Pittsburgh Center for Environmental Oncology at the Cancer Institute nearly two decades ago. I am proud that our work and my books laid some of the foundations for Rob’s efforts and thrilled to see the progress that has been made in understanding why and how we need to reduce exposures.

I highly recommend you read this book with an open mind and a listening heart. It will change the way you see the world—not by frightening you, but by helping you see the beauty, vulnerability, and resilience of the electrical life within us and the plants and animals around us.

Devra Lee Davis, Ph.D., MPH
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Introduction


Like all of us, I am guided by the people, places, and events in my life, and, in my case, they have prepared me to share my experiences. Along the way, in addition to documenting a phenomenon I believe to be critically important; I have gained a deeper understanding of my surroundings. Ideas for this book have been steeping in the recesses of my mind for many years. After my father’s passing in 2019, I felt an increased urgency to share this material. But my focus on completing the task stalled during the COVID-19 pandemic and all that ensued in its wake. So much continues to be discovered—or uncovered—while, at the same time, suspicion and distrust seem to be at an all-time high. As my own understanding of and research into the health effects of electromagnetic radiation have become more proficient, scientists and healthcare practitioners around the world have been performing research, writing scientific papers, and speaking at conferences expressing concern. Yet technology marches on. It’s been a confusing time.

I’ve written blogs, been interviewed on various television programs, radio shows, and podcasts, and spoken to thousands of people over the years—in one-on-one conversations and at conferences—warning of the dangers of wireless technology. Despite my obvious passion for the subject, it has been difficult to reach people and get them to change their behavior. To tell people that one of their favorite possessions, their mobile phone, has been potentially damaging their health has been xvilike trying to take a binky from a baby. Oftentimes, people listen and understand—until it means making lifestyle changes. Others don’t want to listen, dismissing me with something like, “Thanks for the information, but . . .” As time goes by, however, I am hearing more and more people say they are interested and want to know more. I believe that’s because most people intuitively know. They worry that the radiation emitted from the phones, Wi-Fi routers, and cell towers popping up all over the place may be affecting their health. We are a little afraid of the technology, yet we are uncannily attracted to its energy, like moths to a flame.

After making it through the worst of the COVID-19 pandemic, I ran out of enthusiasm for writing. Summer was fast approaching, and my teenage daughter was scheduled to fly to Uganda to volunteer for a nonprofit organization. Although I knew she was capable of navigating the logistics herself, I chose to accompany her to Amsterdam. Afterward, I planned to stay somewhere culturally vibrant to relax, regroup, and start writing again. I needed to be reinspired. Paris seemed like the perfect place to go, so I headed there after we parted at Schiphol.

I had come to Paris to write. Sounds about as clichéd as you can get, doesn’t it? But I figured I could spend time sightseeing too. Paris is a wonderful city filled with exceptional art and culture. To not take advantage of its gems would be a mistake. I made a list of museums to visit in between my creative efforts. Upon my arrival, I immediately headed out to sightsee. I am usually good at reading maps, and this city wasn’t too hard to figure out. However, while looking for my first museum, I got lost and found myself wandering down a collection of streets near the embassies. I knew the museum of art “moderne” was close, but the small map I had printed out was a little hard to read and I couldn’t tell exactly where I was. After walking all over the small neighborhood, I caught a glimpse of a man xviidown the street. I quickly headed in his direction and apologetically asked him for directions. He didn’t speak English, but understood my dilemma as I pointed to the name of the museum on the map. He spoke to me in French and motioned with his hands. Embarrassed, I realized I was in the wrong neighborhood, folded up the map, nodded to him in appreciation, and hurried on my way.

I felt like I had been temporarily lost in a labyrinth. It was a disorienting experience. When I regained my senses and reached the museum, I breathed a sigh of relief. Then, I walked up the white staircase and into the first exhibit. I hadn’t researched the museum, so I didn’t know what exhibits were on display. But as a fan of modern and contemporary art, I figured I would enjoy the experience, regardless of which artists were featured.

The first room I walked into contained a mural by Raoul Dufy, a painter I was unfamiliar with. Complimentary headsets were available to provide a description of the artist, his work, and its impact. Before listening to the audio, I sat quietly on a small stool and gazed upon the floor-to-high-ceiling mural. It was a very colorful piece that covered the entire oval-shaped room. The center top of the mural depicted the Greek gods, beneath whom there were bolts of lightning. Then, my eyes began to focus on dozens of figures that filled the lower level of the piece. Next to each was a name: Gauss, Ohm, Faraday, Ampère, Volta, and many more. It took me a moment, but then I realized these were familiar names. I had been studying their contributions to the scientific world of physics for several years in preparation to write this book! These were the men who discovered electromagnetism, quantified electromagnetic radiation, and created the foundation for our technology. My mind clouded over for a moment, and I was filled with a sense of glee that tickled my entire body and lifted my spirit. An enormous smile filled my face as I thought, Holy xviiishit! This is an incredible manifestation! I wanted to jump up and tell someone about this coincidence, but instead I sat and contemplated.

The real-world applications that derived from the genius of these men were illustrated in the mid-level of the piece. The creation of electricity, ships, power plants, railcars, buildings. Observing the progression of discovery to technology in this magnificent work of art was humbling. I thought of my concern that wireless technology was potentially dangerous and, at the same time, how the discovery of electromagnetism and our ability to create and manipulate this form of energy was extraordinary. Perhaps our current technology only needs tweaking to bring ourselves back on the right path. Is it really about how we wield this enormous power that is the greatest concern?

As I sat and stared at the massive painting, I thought of the connection between my desire to be inspired and my receiving this gift—a view of the entirety of the history of electricity and its founding scientists. Their discoveries were born from genius. My experience, a miracle of manifestation. Stumbling upon The Spirit of Electricity will be the moment I remember most about my trip to Paris.

Why am I qualified to present this material? My career as a medical doctor, interpreting diagnostic medical imaging studies, may seem like a far stretch from engineering cell phones to some. Yet during a radiologist’s residency training, a full year of physics—including the physics associated with radiation and radiation biology—is part of the curriculum. Although a radiologist no longer operates the machinery that takes the picture in most parts of the world, we need to understand how the machines work and how the images are formed, how X-rays and gamma rays pass through the body but are also scattered and absorbed at the same time. We learn how electrical current and radiation intensity affect image quality.

xix
When I began hearing that scientists around the world were concerned about negative effects from the radiation emitted by cell phones, Wi-Fi routers, and other sources, I was quick to learn what I could about the topic. Having a foundation in radiation physics certainly helped me grasp the concept that electromagnetic energy can affect living systems in ways that might not be readily apparent. But there was a lot to integrate. As will be covered, the radiation produced by X-ray equipment is similar to that produced by cell phones, but also different. Despite my physics education, I didn’t have a firm understanding of the components of the electromagnetic spectrum. The relationship between electromagnetic fields (EMFs), radiofrequency (RF) radiation, and X-rays felt abstract and was of no consequence to me during the early part of my career. When smartphones came on the market, I was enamored like everyone else with the ability to carry all of the world’s accumulated knowledge in my pocket. Yet, I must admit that I, like many of you, was unconsciously suspicious of its safety.

I am not afraid of radiation, but I do respect it. Radiation is a form of energy that comes in a complex diversity as vast as that of matter. The enormous variations in the characteristics of radiation determine its effect on matter. Einstein showed us how the two are intricately related with his formula E = mc2. Think about the differences between solids, liquids, and gases—each a state of matter with a different energy content. If you simplify the model and think about the differences between ice, water, and water vapor—all states of matter with the same chemical composition—you can imagine how differently they can interact with living beings. For example, you can’t inhale ice, but you can inhale steam. You are able to stand on ice, but you probably can’t stand on water. These examples may seem silly, but I’m making a point that energy quality and content within matter determines how living beings interact with their environment, especially the electromagnetic spectrum.

xx
Most of my colleagues are unconcerned about cell phone radiation. They acknowledge that various diseases have become much more prevalent in recent years, but the science is considered fringe for most physicians because it inhabits the obscure intersection of biology, physics, engineering, and medicine.

[image: A Venn diagram with four overlapping circles labeled Medicine, Biology, Engineering, and Physics. Each circle has an icon representing its field. The circles overlap at the center around a globe icon.]
A multidisciplinary science
Most physicians know very little about physics and even less about engineering. Physicists don’t understand medicine or biology. Engineers have learned some physics, but haven’t been trained in the intricacies of medicine or biology. As such, we are dealing with technology that very few fully grasp for it involves four vast scientific fields.

Writing and lecturing about EMFs and microwave (MW) radiation is difficult, in part because it is intangible. This energy cannot be heard or felt. It has no odor or fragrance. xxiFor most people, the effects of chronic exposure are untraceable, manifesting insidiously over unknown periods of time in a variety of conditions. It is the slow depletion of energy and zest for life that can be the hardest to trace. I find creating analogies that resonate to be an effective method for communicating this complex information. Everyday examples can help people understand and relate to complex ethereal concepts.

While eating breakfast at a small guesthouse on Lago Garda in Northern Italy, my two fellow travelers, my sisters, commented on the intense color of their scrambled eggs and my yolk as I carefully scooped the top off a soft-boiled egg. The color of the egg yolks was remarkable. They were a rich, dark yellow, bordering on orange. And they were delicious. I remarked about how these eggs were obviously produced by healthy, pasture-raised chickens. My sisters didn’t understand why I made that assumption. As I explained, I realized it would be a perfect analogy with which to start this book and illustrate how incessant exposure to electromagnetic radiation (EMR) can cause depletion over time.

Most of us buy eggs from the grocery store and don’t think too much more about them. Eggs are presorted and packaged according to their color and size. Eggs may be conventional, meaning the laying chickens are raised in factory hen houses, or they may be marketed as free range, pasture raised, organic, or organic free range. The tastiest eggs are produced by chickens who have exposure to grass, insects, weeds, and . . . the sun.

If you have ever raised backyard chickens, you know that the frequency of egg production depends on the season. The color intensity of the egg yolk is also variable. Typically, yolks produced from backyard chickens, fed a diet of untreated grasses and insects, are much richer and darker than store-bought yolks.

xxii
When a hen lives its life in sync with the earth’s rotation and wobble, her egg production is maximized during the longer days of spring and summer and drops off during the shorter days of late autumn and winter. This cycle gives the hen time each year to regroup and replenish her nutritional status. It is biologically important for her eggs to be filled with proper nutrition so, if the egg is fertilized, it will have the necessary nutrients to produce a healthy chick. Eggs early in the season are smaller with firmer shells. As the hens increase production during the season, egg size increases, shells become thinner, and yolks become less intense in color as the chicken’s nutritional status is slowly depleted.

Factory chickens aren’t raised with natural light and dark cycles. In order to maximize egg production, these hens are exposed to prolonged hours of light all year, as if it’s always summer. Floodlights trick the chickens into continuing to produce eggs during the winter. This method is great for increasing annual egg production, but doesn’t allow time for the chicken to regroup and reaccumulate nutrients. Those of us used to buying eggs with light-yellow yolks from the grocery store are used to eating less nutritious, less tasty eggs produced by depleted hens. How is this story related to cell phones? As we will discuss, the radiation produced by cell phones and light share something in common. They are both forms of radiation, specifically electromagnetic radiation (EMR), a term that will become very familiar as you progress through this book.

It’s funny how we get used to our environment and don’t perceive stressful elements that are constantly there. This doesn’t mean they aren’t causing us any damage; it just means that our brain has learned to ignore these inputs, so we are no longer conscious of them. But, when toxic elements are removed and our health status changes, we can appreciate the change as we reconnect with how we used to feel.

xxiii
Working to educate the somnolent populace has become my mission. I speak to people about EMR every day. It comes up in daily conversation because everywhere we look there are sources of human-generated “anthropogenic” EMR, both indoors and outside. Governments have green-lighted deployment of this technology, which is exposing us to radiation every day, and some of us, twenty-four hours a day. As technology advances, the stakes are getting higher. People everywhere are developing symptoms. Yet, they don’t connect their health problems to this radiation. In a very real sense, our world has become enveloped by electropollution, an invisible assailant that is becoming inescapable.

Thousands of peer-reviewed scientific articles have detailed the damaging health effects EMR can have on living beings. Research has been performed on cell lines, animals, and people. Although study results presented to the lay public and policymakers have been determined to be ambiguous, I am convinced from what I have read and experienced in my own life that the biological effects caused by RF radiation are real. Given the increasingly incessant exposure to which we are all being subjected, I fear we are on the precipice of a major decline in public health. I have written this book to explain the many ways in which anthropomorphic EMR can damage human health. By learning a bit about this technology, its bioeffects, and how to reduce unnecessary exposure, I believe we can enjoy the benefits of technology without sacrificing our health.

Beyond that, why should you read this book? I truly believe our societal exploration into the world of energy manipulation has provided us with an opportunity to understand more deeply who and what we are. At our fundamental core, we are energy. Learning how we interact with energy in our environment may increase consciousness. Although not yet defined scientifically, we all have stories that illustrate the apparent energetic connections we share—with one another xxivas well as with the Earth. The more we can understand these relationships, the stronger our sense of self and our relationships can be.

This is a book you should read from the beginning and work your way through, chapter by chapter. My method is to first present technology and then its effect on biology. The physics described in the early chapters is important to understand before engaging later chapters. My descriptions at times may seem overly simplistic in the eyes of engineers, physicists, and other professionals—and they are in some cases. But I think that is necessary to help laypeople to understand what’s at stake.

Although I have attempted to use language for a nonscientific audience, many concepts require the use of scientific terminology. A glossary has been included to make the definition of terms readily accessible. The science behind EMR is expansive, but it is not necessary to understand it all. If you approach this book with an open mind and a willingness to learn, you will be amazed at both the genius of technology and the incredibly complex elegance of biology, as well as the delicate interface between the two.
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Chapter 1 Visible Light


We live in a world filled with both natural and human-generated sources of energy. Terms like microwave and Wi-Fi are familiar, but do you understand what they actually represent? Both are invisible forms of radiant energy. Like visible light shining from the sun, radiation emanates and diverges in all directions from a central point of creation.

Energy is abstract. With the exception of visible light, we can’t see pure energy, but we can appreciate its effect on objects or interpret its character with our other senses. We can observe the effect wind energy has on a body of water and watch waves propagate and eventually crash on the shore. We can hear sound energy and feel the radiant heat of a sauna.

Early on, the nature and properties of light were not understood. It may seem obvious to us today that light arises from objects that emit this form of energy—such as the sun, a candle, or an LED screen—but human understanding of light has evolved from an initial belief that light was created by the human eye. This was the accepted explanation for light until 965 CE, when Alhazen, a Persian scientist, proved light was created by objects outside our bodies.

2
In the 1600s, Newton originally explained light as being composed of tiny particles. His theory was later supported by Einstein’s discovery that light travels in discrete packets of energy, called quanta or photons. A particle theory of light explains some of light’s characteristics, such as reflection, but not others. In the late seventeenth century, the Dutch physicist Christiaan Huygens performed an experiment that indicated the characteristics of light were more complex and could not be explained by particles alone. Huygens shined a light through a narrow slit and onto a distant screen, creating a pattern of alternating light and dark bands on the screen. The brightest, widest band in the middle was referred to as the central maximum. On either side of the central maximum, multiple symmetric, less intense secondary bands were observed. Huygens recognized this as a diffraction pattern, one that is characteristic of waves, not particles. Huygens’s principle asserts that each part of the wave front creates additional wavelets that are in phase with one another at the slit aperture, but beyond the opening, the waves intersect one another, much like the overlapping of ripples created by throwing multiple pebbles into a still pond. The result is an interference pattern on the distant screen (Figure 1.1). His experiments also showed that light waves were not unidirectional, but rather a form of radiation, emanating in all directions from their source.

[image: Diagram illustrates a beam of light passing through two parallel slits, generating overlapping arcs, then focused by a convex lens onto a detector with a prominent central band and smaller adjacent fringes.]
Figure 1.1. Single-slit diffraction
3
In 1801, Thomas Young performed a similar experiment to Huygens’s in which he shined a light source through two pinholes, each cut out from the same piece of paper. This double-slit experiment also generated an interference pattern, a sequence of alternating light and dark bands on a screen, which was again recognized to be characteristic of waves (Figure 1.2). Young was also the first to propose that light travels in a transverse wave, as opposed to a longitudinal wave, which enables electromagnetic waves to be polarized.

[image: A diagram displays concentric circular wave fronts moving through a single small opening in a barrier. The waves spread outward beyond the gap. Two arrows indicate the location of the gap in the barrier.]
Figure 1.2. Double-slit experiment
What’s the difference between transverse and longitudinal waves, and what does it mean to be polarized? To demonstrate a longitudinal wave, imagine handling a child’s Slinky toy. If you were to hold the ends of a stretched-out Slinky relatively stationary from side to side, and then quickly push one end of the Slinky in and then out again, the compression of the coils would travel from one end of the spring to the other, in the same direction the wave is traveling. This movement is a representation of a longitudinal wave’s propagation. The wave transmits without any up-and-down or side-to-side motion. Sound travels in longitudinal waves.

4
Transverse waves propagate differently. If we watch a wave travel the surface from one end of a water tank to the other, we see the water rise and fall, moving up and down. The shift in the molecules’ position, then, is in a direction perpendicular to the direction that the wave travels. This is a transverse wave. If a wave, as in this case, only has a vertical component and no horizontal component, it is polarized, with all of the vibration happening in a single plane. Electromagnetic waves from a natural light source are not polarized because they vibrate in every direction perpendicular to the direction of travel. Mathematically, each wave’s vibration can be described by a horizontal component (x) and a vertical component (y), just like a vector in a coordinate plane. Natural sources of light can become polarized by reflecting off some surfaces, creating glare which can negatively affect our vision. Polarizing lenses make the best sunglasses because they eliminate glare.

The discovery and subsequent confirmation that light is composed of waves carrying discrete packets of energy, referred to as a wave-particle duality, had huge implications because waves have specific properties and characteristics. It is important to understand the properties of waves because this foundation will apply when learning how waves impact physical matter. If you are unfamiliar with the properties of waves such as frequency, penetration, and resonance, please refer to appendix A.

The sun produces and emits particles and ions, as well as the gamut of electromagnetic frequencies spanning from extremely low-frequency radio waves to the highest-frequency gamma waves. We are mostly protected from high-energy particles emitted by the sun by their deflection off the Earth’s magnetosphere. At the poles, where the magnetosphere is weakest, some ions can penetrate through and interact with atoms in the Earth’s atmosphere, creating the brilliant light spectacle known as the aurora borealis, or northern lights.

5
What we experience as sunlight is a bandwidth of electromagnetic energy that includes visible light and portions of the infrared and ultraviolet (UVA and some UVB) spectra below and above visible light frequencies. A subset of lower-frequency radio waves can also pass through the atmosphere and reach the Earth’s surface. But most other frequencies of EMR are blocked by our thin atmosphere and ozone layer. This is fortunate for life on Earth for frequencies higher than UV-B—including UV-C, X-rays, and gamma rays—carry so much energy that they can cause direct ionization of atoms. This means that when these energy waves are absorbed, they can blast an electron out of its atom’s orbit, turning the atom into an unstable ion. This ion then looks to replace the missing electron from any nearby atom. When this happens in a living being, it can wreak havoc and do serious harm, including causing DNA damage or cancer. It is for this reason that the production of ionizing radiation is heavily regulated by governmental agencies, such as the FDA in the United States.

Life on earth has evolved with this filtered bandwidth of EMR and has developed physiological adaptations to detect or respond to these wavelengths. Plants harness energy from the visible light spectrum and trap it into physical form by creating chemical bonds and constructing sugars and carbohydrate molecules. This process is known as photosynthesis.


Photosynthesis

The sequence of electrochemical reactions that occurs during photosynthesis has enabled life to exist and thrive on Earth. The energy in visible light photons isn’t huge; in fact, it averages around 12 eV (electron volts), slightly less than the 13.6 eV needed to cause ionization of hydrogen, the creation of a charged hydrogen atom by removal of an electron. The absorption of light energy during photosynthesis “excites” electrons. The energized electron moves farther away from the atom’s 6nucleus into an outer orbital with a higher energy state. It is the movement of this electron back to its home orbital that releases the energy needed to cause biochemical reactions. Yes, 12 eV seems like a very small amount of energy but what may be even more surprising is that experiments have shown that chlorophyll strongly absorbs red light frequencies, and red light only has an energy of 1.8 eV. How could it be that photosynthesis occurs from a photon with only 1.8 eV?

Photosynthesis can’t happen just anywhere. It can only occur within the chlorophyll molecule, which is housed in a specific plant cell organelle called the chloroplast. Chloroplasts are rich in metals, including iron, copper, and to a lesser extent, manganese.1 The chlorophyll molecule is a porphyrin, meaning it is a complex molecule that forms a cage-like three-dimensional structure with a central sequestered metal ion. In chlorophyll, the central metal ion is magnesium (Mg). It is widely known that electrons move more easily in metals than in non-metals. The presence of Mg likely decreases the binding affinity of nearby electrons for their respective nuclei, reducing the energy required to bump those electrons into higher orbitals when absorbed from a light photon. The excited electron is then picked off by a molecule called a mobile electron carrier, effectively causing ionization, also known as oxidation, of the chlorophyll molecule.

This is not the direct ionization that physicists mean when they talk about “ionizing radiation.” The electron isn’t shot out of the atom completely by the photon, but rather moved into a higher energy state from which the electron can then be carried away. The net result, though, from both processes is ionization.

During photosynthesis the excited electron’s energy is controlled and used to generate energy molecules called adenosine triphosphate (ATP). Meanwhile, the chlorophyll molecule regains its lost electrons from nearby water molecules. The water molecules then become oxidized, generating oxygen and hydrogen ions. The chloroplast uses its generated ATP to 7create sugar through a series of chemical reactions called the Calvin cycle.

I am going into detail about photosynthesis because it is an omnipresent example of how nonionizing radiation can cause profound physiological effects in living organisms. The presence of a precisely chosen and positioned metal ion can create a microenvironment in which atoms can become ionized more easily and at much lower frequencies than otherwise expected. To reiterate, in the chlorophyll molecule, a Mg atom enables ionization by lower frequency light, with longer wavelengths, in the visible spectrum.



Visual System

Our visual sensory system, as well as those of many other animals, has developed receptors to detect the narrow bandwidth of frequency we call the visible light spectrum. We humans are limited to seeing this narrow spectrum, but that is not true for all animals. Some insects, including mosquitoes, beetles, and bedbugs, can see into the infrared bandwidth. Vampire bats, frogs, fish, and some snakes can also see infrared energy. Ultraviolet wavelengths can be sensed by bees, sockeye salmon, and apparently reindeer! Interestingly, the miraculous butterfly, the spiritual symbol of transformation, has the ability to detect the widest bandwidth of EMR of all life-forms.

The overall design of the human visual system is extraordinary. Our eyes are covered by a white sclera. Because white surfaces reflect all colors of the visible light spectrum, perhaps the sclera acts as a shield, effectively blocking the entry of light into the eye, except for those rays that pass through the pupil. One might think that just having a barrier of tissue, i.e., the outer surface of the eyeball and overlying soft tissue, would prevent the entry of unwanted light, but consider that even with eyelids closed, we can still sense 8light because EMR passes through the skin of the eyelid and through the pupil.

The pupil’s size varies depending on contraction of the iris, the colored band encircling the black pupil. The iris contracts or dilates in response to radiation levels. In bright daylight when there is a higher concentration of blue light, the iris constricts, allowing less light into the eye. During sunset or daybreak, the dimmer light and orange color of the sun result in a wider aperture of the iris. Longer red wavelengths are safer for the retina than higher-energy blue wavelengths. A responsive iris helps to protect the internal structures of the eye from excessive EMR exposure. Once light passes through the pupil, it is refracted through a biconvex lens designed to focus the light onto the retina, the lining of the back wall of the eye.

The retina contains specialized cells called rods and cones, which absorb the packets of light energy we call photons and convert that energy into electrochemical signals. In this process, nonionizing radiation within the visible light spectrum causes specific molecules in the retina to change shape and generate electrochemical signals, which are then transmitted to the brain. Rods are extremely sensitive to light and produce a chemical reaction to even a single photon of light. Photoreceptive chemicals within cones allow these cells to differentiate light’s frequency, and therefore its color, information that is then conveyed through the optic nerve to the brain. The visual cortex in the brain receives these electrochemical signals and interprets the image.

We observe a leaf as green because the green wavelengths of EMR are reflected by the chlorophyll molecules while the other wavelengths in the visible light spectrum are absorbed. It is the reflection of specific wavelengths from objects that determine their color. A red bird, for example, is observed as red because its feathers reflect red wavelengths of the visible light spectrum while absorbing all other wavelengths.
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Visible light accounts for only a sliver of the electromagnetic spectrum, yet it is profoundly important for our understanding of the world. If we didn’t have a retina with cells that were able to absorb this bandwidth of radiation, we would not see “light.” These frequencies would be as undetectable as most other frequencies of EMR. It is important to recognize that there is no fundamental difference between frequencies within the visible light spectrum and other frequencies in the electromagnetic spectrum.



Circadian Rhythm

Almost all living beings on Earth have evolved in response to cyclical EMR exposure. Our periods of light and darkness are the product of the sun’s constant radiation from a relatively stationary position and Earth’s continual rotation and its tilt. Even bacteria2 and some viruses respond to cycles of light and dark!3 Diurnal organisms are designed to be active during the daytime when the sun is shining in the sky, and quiet at night when skies are dark. Nocturnal animals, on the other hand, are active at night and slumber during the day. Regardless of whether you are a day person or a night owl, the daily recurring pattern of daylight and darkness affects your behavior and defines what we call a “day.” Our sleep/wake cycle, in addition to many other bodily functions, is entrained to the periodic variations of light and darkness. These processes collectively make up what is referred to as our circadian rhythm.

The German zoologists Hans Kalmus and Erwin Bünning originally discovered circadian rhythms in fruit flies in 1935, but a better understanding of life’s complex and intricate relationship between light/dark cycles on Earth has evolved over time. Scientists continue to discover new biological functions that fluctuate with the timing of our exposure to—and relief from—the sun’s electromagnetic radiation.
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In humans and in most vertebrates, circadian rhythms are controlled by a small structure in the brain called the pineal gland. Although insignificant in size, the pineal gland has been regarded as a spiritual beacon for centuries. In fact, Rene Descartes (1596–1650) considered the pineal gland to be the seat of the soul. Many spiritually oriented cultures around the globe refer to the pineal gland as a third eye. This makes some biological sense because, like an eye, the pineal gland’s function is governed by the presence or absence of light. I marvel at the fact that ancient cultures knew this.


The Pineal Gland

The outside world signals the pineal gland indirectly via the eyes. Neuronal pathways connect the retinas to a portion of the brain called the hypothalamus, which in turn communicates with the pineal gland. These pathways, referred to as the retinohypothalamic tract, only transmit information about the presence or absence of light. This distinct pathway is separate from the optic nerves, which carry visual information.

At the end of a prolonged period of brightness, as would naturally occur during daytime, the dimming of ambient light at dusk is detected by specialized cells in the retina, which send signals to the suprachiasmatic nucleus (SCN) in the hypothalamus, alerting the brain that it’s time to prepare for sleep. The SCN functions as our master internal clock. When it receives the message that the surrounding environment is dark, it relays this information via a neural pathway to the pineal gland. In response, the pineal gland produces and releases the sleep hormone melatonin.

The amount of melatonin produced and released by the pineal gland is proportional to the length of the period of darkness.4 Therefore, in a natural world, longer nights will generate larger amounts of melatonin. In a world without artificial light, in the northern latitudes, melatonin production would 11be maximal during the winter months and minimal during mid-summer months, when days are shortest. The inverse is true for the Southern Hemisphere. The natural seasonal variation in melatonin production connects us biochemically to the Earth’s rotation, orbit, and tilt, i.e., the angle of the Earth’s axis that gives us seasons.

You might imagine that during a full moon, because the sky doesn’t completely darken, melatonin production would be less than during nights with new moons or crescent moons. Perhaps this is why moods, behavior, and exacerbations of disease have been observed during a full moon both in humans and in animals.5, 6 In the past, this association has been attributed to folklore, but as more scientific research emerges, the correlation of a full moon to the exacerbation of disease is being proven to the scientific community.7 It may be only anecdotal, but I have always dreaded being on call during a full moon.



Melatonin

This biochemical adaptation helps ensure that we, and other life-forms on Earth, function optimally and have downtime to repair our bodily systems. Sufficient melatonin production is crucial for good health. Biochemically, the pineal gland converts the amino acid tryptophan to serotonin, which is then converted to melatonin. It is therefore important to have sufficient tryptophan in one’s diet. While melatonin supplements have become popular for inducing sleep, melatonin provides a wide assortment of other health benefits that directly affect our state of well-being. Hundreds of scientific research studies have documented melatonin’s numerous contributions to the immune system and to maintaining good health. This hormone has antioxidant and anti-inflammatory effects and is extremely important in tumor suppression.8

One of the repercussions of using lamps and other sources of artificial illumination at night is that they unnaturally 12increase the length of our day; at least that is how our retinohypothalamic tract sees it. Clicking on a lamp or turning on the TV at night, instead of winding down for sleep when the sun goes down, causes the brain to stay alert and melatonin levels to drop. Outdoor lights, including streetlamps, car headlights, and illuminated buildings and landscapes, affect not only people, but the animals and insects that gaze upon these sources of EMR.9 I used to live in Florida, where road signs along the beach warned about the use of streetlights during turtle nesting season. This concern was based on the observation that when newly hatched sea turtles see streetlights, they instinctually crawl toward them, thinking they are moving toward the ocean water. As a result, the baby turtles risk being run over and killed by cars. Over the years, I have come to realize it is not only the sea turtle that is affected by streetlamps. We all are. I make it a point to turn off all outdoor lights on my property. Although many have suggested over the years that I should spend money on exterior illumination, I find that driving down my driveway at night into the darkness is comforting. Deer, raccoons, and other animals seeking refuge on the property do too.

Most of us do not experience darkness at night. And as a result, our circadian patterns have significantly weakened. To add fuel to the fire, looking into the light-emitting diode (LED) screen display of a smartphone, tablet, or laptop is even more distorting to the natural circadian rhythm because these displays have a higher percentage of blue light wavelengths than ordinary incandescent bulbs. In adolescents, melatonin secretion can be diminished by up to 38 percent if the teenager is exposed to two hours of LED screen illumination before bedtime.10 Some say we are now facing global systemic dysfunction.11 I often wonder if this is why we have an annual cold and flu “season.” Our immune systems should be in balance with the environment and fight off infection even in the dead of winter. 13Instead of figuring out why the population gets sick, governments, health professionals, and businesses around the world focus on the “solution” of selling vaccines and medications.




Light Bulbs

It is possible to modify your indoor lighting to be more conducive to maintaining circadian rhythms. The color of the bulbs you choose for each room can either relax or stimulate the brain. But making your choices can be a bit overwhelming, particularly if you go into a store that sells only bulbs! The variety of colors and technology is immense. In general, bluish light will increase concentration and improve visual acuity, whereas warm reddish light promotes relaxation. This makes sense when you consider our perceived color of sunlight during different times of the day. The color-rendering index is a scale from 0–100 that rates an artificial light’s ability to accurately represent colors as compared to daylight.

When choosing light bulbs for your home, try to select those with a high color-rendering index that simulate the most natural conditions possible. Importantly, also consider a bulb’s color “temperature” when choosing bulbs. Bulbs with longer wavelengths produce a lower temperature (< 3,000 Kelvin) and a warmer, yellowish glow and are therefore more suitable for the bedroom and rooms for relaxation. Paradoxically, shorter wavelength light bulbs are labeled “cooler” even though they produce higher temperatures. These bulbs are typically between 3,000 and 4,500 K and are better suited for areas requiring more energy or focus, such as the office, study, kitchen, or playroom. Bulbs with color temperatures above 4,500 K produce a bright light, akin to natural daylight. Just in case you were wondering how a light bulb could produce such a high temperature, they don’t. This scale is based on the temperature that a “black body emitter” would have to be brought to in order to produce the specific color of light.
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Perhaps one of the most important additions to my home over the past ten years has been a sunrise alarm clock. This device initially illuminates with a dim reddish glow that slowly intensifies and changes to a more whitish color, simulating sunrise. The brain can see the illumination through the eyelids and stops producing melatonin. It allows one to wake up slowly and more naturally, without the stress of being jolted awake by a noisy alarm. As I start my workday at 4 a.m., this lamp has been extremely helpful.

If you occasionally need to get up in the middle of the night, I recommend placing a Himalayan salt lamp in the bathroom or in the hallway, wherever it is that you need to go to while it is dark in the house. These salt lamps produce a soft reddish glow, providing enough light for you to see where you are going without completely waking you. Although I have not read any scientific literature on their effectiveness, from my experience, I believe they are less disruptive to the circadian rhythm, and therefore a healthier alternative than turning on an overhead light, particularly if that light is a fluorescent light, daylighting bulb, or compact fluorescent light bulb (CFL).

In a move to improve efficiency, vendors have created CFLs and LEDs. CFLs are particularly problematic. Whether they are single or double encapsulated, should they break, they need to be cleaned up with a specialized technique to avoid mercury exposure. CFLs also produce ultraviolet radiation, which can be damaging to the skin, particularly in those more prone to skin damage from EMR. If you have chosen CFL bulbs in your home, make sure they are not used for close-up work, but rather remain at least several feet away from you while they are turned on. LED bulbs are also more efficient at converting electrical current into light than standard incandescent light bulbs. Unfortunately, both LEDs and CFLs produce dirty electricity, a phenomenon that will be discussed in chapter 4. Although it is becoming more difficult to achieve, 15I would recommend lighting your home with ordinary incandescent bulbs.

Light bulbs are only one source of illumination we are exposed to at night. Screen time at night not only affects circadian rhythm and melatonin production, it can also damage structures of the eye itself. Our eyes have been designed to interpret the reflection of light off objects. Our eyes are not designed to look directly at a source of illumination. Staring into an LED screen can damage the vitreous humor, the fluid that fills the back chamber of the eye,12 and the retina. Macular degeneration can also occur from too much screen time.13 Other potential complications include headaches, ocular surface disease (such as dry eyes), blurry vision, cataracts, and glaucoma.14 Thankfully, inventors have developed blue light-reflecting glasses to ameliorate some of these effects.15 I initially purchased these glasses for my family early in the COVID
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Vitamin D


[image: A yin-yang symbol divided into two halves: one half shows a night sky with stars and a crescent moon, labeled “Melatonin”; the other half displays a sun, labeled “Vitamin D.]
Figure 1.3. Reciprocal relationship of vitamin D and melatonin
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Supplementation





	Pick a bedtime and stick with it. Your sleep cycle is an integral part of your physiology, and consistency will result in a more predictable release of melatonin.

	20Avoid exposure to LED lights and LED screens for thirty minutes before bedtime. If you view screens at night, wear blue light-reflecting glasses and change screen settings to warmer hues.

	Remove all sources of illumination from your bedroom. These include tiny LED lights that illuminate electronic equipment. Either unplug these devices or cover them with black tape. Place blackout shades on your bedroom windows to limit ambient light coming in from outdoor lights. Dim alarm clock displays. If you still can see in your bedroom at night, purchase a sleep mask and wear it every night.

	Reduce EMF levels in your bedroom. In the remainder of the book, we will cover different types of EMF and their sources. But, for now, simply unplug your Wi-Fi router at night and place cell phones in airplane mode or turn them off altogether before you head to bed.
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