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To my beloved Deva—

Without her unconditional support

this book would not have seen the light of day



LIGHT
THERAPIES
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“Plants use light effectively. Why not humans? Would Mother Nature take a strategy developed so effectively for the plant kingdom and wantonly squander it as she created the animal kingdom? In an articulate and beautifully illustrated book, physicist and long-term president of the International Light Association Anadi Martel authoritatively describes the therapeutic effects of light in a comprehensive, reader-friendly fashion, beginning with the nature of light and the ancient history of light therapeutics all the way to the modern, exponentially growing field of science and medicine that uses light as a foundation. The book is liberally sprinkled with highlighted boxes containing little-known facts and fascinating insights. It’s a joy to read. Highly recommended.”

GERALD H. POLLACK, PH.D., PROFESSOR OF BIOENGINEERING AT THE UNIVERSITY OF WASHINGTON, EXECUTIVE DIRECTOR OF THE INSTITUTE FOR VENTURE SCIENCE, AND AUTHOR OF THE FOURTH PHASE OF WATER

“In this wonderfully detailed and beautifully illustrated book, Anadi has thoroughly documented the present status of this rapidly advancing and very exciting field as has never been done before. Follow Anadi’s remarkable scientific and spiritual journey as he uncovers the essence of light and its diverse therapeutic applications. Here you will find the fascinating physics of light described with accuracy that can only be provided by a physicist but also with the clarity that can only come from a person with a real love and passion for communicating science in ways anyone can easily understand. As we move toward the medicine of the future, all of us need to know how light and color can benefit us. Whether light therapy is a new or an old subject for you, this is the most valuable, enjoyable, and up-to-date book you can read.”

JAMES L. OSCHMAN, PH.D., AUTHOR OF ENERGY MEDICINE: THE SCIENTIFIC BASIS

“Light Therapies is brilliant, a star among books about light. It is a must-read for everyone interested in the field of light—beginners, experts, lay-people, health and wellness practitioners, teachers, and scientists. It covers the broadest spectrum of information about the historic, scientific, healing, and spiritual aspects of light’s past, present, and future. . . . A spectacular achievement.”

RAY GOTTLIEB, O.D., PH.D., DEAN OF THE COLLEGE OF SYNTONIC OPTOMETRY

“An important book that spearheads the new scientific paradigm in health and well-being. With profound insight, Martel explores how light lies at the very heart of our lives and outlines the effects of light on health, brain functions, cellular life, and our overall physical well-being. Here is a book that updates our understanding of physical reality—and how to benefit from it. Light Therapies will change the way we look at medical practice. Light medicine is the future, now. It will tell you everything you need to know—be informed!”

KINGSLEY L. DENNIS, AUTHOR OF NEW CONSCIOUSNESS FOR A NEW WORLD AND THE STRUGGLE FOR YOUR MIND

“Light Therapies is the best book on the subject I have ever come across. Anadi Martel gives descriptions of ALL of the therapeutic techniques using light and color that he has personally investigated and experimented with. Anadi is also an expert in Buddhist culture which completes his concept of light having three aspects: the physical, the energetic, and that of consciousness.”

DANIEL ASIS, M.D., AUTHOR OF CHROMO-PSYCHOTHERAPIES

“Anadi Martel has written a highly informative book on light therapies. It summarizes and explains the whole spectrum of light-based treatment methods and their broad applications in a beautifully illustrated manner. Surely, this volume will be very useful for beginners as well as for experts.”

DETLEF SCHIKORA, PH.D., PROFESSOR OF SCIENCE AND BIOPHYSICS AT THE UNIVERSITY OF PADERBORN

“The kind of light that Anadi brings to us is beyond alternative therapy; it is the healing power of light to restore alignment between the physical and emotional bodies with the reality of the spiritual Source of all light.”

NISHANT MATTHEWS, FOUNDER OF SAMASSATI COLORTHERAPY

“For those who seek a deeper understanding of how light can heal our lives, this timely book is a must-read.”

PAULINE ALLEN, PRINCIPAL OF THE SOUND LEARNING CENTER (LONDON)



FOREWORD

Jacob Liberman, OD, PhD, DSc (Hon)

IT WAS 1971, and I was beginning the clinical portion of my optometric training. One of my first patients was an eleven-year-old boy who’d been diagnosed with “lazy eye,” amblyopia. Even though his eyes were healthy and he didn’t require prescription glasses, he was only able to see the big E on the eye chart. Having never worked with someone with this condition, I spoke with one of the clinic doctors, and he suggested I have the boy look through a yellow filter at a light bulb that was slowly flashing on and off. The technique the clinic doctor recommended supposedly stimulated the part of the eye dealing with the ability to perceive color and see details clearly. Even though I had no idea how or why this might work, it did. In fact, I measured improvement after the first session, and this continued for weeks, resulting in a 300 percent improvement in the boy’s visual acuity.

Three years later, I used a photographic strobe light to pulse a flash of light into the better eye of another patient with the same condition, and then allowed the energy created by the light to travel through the brain to the other eye. Since both eyes are neurologically connected, I reasoned that the better eye would then train its counterpart to see more clearly. To my amazement, the patient’s visual acuity improved by 200 percent in less than thirty minutes.

A year later, I attended a conference on behavioral optometry in Miami. As chance would have it, the keynote speaker, Dr. John Ott, a pioneer of photobiology, shared his discoveries about the effects of light on health. Dr. Ott’s research demonstrated that light profoundly affects plants, animals, and humans in ways I had never even considered. Over the next twenty-five years, Dr. Ott and I developed a friendship and communicated often. In fact, I was invited to his Florida home on many occasions, spending countless hours talking about light.

During the years that followed, I conducted research about the therapeutic use of colored light via the eyes and reached out to experts worldwide who were also researching or using light and color to alleviate physical and emotional disorders. Because the internet and email had not yet been developed, I spent a great deal of time doing obscure research in libraries, writing letters, and calling the doctors, scientists, and laypeople who were investigating this field.

I traveled to Germany at the invitation of Dr. Fritz Hollwich, professor of ophthalmology at the University of Muenster, West Germany. Later I spent time with Dr. Fritz-Albert Popp, a leading researcher in the field of biophotons, at his laboratory in Neuss, Germany. I also visited the National Institutes of Health to meet with Dr. Norman Rosenthal, a South African psychiatrist who was the first to describe seasonal affective disorder (SAD) and pioneered the use of light therapy for its treatment. I introduced Dr. Rosenthal to syntonic phototherapy and shared my discoveries concerning the relationship between color and unresolved emotional issues. I then proceeded to Philadelphia, to Thomas Jefferson University, to discuss my findings with Dr. Bud Brainard, professor of neurology. From there I went to the University of Texas Health Science Center to learn more about the pineal gland from neuroscientist Dr. Russel Reiter. I later invited these three scientists, along with Darius Dinshah, Harry Wohlfarth, and other pioneers in the field of light therapy to be keynote speakers at the annual College of Syntonic Optometry meeting. By now I was so inspired to share my discoveries with others that I sold my optometric practice and moved to Colorado, where I founded the Aspen Center for Energy Medicine*1 and began writing my first book.

Around the time my book Light: Medicine of the Future was published over twenty-five years ago, I tried to create a historical, scientific, and clinical foundation for the biological and therapeutic effects of light and color. What began as a dream launched me on a worldwide speaking and teaching tour and inspired me to develop the Color Receptivity Trainer and Spectral Receptivity Systems I and II. However, I was not alone on this mission. I was graced to share the journey with dear friends and colleagues such as Dr. John Downing, Dr. Larry Wallace, Dr. Ray Gottlieb, Dr. Brian Breiling, and Dr. Roberto Kaplan, among others. All of our contributions, along with those of others already mentioned, and many more, resulted in the emergence of a new science and medicine that uses light as its foundation, as well as many novel light-based healing technologies, and an industry and architecture devoted to healthy environmental lighting. Since then, practitioners from all walks of life have been using light and color therapeutically.

In the foreword to my book Light: Medicine of the Future, John Ott compared me to a member of a relay team to whom he had passed a baton that would eventually be taken up by others. It is now my turn to pass the baton that John entrusted me with, as light finally is the new medicine. Over the years, Light: Medicine of the Future has introduced tens of thousands of people to the science and art of light and color therapy. Like me, some of those people were deeply touched and have gratefully accepted the mantle of responsibility for carrying the light forward. Among those, Anadi Martel stands out, for he has been blessed with a brain and heart of equal size. He is not only intellectually brilliant, technologically gifted, and spiritually evolved, he has integrated those gifts to create Light Therapies, an encyclopedia of light and color therapy unique in the depth and breadth of information and knowledge it shares. Having had the pleasure of contributing to this emerging science, I could not be more delighted to support Anadi Martel in the launch of this absolutely incredible book. Without hesitation I can say that it is the best book on the subject of light and color that I have read in many years.

There is one light and many lamps—shine on!

JACOB LIBERMAN holds a doctorate of optometry, a Ph.D. in vision science, and an honorary doctorate of science. He is a Fellow Emeritus of the American Academy of Optometry, College of Optometrists in Vision Development, International Academy of Color Sciences, and past president of the College of Syntonic Optometry. Recipient of the H. R. Spitler Award for his pioneering contributions to the field of phototherapy, he is the author of Light: Medicine of the Future, Take Off Your Glasses and See, Wisdom from an Empty Mind, and Luminous Life: How the Science of Light Unlocks the Art of Living. He is the inventor of several light therapy devices and the only FDA-cleared medical device that significantly improves overall visual performance.



PREFACE

TRAINED AS A PHYSICIST, I had been conducting research on sound and light almost entirely on my own for fifteen years until one day in 1998, in Marin County, near San Francisco, I met Dr. Brian Breiling, a clinical psychologist and ayurvedic specialist. In the heady days preceding the dot-com crash, my companion Deva and I found ourselves in California, where I served as research and development director for a local sound company. Two years earlier, in 1996, Brian had edited an extraordinary anthology of the most innovative research in light therapy, titled Light Years Ahead: The Illustrated Guide to Full Spectrum and Colored Light in Mindbody Healing. This collection opened a window to perspectives previously quite unimaginable.

Brian and his wife, Jennifer, herself a therapist well versed in light applications, invited us to their home, where we were given a warm welcome. The sharing of information was mutually beneficial. I spoke to Brian about my multisensorial system called Sensora; he showed me the recently developed Photon light therapy unit. From then on ensued an agreeable and valuable connection that endures to this day.

Some years later, I received an invitation from Brian. He and several others were organizing a large meeting with the goal of bringing together all those researchers interested in the dissemination of information on therapeutic light. The meeting, which attracted about a hundred participants from all over the world, was held in October 2003 in Antwerp, Belgium, and it led to the formation of the International Light Association (ILA). For the majority of us, it was a revelation to find that we were no longer alone as individual researchers, and that there were others who shared the same passion that gave life to our work. Most significant was the all-important scientific confirmation of the fact that light can heal. Since then the association has created an annual meeting, and each time it has provided a very enriching occasion for all of us not only to hear the presentations of some of the most notable researchers in the field, but also to renew our connection with this new “light family.”

I was very happy to propose and then organize the ILA conference in October 2011, held in the Québec village of St. Adele, where, in the forest bordering the lovely little Lake Violon, I have established my home and laboratory. Along with the scientific meeting, we were able to offer the participants an opportunity to experience the vibrant colors of autumn in the Laurentians, which were then at their peak.

Subsequent to this event I became president of the association, a role I still hold at the time of this writing. This task gives me the precious privilege of meeting the most knowledgeable and forward-looking researchers of our era, whom we invite each year to our conference. In the following pages I have the pleasure of introducing several of them, as their contributions become relevant to the unfolding story.

After outlining the background and ancient origins of light therapy, the first half of this book focuses on the new light medicine, with an emphasis on recent scientific and technological developments that are not only transforming our knowledge of light, but also bringing it into greater service for the purpose of health in an unprecedented way.

We will first examine how science has understood light throughout history, leading up to the latest insights in contemporary physics. Next, we will explore the new discoveries that have transformed our knowledge about how light affects our biology, opening the door to revolutionary medical applications and treatments. Since light can have a beneficial effect on our health, this implies that it can have an equally negative effect when used improperly. I will therefore touch on important questions regarding the health risks of light, including the appropriate use of light both from the sun and from the new sources of artificial lighting, such as compact fluorescent light bulbs (CFLs) and LEDs.

[image: image]

Author Anadi Martel with the SensoSphere

We can easily intuit that light not only has an effect on the body, but also on the psyche. Therefore, the second half of this book investigates this more speculative dimension of the power of light, wherein the different facets of its effects on the energetic and cognitive dimensions of life are outlined. Here I touch on the subject of energy medicine, a science that is still young but growing rapidly. Energy medicine expands on the purely biochemical concepts of allopathic medicine, since it takes into account the close relationship between the living being and its energy fields. These of course include light, an energy field par excellence because of its electromagnetic nature. This knowledge will help us understand the workings of color medicine, called chromotherapy, an alternative light medicine still almost unknown to the general public. I introduce fascinating contemporary methods, many of which are a meeting ground for modern technology and older therapeutic traditions in which color is used, some dating back thousands of years.

The last part of this book concentrates on the cognitive influence that light has on the emotional, mental, and spiritual aspects of life. The vibrational nature of light brings us to a discussion of the universal phenomenon of resonance and its role in the healing power of light.

Following this, a few pages are devoted to an original subject connected to my own personal research in this domain, which I call subjective light. To conclude I offer certain considerations about the relationship between light and consciousness, by which light bestows on us its most precious gifts.

Light has a unique status in our reality. It belongs as much to the material dimension, as a source of energy that we all depend on, as it does to the nonmaterial plane, as a symbol of all that is most uplifting in our consciousness. An examination of these themes is to be found in both halves of this book, reflecting the double nature of light. In writing these lines, my sincere wish is that these two fundamental dimensions of light, one as much as the other, will awaken your interest.
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PART I


*

Understanding Light





1

THE ORIGIN OF LIGHT THERAPY
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Ancient and Modern Uses, Advancements, Controversies

You rise beautiful from the horizon on heaven, living disk, origin of life.

You are fine, great, radiant, lofty over and above every land.

Your rays bind the lands to the limit of all you have made,

you are the sun, you have reached their limits.

You are distant, but your rays are on earth.

GREAT HYMN TO THE ATEN (EGYPT, 14TH CENTURY BCE)

ALMOST ALL THE ENERGY that gives life to our planet comes from the light of the sun; thus it is only natural that this light has played an essential role for humankind since the beginning of time. Until just a few years ago I was unaware, however, of all the different aspects of this fascinating and close relationship. Some remarkable encounters with researchers I have met through the International Light Association changed this for me.

The ILA has many members who are exceptional historians of light therapy, and it is they who initiated me into this aspect of the field—Brian Breiling to be sure, the editor of the pioneering 1996 anthology Light Years Ahead, but also Jacob Liberman, Alexander Wunsch, and Karl Ryberg, whom we speak of later. As they conducted their search, they accumulated a collection of rare documents and ancient books on light, a veritable treasure trove of information and anecdotes on the subject. Much of what follows has been inspired by their words.
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Figure 1.1. Dr. Brian Breiling


LIGHT THERAPY IN ANTIQUITY

Few ancient civilizations are without a cult involving the sun, the importance of which is primordial in any hierarchy of gods. The sun is the source of life, abundance, eternity, wisdom, and, of course, light. We find gods of the sun everywhere we look, whether it be ancient Egypt, Babylonia, India, China, Greece, Rome, or the Celtic and Aztec civilizations. In some rare cases very precise facts have come down to us with regard to heliotherapy, practices involving the use of sunlight for medicinal purposes. It is quite likely that the majority of these ancient peoples had similar knowledge.

From Cults of the Sun to Heliotherapy

One of the oldest extant testimonials comes from the Egyptian Old Kingdom and dates from approximately 2600 BCE. It was attributed to the great sage Imhotep, the legendary architect of the Saqqara pyramids, and contains medical formulas that indicate a profound understanding of the effects of light. The importance accorded each moment of the day with regard to the appropriate treatment suggests an understanding of chronobiology, the science of biological rhythms controlled by the cycle of the sun. The use of solar rays for the sterilization and drying of food is also mentioned, together with the photochemical activation of pharmaceutical preparations. Imhotep even practiced a technique known today as photodynamic therapy (discussed in chapter 5) through the application of photo-activated tar and resins.

The ancient Greeks were also fervent practitioners of heliotherapy. In 450 BCE, the great historian Herodotus described the use of solariums, areas of healing based on the light of the sun, stating that “being exposed to the sun is highly recommended for those people who need to regain their health.” Hippocrates of Kos (460–370 BCE), the “Father of Medicine,” insisted on the importance of light and the heat that emanates from it to fortify the bone structure as well as treat a multitude of ills, including rickets, obesity, and diverse metabolic disorders. He would cauterize scabs with the aid of light focused though crystal and quartz, which transmitted the photoactive ultraviolet rays. For the Greeks, the connection between light and health was clear: Asclepius, god of medicine and healing, is none other than the son of Apollo, god of the sun. The Greeks’ cultural successors, the Romans, perpetuated this awareness. Their legal code contained “right to light” clauses guaranteeing people’s access to sunlight in their homes, buildings that frequently featured a solarium. One of the great second-century physicians, Soranus of Ephesus, a Greek who practiced in Rome, recommended exposing jaundiced newborns to the sun, thereby foreshadowing modern neonatal jaundice treatments that use blue light.
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Figure 1.2. Apollo, god of light, music, and prophecy (photo by Marie-Lan Nguyen)

From Heliotherapy to Chromotherapy

Another form of light medicine even more specific than heliotherapy is chromotherapy, the therapeutic use of color.

From the very beginning, humankind has demonstrated a great deal of ingenuity with regard to the creation and manipulation of color. Seventeen thousand years ago the artists of the Lascaux Caves knew how to prepare an attractive palette of colored pigments to accomplish their extraordinary work. The Egyptians demonstrated great respect for the power of color, as demonstrated in the very precise and codified iconographic use of various hues that can still be seen in Egyptian bas-reliefs and works on papyrus. Temples and statues were painted in the liveliest tones. The extraordinary monochromatic iridescence of the scarab gave it a divine status in its representation of Khepri, the solar aspect of the great god Ra. The Egyptians also had a highly refined cosmetic art, the products of which, including extravagantly colored powders and creams, were exported throughout the ancient world. Precious stones, objects of the purest and most translucent colors to which they had access, were used in sacred rituals and for healing.
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Figure 1.4. The sacred scarab Khepri, a solar deity


The “Evolution” of Color

Our extreme sensitivity to color is encoded in our genes as a result of an evolutionary process dating back hundreds of millions of years that informs our sense of vision. Zoologist Andrew Parker (2003) has developed a hypothesis known as the light switch theory. This theory concerns the enigma known in paleontology as the Cambrian explosion; 543 million years ago, at the beginning of the Cambrian era, a 3-billion-years-long evolutionary process had led to the appearance of only three animal phyla (the highest level of taxonomic rank below kingdom). Barely five million years later—a mere wink in the geological scale of things—thirty-eight phyla were in existence, a number that has hardly changed since that time. This fact has not been properly explained by the larger scientific community; however, Parker says the explanation is directly linked to the appearance of the sense of vision. Until that time many creatures had been well equipped with photosensitive cells in their organs (even bacteria had some) that were capable of distinguishing between light and dark. But the first creature known to have possessed a real eye—that is, a system of vision capable of perceiving an image—is the trilobite (Schoenemann et al. 2017), a little arthropod no longer in existence today, but whose appearance on the evolutionary scale corresponds exactly to the beginning of the Cambrian explosion. Because vision gave such an advantage to those creatures who had managed this step forward, it produced a veritable “arms race” among all animal life of that era, resulting in a hitherto unseen acceleration of the evolutionary process.
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Figure 1.3. Left, the trilobite (photo by Tim Evanson) and right, its eye (photo courtesy Moussa Direct Ltd.)

Whatever happened exactly, there is no doubt that as a result of the emergence of vision a multitude of vegetal as well as animal life-forms adorned with an infinite variety of colored features began to appear. Whether to attract or to threaten, the more intense a color in terms of standing out from the background environment, the more chance it had to be perceived by this extraordinary new sense of vision.

Life-forms responded by developing a great number of chromophores, which are portions of biological molecules absorbing or reflecting light in a selective manner to produce a variety of different colored pigments. Also emerging were regular networks at the microscopic level that interfered directly with light rays to obtain structural colors that are of a perfectly pure iridescence, such as those in the feathers of a peacock or a hummingbird. Simultaneously occurring within this dance of evolution, the eyes and their interconnecting visual brain structures refined their sensitivity in such a way as to enable them to detect with ever greater precision the whole spectrum of visible color and beyond.

And so it is for humans. The most brilliant colors fascinate us and inevitably attract us. For some civilizations these colors acquire properties that are almost supernatural. For example, those objects considered most essential and precious in the afterlife were carefully laid out in the tombs of the Cro-Magnons: next to food, arms, and talismans, one finds vividly colored beads.



India possesses an ancient and rich tradition of chromotherapy dating from at least 1500 BCE, according to the Atharvan Veda, which emphasizes the healing power of the colored rays of the sun. The very sophisticated traditional curative system known as ayurveda considers color to be a key element in its therapeutic arsenal—of the same importance as food and medicinal remedies—and it is to be applied as much to the skin as to the visual system.

In the encyclopedic Canon of Medicine, completed in 1025, the great Persian physician Ibn Sīnā (known as Avicenna) gave much importance to the role of color for both diagnostic and treatment purposes. For example, he says that red stimulates the circulation of the blood, blue cools it, and yellow reduces inflammation and muscular pain.
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Figure 1.5. Page from Avicenna’s Canon of Medicine (photo courtesy Wellcome Images)

My colleague Karl Ryberg, in Living Light: On the Origin of Colours (2010), a historical treatise on light therapy, points out that Avicenna benefited from the unsurpassed expertise of the glass workers of the Arabian world, who succeeded in creating panels of tinted glass of an unprecedented chromatic purity and translucence, far superior to the more opaque glasswork that had been made in an earlier time by the Egyptians or Babylonians. Of special interest is that Avicenna devised a treatment alcove that allowed his patients to bathe in the rays of the sun that were filtered by glass panels of these new crystalline colors.

To have perfected the technique of producing such colored glass was significant because it gave impetus to the healing potential of colored light. The Venetians, whose commercial empire held a monopoly on this technology imported from the Orient, jealously guarded their privilege. The artisans of Murano, who still create their celebrated Venetian glass, were held to secrecy under pain of death with regard to their technique. Inevitably, the secret got out, and from the twelfth century on the most stunning stained glass windows made their appearance in the churches and cathedrals of Europe. The incomparable purity of their light was considered to be of heavenly origin, and they became an essential element in the great Gothic cathedrals, offering grandiose masterpieces such as the rose windows of Chartres, or Notre-Dame in Paris. It is said that when people suffering from physical or mental ailments were exposed to the rays filtered through the stained glass, they experienced peace and harmony, which brought unparalleled healing.
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Figure 1.6. The Great Rose Window of Chartres Cathedral (photo by Harmonia Amanda)

The Cultural Role of Color

Colors have had widely different interpretations and uses around the world depending on the era and the culture. Take, for example, the caste system of the Hindus, among the world’s oldest forms of social stratification, where the priest or Brahman class would be robed in white, the Kshatriya warrior class in red, the Vaisya merchant class in yellow, and the Sudra, or untouchable class, clad in black or blue.

In ancient times, the exclusive color of the Roman emperor and his consuls was purple. Among Celtic people, the naked warrior would smear himself with a layer of blue dye, which purportedly offered invincible protection, whereas the Druids wore pure green. In China, only the emperor had the right to use yellow, a color reserved for the descendants of the sun. In Islamic countries, the color of the Prophet Mohammed is green, a symbol of fertility and victory in a desert culture.

There are also wide variations in the use of color in funeral customs: whereas black is the accepted color in the West, white is the appropriate color in China. In Mexico it is yellow, and for the Native American it is red. It is the same with regard to colors associated with the primordial elements. For the Greeks, fire, air, water, earth, and ether are red, yellow, white, black, and transparent or clear, respectively; for the Tibetans these colors are, respectively, red, green, white, yellow, and blue.

Can one therefore conclude that because of all the differences these time-honored interpretations of color have no real validity? Certainly not! The interpretations and associations are perfectly intelligible within the specific cultural context in which they arise, though the ancient systems of chromotherapy can appear incoherent or fragmentary at first. Emerging entirely from purely empirical observation and necessarily limited by their cultural and historical context, they offer in general an inextricable mixture of elements coming from the multiplicity of ways in which light influences us. This leads to muddled models in which science and superstition overlap—a circumstance which no doubt has always been connected with the human condition but, from our point of view as contemporaries, was more pronounced in ancient times.

To better understand this, it’s useful to look at the three distinct types of therapeutic influence of light, a subject we’ll consider in greater detail throughout this book.




THE THREE TYPES OF THERAPEUTIC INFLUENCES EMANATING FROM LIGHT


	The first type of influence color exerts is biophysical in nature; that is, connected to the effects of light on the biochemistry of cells and on the overall visual and hormonal systems. This type of action is the one most readily investigated by science, and today the new field of light medicine is elucidating this influence with ever greater clarity.

	The second type of influence is of an energetic nature and relates to the interaction between light and the systems of subtle energy ascribed to life. This can, for example, be described as interactions with the system of meridians found in acupuncture or, more generally, as interactions with the internal network of energy fields that keeps us alive. This way of viewing living processes as being connected to fields will be described in greater detail in chapter 7.

	The third type of influence is of a psychological and symbolic nature, which derives from ancient associations with light and color proceeding from millions of years of human evolution, from our specific cultural environment (with its different conventions relative to color, as we have seen), and also from our personal history, including our individual preferences and aversions with regard to color. Although this kind of influence is admittedly subjective, it nonetheless represents a profound influence on our health, both physical and mental. A good example is what science calls the placebo effect; that is, the influence of mind on matter. It suggests a psychology of color and in a larger sense informs us of the relationship between light and consciousness.






LIGHT THERAPY IN MODERN TIMES

The advent of the Age of Enlightenment in eighteenth-century Europe, followed by the birth of modern science, sparked interest in defining the effects of therapeutic light in a more objective, systematic way. Building on a better understanding of the properties of light, as well as on advances in medicine taking shape at this time, new methods were introduced that were more clearly delimited within the three types of influence of light we’ve just described, lifting some of the overlap between science and superstition found in antiquity.

In 1810, poet Johann Wolfgang von Goethe published his Theory of Colours, in which he made a study of color from the perceptual point of view rather than the physical, opening the way for the development of a psychology of color. One of his most important contributions is the symmetrical color wheel, wherein the deep reds and violets at both ends of the rainbow that correspond to the limits of our visual perception are joined and fused in magenta, a synthetic color that does not match with any actual physical color within the rainbow.


The Many Names of Light Therapy

Various words have been used to designate the application of therapeutic light, but the definitions are often unclear, which can lead to some confusion. The following list defines the terminology used in this book.

Light Therapy: A general term that encompasses all forms of therapy that use light

Phototherapy: Therapy that depends on artificial sources of light

Heliotherapy: Therapy that employs the light of the sun

Chromotherapy: Therapy that uses the specific influences of different colors from the visible spectrum

Bright Light Therapy: Therapy that uses relatively intense light sources to influence one’s chronobiology (often erroneously identified as light therapy in common literature)

Low Level Laser Therapy (LLLT): Therapy that uses red and near-infrared light to boost cellular metabolism (now called photobiomodulation)

Actinotherapy: Therapy that uses the ultraviolet part of the light spectrum

Thermotherapy: Therapy that uses the infrared part of the spectrum through its calorific effect



In the nineteenth century, the Industrial Revolution and the development of new manufacturing processes led to previously unknown problems of public health. These were oftentimes the result of a chronic, long-term lack of light experienced by people living in the smog of manufacturing cities who worked long hours in factories without seeing the light of day. This contributed to a host of maladies, among them rickets, arthritis, tuberculosis, paralysis, and scurvy, all stemming from chronic deficiencies, including light, such that many doctors resorted to a renewal of the ancient practice of heliotherapy.
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Figure 1.7. Goethe’s color wheel

A Return to the Sun

In 1860, when the Florence Nightingale School for nurses first opened, the institution’s by then well-known British namesake taught nurses the importance of being exposed to sunlight, as well as the significance of fresh air and of cleanliness in hospitals. In 1869, the German ophthalmologist Hermann Cohn established the relationship between the lack of light in schools and the development of nearsightedness in children. And in the early 1900s, at a time when Europe was ravaged with tuberculosis, Swiss doctor Auguste Rollier, known as “the Sun Doctor,” opened therapeutic centers located at high altitudes, where he exposed his patients to controlled doses of ultraviolet light emitted by the sun. At a time when the only existing medical treatment consisted of surgery, where fewer than 50 percent of patients survived, Dr. Rollier performed miracles. In 1916 he published a treatise titled La Cure de soleil et de travail à la clinique militaire suisse de Leysin (The Sun Cure).
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Figure 1.8. Rollier’s Sun Cure (from a 1921 brochure)

Contemporary to Rollier, Danish doctor Niels Ryberg Finsen, called the “Father of Phototherapy,” began in 1890 to explore the effects of the different portions of the light spectrum in a systematic way. Finsen himself suffered from a metabolic disorder, Niemann-Pick disease, which inspired him to sunbathe and investigate the effects of light on living things. Working in Scandanavia, where there is very little sunlight during a major portion of the year, Finsen developed different types of artificial light sources for use in his healing procedures. His method of treating Lupus vulgaris, a form of tuberculosis of the skin resulting in lesions of the nose, eyelids, lips, cheeks, ears, and neck, was to use blue filters to concentrate the short waves of the light spectrum. Finsen thought that the curative properties were due to a sterilization effect of the ultraviolet light, but in a notable recent discovery, research has shown that Finsen’s filters in fact blocked the ultraviolet rays, and that it was rather the blue light that functioned in the treatment. Whatever the case may be, Finsen’s success for those patients who would otherwise have had no hope was such that he was chosen in 1903 to be one of the very first to receive the Nobel Prize in Medicine.

In 1910, American physician John Harvey Kellogg (creator, together with his brother, of the popular cereals that bear his name) published his book Light Therapeutics. He designed a wide range of phototherapeutic inventions, including visible, infrared, and ultraviolet light sources, to treat different maladies. One such invention was an ultraviolet lamp that could be “swallowed” to treat problems of the throat (see fig. 1.11). Another of his inventions was his incandescent light bath, designed in the early 1890s, which was partly motivated by the overcast skies of Michigan, and which he used to treat thousands of his patients at his Battle Creek Sanitarium (see fig. 1.12).

[image: image]

Figure 1.9. Niels Ryberg Finsen
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Figure 1.10. Finsen’s “light elves” applying a treatment
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Figure 1.11. Kellogg’s “swallowed” ultraviolet light
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Figure 1.12. John Harvey Kellogg’s radiant heat bath, patented in 1896, on display at the United States Patent and Trade Office (photo by Fuzheado)

The Rediscovery of Chromotherapy

Around this same time, American researchers rediscovered the value of the ancient practice of chromotherapy, the specific healing influences of different colors from the visible spectrum. In 1876, Augustus James Pleasonton, a militia general during the American Civil War, published The Influence of the Blue Ray of the Sunlight and of the Blue Colour of the Sky, in which he describes his experiments dealing with the effects of different colored lights on plants, animals, and humans. Pleasonton accomplished some of these by means of hothouses equipped with glass of blue and green hues, which tripled the growth rate of grapes.

Influenced by the work of Pleasonton and others at this time, Dr. Seth Pancoast published his Blue and Red Light; or, Light and Its Rays as Medicine in 1877. But the most eminent of all light therapists using chromotherapy in the nineteenth century is surely Dr. Edwin Babbitt, whose comprehensive volume The Principles of Light and Color, published in 1878, would influence a whole generation (see fig. 1.14). In it Babbitt expounds on a complex theory of the effects of light by extrapolating the fragmentary facts available in that era with regard to the nature of atoms and electromagnetic waves. Babbitt was able to produce, at minimal cost, items that could be sent by post, such as the Chromolume, a device that could project colored light by using interchangeable tinted glass panels. There was also a smaller version, called a Chromo-Disk, as well as a Chromo Lens, a flask made of colored glass used for “charging” drinking water.

The various theories of these early light-therapy pioneers were often based on the spiritualist notions then in vogue, the relevance of which has not survived in modern times, so their work is now of greater interest more from a historical perspective than from a therapeutic point of view. Nevertheless, they opened the door to more modern and still-relevant research, such as that carried out by Dinshah Ghadiali (1933) and Harry Riley Spitler (1941).
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Figure 1.13. Dr. Edwin Babbitt
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Figure 1.14. A page from Babbitt’s The Principles of Light and Color

In 1897, while he was still in India, his native land, Dinshah Ghadiali conducted research on the healing power of color following a remarkable experience that was to change the course of his medical career: through applications of indigo light, he was able to save a young woman who was severely ill with advanced dysentery. By 1920, after Dinshah had relocated to the United States, he created a sophisticated system of chromotherapy that he called Spectro-Chrome. He based his system on more scientifically solid ground than his predecessors had, having benefited from the new science of spectroscopy that revealed how the various elements of the periodic table each emitted specific colors (see chapter 10). He could then associate each color with properties connected to those of physical compounds that spectroscopically emitted similar colors. He defined a set of twelve principal colors covering the visible spectrum and matched them to standardized filters of tinted glass, from which he established different procedures appropriate to the treatment of many different illnesses. As this technique became well known, it was adopted by a number of physicians and remained available until the beginning of the 1940s.
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Figure 1.15. Dinshah Ghadiali
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Figure 1.16. A Spectro-Chrome device (1925)
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Figure 1.17. Harry Riley Spitler
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Figure 1.18. Spitler’s Syntonizer (shown here with a patient and the device’s co-inventor, Dr. Alex Cameron, 1935)

The American medical doctor Harry Riley Spitler, in the 1920s, developed his method of syntonic optometry. Syntony means “to bring into balance.” Spitler used a technique based on the direct application of colored light to the eye. He was the first researcher to give major importance to the use of color in reestablishing the equilibrium of the autonomic nervous system, the lack of which, according to his syntonic principle, was the origin of many chronic illnesses (a subject covered in greater detail in chapter 9). He developed his Syntonizer device for ocular light stimulation (see fig. 1.18). His system was of particular interest to eye-care professionals, and by 1933 more than a thousand optometrists were using it with great success.

The Golden Age of Light Therapy

As a result of the work of the pioneers just mentioned, by the beginning of the twentieth century different methods of light therapy were being routinely used in Europe and the Americas. These methods were offered in the context of a host of medical specialties, including psychiatry, optometry, and chiropractic. Many clinics that used heliotherapy were opened, and Auguste Rollier alone was the director of fourteen hospitals totaling more than a thousand beds. Many psychiatric hospitals were equipped with colored rooms—a red one to treat “chronic melancholy” (including depression and insomnia) and a blue room to benefit those suffering from mania and alcoholism.

Psychologist Brian Breiling (1996) calls the period from 1860 to 1938 “the golden age of light therapy,” while he dubs the period that succeeded it, from 1938 to 1980, “the era of darkness” with respect to widespread acceptance of light therapy. The year of demarcation, 1938, was when the first antibiotic, penicillin, appeared on the medical scene. The subsequent pharmaceutical revolution, with its miracle drugs that healed the worst illnesses in a few days, was soon to completely overshadow other, more natural therapeutic approaches such as light therapy, which took longer to show healing effects, and which were also less reliable in producing the desired results.

There is no doubt that the development of pharmaceutical medicine has been beneficial beyond measure to public health. A large number of otherwise fatal illnesses have effectively disappeared from the world, and most people can look forward to a much longer life span. And now genetic medicine, the latest carrier of the scientific flame, encourages us to look forward to an even more spectacular future.

Darkness Descends

The rise of pharmacological approaches after 1938 quickly eclipsed the use of light therapy in medicine, a process that did not happen in a completely reasonable way. Light therapy is based on a holistic approach to healing. This is at odds with the mechanistic approach of orthodox science that now controls modern medicine. The witch hunt by the medical establishment began in earnest in the 1930s.

In the United States, the magnates of the new industrial pharmaceutical companies that were cropping up financed the publication of the Flexner Report in 1910. The aim of the report was to discredit all therapeutic approaches its publishers considered unscientific, including naturopathy and homeopathy and, by extension, light therapy. Throughout the early to mid-1900s the U.S. Food and Drug Administration, under pressure by the pharmaceutical industry’s already powerful lobbying groups, gradually succeeded in rendering illegal the majority of practices involving light therapy, systematically assailing its principal representatives. Harry Riley Spitler was forced to close his school, and his Syntonizer light devices were declared illegal and banned from being transported from one state to another (although the syntonic optometrists cleverly got around this interdiction by transporting their instruments in detached pieces). Dinshah Ghadiali, who was pursued in American courts in 1931, narrowly escaped condemnation thanks to the eloquent testimonies of some physicians using his technique, such as that of surgeon Kate Baldwin (1927), who stated, “After 37 years of active hospital and private practice in medicine and surgery, I produce quicker and more accurate results using Spectro-Chrome than with any other methods, and there was less strain on the patient.” However, Dinshah was not so fortunate the next time. He was charged again in 1947 and was forced to close his institute and destroy all his books, documents, and research papers (only one copy survived). In 1958, the FDA served him with a permanent injunction, which even by the time of his death in 1966 had not been lifted. In fact, it is still in place today, and because of this many of his original publications have been out of print for decades.

There is no doubt that Dinshah was not entirely innocent in attracting the wrath of the medical establishment: he had never hesitated to criticize it vigorously, and his scientific method was certainly not entirely beyond reproach. But it would have been far wiser to try to understand the basis of the beneficial effects of light that he had started to uncover than to set about destroying and erasing all traces of his life’s work.

By the beginning of the 1950s, the majority of outlets for the practice of light therapy had disappeared from hospitals and clinics throughout the world, and those who still dared to practice this technique had to do so more or less undercover. What a change in just a few short years, as illustrated by the following: An advertisement in a 1927 edition of the Journal of the American Medical Association (the official publication of the American Medical Association) contains the praiseworthy statement, “Light is to Health and Happiness as Darkness is to Disease and Despair.” A February 2000 edition of the same journal offers the following: “The therapeutic efficacy for infrared, ultraviolet and low energy laser therapies has not been sufficiently established to permit recommendation” (Bello and Phillips 2000).

One hundred and fifty years of medical treatments using therapeutic light were thus obliterated.




THE NEW AGE OF LIGHT

Luckily for our story, a new starting point began with the emergence in the 1980s of what Brian Breiling (1996) calls “the new age of light.” It had already been foreseen through the work of those like photobiologist Dr. John Nash Ott, who in the 1970s was able to establish the importance of biological considerations when evaluating the quality of artificial light sources. Ott showed that artificial lights often have a deficient spectra, thus provoking what he called malillumination, an environmental condition characterized by the absence of full-spectrum light. Other significant research included that of Dr. Fritz Hollwich, a German ophthalmologist who published a trailblazing book in 1979 titled The Influence of Ocular Light Perception on Metabolism in Man and in Animal. Norman Rosenthal et al. (1984) studied the relationship between the lack of light and depression, coining the term seasonal affective disorder, or SAD, to describe this condition. And Michael Terman et al. (1988) explored the use of bright light therapy as a treatment of SAD, which opened the door to a renewed interest in research on chronobiology.

Today’s syntonic optometrists, who now number more than 1,300 professionals worldwide, are continuing the work of Harry Riley Spitler, reexamining the work of the past to promote the worldwide diffusion of this technique.

Meanwhile, the son of Dinshah Ghadiali, Darius Dinshah, continues the work of his father, whose institute he has reopened. Some therapists, such as Dr. Alexander Wunsch, a German physician of holistic medicine and photobiology, are reviving the Spectro-Chrome system, but with more efficient and proficient means based on modern light sources that are far more effective than those that were available to Dinshah himself.

In 1986, American optometrist John Downing developed a new pulsating light device, the Lumatron (see fig. 1.20), which later on led to the development of the Photron light therapy unit—the very same device that Brian Breiling demonstrated to me in his home in California. Both these devices can help reestablish the equilibrium of the autonomic nervous system according to Downing’s theory of neurosensory development.

Finally, in 1990, Dr. Jacob Liberman published his book Light: Medicine of the Future, which has since become one of the most popular books of all time on vision and chromotherapy.

Key Discoveries

Scientific research on the biophysical influence of light has led to some of the most prominent discoveries in recent years. In 1995, biologist Tiina Karu, head of the Laboratory of Laser Biology and Medicine of the Russian Academy of Sciences, published her discovery of the main component in the regenerative action of light on our cells, the cytochrome
c oxidase enzyme. Her undeniable evidence for the existence of this regenerative process, which she calls photobiomodulation, has rekindled a global interest in the biological effects of light. In 2002, Samer Hattar et al. announced in the journal Science their discovery of a new type of photosensitive cell in the retina, until then unknown, revealing the missing link that explains the influence of light on our hormonal system.

Beginning in the 1990s, the American space agency NASA, as well as its Russian counterpart, has been showing great interest in the medical potential of light for astronauts undergoing space travel. The goal is to produce devices for healing and regeneration that are small and lightweight enough to be operable in space. The initial financial investments that have been made in this area have contributed significantly to stimulating the new wave of research.
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Figure 1.19. Dr. John Downing
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Figure 1.20. The Lumatron Light Stimulator (1986) (© Dr. John Downing)

Recently, curious to know the magnitude of actual research being done on therapeutic light, I conducted a small inquiry using Google Scholar, which indexes a repository of scientific articles published all over the world. One finding was particularly relevant: the number of articles in the “Medicine and Pharmacology” category containing the keywords related to my search: light, health, color, and therapy. It was of particular interest to me to note that although only a few dozen articles or so per year could be found from the 1980s, we are suddenly confronted with an acceleration in publications in this area beginning in 1995, with consistent progression increasing to some 10,000 articles per year at this present time. Furthermore, this number represents 5 percent of the total for the entire “Medicine and Pharmacology” category—a remarkably sizable proportion. So we are now witnessing a veritable explosion of scientific research in this field, heralding a new “medicine of light” that is unfolding before our eyes.
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Figure 1.21. The exponential acceleration of research in light medicine

The Future of Light Medicine

A new generation of researchers is pressing up against the old boundaries zealously imposed by the medical establishment, delving into what is broadly known as energy medicine and opening vast new domains of study previously rejected by the mechanistic and reductionist approach that dominated institutionalized science for the last century. These researchers are often found at the forefront of their specialty and have been incorporating such fields as bioelectronics, quantum mechanics, and neurophysiology in their exploration of the interaction between living organisms and energy fields such as light (more on this in chapter 7). They have been uncovering a level of sensitivity and complexity in these interactions hitherto unimaginable.

This emerging paradigm naturally faces great resistance. The medical establishment is one of the largest enterprises of our society. Its sheer size generates enormous inertia that is driven by economic and political interests that very few people continue to consider impartial. The pharmaceutical industry behemoth—Big Pharma, as it has come to be known—behaves according to its nature and therefore does everything in its power to maintain the status quo, investing some $230 million a year in the United States for lobbying purposes alone, more than any other industry.

Apart from the economic pressures brought by the pharmaceutical industry, scientists have a very human tendency to reject that which goes beyond their conditioning, acquired from a long and arduous formal education. And since scientists have become the priests of our modern world, public opinion and the media can do nothing other than obey their wise counsel.

Regardless, even this kind of resistance cannot stop the inevitable. Biologist James Oschman (2015), author of the groundbreaking book Energy Medicine: The Scientific Basis, expresses this eloquently. He says the amount of research carried out on the energetic properties of life has already attained such critical mass that it has now become impossible for any reasonable scientist to ignore this field of inquiry, so the scientific world is gradually being forced to shift. The energetic influence of light, an essential aspect of its nature, although still largely ignored by conventional medicine, is destined to assume a place of growing importance in the near future. The story behind some of these new and wonderful developments will be told in the chapters that follow.
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A SHORT HISTORY OF THE SCIENCE OF LIGHT
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Revelations from Crucial Experiments

All these fifty years of conscious brooding have brought me no nearer to the answer to the question “What are light quanta?” Nowadays, every Tom, Dick, and Harry thinks he knows it, but he is mistaken.

ALBERT EINSTEIN, IN A LETTER TO HIS FRIEND MICHELE BESSO, 1954

PRECISELY ONE THOUSAND YEARS AGO, the great Arab polymath Ibn al-Haytham (aka Alhazen) was the first to propose a coherent scientific theory of light in his Book of Optics. Based on the ancient works of Euclid, Ptolemy, and Aristotle, he conceptualized light as linear rays, the trajectories of which he studied in detail using mirrors and lenses.

Alhazen’s works, translated into Latin, inspired generations of researchers in Europe, including Galileo. The latter, in 1609, created his first telescope based on models that two Dutch glassmakers had tried to patent the year before.

It was in 1666 that Isaac Newton, while attempting to improve a similar sort of optical instrument, obtained a magnificent spectrum of colors, like a rainbow. This he achieved by passing plain white light through a prism. Others had done this before, but Newton was the first to show that all these colors were actually contained in white light, a discovery he confirmed by sending the colored spectrum through a second inverted prism to reconstitute the white light. This demonstration is so pertinent in science that it is referred to as his experimentum crucis, his “crucial experiment” (see fig. 2.3).
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Figure 2.1. Ibn al-Haytham
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Figure 2.2. Illustration from Alhazen’s Book of Optics
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Figure 2.3. Isaac Newton and his experimentum crucis


LIGHT HAS LENGTH

Though he found that each color as it passes through a prism bends at a different angle, Newton could not explain this fact within the context of the model he had devised, in which light is composed of small particles. We must wait till 1801, when English physician and physicist Thomas Young demonstrated experimentally that light is a wave, with peaks and valleys of intensity, like a ripple on the surface of water, and that the length of the wave varies according to the color. Remarkably, Young was able to measure that length: it goes from 0.0004 millimeters in the case of violet to 0.0007 millimeters for red. Young further deduced how, when going through Newton’s prism, a light wave is deflected according to its wavelength.

In his most famous experiment, Young had light from a single source pass through two narrow slits while he examined the effect of the projections on a screen placed beyond the slits. He observed a surprising result: alternating patterns of lighter and darker bands. Only one conclusion was possible: the waves from the two slits overlapped, combining their peaks and valleys in what is called an interference pattern. One can easily visualize this phenomenon with the analogy of waves on water. Imagine a calm lake into which two stones are dropped near to each other: circular waves will expand from the point of impact until they meet and overlap—just as light waves did when passing through Young’s slits. Later we will come back to this experiment, which in its great simplicity reveals more than just one secret.
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Figure 2.4. Young’s slits




LIGHT HAS SPEED

By synthesizing and building on the research of his contemporaries, including Charles-Augustin de Coulomb, André-Marie Ampère, Michael Faraday, and Carl Friedrich Gauss, Scottish physicist James Clerk Maxwell published in 1861 his equations describing the behavior of electric and magnetic fields. In the years that followed, Maxwell came to realize that these equations reveal that these fields propagate in the form of waves, and furthermore that electric and magnetic fields can become associated in such a way that they are perpendicular to one another to form a joint wave called an electromagnetic wave (see fig. 2.6). The orientation of the two fields determines the direction of polarization, which is always perpendicular to the direction in which the wave is traveling.

Maxwell was even able to calculate the speed of these waves, in the order of 300,000 kilometers per second.*2 As it happened, a few years earlier, in 1850, French physicist Léon Foucault had measured the speed of light with greater precision than had ever been achieved previously and had obtained the same value. So it was revealed that light had to be a form of this new kind of electrical wave!
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Figure 2.5. James Clerk Maxwell
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Figure 2.6. The electromagnetic wave

With regard to this remarkable discovery Einstein wrote the following in 1940:

The precise formulation of the time-space laws was the work of Maxwell. Imagine his feelings when the differential equations he had formulated proved to him that electromagnetic fields spread in the form of polarized waves, and at the speed of light! To few men in the world has such an experience been vouchsafed . . . it took physicists some decades to grasp the full significance of Maxwell’s discovery, so bold was the leap that his genius forced upon the conceptions of his fellow workers.

For nineteenth-century physicists, light waves, like waves that travel on water, had to have a static surrounding medium in which to move. They called this hypothetical substance filling space ether, but research on its mysterious nature brought up more and more contradictions. The final blow was struck by an experiment by American scientists Albert Michelson and Edward Morley. In 1887, they attempted to measure the speed of the “wind” created as Earth moves through this ether,*3 which is assumed to be stationary. No ether was detected, and the speed of light remained constant regardless of the movement of its source. This absolute constancy has since then been confirmed to the extreme precision of one part per 1017.




LIGHT IS ENERGY

Drawing inspiration from this paradoxical property of light, Albert Einstein published his first theory of relativity in 1905. Rather than look for a cause for this behavior of light, Einstein considered it to be a fundamental law of nature, and he imagined a model of the world from this perspective. In doing so he had to take into account another empirically confirmed fact: namely, that the laws of physics remain constant regardless of the speed of an observer. Thus a physicist making a measurement pertaining to a particular system will obtain the same result whether he is moving in relation to that system or not.

Focusing on just these two postulates—the constancy of the speed of light and the invariance of the laws of nature with regard to the movement of an observer—Einstein made a series of crucial deductions. Time and space as perceived by an observer can become compressed or stretched, and the mass of moving objects tends toward infinity as they approach the speed of light—a speed that henceforth can never be surpassed. A few months later, Einstein further deduced the extraordinary relationship between energy and mass at rest, a discovery now known as the famous E = mc2 equation.

It is hard for us to conceptualize this peculiar constancy of the speed of light. For example, in our world if two trains are hurtling toward each other, both traveling at speed v, they will collide at twice the speed of v, or 2v. But if two rays of light, each traveling at speed c—the symbol used to denote the speed of light in a vacuum—are heading toward each other, then time and space are modified in such a way that their relative speed will remain at c (see fig. 2.7). This strange behavior indicates the extent to which light, even if it is so familiar and ever present around us, arises out of a very different reality from our material world.

In fact, the speed limit c is not as much a property of light as it is of space itself. An analogy can be made if we imagine a slope along which a current of water will spontaneously flow; this natural movement at the speed c is that which all particles unencumbered by mass (such as light photons, which have zero mass) will flow freely in the vacuum of spacetime. In the Earth’s atmosphere light slows down by about 90 kilometers per second and in water by as much as 200,000 kilometers per second. It is even possible to stop it completely in a superfluid, an environment composed of magnetically confined atoms, as Danish physicist Lene Vestergaard Hau managed to observe in 2001.
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