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MORE ADVANCE PRAISE FOR THE JAZZ OF PHYSICS


“Whether he’s hanging with Brian Eno or Brian Greene, Alexander never loses sight of the math or the melodies, never condescends to his reader, but rather uses his own childlike awe and personal charm to take us into the details of chords and equations. It’s impossible to resist following him as he ‘solos with the equations of D-branes’ on paper napkins in jazz clubs, searching for the eloquent underlying harmonies that brought the universe (and us) into being.”


         —K. C. Cole, author of Something Incredibly Wonderful Happens and The Universe and the Teacup: The Mathematics of Truth and Beauty


“Music, physics, and mathematics have lived in tune since Pythagoras and Kepler, but Stephon Alexander’s book creates a new and powerful resonance, coupling the improvisational world of jazz to the volatile personality of quantum mechanics, and making the frontiers of cosmology and quantum gravity reverberate like in no other book.”


         —João Magueijo, professor of physics, Imperial College London, and author of Faster Than the Speed of Light


“The Jazz of Physics is a cornucopia of music, string theory, and cosmology. Stephon Alexander takes his reader on a journey through hip hop, jazz, to new ideas in our understanding of the first moment of the big bang. It is a book filled with passion, joy, and insight.”


         —David Spergel, Charles Young Professor of Astronomy and department chair, Department of Astrophysical Sciences, Princeton University
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INTRODUCTION


            It occurred to me by intuition, and music was the driving force behind that intuition. My discovery was the result of musical perception.


            —Albert Einstein (when asked about his theory of relativity)


            And I cherish more than anything else the Analogies, my most trustworthy masters. They know all the secrets of Nature, and they ought least to be neglected in Geometry.


            —Johannes Kepler


Humans are special. Eleven billion years after the birth of the universe, conditions were just right for the seething, mineral-rich oceans of the planet we call Earth to spawn life—a mutating, evolving, hungry survivor. In just the last sliver of the life of the universe, we humans have grown both to cultivate Earth and unabashedly look to the skies to understand where we come from.


The people of every culture have pondered their origins and the origins of the cosmos. What is this space around us? Where did we come from? It is no mistake that these questions—questions that many of us asked as children—remain some of the most pressing in science. Questions like these point both to our innate curiosity about our origins and, as questions do, to the limits of our knowledge. For millennia we could only answer these questions with myth. But since the scientific revolution, we have tried to put myth aside, leaving the exploration of human and universal origins to scientists and their hard-fact methodologies. Modern cosmologists, though armed with fancy equations and high-tech experiments, can be said to be the myth makers of our time. Despite our precision mathematics and experiments, new surprises in modern physics and cosmology have emerged that compel some of the most able physicists to resort to myth making to try and explain the mind-bending information they have uncovered about the nature of the universe.


Heroic attempts have been made to relate the concepts that underlie modern cosmology to lay readers, but it is all too easy for books to fall short of the promise to explain. Putting into words subjects like general relativity and quantum mechanics, which are naturally communicated with the language of mathematics, is a tall order. These complex equations can blind even physicists, who themselves are challenged to completely understand or visualize what their formulas are telling them, a fact that emphasizes the need to find other ways to conceptualize the structure of the universe through clear physical pictures or analogies. I’ve found that the most successful books in communicating ideas are those that find the best analogies to mirror the physics. In fact, analogical reasoning will be a key driving force behind this book.


This book will take you on a firsthand journey into the process of discovery in theoretical physics research. We will see that, contrary to the logical structure innate in physical law, in our attempts to reveal new vistas in our understanding, we often must embrace an irrational, illogical process, sometimes fraught with mistakes and improvisational thinking. Although it is important for both jazz musicians and physicists to strive for technical and theoretical mastery in their respective disciplines, innovation demands that they go beyond the skill sets they have mastered. Key to innovation in theoretical physics is the power of analogical reasoning. In this book, I will show how the art of finding the right analogies can help us break new ground and traverse the hidden quantum world to the vast superstructure of our universe.


In this book, music will be the analogy that not only will help us understand much of modern physics and cosmology but will help unveil some recent mysteries that physicists face. Even while writing this book, this analogical thinking enabled me to discover a new approach to a long-standing unresolved problem in early universe cosmology. One of the biggest questions in understanding this, and a huge open issue in cosmology, is how the first structures emerged from an empty and featureless infant universe. The intricate way that the fundamental laws of physics work together to create and sustain the overarching structure of the universe, responsible for our very existence, seems like magic—not unlike how the bare bones of music theory have given rise to everything from “Twinkle Twinkle Little Star” to Coltrane’s Interstellar Space. By using an interdisciplinary focus, inspired by three great minds (John Coltrane, Albert Einstein, and Pythagoras), we can begin to see that the “magical” behavior of the blossoming cosmos is based in music.


About a decade ago, I sat alone in a dim café on the main drag of Amherst, Massachusetts, preparing for a physics faculty job presentation when an urge hit me. I found a pay phone with a local phone book and mustered up the courage to call Yusef Lateef, a legendary jazz musician, who had recently retired from the music department of the University of Massachusetts, Amherst. I had something I had to tell him.


Like an addict after a fix, my fingers raced through the pages anxiously seeking the number. I found it. The brisk wind of a New England autumn hit my face as I called him. At the risk of rudely imposing, I let the phone ring for quite a while.


“Hello?” a male voice finally answered.


“Hi, is Professor Lateef available?” I asked.


“Professor Lateef is not here,” said the voice, flatly.


“Could I leave him a message about the diagram that John Coltrane gave him as a birthday gift in ’61? I think I figured out what it means.”


There was a long pause. “Professor Lateef is here.”


We spoke for nearly two hours about the diagram that appeared in his acclaimed book Repository of Scales and Melodic Patterns, which is a compilation of a myriad of scales from Europe, Asia, Africa, and all over the world.1 I expressed how I thought the diagram was related to another and seemingly unrelated field of study—quantum gravity—a grand theory intended to unify quantum mechanics with Einstein’s theory of general relativity. What I had realized, I told Lateef, was that the same geometric principle that motivated Einstein’s theory was reflected in Coltrane’s diagram. Einstein was a hero of mine. So were Coltrane and Lateef.


Professor Lateef shared some important information with me about how the diagram approximated cycles of fourths and fifths. He also had a deep interest in philosophy and physics and schooled me on his concept of autophysiopsychic music, which is music from one’s physical, mental, and spiritual self.2 This concept would have a major impact on my subsequent research relating music and the cosmos. Lateef encouraged me and vindicated my hope that there was a deep connection between music and the structure of the universe. That day, like a stereoscopic image coming into focus, my parallel lives in physics and jazz blended before my eyes, creating a new dimension.


Coltrane was fascinated by Einstein and his ideas. Einstein is famous for what is perhaps his greatest gift: the ability to transcend mathematical limitations with physical intuition. He would improvise using what he called gedankenexperiments (German for thought experiments), which provided him with a mental picture of the outcome of experiments no one could perform. For example, Einstein imagined what it would feel like to ride a beam of light. It takes insight to do this successfully. Another resource for Einstein was music. Though not a well-known fact, Einstein played the piano. Elsa, his second wife, once remarked: “Music helps him when he is thinking about his theories. He goes to his study, comes back, strikes a few chords on the piano, jots something down, returns to his study.” On the one hand, Einstein used mathematical rigor; on the other, creativity and intuition. He was an improviser at heart, just like his hero, Mozart. Einstein once said, “Mozart’s music is so pure and beautiful that I see it as a reflection of the inner beauty of the universe.”
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FIGURE INT.1. Diagram that John Coltrane gave to Yusef Lateef as a birthday present in 1961. Any other reproduction of the image is prohibited. Ayesha Lateef.


What the Coltrane mandala made me realize was that improvisation is a characteristic of both music and physics. Much like Einstein working with his thought experiments, some jazz improvisers construct mental patterns and shapes when they solo. I suspect that this was true of Coltrane.


John Coltrane passed away in 1967, two years after the cosmic microwave background radiation, a relic of the big bang itself, was discovered by Arno Penzias and Robert Wilson. The discovery crushed the theory of a static universe and confirmed an expanding one, as predicted by Einstein’s theory of gravity. Among Coltrane’s last recorded albums were three entitled Stellar Regions, Interstellar Space, and Cosmic Sound. Coltrane played with physics in his music and, incredibly, correctly realized that cosmic expansion is a form of antigravity. In jazz combos, the “gravitational” pull comes from the bass and drums in the rhythm section. The songs in Interstellar Space are a majestic display of Coltrane’s solos expanding, freeing themselves from the gravitational pull of the rhythm section. He was a musical innovator, with physics at his fingertips. Einstein was an innovator in physics, with music at his fingertips. Nevertheless, what they were doing was not new. They were both reenacting the connection between music and physics, which had been established thousands of years earlier when Pythagoras—the Coltrane of his time—first worked out the mathematics of music. Pythagoras’s philosophy became “all is number,” and music and the cosmos were both manifestations of this philosophy. In the mathematics of the orbits of the planets rang “the music of the spheres,” playing a harmony with the tones of a vibrating string.


Following in Coltrane and Einstein’s steps, in this book we, too, will revisit the ancient realm where music, physics, and the cosmos were one. We will see how Pythagoras and others began to understand sound, and how their ideas and practices, in the minds of great thinkers like Kepler and Newton, developed into our present-day understanding of the dynamics of strings and waves. Twenty-five hundred years later, the inventors of string theory are busy investigating how fundamental strings might be used to unify the four forces of nature. Yet how many of them remember or place importance on the fact that one of the central equations of their theory, the wave equation, is rooted in a search for the universal connection to music?


This book is also an exercise in the power of analogies. By reconnecting the disciplines of physics and music through analogy, we can begin to understand physics through sound. We will see that harmony and resonance are universal phenomena and can be used to explain the dynamics of the early universe. As we’ll see, a host of cosmological data reveals that roughly fourteen billion years ago, a relatively simple set of sound patterns developed into structures such as galaxies and galaxy clusters, which eventually enabled the development of planets and life itself.


We will also consider life’s quantum origins. In most music, the range of tones in a scale is limited to discrete vibrations. The subatomic realm is also made up of discrete packets, known as quanta (hence quantum mechanics). After the Large Hadron Collider’s recent confirmation of the Higgs boson particle, we have verification that the paradigm that underlies much of physical reality is quantum field theory. It’s a mathematically daunting area of physics. Fortunately, for us, much of it can be understood in terms of the elements of music. For instance, broken quantum symmetries are vital in producing our fundamental forces and particles, just the way broken symmetries in musical structures, such as a major scale, create a sense of compositional resolution. Improvisation will play in our exploration, providing us with a tool for understanding the quirky dynamics of the quantum world: its inherent uncertainties and the idea that each outcome is actually the sum of all possible outcomes.


Next to mathematics, I learned that one of the most powerful tools involved with unraveling the secrets in the theoretical sciences is simplifying the system at hand and borrowing an analogy from what might, at first glance, be a completely unrelated discipline. It is in the limits of these analogies, where there exists a need for further research, that an avenue for discovery lies. It’s like interdisciplinary rock hopping, from the bank of ignorance to the bank of knowledge, while the wide river of life rushes past.


While physics has reached unprecedented success in unveiling nature’s secrets, from the smallest and largest imaginable distances, it’s no secret that the physics community is in a state of crisis. Physicists are stuck with fundamental problems, like the apparent “fine-tuning” of the universe, an example being the delicate balance of the relative strengths of the four forces in nature that forms carbon-based life. I want to encourage the idea that physics can enter a new era of being inclusive and interdisciplinary—an improvisational physics. Rooted in cross-disciplinary analogies, improvisational physics pushes boundaries at the limits of analogy.


This is my journey. I was an adolescent, the son of a New York cab driver from Trinidad, when I rebelliously fell in love with a book called The Privilege of Being a Physicist by Victor Weisskopf. My family expected music to be the object of my desire. “There are two things that make life worth living,” said the author and Nobel laureate Victor Weisskopf, “Mozart and quantum mechanics.” I loved Mozart but didn’t know about quantum mechanics. This turned out to be the beginning of a long love affair that would become my future and would include more than quantum mechanics and Mozart: cosmology and John Coltrane would be the heart of this driving passion. But becoming a physicist has taken me places even those names couldn’t have predicted. I have paved an unconventional path fusing jazz and physics to arrive at my profession as a theoretical physicist. It has only been possible because, over the last twenty years, I have been mentored and empowered by many teachers and friends, such as the Nobel laureate and superconductivity and music-loving pioneer Leon Cooper, as well as physics-enthusiast musicians, such as Ornette Coleman and Brian Eno. They taught me the importance of interdisciplinary thought and of seeing how analogies could be used to push the boundaries of knowledge.


Meeting these influential figures is part of the journey. Tapping into the beats and grooves of music theory is part of the journey. Tracing the evolution of structure in our universe is part of the journey. Creating an analogy between physics and music is part of the journey. Not having an adequate analogy, and needing rigorous calculations for clarity, is part of the journey.


How to Read This Book


This book will explore a lot of modern physics, relativistic cosmology, and music theory, but it requires no background in those fields; everything is self-contained. I have found over the years that learning through storytelling is an engaging and effective device for transmitting complex ideas in physics, and there are many stories in this book that contain profound concepts. From time to time, there will be some beautiful equations, but it’s not necessary to understand these equations to grasp a concept. If you encounter an equation that you don’t quite get, I encourage you to skip it and continue reading. Usually I find from my own experience that after a qualitative grasp of a concept, I can understand the equation in hindsight. Nonetheless, the equations are usually derived and explained in words.


I invite you, the reader, to a ball where physics and music dance with each other. I invite you, the reader, to research and question with me. I invite you, the reader, to take our musical analogies seriously and ask if we can learn something new about the universe through them. Let’s improvise.









1


GIANT STEPS


            Music is the pleasure the human mind experiences from counting without being aware that it is counting.


            —Gottfried Leibniz


On a sunny summer day, Ruby Farley—Mum to her grandchildren—sat sternly in her rocking chair, a flowery Caribbean head tie wrapped around her head. Children were playing Wiffle ball outside her Bronx brownstone. With her melodious Trinidadian accent, Mum cried, “Ah don’t care if yuh have to sit down and practice on de piano for hours, yuh not leaving until yuh learn dat song!” Her eight-year-old grandson found it hard to place his fingers correctly on the keys. He was on the verge of tears because the only music he could hear were the joyful sounds of his friends playing outside. Suddenly, Mum’s grimace softened. She smiled and sang to herself, “Ah can see it now, my grandson’s name in lights on Broadway.” Mum had saved her money working as a nurse’s aide in the Bronx for thirty years in hopes of getting me there, but I never became that concert pianist.


Ruby Farley, my father’s mother, grew up in Trinidad in the forties, when Trinidad was a British colony, and moved to New York City in the sixties. There was a dynamic exchange of music between the Caribbean and New York at the time, and Mum carried more music with her than just her Trinidadian accent. When she would return to New York from Trinidad, she would bring records of calypso greats, like the Mighty Sparrow and Lord Kitchener, and it was through those albums that I was exposed to the merging of soul music with calypso indigenous to Trinidad. This “soul of calypso,” or soca music, was a fusion of the East Indian and African cultures. The music was developed in the late sixties and reached its modern form, which included influences of soul, disco, and funk music, in the seventies, when Trinidadian artists were recording in New York City.


To Mum, and many Afro-Caribbeans of her generation, being a musician was one of the few professions that afforded economic and social mobility. Mum’s grand plans for me to study classical music and become a concert pianist began even before my parents and siblings left Trinidad to stay with Mum for a few years when I was eight. It was her way of handing me a ticket to the economic freedom that she and my parents had never tasted. My piano teacher Mrs. Di Dario, an Italian woman in her seventies, was a strict taskmaster. For an average eight-year-old, five years of learning études and memorizing scales with her was arduous, but it was the implicit pressure of the need to succeed that made it oppressive. Still, while I didn’t enjoy the tedium of practicing under Mum’s expectant eye, the classical composers, whose music I was learning to play, hooked my adolescent curiosity. They were able to put the scales together to make music! The idea that so many songs could come from only twelve keys fascinated and absorbed me. As I practiced, I became distracted by thoughts that were shaping into profound questions. How did people come to invent this thing called music? Why was it that when I played a major scale, I felt happy? C, E, and G, all notes in the key of C major, were happy notes. These are the first three notes in the first line of Elvis Presley’s song “I Can’t Help Falling in Love”—“Wise (C) men (G) say (E).” But when my finger climbed down from that white E key to the black E-flat key, that happy sound became sad. Why?


I was more interested in how music worked than learning to play others’ compositions. This intrigue stayed with me throughout my youth and adulthood, but it couldn’t focus my attention on regular practice. Eventually, my melodious Trinidadian grandmother realized that her money wasn’t enough to nurture talent and so put up the white flag, and the piano lessons ended.


At that time I was attending Public School 16 and was in Mrs. Handler’s third-grade class. My handwriting was bad, and my shy and inquisitive nature was interpreted as “slow.” I had a near miss being put in a class for the mentally challenged because teachers doubted what my parents didn’t. But I was spared, and one day found myself on a life-changing field trip. Back in those days, there were programs for public school classes to go to Broadway plays and museums for free. Mrs. Handler’s class got to go see the dinosaurs at the Museum of Natural History. We students walked in a line holding hands through the grand corridors of stuffed creatures, seemingly ready to pounce, sleep, feast, or cry out.


Approaching the main hall, I noticed a smaller corridor to the left. At the back of the line, like a curious cat, both determined and naïve enough to potentially sacrifice one of its nine lives, I took the liberty of sneaking off to see what was there. I found myself alone staring at some papers protected by a thick glass pane. The writing on them was hieroglyphic and clearly handwritten. To my eight-year-old eyes, it didn’t look like it was from this planet. Then I saw the picture of the person behind these puzzles. His wiry hair formed an uncombed white-gray halo. His intensely focused gaze was calm but touched with mischief. I pictured him hunched over a desk, scribbling in code, perhaps humming to himself in satisfaction or grunting in frustration. It was the first time I had seen Albert Einstein and his equations describing his theory of relativity. The magic began.


I didn’t know that those enchanting scribbles described time and space as a single, changeable entity. But I did feel that those moments of contemplation stretched into what felt timeless. My eyes darted back and forth between Einstein’s image and the symbols he had written. I sensed I was like him, and not just because my curly Afro resembled his wild locks, but because I saw a loner who liked to play with symbols and ideas the way I liked to play with musical notes on paper to make my own songs and try to answer my own questions. I wanted to know more. I wanted to figure out what he wrote. Something in me felt that, whatever Einstein was, I wanted to become like him. In those moments, I realized that there was something beyond my reality in Mrs. Handler’s third-grade class, beyond the Bronx, maybe beyond this world, and that it had to do with those enigmatic symbols written down long ago by Albert Einstein, now preserved behind glass.


Fast-forward four years. In the early eighties in the Bronx, most teenagers, including me, were consumed with hip-hop, a music that reflected our experiences and backgrounds. It blended the funk of James Brown and Parliament with the extemporaneous lyrical forms of Caribbean and Latin music. A handful of my neighborhood friends would go on to become successful hip-hop producers and artists. My friend Randy, who later became Vinny Idol, was the most memorable. Randy was a tall, handsome twelve-year-old music fanatic of Jamaican ancestry who lived in a building on my newspaper delivery route. We bonded over our shared love for and understanding of music. I would frequently stop at Randy’s apartment, and he would play me soul music from his record collection. He would often jam on his electric bass to the records. That, I liked. There it was again—that fascination in me to use notes to create, not just reproduce. Improvisation. This was my first true taste of it.


I had a room in the attic of our home that became my “mad scientist” lab—my workshop for experimentation. It was filled with disassembled radios, failed electronic toy projects, and a Marvel comic-book collection. Most every night, before going to sleep, I would play the radio stations that were popular with seventh-graders—98.7 Kiss FM or 107.5 WBLS—but one night, I decided to look for a new station. As I turned the tuning knob, half-hoping to find a new beat to share with my friends, my ears autofocussed onto a sound that, at first, I mistook for the white noise one hears between stations. It wasn’t. After a few seconds, I recognized it as a saxophone. The music initially seemed chaotic and random, but it filled me with a mysterious energy that kept my attention locked on the station. I was spellbound by this sound, and I listened until the song’s completion. The disk jockey came on and said, “You were just hearing the free jazz music of Ornette Coleman.” There it was again. Improvisation.


My father was a big fan of the saxophone and noticed my growing interest in it. He and my mother got me a used vintage alto sax that they purchased at a garage sale from the wife of New York Mets baseball player Tim Teufel. My parents paid fifty dollars for the sax, and despite the few dings and the worn-out lacquer, it played well. I later joined the band at my middle school, John Philip Sousa Junior High School, which Mr. Paul Piteo, a professional jazz trumpeter, led. He showed me how to get notes out of the sax and to make my own reeds. “Finally,” I thought to myself, “I don’t have to practice.” Armed with tools of musical independence, I could play free jazz, like my friend Randy, like Ornette Coleman. I could just improvise. This was fun. This was music to me. Nothing like practicing the piano.


Looking back today, I had no idea how wrong I was. I had fun mimicking and jamming to the popular songs on my portable radio, but there’s no free lunch in free jazz. In traditional jazz, there are well-defined melodic themes and harmonic movements throughout a song. During my early days as a student of jazz, I used to think that playing free jazz meant that anyone can pick up an instrument with no training or practice and improvise meaningfully. As I matured musically and came to understand the rules of harmony and the basic forms in the standard jazz tradition (which I will later discuss), I discovered that free jazz does have its own internal structure and is an extension of the standard jazz tradition. A free jazz musician has very little structure to depend on and is challenged to improvise something that moves the audience. But what is this thing we call music?


Music is deeply human.1 Everyone has different tastes and preferences in music. I have some friends who only listen to electronic music; others think that jazz is the only thing worth listening to. I also know people who believe the only “real” music is classical. There is a growing community of individuals that enjoy noise music. Given the difficulty in finding a definition of music that works for everyone, I am going to restrict our discussion of music to the classical Western tradition. I do this because much of the music discussed in this book is based on the classical Western twelve-tone system. In general, a piece of music can be represented as a complex sound waveform that evolves in time. Contained within this waveform are perceived elements such as tone, meter, rhythm, pitch, melody, and harmony.2


Defining the various elements of Western music is a subtle matter. For the sake of brevity, I will provide a simplified description. Imagine hearing a song that begins with just a piano; that discrete sound is an example of tone or note. A tone can be perceived to have a definite frequency (or pitch) that belongs to a specific musical scale with a finite set of frequencies. A melody is a succession of tones that is usually the main theme in a musical piece. We all have a favorite melody—mine is “My Favorite Things.” Dancers pay special attention to meter, which is the recurring coherent pattern of accents that provide the pulse or beat and is important in developing the song’s rhythm. Beats in a meter are grouped in bars. For example, the meter in the waltz will have beats in groups of three for each bar, while a techno beat will have four recurring beats. Harmony involves the consonant or dissonant relationship between notes played simultaneously, and these chords create a movement between musical tension and release.


Music is a physical event, and like most nontrivial physical systems, it has structure or, as musicians call it, form. Just as the skeleton determines the shape of an animal, the musical form provides the scaffold for melody, rhythm, and harmony to unfold in a coherent manner. In many cases, at the beginning of a composition, a motif or theme is initiated. We see this in a lot of classical and baroque music. One of the most famous motifs is the first four notes in Beethoven’s Fifth Symphony: ta ta ta taaaa. This motif can be tied together into a phrase, which is the musical equivalent of a sentence, a grouping of notes with a coherent musical sense.


Phrases can fit into a given chord, or key. In many popular forms of music, the chords will change and eventually return back to the home chord. Many songs begin with a home key and take a journey deviating away from that key with a return to the home key, usually designated by the Roman numeral I. A typical chord movement in most Western music is the II-V-I progression. In the key of C, this corresponds to D-G-C. One of my favorite II-V-I songs is Cole Porter’s “Night and Day,” made popular by Frank Sinatra. Another common music form is the blues, which uses twelve bars that move from I–IV with a few repetitions and an eventual return to I. Listen to any B.B. King song and you can hear how this progression functions.
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FIGURE 1.1. Schematic of the twelve-bar blues structure. The meter is usually four beats per bar. In the key of C, the form begins with the tonic: the first note of the scale (I) repeats itself for four bars then ascends to the fourth (IV), which is F. In the last four bars, the harmony eventually resolves to the tonic.


These forms create a progression: tensions and resolutions are created, tapping into human feeling and the aspect of storytelling. Our description of music started with a single note, then chords, phrases, rhythms, and forms—a complex structure that started with a wave and its characteristic wavelength and frequency. All of this opens the doors to human emotion and creativity—using notes to express the personal and connect the self to nature. It emerges almost as if by magic. Indeed, music is deeply human.


Although most popular songs from rock, pop, and jazz are based on straightforward forms like that in Figure 1.1, modern composers, such as György Ligetti, based some of their compositional structures on more intricate self-similar forms like fractals. In these forms, the smaller piece mirrors the form of the larger structure. Many structures in nature, such as snowflakes, leaves, and coastlines, have fractal properties.3 Research has found a fractal structure in some of Bach’s compositions.4 Fractal structures in music occurs when shorter musical lines are mirrored in longer musical passages.


For me, playing my sax was like playing basketball. I did it for fun. It was a hobby, a passion of the times. But lurking somewhere in the depths of myself was that tickle to know more, not just about how to create music but also about its greater origins, its link to our emotions, how to get that something called “music” from “notes.” What were “notes” anyway? What I hadn’t realized yet is that science would help give me those answers. Science would become my true passion.


John Philip Sousa Junior High was situated in the Edenwald Projects, off Baychester Avenue. A few years before I matriculated to Sousa, it was rated as one of the most crime-ridden and dangerous middle schools in the country. That was until Dr. Hill Brindle came on board. Brindle, as we called him, was a towering militant and possessed an articulate baritone voice. His fatherly presence evoked a mixture of admiration, respect, and fear in both the students of the school and the thugs that lurked in the neighborhood. Sousa was a public school, but Brindle ran it like a military private school. As a student at West Point military academy, Brindle had been an Olympic hopeful for the 400-meter dash. But while training on the track one day, Brindle was shot in his thigh by an unknown gunman, destroying his Olympic dreams. His energies needed a new focus, so maybe that was the reason why he later joined Dr. Martin Luther King’s civil rights movement and ended up devoting himself to the education of inner-city students. Every morning at Sousa, Brindle and his deans would be at the school’s two entrances to check that every individual came in with his or her notebook and textbooks. And every Wednesday, Brindle himself delivered a gospel-like speech to the entire school, all students expected in semiformal attire.


During one significant and fortuitous Wednesday morning assembly, Brindle, composed as ever, informed us that we had a special guest, and then exited the stage. I was in eighth grade, and I have never forgotten that day. An older man in an orange jumpsuit with a boom box on his shoulder appeared from behind the stage’s curtains. A well-known hip-hop beat was thumping out of the radio. Some students started laughing as if the man were a clown; others were confused. But most enthusiastically bobbed their heads to the music. The guy certainly got our attention. Then he shut off the music and introduced himself. He was Fredrick Gregory, an African American astronaut. Gregory, speaking with his native Washington, DC, accent, asked, “How many y’all liked that beat? Wasn’t it cool?” The students cheered, smiles on their faces. “Yeah . . . that beat was cool!” he said. The assembly had become a party. Then the astronaut asked, “But do you know how this radio was able to make this music?” He continued, “It’s powerful to own a radio and hear this music, but true power is in the ability to make one of these radios. Knowing how this radio works helped me to become an astronaut. I studied science. I went to college and I got an engineering degree.” It was a powerful message. He had come to the school, to us, and to make it clear why science was important. And he was like us, culturally, socially, economically, geographically. He put it simply. “I’m from the same background as y’all, and if I could do it, so can you!” Science. It wasn’t the first time I had thought about studying science. But this was different.


However, I didn’t begin my journey in science to become a physicist, describing the physics of music or unraveling Einstein’s equations; I wanted to become a roboticist. Next to my radio, my secondhand sax, and all my cluttered bedroom experiments sat my stack of Marvel comics. Tony Stark, the comic-book superhero who built his own Iron Man suit, was a huge inspiration. After that school assembly, although I kept playing my sax in the middle-school jazz band, my main fascination became science.


One day shortly before graduation, Mr. Piteo pulled me aside and said, “Son, you are one of the two most talented music students I ever had. The other guy is the director of the Apollo Theater band. I can get you into the High School of Performing Arts. No problem.” Being able to attend the top music high school in New York City was a tremendous opportunity and would have made Mum proud. But I never told her about it because I had other ideas. I was on the science path and chose to attend DeWitt Clinton High School.


My first day at DeWitt Clinton, which had around six thousand students, threw me. I was sitting in my English class, discussing Hamlet, when the class was disturbed by the sounds of young men rhyming with each other. Outside the classroom windows, a sea of Latino students were playing handball, break dancing, and engaging in “free-style battle rap.” This was an improvisational form of rhyming with rhythmic complexity, and battle rappers would compete with each other while being judged by enthusiastic onlookers. Miss Bambrick, our jolly Irish Shakespearian teacher, interrupted our lesson with an enthusiastic “Now that’s mastery of the English language!”


Life took a turn. I would cut the classes I found boring and take the bus to the basketball courts. It was on the courts that we would both play pickup ball, taking breaks to rap and break-dance on flattened refrigerator cardboard boxes. On the bus, I was joined by others from my high school, who were also cutting class. I would overhear the discussions of some guys who called themselves Five Percenters. They’d debate about humanoid-like aliens that came from space to interact with “the original Asiatic black man.” No joke. I overheard tidbits of other sci-fitopics and realized they really believed them! My high school was one of the meccas of the Five Percenter Nation, and no one messed with them. Those guys were far from feeble and seldom smiled. I thought of the Five Percenters as another gang, but I turned out to be wrong about that. They were highly disciplined and committed to their spiritual and independent intellectual studies, and we had something in common—and it wasn’t just that we were cutting class and toying with “science.” A common practice for Five Percenters was “dropping knowledge,” which is similar to an intellectual debate, sometimes in the form of battle rapping. We both wanted an escape from the dismal prospect the future held for us. I sought my escape through comic books, video games, and my newfound love for science. These guys adopted a worldview from their leader Clarence 13X, a former student of Malcolm X, who, after attaining spiritual enlightenment, spread the following gospel throughout the streets of New York City:


       •   85 percent of the masses blindly follow religion.


       •   10 percent of the masses are deliberately misleading the masses.


       •   5 percent are enlightened and realize that they are “gods” of their own destiny.


       •   Mathematics is the language of reality, and in order to master nature, a Five Percenter must understand the mathematical patterns underlying nature: they called this supreme mathematics.


The Five Percenters were the 5 percent. So when the “gods” saw me repeatedly on the bus by myself, quietly playing with equations I was learning from my mathematics teacher, Mr. Daniel Feder, they would try to engage me in their debates about alien life-forms that had communicated with the original Asiatic black man. Eventually, they invited me to join them. Granted, I was fascinated with their speculations, but I refrained and proceeded with my precalculus homework. Although I never joined the Five Percenters, they admired and protected me from the thugs that often preyed on the weak or nerdy. And I admired them, because MC Rakim, a devout Five Percenter, had just released a debut album, Eric B is President, that had taken New York City and the world by storm. Rakim was, and still is, my favorite MC, and unlike today’s hip-hop, his lyrics promoted self-knowledge and he approached his improvisational delivery like a scientist. Rakim has gone down in history as the greatest battle rapper because of his ingenious improvisational capabilities and the unique polyrhthmic cadence of his rap delivery. I sometimes like to think that the great mathematician Leibniz prophesied Rakim with his quote “music is the pleasure the human mind experiences from counting without being aware that it is counting.” Rakim equates his rhymes to “dropping science.” His hit song, “My Melody,” went something like:


             That’s what I’m sayin’, I drop science like a scientist.


             My melody’s a code, the very next episode.


             Has the mic often distortin’, ready to explode.


             I keep the mic at Fahrenheit; freeze MCs to make ’em colder.


             The Listener’s system is kickin’ like solar . . .


I had my first physics class a year later when I was a sophomore. I was anxious. I wasn’t alone. All the nerds who sat in the front of the room were also scared. A thin bespectacled man with a wild head of hair walked into the room and wrote a simple equation on the blackboard. Three characters and an equal sign: F = ma. Force equals mass times acceleration. An object will accelerate when an external force is applied to it. The more mass an object has the harder it is to accelerate with the same external force. We had never seen such an equation. Mr. Kaplan walked into the middle of the room, sat on an empty desk, and took a tennis ball out of his pocket. He threw the ball up in the air and caught it. He saw everyone was so attentive that he didn’t have to do it again and, after a moment, asked, “What’s the velocity of the ball when it returned back to my hand?” The class sat silent. No one knew what to say. And in that minute or two, magic began to happen. I pictured that tennis ball going up, coming to rest in the air above our heads, and landing again in Kaplan’s hands. Again I saw it happen. And again. I became that ball. My hands trembled, and perhaps, somehow, my eyes deceived me. Kaplan honed in on me.


“What’s your name?” he asked.


“Stephon,” I said.


“So Stephon, what do you think?”


And to my amazement afterward, the words just spilled out: “The ball will have the same velocity as it did when it left your hand.”


Kaplan had a big smile on his face “That’s exactly the answer! This is a sacred principle of nature called the conservation of energy.”


Kaplan proceeded to the blackboard and showed, through simple addition and multiplication and using the symbols of the equation, F, m, and a, how the energy was conserved. Here was a “sacred” principle, demonstrated and intuited, with a tennis ball. For the first time in my life, certain events came together and made sense. I understood something about the world in a way I hadn’t before. The equations brought me back to my face-to-face with Einstein seven years earlier and the attraction I had felt to those mysterious hieroglyphs behind the glass. Here, the power of four symbols, precisely aligned, composed an equation that revealed the functioning of the ball. I came to learn they could describe almost any object in the world, even the planets in outer space. After class, Mr. Kaplan approached me and said, “The best physicists are blessed with the gift of intuition. You have that. Come to my office later.” The Five Percenter influence in the back of my brain made me wonder if I was about to be inducted into a secret society.


Daniel Kaplan had been a trained master composer and a jazz baritone sax player and later was drafted to serve in the Korean War. During the war, he worked on radar technology. Consequently, Kaplan caught the physics bug and upon his return, pursued graduate studies in physics, while still playing his saxophone and composing.


He would be the person that would solidify my passion to become a physicist. Kaplan was the chair of both the music and science departments. When I walked into his office, there was a large picture of Albert Einstein and, across from it, another picture of jazz saxophone player John Coltrane. It was the first time I’d seen them together, and I wondered why Mr. Kaplan would have a picture of a jazz musician along with a physicist. Coltrane would later become my favorite jazz musician because of our shared admiration for Einstein. “You have great physical intuition, but to become a physicist, you need to learn a lot of mathematics. It’s the language of physics,” he said. I told him that I had read a little about Einstein—that matter can be converted to energy. He responded, and I’ll never forget this, “You see that book?” pointing to a gigantic book called Gravitation.5 “It’s all about Einstein’s general theory of relativity. It reveals the secrets behind space, time, and gravity. If you want to be a physicist you have to go to college. Then, when you go to graduate school, you can take general relativity.” He continued, “Come into my office anytime you want to read these books, or if you have any questions, whatsoever.”


I visited Kaplan’s office every spare moment. I read his books and talked physics and music. I’d skip lunch. One day, Kaplan gave me an album, Giant Steps by John Coltrane. This groundbreaking album, released in 1960, was, in hindsight, a demonstration of Coltrane’s “sheets of sound” and a sonic equivalent to Einstein’s bending of the space-time fabric. I ended up joining my high-school jazz band and took calculus at the City College of New York, all under Kaplan’s encouragement. And then almost everything started to shift.


During the mideighties, America transmuted from bell-bottoms to Spandex, from Jimmy Carter to Ronald Reagan, and the Bronx was bubbling with creativity in the arts. One of my best friends, Harvey Fergurson, knowing I played sax, invited me to join his new hip-hop band called Timbukk 3, which was under the mentorship of hip-hop pioneers Afrika Bambaataa and Jazzy Jay. Afrika Bambaataa is known for spreading hip-hop throughout the world and forming the Universal Zulu Nation, which used hip-hop culture to provide peaceful alternatives for gang members. Timbukk 3 was poised to be the Bronx wing of a collective of “conscious hip-hop artists” called Native Tongue. A Tribe Called Quest, The Jungle Brothers, and De La Soul were just a few noteworthy members of Native Tongue. Strong City Studios was Bambaataa’s north Bronx recording studio. There, I sampled beats and had my sax sampled by Jazzy Jay. I loved the excitement of being in the recording booth. With my alto pointed to the mic, I watched as Jazzy Jay and Harvey, bopping their heads by the soundboard, recorded the rhythmic modified Coltrane riffs they elicited from me, which they later chopped into sample bits and included throughout their rap song. Everything was so on: collaboration seemed to make creativity soar, and within a few months, Timbukk 3 was offered a recording deal. It was 1989. Hip-hop’s international appeal and influence was exploding, and the doors were wide open for me to become a beat maker and producer. But, deep down, I knew that I needed to grow musically, especially on my sax. And deeper than that, physics tugged at me. The importance of equations and how things worked far outweighed the hip-hop path. And so I decided to attend college instead.


Growing up in the Bronx, despite its challenges and absurdities, was fertile ground for my becoming a physicist. Although my environment in the Bronx was filled with opportunities to become a working musician, the creative energy expressed by my peers—the battle rappers, break dancers, beat makers, and Five Percenters—and my devoted teachers (in particular Mr. Kaplan and Dr. Brindle) were able to inspire me to pursue my true passion. Having a role model like Mr. Kaplan, who showed me that I could identify as both a musician and a physicist, encouraged me to forge a career in physics. However, I would remain in conflict about whether or not I had made the right choice. To quiet my self-doubt, I knew I would have to figure out a way to have my physics and my music talk to each other. Lurking in the back of my mind was that image of Albert Einstein at one end of Mr. Kaplan’s office and John Coltrane at the other end, representing the dialogue between physics and music that would be my life.


In college, things shifted again. I majored in physics. I pursued the professional path. I took a handful of courses on music theory, but the truth is, my involvement with music in college was minimal. It wasn’t until my graduate school years that my search for a connection between music and physics was truly ignited.
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