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        EDITOR’S PREFACE
      

      MY WIFE TELLS ME that her adult music students often begin lessons with this request: “I want to play better, of course, but what I’m really hoping to learn is how music works.” The wording may vary—some say they want to learn harmony, others music theory—but the underlying need is the same: A hunger to understand how music exercises its power over our psyches.

      What those students are often surprised to learn is how many professional musicians feel the same hunger. Even after years of university or conservatory training, most musicians still sense that a large piece of musical understanding is missing. Conventional music theory courses have taught them how to label different musical elements, identify chord progressions, and notate what they hear. They may indeed have learned something valuable about how music works, but what remains missing is a clear idea of how their own perceptions and responses fit into the picture.

      The insatiably curious among us begin to search outside the usual sources of instruction to find an answer to that question. In my own journey as a composer and performer, that search has included playing African mbira music, exploring European tuning systems that predate equal temperament, and cracking my skull on the esoteric writings of Pythagorean philosophers. Each of these sources has supplied another piece of the puzzle, but generally I’ve found myself on my own when it came to relating the useful bits and pieces to one another and to the actual music I want to make.

      I had already spent a couple of decades in this search before I crossed paths with W. A. Mathieu, a musician who not only had covered much of the same lonely territory before me but had also managed to synthesize his knowledge into a teachable form. A pianist and composer in both jazz and classical traditions, as well as a longtime student of North Indian singing, Mathieu has developed an approach to self-training in harmony that focuses on the listener’s response to combinations of tones. He takes as his starting point the phenomenon that comes closest to being a universal part of human experience: Our attraction to music that is in tune. That quality of being in tune is called resonance, and just as tones in correct relationships resonate together, so do we, as listeners and performers, resonate along with them. Mathieu shows us how, by singing and playing various combinations of notes in tune, we can learn to observe our changing responses and begin to develop an understanding of music’s power based on what happens in our own bodies and minds.

      Harmonic Experience begins with the fundamental building blocks of music—single tones, sung over a drone—and shows you how to examine in minute detail your own responses to pure resonance. As you gain a conscious appreciation of these responses, a map of music’s inner geography starts to emerge. Once those responses are mapped, the same process of attentive listening and introspection is applied to the impure tunings of equal temperament, which we are able to accept as more or less reasonable facsimiles of the genuine article. The next step, then, is to examine how the ambiguities of equal temperament make possible a harmonic language of exquisite subtlety and beauty.

      Such a regimen of careful listening reveals to us not only how music works but also how it works in us. The one prerequisite, beyond the ability to read music, is a willingness to do the practices. Reading the book will put ideas into your head; singing, playing, and listening will put knowledge in your heart.

      Mathieu’s approach is at once so simple and so profound that musicians working in any style and at any level can profit from it. Savvy readers may recognize elements of North Indian music theory and jazz theory in addition to orthodox classical ideas. That’s not because his method is some sort of eclectic New Age blend. On the contrary: His theory embraces so many musical traditions because it takes as its starting point the essential physical and psychological facts common to all music. It seems fitting that such a book should appear at a time when many musicians are dissolving the artificial boundaries between musical styles; those musicians will find this book an invaluable tool in the conciliation of opposing views.

      In a time when we are inundated with throwaway books, Harmonic Experience definitely falls in the category of durable goods—a book to return to again and again. The book’s structure resembles a spiraling ascent up a mountain: The same vistas keep coming into view, but from successively higher vantage points. Once the journey has been made, you may choose to revisit parts of the mountain, avoiding the switchbacks and bushwhacking straight up to keep one vista constantly in sight. But any way you journey on this mountain, your relationship with music is certain to be illuminated and enriched by Mathieu’s gentle wisdom.

      Larry Hamberlin

Rochester, Vermont

    

  
    
      
        INTRODUCTION
      

      HARMONIC EXPERIENCE DESCRIBES THE FULL RANGE of harmony, from its fundamental gestures to its most complex expressions, by means of the unifying principle of resonance. By harmony I mean not simply chord progressions but the relationships of all the notes in a piece both to the keynote and to each other. By resonance I mean those specially reenforcing combinations of tones that in their mutual resounding—their perfect in-tune-ness—evaporate the boundary between music and musician.

      It is generally believed that there are two related but distinct and opposed systems of harmony: an ancient one based on a system of resonances, or “pure” tunings, called just intonation, and a modern one based on the equal division of an octave, but with “impure” tuning, called twelve-tone equal temperament. This book redefines the modern as an evolutionary transformation of the ancient and is allied with a comprehensive revival of ancient values that is already, at the turn of the twenty-first century, well under way.

      
        Two Reasons for Writing This Book

        The chasm between music theory and music practice is immense. The way we think music is so greatly removed from the psychological reasons we do music that theory is more often a hindrance than a help. Students only gradually figure out what most specialists already know in their hearts but are not quick to advertise: there exists no satisfactory general theory of harmony. The central energies that define music are not conscious, much less articulated, in the culture. The universal acceptance of equal temperament in the West has resulted in a splendid body of music, but the accumulated result of centuries of impure, approximate tuning has given our ears a kind of jet lag, a condition of aesthetic depletion. We have no comprehensive music theory today because we are so removed from direct experience of the seed resonances that generated music in the first place. Equal temperament has been something like electric light—highly useful, but alienating us from the basic rhythms of the sun and the moon, the purest phases of being.

        It is astounding how thoroughly the resonances of just intonation have been submerged. Entire African villages sing nightlong rituals beautifully in tune, but Americans cannot sing “Happy Birthday” in tune in a restaurant. This raises the deeper issue of our separation from what is natural, and perhaps points to a more complete musical behavior. Maybe, as was thought by Pythagoras, musical harmony really is a model for harmony on a grander scale, and a clear model of our music can teach us something about our present state of separation and loss.

        Until the present, just intonation and equal temperament have never been reconciled theoretically. They seem to be two sides of an issue whose adherents are at odds. This book shows how they are a single subject responding to a single theory, that they coevolved and can continue to do so, and that their future together is full of promise. The larger purpose of Harmonic Experience, then, is to bring a complete model of harmony into common practice.

        I would like also to mention a more personal reason for writing Harmonic Experience. Ever since I was a teenager attracted to the perfectly tuned jazz chords of the Stan Kenton trombone section, I have wanted to understand harmony as part of my own psyche. During my subsequent apprenticeship to European classical music, however, I could not find—try as I might—the connection between classical theory and the palette of feeling that its music inspires. I need that connection because I do not mimic music easily. To learn music, my intuition needs help: At some point it needs to name the thing it is learning. Only after I have named a thing is my intuition free to take charge. The more I studied the concepts and nomenclatures of music theory, the less it seemed capable of addressing the psychological responses of the listener. Over many subsequent years of studying music that is not in equal-tempered tuning, including Medieval European music, African music, Middle Eastern music, and especially North Indian raga, I came to understand that the link missing from our culture’s classical theory is not so much unknown as forgotten, and that it could be brought forward and described in contemporary terms. As I began to describe this to others, I found I could better describe it for myself. The personal reason for writing this book, then, has been to deepen my own absorption in harmonic language.

      

      
        How This Book Is Organized

        The text is divided into four parts.

        Part 1 shows how the simplest frequency ratios—perfect fifths and major thirds—are felt as resonances, and how these two resonances combine to organize the system of just intonation. It goes on to describe how a lattice of perfect fifths and major thirds generates most of the world’s musical modes, and asks you, the reader, to be an accomplice in eliciting these modes by singing them. It maintains that bodily understanding is crucial for authentic intellectual mapping, and guides you step by step in comprehending the harmonic relationships implicit in the melodies you sing.

        Part 2 shows how the lattice of just intonation serves as the template for our modern system of twelve-tone equal temperament. In the beginning keyboard practices, the twelve tones of equal temperament stand unambiguously for the twelve least-complex tones of the just lattice. The text goes on to demonstrate how, under certain conditions, the twelve tones of the equal-tempered keyboard can stand for more than thirty tones in just intonation.

        Part 3 examines in detail the musical responses that allow only twelve tones to stand for more than twelve. First, it shows how a single equal-tempered tone can be made to evoke either of two distinct just tones separated by a very small difference in pitch, called a comma. It then enumerates the behaviors of the various types of commas as they are perceived in equal temperament, thus accounting for all tonal harmony—modal, diatonic, and modulatory—that is available in the modern tuning system.

        Part 4 presents a compendium of keyboard practices designed to place the language of tonal harmony simultaneously in the ears, in the intellect, and under the hands. These include diatonic and cadential formulas, tonal modulations, modal modulations, cyclic sequences, and symmetrical harmony. Various notations are offered, the better to visualize the harmonies. Analyses of pieces from the fourteenth to the twentieth centuries show how a resonance-based theory can enrich our understanding of a variety of musics.

        There are many books that this book is not: it is not a book about counterpoint, or figured bass, or melodic or rhythmic structure, or compositional development, although all of those subjects come into play. It is a harmony book that is meant to reconcile and go beyond, but not supplant, traditional texts.

      

      
        The Method: Art over Science

        From ancient times, theorists have tried to rationalize and objectify emotions into abstractions, called affections, that correspond to specific musical elements. In the same way that rhetoric was the systematic art of persuasion, various theories of affections determined how certain modes, rhythms, and melodic figures controlled the emotions of the listener. The relationship of specific musical elements to specific responses is, on one level, obvious: We hear an ascending melody and something within us rises also. But when you examine individual cases, nothing seems able to be pinned down. After all, who decides which responses we are supposed to have? Is there an Affection Police patrolling all listeners: “You there, with the paisley tie—are you properly feeling the anxiety of this augmented second?” The issue lies at the cusp where science and art meet. Science is primarily defined by its objectivity, art by its subjectivity. Are there strategies by which the two can be creatively conjoined?

        I approach harmonic theory as an empirical art rather than an aesthetic science. I am led forward by subjective experience, ephemeral feelings of longing and aversion. Learning to hone and keen these, and to trust them, is my work. I can talk numbers and examine the responses of populations, but that will not tell me, finally, what I want to know. What I want to know is my own ear, because it is the only true path to yours.

        Inner knowledge of harmony grows with creative use. You hear things, then you use them to construct the world. That is not a very scientific method: it won’t produce repeatable experiments or objective data. As a musician I am fascinated by the objective quantification of experience only to the extent that it will increase my ability to use musical language as a resonator for my life’s portion. Beyond that, the numbers are nonvital curiosities.

        In traveling through these pages, I want you to cherish your inner responses, nurse and groom them, learn to believe them. Then, when the numbers shed light on them, fine. But never sacrifice your hearing for a name or a number; there is no music in that direction. True, I will say, “Such-and-such sounds like so-and-so,” and I will describe numbers as having qualities; that is because words and numbers can point the way. But it takes authentic experience—the inside feeling of rightness—to validate concepts. You are the replete knower, and the method of your knowing is the self.

      

      
        Learning by Singing

        Many if not most musicians in our culture have lost the basic act of singing in tune, the process by which the combinations of tones that organize our hearing and our music are internalized and authenticated. When these harmonic sources have been reclaimed and honored, the particular effects of equal-tempered harmony can be recognized, categorized, and creatively used, as we shall see. It is not enough to listen passively to pure harmonies, or learn to recognize them, or to combine them on an instrument. One has to connect them with one’s feelings by placing them in the body. Sung harmony is embodied intelligence.

        In Harmonic Experience, great emphasis is placed on singing over a drone. I want this to sound inviting and not the least bit forbidding, because everyone—no exceptions—is capable of singing perfectly in tune over a drone. The object is not to become a great singer, or a performer of any kind, necessarily. The object is to begin at the source, and then to carry the source resonances with you as you go along.

      

      
        What Is Theory For?

        A good thing to remember about music theory is that it typically springs up decades, often centuries, after the birth of the music it describes. A book like this one could simply not have been written during the time its primary subject matter (twelve-tone equal-tempered tonal harmony) was being discovered and developed. The rules of sixteenth-century counterpoint were not definitively codified pedagogically until the eighteenth century (by J. J. Fux, still studied today). The behavior of just intonation itself has been most confusingly and inefficiently articulated by theorists for almost three millennia, right up to the present. And only in the present generation is the code of tonal harmony being cracked, well over a century after its art came into full bloom. Theory is the scat of music, what it leaves behind. Luckily for us, we don’t make music by following rules. We don’t make music at all, so much as find our way in it. Only after the way has been found can the maps be drawn.

        But the maps exist, right alongside the music. And good maps can save you centuries, soldiers, ships, fortunes. The danger: sitting at home hunched over your map table with a fixed grin thinking you’ve been places you haven’t. The balanced way is to study these maps while you cover the territory. By the time you know your way around the territory, the maps will have become torn and faded, and you won’t have to look at them anymore because the territory is teaching you more than the maps ever could.

      

      
        Who Is Theory For?

        The question cannot help but arise, “Don’t some people get music naturally, without all of the discipline and commitment and analysis?” The answer is yes, some people do and so do you. We all do to some degree. Every action is partly intuitive and partly rational; the proportions change from action to action and from individual to individual. No one is entirely analytical in the process of learning music, and no one is entirely intuitive (although I’ve seen some serious contenders at both extremes). There is even a part of the psyche that actively seeks to not know. It wants sensual saturation and intuitive wholeness, the pure being of childhood, the animal self.

        You have to work out your own recipe for learning, which includes your interaction with this book and the procedures outlined in it. A good guideline to remember is this: the rules of music—including the rules of counterpoint and harmony—were not formed in our brains but in the resonance chambers of our bodies. What feels right and good is what survives. The “rules,” codified over many generations by musicians serving as teachers, arise to protect and disseminate the good vibrations. But every rule and formulation ever made burns away at the moment of music making. Ultimately everyone makes music intuitively; individual circumstances determine the point at which the music rises above the mind and the intuition takes over.

        There is a population of musicians who are both intellectually aware and musically whole; at the same time there are millions among us who achieve a high level of musical creativity in a state of musical innocence: The lyrical jazz trumpet player Chet Baker comes to mind. The musically innocent know where they are in the music without possessing a naming language; they have an internal musical map with no proper place-names on it.

        So if half the folks are striving to rise above names and the other half never learned any to begin with, why go about naming everything?

        People name things because transcending knowledge is different from not having any. Intellectual transcendence is not the same as intellectual innocence. A woman who has transcended her intellect and is whole in the moment of music making is a different whole woman than she was when she was musically innocent. The issue is not who has the secret, the intellectually transcendent or the intellectually innocent. The issue is how intellectual or innocent you need to be to find your own musical completion.

        The Sufi mystics say, “The mind is the willing slave of the heart.” The key word is willing. The intellect that wills to be in the service of the intuition is powerful and mature—the kind of mind a musician needs in order not to be paralyzed by knowledge. The great fear, especially among singers but among many instrumentalists as well, is that analytical knowledge disables us at our core in the very act of making music. Yet that need not be true. Ideally, an intellectually awake musician is not analyzing while she is performing. She is complete in the moment of pure sound; no thinking is needed. However, she has thought, she has analyzed. The homework has been done, the dues paid, the mental discipline gained. The musical spirit is flying free, but it has been shaped by the work of the mind.

        Music theory is not for everyone. I think each person’s mind has a certain capacity for willingly serving his or her heart. Theory should be studied to the limit of that capacity but no more. When you stuff the mind with facts and rules beyond its power to yield, the mental slave rebels and fills the house with mental music, and your heart pines away.

        Yet what if your heart is singing fortissimo and your mind is bored to tears?

        Then you realize that your mind needs to sing too.

        I think you find the balance between heart and mind by asking your heart what it really needs to become musically complete. If the question is clear, your answer will be clear too. Then your mind is finally free to offer service.

      

      
        For Whom This Book Is Written

        These pages are looking for musicians within a very wide range of training, including near-beginners who really want to know how harmony works, as well as advanced composers and performers who feel the pinch of traditional concepts and need to redefine music in a whole-making way. Since most people are somewhere in between, let me say that the perfect reader is simply one who wants to know music intimately from the inside out. New paradigms of integrative experience operate at all levels of development: a new way of perceiving old ways can be useful at every stage of learning.

        To benefit most fully from this work, however, you must bring to it certain skills. You need to be able to read music. For the last three parts you need to be able to play a keyboard instrument well enough to navigate at least most of the musical examples. It helps to have previously investigated the overtone series, or be ready to (the text helps you). Also, the more you are in the habit of listening to the music of the world’s various cultures, the more insight you will bring to this study.

      

      
        How to Use This Book

        I have tried to avoid the typical textbook tone and rhythm. I want to be in the same room with you, talking and showing you what I know so you can hear it for yourself. Then, since you have to do it for yourself, I say, “Now, sing (or play, or write) one of these on your own.” “One of these” will not be a numbered exercise, and there will be no test on Wednesday. But if you take the suggestions for playing and writing as you go along, a new area of harmonic experience will become yours. If you defer too much for too long, your understanding will become increasingly mental and removed—which may be OK for a while. But how long is a while?

        A question that always comes up is, “How much time should I spend on this before going on?” A book about harmony needs to be conceived in a more-or-less straight line, with a sensible organization and a cogent train of procedures. But you can’t learn music linearly. Rather, you learn it all at once, a little at a time. You learn it like a ground-glass range finder focuses a distant image: at first everything is a blur, then you barely recognize the scene, then the detail clarifies, and finally everything comes into sharp focus, right down to the leaves. How do you read a book front to back while reading it all at once? You skim, then you read selectively, then you skim some more, settling down like a hawk on different branches of different trees, then up circling again. I suggest that you skim the book first, then peruse passages that seem most interesting, which might mean reading back to front (I, for one, cannot resist reading the end of a book first). Eventually choose a certain part to work your way through experientially, page by page. Sooner or later you will feel the through-line of the book. But—since you could spend your whole life on one page—always keep circling and skimming. Hawks need altitude.

        How many passes can you expect to make over one exercise or paragraph? Perhaps one; perhaps thousands, since the work—especially the work of singing in tune—is never done. Certain singing practices become lifelong companions. When tones are in tune they are not merely vibrant; they seem as if they are separate, individual lives inside your own life, awake and singing inside your mouth. Over the span of years they become like friends whose faces you recognize in the dark.

        Another tenacious question is, “How long is this going to take?” The subtext is fear: “I’ll die before I get it,” and images of your brief, unfulfilled career flicker across the screen. There are strategies for dealing with this. One of them is to recognize that you cannot learn faster than you can learn, and to accept that. Another is to realize that each person has his or her own special mixture of advantages and disadvantages. Everyone is an idiot savant in this work, half fast and half slow. Some jazz singers, indelibly in tune, cannot read music or spell chords. I’m a harmony nut who can scarcely waltz. You might give an arm for something of mine that I take for granted, and I might give my teeth for something of yours that you take for granted. My advice is to keep yourself intact and work with what you have.

        Thankfully, one eventually learns how not to get bored with the routines of practice. The first evening Adam resides in Eden, let’s say, God makes a gourmet banquet for him, which Adam eats with pleasure.

        “Did you like it?” asks God.

        “Loved it,” says Adam.

        The next night Adam comes to supper, looks down at the feast God has prepared, then looks up at God:

        “What? Food again?”

        The secret lies in always going deeper into the simplest gestures, appreciating them as gifts instead of burdens.

        A related strategy is to let go of any idea you have of yourself as an accomplished master and simply do the work. Whatever is yours to realize will come out of your work, not from a picture you put on your wall. The light around good work is itself achievement and contentment; the rewards of mastery come of their own when the work is true. This advice is easier to give than to follow, but maybe it can help transfer your work energy away from the future and into the present, in the sounding moment where it belongs.

      

      
        Tools

        I have written two books that you may find useful as preparation or companions for this book: The Listening Book and The Musical Life (refer to the Sources section). The first one discusses listening in general, with emphasis on singing in unison with a single tone. The second contains a detailed, practical section devoted to the production and appreciation of the overtone series (pp. 139–210). In addition, the present book contains a glossary that may be especially useful during the early going, as well as a bibliography for further reading.

        You will also need a tunable instrument capable of producing a sustained drone. Best among these is the tamboura, an instrument made in India, but unless you live near a large coastal city or have contact with musicians from India (or their students), these are difficult to obtain. Drones from reeds are also a good possibility. An accordion, which is beautiful but unwieldy, or a concertina, could work. Indian musicians often use a sruti box, which consists of a few drone reeds activated by a bellows and is much more portable and less expensive than a tamboura. An electronic instrument especially made for producing drones, or an electronic keyboard with a program for just intonation would be OK with the right choice of sound: no vibrato, clean, kind to the ear.

        It is also convenient to have a “drone tape.” Such a recording, which provides a continuous hour or so of uninterrupted tonic-and-dominant drone, usually in C, are often distributed privately by teachers of North Indian music. An especially sonorous one played on two huge, gorgeous tambouras is available for twelve dollars (plus appropriate postage) from Kirana-Kahn Music, 304 Devon Drive, San Rafael, California, 94903. Using the piano for a drone is OK but not as satisfactory as any of the above.

        Probably the most versatile and available drone instrument is the guitar. Its dronal function is less satisfactory than that of an instrument made especially for the purpose, like a tamboura. But it has the advantage of offering four bass strings that can easily be tuned for a variety of dronal purposes. Many of the practices in part 1 depend on the availability of at least two tunable bass tones, and a guitar is often the most convenient solution. An inexpensive one will work fine; perhaps there is a neglected one near you with your name on it. A harp could also serve well. Instruments from the violin family work less well except in the case of trained musicians who can bow them expertly and effortlessly; their plucked sounds decay too rapidly.

        For the last three parts of the book you will need a decent-sounding piano or electronic keyboard well tuned in conventional equal temperament.

        Although you can make do nicely with less, the very best solution is to have three instruments: the most pleasing drone instrument you can find (for singing practice), a guitar (for versatility in tuning while learning theory), and a piano (for keyboard harmony).

      

      
        The Teacher Question

        Is a living, personal teacher necessary in order to learn harmony? In the largest sense, sound itself is the teacher of sound. A living teacher is always preferable in any transmission, however, and music, which is a human use of sound, is ultimately passed from person to person, from heart to heart. Nonetheless, I want this book to be as far as possible a living paper teacher, a reliable guide through both subject and psyche, so that with its counsel, a few tunable strings, a voice, and a keyboard, you can go as far as you wish on your own.

      

    

  
    
      
        PART ONE
      

      
        
          HARMONIC PURITY: FEELING THE NUMBERS
        

      

    

  
    
      
        
          1
        
      

      
        SEEING AIR AND TOUCHING SOUND
      

      
        Seeing

        Harmony is about the agreement of things with one another. Among musicians, the term harmony usually refers to the way tones relate vertically—stacked up and sounding simultaneously as chords. But a broader musical definition involves the way the ear relates pitches to one another in every dimension, including the agreeableness of an entire piece of music.

        When the sound waves that reach our ears are evenly spaced—periodic—we perceive the sound as musical: It is a “tone.” If the waves produced by a harp string (for instance) were visible, your eyes would feast on global mandala patterns undulating outward in every direction. But when you crumple a piece of paper, the sound waves that are produced are aperiodic; we call them “noisy.” If you could see those sound waves you would find no pattern in them; they would seem as random as windblown leaves.

        What if the air were not only visible but also in slow motion? Imagine you are the size of a pollen grain; imagine as well that time moves at one-thousandth of the speed of human time (it takes the equivalent of ten minutes to nod “yes”) and that the visible waves of air are glowing. The sound of crumpling paper is a moonscape, peaks and canyons scattered every which way. But when the harp string sounds you are inside a theater of dancing lace. Along every line of sight, geometric tessellations are sequencing gracefully through time. Two harp strings sounding together all but overwhelm the senses in a hall of shimmering mirrors. Now call yourself back to human dimensions. A harp string sounds; you say, “Harp.” Two strings together: “Nice.” The amazing thing is that the human ear does experience these almost unbearably beautiful displays simply as tone and the harmony between tones.

        To get a fix on the nature of these patterns, let’s consider some simple kinds of periodic motion. Motion moves through time, and we love our time periodic: We respond to the seasons, to the intrinsic polarity of summer and winter. Breath comes in and goes out, waves move up and down and back and forth in peaks and troughs; we walk left and right; we drum boom and chick in the everlasting holy backbeat. Of course we love other kinds of time too: the randomness of rain has its place. But to the human body, chaotic motion can all too easily become spastic motion; we prefer the periodicities of the dance.

        The conscious appreciation of simple periodic motion in everyday life is a kind of musical practice, the care and feeding of a primary musical sensibility. To the ear, simple periodicity is the littlest brick needed to build a music mansion. By sensitizing ourselves to it we become like a builder who, by experiencing the essence of a brick, can envision a building.

      

      
        Touching

        It would be fascinating to examine our responses to simple sound waves, but we cannot hear them in pure form. Although we can scrutinize the behavior of periodic waves, called sine waves, in the macroworld of jump ropes and pendulums, in the world of audible sound the naked sine wave is denied us. Why? Because waves make waves. A pebble dropped in a puddle makes ever smaller, ever finer waves. The same is true within the chambers and fluids of the ear. The very act of hearing even a simple thing involves complex waves-within-waves. Furthermore, vibrating bodies themselves do not vibrate as a single entity only; they split themselves up into many parts, each of which produces its own characteristic sine wave; in musical tone these are called overtones. If a sounding body has a sufficiently simple shape (a long string with a constant diameter, for instance) the many resulting overtones are related to one another in simple ways that we call harmonic and recognize as harmonious.

        Overtones relate to the tone that generates them, and to each other, with various degrees of complexity. Generally speaking, the simpler the vibrational pattern the more we tend to term it “consonant”; the more complex the pattern, the more we use the term “dissonant.” In the everyday world we can distinguish between a marching band, a riotous mob, and the many stages in between. But in the microworld of the ear and brain, the discriminations of musical harmony are effected in a realm almost too small and too fast to conceptualize. Almost, but not quite.

        In describing the qualities of consonance and dissonance we usually use the sense of touch as an analogy: Certain harmonic combinations are smooth, others are rough. But I think the sense of touch is more than an analogy. Quite literally, music touches us.

        A plucked harp string vibrates the air; the air vibrates the eardrum, which vibrates the tiny bones attached to it; these vibrate the fluid in the snail-wound cochlea of the inner ear. If the cochlea were stretched out straight, the basilar membrane, a kind of inner skin, would be seen to run the length of it. Up through this skin sprout thousands of the finest hairs. The vibrating fluid in the cochlea vibrates the basilar membrane, which vibrates its hairs, sending electrical pulses to the brain, where, by the greatest miracle of all, the pulses become our consciousness of a harp string. To experience sound with the same sensibility that your fingers experience the smooth and rough surfaces of the touchable world, try to feel the surface of your basilar membrane being excited as you listen to an ear-catching sound: a harp string, for instance, or a more everyday sound like birdsong or a whistling tea kettle.

        Seem impossible? Maybe, maybe not. Perhaps we cannot reach that far inside. But a clear picture of the chain of energy transformations connecting a sound source in the outer world to a receiving station in the brain may help in imagining how sound touches our innermost skin.

      

      
        Numbering

        All this talk of seeing air and touching sound is meant, of course, to increase your range of perception; the simplest facts of musical life can never be too vividly envisioned or deeply felt. But there is also another mode of perception: number.

        When we study acoustics in books, the subject looks indeed like a swarm of numbers. Once we realize that the numbers stand for actual auditory experience, however, a new perception comes in: We are in awe of an ear that navigates by innate intelligence the unimaginably complex territory of periodic vibration. The numbers are there to help make the unimaginable imaginable. We can be just as stimulated by numbers as we are by images and sensations.

        Because you can’t put everything into one book, this book must assume that you have learned enough about the overtone series to recognize it. (If you haven’t, try some of the sources listed in the back of the book.) But for reference, example 1.1 is a chart of the overtone series based on C. Reading from the bottom to the top, it includes:

        
          	The letter names of the first five overtones of C

          	The staff notation of the tones

          	Their frequencies, assuming that C vibrates 128 cycles per second (the frequency of C is actually 130.8 at standard concert pitch)

          	The frequency ratios of the overtones to the generating tone (C)

          	Their frequency ratios if the generating tone is called x


          	The scientific name (the generating tone is called the first partial)

          	The names in common usage (harmonics or overtones)

        

        Sooner than later you will need to be able to conceptualize the overtone series immediately from any pitch, so this is a good time to learn it as the keyboard chord shown in example 1.2.

        
          [image: image]
        

        
          
            Example 1.1. The overtone series of C
          
        

        Even though the piano is not conventionally tuned precisely to the overtone series (as we will discuss in part 2), it is extremely valuable at this stage to learn to transpose this overtone chord at the keyboard chromatically. For the time being, think in terms of the spellings shown in example 1.3, which you should practice both ascending and descending.

        
          [image: image]
        

        
          
            Example 1.2
          
        

        
          [image: image]
        

        
          
            Example 1.3
          
        

        As we shall see, it is not sufficient to know, for instance, that the fifth partial of A is C#; you need also to be instantly clear that C# is the fifth partial of A. You need to know which overtone series a given pitch is part of. This will come more easily if you can put your hands on the overtone chords of each pitch.

        Our work in part 1 of this book is to enter the heart of the harmony implicit in the overtone series, to pass conscious time there, and to grow gradually accustomed to the light it gives.

      

    

  
    
      
        
          2
        
      

      
        SINGING UNISON WITH A DRONE
      

      
        Entrainment in Two Worlds

        Grasp two wooden pencils, one in each hand, eraser ends away from you, as if 
they were drum mallets. Against the edge of a shelf or desk, strike the circular 
metal bands that hold the erasers so that each sound is crisp and clear. Now, 
striking both pencils simultaneously, try to synchronize your two hands so well 
that you hear only one sound. You will need lots of skill or luck to do so 
repeatedly. Typically there will be two sounds separated from one another by 
anywhere from (1)/(10) to (1)/(1,000) of a second, much like the click of a camera shutter. The word click itself might sharpen your ears: notice the doubleness of the initial hard c followed (after li) by the ck. A single sound would be closer to kih, or simply an aspirated k without the vowel. Try to make the two pencils go k, not click. Now do this in tempo, about one attempt per second. Strangely elusive, no?

        Now for a more musical experiment. Set a metronome (an electronic one is preferable) at sixty beats per minute and try to synchronize the tapping of one pencil to it. Partly because of the clean sound of the metronome, the discrepancy between you and it will now be more clear. If you experiment at faster tempi you may notice that you can become entrained in a metric “groove” for a few beats; but soon you will stray to the early or the late side, then come to dead center again. This gradual, barely perceptible straying on either side of the tempo is often desirable in music, and good musicians can control it. In jazz it is a factor in groove aesthetics; in classical music it is one of the conditions of phrasing called rubato, which means “robbed”—in this context, continually robbing and paying back.

        In the rapid-fire world of tone, where instead of a few strokes per second there are typically a few hundred cycles per second, the groove of entrainment produces the euphoric resonance of a true unison. Speeding and slowing (raising and lowering) of the true pitch a few times per second is called vibrato, and it is beautiful in the degree that it is intentional on the part of the musician, just as the speeding and slowing of the tempo of a piece is musical only to the degree that it is intentional.

        The object of our pencil-and-metronome research is to examine more closely the experience of the groove of metric entrainment. It can be a frustrating experience, but it can also be compelling and uplifting. The word yoga is from Sanskrit; it means “to join,” as a yoke joins and unifies the energies of two oxen. A little bit of metronome yoga is good for us; it allows us to experience in the measurable, countable realm of metric time what happens in the tonal world when we try to sing in unison with a string. A musical unison is nothing less than a metric groove, but faster—too fast to count, but not too fast for the ear to register as pitch. If our voices vibrate too slowly, our pitch is flat; too quickly, then we are sharp; just right, and we say, “Ah!”

        What is this ah? What energies join in union? Maybe it is the will of the singer with the energy of matter. You will yourself in tune with the string. Your intention drives your voice, and as the union becomes real you say ah. When your unison with a string is true, you seem to merge into it, to disappear, and all your fantasies and financial statements disappear too, at least for a breath.

        To learn how musical harmony behaves, it is crucial to clarify and retain this image of one vibration of a something per one vibration of something else, and to associate that image with your experience of singing the unison. The “one to one” of two things vibrating in unison is written 1:1. The difficulty at this point in the discussion is that the concept seems too simple. You nod and say, “Sure, of course.” But the more complex ratios, like 3:2 and 16:9 (which will soon be introduced) all derive from the same basic process: x of these per y of those. So your internal picture of 1:1 can never be too vivid, nor your experience of it too deep.

      

      
        Singing Sa

        Singing unison with a drone is such an intrinsic aspect of learning North Indian classical music—possibly the most pitch-sensitive music in the world—that serious students practice it with conscious devotion over many years. The first degree of a scale, which in European solfege is called do, in Sanskrit is called sa. I suggest using sa because it sings so well. The following description of singing in unison with a drone is adapted from The Listening Book (pp. 139–40).

        Find a note you can sing comfortably, not too low. This generally falls around C, B, or A. Find a drone string (piano, guitar, harp, tamboura, etc.) or reed (organ, accordion, sruti box, etc.) that produces a full tone at your chosen pitch. You can sing sitting on a chair, or cross-legged on the floor, or standing, or in any comfortable position. Find your breath and even it out. Relax your jaw, stretch your spine a little. Get hollow. Sound the drone and listen for a full minute. Listening is the key. Let the expansiveness of the drone’s sound, even if it is soft, fill you up. Take an ample breath and, using sa with the vowel wide open, sing the drone’s pitch within the sound of the drone.

        The idea is to sing and listen at the same time, with equal energy: receptively and expressively balanced. To perfect that balance, to own it and identify with it, is the essence of music practice. Each sa is a chance to go up on point and make a controlled turn. On each breath, inside meets outside; sea meets shore. Find the rhythm of your breath and repeat the pitch with increasing awareness.

        Some practical hints:

        The less vibrato the better.

        The notes should be not too long, not too short.

        Let your breath determine the length of the notes, one breath per note.

        Let the back of your tongue fall into the back of the throat naturally.

        Try to begin each note at the exact pitch of the drone; don’t slide up to pitch like a motor revving up.

        Give yourself a limit, and no further: Two minutes? Eleven breaths? Twenty-one breaths? Maybe three today.

        Keep track on your fingers, not in your mind.

      

      
        Simplicity

        There is a relationship between mastery and simplicity. The greater the mastery one has in a subject, the more absorbed one can become in its most fundamental concepts and behaviors. Conversely, a beginner usually needs to skim the surface before being drawn in. A child is much more likely to be interested in learning “Greensleeves” or current pop music than she is in learning how to sing in unison with a string, or in recognizing the overtone series. It is natural to want to do something musical right away. But as you develop, you begin to hunger for what is beneath the surface, for the practices and concepts that deepen and widen your range of perception. Gradually, your capacity for elementary practice increases, and you find yourself moving slowly and listening deeply for the mere pleasure of it. Don’t be too surprised or chagrined if at first you become easily bored singing unisons or doing the other practices in part 1 of this book. You need to practice only long enough to draw something from the moment. But keep coming back to the simple things. It may come to pass that what was once mildly interesting and marginally relevant has become a touchstone for your musical life.
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        SINGING OCTAVES
      

      
        No Babies or Dogs

        The next most complex integer after one is two. The ratio 1:1 is a unison. The ratio 2:1 is an octave. In the metric realm, 2:1 is two taps to one tap, or eighth notes to quarter notes, as shown in figure 3.1.

        
          [image: image]
        

        
          
            Figure 3.1
          
        

        Exquisitely simple as 2:1 is, it is not a no-brainer; it requires discrimination. True, our bilateral form helps us along intuitively, not to mention the intrinsic duple nature of the up-and-down bounce of balls and the back-and-forth swing of pendulums. But it still takes a special state of consciousness to clap your hands twice as fast as you tap your foot. And even though the frequencies of a sung tone are too fast to count, we are able to sing octaves just as certainly as we are able to clap 2:1. This capability is peculiar to humans. You might get two dogs to sing at once, but not in octaves. Nor can infant humans discriminate octaves, though they learn to, often by age two and usually by age five. When grown men and women sing together they sing in octaves spontaneously. It is this special human capacity for learning that has enabled us to develop the labrynthine harmonic structures of our music.

        To experience the nature of this specialness, try pretending that you are learning to clap 2:1 for the very first time in your life. How old do you think you might have been when you first clapped 2:1 with someone? How much more difficult is it, exactly, for a child to learn to clap 2:1 than to clap 1:1? How much more difficult is it to sing an octave than a unison? People who think they are tone deaf (no one is) find out that after they learn to sing unisons, octaves are the next hurdle to cross.

        Try singing a perfect octave above your drone while grasping the quality of 2:1 consciousness in the mind of the ear.

      

      
        Nomenclature: Octave versus 2:1

        The following paragraphs are adapted from The Musical Life (p. 164).

        Octave means eight, as in octopus, octagon, and October (which was originally the eighth month). A musical scale can be seen as a ladder; in our culture there are seven distinct rungs in that ladder—seven scale tones—before the eighth tone of “starting over again” occurs. Culturally, Westerners prefer these seven-rung ladders. But other cultures prefer five rungs in their ladders, so in those cultures, the scale “starts over” on the sixth note; an “octave” would be the sixth note, and could be called a “sixth.” Some twentieth-century music divides the musical ladder into twelve equally spaced rungs; in that twelve-tone system, the scale “starts over” on the thirteenth note; in this case an “octave” could justifiably be called a “thirteenth.”

        Regardless of how many rungs are on their musical ladders, all human ears recognize the doubled frequency as the place for starting over, but our word octave is culture-bound, appropriate to the music we Westerners are most familiar with. “Twice-as-fast” or “2:1” is the proportionate—or harmonic—name for the “starting over” effect, which is common to all people.

        So is an octave a “two” or an “eight?” It is clear that the harmonic name, 2:1 (based on frequency ratio), and the interval name, octave (based on scale steps), refer to different aspects of the same thing. The distinction between the names does not seem terribly problematic in this simple case. But in more complex cases the competing nomenclatures create a murk so obfuscating that entire theory classes have been known to return home to mother. Again from The Musical Life (p. 190):

        Even well-schooled musicians have rarely clarified this apparent contradiction for themselves. Distinctions between melody and harmony are typically ignored. So prevalent are the easier, melodic concepts of distance that the term interval has taken over musical thinking and practice, much to the detriment of both. Most people learn their way around the musical landscape by measuring the melodic distances only, by interval; and they think this describes what is going on. It is as if you asked someone, “How ya doin’?” and instead of hearing, “My girlfriend came back and I’m soaring,” or “The rain is getting me down,” you hear, “Seventeen feet from that rock over there, and six inches from your nose.” Too bad, because clarity about the relationship between harmonic and melodic space is precisely what our music once had and has now lost.

        Do your best to clarify the difference between the ratio of 2:1 and the interval of the perfect octave—between the harmonic name and the melodic name—now, while the going is still relatively easy.
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        SINGING PERFECT FIFTHS
      

      
        Triple Nature

        Triple time is as different from duple time as a triangle is different from a line. How do you experience the difference between the two kinds of rhythm in figure 4.1?

        
          [image: image]
        

        
          
            Figure 4.1
          
        

        Threefold symmetry has always puzzled and absorbed the bicameral mind. I recall learning to waltz as a young child and having trouble toughing it out all the way to the third beat; even now I have difficulty detaching my body sufficiently from its bilateral symmetry to waltz without feeling one of the beats as extra. I remember the failures, so I don’t take the apparent simplicity of a three-to-one for granted. The complexity that occurs immediately beyond duality is not obvious.

        For the same reason that the second partial is called an octave, the third partial is called a twelfth (i.e., up the scale an octave, then four more notes). It can be closely approximated on the piano, as in example 4.1.
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            Example 4.1
          
        

        Although any in-tune piano will give some sense of the quality of the relationship of the fundamental to its tripling, it is much more purely produced as the third partial of a guitar string, as follows:*1

        
          	To be consistent with the nomenclature of this book, tune the D string down a whole tone to C.

          	Lay the guitar face up on the floor or on a table, keeping the fretboard on your left.

          	Lightly place your left index finger exactly one-third of the way along the newly tuned string (over the seventh fret).

          	With a pick or your right index finger, pluck the string vigorously near the bridge of the guitar while leaving your left index finger in place.

          	A half second after the pluck, take your left finger away. The third partial G will ring out.

          	The longer you leave your left finger lightly in place, the more you will damp the generating tone, so with practice you can balance the loudness of the overtone G and the generating tone C as you please.

        

        Unlike the fundamental and its doubling, the fundamental and its tripling sound essentially different from one another—at least more different than the same. There is an energy in their combination that is not in a unison or an octave, some new feeling imparted by this waltzing in the tone world. This perception is worldwide: Cultures that name scale tones assign identical or similar names to octaves (tenor C and alto C) but different names to twelfths (tenor C and alto G). The two tones C and G clearly belong together: They are placidly, eternally, and utterly consonant. But they are different specifically in that we do not perceive the musical scale as beginning again at the twelfth tone. We have gone past “starting over” into something new. As we shall see, this newness grows new newness, and gradually a musical structure of tones is built.

      

      
Octave Reduction

In order to proceed we need to consider a few practical matters. First, two tones separated by more than an octave are often treated as if they were within the same octave. Hence a twelfth becomes a fifth (i.e., we throw out the bottom seven notes and start counting from what was the eighth, or octave). Two octaves and a third becomes, simply, a third. Getting rid of the unwanted octaves is called octave reduction and allows the relationships we are examining to be more easily sung. Although it might make a purist nervous, this process adroitly turns harmonic theory into melodic practice, because in actual music, melodies typically move by intervals smaller than an octave.

To experience the real difference between a twelfth and a fifth, consider for a moment the purist’s view. The first three tones of the harmonic series are shown in example 4.2. First sing a twelfth, 3:1, above the drone. Then play the drone an octave higher and sing the same note, which now forms a fifth, 3:2, with the drone. (Do this at the piano if your usual drone instrument doesn’t allow this octave switch easily.)

[image: image]

Example 4.2
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 Figure 4.2

In the macroworld, 3:1 (figure 4.2) is easily played. The more complex rhythm 3:2 (shown in figure 4.3) is also easily played if you know how, but you have to learn how. When you carefully balance the triple and duple elements, the result is neither a waltz nor a march, but a cross-rhythm, and it can be enormously beguiling. It seems to have some witchcraft in it, a kind of floating magic.

[image: image]

Figure 4.3

Figure 4.4 shows how to practice three against two.

[image: image]

Figure 4.4

The meter of the combined rhythm varies, depending on your accent. If you accent the left hand, then the 
(3)/(4) meter predominates; if you accent the right hand, (6)/(8) predominates. Practice this until you can hear either meter at will and finally both equally. A new experience arises that is the result of both rhythmic feelings occurring simultaneously.



      
        The Rhythmic 3:2 versus the Harmonic 3:2

        Imagine that you are, in addition to your normal-sized self, a very small person stationed at the surface of your own eardrum. As your large self is singing 3:2 with a drone, your small self is being choreographed by a cross-rhythm trampoline. What the ears of your large self hear is a familiar perfect fifth. “Oh, that,” you say, while your small self is wildly dancing away. How to experientially connect the consonance of the perfect fifth with the physicality of the cross-rhythm?

        Some composers have tried to make the connection by electronically doubling the speed of the cross-rhythm until it turns into audible pitches, and then precisely matching up the rhythm with the harmony it generated. But I suspect there is a perceptual canyon between rhythm and pitch we do not cross. The sense of pitch itself may be a breakdown in the ear’s ability to process pulses as they become too rapid to perceive individually, much the same way that still images following one another more and more rapidly confound the eye and become, at a critical speed, a movie. “As above, so below” has its conditions: Certain dimensions are indeed similar between higher and lower orders; others change form. What we need to do now is plumb the numbers in our minds and wholly absorb the harmonies in our bodies and accept the mystery as nature presents it: When the numbers two and three get married, they produce harmonic and rhythmic offspring that, even if they don’t look much like siblings, nevertheless do have the same parents.

        We can now see just how much more complex 3:2 is than 3:1. In the process of octave reduction we accept the added richness of the complex version on the assumption that it does not alter the essential harmony of the simple version but merely presents it in a more usable form. Although in the practical world we accept the two versions as virtually equivalent, for the sake of a deeper understanding, be sure to appreciate the hierarchical difference between 3:1 and 3:2.

      

      
Nomenclature: Reading versus Singing

One of the confusions of our musical nomenclature stems from the fact that we conventionally sing scales up and read text down. As children we learn our do, re, mi and count our scale degrees from the bottom up: A perfect fifth is the fifth scale degree up from the bottom. But we learn to read words from the top down:
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    Likewise, we read fractions from the top down: (3)/(4) means “three over four” or “three quarters” or, in music, “three-quarter time,” not “four under three,” and so on. In terms of our present discussion, consequently, one says not only that the interval of five scale degrees from C up to G is a “perfect fifth” but also that the 3:2 ratio G makes with the C below it is a “three-to-two ratio.” The full, maddening sentence is, “A perfect fifth is three to two,” meaning that the interval of a fifth (counting up) stands as the proportion 3:2 (counting down).

Just as the distinction between the scalar name octave and the harmonic name 2:1 has been clarified in chapter 3, so also the various names for the third partial must now be reviewed and entirely understood.

The third partial is 3:1 harmonically, and it is also the twelfth scale degree above the fundamental. By octave reduction, 3:1 becomes 3:2, as in example 4.3.
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Example 4.3

Likewise, a scalar twelfth becomes a scalar fifth, as in example 4.4.

[image: image]

Example 4.4

Thus, a scalar fifth is harmonically 3:2. Truly realize this, or the eyes are guaranteed soon to glaze. You must be satisfied in your mind that the numbers five and three are being used to measure different dimensions of the same thing. Which dimensions? The answer is “scalar distance and harmonic ratio.” (This opens the larger question, “Why is scalar space additive and harmonic space multiplicative?” which is a question I cannot answer.)



      
Naming Your Place: Solfege and Sargam

Another practical matter concerns naming pitches as you sing them.

Solfege (also called solmization) is the practice of applying syllables (rather than letters) to each of the seven degrees of the scale. Do, re, mi, fa, sol, la, and ti are the syllables most in use today. They date from medieval times and were derived from Latin to assist the memory and comprehension of the singer. Another system, called sargam, is derived from Sanskrit. It is used primarily in India not only to track and remember the vocal line but also to assist the singer in attaining optimal harmonic resonance. It is for singing as well as thinking. The vowels are more open and will guide you to the true qualities inherent in the music. The name sargam, incidentally, is a contraction of the first four syllables: sa re ga ma.

Table 4.1 lists the syllables of both solfege and sargam.


	TABLE 4.1


	 
	 
	SOLFEGE
	SARGAM
	DEGREE
	 
	 



	 
	 
	do
	sa
	8
	 
	 



	 
	 
	ti
	ni
	7
	 
	 



	 
	 
	la
	dha
	6
	 
	 



	 
	 
	sol
	pa
	5
	 
	 



	 
	 
	fa
	ma
	4
	 
	 



	 
	 
	mi
	ga
	3
	 
	 



	 
	 
	re (ray)
	re (ray)
	2
	 
	 



	 
	 
	do
	sa
	1
	 
	 




The four degrees re, ga, dha, and ni—which correspond to the major second, the major third, the major sixth, and the major seventh—can be made minor by underlining them: dha for instance, is the minor sixth, called komal dha. (Komal means tender.) The fourth degree, ma, can be made augmented by adding a vertical stroke  and is then called tivra ma. (Tivra means acute, or sharp.) When these names are used in singing practice, as they will be in the following chapters, the words komal and tivra are not articulated, so that, for instance, the syllable ma is used for both the perfect fourth and the augmented fourth.

I strongly suggest using sargam for the practices throughout this book. I know that means learning a new naming system while learning new concepts, perhaps not unlike taking a geophysics course in Turkish. But the rewards, in this case, are great.



      
        Singing Pa

        When you hear a perfect fifth in tune, it is pleasing enough. But when you sing it in tune, it glows, and you glow along with it. Sing a perfect fifth over a drone as in example 4.5. Sing the syllable pa, with the vowel wide open, and with the steadiness of the sun at midday. Drop your jaw, relaxing its hinge muscles; relax the back of your tongue as well. (Might as well straighten your spine while you’re at it.)
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            Example 4.5
          
        

        What is this shining in the tonal world? The exercise is to experience the harmonic feeling—howsoever it may be described or thought about—consciously, so that you not only have it but also know that you are having it. The singing part isn’t so very difficult. Understanding the harmonic ratio 3:2 isn’t so very difficult. The difficulty lies in putting both of these in the same breath, a sung breath of harmonic experience and understanding combined.
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        SINGING MAJOR THIRDS
      

      
        Pentamerous Nature

        Five is the next prime number after three. Just as three is an entire world more than two, five opens a new, “prime” realm of experience not definable by anything previous to it. Human thought is permeated with the five mystery. There are five elements—earth, air, fire, water, and the fifth, quintessence, the spirit of all the others. There are five directions—north, south, east, west, and center. A true five is a pentacle, a pentagon, a five-pointed star. Cut an apple or a quince through its equator and examine the fivefold symmetry of the seed cavity. Let your eye be drawn into a five-petaled wildflower. In pentamerous nature, the stability and purity of triple nature has been filled in by a fullness we can feel.

        Johannes Kepler said that you can account for the nature of fruit blossoms not only by contemplation of their beauty but also by contemplation of the number five, which characterizes the soul of these plants. “The fruit from a pentamerous blossom becomes fleshy, as in apples and pears, or pulpy, as in roses and cucumbers, the seed concealed inside the flesh or pulp.” He emphasizes the especially fecund quality of five by noting that from a hexamerous (six-sided) blossom “nothing is born except a seed in a dry cavity.”*2

        One way of invoking pentangularity is to try to draw a pentagon with equal sides and angles, or trace one in the air. It is revealingly difficult. But to become truly grounded in pentamerous nature, we need to beat time. Most of what is called five in the metric world is not a true five, but an alternation between the lower primes, three and two. Fortunately, the perfect investigative tools are at our disposal: five-fingered hands. Try tapping on a tabletop, one finger after the other, calling your thumb one, and the succeeding fingers two, three, four, and five, counting smoothly and evenly and not pausing between five and the next one. Be sure not to emphasize the three (one-two-three-four-five) or the four (one-two-three-four-five). This is neither easy nor obvious, but if you stay with it you can feel your pentamerous self emerging.

        More accessible and accurate, but slightly diluted, is the practice of walking while using your fingers to number your steps one through five. As you get into the feeling of your walk, five nature will take over. I say “slightly diluted” because this is really ten nature. Every other one will be on an alternate foot, and ten steps are needed for the five-times-two cycle to come around. All in all, though, this is the best way to feel convincingly pentamerous. A refinement: slightly flex each finger in turn as you step, without even thinking number names.

        The ancient cross-rhythm between two (legs) and five (fingers), still common in India and the Middle East, is less obvious in cultures dependent on wheels (not legs) and calculators (not fingers). It is a lost world worth reviving because it is both elevating and reassuring. It keeps you spinning but grounds you before you spin away.

        As for musical harmony, pentamerous nature generates in us deep and often elaborate responses. As usual, singing against a drone is the surest method for realizing this. If you can, find a trusted string that produces Great C, which is two octaves below middle C. The low string of a large tamboura is ideal if rare; a pedal harp Great C is also excellent. The lowest string of a guitar tuned down a third from E to C is OK, as is the Great C of an organ, electronic or otherwise. Beware the Great C of a piano—it is not so great for this purpose, unless you listen very selectively. The extreme tension under which piano strings are strung render their overtones progressively sharper as their partial numbers increase (this is called the inharmonicity of the string). So you can use the piano Great C only if you strike it very softly and trust your vocal intuition more than you trust the fifth partial sounding off the string, which will be mildly sharp.

        If you are able to find the right Great C string, sound it, listen to it, and then sing its fifth partial (two octaves and a third higher), quietly mixing your note with the bass. Men can sing this note in falsetto if it is more comfortable. If you can, induce the fifth partial and let it guide your voice. (On the guitar, its appropriate node—for touching lightly as you pluck the string—is just shy of the fifth fret.)

        If none of the above strategies seem to work, transpose the exercise in any way so that your voice comfortably rests two octaves and a major third above a supportive drone. Less good, but still useful, is to reduce by one octave so that you sing a major tenth above tenor C. Whatever your arrangement, keep in mind that it is ultimately a state of resonance—a kind of shelf of certainty—more than it is a sharpening or flattening of pitch that you will come to recognize as the experience of being “in tune.” It is more a sympathy than a measurement of distance, a quality rather than a quantity. There is not enough paper in the universe to say this enough times.

        Use the sargam syllable ga. Feel the current of your air column streaming against the back ridge of your soft palate. Sing softly, with no vibrato, until your voice seems to come out of the fundamental in the same effortless way the fifth partial does. Blend into the drone almost to the point of disappearing entirely, with no worries about coming back.

        It may be that the sound of a pure third requires a subtle shift in your listening, and there may be a good reason. The kind of major third you are used to hearing from an equal tempered piano keyboard is about one-seventh of a semitone sharper than the fifth partial. That is quite an audible difference, and your piano ears may guide you into singing a bit sharp. Again, remember that it is primarily a resonance you are seeking rather than a pitch. Listen more to the drone than to your voice; the drone knows the answer and will tell you if you listen. After you practice this a few times you will hear and feel the rightness in it.

      

      
        The Concurrent Study of Just Intonation and Equal Temperament

        The system of music based on the low prime-number resonances we have been studying is called just intonation. Some students are afraid that their growing sensitivity to just intonation will dampen their appreciation of equal-tempered music. Be assured, however, that no one ever really becomes too sensitive to what is naturally true; there is no reason not to learn pure harmony. It is historically true that our culture has gradually—although conditionally—traded the beauty of just intonation for another beauty, perhaps commensurate: the pleasure of modulation through many keys within a given piece. In our modern tuning system, the deep, smooth pleasure of pentamerous harmony especially is sensibly compromised. The resultant sharpness of the major thirds is not enough to drive you crazy, but it is enough to make you restless, which is one of the reasons our music is restless. To compensate for this (and here is the “condition” of the trade mentioned above) when the harmony calms down and stays close to the tonic, sensitive singers and players of variable-pitch instruments adjust their pentamerous harmonies to agree with their innate pentamerous nature, and thus our ancient, patient ears are recompensed.

        What actually happens to you when you experience the full beauty of just intonation—especially the richness of pure thirds—is that the exquisite finery of equal temperament becomes all the more mysterious and compelling. Ultimately, you come to understand precisely what equal temperament does that just intonation cannot do. Our aim is to heighten the appreciation of both tunings, and the real beginning is here in the task before us: living some long moments in the consonance of pentamerous harmony.

        Whatever you do, don’t try to get pentamerous religion by striking C and E together on the piano. Get it by letting the fifth partial guide your singing. As with duple and triple harmony, quintuple harmony is made real by understanding slow-motion experience (walking and beating rhythms), by internalizing the vibrational experience (listening and singing) and by the little darting leaps we make between these different ways of knowing.

      

      
Octave Reduction of the Fifth Partial; Rhythmic 5:4 versus Harmonic 5:4

Once you have learned to use the fifth partial reliably as your 
guide to singing, it is time to examine the octave reduction that allows 5:1 to 
become 5:4, or in the rhythmic world, figure 5.1 to become figure 5.2.

[image: image]

Figure 5.1

[image: image]

Figure 5.2

In chapter 4 we saw how even though 3:2 is substantially more complex than 3:1 in the rhythmic world, the two ratios are nonetheless heard as having the same harmonic essence. We now will apply the same method to pentamerous harmony. For reference, example 5.1 shows again the overtone series.

[image: image]

Example 5.1

Study the progressively more complex relationships shown in example 5.2.

[image: image]

Example 5.2

If you thought 3:2 was a problematic cross-rhythm, 5:2 will be no easier. 5:4 is truly difficult, so much so, in fact, that one rarely hears it performed, apart from a few African drummers, fewer Indian tabla players, and specialists in twentieth-century concert music of the West. Contrast this with the fact that nearly everyone in every culture—most of the billions of us—has found 5:4 in the harmonic world to be a natural and intuitive musical given. 5:4 is an extremely rare rhythm yet an extremely common harmony. Our bilaterally symmetric, gravity-conditioned bodies do not easily cast off the duple dimension. For a dancer, 5:1 (five arm motions for one leg motion, for instance) is possible and perhaps beautiful, but 5:4 is extremely rare by virtue of its difficulty. Dancers simply don’t do the rhythmic equivalent of octave reduction; that is, they don’t transform 5:1 into 5:4. The aural brain, on the other hand, somehow minimizes, to a substantial degree, the effect of the duple dimension; in the harmonic world it reduces octaves effortlessly and with little change of meaning.

    For those interested in learning the cross-rhythm 5:4 it is best to first practice, in one hand only, the straightforward rhythm in (5)/(4) time shown in figure 5.3. Placing that rhythm in two hands as shown in figure 5.4 results in the right hand playing five beats while the left hand plays four.

[image: image]

Figure 5.3

[image: image]

Figure 5.4

Perhaps, for a student of harmony, it may be enough to appreciate that 5:4 feels relatively complex to us and leave it at that. After all, the harmonic ratios are certain to become even more complex as we proceed, and we must be prepared to lose track of their rhythmic equivalents sooner or later. We surely will never make a viable cross-rhythm out of 16:15, which is a garden variety semitone in just intonation. Nevertheless, for the obsessive among us (count me in), 5:4 may not prove too difficult to learn after all, and might even prove musically useful. “Learning music is the art of turning the seemingly impossible into the familiar,” said Easley Blackwood to me more than once.

If you can beat 5:4 fluently, do you have a better understanding of a pure third? A better understanding, yes. A deeper experience? You have to find that one out for yourself, gentle musician, and when you do, send me a postcard.



      
        The Three-and-Five Problem Summarized

        To dispel some of the confusion in the nomenclature for harmonic and melodic space, especially in regard to the numbers three and five, table 5.1 is a comparative chart of terms used throughout this book.

        
          
            	
              TABLE 5.1
            
          

          
            	 
            	 
            	
              
                HARMONIC SPACE
              
            
            	
              
                MELODIC SPACE
              
            
            	 
            	 
          

          
            	 
            	 
            	proportional
            	intervalic
            	 
            	 
          

          
            	 
            	 
            	multiplicative
            	additive
            	 
            	 
          

          
            	 
            	 
            	chordal
            	scalar
            	 
            	 
          

          
            	 
            	 
            	1:1, unison, first partial, sa

            	unison
            	 
            	 
          

          
            	 
            	 
            	2:1, duple nature, doubling, second partial
            	octave
            	 
            	 
          

          
            	 
            	 
            	3:1, triple nature, tripling, third partial, pa, Pythagorean (see chapter 6)
            	perfect twelfth, twelfth
            	 
            	 
          

          
            	 
            	 
            	3:2
            	pure fifth, just fifth; perfect fifth, fifth (these last two terms can also refer to their equal-tempered equivalent)
            	 
            	 
          

          
            	 
            	 
            	5:1, pentamerous nature, quintupling, fifth partial, ga 
            	two octaves plus a major third (major seventeenth)
            	 
            	 
          

          
            	 
            	 
            	5:4
            	pure third, just third; major third, third (these last two terms can also refer to their equal-tempered equivalent)
            	 
            	 
          

          
            	 
            	 
            	
Note: A system of tuning limited to triplings, quintuplings, and their octave reductions is called a five-limit system. Tones compounded from perfect fifths and major thirds (The Major Seventh) are called ga-blooded (introduced in The Lydian Mode).
            	 
            	 
          

        

        An empty shell for music is made by the doublings called octaves; within that shell, the interactions among the triplings (called perfect fifths) and the quintuplings (called major thirds) account for nearly all of the tonal music that exists. We have begun to experience the properties of these harmonic elements individually. Now let’s find out how they combine to make music.

      

    

  
    
      
        
          6
        
      

      
        A MAP OF HARMONIC RELATIONSHIPS
      

      HOW DO THE HARMONIC ELEMENTS—octaves, fifths, and thirds—combine to create music? How could such simple and common sounds generate a system of harmony so generous and elaborate?

      
        The Powers of Two as Sterile

        Before going on, it would be good to clarify that the number two and its powers do not generate, by themselves, what we recognize as music. Example 6.1 shows Great C and its first five doublings.

        
          [image: image]
        

        
          
            Example 6.1
          
        

        The second partial (2:1) is an octave higher than the fundamental, the fourth partial (4:1) is two octaves higher, the eighth partial (8:1) is three octaves higher, the sixteenth partial (16:1) is four octaves higher, and the thirty-second partial (32:1) is five octaves higher. A piece of music starting on C and containing only doublings (or halvings) would have only C’s in it. You can find every C on a piano and play octave music, like a kid who has just discovered that there are eight C’s on a piano and here they all are. It’s an eerie piece. The stack of octaves stands like the floors and ceilings of an empty building, an outline with nothing filled in. The duple world could be thought of as harmonically sterile in that it replicates itself only; it does not know how to make a new realm.

      

      
        The Powers of Three as Generative: Compounding

        The powers of three are different; from them have come penetrating metaphors for our inner life of thought and spirit. Lao-tzu, around 600 B.C.E., wrote, “One has produced Two, Two has produced Three.” A commentator explains, “These words mean that One has been divided into Yin, the female principle, and Yang, the male principle. These two have joined, and out of their junction has come a third, Harmony. The spirit of Harmony, as it condenses, produces all beings.”*3

        In music we can observe how the third partial of C begets a new note, G (3:1). In turn, the third partial of G begets another new note, which is the tripling of the tripling: namely, D (9:1), as shown in example 6.2a.

        With octave reduction, the perfect twelfths become perfect fifths, as seen in example 6.2b. (This harmonic generation is preserved in conventional classical nomenclature by the term “the dominant of the dominant,” meaning the fifth scale degree above the fifth scale degree.)

        If we leave out the middle term (the G) and further octave-reduce the C, the result is the whole tone shown in example 6.2c. Could this be what Lao-tzu’s commentator meant when he refers to the “spirit of Harmony as it condenses”?

        
          [image: image]
        

        
          
            Example 6.2
          
        

        The process of generating new, more complex tones (with high-number ratios) from simpler tones (with low-prime ratios) is 
called stacking, or compounding. The concept of compounding fifths is easy: They stack like Tinkertoys or Lego blocks; so do thirds, as we shall see, and fifths and thirds combine with themselves and each other, building out in any direction, as we shall also see. But the vibrational experience of singing compounded harmonies in tune is the crucial thing. Such experience is none other than the operative principle of tonal harmony, the very gift that allows us to make music. How the ear decodes and interprets complex harmonies compounded from simple ones is almost a complete mystery to us, although there has been some fascinating speculation (discussed in the afterword). My way of softening the mystery is to remind myself that the ear and sound are not unrelated things, in the same way that a glove and a hand are not unrelated. The ear was made to hear sound. That it responds to the elemental wave forms locked inside complex harmonies does not seem unnatural. Even though we can’t describe it yet, we sense that the anatomy of hearing is similar to the anatomy of harmony. When you study one you study both. The study of music is the study of one’s own ear. That’s why it is not enough to simply listen to a harmony (such as a major second) and say, “I hear it.” You have to go so deeply into your experience that you hear yourself hearing it.

        Although we will not continue on with the tripling process at the moment, as many new notes as we can use are thus generated by the powers of three. Indeed, Pythagoras, who lived in Greece around the same time that Lao-Tzu lived in China, thought that tripling was the only acceptable harmonic principle; consequently, the harmonic system generated by compounding fifths and reducing octaves is called Pythagorean.

      

      
        Singing a Compound Tone: Re

        You could use a piano to generate two fifths, because the piano’s equal-tempered fifths are not too badly mistuned. But a more certain path is to tune two guitar strings as well as you can by ear, as shown in example 6.3a. To check your tuning, match the third partial of C (the appropriate node is over the seventh fret) with the second partial of G (the node is over the twelfth fret).
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            Example 6.3a
          
        

        When your tuning is pure, proceed by sounding the fourth partial of the C (the appropriate node is over the fifth fret) together with the third partial of G (seventh fret), as shown in example 6.3b. If you get the tuning right, with the overtones robust and well sustained, the hollow spaciousness of the “dissonance”—for such is how we conventionally term the “interval” of the major second—is illuminating.
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            Example 6.3b
          
        

        Now it is time to experience through singing exactly how simple sounds create complex sounds. Listen to the elements of the major second as demonstrated in example 6.4.
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            Example 6.4
          
        

        Practice these steps in sequence until you can hear the fifth-y quality of the major second. Sing the syllable re, using the retroflexive r.*4

        Remember that listening to overtones and pure harmonies can serve as a guide only; let the proof of what you are seeking be in your singing. That proof is not here on the page. It is (bless the fact) in your own body.

        While you are singing, remember to appreciate that, in harmonic terms, C and D are not neighbors but live two houses away. One might ask the riddle, “Harmonically speaking, what lies between C and D?” (If you say “C#” or “Db” the author will have to immolate himself immediately.) Awareness of the reality in which G lives between C and D—whether or not it is being heard as a note in the air—is the goal. It is a light that goes on inside.

        With appropriate octave reduction, we now have an attractive four-tone scale, shown in example 6.5. Against a C and G drone, very slowly improvise melodies in this scale, singing in tune, feeling
the qualities, and knowing
that you know the
harmonic derivations as you go. The enormously subtle change of flavor between re and ga is especially recommended. A hungry musician type could spend very long moments savoring that one.
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            Example 6.5
          
        

      

      
        A Map Emerges

        
          [image: image]
        

        
          
            Figure 6.1
          
        

        At this point, we could profit from a new notation. Since there are two harmonically functional elements (perfect fifths and major thirds) and two dimensions on a sheet of paper (horizontal and vertical), we can array the fifths along a horizontal axis and the thirds along a vertical axis. A picture of harmonic space will begin to emerge, as seen in figure 6.1.

        The notion that perfect fifths can be drawn along a strictly horizontal east–west axis and major thirds along a strictly vertical north–south axis has been usefully employed in the study of acoustics since the late nineteenth century. We’ll call such a depiction compass orientation and employ it frequently later on in the book.
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            Example 6.6
          
        

        Now, if the picture is combined with staff notation (this is the new part), we can read it in the same way we read music. To do this, we have to skew the axes somewhat, as shown in example 6.6. The generating tone (C) is indicated by small radiating lines.

        Notice that the horizontal axis is tilted somewhat counterclockwise, now lying more in the southwest-to-northeast direction, while the vertical axis is tilted slightly clockwise, leaning to the northeast. Although our “directions” are now less easily named, there is a great advantage in using the musical staff as a reference. We’ll call this kind of scheme staff orientation and use it exclusively throughout part 1.

        Let’s call the line of fifths a “spine.” We’ll continue to generate new notes by adding, one by one, major thirds above the spine of fifths.

      

      
        The Major Seventh

        The next note to examine is the major seventh, B. Just as E is the third above C, B is the third above G. Example 6.7 shows the entire harmonic map so far. Notice that solid lines indicate the connection of the fifths to one another and the connection of the major thirds above each fifth.
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            Example 6.7
          
        

        To experience the major seventh in its harmonic fullness, follow the procedure shown in example 6.8.
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            Example 6.8
          
        

        It is amazing to realize how the major seventh has, hidden inside it, the consonances of both the major third and the perfect fifth. Discovering this is a little like looking through a microscope and finding the abundance of cells in one drop of blood difficult to believe even though you are seeing them with your own eyes. If you go over the procedure for playing and singing given above, however, the incredible seems at least more familiar and comfortable. Most of the music you have ever heard or will hear is essentially perfect fifths and major thirds, similarly compounded, and the wonder of that never goes away.

        Since the major seventh is compounded from a fifth and a third, would it be reasonable to expect that its quality reflects, somehow, the sum of the qualities of its constituent elements? Maybe so, maybe not. Many have said much on this subject, but it is your work to realize your own sensibilities. You have to keep checking the B with the G and the G with the C and the B with the C and not giving up.
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