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Foreword
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“Music was making me while I was making music.”

––––––––
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I was trained as a classical pianist and started my music career as a performing artist at 16 years of age. About a decade later, I began expanding my music interest into neuromusicology, leading to my independent research and clinical work in neuroacoustics two decades thereafter. Along the way, a few references played key roles in my development both as a musician and researcher.

In 1973, composer-conductor Leonard Bernstein gave a series of lectures at Harvard University titled The Unanswered Question. On the occasion, Bernstein addressed the phonology, syntactics and semantics of music in an attempt to answer the question: “Where does music come from?”

All peoples on Earth speak one language or another and make one type of music or another. Music and speech are innate in us. In this respect, Bernstein pointed out that there was already an explanation for human speech, citing the work of linguist Noam Chomsky, who clarified the issue of speech in his theory of generative grammar (Syntactic Structures, 1957), explaining that human beings have a program that generates spoken language. Later, in For Reasons of State (1973), Chomsky reinforced the idea:

“Language is a process of free creation; its laws and principles are fixed, but the manner in which these principles of generation are used is free and infinitely varied. Even the interpretation and use of words involves a process of free creation.”

True enough, no one teaches a child to speak. We learn to speak naturally by listening and progressively learning to produce complex sounds. First comes babbling, then vowels, consonants, syllables, words and sentences. After a while, children develop a vocabulary and express themselves through speech. But what about music? Do we also have a built-in program to make music?

At the end of the series, Bernstein issued a challenge to scholars and researchers, saying that music lacked a thesis analogous to the one Chomsky had developed concerning speech. The maestro wanted an answer for the “unanswered question”. Ten years later, in 1983, composer Fred Lerdahl and linguist Ray Jackendoff would publish a book titled A Generative Theory of Tonal Music with the answer.

I came across the book in 1995 and was enchanted by it, but at the time my plate was full. I had no time to delve into the subject due to “regular work” (i.e.: piano practicing, rehearsing, traveling, performing and recording). Regardless, I felt immediately captured by the ideas in the book. From that moment on, I realized that music was making me while I was making music. I have always loved music. Overall, I would end up dedicating myself to making music for three uninterrupted decades. But I knew then and there, thirty years ago, that sooner or later I would have to tackle the deep-rooted mechanisms that connected me to music.

I was finally able to reorganize my professional life in 2012, interrupting performance activities in order to dedicate myself entirely to researching the effects of music on human beings; examining the mechanisms at work and appreciating the logos of associated disciplines (mathematics, physics, biology, physiology, neurology and psychology) which together explain the experience, the physical, emotional and mental sensation of music. Walking away from the concert stage to focus on neuromusicological research was not easy, but neither was it difficult. In essence, it was a different way of being alone and happy.

In regular school, by the time you are reach the sixth or seventh grade, for every six hours of daily instruction, you have about one hour of homework to do – a ratio of 6:1. But in the case of piano training, by the time you are 12 years old, for every hour of weekly piano instruction, you have about fifteen hours of solitary piano homework to do – a ratio of 1:15, which doubles to 1:30 by the time you are 18.

A classical pianist spends a considerable amount of time alone from the beginning of training, solving all sorts of problem alone – reading and memorizing music scores, experimenting with fingering and pedaling, practicing and listening to music passages endlessly in order to master the piano repertoire. Once a week you receive guidance from a teacher, but you have to figure out everything by doing the work yourself, literally locked up by yourself. Inevitably, self-reliance and independent thinking become your modus operandi early on. Otherwise, you will not become a concert pianist.

I believe the same thing can be said in regard to a research scientist. Traditionally, the reward of both artist and scientist is proportional to the sacrifice of social life. So, I was naturally inclined to shift from music performance to scientific research. Having said that, I miss the close emotional contact with the great composers and the entrancing experience of live performance. Yet, the  satisfaction I have drawn from scientific research has thus far more than compensated for it.  

This book discusses the origins and aesthetics of music as related to physics, mathematics and the biosciences of the brain and body, unveiling a number of neurophysiological and psychological aspects of music and their impact. Understanding the effects of music on our sensory system, brain electrical organization and genetic expression can measurably help us to use music with greater wisdom and increase the benefits we get from it. The chapters that follow will hopefully help you construct a reliable pathway in that direction.

Who should read this book? If you are a mother, a father, a grandparent, an educator, a teacher, a caretaker, a clinician, a pediatrician or a therapist who works with children, this book is for you.  

Happy reading,

Ricardo
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1. The Magic of Music
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“The magic happens because the mathematics of music is the mathematics of the universe.”

––––––––
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We start by examining the legacy of music, seeking to leverage useful knowledge. A multidisciplinary historical perspective serves this purpose well, ultimately showing us that the magic lies in the legacy of music.

The Legacy of Music

Music is nowadays offered as entertainment, no matter how praiseworthy or harmful it may be. Before it became a commodity, however, music making was a functional part of prehistoric societies, present in the daily routine of primitive populations, in shamanic healing, Eskimo rituals, seasonal celebrations, funerary ceremonies, sacrificial rites, war and peace hymns, and harvest songs.

Music was also present in the educational system of ancient Greece. It has been in liturgies, monasteries, temples, cults and medical treatments since time immemorial both in the East and the West. Even in the case of the erudite composers since the Renaissance, the purpose of music was generally aesthetic in nature, first dealing with the aesthetics of musical intervals and later with polyphony and more complex forms. Entertainment was not the idea, although fine music cannot but enchant given its beauty.

For many millennia, only a small fraction of the musical production has been conceived for entertainment purposes. Music used to be rare. Low supply and high demand would then limit the access to music, placing its value on a comparatively higher level than what we have today. Such was the situation of music in antiquity, which remained for a long time. Whether in the case of the orchestras sponsored by European patrons since the Renaissance, Gregorian chants in Benedictine monasteries and itinerant musicians in the Middle Ages, lyre players in classical Athens or the shaman in the bush, music used to be an artisanal, small scale endeavor, much less accessible than it is today. The musical experience was therefore much more discriminating.

A radical change would arrive during the industrial revolution, between May and July 1877, when Thomas Edison (1847-1931) decided to develop an “automatic method of recording telegraph messages on a paper disc”, but fate stepped in and the inventor would quickly adapt the original idea. On November 21 of the same year, the first phonograph was announced, leading to the music industry of the 20th century. By the first decade of the new century, the phonograph and musical records on both cylinder and disc formats were broadly available to consumers. In 1914, over half a million machines and about 27 million records were sold in America.

Record companies, artists, production and reproduction equipment, brands, stores, consumers, fans; in short, a music industry would grow and create an international market. By the end of the century, the digital revolution transformed what was already a huge record library into a galaxy of digitized audio, which is now on the Internet in astronomical quantities, enjoyed and exchanged by billions of people on demand.

It is therefore essential to have an anthropological perspective, moving from prehistoric settings to the present day, so as to fully appreciate the attributes of music, duly interpreting its legacy and taking advantage of the many benefits it has to offer.

The mystical aspect of music in society seems to be a good place to start probing the magic of music. The Book of Changes fits the purpose, referring to the three-thousand-year-old Chinese “oracle” known as the I Ching. The book served as the basis for the practice of divination for centuries in the Far East and would later have much influence on the Western understanding of East Asian philosophical thought. The basic unit of the book is the hexagram: six stacked lines that can be whole or broken. From the combination of lines comes an image, the oracle’s pronouncement and its interpretation. Fig. 1 below shows hexagram 16, titled Enthusiasm, followed by an excerpt of Richard Wilhelm's interpretation.
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“[...] The enthusiasm of the heart expresses itself involuntarily in a burst of song, in dance and rhythmic movement of the body. From immemorial times the inspiring effect of the invisible sound that moves all hearts, and draws them together, has mystified mankind. Rulers have made use of this natural taste for music; they elevated and regulated it. Music was looked upon as something serious and holy, designed to purify the feelings of men. It fell to music to glorify the virtues of heroes and thus to construct a bridge to the world of the unseen. [...].”

Here we read terms such as “invisible sound”, “mystified mankind”, “holy” and “bridge to the world of the unseen” to describe the qualities associated with music. Meanwhile, the mystical would become scientific in the West a few centuries after the I Ching appeared, thanks to Pythagoras. Admittedly, music has something magical about it. But how does it work? What is the operating force behind the magic of music?

In essence, the magic of music has to do with the energy patterns of music. When structured according to the laws of harmony, sound energy can shape thought, emotion and behavior, exactly as Plato taught. In a dialogue between Socrates and Glaucon in the third book of the Republic, we read:

“And therefore, Glaucon, musical training is a more potent instrument than any other, because rhythm and harmony find their way into the inward places of the soul, on which they mightily fasten, imparting grace, and making the soul of him who is rightly educated graceful [...].”

In the end, the magic happens because the mathematics of music is the mathematics of the universe. Music is audible mathematics, a sensory-based stimulus that elicits motion, emotion and imagination alike. Music is made of sound frequency vibrations organized according to a universal pattern, expressed in natural harmonics, whence we get the tones, tonal fields and consonance fluctuations of music. That's the genesis of the magic.

The Universal Mathematics

The universal mathematics behind the magic has to do with waves, which immediately makes it a physical process. When a wave travels through a medium, as the particles of the medium move, they create disturbances that form additional waves with frequencies that are multiples of the original wave: harmonics. This is universal. All types of wave have the potential to produce harmonics, including mechanical waves, such as acoustic waves in the air and water, and also light, radio and brain waves. In the case of music, the harmonics form sets of frequencies that fit together in varied degrees through additive synthesis, thereby creating a spectral gradient of tonal textures. When several harmonics are present in the sound signal, we hear a “richer” sound texture.

As noted, music was scientifically interpreted and codified in the West, beginning with Pythagoras, who observed that a duly stretched string establishes an inverse relationship between the length and the sound frequency of the string. Pythagoras observed the following proportions: a string of length X/2 produces a tone that is one octave interval above the tone produced by a (same) string of length X. Thus, half the length results in the octave, which vibrates twice as fast. For example, a given C becomes the next C above, doubling the hertz (cycles per second) and establishing a ratio of 1:2. Pythagoras also noted that the perfect fifth interval (C – G) has a ratio of 2:3 and the perfect fourth interval (G to C) has a ratio of 3:4 to the length of the string.

All musical intervals are ultimately produced by progressively fractioning a string. This process reveals the natural series of harmonics, which vibrates simultaneously with the fundamental frequency when the whole string vibrates (Fig. 2).
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7-note modal scales (heptatonic) could then be formed by selecting seven harmonics from the natural series of harmonics that springs from a given tone, reordering them and designating a scale note to each one. In this scheme, the fundamental frequency assumes the role of the tonic (C), followed by the supertonic (D), mediant (E), subdominat (F), dominant (G), submediant (A) and leading note (B). The sequence represents the ascending degrees of the modal scale, which then starts over one octave above. This development is the result of physical laws discovered and codified by Pythagoras using a string in the 6th century BC.

This physical-mathematical interrelationship established close ties between music and astronomy, philosophy, poetry, dance, pedagogy, medicine and religion in Greek society. That is why music came to be so valued by the ancient Greeks. They had already observed that sound, as a concrete phenomenon of physical-acoustic nature and the raw material of music, reproduces the movement of music in the listener (breathing, heart beating, blood pressure), affecting the nervous system and, therefore, motor, cognitive and emotional functions.

We have since confirmed that the physiological response to sound is linked to sound vibrations, while the psychological response arises from the relation between and among the vibrations, meaning that music promotes the integration of physical and mental experiences. In addition, we have also learned that the quantitative dimensions of music (duration, meter, pulse, proportionality and speed) stimulate logical thinking and sustained concentration.

Musical Scales

The story begins with the natural order of harmonics, followed by the evolution of musical scales. First came the primitive 5-note scale (pentatonic), found in various musical traditions across the globe, including Native American, African, South Asian and European musical forms. We do not know exactly how it came about, but there is evidence suggesting that the 5-note scale was already in use tens of thousands of years ago.

Then came the more complex modal scales with seven notes (heptatonic), which began to be used in ancient Greece following Pythagoras – the Ionian, Dorian, Phrygian, Lydian, Mixolydian, Aeolian and Locrian modes. At last, the so-called “tempered scales” emerged in the 18th century, also with seven notes, but with a qualitative advantage over modal scales since tempered scales are interchangeable. That is why we continue to use them nowadays.
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