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Preface

Music is everywhere. Every society worldwide engages in musical activities, and our engagement begins in infancy with lullabies and continues in various forms throughout our lives. Music is a constant—like the air we breathe or the blood that flows through our veins. For this reason, we often take music for granted and rarely stop to think about why it plays such a crucially important role in our lives. Why should a sequence of human-made sounds, produced in inventive ways and in a range of contexts, be a source of worldwide activity, fascination, and appreciation?

In 2018, it was estimated that Beyoncé and Jay-Z, as a couple, were worth roughly $1.25 billion. From one standpoint, they accumulated this enormous wealth because they are talented at imagining and stringing together sounds in ways that people appreciate. Bono, with the band U2, has sung to huge stadiums of fans all around the world. At one concert in Pasadena, California, close to one hundred thousand people packed into the Rose Bowl to hear them play. An outsider to their music might be forgiven for wondering what the fuss was all about. Bono can sing a memorable tune, but why the worldwide adulation? In the 1960s, protest songs by musicians such as Joan Baez, Judy Collins, Pete Seeger, Phil Ochs, and Bob Dylan helped to build and then fuel a global peace movement in response to the Vietnam War, including the famous anti-war student movement that began at the University of California, Berkeley.

In 2020, the global pandemic profoundly impacted the careers of musicians, with classical and popular music concerts cancelled across the globe, and venues that would normally support local musicians shut down. Musical communities were also disrupted as people went into isolation. Yet as people adjusted to the new reality, music began to re-emerge from the balconies in Italy, to online collaborations and performances such as virtual choirs and orchestras. Music was a natural human response to the isolation and anxiety that people were experiencing, and it was a source of healing and hope.

The profound power of music to affect people from all walks of life is one of the great mysteries of science. It is being vigorously investigated by musicologists, psychologists, neuroscientists, physicists, and a range of other scholars. The aim of this book is to provide an introduction to some of the main scientific investigations, theories, and discoveries about music and how it affects our emotions, thoughts, identities, and social lives. All the chapters have been authored by world-leading experts on the science and psychology of music. They bring firsthand experience and knowledge of their chosen topics to provide exciting and accessible accounts of each topic area.

Just as music is found in many different contexts and is used for different reasons, there are many intriguing questions that can be asked about music. What is special about the sounds that are used as the building blocks of music—the notes, chords, drumbeats, and vocalizations? Is music different in every culture or are there certain commonalities in the various musical sounds and activities that occur across cultures? What does it take to become an expert musician? Why are some people gifted at music, whereas others, no matter how hard they try, are tone deaf? What happens in our brains when we listen to music, and what are its effects on memory, emotion, and health?

Rather than answering all possible questions about the science and psychology of music in one long explanation spanning hundreds of pages, we have instead organized the book into three parts: (1) Understanding Music, (2) Psychological and Social Implications of Music, and (3) Impact and Applications of Music. Each part addresses a distinct and coherent set of issues related to the science and psychology of music and can stand on its own as an independent resource for teachers, students, and interested readers. Each part also addresses five core topic areas, giving rise to fifteen topics across the entire book.

Part 1, Understanding Music, describes the various ways that scientists think about music: (1) how they attempt to define music (What Is Music?); (2) how they understand and compare musical practices around the world (Music across Cultures); (3) how they investigate the nature of musicianship (Musical Expertise); (4) how they understand child prodigies (Musical Prodigies and Savants); and (5) how they investigate music through the lens of the human brain (Music and the Brain). Because every topic addresses a complex question, it is further divided into distinct questions that are addressed across four chapters written by different scientists and theorists.

Part 2, Psychological and Social Implications of Music, deals with five different topic areas: (1) how music helps us to construct or reinforce a sense of our identity (Music and Identity); (2) how musical preferences and skills are affected by personality (Music and Personality); (3) why music is used to accompany and celebrate rituals such as births, marriages, and birthdays (Music and Ritual); (4) the influence of music on religious and other beliefs (Music and Belief); and (5) how music can bring people together, strengthening our friendships and reinforcing the trust that we form with people around us (Music and Social Bonding). Such issues speak to the powerful ways that music shapes and helps constitute our identities and human societies. As in part 1, each topic area in part 2 is addressed across four chapters.

Part 3, Impact and Applications of Music, considers the impact and applications of music, that is, how music affects us in ways that change how we think and feel, with consequences for health and education. The chapters in this section deal with the following topics: (1) the effects of music on emotional states (Music and Emotion); (2) the strong connection between music and memory (Music and Memory); (3) the intimate association between music and movement (Music and Movement); (4) the application of music for health (Music and Health); and (5) the application of music for education (Music Education).

We believe the organization of this book will help readers tease apart and digest the many distinct and fascinating questions and issues surrounding the science and psychology of music and that this comprehensive collection of chapters will inspire the next generation of researchers in the field. Music is an extraordinary aspect of human life, and its power to affect us can only be understood by considering its psychological implications. For without our psychological input and appreciation, music would not exist. Philosopher George Berkeley (b. 1685), after whom the University of California, Berkeley, was named, once wrote, “All the choir of heaven . . . which compose the frame of the world—have not any subsistence without a mind” (Berkeley 1710/2002). The same can be said for music: it exists only because we conceive it in our minds and then engage in musical activities, to be forever affected by our own creations. The sixty chapters contained in this book explain how and why music affects us so deeply.

Reference and Further Reading

Berkeley, G. (2002). A Treatise Concerning the Principles of Human Knowledge (D. Wilkins, Ed. & Trans.). (Original work published 1710). https://www.maths.tcd.ie/~dwilkins/Berkeley/HumanKnowledge/1734/HumKno.pdf.
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PART 1

Understanding Music


What Is Music?

1. Defining Music

William Forde Thompson and Kirk N. Olsen

Has it ever occurred to you how strange it is that humans seem to enjoy concocting sounds by hitting objects with sticks, blowing air across a small opening in hollowed-out cylinders, buzzing lips into a mouthpiece, and scraping stretched steel strings with the stretched fibers of horse hair? If humans were being investigated by an alien species from another planet, what would they make of this peculiar activity? If they wanted to understand this behavior, the first step they would need to take is to define it.

DICTIONARY DEFINITIONS OF MUSIC

What is music? According to a 1947 version of the Random House College Dictionary, music can be defined as “an artistic use of sound to express thoughts and feelings through the elements of melody, harmony, and rhythm.” One problem with this definition, however, is that it makes a lot of assumptions. First, it assumes that we make music to express our thoughts and feelings, which defines music as an act of communication. Not everyone would agree that communication can explain everything about our experience and enjoyment of music. In some cases, we enjoy listening to music for the same reason that we enjoy listening to the sounds of waves on a beach or a summer rainstorm. That is, we sometimes enjoy the sounds in music for their own sake, even if nothing specific is being communicated to us. Second, it identifies quite specific ingredients of music: melody, harmony, and rhythm. Is that all there is to music? And does all music contain these three ingredients? Unfortunately, the answer to both questions is probably no.

Consider, for example, the traditional music of indigenous Australians (also called Aboriginal Australians). One of the instruments commonly used in this music is the didgeridoo—a type of instrument classed as an aerophone (other aerophones include the harmonica and the trumpet). Skilled players of the didgeridoo use a technique called circular breathing to create a continuous sound that they can control, often using vocal and breathing techniques that change the overall sound quality of the instrument, or timbre. The didgeridoo does not produce melodies in the conventional sense of the word, and when it is accompanied by other instruments, such as clapsticks or vocals, the combination does not sound like the kind of harmonies that we hear in popular Western music. Thus, this form of music does not fit well with the dictionary definition of music and its emphasis on melody, harmony, and rhythm.

The 1955 edition of the Oxford Universal Dictionary offers an improved definition of music. It describes music as “the art of combining sounds with the aim of achieving beauty of form and the expression of thought and feeling.” This definition was an improvement because it allowed for any possible sounds to be used, not just melody, harmony, and rhythm. In that way, the definition can be applied to many musical practices around the world. However, the definition is not perfect because it can be applied to activities that are not music, such as spoken poetry, and there are forms of music that the definition does not seem to capture, such as dance music and music therapy.

Around the world, music is used for a range of other purposes, not just to achieve beauty of form and the expression of thought and feeling. Music is used to establish or strengthen social bonds, to induce physical movement (usually in the form of dancing), to highlight important cultural rituals, and to foster healing. Take the traditional music of the Bushmen people of Southern Africa, also known as the !Kung people. (The ! sound is made by clicking your tongue against the back of the roof of your mouth while mouthing the vowel O. Try pronouncing !Kung). One kind of music practiced by the Bushmen people helps a spiritual leader make a transition into a trancelike stake (!kia). The music often involves men and women chanting, singing, and clapping rhythmically until the music intensifies enough for the spiritual leader or healer to enter a realm in between the human world and the spirit world. Well-being and health are bestowed on all those who attend the musical ritual. In other words, the music does not function for aesthetic beauty or to express thoughts or feelings but to assist a spiritual leader in bringing about freedom from illness.

IS MUSIC RESTRICTED TO SOUND?

Some dictionaries such as the American Heritage Dictionary have opted for a simple definition of music, for example, “the art of arranging sounds in time.” Although such a definition is not very specific, can we agree that it is accurate? Probably not. First, it describes activities that are not music, such as speech, Morse code, laughter, and the applause of an audience. To get around this problem, the American Heritage Dictionary clarifies that music is an arrangement of sounds so as to create a music composition, but this clarification is circular, like saying “music is the art of making music.” Moreover, many forms of music do not fit this definition. In many cultures, music is not restricted to sound but always involves movement and social interactions. Indeed, sound is not even necessary to enjoy music. This may seem like a surprising claim, but music is enjoyed by millions of people who are profoundly deaf.

Barbie Parker, a Texas native, earns her living by signing and interpreting music concerts, thereby enhancing the experience of profoundly deaf and hard of hearing audience members. Barbie not only signs the lyrics; she also moves expressively to the music, often playing air guitar and air drums. Many music listeners are deaf, and many great musicians are also deaf. Beethoven went profoundly deaf later in life, but that did not stop him from composing his masterpiece, the Ninth Symphony.

The ability of deaf individuals to enjoy and produce music is also evident in the all-deaf contemporary rock and roll band Beethoven’s Nightmare, which has a busy touring schedule. For these musicians, music comes from within and exists irrespective of hearing. How can we make sense of this idea when most of us experience music as fundamentally about sounds? The answer lies in having an open mind and in contemplating the many forms of musical behaviors around the world.

Although most of us enjoy “listening” to music, it is important to recognize that music is not restricted to sound; it often involves movement that we can appreciate in our bodies and with our eyes. This artful creation of sound, sight, and movement carries not a single kind of meaning but many different meanings and functions depending on the context. Along these lines, music cognition researcher Ian Cross (2001) proposed that music can be understood as the creation of sounds and movements that have the potential to play different roles in our lives depending on the context. He was careful not to pinpoint what role music might play because he argued that we are free to think about music in any way that makes sense to us. This freedom to think about music in any way lies at the crux of his definition. For Cross, experiences of music are not fixed across contexts but are floating. Cross calls this property “floating intentionality,” where the term intentional should be understood in the philosophical sense, that is, mental phenomena such as thoughts, plans, and memories. In effect, this description holds that the way we think about music, including its meaning and function, depends on the context in which that music is created and experienced.

An attractive feature of the definition offered by Cross is that it captures music across many cultures and contexts. However, in trying to be inclusive, it accidentally includes activities that we would not normally describe as music. Gossiping with friends involves making sounds, and the way we think about gossiping may depend on context. Should we consider gossiping a form of music? Most people would argue no. Other activities that are consistent with this definition include sighing loudly, groaning, drumming your fingers, blowing a whistle, clapping your hands at the end of a lecture, and cracking your knuckles. Are these musical activities? A broad definition of music ensures we are not too restrictive, given the diversity of music around the world. But by casting such a wide net, we may end up capturing activities that extend beyond music.

WHAT ARE THE INGREDIENTS OF A GOOD DEFINITION?

Some people believe that a good definition of a concept should possess the qualities of necessity and sufficiency. Put differently, we want a definition that identifies all (necessity) instances of a concept and only (sufficiency) instances of that concept. If a definition has the property of necessity, the qualities included in the definition exist in all instances of the concept. For example, all fish have gills, so gills are a necessary condition of being a fish. If an animal does not have gills, it is not a fish. Conversely, if the definition of a concept has the property of sufficiency, the features identified only refer to the concept being defined and no other concept. For example, a sufficient definition of a triangle is a closed figure consisting of three straight lines connected to form exactly three angles. The definition is sufficient because only triangles possess these features. The definition of music outlined by Cross does not fulfill the condition of sufficiency because it accounts for not only musical activities but also many other human activities as well.

UNIVERSALS AND FAMILY RESEMBLANCES IN MUSIC

One strategy of defining music is to characterize features that seem to be universally present in all instances of musical behavior. If a particular attribute, function, or experience is always present in the behaviors that we classify as music, it could be listed as part of our definition of music. The concept of universals in music is discussed in the four entries in chapter 2; for now, we will consider some of the features that seem to be associated with all musical systems.

Features of music that have been identified as potentially universal have included the properties of music and human responses to music. One possible universal characteristic is the tendency to group certain elements together and to separate those groups from one another. For example, when we listen to a sequence of notes in music, some notes seem to go together to form larger units, such as phrases and melodies. We perceive these phrases and melodies to be distinct entities, sometimes because they are physically separated from each other by a slight pause or are shaped in a way that makes them sound coherent and distinct. Another characteristic that may be universal is the tendency of listeners to entrain to the temporal dimension of music. By this, we mean the experience of paying close attention to the rhythm of the music. The term entrainment can refer to the way our attention can be locked into the rhythm, and it can also refer to the tendency to synchronize our body movements to the beat of the music, as in dancing or performing music with others.

Another approach is to list all of the features that are observed in instances of music across cultures and acknowledge that only a subset of these features may be evident in any one form of music. This approach suggests that various instances of music are related to one another not by defining features but by a “family resemblance.” Just as members of the same family tend to share various features with one another, but no one feature in particular, various forms of music may not have any one common feature, even though they all resemble each other in various ways. Take six attributes that are common, but not universal, to many musical systems: (1) musical behaviors around the world often involve song; (2) the sounds are often restricted to a particular set of pitches, called the scale; (3) instruments are typically used to produce sound; (4) participants are often encouraged to synchronize with each other in time; (5) the sounds are often associated with social interaction; and (6) the sounds and accompanying activity are often experienced in an emotional way.

First, song refers to any complex, nonverbal, learned vocalization, and we see instances of song in most musical systems around the world. Second, songs tend to be built around a small set of notes called the scale. Third, music tends to involve the production of sounds by purpose-built instruments, such as flutes and drums. Fourth, music often encourages us to synchronize our bodies to the rhythm of the music (also called entrainment). Fifth, music is typically a social activity. This may be true even when we are listening to music on our own because we tend to experience music as a social surrogate, such that the music becomes a kind of “friend” that we relate to on an emotional level. Finally, music tends to have an emotional effect on us, energizing or calming us, giving us pleasure, and helping us to make sense of our inner emotional experiences, both happy and sad. None of these features is present in all musical systems around the world, but all musical systems likely have a subset of these attributes.

CONCLUSION

Renowned ethnomusicologist John Blacking famously called music a “gloss word,” writing that “although every known human society has what trained musicologists would describe as ‘music,’ there are some that have no word for music or whose concept of music has a significance quite different from that generally associated with the word music” (Blacking 1995, pp. 224–225). Given the various definitions and understandings of music across cultures, and the absence of an overall concept of music in certain cultures, one might wonder how an ethnomusicologist would decide whether a particular activity is an instance of “music.” Given the complexities of defining this human behavior, it is tempting to avoid using the gloss word music and to focus instead on describing specific human activities, such as singing together to create beautiful harmonies, chanting as part of a religious experience, or creating sounds and movement for the purposes of healing. There are many concepts we use that we would not be able to define if asked: What is time? What is happiness? Music is perhaps one of those concepts that is difficult, if not impossible, to define.

We do not need to define music before we can recognize it, describe it, and appreciate it. Some ethnomusicologists have adopted this approach, providing richly detailed understandings of particular behaviors across various cultural contexts—a strategy that is sometimes called thick description. And it is hard to deny that all these forms of musical behavior play powerful roles in our lives and may have a deep psychological connection and common evolutionary origins. For this reason, understanding this collection of human behaviors, in all their colorful and complex manifestations, will remain a key focus of investigation within the psychology and science of music.
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2. Sound Waves: The Music inside Sound

Alex Chilvers

The composer Edgard Varèse (1883–1965) used a very simple phrase to define music: organized sound. Working with any means of sound production available—from conventional musical instruments, to hand-cranked fire sirens, to electronic tape—his creations were limited only by his imagination. Varèse, and other pioneers of the early twentieth century, inspired future generations of musicians to think of music in terms of sound rather than the abstract entities we call notes. Modern technology has since led to the development of tools that allow us to closely analyze the properties of sound. Thus, today’s musicians—that is, people interested in organizing sound for creative purposes—are able to understand their medium in greater detail than ever before.

THE ORIGINS OF SOUNDS

Before we examine the music inside sound, let us first recall a climactic scene from The Sound of Music. After the Captain’s stirring rendition of “Edelweiss,” the von Trapp family singers bid their audience a long-winded goodbye and sneakily flee their Nazi escort to take refuge among the sympathetic nuns of the local abbey. As the military search party closes in on them, the family hides in the cemetery. Although they are safely hidden from view, Maria and the children huddle together and try their best to remain perfectly still.

This raises a simple question: why is it so imperative that one must avoid making even the slightest movement when trying to avoid detection? The answer is also simple: because movement causes sound. Although different kinds of movement produce different sounds, all sounds are the result of movement. Furthermore, every audible movement—from the warble of Maria’s vocal cords, to the twang of the Captain’s guitar strings, to the rustle of Friedrich’s lederhosen—reaches our ears through the air disturbances we call sound waves.

When an object moves, it creates changes in air pressure that travel outward as sound waves (imagine the ripples created when a pebble is dropped into a pond). When these waves reach an ear, having traveled at the constant speed of sound, they are transmitted to the brain and ultimately perceived as sound. Every such sound wave has a unique profile that is shaped by the properties of that original moving object.

FROM FREQUENCY TO PITCH

Most musical instruments produce sounds of definite pitch. We speak of pitch in terms of height (by singing the “do re mi . . .” scale, made famous in the abovementioned movie, you are singing an ascending scale of pitches). Pitched sounds are created when vibrations occur in a consistent repetitive pattern. A plucked string, for example, will vibrate at a constant frequency—not slowing down until it is muted by touch or allowed to naturally decay to silence. This consistency is called periodicity, and it allows a stable pitch to form. Some musical instruments, particularly in the percussion family, produce waves that are not periodic and therefore have no definite pitch. A snare drum, a hi-hat, and a tambourine all produce unpitched sounds.

The simplest example of a pitched sound is a pure tone. Pure tones are represented by the smooth and consistent shapes of sine waves (as in figure 2.1) and are generally only produced electronically or in controlled environments. The frequency of such a wave determines the pitch of the tone produced. Frequency is measured in hertz (Hz) and tells us the number of complete vibrations per second. Higher frequencies are perceived as higher pitches.

[image: ]

Figure 2.1Vibrating Pattern of a Sine Wave.

Humans are generally capable of perceiving tones of between 20 Hz and 20,000 Hz (20 kHz), although we find it harder to perceive higher pitches as we get older. Anything outside that range will go unheard (if the tone is pure) or will sound like unpitched noise. Yet, different kinds of animals hear different frequency ranges. Dogs, for example, can hear up to around 45 kHz. This is why dog trainers often use whistles that are pitched above 20 kHz, enabling them to train their pooches without annoying the neighbors.

Shorter wavelengths require less time for a single vibration, thus completing a greater frequency of vibrations per second. Higher pitches therefore also correspond to shorter wavelengths. Furthermore, shorter wavelengths are generally created by physical materials of shorter lengths. This is why small musical instruments have higher pitches than their large counterparts. A piccolo, for example, sounds higher than a flute, and a viola sounds higher than a cello. This relationship between length and pitch also explains the shape of a harp. The strings closest to the harpist are very short and produce the highest pitches, while the farthest strings are the longest and lowest. Many musical instruments allow the performer to manually alter the length of a vibrating object to control pitch. For example, cello players use their fingers to determine what portion of a string is allowed to vibrate. This is referred to as stopping the string (when a string is played without being stopped, it is referred to as open).

When a string vibrates, it moves up and down across its entire length at a frequency that produces the pitch we hear. This is called the fundamental frequency. For example, if you pluck the lowest string on a conventionally tuned guitar, the pitch you hear is the low E-natural, which corresponds to that open string’s fundamental frequency (82.4 Hz). If you use your finger to stop the same string at the first fret and pluck again, the vibrating portion of the string is shortened, the fundamental frequency is raised, and the pitch increases to an F-natural. If you continue up to the twelfth fret, you halve the vibrating portion of the string. Halving the length of a string causes its vibrating frequency to double, which corresponds to a pitch increase of one octave. Thus, you will produce the E-natural that is one octave higher (with a frequency of 164.8Hz).

Although the relationship between size and pitch (smaller = higher) is fairly intuitive due to our interactions with musical instruments, the relationship between speed and pitch (faster = higher) is a little harder to visualize. Consider a plane propeller. As it starts to turn, you hear each cycle as a discrete noise—a “whoosh” as the blade whips through the air. These unpitched noises soon take on a rhythmic nature, creating an ever-quickening pulse as the propeller speed increases. Eventually, the individual noises are no longer discernible; however, a single continuous pitch has now formed. As the speed continues to increase, those now indistinguishable pulses move closer and closer together. This both shortens the length and increases the frequency of the resulting wave, and you begin to hear an upward-gliding tone. This example also demonstrates that pitch exists on the same continuum as rhythm (albeit with much higher speeds involved).

FROM AMPLITUDE TO LOUDNESS

Just as the frequency of a sound wave influences our experience of pitch, the amplitude of a sound wave relates to our experience of loudness. As can be seen in figure 2.1, amplitude can be visualized as the height of a sound wave’s cycle and is often referred to as the intensity of sound, which is measured in decibels (dB). In real-world scenarios, breathing reaches about 10 dB, a quiet conversation reaches about 50–60 dB, and a rock concert often reaches 110 dB. In basic terms, the higher the decibel, the louder the sound will be perceived. However, this is not always the case. For example, take a pure tone with a very low frequency of 20 Hz and compare it with a pure tone of 1000 Hz. Both are in the range of human hearing; however, for these tones to be perceived (i.e., to reach the threshold of hearing), the 20 Hz tone needs to be presented to the ear at approximately 80 dB, whereas the 1000 Hz tone only needs to be presented at approximately 5 dB. This is an example of how the frequency of a sound wave interacts with its amplitude to influence how loud a sound is perceived.

MANY TONES MAKE TIMBRE WORK

Timbre refers to the quality of a sound, and discussions of timbre tend to rely on adjectives such as shrill, mellow, bright, and nasal. Timbre allows us to tell the difference between notes played on a flute, a trumpet, and a violin—even when their pitch, dynamic, and duration are all equal. Alongside pitch and rhythm, timbre is fundamental to the sounds of music. However, timbre is really just the result of many pitches sounding simultaneously.

Musical instruments are made of complex physical materials that vibrate in complex patterns. Therefore, they produce tones that are much more complex than the pure tones discussed above. When you play a note on a guitar string, the pitch you hear most prominently corresponds to the fundamental frequency of vibration. However, you also hear a whole spectrum of frequencies that make up the timbre of that particular guitar.

The additional frequencies that create timbre are variously called overtones, partials, or harmonics. These are simply multiples of the fundamental frequency (so, if the fundamental is 100 Hz, the overtones are 200 Hz, 300 Hz, 400 Hz, and so on). Overtones occur because a vibrating portion of string (or other material) naturally divides itself into an infinite number of smaller segments that vibrate simultaneously (see figure 2.2).

[image: ]

Figure 2.2Vibration Patterns of a String, from the Fundamental (1) to the Seventh Harmonic (1/7).

Consider again the open low E string on a guitar. It vibrates at a fundamental frequency of 82.4 Hz to produce that E-natural pitch. Where the string divides into two, with a stationary node at the midpoint, the fundamental frequency is doubled. This second harmonic therefore vibrates at 164.8 Hz and produces a higher E-natural pitch. The third harmonic, created by segments of one-third the string length, sees the fundamental tripled to 247.2 Hz, which is very close to the pitch we know as B-natural. The fourth harmonic is just the second harmonic doubled (329.6 Hz) and thus produces another E-natural pitch (now two octaves above the fundamental). Although there is no theoretical limit to the number of overtones that are produced, these harmonics eventually produce frequencies that are beyond the range of human hearing.

Harmonics are always produced at multiples of a note’s fundamental frequency, regardless of the instrument playing that note. The difference in timbre, and what allows us to distinguish between a flute, a trumpet, and a violin, is the relative loudness of each overtone. You can thus think of timbres as recipes: all instrumental timbres contain the same ingredients, but each has different quantities of those ingredients.

Another factor that contributes to an instrument’s timbre is sympathetic resonance, which is caused by the fact that vibrations of sound waves are infectious (so to speak). If an object is prone to vibrating at a particular frequency, and a wave matching that frequency comes into contact with it, the object itself will begin vibrating. You can observe this phenomenon by again plucking the low E-natural on a guitar. Because the highest guitar string is tuned to the E-natural two octaves higher (329.6 Hz), the fourth harmonic of the note you play will cause that higher string to vibrate sympathetically, thus contributing to the overall spectrum of sound. Indeed, a sound wave will trigger the sympathetic resonance of any material with which it has overlapping overtones. You can imagine this kind of chain reaction taking place inside the body of a piano whenever a low note is played.

INTERVALS ON THE SPECTRUM

The relationships between individual pitches in a harmonic series can be discussed in terms of the intervals used in Western music. We have already seen that octaves are created each time a frequency is doubled. The second harmonic is an octave above the first harmonic (the fundamental), the fourth harmonic is two octaves, the eighth harmonic is three octaves, the sixteenth harmonic is four octaves, and so on. Perfect octaves are the only intervals in the harmonic series that have been maintained by the equal temperament tuning system with which we are most familiar. While this will be discussed in more detail elsewhere, suffice to say that the division of an octave into twelve equal semitones has resulted in interval relationships that differ slightly from those produced by natural overtones.

Figure 2.3 shows the pitches of the first seven harmonics produced by the open lowest guitar string. Between the second and fourth harmonics, we find the first nonoctave overtone. As mentioned above, this overtone is very close to a B-natural (in fact, the difference between this overtone and a tuned B-natural is imperceptible). The next nonoctave overtone is the fifth harmonic. This is followed by the sixth harmonic (which is double the frequency of the third harmonic and therefore another B-natural).

[image: ]

Figure 2.3First Seven (Approximate) Pitches of the Harmonic Series Beginning on E2.

If we continue up through the series, the intervals produced get progressively narrower and weaker, contributing less to the sound that we hear. It is therefore important to note that those intervals that we consider to be consonant (i.e., more pleasant and stable) occur naturally and most prominently in the harmonic series. This suggests that our appreciation of consonance stems from this natural system of overtones. Given that
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