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‌Preface

   Music and maths are endlessly entwined in symbiotic relationship, nourishing one another. Through music, an interplay of numbers is infused with passion and life. Girded by maths, music gains structure and sense. Both are universal languages, seemingly very different but, in fact, deeply connected. Science forms the triumvirate. When music is played it becomes part of the physical world: its sounds in thrall to the laws of acoustics, its ultimate purpose realised in the living tissue of our senses and brains.

   The trinity of music, maths and science has been with us since before the dawn of civilisation – evident in bone and mammoth ivory flutes made at least forty thousand years ago. The pitches produced by an even earlier Neanderthal instrument, fashioned from the thigh bone of a cave bear, match four notes of the scale we use most commonly today.

   A Perfect Harmony takes the reader on a musical odyssey through time, from the Palaeolithic to the present, and a deep dive into the links between notes and number, musical perception and physics. At heart, it explores how something that, ultimately, can be reduced to mere equations and wave patterns conspires to have such a powerful emotional impact upon us. All of this is told against a backdrop of the human forces that have shaped the development of music – religion, society and artistic expression – in different parts of the world.

   We venture, too, beyond the confines of our own music to consider what forms it might take elsewhere in the universe or if developed autonomously (as it doubtless will be) by advanced artificial intelligence. In this way we’ll come full circle to confront the very nature of music in terms of its mathematical and scientific underpinnings, and the effect it evokes in the mind of the listener.

  

 
  
   
‌Chapter 1

   Prelude

   Before there was music there was – what? Silence? Vibrations in air, water and rock existed long before our species took its first step along the way to Vivaldi and Van Halen. Sound is older than the hills. Music may be a relative newcomer. But its origins extend much farther back than perhaps we normally suppose.

   It isn’t much to look at: part of the femur of a cave bear cub, about eleven centimetres long – roughly the width of your hand. On one side are four holes in a line: two of them complete, the other two partial where the bone has been broken at either end. A fifth hole lies on the other side. The bone came to light in 1995 during an archaeological dig at Divje Babe, a cave in northern Slovenia. It was unearthed next to a hearth used by Neanderthals fifty to sixty thousand years ago and may be the world’s oldest surviving musical instrument.1

   Sceptics have suggested that the holes in the ‘Neanderthal flute’ were made by a carnivore, such as a hyena or brown bear. But the bite of an animal would surely have splintered the bone, and the alignment of the holes is hard to explain except as the result of purposeful manufacture. The spacings of the holes, too, bear the hallmark of handcrafting because they’re just right to let recognisable tunes be played. Replicas of the flute have been made on which, remarkably, a scale can be sounded that’s indistinguishable from one we commonly use today.2
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      The Divje Babe flute, also referred to as the ‘Neanderthal flute’, measuring 11.4 centimetres in length. National Museum of Slovenia.

     



   

   It’s impossible to tell when music began. All we can say for certain, based on artefacts, is that by a few tens of thousands of years ago, humans and possibly their close relatives were fashioning instruments on which musical notes could be played. The controversial Neanderthal find aside, several bone and ivory artefacts have turned up in caves in Germany that are beyond doubt simple end-blown flutes dating back more than 35,000 years. It isn’t hard to imagine a group of Stone Age men, women and children huddled round a fire as darkness falls while a haunting melody reverberates from the walls of their rocky shelter.

   Musical instruments were among the first artistic tools to be manufactured. But long before they appeared, there was the human voice. Any sounds we can make today, the earliest members of our species were anatomically equipped to make equally well. A prehistoric baby transported to the present day from that far-off time eventually could learn to speak and sing as well as you and I.

   By around 300,000 bce – the date of the oldest known modern-human remains – our ancestors had the means to vocalise in a musical way. We can’t be sure whether they actually did so, but there’s every reason to suspect they may have explored such tones. Mothers make gentle sounds to soothe their babies. If those sounds are varied in pitch and calming to the ear, they amount to a simple, improvised lullaby. Very basic singing like this may have appeared on the scene long before any sophisticated spoken language. After all, it’s much easier to produce a tuneful murmuring of sound, such as humming or crooning to an infant, than to form the vowels and consonants of complex speech. But in both cases – song and language – two essential ingredients have to be in place: a physical apparatus that can produce a wide variety of sounds and a brain capable of exerting fine control over that vocal machinery.

   None of our nearest living relatives – apes and monkeys – can talk or sing as we can. Yet we have much in common with them in terms of anatomy and intelligence. So, what’s prevented them from coming up with at least a simple spoken language or rudimentary forms of music?

   First, it’s not true that our primate cousins lack any musical talent or, at least, latent musical abilities. The indri, a type of lemur, is well known for its distinctive calls, made by groups of animals which climb high into the treetops so they can be heard far away. Their ‘songs’ sound like the sliding vocal exercises known as sirens that singers use when warming up. They may not be music as such – more a form of long-distance signalling – but they reveal an ability to sustain and vary musical notes in a controlled way. Indris also have a sense of rhythm. The sounds they make are typically either the same length or half as long as the gaps between them. Male and females sing at different tempos, but with the same rhythm, and may end with a steady slowing down, or ritardando. Mated couples will often duet, seemingly to stake out their territory and reinforce its boundaries against encroachment.3

   Lar gibbons, native to the forests of South-East Asia, are another breed of simian songster. Their melodic cries became the subject of a study at Kyoto University’s Primate Research Institute. Scientists there wanted to find out how well the apes could control the tonal quality of their calls.4

   When we speak or sing, air passes over our vocal cords causing them to vibrate at a certain frequency, determined by the length of the cords and how tightly they’re stretched by the muscles attached to them. Whole-number multiples of this fundamental frequency give rise to different harmonics. The resonant frequency – the natural frequency of vibration – of the vocal tract then determines which of these harmonics are emphasised. By altering the position of the mouth, tongue, lips and teeth, humans can rapidly adjust the resonant frequency of their vocal tract to make the many different sounds used in speech and song. Operatic sopranos are especially adept at this so-called resonance tuning. They learn to tune the resonant frequency of their vocal tract to the pitch frequency produced by the vocal cords. In this way they can amplify their voice at certain pitches, enabling it to cut through and be heard even above the sound of a full orchestra.

   In the case of lar gibbons, two different ideas had been put forward to explain how they produced their calls. The first was that the gibbon’s vocal tract simply resonates in tandem with its vocal cords such that the resulting sound is predetermined like that of a wind instrument. The second was that apes have a more human-like arrangement in which the vocal tract and cords can be resonated independently.

   To test these ideas, the Kyoto researchers put a captive female gibbon in a large box with a mixture of air and helium. If you’ve ever sucked in the contents of a helium balloon, you’ll know what it’s like to suddenly have the voice of a cartoon chipmunk. The gas doesn’t change how the vocal cords vibrate, but it does alter the resonant frequencies of the vocal tract. By recording the gibbon’s calls in a helium-rich atmosphere, the scientists were able to separate the different contributions from the vocal cords and vocal tract. What they found was surprising: the animal could modulate her voice just like a human soprano, adjusting to the effects of the new gas mixture by selectively amplifying lower-pitched sounds differently from those of higher pitch.

   It seems that human vocal anatomy isn’t as unique as many once believed. We aren’t special in the way we make sounds, only in the extent to which we can control those sounds with our brains. Fine neural control over the vocal system is evidently a key factor that separates us from our fellow species.

   Did language or music come first, or did they develop together? Traditionally, it’s been considered that music, and singing in particular, is an evolutionary spin-off of language. But a more recent theory suggests the opposite, that language evolved as a subset of music. Notice how we talk to babies in a voice that’s very different to normal. Babies respond best to sing-song speech that goes up and down with drawn-out vowel sounds. We adopt this approach naturally, without thinking, exaggerating pitch variations and emphasising certain syllables. We know intuitively that this makes it easier for a baby to discern different sounds and, over time, to recognise and distinguish between words. It seems that we all have a sort of ancestral memory of the time when language evolved from song. At any rate, it’s clear that language and music are strongly connected, and the reason other animals don’t have our level of linguistic and musical skills is the same.5

   The question as to why monkeys and apes can’t speak goes back to Charles Darwin’s theory of evolution by natural selection of the mid-nineteenth century. Darwin himself thought that non-human primates couldn’t talk because they lacked the brainpower. But over time, anthropologists latched onto the notion that it was the vocal tracts of our primate cousins that were holding them back. Now, it seems Darwin may have been at least partly right after all.

   Research carried out at Princeton University has added to evidence that apes and monkeys have the basic vocal apparatus needed to produce speech similar to our own. Neuroscientists trained Emiliano, a long-tailed macaque at Princeton’s primate lab, to sit in a chair while they recorded an X-ray video of him eating, yawning and uttering a variety of vocalisations. By analysing X-ray stills from the video, the team was able to put together a collection of ninety-nine different configurations of the monkey’s vocal tract, from larynx to lips.* They then compared these configurations with what would be needed to produce distinctive vowel and consonant sounds. Finally, the researchers fed Emiliano’s vocal tract shapes into a computer program that simulates vowel and consonant production given different anatomical settings. They chose an English phrase, ‘Will you marry me?’, which contains several different vowel sounds, and ran it through a simulation of the monkey’s vocal tract. Sure enough, Emiliano’s faked matrimonial inquiry, if not exactly human sounding, was clear enough to be intelligible.6

   In terms of anatomy, it seems macaques aren’t far from being speech-ready. The same is true of other monkeys and apes, and even some non-primate mammals, which have a similar vocal apparatus to Emiliano’s. The reason they can’t speak is not that they can’t form a reasonable approximation of the necessary sounds, but rather that they lack the neural wiring to put those sounds together to make meaningful words. Equipped with a human brain they’d be perfectly capable of holding a conversation with us.

   We’ll look in vain for physical evidence of when our ancestors began to speak or sing, because neural circuitry doesn’t fossilise. Our talent for sophisticated vocalisation presumably emerged gradually over the past six or seven million years, starting from the time our hominin forebears first diverged from the common ancestor we share with the chimpanzee, our closest living relative.
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      The long-tailed macaque has a vocal tract capable of intelligible speech.

     



   

   Obvious advantages came from having better linguistic skills as we evolved away from apes and became more human. An ability to communicate with greater clarity and precision is vital when you’re working as a team and relying on your wits rather than on strength or speed. Bigger brains could support a wider range of spoken and sung vocalisations – the beginnings of language and music – which was important for our survival. Yet, at the same time as this neurological development, there would have been subtle changes in anatomy that helped refine the human voice, making it clearer and more flexible. One such adaptation has recently been identified by researchers at Kyoto. After looking closely at the larynxes of forty-three species of primates, they found a significant difference between the voice boxes of apes and monkeys compared with that of humans. Our larynx lacks a vocal membrane – a structure consisting of fine, ribbon-like extensions of the vocal cords. We also don’t have balloon-like air sacs in the larynx that help some primates make raucous and resonant calls. The result of these laryngeal simplifications is that, although we don’t have the vocal power to make ourselves heard across great distances, we’re highly articulate and able to utter long, stable sounds with excellent pitch control.7

   It’s remarkable how far a few million years have taken us. But all of our linguistic and musical skills have developed from less-refined abilities already present in monkeys and apes. We often hum while preparing or eating a meal. So, too, it turns out, do gorillas. During an expedition to the Republic of Congo, scientists from the Max Planck Institute recorded two groups of western lowland gorillas in the wild and found that they hum and even sing during mealtimes. When gorillas hum it’s like the ‘mmm’ that humans make, a steady low-frequency tone. Their food songs consist of a series of mismatched notes, like someone making up a random ditty on the spot. The inventiveness is what’s interesting – the fact that the animals don’t repeat the same song but seem to extemporise as they go along.8

   In captivity, all gorillas occasionally hum or sing while eating – louder if it’s a favourite food and each with their own distinctive voice. But in the wild it’s a different matter. There, only the dominant silverback male sings, evidently to inform the others in his troop that it’s time to tuck in.

   Chimpanzees display another essential aspect of music: rhythm. They can drum and dance in time. We all know how a song with a strong beat will get our feet tapping and bodies swaying: there’s an obvious close connection between the auditory and motor areas in our brain. Chimps, it seems, feel the groove too – clapping, swaying and bobbing their heads – when tunes are played for them. Evidently, the prerequisites for music are deeply rooted, extending back to a time long before humans appeared. Even birds, to whom we’re far more distantly related, can produce tuneful connected sounds and, in the case of some parrots, will bob and weave to the beat of a pop song.9

   Music is a form of communication. In the non-human animal kingdom, sounds and behaviours that we might loosely call musical – birds ‘singing’, gorillas humming and the like – serve some purpose related to survival. That purpose might be attracting a mate, warning off competitors or messaging within a group. Some of these more basic, animalistic urges are still evident in our music today – sexual signalling among them.

   Led by Western Sydney University, research aimed at exploring the evolutionary origins of music found that boys singing in a choir alter their voices when girls are in the audience. Recordings were made of the St Thomas Boys Choir of Leipzig, with and without girls present for the recitals. These showed that the basses (postpubescent boys with deeper voices) sang with more energy in the formant range – the frequencies at which the vocal tract resonates – when performing with girls present. Both males and females, listening to the recordings later, could tell when the formant was enhanced, especially the high-energy peaks that usually coincided with vowels. But only females consistently showed a preference for the enhanced formant, regardless of the piece being sung. Human chorusing, it seems, serves not only to communicate socially but also as a subtle form of sexually motivated one-upmanship.10

   Like some other animals, we employ music, in the broadest sense, to communicate cooperatively and competitively at the same time, at both group and individual levels. But we also use it for much more. Only with our own species, and perhaps with our immediate extinct relatives, has music been elevated to an art form. That happened when music began to be used to do more than just communicate but to convey emotions as well.

   As soon as we start looking into the distant, prehistoric origins of music, we run into the more fundamental question: what is music? The answer seems obvious if you’re listening to a Mozart piano concerto or even a child singing ‘Happy Birthday’. We think we know what music is when we hear it, but an all-encompassing definition eludes us. Are the ‘songs’ of birds or whales musical? Birdsong certainly is, to the extent that it’s been widely emulated in the works of composers – perhaps most famously in Beethoven’s Pastoral Symphony, no. 6, op. 68. How about the crashing of waves on a shore or the tones of wind blowing through hollow logs? If not musical by intent or design, such sounds in nature surely served as inspiration for early human experiments in acoustic art.

   At the heart of what most of us would think of as music are two elements: melody and rhythm. Melody can be any sequence of sounds that are controlled in pitch. Rhythm is a definite pulse or beat, which the sounds follow. Alone these two components are necessary but not sufficient; otherwise, a police siren would count as music. Another factor is subjective: how we’re affected by what we hear. Music stirs an emotional response in us. A study by scientists at the University of California, Berkeley, mapped thirteen key emotions – among them joy, dreaminess, defiance, eroticism, beauty, triumph, fear and anxiety – that can be triggered by listening to different types of music.11

   No two definitions of music are the same, because we’re trying to force something that’s partly a matter of opinion and cultural upbringing, and is fuzzy around the edges, into a box with a specific label. In some languages, such as Tiv, Yoruba and Igbo, spoken in parts of Nigeria, there isn’t even a word for ‘music’. But let’s stay on familiar ground. According to Webster, music is ‘the science or art of ordering tones or sounds in succession, in combination, and in temporal relationships to produce a composition having unity and continuity’.

   That definition seems to rule out the possibility of music just ‘popping up’ in the natural world. No dawn chorus ever spontaneously organised itself into a recognisable tune, let alone a symphony or sonata. We talk about the songs of birds as if they were musical, but even among researchers who’ve analysed birdsong there’s no agreement. Studies of animal ‘song’, whether of birds, mammals, frogs or insects, generally centre around how the sound is produced physiologically and its purpose. The closer a creature is to us in an evolutionary sense, the better are the chances it may give us some clues to the origins of music in our own species. But scientists are cautious about drawing any direct connections. To the animals themselves, their utterances are a means of signalling in one way or another, not an art form. Only humans, so far as we know, create and use music to entertain, convey feelings and influence mood.

   Having said that, it’s reasonable to assume that when people first started making music tens or hundreds of millennia ago, they found inspiration in the sounds around them, whether it was birdsong, a howling wind or a crackling fire. They would also have come across new ways of creating sounds as a result of toolmaking and random experimentation. These serendipitous discoveries doubtless played a part in the construction of primitive musical instruments.

   The rhythmic striking of flint on flint when shaping stone axes or arrowheads, the beating of a stretched animal skin or the tapping of a hollow log or dried gourd would have given rise to early forms of percussion. Not that there’s anything unique to humans about bashing things for an effect. An amazing variety of animals produce sonic vibrations, often by drumming parts of their body. The purpose might be to claim territory, boast superiority, signal readiness to mate or alert the rest of the group that a predator lurks nearby. And what better device than a loud, persistent rhythm to warn prey animals that they’ve been spotted and that an ambush is imminent?

   Wild chimpanzees drum on the buttress roots of trees, sending out low-frequency booms that can travel a kilometre or more. Often they intersperse their percussive bursts with pant-hoots – the chimps’ characteristic loud vocal calls. An international team of researchers, which followed and studied chimps in the Ugandan rainforest, found that the animals drum out messages to one another, each with their own signature style. The distinctive rhythms allow them to communicate over long distances, revealing where they are and what they’re doing. Over time, the scientists themselves could often recognise who was drumming when they heard them. Each male chimp, they found, used a characteristic pattern of beats and drummed at different points in their call. Some individuals had a more regular rhythm, like a rock drummer, while others displayed more variability in tempo. One young male chimp, to whom the researchers referred as the ‘John Bonham of the forest’ – in homage to the great Led Zeppelin drummer – went in for extended solos with lots of rapid beats, clearly proud of his skills and keen to show them off.

   The animals appeared to use their signature rhythms only when they were travelling, their long-distance signalling serving as a kind of personal beacon. The chimps’ drumming in this way could solve a long-standing puzzle: why wild chimps greet each other when they meet but don’t seem to make any gesture when they depart again into the forest. Given that they’re effectively able to keep in touch while they’re away, farewells aren’t really necessary.12

   The chimps’ behaviour opens a window on how early humans would have exploited the possibilities of percussive sounds – first as a way of signalling, then as a form of artistic expression and, finally, if the drum beats were regular, to supply a rhythmic accompaniment for dance, chanting and other activities that promoted social cohesion.

   As early humans developed simple tools, they would have discovered new ways of making musical sounds. Blowing across the opening of a hollow bone produces a note, and the longer the bone, the lower the pitch. Add holes along the length that can be covered and you have a primitive flute. The twang of a hunting bow would have led to the discovery that the sound varies depending on the length and tautness of the bowstring (made from animal gut). Arrowheads have been found in South Africa dating back sixty or seventy thousand years, so that by this time at least our ancestors had probably discovered the possibilities of vibrating strings as a source of musical tones.

   Long before the first settlements were established then, some form of music and a range of primitive instruments – blown, stringed and percussive – had appeared. But as people began to develop agriculture and live semi-permanently in larger groups, the possibilities for musical development grew and music as we know it began to take shape.

   

   
    
     	* The cartilage of the larynx and bones of the neck, jaws and teeth show up well under X-rays as dark shadows. Soft tissues of different densities appear as various shades of grey, so the overall X-ray image of the vocal tract is quite clear.



    

   

  

 
  
   
‌Chapter 2

   Airs of an Ancient Age

   Among the first places where civilisation took root was the fertile plain between the rivers Tigris and Euphrates. Here, in Mesopotamia – what today is part of Iraq – some of the earliest depictions of musicians and their instruments have been found. Artefacts dating back to around 2800 bce show lutes and lyres being plucked at ceremonies and banquets. Mesopotamians sang and made music with wind, string and percussion instruments – twenty-six different types are listed on one clay tablet from the twenty-sixth century bce. Instructions for playing them have also been discovered on clay tablets and, in some cases, the instruments themselves have been found, including a silver flute and the oldest known string instruments – the so-called Lyres of Ur.1

   Many preconceptions about the development of music have been blown away by archaeological research in the Middle East. Musicologists no longer accept the notion of a linear development of music – the idea that the further you look back in time, the simpler the music becomes and the fewer the notes upon which it was played. It was once taken for granted that the Mesopotamians must have had a relatively basic pentatonic, or five-note, scale. The assumption was that the Greeks inherited this system and then went on to invent the heptatonic, or seven-note, scale that dominates Western and much other music today. But in the 1960s came a remarkable discovery that overturned this dogma.

   In the ruins of the royal palace of Ugarit, an ancient port city in what’s now northern Syria, were unearthed fragments of a number of clay tablets inscribed in cuneiform. Several languages in the ancient Middle East used cuneiform – the earliest known type of writing, based on wedge-shaped symbols that were pressed into soft clay with a reed stylus. The tablets found at Ugarit, dating back to about 1400 bce, were written in the language of the Hurrian people and contain parts of songs. One of them, the ‘Hymn to Nikkal’, is the oldest surviving, more-or-less complete work of notated music ever found.

   The Hurrian songs reveal some extraordinary things about Mesopotamian music. Because they’re specific compositions, they tell us a great deal about the musical system in use at the time. It certainly wasn’t primitive or even pentatonic. Incredibly, not only was it heptatonic but also diatonic – involving five whole tones interspersed, more or less evenly, with two semitones per octave. Sing the familiar ‘do re mi fa so la ti do’ and that’s a diatonic scale. So, the kind of melodies being played in Mesopotamia, at least three and a half thousand years ago, would have sounded – in terms of their typical sequence of pitches – much like Western European folksongs.2

   Music was important in Mesopotamia long before the Hurrian songs were written down. Symbolic representations for ‘harp’ and ‘musician’ appear in the earliest known examples of writing – cuneiform-inscribed tablets from the city of Uruk dating to 3200 bce. The first harps were almost certainly derived from the hunting bow by adding a resonating chamber, or sound box, and strings that could be tuned. Together with lyres, they were the dominant musical instruments by the start of the third millennium. Lyres were developed from the harp by replacing the single bow shape with two upright arms joined by a crossbar. Their strings, instead of being connected directly to a sound box, were made to run over a bridge.

   The Mesopotamians also incorporated a wide variety of drums and flutes into their music, but the lyre and harp overwhelmingly guided their approach to music theory. Fortunately, the remains of several of these instruments have been found at the royal cemetery of Ur, a prominent city-state in the south of the region. Being 4,500 years old, the wood in them had largely disintegrated, but the materials, including gold, silver, copper, lapis lazuli and mother of pearl, with which they’d been richly decorated or overlaid, had survived. The ceilings of the tombs had collapsed, smashing the instruments and mixing their various fragments together. But over many years, archaeologists and museum researchers have disentangled the debris. Painstakingly, they’ve matched up the decorations and reassembled the shattered pieces. As the forms of the original instruments emerged, replicas could be made and played to bring back sounds that hadn’t been heard for over four millennia.

   The most common string instrument of the mid-third millennium bce was the bovine lyre, with a sound box shaped like a reclining or standing bull. The Mesopotamian Sun god Uta (later known as Shamash) was often taken to assume the form of a bull, particularly in his role at sunrise. From the graves at Ur, several examples of this design were recovered, ranging in size from handheld specimens to the magnificent Bull-Headed Lyre, found in ‘The King’s Grave’, near the bodies of more than sixty soldiers and attendants. The head of the bull is gold-plated over a wooden core with a lapis lazuli beard. A panel below the head depicts four early Mesopotamian funerary rituals. The first shows a man wrestling two bulls with human heads; the second, a hyena serving meat and a lion carrying a jar; the third, the lyre itself being supported by a bear and played by a horse-like animal (suggesting that two people were needed to operate the instrument in real life); and the fourth, a scorpion-man guarding the underworld. The head and panels are mounted on the front of the sound box from which rise two long arms and a crosspiece to hold the strings.3
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      The Bull-Headed Lyre of Ur in the Middle East gallery of the University of Pennsylvania Museum of Archaeology and Anthropology.

     



   

   Playable reconstructions of several of the Ur instruments have been made. Their registers and resonances vary depending on size and produce sounds ranging from those reminiscent of a cello or bass viol to a small guitar. But what was actually played on these instruments? What combinations of sounds, plucked on the strings, might resemble ancient Mesopotamian music?

   Fortunately, we don’t have to guess. Among the many cuneiform tablets that have been recovered from the lands of Mesopotamia are a small number that give details of the tuning and playing of lyres and their instrumental relatives. Because of these texts, we know that by at least 1800 bce, and probably well before, there were standardised methods for tuning any of seven different but interrelated modes based on a diatonic system. When this fact first came to light, in the 1960s, it astounded musicologists. These seven modes were the very ones that had previously been assumed to originate with the Greeks, some 1,400 years later. In fact, as we’ve seen, one of the modes is equivalent to our own major scale on which much of modern music, including pop music, is based!

   Encoded in clay, almost four thousand years old, are instructions for tightening and loosening the strings of a lyre in order to tune it to each of the seven principal modes. The main intervals, too, are identified in cuneiform – fifths, fourths, thirds and sixths – together with names for the scales, the individual strings and the parts of the instruments. Even the fingering techniques to be used in playing are described in detail.4

   Early Mesopotamian representations of lyres show them having anywhere from three to twelve strings. Several of those found at Ur have eleven and one has thirteen – more than enough on which to carry out the prescribed tuning methods using intervals of fourths and fifths and to accommodate the octave. Perhaps surprisingly, scholars haven’t identified an actual word for ‘octave’ in either of the main languages used in ancient Mesopotamia – Sumerian or Akkadian. But it’s clear that the concept was well understood because of the numbers used to represent the octave jump of the first and second strings – one instead of eight and two instead of nine. In other words, it was known that after ascending seven notes of the scale, the next would be a return to the starting point but an octave higher.

   Human ears and brains haven’t changed since the dawn of civilisation or, for that matter, since Homo sapiens first appeared on the planet. So, when Mesopotamians heard two strings being played that were tuned an octave, a fifth or a fourth apart, they immediately would have recognised, as we do, the sounds as being consonant. Just because people didn’t have our technology or scientific know-how several thousand years ago doesn’t mean they couldn’t discern a pleasant musical interval or tune an instrument to play those consonances within a single octave. From the time in prehistory when some creative individual hit upon the idea of twanging two bowstrings at the same time, experimentation in tunings, intervals, consonances and dissonances would have begun, leading to certain universal musical truths.

   Although we needn’t be mystified to learn that the folk of ancient Mesopotamia used the same musical intervals and scales as we do in the West today, we still don’t know the details of how instrumentalists and singers performed back then. The fact that they used multistring lyres and their ilk suggests that they sometimes would have played more than one string at a time. Indeed, the intervals and tuning instructions described in the cuneiform texts always refer to string pairs, or dichords, suggesting that plucking two or more strings simultaneously was common.

   Knowing the tonality of the Mesopotamian scales, as we do, it’s not hard to recreate the overall kind of sequences of notes that the instruments of the time would have been used to produce. Based on diatonic modes, in which the distances between one note and the next are pretty evenly balanced, the melodies wouldn’t seem strange alongside many tunes you could hear on the radio. What we don’t know is the style adopted by performers. Did they, for instance, stay on pitch or did they vary the pitch intentionally as happens in modern Middle Eastern music? This much is clear: the people of this most ancient civilisation knew of and used the same musical scales that we do now in the West. The music we associate with the Middle East today, with its exotic (at least to Western ears) scales, modes and microtones, developed, as we’ll see, independently and in quite a different place.

   Music played a pivotal role in Mesopotamian religion, and the origin of that deep connection between music and religion isn’t hard to find. The people of this region were agriculturalists and animists – everything to them was alive and suffused with a supernatural essence. It’s a belief they inherited from their Neolithic ancestors who saw music as a link with the voices of spirit-animals. In fact, many surviving pieces of Mesopotamian art show animals playing musical instruments and priests wearing animal costumes.

   Through music, the people believed they could have a direct and intimate relationship with their many gods, some of whom controlled the great forces of the world. Rammanu, the thunder god, could destroy crops at a whim during storms. Enki, god of deep water, could flood the lands. Along with a host of other deities, they had to be worshipped and appeased. Music was an important way to do this. Each god or goddess had certain material associations. More than that, things and substances could become actual manifestations of deities if they were divinised. A temple statue, for instance, wasn’t merely a representation of a god but a form in which the god lived and must be propitiated. This was also true of musical instruments. Rammanu’s breath was present in the sound of a reed pipe. Enki, later known as Ea, could take the form of a kettledrum, the sound of which reflected his power and high status. Ninigizibara, a minor goddess, was associated with the balaĝ, a type of lyre.

   An object, such as a statue or musical instrument, was divinised by performing an elaborate and lengthy ritual, after which a particular god would take up residence in the object. The process was directed and overseen by lamentation priests whose job was to keep the god in a good mood throughout. Details of some of these rituals have been preserved in texts and pictures. In one, a steer – a young, castrated bull – was chosen by divination and led to the temple on the appointed day. Offerings were made to Enki while incense was burned and incantations sung. Around the steer, twelve figurines of gods were placed in a special, magical arrangement. The animal’s mouth was washed while incantations were sung into its ear through a tube of aromatic wood. Then followed the slaughter, accompanied by lamentation songs in which the bull was assured of immortality. The beast’s heart was removed, sprinkled with juniper and burned. Its hide was treated with flour, wine, fat, alum and gall apples, and then applied, in a complex series of stages, to a previously prepared drum frame. Offerings were made to various gods to ensure their goodwill. On the fifteenth day after the drum’s completion, it was presented to the temple god. Now a divine temple drum, it could be played only by the priest to whom it was assigned. Through these procedures, the bull was given life after death: its ‘heart’ survived in the drum, which wore its skin and continued to beat in the rhythmical beating of the instrument.

   Because of their importance, temples employed highly trained, professional musicians and singers to perform hymns and play instruments during religious events. Singers are sometimes shown in iconographic representations standing next to instrumentalists, holding their hands against their chests or stomachs to assist in diaphragmatic breathing. Every city had a temple with its most important citizen as the precentor – the head of worship – who knew the intricacies of communicating with the gods. The temples, known as ziggurats, were massive, stepped, pyramid-like structures whose design often incorporated astrological and cosmological elements, aligned with celestial events. The steps linked the ground with the sky, serving as both a symbolic and a literal stairway to heaven. These great structures thus afforded a connection between the earthly realm and the divine, emphasising the importance of the gods in daily life.

   Beyond religion, music found many secular uses in Mesopotamian society. For entertainment, musicians and singers were often hired to perform at banquets, feasts and social gatherings, like event bands today. Music was also a means of cultural expression and storytelling. Poems like the Epic of Gilgamesh were sometimes accompanied by musical performances that dramatised the tales of heroes, bringing legends to life. Emotionally elevated in this way, cultural and historical narratives flowed easily from one generation to the next. Each region and city-state had its own musical tradition and style, adding to the richness of Mesopotamian culture. Some texts mention the use of music to soothe and heal individuals suffering from physical or mental ailments. At the other extreme, music often loudly accompanied processions and marches, the beat of drums and the sound of trumpets boosting the morale of soldiers and creating a sense of unity and purpose during military campaigns. Every one of these ways in which music played an important part in people’s daily lives would continue throughout the centuries, in other places and societies, right through to the present day.5

   Music also permeated the education of Mesopotamians. Musical training was considered essential to a well-rounded upbringing, especially for students in the elite classes and those being prepared for temple duties. The preparatory knowledge needed grew still further from about 1000 bce with the emergence of large ensembles and orchestras.

   Trade and travel helped spread the Mesopotamian musical system, along with other cultural elements, to neighbouring lands and eventually as far as the Mediterranean coast. Along the way, there were developments by the Babylonians, Assyrians and Chaldeans. Even before 3000 bce the trading connections between Egypt and the Middle East were strong, and Mesopotamian influences can be found in Egyptian art, architecture, technology, pottery, weaponry and religious imagery. We know next to nothing about ancient Egyptian music theory because no written records of it have been found, but it seems highly likely that it was based on diatonic scales and modes imported from the Mesopotamians.

   Tradition held that the source of Western music, like much else of our culture, was ancient Greece. In both music and mathematics, Pythagoras and his followers appeared to have a central role. But Greece was part of a nexus of civilisations that included Egypt, Phoenicia, Mesopotamia and others. Almost everything in Greek art, music and philosophy has Eastern antecedents. When Pythagoras travelled to Egypt, as it seems he did in the sixth century bce, he brought back many influences – among them elements of music theory most likely Mesopotamian in origin.

   Pythagoras is one of the first mathematicians we hear about in school because of the famous triangle theorem that bears his name. He’s also the first character usually mentioned in any chronology of music. Considering how often his name crops up in different contexts, it’s easy to suppose we know a lot about him. In fact, we don’t know when he was born or died, where he was educated or, for that matter, any specific details about his life. None of his writings have survived and much of what’s been written about him is anecdotal and probably fictitious.

   While Pythagoras remains a shadowy figure, there’s no such mystery surrounding the school of philosophy he founded. Central to the teachings of Pythagoreanism was the concept of number. Whole numbers were revered by the Pythagoreans and relationships between them held in high regard. Followers of Pythagoras, if not the man himself, grasped the importance of ratios between small whole numbers in music.

   Pluck a string that’s been stretched tight and can vibrate freely between two points on a hollow wooden board. Call this the root note or tonic. Now, hold down the string at its midpoint and pluck it again. The new sound is exactly an octave higher than the first.

   Sing ‘do re me fa so’. At ‘so’ you’ve reached the fifth note of the scale, which is to say, you’ve jumped up by an interval of a fifth. Played together, the root note and the fifth sound pleasant and free from any tension. Find the point along the stretched string where this consonant interval – a fifth – sounds and you’ll notice that the ratio of the length of the vibrating part of the string to the non-vibrating is 3:2.

   As we’ve seen, string instruments have been around a long time. The Lyres of Ur predate Pythagoras by two thousand years – almost as wide as the gap that separates us from the ancient Greeks. A lithograph on a wall of the Trois Frères cave in France, dated to about 13,000 bce, shows a figure dressed as a bison who appears to be using a hunting bow for making music. The players of these ancient instruments would have discovered early on, by trial and error, the various relative lengths of string that sounded intervals that went well together. But the Greeks were the first, as far as we know, to explore in depth the intimate connection between music and maths.

   Pythagoras and his followers built an entire cult around the belief that ‘all is number’ and that whole numbers were especially significant. Each of the numbers one to ten had a special significance and meaning to them: one was the generator of all other numbers, two stood for opinion, three for harmony and so on, up to ten, which was the most important and known as tetractys because it’s the triangular number made from the sum of the first four numbers, one, two, three and four.

   In music, the Pythagoreans delighted in the fact that the most consonant intervals corresponded with the simplest whole-number ratios. A vibrating string held down at its halfway point (2:1) sounds an octave higher than when open. Held down and played so that the lengths of the vibrating to the non-vibrating sections are in the ratio 3:2 gives a perfect fifth, 4:3 a perfect fourth and 5:4 a major third. In modern terms we’d say that the frequency – the number of vibrations per second – varies as one over the string length. Halve the length of string and you double the frequency of sound it produces. So, the ratios just mentioned, for the octave, fifth, etc., also apply to frequency. For example, in jumping by an interval of a fifth, the frequency increases in the ratio 3 to 2, by a fourth in the ratio 4 to 3 and so on.

   The Pythagoreans were captivated and enthralled by this realisation that simple ratios of vibrating strings corresponded to harmonious intervals. It tied in so well with their fundamental conviction that the universe was based on whole numbers. And so they were led to a grand vision that in the heavens was a perfect marriage of music and mathematics. Borne on transparent celestial spheres and moving in circular paths were ten objects, in order from the centre: a counter-Earth, Earth itself, the Moon, the Sun, the five known planets or ‘wandering stars’ (Mercury, Venus, Mars, Jupiter and Saturn) and, finally, the fixed stars. The separations between the spheres corresponded to the harmonic lengths of strings, so the movement of the spheres gave rise to a sound (inaudible to human ears) known as the harmony of the spheres. This sound was supposedly carried by a fifth element, in addition to the terrestrial quartet of earth, air, fire and water, known as aether or quintessence.6

   The Greeks, as we’ve seen, inherited their knowledge of the heptatonic, diatonic scale, and its various modes, from the East, ultimately from Mesopotamia. They weren’t the first to come up with the system of seven notes, and their corresponding intervals, with which we’re familiar today. But in other ways they were innovative musical theorists. The most consonant of the diatonic ratios (apart from the octave) – the perfect fifth – is the basis for what’s become known as Pythagorean tuning. This was used by musicians in the West until about the end of the fifteenth century ce, when its limitations for playing a wider variety of pieces became apparent. We’ll look at Pythagorean tuning, and why it was replaced, in Chapter 4.

   The other major musical contributions of the Greeks were two new families of modes – the chromatic and the enharmonic – which we’ll also explore in more detail in Chapter 4 when we look at how scales have evolved, and in Chapter 12, when we plunge into microtonality. For now, think of anything that’s in a chromatic mode as sounding somewhere between modern Middle Eastern music, with its exotic twists and turns, and jazz or blues. Chromaticism happens when notes that don’t belong in a diatonic scale are injected into a composition or performance. Some chromatic modes have more of a jazz or blues vibe, while others, like the so-called Lydian chromatic, are definitely Middle Eastern in flavour.

   Enharmonic modes are even further removed from the kind of music we’re used to hearing. These can’t even be played on an instrument which produces only diatonic notes, such as the piano. Modern Western scales use only tones and semitones, but ancient Greek theory allowed the octave to be divided into smaller divisions, known today as microtones. These microtonal modes had their heyday in the Classical period of Greece (from about 510 to 323 bce) and fell from favour in the subsequent Hellenistic period, which lasted until about 30 bce. Like the chromatic modes, they largely disappeared from the Western music scene altogether but were revived in the Middle East by the Arabs, where they continue to thrive, as well as in other parts of the world.
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