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1. So, What Is Music, Anyway?



On my first evening as a student in Birmingham I walked into the local chip shop and asked for my favorite post-pub delicacy—chips, peas and gravy. The Chinese lady looked at me quizzically and asked, “What’s gravy?” I was totally flummoxed. I was used to unquestioned access to gravy back in my home town, and I had no idea how to describe the stuff… “A sort of thin brown sauce?” Fortunately the situation was saved—and a whole new world of Birmingham sophistication was opened up to me—when she smiled and said the magic words, “Curry sauce?”


This story is not about the pros and cons of gravy. The point is that sometimes we can be familiar with something we really enjoy, but have no idea what it actually is. This is the relationship most of us have with music—pleasure without understanding. To my shame, I must admit that I still don’t know what goes into gravy, but I have managed to untangle some of the ingredients of music, and I hope you enjoy my explanation of how musicians manage to manipulate our moods using only string, bits of wood and lengths of tubing.


This book is not based on opinions or hopeful guesswork. It is based on real information about how musical notes are produced and what happens when they combine to form a piece of music. Many people think that music is entirely built on art, but this is not true. There are rules of logic, engineering and physics underlying the whole creative side of music. The development of music and musical instruments over the past couple of millennia has depended on a continuous interplay of art and science.


You will be glad to hear that you need no musical or scientific training to understand this book, although musicians and scientists should find plenty of things they didn’t know before. The only musical skill you need is the ability to hum or sing two songs: “Baa Baa Black Sheep” and “For He’s a Jolly Good Fellow”—and it doesn’t matter how quietly or badly you sing them, I can’t hear you. As far as math skills go, it would be useful if you can add, subtract, multiply and divide, but even these skills are not essential. Also, because I am assuming that you have no training in the subject, I will explain the meaning of any specialist words I use as I go along. This may be a little over-explanatory for the musicians and scientists among you, but I would rather be irritating to some than baffling to others.


Throughout the book I have occasionally provided details of pieces of music that might be useful to illustrate various points. Most of these examples can be watched on YouTube or listened to through other media—but they are not a necessary part of reading the book. I put them in because you might enjoy them, and because this is an excellent opportunity to advertise some of my favorite music. If you think I have explained something badly or you need more detail, please contact me by email on howmusicworks@yahoo.co.uk and I’ll see if I can come up with an answer. (This address can also be used by wealthy music firms who want to bribe me with vast sums to include references to particular bits of music in future editions of this book.)


Music covers an enormous range of subjects, from the love lives of the great composers to how to build a guitar or play the trumpet. You could say that books about the history of music cover the “when” questions and most other music-related books address the “how to” problems. This book, on the other hand, deals with some of the “what” and “why” questions about music like: what is happening to the air between the instrument and your ears? And why do such things affect your mood?


Read on, and you will discover the answers to these, and lots of other questions, including:




	What’s the difference between a note and a noise?


	What are minor keys, and why do they sound sad?


	Why do ten violins sound only twice as loud as one?


	Why do clarinets sound different from flutes?


	Why are Western instruments all tuned to the same notes—and why those notes, not others?


	What is harmony and how does it work?





Some of these questions have been answered in the books you will find in the physics section of the library, filed under “Musical Acoustics.” The only problem is that the technical nature of the subject has meant that these books use lots of math and complicated graphs in their explanations. Books full of graphs and math have a limited readership—and this is why the only people who seem to know anything about how music works are a few badly dressed academics (and I speak with some authority here, as a badly dressed academic myself).


When I first started to study the physics and psychology of music I thought it would be straightforward. How much can there be to understand about how saxophones and harps make different sounds or why we use scales? Then I started reading. Some of the things I had thought I understood, like loudness for example, were bizarrely complicated and much more interesting than I thought they would be. To aid my own understanding I began to condense the information into simpler explanations. Eventually I realized that most of this knowledge could be presented clearly to any reader who has no musical or technical training but simply loves music. So I started to put together the notes that eventually grew into this book.


Even some top-class musicians are not familiar with the basic underlying facts about music—they play their instruments and produce the correct notes in the right order without wondering how or why their instruments were designed to produce those particular notes and not others. It’s as if the musicians are acting like waiters—they deliver the meal to us—and the food is put together by chefs (composers) from boxes of ingredients, but no one knows how or why those ingredients became available in the first place.


I think it’s a shame that something as popular as music has had so much mystery attached to it. In writing this book, I haven’t used any math, graphs or written music, and I have kept the style conversational. By exploring the basic facts behind what notes are, and how they can move you to dance, kiss or weep, you’ll discover that many of the mysteries of music turn out to be perfectly understandable—and you’ll be delighted to hear that your newly acquired understanding won’t stop you from dancing, kissing or weeping.


My aim is to show you—both musicians and non-musicians—that music can be understood on a very fundamental level. This level of understanding can deepen our enjoyment of music in the same way that some knowledge of how shadows are created or how perspective works can enhance our enjoyment of a painting. Some people worry that understanding more about music will reduce the pleasure they get from it, but the reverse is true. Learning how a complicated dish is prepared makes you appreciate it even more, and doesn’t change how good it tastes.


Though this is a book about all music, I have concentrated on Western music of all types—from Frank Sinatra, U2 and Beethoven, to nursery rhymes and film music. All these styles of music, from punk rock to opera, follow the same rules of acoustics and mood manipulation.


There are complicated, overlapping layers of musical appreciation and understanding. At first glance you might think that the performing musician knows more about the music than a listener who can’t play an instrument, but this isn’t necessarily true. A non-musician who is a fan of the piece being played might know a lot more about how the music should sound than a performer who is playing it for the first time. As a listener, you understand a lot about music already, but a lot of your knowledge is hidden on a subconscious level. This book will help to explain and clarify all this stuff and I hope it will give you a few “ah, so that’s how it works!” moments.


But enough of the preamble—let’s get on with the ambling.




What is music?


The conductor Sir Thomas Beecham was always keen on sharing his views on music, for example: “Brass bands are all very well in their place—outdoors and several miles away!” This is more than a little harsh on brass bands, but it does show that music can produce strong negative feelings as well as positive ones. When it comes to music, we all have our favorites and intense dislikes, so no definition of music can include words like “beauty” and “pleasure.” All we can safely say is that music is sound which has been organized to stimulate someone—which is a bit feeble really. The “someone” might be the composer only, and the “stimulation” might mean anything from joy to tears. Thankfully it is much easier to define the individual building blocks of music: notes, rhythm, melody, harmony, loudness and so on. We will be exploring all these subjects during the course of the book, and we will begin with the most basic block of all—the musical note.


A musical note consists of four things: a loudness, a duration, a timbre and a pitch. One of these features can be summed up in just one sentence but the other three will require a whole chapter or more each. “Duration” is the easy one, so let’s do it now: some notes last longer than others.


The most distinctive property of a musical note is its pitch, so we’ll start there.






What is pitch?


Pitch distinguishes a note from a noise. I will explain this at greater length over the next couple of chapters, but for now a short introduction will help to get us started.


If you hum any tune you like, you will be choosing a duration, a loudness and a pitch for each note you produce. Subtle changes in loudness and duration during a song can carry a lot of emotional information—but as we’re only going to be humming the first four notes of “Baa Baa Black Sheep” we don’t need to worry too much about that. So, try humming notes for these four words at the same loudness with the same duration for each note. All you are choosing now is the pitch. The first two notes have the same pitch; then there is a shift up in pitch to “Black”; and then “Sheep” is the same pitch as “Black.”


All musical notes involve regular, repeating vibrations in the air. When you were humming any single note just now, you were producing a regular vibration with your vocal cords that was repeating itself many times a second; when I hum “Baa” my vocal cords vibrate about a hundred times a second. When I hum the note for “Black” I have to produce a higher pitch note and I do this by increasing the number of vibrations I produce every second.


So, whether the note is produced by a vibrating string or the vibration of your vocal cords, higher pitch notes involve more vibrations per second. Every melody is made up of a string of notes of different pitches.






Naming our notes


The notes on a piano or any other instrument are named after the first seven letters of the alphabet; A, B, C, D, E, F, G. Between some of these letters there is an extra note (the black notes on a piano keyboard). For example, there is an extra note between A and B, which can be called either “A sharp” (meaning “one step higher than A”) or “B flat” (meaning “one step lower than B”). This fairly daft-sounding system of naming notes has been handed down to us over the past few centuries and I will explain why in chapter 9

. For the moment all you need to know is that notes are named after letters and the letter might have the word “flat” or “sharp” after it. In the illustration below, I haven’t the space to write the words “flat” or “sharp,” so I’ve used the traditional symbols “[image: image]” for flat and “#” for sharp.


All pianos are tuned to the same pitches. If you press a piano key in Helsinki and record the pitch of that particular note, and then compare it with a piano in New York, the notes will be identical. Similarly, the notes of clarinets or saxophones are the same all over the world. You might think this is obvious, but it’s not so long ago that the pitches of musical notes varied from country to country, or even from city to city. The notes everyone is using nowadays were carefully chosen—but who chose them? And why?


[image: image]


Part of a piano keyboard showing the names of the notes. As we move up the keyboard the note names repeat in a pattern which goes from A to G and starts again on every thirteenth note. There are only seven letters in the alphabet between A and G so we need extra note names (“flat” and “sharp”) to cover all the notes. This peculiar method of naming notes will be explained in chapter 9

. Because the names of the notes repeat, we also give them numbers. The first three notes are A0, B[image: image]0 and B0. After this we have C1 and then the number goes up each time we reach another C.






Why do we all use the same notes?


If you play a stringed instrument such as a violin or guitar, you can tighten or loosen the strings to alter their pitch. At a fairly early stage of your training you are taught how to use this tightening process to tune your instrument. This involves making the strings produce notes which are the correct distance apart in pitch. For example, the distance in pitch between any two adjacent violin strings is the same as the distance between “Baa” and “Black.”


Let’s say we are tuning a violin. The first step could be to tune our thickest string to the correct note, G, and then tune the other strings using the “Baa–Black” difference between each one. You would get the initial G by matching your violin note to a tuning fork* or the correct note on a (tuned) piano. But what happens if you don’t have a tuning fork or piano handy?


If you are playing your instrument alone, you can choose any old note for the thickest string and then tune all the other strings to that one (making sure that the difference between any two strings is the same as the jump in pitch between “Baa” and “Black”). All you have to do to choose your first pitch is to make sure that the string is stretched tight enough to make a clear note, but not so tight that it snaps. The pitch you initially choose will not be G (unless you have perfect pitch, which I will describe in a while)—in fact, it will probably be a note between two adjacent piano keys, maybe “A and a bit” or “a bit lower than F.”


As long as the difference between your strings is the same as “Baa–Black,” the music you produce will sound fine and other musicians with stringed instruments could tune to match your notes and join in. However, if one of your friends is a flute player he will not be able to play along. This is because the notes on a flute (or any other wind instrument) are fixed—you can’t choose any old notes on a flute. Your flute-playing friend can play, for example, an “E” or an “F” but he can’t choose “E and a bit.”


Let’s say that you and your string-playing friends are all playing a tune that goes “E and a bit—F and a bit—C and a bit”—this will sound just as pleasant as the flute-playing E–F–C but if you both play at the same time it will sound horrible. There are only two ways to make music together:




1. You violin players must hold the flute player down while one of you saws a few tenths of an inch off the end of his flute. Then you’ll have to file all the holes until they are in suitable positions for this new, shorter flute; or


2. You can all tune your violins to match the flute notes. Once you have done this, any other instrument can join in with you because you are now playing the standard notes.







These standard notes are no sweeter or more musical than any other group of notes. They are only correct because someone had to decide how long flutes and other wind instruments should be. (The length of such instruments determines the pitch of the notes they produce.) In the past, things were very confused—flutes made in different countries were all slightly different lengths—which meant that a German flute player couldn’t play along with an English one unless he bought an English flute. After a lot of argy-bargy about which length was the best, it was decided that a bunch of experts in badly cut suits would form a committee and decide once and for all on a group of notes that everybody would use from then on. After a lot of expert discussion (which sounds a lot like argy-bargy), they decided on the notes we use today at a meeting in London in 1939. So now, all over the world, flutes and all the other Western instruments such as violins and clarinets, guitars, pianos and xylophones have a set of standard notes.


Nowadays, if someone says “I have perfect pitch” they mean that the pitches of these standard notes are fixed in their long-term memory, and this peculiar ability is the subject of the next chapter.



















2. What Is Perfect Pitch and Do I Have It?



Let’s imagine three people are singing in the shower—no, not all in the same shower, this isn’t that sort of book. These three people are all singing in their (otherwise silent) bathrooms on different floors of an apartment building.


On the second floor we have Kim Normal: she has a gin and tonic in one hand and is belting out “Dancing Queen” by Abba at the top of her untrained voice. If we taped her song and compared it to the original recording, we would discover two things:




1. Although the notes go up and down in pitch at the right places, they sometimes jump a little too far and sometimes don’t jump quite far enough. This is how most of us sing (which is why we should stick to our day jobs).


2. The note she started on was not the same note that Abba started on. In fact, the note she started on doesn’t appear anywhere on a piano keyboard (why should it?). It’s just some note she picked from the middle of her vocal range and, if you checked, you would find that it was somewhere between two adjacent notes on a piano. Once again, this is what most of us do.







Up on the seventh floor lives James Singer: he is a trained member of his local church choir but he doesn’t have perfect pitch. Fortunately for this discussion, he is also singing “Dancing Queen.” If we compared his tune with the original, we would find that his vocal leaps up and down are very accurate. However, as in the case of his downstairs neighbor, the note he started on was not the same as the Abba original—it was one of those “in between” notes that most of us choose when we sing.


Up in a bathroom on the fifteenth floor, Cecilia Perfect is also reliving the 1970s, singing (wait for it)… “Dancing Queen.” Cecilia is a trained singer who also happens to have perfect pitch (or absolute pitch, as it is also known). When we compare her rendition with the original we will find that, not only are her vocal leaps accurate, but she started on exactly the right note. This, of course, means that she is singing all the same notes as the original Abba song.


Cecilia’s performance is remarkable and quite rare (only a very small percentage of people have perfect pitch), but it is not necessarily a sign that she has any special musical talent. It is possible that James is a better singer and that, if you wheeled a piano into his bathroom and played the first note of the song, he would be able to start from there and, like Cecilia, sing exactly the same notes as Abba.


What Cecilia is demonstrating is that she has memorized all the notes on a piano (or flute, or some other instrument) and it is just about certain that she managed this incredible memory feat before she was six years old. Young children remember things far more effectively than anyone else, which is how they learn to talk and acquire other skills (one minute they are sitting in the garden eating worms and going “ga ga goo goo” and a few months later they are strolling around making sarcastic comments about the quality of the cookies).


If you teach a small child a song, she will learn the tune and the words. A tune is not made up of specific notes—tunes simply involve a series of upward and downward jumps in pitch with a certain rhythm. “Baa Baa Black Sheep” sounds just as good whatever note you start on—and, don’t forget, nearly all of us start on a note which is between two piano notes.


It is only when the tunes are produced on an instrument that the child might start to develop perfect pitch. If one of the parents plays the same notes on a piano each time she sings “Baa Baa Black Sheep,” the child may start to remember the actual notes involved rather than just the up and down jumps of the tune. Eventually the child could build up a whole mental library of all the notes on a piano. If this happens, she might also learn that each of the memorized notes has a name such as “the F above middle C” (middle C is the C near the middle of a piano keyboard).


An interesting point here is that, although perfect pitch is rare in Europe and the USA, it is far more common in countries such as China and Vietnam, where the language involves an element of pitch control. The sound you make to produce a word in these tonal languages is a cross between singing and speaking. The pitch at which you “sing” a word in a language like Mandarin is vital to communication: each word has several unrelated meanings depending on its pitch. The word “ma,” for example, means “mother” if you sing/say it at a high, level pitch—but it means “hemp” if you start at a middle pitch that then rises; or “horse” if you start lower then fall and rise. If you start high and let the tone fall you are saying “lazy.” So an innocent question such as “Is lunch ready, Mother?” could easily become “Where’s my lunch, you horse?” if you get the pitches wrong. As this sort of mistake could result in a catastrophic failure of lunch supply, young children learning these tonal languages pay much closer attention to pitch than Westerners do—and young children who concentrate on pitch a lot are more likely to acquire perfect pitch.


The reason why very few Westerners develop this note memory is because it isn’t very useful to us—in fact, it can be a bit of a pain to have perfect pitch because it makes the whistling or singing of most people sound terribly out of tune. If you are an orchestral violinist, perfect pitch could be helpful in tuning your instrument to the correct pitch in the taxi on the way to a concert. If you are a professional singer, you could always be sure you were practicing the correct notes even if you were walking in the countryside—but those are about the only benefits. This lack of usefulness is one of the reasons that musical training never involves any attempt at perfect pitch acquisition. The other main reason is that it is very difficult to achieve after the age of six.


Having said all that, quite a few musicians (and some real people) have partial perfect pitch. What I mean by this is that they have remembered one or two notes. For example, most of the musicians in an orchestra have to tune their instrument at the beginning of each concert (unlike the smug, perfect-pitch violinist who can do his alone in the taxi). They always use the note “A” for this purpose. One instrument (usually the oboe) plays an “A” and the other players adjust their instruments so that their “A” sounds the same. (This produces the dreadful wailing racket you hear just before an orchestral concert.) This repeated concentration on the note “A” can lead a few of the musicians to remember it.


Other examples of partial perfect pitch are also related to repeated exposure to a particular note or song. Sometimes non-musicians can experience this and remember a note or notes even though they don’t know the names of them. Try it for yourself. Get out one of your favorite songs and sing what you think will be the first note to be played, and keep singing it or humming it as you start your CD player. You never know, you just might have partial perfect pitch.


This partial perfect pitch is not as surprising as it might seem at first. We can all remember a note for a few seconds (try this with your CD player) and a repeated short-term memory can sometimes develop into a long-term memory.


By the way, your singing or humming will probably be much more accurate if you stick a finger in one of your ears—which is why you will see some solo singers doing this. This works because we are designed not to hear our own voices too loudly, in case they drown out any other noises we should be paying attention to—lions, avalanches, the last-call bell, etc. Sticking a finger in your ear improves the feedback between your mouth and brain and helps you monitor your own pitch much more carefully. You may have noticed that your voice–ear feedback also improves if you have blocked sinuses, which can be very annoying. (I once made the mistake of complaining about this to my girlfriend. “My voice sounds really loud and it’s getting on my nerves.” Her response was a single eyebrow twitch and, “Now you know what the rest of us have to put up with…”)


I want to go back to our three singers and imagine what’s going on in their heads as they sing, but first you need to know that the jumps in pitch between the notes in a tune are called intervals and the different intervals have names that describe how big they are. The smallest interval is the distance between two adjacent* piano keys and is called the semitone, twice this jump is called a tone (not surprisingly). You don’t need to know the names of all the intervals, but you can find them—and a trick showing you how to identify them—in “Fiddly Details” at the back of the book (here).


So what are our singers subconsciously thinking as they start singing the song?


Kim Normal’s brain is sending out the following signals:




	sing any old note


	down a bit for the next note


	up a bit for the next note, etc.





James Singer’s brain is sending out the following signals:




	sing any old note


	down a whole tone for the next note


	up three semitones for the next note, etc.





Cecilia Perfect’s brain is sending out the following signals:




	sing C sharp


	down to B


	up to D, etc.





But, as I said earlier, the fact that Cecilia’s notes agree with the ones chosen by a committee in 1939 doesn’t mean that she is a better singer than James. Being a good singer is not just a matter of hitting the right notes—you have to sing them clearly, with the appropriate stress, and you have to make sure that you don’t run out of breath before the final note of a phrase ends. On top of all this, the quality of your voice is affected by the shape and size of the equipment you have: your vocal cords, mouth, throat and so on. Almost any one of us could be trained to be a reasonable singer, but to be really good you need training and the correct equipment.




Weirdness and pedantry


In chapter 1

	 I mentioned that German flutes used to be a different length from English ones and this meant that German orchestras and English orchestras would be playing different notes. In fact, every country (and even some cities) had their own notes. In the nineteenth century an “A” in London would be more like an “A flat” in Milan and a “B flat” in Weimar. We know this because historians have uncovered various tuning forks from these confused times and we can also compare the notes of church organs and flutes from different places. Just to add to the chaos, the local standard notes also went up and down in pitch from decade to decade.


Imagine the scene: it is 1803, Anton Schwarz, the famous German singer, meets Luigi Streptococci, the famous Italian singer, in a pub in Bolton:




“Hey Luigi, you’re singing every note flat—I know because I have perfect pitch.”


“No, Anton, it’s you—you’re singing sharp. I know because I truly have perfect pitch.”


“No, you’re wrong.”


“No, you’re wrong.”


“Flat, flat, flat.”


“Sharp, sharp, sharp.”







And so on—until the landlord chucks them out of the pub because neither of them is singing in tune with his piano (which is tuned to Bolton standard pitch for 1803). No wonder we used to have so many European wars in those days.


This is a weird situation. Professional musicians were (and still are) often trained from a very early age, and some of them would have developed “perfect” pitch, which agreed with the pitch chosen by a local piano tuner or organ builder. As soon as they began to travel they would discover other highly trained professionals with different “perfect” pitch. It’s a bit like everyone declaring that their favorite shade of pink is the perfect pink. All these “perfect” pitches were equally valid. To have perfect pitch all you need is a set of pitches etched into your long-term memory. You don’t even need to know what the notes are called—you might have stored all the notes on your mom’s piano without ever being told that this one is B flat and that one is D, etc.


Nowadays, people with perfect pitch have usually memorized the standard Western pitches that were decided on in 1939 because that’s how all pianos, clarinets and other Western instruments are tuned. This means that, if you have it, your perfect pitch is the same as everyone else’s. Most people with perfect pitch will also know the names of the notes involved because they generally acquired their perfect pitch during some sort of musical training at an early age.


The historical facts make life difficult for the musical pedants among us. A typical pedantic view would be that we should play Mozart’s music exactly as he wrote it. Another, equally understandable, pedantic view would be that we should play Mozart’s music exactly as he heard it in his head as he wrote it down. Now here we have a problem, because although Mozart had “perfect” pitch, the notes he had memorized were not the same as those chosen by the committee in 1939. In fact, the note we know as “A” would be called a “slightly out of tune B flat” by Mozart (we know this because we have the tuning fork Mozart used). So when we listen to Mozart’s music nowadays, we are hearing it all about a semitone higher than he would have intended—a fact which is guaranteed to annoy some musical pedants. Some of his most difficult, high-reaching songs would actually be much easier to sing if we lowered them in pitch by a semitone, which is closer to how Mozart intended them to sound. On the other hand, this would involve writing out all the music again in a lower key, which would irritate an entirely different set of pedants.


So if you are ever discussing perfect pitch, you need to bear the following points in mind:




• If people have perfect pitch, it merely means that they memorized all the notes on a particular instrument before they were around six years old. These people generally have high levels of musical skill, but this has nothing to do with their perfect pitch ability (which is rather useless). They usually have excellent musical skills simply because they started their musical training before they were six years old. Most musical skill comes as a result of training rather than inspiration: the earlier you begin, the better you will be.


• Any talk of someone having “perfect” pitch before 1939 doesn’t tell us anything about the pitches of the notes involved, because there were no agreed international standard notes. On the other hand anyone who had local “perfect” pitch was probably a very good musician because he had obviously begun his musical training very early.







As to the question of whether or not you have perfect pitch, it’s easy to find out by the method I mentioned earlier. Pick out a few of your favorite songs from your CD collection and try to sing the first note of each one before you play it. (Remember to put a finger in one of your ears so you can hear yourself more clearly, and don’t wait for the first word to be sung because the introductory music will warn you what note is coming up. What you have to sing is the very first note on the track.)




	If you get all the notes right you have perfect pitch;


	if you get some of them right you have partial perfect pitch;


	if you think you got them right, but no one else in the room agrees, you should get some sleep and try again in the morning when you have sobered up.






















3. Notes and Noises



Every day you will hear millions of sounds and only a few of them will be musical notes. Usually, musical notes are created deliberately from a musical instrument, but they can be produced in non-musical situations—when you “ping” a wineglass or ring a doorbell, for example. Whenever and however they are produced, musical notes sound different from all other noises.


What’s the difference between a musical note and any other sort of noise? Everyone you know will have some sort of answer to this question, but most of them will be based on the idea that musical notes sound… er… musical and other noises are… er… not musical.


Music plays upon our emotions and can enhance or change our mood. A good example of this is the way that film sound tracks give us clues as to how to respond emotionally to the scene we are watching—romance, humor and tension are all magnified by the accompanying music. This link between music and emotion might make us think that notes themselves have an emotional content and that they are in some way mysterious and magical sounds. In fact, there really is a genuine, simple difference between musical notes and all other noises, but it has nothing to do with emotion—a computer could spot the difference every time.





Sound


If you throw a stone into a flat, calm pond you will disturb the surface of the water and create ripples which travel away from the initial splash. Similarly, if you click your fingers in a quiet room, you will disturb the air and ripples of disturbance will move away from your hand.


In the case of the stone in the pond, the ripples involve a change in the height of the water and our eyes can clearly see what’s going on: the height of the water goes up–down–up–down–up–down as the ripples travel away from the splash.


When you click your fingers (or make any other sound, including a musical note), the sound ripples traveling toward your ears involve changes in the pressure of the air. We can’t see these ripples but our ears can hear them. When the ripples reach our ears, the air pressure goes up–down–up–down–up–down and this makes our eardrums go in–out–in–out–in–out at the same rate—because our eardrums are like tiny, flexible trampolines which are easily pushed in and out by changes in the air pressure. Your brain then analyzes the in–out movement of your eardrums and decides what’s going on—is it time to run away or time to order dessert?






Non-musical noises


As we grow up we become very skilled at identifying and interpreting noises—the boiling of a kettle, someone buttering toast or chopping wood, the playful click of the ATM as it eats your debit card—we accumulate a vast library of sounds to help us work out what’s happening around us.


If we could see the pressure ripples of these non-musical sounds, we would notice that they were very complicated. The overall ripple would be created by all sorts of things happening at the same time: the sound of a door closing might involve vibrations of the door, the lock, the wall and the hinges—and each of these complicated individual vibrations would join together to produce an even more complicated set of ripples of pressure in the air.


Let’s imagine that we can see the pressure ripples produced by a door closing. In the left-hand part of the illustration below I have drawn out possible ripple patterns* for the door, lock, wall and hinge separately. On the right of the illustration I have joined them all together into the overall ripple shape which pushes our eardrums in and out as the door closes.
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Several pressure ripples join together to make a noise. The sound ripples made by a door, lock, wall and hinge join together to make the overall noise of a door closing.


The noise ripple shape which eventually arrives at the eardrum is extremely complicated because it is made up of a chaotic group of individual ripples which have no relationship to each other. This is true of all noises which are not musical notes.







Musical notes


Musical notes are different from non-musical noises because every musical note is made up of a ripple pattern which repeats itself over and over again. In the illustration below there are some examples of the ripple patterns of notes produced by different instruments. To be a musical note, it doesn’t really matter how complicated the individual ripples are, as long as the pattern repeats itself.
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Musical notes are made up of ripple patterns which repeat themselves over and over again. These ripple patterns are actual recordings of notes produced by a flute (top), a clarinet (middle) and a guitar (bottom). (Source: Exploring Music by C. Taylor [Taylor & Francis, 1992])


Our eardrums flex in and out as the pressure ripples push against them. However, our eardrums can’t respond properly if the ripple pattern repeats itself too quickly or too slowly—we can only hear patterns which repeat themselves more often than twenty times a second but less often than 20,000 times a second.


Musical notes don’t need to be made by musical instruments, in fact, anything which vibrates or disturbs the air in a regular way between twenty and 20,000 times a second will produce a note. High-speed motorbike engines or dentists’ drills produce notes. In the song “The Facts of Life,” the band Talking Heads uses what sounds like a compressed air-powered drill to produce one of the notes of the background accompaniment. This combination of music and engineering fits well with the lyrics, which compare love to a machine.


Musical instruments are simply devices which have been designed to produce notes in a controlled way. A musician uses finger movement or lung power to start something vibrating at chosen frequencies—and notes are produced.






Good vibrations


When things vibrate they generally do so in lots of different ways at the same time. For example, if you are chopping a tree down, every time the ax hits the tree, the various branches all vibrate at different rates in different directions. Each of these vibrations creates a ripple pattern in the air, but they do not join together to create an overall repeating pattern—so we hear a noise rather than a note. Musical notes are only created when all the vibrations collaborate to produce a regularly repeating ripple, like the ones in the illustration above. For this to occur, the vibrating object must only produce ripples which are strongly related to each other and can join together in an organized way. This happens most easily if the vibrating object has a very simple shape. One of the simplest possible shapes is a column or rod, like the one shown in the drawing. As we shall see shortly, columns vibrate in exactly the right way to produce musical notes, which is why most musical instruments involve the vibration of columns of air inside tubes (flutes, clarinets, etc.), or vibrating strings (strings are just long, thin columns made of plastic or steel).
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A column is a simple shape which vibrates in just the right way to produce musical notes. Most musical instruments involve vibrating columns of air inside tubes (such as flutes or clarinets) or vibrating strings (which are long, thin columns of steel or plastic).


As far as strings go, the purest, loudest notes come from new strings, when their shape is as close to a column as possible. After they have been played for a while they get bruised and damaged and become an imperfect column shape. When this happens the strings become quieter and the notes they produce can become rather vague in pitch. Professional musicians change their strings every few weeks, but when I was a student I always used to leave mine until the strings were almost untunable before I bought a new set—because you can buy a lot of chips, peas and curry sauce for the price of a set of guitar strings. Generally you have to buy a whole set, because if you just replace a couple of the worst ones you’ll have two fresh new strings which sound louder and brighter than the others. And it’s no good trying to cheat by buying two new strings and artificially aging them with chip fat and curry sauce—the symmetrical column shape of the new string will shine through such admirable attempts at household budgetry.


We can learn a lot about musical notes by looking at how a single string vibrates when it is plucked. When you pluck a guitar string it moves back and forth hundreds of times every second. Naturally, this movement is so fast that you cannot see it—you just see the blurred outline of the moving string. Strings vibrating in this way on their own make hardly any noise because strings are very thin and don’t push much air about. But if you attach a string to a big hollow box (like a guitar body), then the vibration is amplified and the note is heard loud and clear. The vibration of the string is passed on to the wooden panels of the guitar body, which vibrate back and forth at the same rate as the string. The vibration of the wood creates more powerful ripples in the air pressure, which travel away from the guitar. When the ripples reach your eardrums they flex in and out the same number of times a second as the original string. Finally, the brain analyzes the movement of the eardrum and thinks, “That idiot next door is practicing his guitar again.”


The number of times the string vibrates back and forth in one second is called the frequency of the note (because this is how frequently the string goes back and forth). One of the first people to do serious scientific research on frequencies was a bushy-bearded German called Heinrich Hertz, back in the 1880s. The scientists and musicians who worked on acoustics later found that they needed a short way of saying “the string had a vibrational frequency of 196 back and forth cycles per second.” First of all they shortened it to “the string had a frequency of 196 cycles per second,”* but even bearded scientists could see that this wasn’t exactly a snappy way of saying it. Eventually (in 1930) someone came up with the idea of using the name “Hertz” to describe the number of cycles per second, so now we say “this string has a frequency of 196 Hertz.” Usually we shorten “Hertz” to “Hz” when we write it down: “the string had a frequency of 196Hz.” (I’m sure that Dr. Hertz and his beard would both have been very pleased about being honored in this way—and I wish I could think of something which could be measured in “Powells.”)


In chapter 1 I explained that the pitch (or frequency) of every note we use was decided by a committee in 1939. Although they did not specifically discuss guitars, the decisions they made applied to all instruments, so we know, for example, that the second thickest string on a guitar—the “A” string—should vibrate back and forth 110 times a second.


So, John Williams (the classical guitarist’s classical guitarist) has just twanged the “A” string on his guitar for us—and, on a properly tuned guitar, the “A” string has a fundamental frequency of 110Hz. A simplified view would be to say that the string is now moving to and fro 110 times every second and our eardrums are doing the same. But this is not the full story. The string is, in fact, vibrating at lots of frequencies simultaneously and 110 times per second, or 110Hz, is just the lowest of the frequencies involved. The other frequencies are multiples of this fundamental frequency, i.e., 220Hz (2 x 110), 330Hz (3 x 110), 440Hz (4 x 110), 550Hz (5 x 110), etc. When the string is twanged we hear all these frequencies at once—but the effect on our hearing system is that of an overall ripple pattern repeating itself 110 times every second.


So now we have a few very interesting questions:




	Why does the string vibrate at lots of frequencies rather than just one?


	Why does the string choose to vibrate only at frequencies which are related by whole numbers to the fundamental frequency (two times, three times, four times, etc.)?


	Why do we hear one overriding fundamental frequency when all these other frequencies are joining in?





Let’s look at the situation from the string’s point of view. Before being twanged, the string was in a happy, stable state, i.e., in its stretched condition it occupied the shortest route between two points—a straight line. The twanging involves stretching it a bit more before letting go. This is extremely annoying for the string and it immediately tries to rush back to being a straight line as soon as we let go. Unfortunately, as it gets somewhere near its original position, it finds that it is traveling too fast to stop—so it overshoots, stretching itself in the opposite direction, then it changes direction and tries to hurry back toward its straight line shape—and continues to overshoot back and forth until it runs out of energy. The string runs out of energy because, as it moves to and fro, it has to push air out of the way all the time, and it’s also passing its vibrational energy onto the wooden body of the guitar or violin.


You might think that the string would simply spring from side to side, from one smooth curve to another—as drawn on the left in the illustration below. But it cannot do that because, if it only went from one curve to another, the string would need to begin its journey as a smooth curve. In fact, a plucked string begins its journey as a kinked line—two straight lines which meet at your plucking finger—as in the drawing on the right of the illustration. Once you let go of it, the string won’t have a chance to organize itself into a nice gentle curve—all the various bits of the string will just race off as fast as they can.
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If we wanted to make a string vibrate at only its fundamental frequency, we would have to start it off in the correct shape—a smooth curve like the one in the drawing on the left. In fact, when you pluck a string, it starts off as two straight lines which meet at your finger, as in the drawing on the right.


So now our string is in a bit of a quandary. It needs to move once it is released, but it cannot move as a simple curved line because it’s not starting off as a simple curve. The answer to this problem is that the string starts to vibrate in several ways at the same time.


This might sound odd. How can a string do several things at once? Actually it’s not that difficult. Imagine you are sitting on one of the children’s swings in the park—one of those old-fashioned ones with metal chains and a wooden seat. If you swing gently backward and forward, then each link in the chain will also move backward and forward. The ones near the seat move most and the ones near the bar at the top don’t move much at all, but we can say that the chain as a whole is responding to a single instruction: “Move gently back and forth.” Now slap the chain in a forward direction at a height level with your ear. The chain will now be wiggling quickly backward and forward as well as swinging gently in the same direction. The chain will be following two instructions: 1. swing slowly to and fro; and 2. wiggle quickly to and fro. You can start to twist as you move, to add a third instruction, and you could add other sorts of movement if you really wanted to feel dizzy. The point is that a chain or rope or string is capable of obeying several instructions at once.


Although our obedient guitar string can follow lots of orders simultaneously, it wisely only accepts instructions which allow it to keep its ends stationary—because the ends of the strings are attached to the guitar and cannot move.


Have a look at the next illustration. Here you can see a photograph of my favorite classical guitar—and next to it are some drawings of a few of the individual ways that a string could vibrate from side to side without the ends moving.
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Some examples of ways in which a string could vibrate:


1. The whole string vibrates at 110Hz;


2. The string divides itself up into two halves which vibrate at 220Hz;


3. The string divides itself up into three thirds which vibrate at 330Hz;


4. The string divides itself up into four quarters which vibrate at 440Hz.


All these vibrations (with lots of others) happen at the same time, as a complex dance which repeats a whole cycle at the lowest frequency involved—110Hz.







Keeping the ends of the strings stationary automatically means that, to create the various vibration types (1–4 in the illustration above, and others), the movement pattern must divide the string up into one part or two parts or three parts—or any other whole number of parts—but not in any more complicated ways. You can’t divide it up into four and a half parts, for example, because that would involve one of the ends waggling about.


So, while it is vibrating to and fro, the string does not just act as one long string swinging backward and forward at the fundamental frequency. It is involved in a complicated, wiggling dance which encompasses lots of vibrations happening at the same time—in the same way that the rapid, small wiggles of the swing chains were superimposed on the overall gentle swinging of the chain. The “whole string” movement of the guitar string will be accompanied by some “half string,” “third string” and “quarter string” vibrations (and others).


Short strings vibrate at higher frequencies than long strings (if they are the same type of string under the same amount of tension). In fact, there is a direct relationship between the length of a string and the frequency at which it vibrates. If you halve the length of your string you double the frequency or, if you use a string which is one sixth as long as your original, then you multiply the frequency by six.


All the “shorter strings” we get when the string divides itself up vibrate at frequencies appropriate to their length—so the halves vibrate at twice 110Hz and the thirds vibrate at three times 110Hz and so on. Although the halves, thirds and quarters are all doing their own thing, like dance partners at a formal dance, they will all “return to base” to restart the dance at regular intervals. The overall pattern of the dance will repeat at the same rate as the lowest frequency involved, 110Hz in this case. This is why we call the lowest frequency the fundamental frequency of the note. This is the pitch of the overall note we hear—which is why we refer only to the lowest frequency when we are discussing musical notes. All the other frequencies join in to support the fundamental (rather like back-up singers), and this produces a richer sound.


What actually happens when you let go of the string is that all the types of vibration which involve lots of movement of the string near the plucking position begin at once. For example, if you pluck the string in the middle, you will get lots of the fundamental frequency and the “three times” frequency because both of these types of vibration involve lots of movement in the middle of the string (as you can see in the next illustration). You will not, however, get any of the “double” or “four times” frequencies because they require the string not to move in the middle.
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If you pluck the string in the middle, all the vibrations which involve the string moving in the middle can join in the movement. But vibrations which involve the string not moving in the middle will not take part. Here you can see the string (on the left) is being plucked in the middle—so only vibration patterns which allow movement in the middle of the string (ticked) are allowed to join in when the string begins to vibrate.


As another example, if you pluck the string one third of its length from one end, you will get lots of the fundamental, the “double” and the “four times” frequencies, but none of the “three times” frequency, because the “three times” frequency can’t join in if the string is moving at that point, as you can see in this next drawing.
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In this case, we are plucking the string one third of its length from one end. Once again, the vibration types which involve movement at this point (ticked) are allowed to join in, but the ones which require the string to be stationary at this position will not take part.


Now we get the radiant light of enlightenment shining down upon us. Plucking the string means we are going to get lots of different vibrations at once, and where we pluck it influences the various proportions of these vibrations in the mix. This explains why guitar strings sound different if you pluck them near the middle or close to one end. Wherever you pluck the string, the fundamental frequency will remain the same, but it will be supported by different proportions of the other vibrations. We have changed the pattern of the formal dance without affecting how often it completes a full cycle of movement. To get a new note, you must either choose another string, or shorten the one you are on by using the frets* on the guitar neck. Then you get a different fundamental, with its own group of related frequencies.


There is, of course, one group of musical instruments whose sounds don’t involve collaborative harmonic mixtures—they produce noises rather than notes. These are the untuned percussion instruments such as cymbals, gongs and bass drums. They are among the most ancient instruments of all and date back to way before the introduction of table manners. Back in the good old days, people would bang along to the tribal dances on anything that came to hand. Nowadays things are a little more sophisticated, and using the skulls of enemies or close relatives is frowned upon, even among rugby players. Rock, pop and jazz bands use drums and cymbals almost continuously to provide a rhythmic drive to the music and this is the main reason why these instruments need to make a noise, not a note. If the drummer banged along using one or two notes all the time, those notes would dominate the tune and occasionally clash with the harmonies of the song. A repeated noise—a “thud” from a drum or a “tschhh” from a cymbal—provides rhythmic information without hijacking the music.


Drums are circular and rather like short columns, so they have a tendency to produce notes if you don’t dissuade them from doing so (some drums, like orchestral tympani, are deliberately tuned to produce notes). A bass drum has two skins, one at either end of the “column,” and the way to prevent it producing notes is to tune the skins to different notes. The drummer hits one of the skins and this compresses the air inside the drum, which starts both of the drum skins moving. However, because the two skins cannot agree on a mutually supportive pattern of movement, the noise has no identifiable pitch. The lack of mutual support is also the reason why the sound dies away rapidly—which is also useful if you want to produce clear rhythms.


The reason I chose the “A” string of a guitar for the example in this chapter is because its fundamental frequency is 110Hz—and it’s dead easy to see that 220Hz is twice that number and 330Hz is three times as big. But this book is about all the notes we use, so we can’t keep on using this one example. The general rule is that any note is made up of a fundamental frequency together with its “twice” frequency, its “three times” frequency, its “four times” frequency, and so on. All these frequencies are called the harmonics of the note. The fundamental frequency is the first harmonic, the “twice” frequency is the second harmonic and the “three times” frequency is called the third harmonic—and so on for all the other numbers.


Although we have only discussed guitar strings so far, these principles are true of all musical notes—they all involve a family of vibrations linked by whole number relationships—and different mixes of these vibrations give the overall note a different character without changing its fundamental frequency.


The principle that strings produce different harmonic mixtures depending on where you disturb them also works for instruments where the string is bowed rather than plucked, such as violins and cellos. It provides a very useful method of controlling the sound of your instrument if you are playing a piece which repeats itself (as most pieces do). You can play the tune at first by plucking or bowing toward the middle of the string, which will give you a nice mellow tone. When you are repeating the tune later, you can get the same notes with a much harsher tone if you pluck or bow closer to the end of the string. This is a good way to enhance the musical interest for the listener and to increase or relax the tension of the piece. The guitarist can start off with a soulful, comforting tone as the singer tells his girlfriend that he senses that she is not entirely happy. Then later, the guitar tone can be adjusted to sound a damn sight less relaxed about the whole thing when he’s singing the bit about how she ran off with that podiatrist from Schenectady.


The pressure ripples we saw here look rather complicated, but the vibrational patterns of the strings you see in the illustrations above are very simple. You might wonder how a collection of simple things can produce a very complicated one. In fact, any one of the individual string vibration patterns would produce simple pressure ripples in the air (like the ones on the left in the illustration below) if they acted alone, but in practice they never do so because we hear them joined together in groups. A real note might, for example, involve a lot of the fundamental and the third harmonic with smaller contributions from the second, fourth and ninth. The different mixtures of these various ingredients can give you an incredibly wide range of combined ripple shapes. The first person to realize that you could construct almost any repeating pattern out of combinations of simple waves was a Frenchman called Joseph Fourier, who was one of Napoleon’s top men in the three closely linked intellectual fields of Egyptology, math and swamp drainage. Using spoon-bendingly complicated math, he managed to produce just about any repeating pattern you could imagine from these simple ingredients. Thankfully, there is no need for us to go into all that here. It is enough for us to know that if you put any musical ripple pattern into a computer it could work out the mix involved: “this much fundamental and that much second harmonic—with a smidgin of seventh harmonic and a twist of nineteenth” or whatever was needed to get that particular overall ripple shape.
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