
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 favourite 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 – and, speaking of advances in human understanding, I am happy to tell you that, nowadays, curry sauce and gravy are both readily available in a chip shop near you.

You will be glad to hear that you need no musical or scientific training to understand everything in this book, although musicians and scientists should find plenty of things they didn’t know before. The only musical skill you will 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 maths 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 amongst 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 I am never going to be famous enough to appear on Desert Island Discs. 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 already 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 maths and complicated graphs in their explanations. Books full of graphs and maths 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 simply loves music and has no musical or technical training. 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 maths, 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 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 this 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 favourites and intense dislikes, so no definition of music can include words like ‘beauty’ or ‘pleasure’. All we can safely say is that music is sound that 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 which 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 would 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 they 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 which 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 whilst one of you saws a few millimetres 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 which 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 longterm 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 bath – no, not all in the same bath, this isn’t that sort of book. These three people are all singing in their (otherwise silent) bathrooms on different floors of a block of flats.

Down on floor two 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 floor seven 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 neighbour, 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 the bathroom on floor fifteen, 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 biscuits).

If you teach a small child a song, they 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 they sing ‘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, they 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





















Weirdness and pedantry





















Fiddly Details

A. Naming and identifying intervals

At various points in the book I have mentioned that the jump in pitch between any two notes is called an interval. The interval we have discussed most is the octave – the jump in pitch that corresponds to a doubling of the frequency of vibration of the note. All the other intervals also have names, some of which I have referred to already. The table overleaf presents a list of interval names along with the size of the interval in semitones. You can also see three photos of a pianist playing two notes a fourth apart. In each case we start on any lower note and count up to the note which is five semitone steps higher (counting the black notes as well as the white ones). I have included three illustrations here in order to make it clear that it doesn’t matter which note you start on – the one five semitone steps up will always be a fourth higher, and similarly the one nine semitones up will always be a major sixth higher.

After years of musical training you get to recognize each of these intervals and you can write down any tune which comes into your head (start on any note, up a fifth, down a major third etc.). But there is a way of identifying musical intervals which anyone can manage. All you have to do is learn the names of the intervals which occur at the beginning of several songs. I have made a list of suitable songs in the table below. The first two notes of the songs identified in this list give you the interval in its rising form (unless I have stated otherwise). Most tunes start with a rising interval, so examples are plentiful and you might want to substitute other songs for your own list. You might also want to collect twelve descending intervals from other songs.

So now, when you’re bored, sitting at an airport, you can identify the interval of whichever annoying ‘bing bong’ noise they are using by matching it to one of these songs.



	Size of interval

	Name of interval

	Song to identify rising interval




	1 semitone

	minor second or semitone

	‘I left my heart in San Francisco’




	2 semitones

	major second or tone

	‘Frère Jacques’ or ‘Silent night’




	3 semitones

	minor third

	‘Greensleeves’ or ‘Smoke on the Water’ (by Deep Purple) – first two guitar notes




	4 semitones

	major third

	‘While shepherds watched their flocks by night’ or ‘Kum ba yah’




	5 semitones

	fourth

	‘Here comes the bride’ or ‘We wish you a merry Christmas’




	6 semitones

	diminished fifth (or augmented fourth)

	‘Maria’ from West Side Story




	7 semitones

	fifth (or perfect fifth)

	‘Twinkle twinkle little star …’ (the jump between the two twinkles)




	8 semitones

	minor sixth (or augmented fifth)

	The theme from Love Story begins with this interval falling then rising




	9 semitones

	major sixth

	‘My bonnie lies over the ocean …’




	10 semitones

	minor seventh

	‘Somewhere’ from West Side Story




	11 semitones

	major seventh

	‘Take on me’ (song by the band a-ha)




	12 semitones

	octave

	‘Somewhere over the rainbow’ from The Wizard of Oz




	13 semitones

	minor ninth

	 




	14 semitones

	major ninth

	 




	15 semitones

	minor tenth

	 




	16 semitones

	major tenth

	 




	17 semitones

	eleventh (or an octave and a fourth)
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Three photos of a pianist playing two notes a fourth apart. It doesn’t matter which note you start on – the two notes are always separated by a gap of five semitones.

B. Using the decibel system

1.  The decibel system is a method of comparing the difference in volume between two sounds. These differences are measured in the following way:

 

• If the difference between two sounds is 10 decibels then one sound is twice as loud as the other.

• If the difference is 20 decibels then one sound is 4 times as loud as the other.

• If the difference is 30 decibels then one sound is 8 times as loud as the other.

• If the difference is 40 decibels then one sound is 16 times as loud as the other.

• If the difference is 50 decibels then one sound is 32 times as loud as the other.

• If the difference is 60 decibels then one sound is 64 times as loud as the other.

• If the difference is 70 decibels then one sound is 128 times as loud as the other.

• If the difference is 80 decibels then one sound is 256 times as loud as the other.

• If the difference is 90 decibels then one sound is 512 times as loud as the other.

• If the difference is 100 decibels then one sound is 1024 times as loud as the other.

• If the difference is 110 decibels then one sound is 2048 times as loud as the other.

• If the difference is 120 decibels then one sound is 4096 times as loud as the other.

 

2.  When using rule 1 (above) it doesn’t matter which decibel number you start on. For example, the difference between 10 decibels and 20 decibels is 10 decibels so 20 decibels is twice as loud as 10 decibels. But the difference between 83 decibels and 93 decibels is also 10 decibels – so 93 decibels is twice as loud as 83 decibels. Similarly, 72 decibels is 16 times as loud as 32 decibels (because the difference between 72 and 32 is 40 decibels).

3.  Although the decibel system should only be used to compare the relative loudness of two noises (as in rules 1 and 2 above), many people use decibels as a definite measure of the loudness of a single noise. In this case they are not saying ‘a large bee creates a noise of 20 decibels’; what they are actually saying is ‘a large bee creates a noise which is 20 decibels louder than the quietest noise we can hear’. The quietest noise we can hear is called the ‘threshold of hearing’, so we are really saying ‘a large bee creates a noise which is 20 decibels louder than the threshold of hearing’. When people appear to be using decibels in a non-comparative way (e.g. ‘The loudness of that motorbike is 90dB’) it’s just because they haven’t bothered to include the phrase ‘louder than the threshold of hearing’ – it’s taken for granted.

C. Tuning an instrument to a pentatonic scale

If you are doing this as an experiment it would be convenient to use a guitar, as it’s the commonest six-string instrument. On a guitar, the strings are traditionally numbered 1 to 6 with 6 being the thickest one and the lowest note. Unfortunately, this is the opposite of the numbering system I used in chapter 8. I tried reversing the numbers in the chapter to match the guitar system, but it spoiled the clarity of the chapter. So I’m going to give you instructions twice – once following the numbering system in chapter 8, and once using the traditional guitar numbering for the strings. You can use either set of instructions – they both give exactly the same result.

If you tune a guitar to a pentatonic scale, you will change the difference between the thickest string and the thinnest from two octaves to one octave. If you make the thickest string give its usual note before you start, this will mean that the thinner strings will be very slack by the time you have finished. This doesn’t matter much if you are doing this out of curiosity and you are going to return the guitar to its normal tuning in a few minutes. If, on the other hand, you are doing this as a long-term plan or as a demonstration for students, I’d recommend that you tighten the thickest string to give a higher note before you start and/or change the thinner strings for thicker ones.

Re-tuning like this takes a while if you start with a normally tuned guitar, because the strings resent being de-tuned so much and take a long time to settle down to their new tighter or slacker tensions. I also suspect that the unbalanced tension of the strings will cause the neck to bend if you leave a guitar tuned like this for several days.

So, here we go. One finger of one hand will be used to pluck the strings individually, and one finger of the other hand (called the ‘non-plucking finger’ below) should gently rest on the string – as shown in the photo in chapter 8.

Each string can produce four notes easily:

• the natural note of the open string (which we will call ‘open’)

• the ‘octave above’ pinged note – created by pinging the string with your non-plucking finger on the middle of the string (on a guitar, the middle of the string is directly above the twelfth fret)

• the ‘double octave above’ note – created by pinging the string with your non-plucking finger one quarter of its length from either end – directly above the fifth fret

• the ‘new’ note – created by pinging the string with your non-plucking finger one third of its length from either end – directly above the seventh fret.

If we call the thickest string number 1

First of all we tune the thickest string (string 1) to a higher than normal note (to stop the thinner strings being too slack when we have finished).

Then the ‘octave above’ note of string 1 should match the ‘open’ note of string 6.

The ‘new’ note of string 1 should match the ‘octave above’ note of string 4.

The ‘new’ note of string 4 should match the ‘double octave above’ note of string 2.

The ‘new’ note of string 2 should match the ‘octave above’ note of string 5.

The ‘new’ note of string 5 should match the ‘double octave above’ note of string 3.

All done – instant oriental sound.

If we call the thickest string number 6 (normal guitar numbering)

First of all we tune the thickest string (string 6) to a higher than normal note (to stop the thinner strings being too slack when we have finished).

Then the ‘octave above’ note of string 6 should match the ‘open’ note of string 1.

The ‘new’ note of string 6 should match the ‘octave above’ note of string 3.

The ‘new’ note of string 3 should match the ‘double octave above’ note of string 5.

The ‘new’ note of string 5 should match the ‘octave above’ note of string 2.

The ‘new’ note of string 2 should match the ‘double octave above’ note of string 4.

All done – instant oriental sound.

D. Calculating equal temperament

As I said in chapter 8, Galilei and Chu Tsai-Yu found that calculating the equal temperament system is pretty easy once you have presented the problem clearly and logically:

1.  A note an octave above another must have twice the frequency of the lower one. (This is the same as saying that if you use two identical strings one must be half the length of the other – the frequency of the note produced by a string goes up as the string gets shorter and half the length gives double the frequency.)

2.  The octave must be divided up into twelve steps.

3.  All the twelve steps must be equal. (If you take any two notes one step apart, then the frequency ratio between them must always be the same.)

Let’s look at an example to make the calculation clearer. In this example we will make every string 90 per cent as long as its longer neighbour – and all strings are made of the same material and are under the same amount of tension.

1.  Let’s make our longest string 600 mm long.

2.  String number 2 is 90 per cent of the length of string 1 (i.e. 540 mm long).

3.  String number 3 is 90 per cent of the length of string 2 (i.e. 486 mm long).

4.  String number 4 is 90 per cent of the length of string 3 (i.e. 437.4 mm long).

5.  Continue until you reach string 13.

This example shows how the percentage shortening system works, but unfortunately we picked the wrong percentage. There is too much of a jump between strings. We want the thirteenth string to be half as long as the original string so that it will produce a note an octave above it. However, if you make every string 90 per cent of the length of the previous one, your thirteenth string will be far shorter than you want it to be. So what percentage should we use for shortening our strings?

This is where Galilei and Chu Tsai-Yu come in handy. They calculated* exactly the correct percentage to make string 13 half the length of string 1. And the answer is … 94.38744 per cent. Or, to put it another way, you need to remove 5.61256 per cent of the length of any string to find the length of its shorter neighbour.

So now let’s do the calculation using this correct percentage:

1.  String 1 is 600 mm long.

2.  String 2 is 94.38744 per cent as long as string 1 – i.e. 566.3 mm.

3.  String 3 is 94.38744 per cent as long as string 2 – i.e. 534.5 mm.

4.  String 4 is 94.38744 per cent as long as string 3 – i.e. 504.5 mm.

5.  String 5 is 94.38744 per cent as long as string 4 – i.e. 476.2 mm.

6.  String 6 is 94.38744 per cent as long as string 5 – i.e. 449.5 mm.

7.  String 7 is 94.38744 per cent as long as string 6 – i.e. 424.3 mm.

8.  String 8 is 94.38744 per cent as long as string 7 – i.e. 400.5 mm.

9.  String 9 is 94.38744 per cent as long as string 8 – i.e. 378 mm.

10. String 10 is 94.38744 per cent as long as string 9 – i.e. 356.8 mm.

11. String 11 is 94.38744 per cent as long as string 10 – i.e. 336.7 mm.

12. String 12 is 94.38744 per cent as long as string 11 – i.e. 317.8 mm.

13. String 13 is 94.38744 per cent as long as string 12 – i.e. 300 mm.

Now the thirteenth string is half as long as the first string – which is what we wanted. Also, the relative length of any string compared to its neighbour is always the same – so it doesn’t matter which string you start your tune on, the same sequence of up and down jumps will give you the same tune (but the whole tune will be higher or lower in pitch).

E. The notes of the major keys

In the following list, ‘[image: image]’ means ‘flat’ and ‘#’ means ‘sharp’.

 

A major: A, B, C#, D, E, F#, G#.

B[image: image] major: B[image: image], C, D, E[image: image], F, G, A

B major: B, C#, D#, E, F#, G#, A#

C major: C, D, E, F, G, A, B

D[image: image] major: Db, E[image: image], F, G[image: image], A[image: image], B[image: image], C

D major: D, E, F#, G, A, B, C#

E[image: image] major: E[image: image], F, G, A[image: image], B[image: image], C, D

E major: E, F#, G#, A, B, C#, D#

F major: F, G, A, B[image: image], C, D, E

F# major: F#, G#, A#, B, C#, D#, E# (or G[image: image] major: G[image: image], A[image: image], B[image: image], C[image: image], D[image: image], E[image: image], F)

G major: G, A, B, C, D, E, F#

A[image: image] major: A[image: image], B[image: image], C, D[image: image], E[image: image], F, G.

Note: F# is the same as G[image: image] – so we could have either key in this case. In every other case where the key could have one of two names (e.g. D[image: image] and C#), we generally choose the one with the least sharps or flats in the key signature. D[image: image] involves five flats but its alternative, C#, would have seven sharps – so we generally use D[image: image]. There is no such clear choice in the case of F#/G[image: image] because F# has six sharps and G[image: image] has six flats.
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* A tuning fork is a specially shaped piece of metal which produces a specific note when you hit it.





* Galilei and Chu Tsai-Yu probably started by calculating the increase in frequency between two adjacent notes. From this you can work out how much shorter the higher string should be. I have used the shortening of strings because it makes the discussion easier to follow. Our two wise men calculated that we needed an increase in frequency of 5.9463 per cent between two adjacent strings: for example, if G has a frequency of 392Hz, then the note one semitone up (G sharp) has a frequency of 105.9463 per cent of 392, which is 415.3Hz. To achieve this, if the strings are otherwise identical, the G sharp string will have to be 94.38744 per cent the length of the G string.
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