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TWO TABLES
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There are two tables that every student sees before they finish school.

The first is the periodic table of elements. It hangs on the wall of every chemistry classroom on Earth. It's a chart of boxes, each containing a symbol, a number, and a name. H for hydrogen. He for helium. C for carbon. O for oxygen. Au for gold. One hundred and eighteen elements, organized by a number that counts the protons inside each atom's nucleus. Everything you can touch, taste, smell, or see is made from the elements on that chart. Your body. The air. The oceans. The stars. All of it is combinations of those 118 ingredients.

The second table is the musical scale. You might not think of it as a table, but it is one. It's the set of notes that every musician learns. Do, re, mi. A, B, C, D, E, F, G. Twelve notes repeat again, progressively higher, organized by how fast something vibrates. A guitar string vibrating 440 times per second makes the note A. A string vibrating 880 times per second, twice as fast, makes the same note, one octave higher. The pattern repeats every time you double the speed of vibration.

These two tables were created centuries apart by people who had nothing to do with each other. The Russian chemist Dmitri Mendeleev published the periodic table in 1869. The Greek mathematician Pythagoras described the math behind musical harmony around 500 BC, more than two thousand years earlier. The chemist was sorting atoms by how many protons they had. The mathematician was sorting sounds by how fast strings vibrated. Different countries. Different centuries. Different subjects.

[image: ]

Pythagoras

And they found the same structure.

Both tables repeat. In chemistry, elements in the same column behave the same way even though they're different sizes, lithium, sodium, and potassium are all soft metals that explode in water. In music, notes an octave apart sound like the same note even though one is higher, they share a quality that your ear recognizes instantly. Both tables have a concept of "coming back to the start." Chemists call it a period. Musicians call it an octave. Both words describe the same thing: a cycle that repeats.

Nobody noticed they were the same structure. Because chemistry is taught in one classroom and music is taught in another, and nobody thought of carrying one table into the other room.

This book is about what happens when you do.​
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MUSIC
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​Chapter 1: Vibration
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Before we can compare chemistry to music, we need to understand what vibration means. It's simpler than you might think.

Hold a ruler so that half of it sticks off the edge of a desk. Push the free end down and let go. The ruler bounces up and down, fast at first, then slower, and then it stops. That bouncing is vibration. The ruler moves back and forth between two positions, repeatedly, at a regular speed.

Everything vibrates. The strings on a guitar vibrate when you pluck them. The air vibrates when sound passes through it, that's what sound is, vibrating air hitting your eardrums. The ground vibrates during an earthquake. Atoms vibrate constantly, jiggling back and forth even in solid objects. The chair you're sitting on right now is vibrating. You can't feel it because the vibrations are incredibly small and incredibly fast, but they're real, and they've been measured.

The speed of a vibration is called its frequency. Frequency means "how many times per second does the thing bounce back and forth?" If a guitar string vibrates 440 times in one second, its frequency is 440 Hz. The letters Hz stand for hertz, which is just the scientific word for "vibrations per second."
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Low frequency means slow vibration. A bass guitar string vibrating 80 times per second makes a deep, low sound. High frequency means fast vibration. A piccolo playing a note at 4,000 Hz makes a thin, high sound.

Every sound you've ever heard is a vibration at a specific frequency. And your ear is a frequency detector, a biological instrument that translates vibrations in the air into the experience of hearing.

	[image: ]
	 	[image: ]


[image: ]

​​Chapter 2: Octave
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If you play a note at 100 Hz, 100 vibrations per second, it sounds like a specific pitch. Now play a note at 200 Hz, exactly double. It sounds higher, but it also sounds like the same note. Your ear recognizes them as relatives. They match. They belong together.

This is called an octave. Every time you double the frequency of a vibration, you get the same note, one level higher. 100, 200, 400, 800, 1600, each one sounds like the same note, just increasingly higher. The pattern resets every time you multiply by two.

This isn't a rule someone made up. It's physics. When a string vibrates at 200 Hz, exactly two of its waves fit inside one wave of 100 Hz. The waves line up perfectly. The match is so clean, so mathematically precise, that every human culture in recorded history, on every continent, in every era, independently recognized the octave as the most basic relationship in music. Nobody had to teach it. People just heard it.

On a piano, the lowest A vibrates at 27.5 Hz. The next A up is 55 Hz. Then 110, 220, 440, 880, 1760, 3520. Each one is double the last. Each one sounds like A. Seven octaves of the same note, from a low rumble to a high shimmer.
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​​Chapter 3: The Notes Between
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An octave isn't just two notes. There are notes in between, the steps of the scale. And here's what Pythagoras discovered 2,500 years ago: the notes that sound best together are the ones whose frequencies form simple ratios.

Before we name these intervals, you need to know where the names come from. If you sing up the familiar scale, do, re, mi, fa, so, la, ti, do, each note has a number based on its position. Do is one. Re is two. Mi is three. Fa is four. So is five. 

[image: ]

When musicians talk about a "third" or a "fifth" or a "fourth," they're just telling you how many steps up the scale the second note is from the first. A fifth is five steps up, from do to so. A fourth is four steps up, from do to fa. A third is three steps up, from do to mi. The name tells you the distance.

A ratio is just a comparison between two numbers. If one string vibrates at 200 Hz and another at 300 Hz, the ratio between them is 2:3. Pythagoras found that this ratio, 2:3, sounds beautiful. Musicians call it a perfect fifth. It's the most harmonious interval after the octave itself. When you hum "Twinkle, Twinkle, Little Star," the jump from "twin-" to "-kle" is a perfect fifth. 

The next simplest ratio is 3:4. This is called a perfect fourth. It also sounds harmonious and stable. The opening notes of "Here Comes the Bride" start with a perfect fourth.
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These simple ratios, 2:1 (octave), 3:2 (perfect fifth), 4:3 (perfect fourth), are called consonant intervals. Consonant means they sound stable, complete, resolved. Like coming home. The reason they sound this way is physical: their waves line up neatly. The peaks and valleys of one wave match up with the peaks and valleys of the other in a repeating pattern that your ear perceives as harmony.

Other ratios are more complex. 6:5 is a minor third, it sounds a little sad, a little dark, but still harmonious. 16:15 is a half-step, the smallest interval on a piano, and it sounds tense, like something needs to happen next. These are called dissonant intervals. Dissonant doesn't mean bad. It means tension. It means the vibrations don't line up as neatly. Your ear perceives the mismatch as restlessness, a feeling of "this needs to resolve."

Music is built from the interplay of consonance and dissonance. Tension and release. Move away from home, wander through unfamiliar territory, then come back. Every song you've ever loved follows this pattern. And the pattern is controlled entirely by the ratios between frequencies.

[image: PPT - Discovering Harmonic Ratios: Musical Theory and Instrumentation ...]
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​​Chapter 4: Overtones
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One more piece of musical physics.

When you pluck a guitar string, you hear one note. But the string isn't vibrating at just one frequency. It's vibrating at many frequencies simultaneously, the fundamental frequency (the main note you hear) plus a whole series of higher frequencies called overtones or harmonics.

The first overtone is double the fundamental, one octave up. The second overtone is triple, an octave plus a fifth. The third is quadruple, two octaves. And so on. The series goes: 1, 2, 3, 4, 5, 6, 7, 8... Each overtone is a whole-number multiple of the fundamental.

You don't hear these overtones as separate notes. You hear them blended into the "color" or "texture" of the sound. This is why a piano and a violin playing the same note sound differently. They're playing the same fundamental frequency, but their overtones have different strengths. The recipe for overtones is what gives each instrument its unique voice.

Here's what matters for our story: the overtone series contains every consonant interval in music. The octave (2:1) is between the first and second harmonics. The perfect fifth (3:2) is between the second and third. The perfect fourth (4:3) is between the third and fourth. Every interval that sounds "right" to your ear is already present in the natural vibration of a single string.

The overtone series isn't a human invention. It's a property of vibrating objects. Any vibrating system, a string, a drum, a metal plate, a column of air, produces overtones in this same pattern. The ratios are built into the physics
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