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6 Signal Flow: Audio Fundamentals 7What Is Sound?

Frequency: Timbre
Sound can be quantifi ed by three measures: amplitude, frequency 
and time. Th ese are the three components of sound, whether 
captured or free. Amplitude should be a familiar term (aka volume) 
as should time, but timbre and frequency might be new terms 
for some. Th e frequency of a sound defi nes its pitch (musical 
note value), while timbre (pronounced “TAM-bur”) is the overall 
tonal quality of a sound that allows the listener to distinguish one 
instrument or voice from another. Timbre cannot be quantifi ed 
solely through measures of pitch or amplitude; it is the quality of the 
sound, the timbre, that lets humans diff erentiate a saxophone from a 
trumpet, even when both instruments are playing the same pitch at 
the same loudness. 

The most basic form of sound is represented by something 
called the sine wave. Remember that sound is a 360-degree 
mechanical energy burst through a medium, and as such, its 
pushing, then pulling, behavior causes peaks and troughs 
in the energy wave. This is exactly the same as a familiar 
mathematical function called the sine wave, as seen in Figure 
1.03. The sine wave is an even energy wave whose ridges and 
troughs are the same size and shape and do not change over 
time. Each rotation through the up and down portions of 
the wave is called a cycle. This simple one-cycle sine wave is 
literally the building block of sound, much like the atom is 
the building block of matter.

Figure. 1.03: A standard sine wave, 
measuring 1 Hz, meaning 1 cycle 
per second (cps). Th is is called the 
wavelength.

Figure 1.02: 3D and 2D representations of 
a sound wave.

Another key aspect is that sound is a burst of mechanical 
energy. Th is means the energy literally moves the medium 
around it by mechanically transferring energy, particle by 
particle. Consider the desktop trinket of fi ve silver balls 
swinging from strings. If you pull one of the balls back and let 
it go, it strikes the next ball and the energy transfers through 
the middle balls to the end ball, making it swing outward. 
Sound works much this way, where the original burst of energy 
pushes the molecules around it outward (air, in most cases) 
and those molecules transfer the energy to the molecules 
around them.

Once the molecules hand off  their energy, they pull back to 
their original position, creating both a pushing energy and a 
pulling energy at the same time. Th is is what gives sound waves 
ridges and troughs (as in the crest and valleys of the ocean 
wave). If a sound hits a wall, some of its energy will transfer 
to the wall and some will bounce out the other side (in your 
angry neighbor’s apartment usually!). Th e remaining energy 
bounces off  the wall and back into the space, like a racquetball. 
Th is continues until all of the energy is dissipated, or spent.
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Tech-Speak: Hertz

The common term used to define the speed of a sine wave or 
sound wave is Hertz—sometimes called cps or cycles per second. 
One Hertz (Hz) represents one cycle of a sine wave. A frequency 
of 440 Hz repeats its cycle of compression and rarefaction 440 
times per second.

Th e sine wave is the simplest form of sound measurement. 
It would be amazingly useful if all of the sounds we heard were 
as simple as singular sine waves that came one aft er the other. 
Unfortunately, this is not the case. Sound is extremely complex and 
just about every sound you’ve ever heard is made up of dozens or 
more of these simple, individual waves. Th e combination of simple 
sine waves defi nes the timbre of a sound.

 Tech-Speak: Timbre

Most sound is comprised of a combination of individual sine 
waves. Th e unique defi ning quality of the combined sound is called 
its timbre. 

Amplitude: Loudness and Volume
Okay, we now understand that sine waves push and pull in 
even amounts at different speeds (frequencies) until they run 
out of energy. The next question to ask is, “by how much?” 
The amplitude, or volume, of the sound is determined by how 
high and low the wave ridges and troughs rise or fall from the 
zero line. Back to the ocean analogy, a two-foot wave is playful 
and fun for some, but small and weak for others. Conversely, 
a 20-foot monster is playful for some and deadly for others. 
The amplitude of a sound is similar—it can be too loud for 
some (you’re too old!) or not loud enough for others (get your 
hearing checked!).

The measurement of the amplitude of a sound over time 
is called dynamic range—the difference between the loudest 
point and the softest point in the lifecycle of the wave. There 
are several measurements of amplitude, but we generally use 
something called the decibel (dB) to measure volume. A decibel 
is a deci-Bel—that is to say, / of a relative unit of measure 
called the “Bel.”

When drawn as a mathematical expression, a sine wave 
demonstrates this pushing and pulling energy, as seen in Figure 
1.04. Th e curve of the wave is perfectly even and the top and 
bottom of the wave are exactly the same distance away from the 
zero line. Th is means that the energy starts at zero (standing still) 
until the burst is created, at which point the wave pushes outward, 
called compression, and then pulls back, called rarefaction, just as 
hard as it pushed out. In other words, the wave pushes and pulls 
repeatedly at a fi xed rate, measured over the course of a second. 
Each repetition is called a “cycle.” Frequency can thus be defi ned as 
the number of times a wave pushes and pulls in one second, which 
is expressed in, Hertz or cycles per second.

Figure 1.04: A simple sine wave showing the beginning and end of a cycle, as well as 
compression and rarefaction.

 COACH’S CORNER 
The sine wave is important to us for many reasons, but is most important mathematically because it 
represents a circular motion over time. Envision a world map where the world is laid out horizontally 
with funny curves as it tries to take the circular globe and represent it on a flat page. The math 
behind sound waves is called trigonometry. Trigonometry defines several functions, including 
cosines and tangents, but for audio purposes, we will concentrate on the sine wave. 
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 Tech-Speak: Octave

An octave (8va) is a pitch at double or half the frequency of another 
frequency. In musical terms, it's the same note at a higher or lower 
level, as in from C to the next C, etc. Mathematically, it refers to a 
frequency that is double (or half) the original frequency as you go 
up (or down) in Hz.

Th e harmonic series is another of those “miracles” of music, 
in that this collection of tones provides the foundation of certain 
disciplines in music, instrument design, equipment manufacturing, 
acoustics, and synthesis. Th is concept is very important to 
understand and become familiar with, so let’s refer back to the 
CDs, to listen to various harmonics and hear what they are. 

Let’s start with a simple sine wave vibrating at 110 Hz. Th e 
wave of energy is pushing (via compression) and pulling (via 
rarefaction) 110 times per second. Listen to the accompanying 
DVD Track 4 to hear about 20 seconds of 110 Hz. 

DVD Track 4: A 110 Hz sine wave being played for about 20 seconds. Can you fi nd the 
note on the piano?

In this case, the fundamental is the 110 Hz tone. Multiplying 
110 by 2 gives us 220 Hz—known as the fi rst overtone or the 
second harmonic (the fi rst fundamental is the harmonic). Now 
listen to it next to its fundamental and see what it sounds like.

DVD Track 5: Two sine waves played one into the other—110 Hz, then 220 Hz. Can you 
fi nd the note matching 220 Hz on the piano? 

Surprisingly, it’s actually the same note, played an octave 
higher. But what happens if you do the math again, one step 
higher? Now, let’s listen to the fundamental, 110 Hz, ×3—which 
is the second overtone, 330 Hz.

DVD Track 6: Three sine waves played back to back—110 Hz, 220 Hz, and then 330 Hz. Can 
you fi nd all three on the piano?

Now, we have three notes, all built from the same fundamental, 
but not all at the same pitch. You can imagine that this can go 
on for a little while. So let’s shortcut the process and go up to the 
eighth harmonic.

 DVD Track 1: The Bass Tones. The fi rst three tones are all bass tones and are good 
reference tones to see how low your monitors, speakers, or headphones can play back 
audio. These tones may not sound great, as everyone’s monitors are diff erent and some 
simply can’t reproduce low frequencies. This track will play 55 Hz, 110 Hz, and 220 Hz, 
which represent the low, mid, and upper portions of the bass band.

 DVD Track 2: The Midrange Tones. Midrange is very important for clarity of a variety of 
instruments, including the voice. Knowing that your monitors and listening environment 
can accurately and pleasingly reproduce these tones is a key ingredient to verifying that 
your productions will sound great, in your studio and elsewhere. This track will play 440 Hz, 
880 Hz and 1,760 Hz. These represent the low, mid, and upper portions of the mid-band. 

 DVD Track 3: The Treble Tones. Often referred to as the “highs,” these tones can be the 
diff erence between clean and shiny productions and harsh and painful productions. 
People who consistently listen to music too loud—or have been exposed to high volumes 
of sound over long periods of time—are likely to lose their treble hearing fi rst. You’d be 
surprised at how much treble might be missing from your hearing, so it’s a good idea to 
have your hearing checked often. This track will play 3,520 Hz, 7,040 Hz, and 14,080 Hz. 
Can you hear the last part at 14,080 Hz? 

Th e octave phenomenon is oft en called the “miracle of 
music”—it’s that important. However, not all frequencies line 
up in perfect octaves. In fact, there is a very set relationship 
between frequencies that are multiples of each other. Th is is 
known as the harmonic series or the overtone series.

 Tech-Speak: Harmonic Series

Th e harmonic series is the musical and mathematical relationship 
between frequencies that are multiples. It is comprised of a 
fundamental tone (the lowest in the series) and frequencies at 
multiple values (2×, 3×, 4×, etc.) of that fundamental.

COACH’S CORNER 

You may have noticed that all the tones in tracks 1–3 are multiples of 55 Hz, the fi rst frequency. Did 
you notice that they all sound the same as the original, just at diff erent “levels”? These are known as 
octaves, meaning the same pitch at higher frequencies. This demonstration shows you that, as you 
move up the frequency range, the same pitches keep coming around over and over again. What this 
means is that there are only so many frequencies within a band, and that as you move up the fre-
quencies, you eventually hear the same groups of tones in the same order, over and over. 




