THE SCIENCE OF SOUND




Definition of sound

sound?
sound/
noun
noun: sound; noun: musical sound; plural noun: musical sounds
1.1.
vibrations that travel through the air or another medium and can be heard when they reach a person's or animal's ear.
"light travels faster than sound"
«a thing that can be heard.
plural noun: sounds
"she heard the sound of voices in the hall*
the area or distance within which something can be heard.
"we were always within sound of the train whistles"
2.2.
sound produced by continuous and regular vibrations, as opposed to noise.
*short for speech sound.
3.3.
music, speech, and sound effects when recorded, used to accompany a film or video production, or broadcast.
"a sound studio"
*broadcasting by radio as distinct from television.
sthe distinctive quality of the music of a particular composer or performer or of the sound produced by a particular musical
instrument.
"the sound of the Beatles"
einformal
music, especially popular music.
plural noun: sounds
"sounds of the sixties"

Origin

Middle English soun, from Anglo-Norman French soun (noun), suner (verb), from Latin sonus . The form with -d was established in
the 16th cent.




Sound waves

When sound travels through a medium (gas,
liquid, or solid), it travels in “waves” — a
compression (increased pressure) and
rarefaction (decreased pressure) of particles,
producing a waveform.
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Compression and Rarefaction

Compression - increased pressure
Rarefaction - decreased pressure
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Compression and Rarefaction
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Amplitude

Amplitude — the
maximum height of
a sound wave
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Amplitude

Amplitude of Sound Waves
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Wavelength

Wavelength — measurement of the distance
(time) from one wave to the same part of the
next wave (crest to crest, trough to trough)...
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Wavelength

....OR a single oscillation
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Frequency

Frequency is the number of waves (oscillations)
that occur within a certain amount of time
(second). The measurement unit “Hertz”
(abbreviated hz) is defined as oscillations per
second. E.g. 440hz — 440 oscillations/second
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Frequency

The normal human ear can detect frequency
ranges from 20hz to 20,000hz.
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Decibels

The decibel (dB) is a B
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Decibels

The decibel scale is a logarithmic scale, not a
linear scale.

Logarithmic
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Decibels

The decibel scale is a logarithmic scale, not a
linear scale. Similar to the Richter earthquake

rating scale, small numbers represent enormous
changes.

The decibel (dB) scale is a
logarithmic scale, not a linear scale

If the noise source is doubled
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Decibels

Common Qutdoor Noises Sound Level Common Indoor Noises
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Waveforms

Sound waves can take on different shapes due
to their attack (shape of compression) and
release (shape of rarefaction).

SINE WAVE SQUARE WAVE

TRIANGLE WAVE SAWTOOTH WAVE

7




Waveforms

Each waveform has its on distinct sound. Early
in electronic music, waveforms were the basis
for constructing different types of sounds on
computers, synthesizers, and other devices.




Waveforms

Composers begin using recorded playback with
live performance as early as 1907....

Edgard Varese — Poeme Electronique ﬂi%

....and as recently as today’s pop music.

Imagine Dragons - Radioactive (Synchronice
Dubstep Remix)




Sine Wave

noun: sine wave SINE WAVE
a curve representing periodic oscillations of constant
amplitude as given by a sine function.




Square Wave

noun: square wave; plural noun: square
waves

a periodic wave that varies abruptly in
amplitude between two fixed values,
spending equal times at each.
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Sawtooth Wave

Noun

a periodic wave that varies in
amplitude between two fixed values,
gradually changing between the two.

It is so named based on its
resemblance to the teeth of a saw.

The convention is that a sawtooth
wave ramps upward and then sharply
drops.

SAWTOOTH WAVE




Triangle Wave

Noun

a periodic wave that varies in amplitude
between two fixed values, gradually
changing between the two.

It is so named based on its resemblance to a
triangular shape.

Unlike the sawtooth wave, the triangle wave
gradually changes both up and down,
instead of the quick ramp (upward motion)
of the sawtooth wave.
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Ramp (Reverse Sawtooth) Wave

Ramp Waveform
Noun
a periodic wave that varies in
amplitude between two fixed
values, gradually changing
between the two.

However, as opposed to a
sawtooth wave, a ramp wave
(sometimes called a "reverse (or
inverse) sawtooth wave®, the
wave ramps downward and then

: “§%.- Agilent Technologi
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White Noise

White noise is a sound that contains every frequency
within the range of human hearing (generally from 20
hertz to 20 kHz) in equal amounts.

Pink Noise

Pink noise is random noise having equal energy per octave,
and so having more low-frequency components than white
noise.



Brown Noise

to generate a lot of energy at low frequencies. Its power
density is inversely proportional to fA2 and decreases by 6 dB
per octave.

Brown noise is a random signal that has been filtered in order Q




Sound Wave

>

The depiction of a sound wave (see figure to the
right) is a visual representation of a recorded wave
file with regard to its amplitude (volume) over time.
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The Relation to DAW Software




Gain/Fader Volume

Gain and fader volume directly
relate to loudness (amplitude,
decibels). Recording/playback
volume will be displayed on meters.
They are usually colored green
(safe), yellow (caution) and red
(overload — known as “clip”). A clip
will distort the sound. A good
recording volume will be between
green and yellow.
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Frequency Boost/Reduction

When recording many A Club Track’s Frequency Map

instru ments, certain Fit your mix together and give your tracks room to breathe with our simple guide to frequency ranges
frequencies may be too
cluttered with too many
sounds. When this happens
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certain frequencies within
the sound — bringing out
the “highs, mids, and low”
of a sound.




Glockenspisl
Vibraphone

Baritone Sax
Timpani

Clarinet
Alto Sax
Tenor Sax
Bassoon
Xylophone
Marimba
Bass Guitar

3051Hz [ |
3520Hz ey |

“fx”) that

(or
you will be utilizing in the

”

C
2
)

O

-
S

Q
e
)

(Vg

O

O
af

>

O

C

Q

>

O

Q

Ll
Ll

L
(@)
= ©
ewm
)
R
coku_m
wm.l
c
S 9 £
S =
oo 2
Sb%
e © c
=
ONcl-
|OU.m
£ 8 09

or space.

In order to do this, each sound
recording studio

may need the use of a graphic

equalizer.
Graphic equalization is one of

the first “effects

frequency,




Graphic Equalization

With graphic equalization (EQ) — you can raise or
lower certain frequency ranges within a sound.
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Sound Synthesis/Manipulation

When using “virtual” instruments or sounds, in
order to get a more realistic sound, many use
the art of “sampling” an instrument.

Sampling, in this instance, takes multiple
recordings of single notes being played, and
assigns them to certain ranges, or in the case of
a synthesizer, piano keys.




Sound Synthesis/Manipulation

However, some sounds are generated from the
use of different waveforms (sine, square,
sawtooth, etc.) or a combination of them and
passing them through filters and other “effects”
in order to come to a desirable, unique sound.

These sounds were how many early synthesizers
created their sound, and they continue to use
some of these sound synthesis techniques ...




Sound Synthesis/Manipulation

...from “classic rock” to the music of today.

Herbie Hancock Imagine Dragons
“Chameleon” Live - 1975 Radioactive (Synchronice Dubstep Remix
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