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Chapter 6 - Outline

Standing waves
o BASICS

o Ereguencies and wavelengtihs
o Longitudinal waves

Complex Waves
Timbre




Stanaing \Wave

Produced when Incident
and retlected waves
Interfere.

Principle of superposition.




Stanaing \Wave

There Is ne apparent
motion aleng| the
direction In whiech the
fwo Individual Wwaves
moVve.




Stanaing Waves

Each loop =1 /2




\Wavelengtins off Standing
\Waves In a Rope

n(l/2) =L

| = 2L/n




Erequencies of Standing
\Waves In a Rope

Since

=Vl then
I = n(v/2L)
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diransverse standing wWaves




Harmonic Series

A Series ofi freguencies
N Which alllmenbers

are an integral multiple
of the lowest freguency.




Harmonic Series

The lowest frequengcy: Is
called the

fundamental frequency.
or

first harmonic.




Harmonic Series

The higher freguencies ane
called the

Second harmenic

third harmonic

fourth harmonic, etc.




Harmonic Series
f, = 2f,

f, = 3,
fyy = 4f,
elc.




Harmonic Series

Harmonics above the
first are also called

OVEIIONES.




standing Seund \Waves

Tube Open at Both Ends

First harmonic

Second harmonic

Third harmonic




standing Seund \Waves

Tube Open at Both Ends:

| = 2L/n
I = nhy




standing Seund \Waves

Tube Closed at Both Ends
(same as fixed rope)




standing Seund Waves

Jiube Closed at Both Ends:
(Same as rope - fixed ends)

| = 2L/n
I =y




standing Seund Waves

Tube Closed at One End:

First harmonic

Third harmonic

Fifth harmonic




standing Seund \Waves

Jube Closed at One End:

| - = 4L/(2n-1)
.= (2n-1)(v/4AL)




standing Seund \Waves
Tube Closed at One Endk:

f, =31

fo=5 f
fy = 71




\ideo |11-1 and 2

Resonance In tubes




Complex \Waves

Created when freguencies
WhICh are members of a
narmonic series are added.




Complex \Waves
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Complex \Waves

Same Amplitude
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Complex \Waves

Same Amplitude
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Complex \Waves

Same Amplitude




Complex \Waves

Same Amplitude




Complex \Waves

When waves Whose
fleguencies are memhoers of a
Rarmonic Series are added,
the freguency. ofi the resultant

wave is always the same as
that of the fundamental.




Auditory: Demo

Missing Fundamental
(Virtual pitch)
Track 37.

Virtual Piteh with Random
Harmonics

Jrack 43-45




Eourer Synthesis

ARy PEriodic wave of
frequency i, can be
produced by adading
legether sine waves of
frequency. fy, 2f;, 3fy, 41,
51, Elc.




EoUKIEr Synthesis

Different Amplitudes
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Eourier Syntnesis
Sguare Wave

= (1)sin(f) + (1/3)sin(3f) + (1/5)sin(5f) + (L/7)sin(7f) + ...




Eourier Syntnesis
Sguare Wave
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Eourier Syntnesis
Sguare Wave
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Eourier Syntnesis
Sguare Wave
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Eourier Syntnesis
Sguare Wave
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Eourier Syntnesis
Sguare Wave




EoUKIEr Synthesis

[Demo wiith; EeUKIEr
Synthesizer and
Oscillescope




Eourier Analysis

ARy PEriodic wave of
frequency. fi,, N0 matter
oW complex, can be
proken down Into sine
Waves of freguency. iy, 21,
3t,, 41, Sf;, etc.




Eourier Analysis

e set of Sine waves
that make up a complex
wave are called the
complex wave's
EFourier Components.




Eourier Spectrum or
[Harmoenic Spectrrum

A lIsting of the
amplitudes ofi each

component in either
tabular or graphical
form




Eourier Spectrum or
[Harmoenic Spectrrum
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Eourier Spectrum or
Harmonic Spectrum
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Tfimbre

TThe different compinations
Of hArmMONICS gIVes
different gualities or

timbers to sounds.




Frequency (Hz)
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Tfimbre

Oboe (many: harmoenics)
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Tfimbre

Vielin (Intense harmonies)

Amplitude

Frequency (Hz)




Auditory: Demo

TThe Effect off spectrum
on timbre

Jrack 53
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[lI-6 Vibrations on a Guitar
String

lll-7 Fourier Analysis and
Synthesis




Summary

ARy PEriodic wave of
frequency i, can be
produced by adding
legether sine waves of
frequency. f,, 2f;, 3ty 41,
51, Elc.




Summary

ARy PEriodic wave of
frequency. fi;, N0 matter
oW complex, can be
proken down Inte sine
Waves of freguency. fy, 21,
3t,, 41, Sf;, etc.




Summary

e pitch we near
always corresponds to
that of the fundamental
frequency.




