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Chapter 6 - OutlineChapter 6 - Outline

nnStanding wavesStanding waves
•• BasicsBasics
•• Frequencies and wavelengthsFrequencies and wavelengths
•• Longitudinal wavesLongitudinal waves

nnComplex WavesComplex Waves
nnTimbreTimbre



Standing WaveStanding Wave
nnProduced when incidentProduced when incident

and reflected wavesand reflected waves
interfere.interfere.

nnPrinciple of superposition.Principle of superposition.



Standing WaveStanding Wave

nnThere is no apparentThere is no apparent
motion along themotion along the
direction in which thedirection in which the
two individual wavestwo individual waves
move.move.



Standing WavesStanding Waves

Each loop =Each loop = λ/2λ/2



Wavelengths of StandingWavelengths of Standing
Waves in a RopeWaves in a Rope

n (n (λλnn/2) = L/2) = L

λλnn = 2L/n = 2L/n



Frequencies of StandingFrequencies of Standing
Waves in a RopeWaves in a Rope

SinceSince

          f = v/f = v/λ λ thenthen

ffnn = n(v/2L) = n(v/2L)



Video I-4Video I-4
Transverse standing wavesTransverse standing waves



Harmonic SeriesHarmonic Series

nnA series of frequenciesA series of frequencies
in which all membersin which all members
are an integral multipleare an integral multiple
of the lowest frequencyof the lowest frequency



Harmonic SeriesHarmonic Series
nnThe lowest frequency isThe lowest frequency is

called thecalled the
  fundamental frequencyfundamental frequency
  oror
  first harmonic.first harmonic.



Harmonic SeriesHarmonic Series
nnThe higher frequencies areThe higher frequencies are

called thecalled the
second harmonic,second harmonic,
third harmonic,third harmonic,
fourth harmonicfourth harmonic, etc., etc.



Harmonic SeriesHarmonic Series

ff22 = 2f = 2f11

 f f33 = 3f = 3f11
ff44 = 4f = 4f11

etc.etc.



Harmonic SeriesHarmonic Series

nnHarmonics above theHarmonics above the
first are also calledfirst are also called

overtonesovertones..



Standing Sound WavesStanding Sound Waves

Tube Open at Both EndsTube Open at Both Ends



Standing Sound WavesStanding Sound Waves

nnTube Open at Both Ends:Tube Open at Both Ends:

λλnn = 2L/n = 2L/n
      f      fnn = nf = nf11



Standing Sound WavesStanding Sound Waves
Tube Closed at Both EndsTube Closed at Both Ends

(same as fixed rope)(same as fixed rope)



Standing Sound WavesStanding Sound Waves

Tube Closed at Both Ends:Tube Closed at Both Ends:
(same as rope - fixed ends)(same as rope - fixed ends)

λλnn = 2L/n = 2L/n
       f       fnn = nf = nf11



Standing Sound WavesStanding Sound Waves
Tube Closed at One End:Tube Closed at One End:



Standing Sound WavesStanding Sound Waves

nn Tube Closed at One End:Tube Closed at One End:

λλnn = 4L/(2n-1) = 4L/(2n-1)

ffnn = (2n-1)(v/4L) = (2n-1)(v/4L)



Standing Sound WavesStanding Sound Waves
nnTube Closed at One End:Tube Closed at One End:

ff22 = 3 f = 3 f11

ff33 = 5 f = 5 f11

ff44 = 7 f = 7 f11



Video III-1 and 2Video III-1 and 2

Resonance in tubesResonance in tubes



Complex WavesComplex Waves

nnCreated when frequenciesCreated when frequencies
which are members of awhich are members of a
harmonic series are added.harmonic series are added.



Complex WavesComplex Waves
Fundame ntal = f 1
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Complex WavesComplex Waves
Same AmplitudeSame Amplitude

f 1  + 2f 1
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Complex WavesComplex Waves
Same AmplitudeSame Amplitude

f 1  + 2f 1  + 3f 1
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Complex WavesComplex Waves
Same AmplitudeSame Amplitude

f 1  + 2f 1  + 3f 1  + 4f 1
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Complex WavesComplex Waves
Same AmplitudeSame Amplitude

2f 1  + 3f 1  + 4f 1  (fundame ntal remo v e d)
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Complex WavesComplex Waves

nnWhen waves whoseWhen waves whose
frequencies are members of afrequencies are members of a
harmonic series are added,harmonic series are added,
the frequency of the resultantthe frequency of the resultant
wave is wave is alwaysalways the same as the same as
that of the fundamental.that of the fundamental.



Auditory DemoAuditory Demo

 Missing Fundamental Missing Fundamental
(virtual pitch)(virtual pitch)

Track 37.Track 37.

Virtual Pitch with RandomVirtual Pitch with Random
HarmonicsHarmonics

Track 43-45Track 43-45



Fourier SynthesisFourier Synthesis

nnAny periodic wave ofAny periodic wave of
frequency ffrequency f11 can be can be
produced by addingproduced by adding
together sine waves oftogether sine waves of
frequency ffrequency f11, 2f, 2f11, 3f, 3f11, 4f, 4f11,,
5f5f11, etc., etc.



Fourier SynthesisFourier Synthesis
Different AmplitudesDifferent Amplitudes
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Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

= (1)sin(f) + (1/3)sin(3f) + (1/5)sin(5f) + (1/7)sin(7f) + …



Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

Two  Te rms
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Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

Thre e  Te rms
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Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

Fo ur Te rms
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Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

Five  Terms
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Fourier SynthesisFourier Synthesis
Square WaveSquare Wave

12 Te rms
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Fourier SynthesisFourier Synthesis

Demo with FourierDemo with Fourier
Synthesizer andSynthesizer and

OscilloscopeOscilloscope



Fourier AnalysisFourier Analysis

nnAny periodic wave ofAny periodic wave of
frequency ffrequency f11, no matter, no matter
how complex, can behow complex, can be
broken down into sinebroken down into sine
waves of frequency fwaves of frequency f11, 2f, 2f11,,
3f3f11, 4f, 4f11, 5f, 5f11, etc., etc.



Fourier AnalysisFourier Analysis

nnThe set of sine wavesThe set of sine waves
that make up a complexthat make up a complex
wave are called thewave are called the
complex wave’scomplex wave’s
Fourier Components.Fourier Components.



Fourier Spectrum orFourier Spectrum or
Harmonic SpectrumHarmonic Spectrum

nnA listing of theA listing of the
amplitudes of eachamplitudes of each
component in eithercomponent in either
tabular or graphicaltabular or graphical
formform



Fourier Spectrum orFourier Spectrum or
Harmonic SpectrumHarmonic Spectrum
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Fourier Spectrum orFourier Spectrum or
Harmonic SpectrumHarmonic Spectrum
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TimbreTimbre

nnThe different combinationsThe different combinations
of harmonics givesof harmonics gives
different qualities ordifferent qualities or
timbers to soundstimbers to sounds..



TimbreTimbre
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TimbreTimbre
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Oboe (many harmonics)Oboe (many harmonics)



TimbreTimbre
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Auditory DemoAuditory Demo

The Effect of spectrumThe Effect of spectrum
on timbreon timbre

Track 53Track 53



VideosVideos

nnIII-6 Vibrations on a GuitarIII-6 Vibrations on a Guitar
StringString

nnIII-7 Fourier Analysis andIII-7 Fourier Analysis and
SynthesisSynthesis



SummarySummary

nnAny periodic wave ofAny periodic wave of
frequency ffrequency f11 can be can be
produced by addingproduced by adding
together sine waves oftogether sine waves of
frequency ffrequency f11, 2f, 2f11, 3f, 3f11, 4f, 4f11,,
5f5f11, etc., etc.



SummarySummary

nnAny periodic wave ofAny periodic wave of
frequency ffrequency f11, no matter, no matter
how complex, can behow complex, can be
broken down into sinebroken down into sine
waves of frequency fwaves of frequency f11, 2f, 2f11,,
3f3f11, 4f, 4f11, 5f, 5f11, etc., etc.



SummarySummary

nnThe pitch we hearThe pitch we hear
always corresponds toalways corresponds to
that of the fundamentalthat of the fundamental
frequency.frequency.


