
 Acoustic Phenomena as a Model for Music Composition 
Representing acoustic phenomena in musical composition 

through the extrapolative and interpolative modelling of the 
phenomena’s characteristics and behaviour 

 
 
 
 
 

David Tracy – 3044302 Bachelor of Music (Honours Class 1) 
 
 
  Submission for Master of Philosophy   

The University of Newcastle (Australia) 
 

July 2013 
 
 
 
 
 
 

  



2 | Acoustic Phenomena as a Model for Music Composition 
 

 

  



Acoustic Phenomena as a Model for Music Composition |  3 
 

 

STATEMENT OF ORIGINALITY 

 

The thesis contains no material which has been accepted for the award of any other degree or 

diploma in any university or other tertiary institution and, to the best of my knowledge and 

belief, contains no material previously published or written by another person, except where 

due reference has been made in the text. I give consent to the final version of my thesis being 

made available worldwide when deposited in the University’s Digital Repository, subject to the 

provisions of the Copyright Act 1968. 

 

Signed_________________________ 

David Tracy 

July 2013 

 

 

  



4  | Acoustic Phenomena as a Model for Music Composition 
 

 

  



Acoustic Phenomena as a Model for Music Composition |  5 
 

ACKNOWLEDGEMENTS 

A number of people have assisted in the development of this research paper. Their 

contribution and support has been an invaluable component in aiding the completion of this 

thesis. 

I would like to thank my supervisors Nathan Scott and Richard Vella for their countless hours 

spent in conversation and in reviewing this document. Their guidance and inspiration was 

fundamental to the direction of this research for which I am truly grateful. I would also like to 

thank Philip Matthias and Jon Drummond for their additional assistance in areas of this 

research. 

On a personal note, I am grateful to my family for their continued support and faith in me 

throughout the process of post-graduate research. I am grateful to God, who makes all things 

possible, and to my wife Sarah, who deserves the biggest thanks of all for putting up with all 

the associated issues that arise in the event of this kind of undertaking. You have each shown 

your love and support in various ways and for that I thank you. 

  



6 | Acoustic Phenomena as a Model for Music Composition 
 

  



Acoustic Phenomena as a Model for Music Composition |  7 
 

Contents 

 

I. List of Figures ..................................................................................................... 9 

II. List of Tables .................................................................................................... 11 

III. List of Appendices ........................................................................................ 12 

1.0 Introduction ................................................................................................. 13 

1.1 Abstract ............................................................................................................. 13 

1.2 Outline of Research Area .................................................................................... 14 

1.3 Defining the Research Area ................................................................................. 30 

1.4 Methodology ..................................................................................................... 33 

2.0 Phase Shifting ............................................................................................... 43 

2.1 Phase Shifting Defined ........................................................................................ 43 

2.2 Composers Representing Phase Shifting in Music ................................................ 53 

2.3 Modelling Phase Shifting – Compositional Studies and Theoretical Framework .... 69 

3.0 Resonance .................................................................................................... 79 

3.1 Resonance Defined ............................................................................................. 79 

3.2 Composers Representing Resonance in Music ..................................................... 83 

3.3 Modelling Resonance for Musical Compositions .................................................. 90 

4.0 Reverberation and Delay ............................................................................ 137 

4.1 Reverberation and Delay Defined ..................................................................... 137 

4.2 Composers Representing Reverberation or Delay in Music ................................ 141 

4.3 Modelling Reverberation and Delay for Musical Compositions........................... 145 

5.0 Sound Waves and Sine Waves .................................................................... 167 

5.1 Definitions of Sound Waves and Sine Waves ..................................................... 168 

5.2 Composers Representing Different Waveforms in Music ................................... 171 

5.3 Modelling the Waveform for Musical Compositions .......................................... 181 



8 | Acoustic Phenomena as a Model for Music Composition 
 

6.0 Harmonic Series and Sound Spectra ........................................................... 185 

6.1 Harmonic Series and Sound Spectra Defined ..................................................... 185 

6.2 Composers Representing Harmonic Series and Sound Spectra ........................... 189 

6.3 Modelling the Harmonic Series and Sound Spectra for Musical Compositions .... 198 

7.0 Synthesis ................................................................................................... 201 

7.1 Synthesis Defined ............................................................................................. 201 

7.2 Composers Representing Synthesis in Musical Composition .............................. 206 

7.3 Modelling Synthesis for Musical Compositions .................................................. 221 

8.0 Interference/Beating ................................................................................. 225 

8.1 Interference/Beating Defined ........................................................................... 225 

8.2 Composers Representing Interference/Beating in Music .................................... 227 

8.3 Modelling Interference/Beating for Musical Compositions ................................ 232 

9.0 Conclusion ................................................................................................. 233 

10.0 Bibliography .............................................................................................. 241 

10.1 Reference List................................................................................................... 241 

10.2 List of Musical Works ........................................................................................ 247 

11.0 Appendices ................................................................................................ 251 

 

  



Acoustic Phenomena as a Model for Music Composition | List of Figures 9 
 

I. List of Figures 

Figure 1 – A Helmholtz resonator (Maor, 1998, p. 208). ............................................................ 24 

Figure 2 – A sinusoidal waveform. .............................................................................................. 44 

Figure 3 – Two examples of out-of-phase waveforms................................................................ 45 

Figure 4 – Waveform interaction & interference (Huber & Runstein, 2001, pp. 31-32). ........... 45 

Figure 5 – Two waveforms 180° out-of-phase (Huber & Runstein, 2001, p. 32). ....................... 46 

Figure 6 – Demonstration of phase shifting in two sine waves. ................................................. 48 

Figure 7 – Illustration of phase shifting in tape loop examples .................................................. 49 

Figure 8 – Musical example (1) of phase shifting. ...................................................................... 52 

Figure 9 – Musical example (2) of phase shifting. ...................................................................... 52 

Figure 10 – Transcription of Reich’s It's Gonna Rain (Schwarz, 1981, p. 388). ........................... 55 

Figure 11 – Transcription of Reich’s Come Out (Schwarz, 1981). ............................................... 55 

Figure 12 – Reich’s Piano Phase (excerpt) m. 1-3 (Schwarz, 1981, p. 388). ............................... 57 

Figure 13 – Violin Phase (excerpt 1) by Steve Reich (Schwarz, 1981). ........................................ 59 

Figure 14 – Violin Phase (excerpt 2) by Steve Reich (Schwarz, 1981). ........................................ 60 

Figure 15 – Clapping Music by Steve Reich. ................................................................................ 60 

Figure 16 – Phase Shifting Composition 2 - Drums ..................................................................... 72 

Figure 17 – Excerpt from Phase Shifting for Piano. .................................................................... 74 

Figure 18 – Note groupings from Phase Shifting for Piano. ........................................................ 74 

Figure 19 – Godman's "Vitruvian Harmonics Generator". .......................................................... 89 

Figure 20 – Comparison of waveforms recorded in a bathroom and studio. ............................. 93 

Figure 21 – Piece composed for Resonance Concept 1 (C# minor). ............................................ 95 

Figure 22 – Piece composed for Resonance Concept 1 (with highlights). .................................. 96 

Figure 23 – Piece for Resonance Concept 1 (F harm. min). ........................................................ 97 

Figure 24 – Piece composed for Resonance Concept 1 (F harm. min, with highlights). ............. 98 

Figure 25 – Piece composed for Resonance Concept 2 (E min.). .............................................. 101 

Figure 26 – Comparison of waveform with notation of composition....................................... 102 

Figure 27 – Representation of a Max patch modelling resonance. .......................................... 104 

Figure 28 – Max patch modelling resonance with audio input. ............................................... 105 

Figure 29 – Model of sympathetic resonance for compositions. ............................................. 106 

Figure 30 – Names of violin strings (Violin, n.d.). ..................................................................... 110 

Figure 31 – First position fingerings of violin (Violin, n.d.). ...................................................... 110 



10 List of Figures | Acoustic Phenomena as a Model for Music Composition 
 

Figure 32 – Range of violin strings (Violin, n.d.). ....................................................................... 110 

Figure 33 – Note allocation system used in String Resonance .................................................. 115 

Figure 34 – String Resonance excerpt (m. 124-127) .................................................................. 115 

Figure 35 – Illustration of stage layout in String Resonance ..................................................... 116 

Figure 36 – String Resonance excerpt (1), with illustration of sound-sensitive lights .............. 117 

Figure 37 – String Resonance excerpt (2), with illustration of sound-sensitive lights. ............. 118 

Figure 38 – String Resonance melody and temporal placement of accompaniment. .............. 120 

Figure 39 – Melody from opening four bars of Marimba Delay ............................................... 148 

Figure 40 – Counter-melodies ensuing from delay parameters applied to melody. ................ 148 

Figure 41 – Marimba Delay with amalgamated parts. .............................................................. 148 

Figure 42 – Marimba Delay; potential method for amalgamation (1). ..................................... 151 

Figure 43 – Marimba Delay; potential method for amalgamation (2). ..................................... 151 

Figure 44 – Marimba Delay; potential method for amalgamation (3). ..................................... 151 

Figure 45 – Marimba Delay; note stems swapping directions. ................................................. 152 

Figure 46 – Excerpt of Marimba Delay, with melody reduction. .............................................. 152 

Figure 47 – Marimba Delay excerpt with diminishing note heads. .......................................... 153 

Figure 48 – Marimba Delay reduction rates (%) of note heads (1). .......................................... 153 

Figure 49 – Marimba Delay reduction rates (%) of note heads (2). .......................................... 153 

Figure 50 – Illustration of four yarn mallets, numbered left to right, demonstrating potential 

differing density levels of mallets. ............................................................................................. 158 

Figure 51 – Using model of delay to generate rhythmic data. .................................................. 164 

Figure 52 – A sinusoidal waveform. .......................................................................................... 170 

Figure 53 – The four basic wave-shapes and their harmonic content (Strange, 1972, p. 4). ... 170 

Figure 54 – Musical notation of harmonic series. ..................................................................... 187 

Figure 55 – Musical representation of odd-numbered harmonics of the series. ..................... 188 

Figure 56 – Acoustic spectrum of a trumpet and a flute (Maor 1998, p. 207). ......................... 188 

Figure 57 – “Debussyan Sonorites" formed by Bb harmonic series (Mabury 2006, p. 7). ......... 190 

Figure 58 – Excerpt from Messiaen's Couleurs de la Cité Céleste (Mabury, 2006). .................. 192 

Figure 59 – Musical example of frequency modulation (Fineberg, 2000b, p. 96). ................... 204 

Figure 60 – Musical example of ring modulation (Fineberg, 2000b, p. 97). ............................. 205 

Figure 61 – Sonogram of a trombone’s low E, from Grisey's Partials (Fineberg, 2006, p. 17).. 211 

Figure 62 – Notation of partials in trombone note of Partiels (Fineberg, 2006, p. 117)........... 212 

Figure 63 – Excerpt from Grisey's Partiels (Fineberg, 2006, p. 119). ........................................ 213 

Figure 64 – The five carrier signals & one modulator signal used in Gondwana. ..................... 217 



Acoustic Phenomena as a Model for Music Composition | List of Tables 11 
 

Figure 65 – Carrier, modulator & sum/difference tones in Gondwana (Rose, 1996, p. 31)..... 218 

Figure 66 – Musical example #1 to be subjected to model of synthesis. ................................. 222 

Figure 67 – Musical example #1 subjected to model of synthesis. .......................................... 223 

 

II. List of Tables 

Table 1 - Causal and Similarity Relations between Properties of Sound and Properties of Light 

(Hesse, 1963, p. 66)..................................................................................................................... 21 

Table 2 - Criteria for Evaluation .................................................................................................. 37 

Table 3 - Substitution of Function Elements with Musical Data ................................................. 77 

Table 4 - List of Frequencies (f) & Corresponding Notes, Illustrating Frequencies Present in 

Room Analysis ............................................................................................................................. 94 

Table 5 - Scale Degrees & Note Names of F Harm. Min. Scale Corresponding to Resonant 

Frequencies of Acoustic Space .................................................................................................... 97 

Table 6 - Relationship of Pipe Length & Frequency Produced .................................................. 100 

Table 7 - Scale Used in Resonance Composition 1 - String Resonance ..................................... 110 

Table 8 - Progression of Tempi and Delay Parameters in Marimba Delay ............................... 155 

Table 9 - Demonstration of Trends in Composers’ Use of Acoustic Phenomena ..................... 234 

  



12 List of Appendices | Acoustic Phenomena as a Model for Music Composition 
 

III. List of Appendices 

Appendices provided from page 251 onward. 

1. CD Track Listings of Audio Examples 

1.1  CD Track 1............ Phase Shifting Compositional Study 1 – Clave  

1.2  CD Track 2............ Phase Shifting Composition Study 2 – Drums 

1.3  CD Track 3............ Phase Shifting Composition Study 3 – Breath 

1.4  CD Track 4............ Phase Shifting Composition Study 4 – Piano 

1.5  CD Track 5............ Resonance Composition 1 – “String Resonance” 

1.6  CD Track 6............ Resonance Composition 1 – “Vocal Resonance” 

1.7.1  CD Track 7............ Delay Composition 1 – “Marimba Delay” (with dynamics) 

1.7.2  CD Track 8............ Delay Composition 1 – “Marimba Delay” (without dynamics) 

 

2. List of Music Scores of Compositions 

2.1  Music Score 1............ Phase Shifting Compositional Study 1 – Clave 

2.2  Music Score 2............ Phase Shifting Compositional Study 2 – Drums 

2.3  Music Score 3............ Phase Shifting Compositional Study 3 – Breath 

2.4  Music Score 4............ Phase Shifting Compositional Study 4 – Piano 

2.5  Music Score 5............ Resonance Composition 1 – “String Resonance 

2.6  Music Score 6............ Resonance Composition 1 – “Vocal Resonance” 

2.7  Music Score 7............ Delay Composition 1 – “Marimba Delay” 

  


