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ABSTRACT 

 

Part One: 

Compositional Utilization of Sensory Dissonance 

 

Part Two: 

A Portfolio of Compositions 

 

by 

 

Brian Michael Hansen 

 

Part One: 

This document will present the calculation of sensory dissonance and 

its potential structural implications for music composition. The goal is to 

present tools and approaches that can serve composers and theorists in their 

endeavors to create and understand music. It will accomplish this by 

demonstrating how the calculation of sensory dissonance can be used to 

model sonic and compositional structures in the timbral, harmonic, and spatial 

domains. 
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Part Two: 

A Portfolio of Compositions 

 

A portfolio of compositions, including scores of 

- Binated Triphasis for sextet comprised of two bass clarinets in Bb, two 
bassoons, and two horns in F 
 
- Activity and Presence for cello and computer 
 
- the sky for voice and computer 
 
- Completion of J.S. Bach’s Contrapunctus IV from The Art of the Fugue 
 
- Studies of Sonic Process for player piano and computer 
 
 
A compact disk including 
 
- Activity and Presence as performed by Katherine Mendenhall and Brian 
Hansen 
 
- the sky as performed by Katherine Saxon and Brian Hansen 
 
- Studies of Sonic Process as performed by Brian Hansen 
 
- A Family Portrait for fixed electronics 
 
- San Viento for fixed electronics 
 
- Drops: Popping Drains and Lapping Waves for fixed electronics 
 
- sinophonme for fixed electronics 
 
 
A DVD including 
 
- Arch a virtual sonic sculpture 
 
- Sensations of Tone an interactive audio-visual installation 
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I. Introduction 

 Historically, there have been numerous perspectives on how to define 

consonance and dissonance. Such perspectives span multiple contexts of 

culture, history, and science, and have yet to achieve universal agreement. 

As indicated by Richard Parncutt [17], it has always been fundamentally 

problematic to distinguish the cultural or learned ("top-down") vs. the innate or 

sensory ("bottom-up") aspects of what consonance is. He claims the 

boundary between the sensory and cultural is not clearly defined and 

depends on its operational definition. It is difficult to determine the boundaries 

of culture because of a lack of study and data related to the issue. In turn, this 

may impact the scientific or "bottom-up," in that the quantifiable component of 

dissonance in a musical sonority, sensory dissonance or "roughness,” is 

potentially contaminated by the experiences and preferences of the listeners.  

 In addition to the philosophical questions surrounding consonance vs. 

dissonance, there have been historical attempts to quantify it. Pythagoras has 

been credited with the first attempt sometime in the sixth century BC, claiming 

tones related by simple frequency ratios are more consonant. Around 1638, 

Galileo Galilei made claims about the eardrum's response to sound. In 

support of the Pythagorean view, he claimed that simple ratios produce 

regular vibrations on the eardrum, and more complex ratios produce irregular 

motions, yielding more - or less - pleasant sounds respectively. In 1863, 

Hermann von Helmholtz's On the Sensations of Tone presented the ear as a 
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spectral analyzer, positing that the ear recognizes when two complex tones 

share harmonics, and tones sharing more harmonics are more consonant 

than tones not sharing any at all. More recently, in 1965 Plomp and Levelt 

more deeply explored the ideas set forth by Helmholtz and showed how 

dissonance could quantifiably be related to the subjective distance between 

two frequencies.  

 Plomp and levelt’s results show that dissonance is a function of critical 

bandwidth. Critical bandwidth refers to the bandwidth of audio frequencies 

where if two tones lie within this bandwidth, the auditory mechanism cannot 

resolve them as unique. When two sine tones occupy the same critical band, 

beating (or roughness) in the sound is perceived. Plomp and Levelt defined 

the perceptual dissonance in a dyad by the severity of beating present, and 

they provide a response curve relating this definition of dissonance to the 

critical band. Upon defining this relationship, Plomp and Levelt went further to 

show that when applied to complex tones, they could produce dissonance 

curves that bear similarity with those produced by Helmholtz [18].  

 This type of dissonance, defined by the amount of beating or 

roughness present between two tones, has since been termed sensory 

dissonance. Through numerous studies, sensory dissonance has been shown 

to be highly correlative with Western common practices of music theory, and 

it has been successful in meaningfully modeling the phenomenon of 

dissonance in sonority. It is this type of dissonance, sensory dissonance, 
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which will serve as the exposition for the compositional explorations outlined 

in this document.  

 This document aims to explore potential compositional applications via 

the utilization of sensory dissonance. It will begin by first discussing the 

method and core calculation of sensory dissonance. Then, it will present how 

the calculation can be extended and adapted to suit different compositional 

needs. It will accomplish this by presenting how sensory dissonance can be 

applied to sound spatialization and the production of sonic environments, how 

it relates to harmonic hierarchy and the construction of musical scales, and 

how it can be utilized to generate and explore the intrinsic roughness and 

smoothness of a sonic spectrum. 

 

II. Calculating Sensory Dissonance With Spatial Considerations 

A. Core Calculation 

 Of the contemporary approaches to modeling sensory dissonance, 

there have been essentially two methods of approach in its quantification. The 

first was put forth by Kameoka and Kuriyagawa in 1969 which acknowledged 

the role of the critical band but did not utilize it. The second was implemented 

by Hutchinson and Knopoff in 1978 which fully utilized results from Plomp and 

Levelt and is thus based on the distance measured in terms of critical band 

(barks) between tones. A bark refers to the bark scale, a psychoacoustic-

based scale ranging from 1 to 24 which corresponds to the first 24 critical 
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bands of hearing. 

 Between the two approaches, the Hutchinson Knopoff approach has 

been more widely utilized, as it has been shown to yield comparatively better 

results. The Hutchinson & Knopoff model calculates the dissonance of all 

combinations of dyads according to the Plomp & Levelt curve. Upon 

calculating the dissonance, it weights each dyad's contribution to a given 

spectrum's dissonance by computing the product of the two amplitudes of the 

dyad and dividing it by the sum squared of all amplitudes.  

    

€ 

D =

1
2 AiA jgij

j=1

N

∑
i=1

N

∑

Ai
2

i=1

N

∑
     

(1) 

where 

€ 

N  is the number of partials, 

€ 

Ai  represents the amplitude of a partial, 

and 

€ 

gij  is the sensory dissonance of a given dyad based on the critical 

bandwidth between their frequencies.  

 The critical bandwidth dissonance input into the Hutchinson & Knopoff 

approach is calculated here by using Richard Parncutt's approximation of 

Plomp and Levelt's dissonance curve, yielding the dissonance for the dyad 

[15].  

    

€ 

g(b) = 4b⋅ e−4b( )2      (2) 

where 

€ 

b is the critical bandwidth distance as determined by the distance in 

barks between two tones. 
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 Equations (1) and (2) serve as the core foundation for calculating 

sensory dissonance in the following compositional applications presented. 

These equations can be expanded, manipulated, and applied to various sonic 

and musical implementations. Each implementation, as described below, is 

unique in its utilization of sensory dissonance, reflecting a specific aesthetic 

influence and compositional practice. 

 

 B. Incorporating Factors of Physical Space  

Sensory dissonance is of a highly physical nature, as at its core it is 

caused by the activity of actual atmospheric vibrations occurring at a 

particular point in space. If we imagine all the points in a particular space 

being shaped by the forces generated from sound sources, it is as if the 

atmosphere itself has been sculpted by the sound. Furthermore, if we 

consider an instant of music, it is precisely a snapshot of a particular state of 

the expansion/rarefaction occurring in the air. An entire piece of music then, 

listened to from beginning to end, is a sequence of these snapshots, a film 

yielding a dynamic sculpture of the atmosphere. If the atmosphere is 

essentially a sonic sculpture, what does it look like? Is there a meaningful 

visual representation of it, or is it limited to an auditory and psychoacoustic 

experience?  

 A work highly influential to this line of thought is La Monte Young's 

Dream House. Dream House, located in lower Manhattan, is a sound and 

�



!

light installation, where the sound was designed by Young and the lighting by 

artist Marian Zazeela. The installation is set as a monochromatic room, 

sounding a single chord that has remained unchanged since 1993. The 

sustained chord encompasses a large portion of the acoustic spectrum 

ranging from extremely high to extremely low frequencies. The chord is 

spatially separated, as the different sinusoids of the chord emanate from 

multiple positions throughout the room. The overall effect is a completely 

immersive drone the listener can enter and explore. As the visitor navigates 

the room, the mix of sound changes based on their position and orientation. 

Certain tones are reinforced or attenuated, causing a morphology of harmony 

and melody for the visitor. The visitor is thus allowed to shape their own 

experience and form their own composition by how they choose to explore 

the space, or by how they subtly shift their orientation, simply tilting their head 

from side to side. 

 Works like Young's Dream House inspire questions about how a 

listener experiences spatialized sound. Although the space taken in its 

entirety consists of only the sound of a droning chord with each component 

remaining constant in frequency and amplitude, the listener has a 

dramatically different experience when entering the space. As the visitor 

navigates Dream House, they experience the reinforcement and attenuation 

of particular tones, causing the formation of unique sonic spectra particular to 

the visitor's perception. Such spectra are continuously changing as the visitor 
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moves about, and each one yields a unique level of sensory dissonance. The 

visitor is immersed in a sonic field, where the listener experiences its contour 

largely by sensory dissonance.   

 We can use sensory dissonance as a tool to help generate 

atmospheres like Young's Dream House. Sensory dissonance could reveal to 

us where the various locations are more or less rough in a given space. 

However, in order to obtain this perspective, we need to extend our 

calculation to incorporate spatialization factors. These factors would include 

the locations of each sound source and how the sound occupies and 

traverses a given space. Once we incorporate such factors into a sensory 

dissonance model, we have the potential to design immersive sonic 

environments like Dream House. 

 In developing a spatialization method, we begin by utlizing the sensory 

dissonance calculation from Hutchinson & Knopoff as our foundation. We 

then build on this foundation by accounting for multiple sound sources 

emanating from multiple locations. When only one sound source is 

considered outside of space or time, there is only one spectrum that results 

with a unique level of sensory dissonance. However, when multiple sound 

sources exist, at each point in the space there is a unique sound spectrum 

present. Each spectrum, with its unique pairings of frequencies and 

corresponding amplitudes yields a unique level of sensory dissonance. 

Because of this, we can compute a unique value of sensory dissonance at 
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any point in a given space. As a result, we will produce a dissonance field, 

where there will be different levels of dissonance dispersed throughout the 

space. 

 To accomplish this, we need to consider the proximity of a listener with 

relation to sound sources. Proximity factors include the inverse-square law, 

atmospheric absorption, and phase. In addition to this, psychoacoustic factors 

will be considered to more accurately represent a listener's perception of 

sound. These factors include masking, equal-loudness contours, and the 

critical bandwidth. Each of these factors, their impact on sensory dissonance, 

and their incorporation into the model will be detailed below. 

 

 C. Inverse-Square Law 

 The first factor our model accounts for is the sound’s decrease in 

energy per unit area as a result of the distance it travels. For this, the inverse-

square law is applied to adjust loudness levels in the spectrum of each sound 

source in the space. 

 As the sound travels radially from a point source in a free field, its 

energy is dispersed in a spherical pattern. The inverse-square law is an 

idealization because it assumes that sound propagates equally in all 

directions. In reality, there are reflective surfaces and structures that, 

depending on how the sound encounters such objects, have additive and 

subtractive effects to sound intensity. Nevertheless, our model assumes an 
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anechoic environment, so a direct application of the inverse-square law is 

applied.  

    

€ 

I2 = I1⋅
r1
r2

# 

$ 
% 

& 

' 
( 

2

      (3) 

where 

€ 

I1 and 

€ 

I2  are the sound source intensities and 

€ 

r1 and 

€ 

r2  are the sound 

source distances.  

 

 D. Atmospheric Absorption 

 After adjusting the loudness level in the spectrum of each sound 

source for the inverse-square law, we make further adjustments for the 

effects of atmospheric absorption. Essentially, the atmosphere acts as a low-

pass filter, since high frequencies become more dissipated than low ones as 

the sound travels through the air. In order to quantify this effect, ISO standard 

9613-1: 1993 was used. This ISO standard gives an analytical method for 

calculating the attenuation of sound pressure given certain atmospheric 

conditions. The main inputs required for atmospheric conditions are 

temperature in degrees Kelvin, atmospheric pressure in kilopascals, and the 

percentage of relative humidity. The method works for pure-tone sounds 

ranging from 50 Hz to 10 kHz, with temperatures between -20C and 50C, 

relative humidity 10% to 100%, and the pressure of air equal to 101.325 kPa. 

 Because our model assumes an anechoic setting, the effects of 

atmospheric absorption apply, since like the inverse-square law, reflective 
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surfaces nullify its effects indoors. Our model also will assume atmospheric 

conditions with a temperature of 20 degrees Celsius, relative humidity of 50%, 

and an ambient atmospheric pressure of 101.325 kilopascals. Given these 

assumptions, we can directly input the frequencies present in a given sound 

source's spectrum and the distance from that source. What results is the 

attenuated spectrum of our sound source after undergoing effects of 

atmospheric absorption.  

 

 E. Phase 

 We must also consider the phase differences in the sounds emanating 

from various source locations. If the sound sources are at different locations, 

then the frequency is out of phase, and this must be accounted for when 

combining amplitudes for our dissonance calculation. 

 In prior works utilizing the sensory dissonance model of Plomp & 

Levelt, it has been assumed that all partials of a spectrum are in phase. Thus, 

when computing the dissonance between two complex tones, it requires only 

simple arithmetic to combine the amplitudes of two coinciding partials. 

Because our model is considering spatialization, we can no longer make the 

assumption of a zero phase spectrum.   

 Our model does make the assumption that all partials emanating from 

the same sound source have a relative phase shift of zero. However, with 

multiple sound sources, since each sound source traverses a unique distance 
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to reach the listener's location, we must consider the phase perceived by the 

listener at that point. For most cases, our approach holds because phase only 

impacts the combination of amplitudes when the difference in frequencies is 

extremely small. Further, in our case, we do not consider the time domain and 

its effects of phase on very small differences in frequency. Thus, for our 

model, we only consider the effects of phase when combining partials of the 

same frequency.  

 When combining the amplitudes of two equal frequencies, we need to 

know the relative phase between two partials before the combined amplitude 

can be calculated. First, calculate the distance between each sound source 

and the listener. Given this information and the frequency, we can calculate 

the phase shift present in each sinusoid. Then, simply subtract the phase 

shifts present in each sinusoid to get the relative phase between the 

sinusoids. Finally, knowing the relative phase between the partials, the 

formula below is utilized to determine the combined amplitude of the partials. 

   

€ 

Acombined = A1
2 + A2

2 + 2A1A2 cos φ( )     (4) 

where 

€ 

A1 and 

€ 

A2 are the amplitudes for two partials with a given frequency, 

and 

€ 

φ  is the relative phase between the two frequencies. 
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F. Auditory Masking 

 After accounting for proximity factors of spatialization, the next step is 

to adjust loudness levels for psychoacoustic properties of the listener. The 

first factor accounted for in this regard is auditory masking.   

 There are essentially two types of auditory masking, simultaneous 

masking and temporal masking. Simultaneous masking occurs when both 

sounds are present at the same time. In addition to simultaneous masking, 

temporal masking occurs when the masking effect extends outside the period 

when the masker is present. This type of masking can occur prior to and after 

the presence of the masker.  

 Auditory masking is very important to the calculation of sensory 

dissonance. Any given spectrum could have loud partials that drown out the 

sound of softer ones. If a given partial is masked, and thus not perceptible to 

the listener, then we assume it cannot contribute dissonance to the spectrum. 

Without the consideration of masking, our calculations would depict a 

dissonance level higher than is actually perceived, and the results could 

easily be skewed. 

 Our model assumes a continuous emanation of tones, eliminating the 

need to consider time. Thus, our model accounts only for simultaneous 

masking. The masking effect is modeled by utilizing a triangular spread 

function [2]. The spread function is written in terms of the bark scale 

difference between the maskee and masker frequencies: 
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€ 

dbrk = brkmaskee − brkmasker     (5) 

The bark difference is then input into our triangle function and a masking 

threshold T is calculated 

€ 

T = LM − −27 + 0.37MAX LM − 40,0{ }θ dbrk( )( ) dbrk    (6) 

where 

€ 

LM  is the maskers sound pressure level and 

€ 

θ dbrk( )  is the step function 

equal to zero for negative values of 

€ 

dbrk  and one for positive values. If the 

sound pressure level of a given partial is less than the masking threshold, as 

computed by the triangle function above, then that particular partial is 

considered masked and is eliminated from the dissonance calculation. 

 

 G. Equal-Loudness Contours 

 After applying the spectral adjustments of auditory masking, the sound-

pressure level of each partial is converted to sones in order to account for 

perceived loudness. When calculating sensory dissonance, prior models 

rarely take into account psychoacoustic effects of perceived loudness when 

weighting dyad amplitudes within a spectrum. This approach can lead to 

inaccurate results because there are drastic differences between a given 

frequency's sound pressure level and how its loudness is perceived. Thus, 

when weighting together the dissonance of dyads in a spectrum, our model 

follows the approach of Clarence Barlow by accounting for perceived 

loudness via representing amplitude loudness in sones rather than decibels 

[1]. This is accomplished by utilizing equal-loudness contours.  
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 The equal-loudness contours used in our model are from the current 

international standard ISO226:2003 [19]. Given a frequency and its sound 

pressure level, our model uses the equal-loudness contours to convert sound-

pressure level to phons. The phons are then converted to sones, which is a 

linearized unit of measurement for perceived loudness. The sones are then 

used when weighting together the dissonance of dyads in a spectrum. Using 

sones rather than sound-pressure level is a more accurate depiction of how 

the listener perceives partials in the spectrum. The sone based weighting 

reflects which partials are perceptually more prominent and in turn contribute 

the most to the sensory dissonance of a spectrum.  

 Converting decibel levels to sones marks the final adjustment required 

to calculate the sensory dissonance of a spectrum with consideration for the 

spatialization of sound sources. Thus, after completing the conversion from 

decibels to sones, we calculate the sensory dissonance of the spectrum 

utilizing the modified Hutchinson & Knopoff approach explained above.   

 

III. Sonic Applications of the Spatial Calculation 

A. Creating and Visualizing a Dissonance Field 

Upon implementing all physical and psychoacoustic impacts into our 

spatialized dissonance model, we are able to produce a dissonance field. The 

dissonance field gives us a “topographical” representation of where different 

levels of dissonance occur in a given space. This is a very powerful result, as 
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it gives us a vivid perspective on how sensory dissonance can occupy a 

space in the presence of multiple sound sources.  

 To construct the field, we first devise a spectrum and three-

dimensional location for each sound source. With the sources in place, we 

then calculate the sensory dissonance at an equally distributed grid of 

locations in the space. In addition, we make the assumption that the emission 

and reception of all sounds are omnidirectional. With these assumptions, we 

can then calculate and visualize the field via the technique of isosurfacing. 

This technique allows us to scan the dissonance field, revealing the contours 

and concentrations of dissonance throughout the space. 

 Following suit with the modeling above, we can construct an example 

of a dissonance field. To begin, we construct four tones consisting of band-

limited saw tooth waves. These tones are placed in a virtual space of 40 cubic 

meters. Of the four tones constructed, the first tone has a fundamental 

frequency of 440 Hz. The remaining tones were constructed on top of this as 

pitches lying in a 12-tone equal tempered major scale. Table 6 below displays 

the tones constructed and their positions in the space. 

 

Figure 1. Notes constituting the dissonance field 
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The positions of the tones were selected based on their musical implications. 

The fundamental of 440 Hz was placed in the center of the space because of 

its foundational relationship as tonic to the other tones. The third and fifth 

were placed on the floor because they form a major triad with the 

fundamental of 440 Hz. Placing them here allows for the illumination of the 

dissonance relationship in the triad. The second scale degree was placed at 

the ceiling. As these are the most dissonant tones in the scale (particularly 

the second), we expect this portion of the room to be more dissonant.  

 With the tones constructed and positioned, we calculated the sensory 

dissonance throughout the space at increments of 2.5 meters in all directions. 

Thus, we generated a 16 cubed matrix housing a total number of 4,096 

measurements of dissonance. The images below in figure 4 display our 

results. 
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Figure 2. A dissonance field in the virtual space as represented by 
isosurfacing. Lower levels of dissonance are pictured in the top row, the 
highest levels in the bottom row. 

   

   

   

 

 

The images clearly display the topography of the dissonance formed by the 

sound sources and their placement in the space. The images display 

snapshots of the different levels of dissonance present ranging from the 

lowest levels (upper left) to the highest levels (lower right). This 
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representation gives us a unique insight into the relationships between the 

tones. It is not surprising that the lowest levels of dissonance are experienced 

about the placement of the fundamental and the fifth interval (upper left 

image). Next to this, as the dissonance increases, the topographical surface 

reveals the presence of the major third interval, and we have a clear visual 

sense about where the sensation of the common triad is perceived in the 

space. As the dissonance levels increase further, the topographical surfaces 

move towards the upper region of the space. It is in this region where the 

major 2nd interval was placed. As this forms the most dissonant interval 

against the root tone of 440 Hz, it is clear that this area of the space would 

have the most sonic roughness.  

 

 B. Immersive Environments and Sonic Sculpture 

The construction of a dissonance field is our seminal result in modeling 

the spatialization of sensory dissonance. The field provides a unique 

perspective on how different sound sources relate to each other and how they 

are experienced in a space. Exploring the contours of different sonic 

arrangements in a space can be not only of practical use, but it also yields 

enormous artistic potential.  

 Recalling Lamonte Young's Dream House, the calculation of a 

dissonance field allows us to achieve a similar result. We can design 

immersive sonic environments yielding dissonance contours lush with sonic 
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sensations that a visitor can explore. However, as opposed to Dreamhouse, 

we have the added element of visualization, allowing us to more vividly 

design the sound space and visitor experience. 

 In addition, considering the purely physical nature of sound as the 

vibration of air, we are essentially creating sonic sculptures. We are using 

sound to position the vibration of air in highly specific ways. With this idea, the 

physicality of the sound itself is experienced as the artistic focus, rather than 

the sound having secondary significance as a metaphorical representation. 

This approach is analogous to the work of James Turrell, whose work 

involves creating immersive environments and sculptures utilizing light. Turrell 

creates visual art by flooding spaces or sculpting objects with light. In the 

environments he constructs, visitors are able to experience the purity of light's 

affect. In addition, Turrell "sculpts" objects that appear concretely physical in 

nature, but in actuality are comprised entirely of light. With his approach, it is 

not the illumination of a particular object that is the focus, but the light itself.    

Utilizing our sensory dissonace spatialization model, we were able to 

construct the sonic sculptures displayed in Figure 6 below, Curl and Arch. 

Curl is a sonic sculpture based on a justly tuned major triad with fundamental 

frequency of 100 Hz. The root of the triad is placed in the lower left of the 

space, while the third and fifth of the chord emanate from sound sources 

located above and to each side. The overall effect of the sonority is that the 

dissonance closes in on the fundamental in the curl like shape displayed.  
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Arch was constructed with six sound sources, where each sound 

source was placed in the center of one of the six sides constituting the border 

of the space. Each sound source emanates a sine tone, and each tone is 

separated in frequency by 0.25 barks (the point of maximum roughness, i. e. 

sensory dissonance, in a given critical band). The setup results in the arch 

like dissonance field caused by the convergence of the sounding tones.  

 

Figure 3. Two sonic sculptures: Curl (left) and Arch (right) 

       

 

 

IV. Harmonic Implications of Sensory Dissonance 

 A. Background  

 Prior to electronics, musical sound production was limited to the 

physical properties of acoustic instruments. The vast majority of such 

instruments generate complex tones consisting of integer related partials that 

form the harmonic series. When we combine complex tones from these 
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instruments some tone combinations are smooth, while others are rough. This 

roughness/smoothness in the resulting combination of sonorities is a direct 

result of their spectral makeup. The roughness in the sound is a function of 

the frequency distance between each complex tone. Plotting this relationship 

produces a dissonance curve. 

 

Figure 4. A dissonance curve and corresponding intervals 

 

  

The local minima present in the figure above show a strong correlation 

between traditional classifications of consonant vs. dissonant intervals and 

the sensory dissonance (roughness) between complex tones. For example, 

the interval of the fifth, considered one of the most consonant intervals, is 

among the lowest of the minima in the dissonance curve. The interval of the 

third, still considered very consonant but less so than the fifth, is situated 

accordingly in the curve. 

 The dissonance curve displayed above has been the most common 
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one coinciding with centuries of music creation. This is because we have 

been generating sound from acoustic instruments, whose physical properties 

limit the spectral production to the integer related partials making up the 

overtone series. This curve is fundamental to the music theory of scales and 

harmony, which in turn has influenced the majority of compositional practices.  

 

 B. Harmonic Potential and sinophonme 

 With the advent of electronic music, we are now free from the physical 

restrictions of acoustic instruments. There now exist endless possibilities for 

complex tone generation that are not confined to the traditional sonority of 

integer related partials and the overtone series. Because of this, it is now 

conceivable to engineer a sonic spectrum that produces a dissonance curve 

far different than the figure displayed above. Such a curve would imply 

consonance and dissonance relationships between tones that are quite 

different from traditional teachings. For example, a fifth may actually be 

dissonant, or a tritone the most consonant interval.  

 If we are able to craft unique sonic spectra that yield new and unique 

hierarchies of harmony and scale, what does this mean for traditional 

harmonic practices (chord progressions, rules of counterpoint)? Will we 

reinforce or destroy our long established traditional practices of harmony? 

How might we begin to explore such impacts?  

 One approach is to look at historic origins of musical style as a 
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guideline. When defining something new, it is typical that a certain level of 

mastery of the most basic features is attained before further developments 

are explored yielding greater complexity. For example, the earliest medieval 

music, being relatively primitive and undeveloped, focuses on the most salient 

qualities of musical scales and intervals. The earliest treatises, such as the 

Musica Enchiriadis and that of Anonymous IV, define a grammar for the 

different forms of consonant and dissonant intervals and their compositional 

implementation.  

 With the construction of unique dissonance curves, there is a similar 

aim. Each curve yields a redefinition of the hierarchy of consonant and 

dissonant intervals. Thus, a basic compositional implementation of such new 

hierarchies is needed in order to expose a curve's musical potential. The 

medieval form of organum provides a nice framework to accomplish this, 

which is demonstrated in the piece sinophonme. 

 The sonic palette of sinophonme is derived from a generated complex 

tone resulting from additive synthesis.  The harmonic structure of the piece is 

then rooted in the theory of developing scales from dissonance curves as 

presented in William Sethares’ Tuning, Timbre, Spectrum, Scale [19] and as 

alluded to above.  The theory states that a unique scale can be devised from 

the unique spectral makeup of a given pitch. To accomplish building a scale, 

the procedure is as follows: 
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1. Design the spectral makeup of a complex tone via additive synthesis. 

2. Produce a dissonance curve based on the spectral content of the 

designed complex tone. 

3. Find the local minima in the resulting dissonance curve. These 

locations will serve as frequency ratios for scale tones.  

 

For sinophonme, the following spectral makeup constitutes a given tone: 

 

Figure 5. Spectral makeup of a complex tone in sinophonme 

 

 

 

This spectrum then yields the dissonance curve with local minimums at ratios 

in the figure displayed below. 
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Figure 6. The dissonance curve resulting from complex tones used in 
sinophonme 

 
 

The scale of the piece is then made to consist of five tones, where each tone 

is separated by a whole step plus an extra quarter or eighth step. The scale 

makeup along with cent information is displayed below: 

 

Figure 7. Scale tone makeup in sinophonme 
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This scale was replicated over a span of three octaves, yielding a total of 

fifteen pitches available for compositional use:   

 

Figure 8. Fundamental frequencies of pitches used in sinophonme 

 

  

With sinophonme we are defining and exploring a new grammar, and 

thus, the compositional aim of the piece is to explore its sonic context.  This 

was achieved by adopting the organum style. The lowest pitch of the piece, 

which is droned throughout, acts as the fundamental from which the 

dissonance curve was derived. The upper voices then move in a somewhat 

free manner exploring the dissonances produced among them and against 

the drone. Thus, the composition is an exploration of the consonance and 

dissonance present in our dissonance curve.  

 Of the endless amount of possibilities available for timbral makeup of a 

given tone and resulting scale construction, this particular arrangement was 

selected because of the balance and contrast present in the dissonance 

curve. The curve shows that all the odd numbered tones in the scale have the 

lowest sensory dissonance, where all the even tones sound relatively more 

rough. Intervallic pairings of odd numbered tones sound akin to perfect 

intervals in the standard Western scale, while the 2nd and 4th degrees paired 
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together still sound very consonant, but not quite as smooth. In addition, the 

scale is well balanced in that scale tones are separated by approximately the 

same amount. This feature can be easily contrasted when examining other 

dissonance curves, as often local minima are more irregularly dispersed. 

 

V. Controlling Sonic Roughness and Sensations of Tone 

 The invitation to create an endless variety of scales and harmonic 

hierarchies from a uniquely crafted sonority and dissonance curve is 

intriguing. Yet, it can be equally stifling, as the composer can be left 

confounded by too much choice. To quote Igor Stravinsky, "Whatever 

diminishes constraint diminishes strength. The more constraints one imposes, 

the more one frees one's self of the chains that shackle the spirit." 

 Thus, rather than try to re-define a unique harmonic grammar for a 

particular sonority and dissonance curve, perhaps sensory dissonance can be 

put to a different utility. Perhaps the measurement of sonic roughness is not a 

means to an end, but an end in itself. With this notion, we can devise a 

method that allows us to explore the intrinsic qualities of sensory dissonance, 

that is sonic roughness, and we can allow the method to unfold as a 

composition. 

 The piece Sensations of Tone accomplishes this via an algorithm that 

synthesizes complex tones with varying degrees of sensory dissonance.  Due 

to the non-linearity present in determining sensory dissonance of complex 
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tones, a constraint-based algorithm is used to perform additive synthesis and 

generate a tone within certain roughness bounds. The algorithm requires the 

following inputs: target fundamental frequency, number of partials to comprise 

the complex tone, and the target range of sensory dissonance. Given these 

inputs, the algorithm generates a complex tone with a desired level of 

roughness as follows: 

1. Given a fundamental frequency, randomly generate a frequency and 

amplitude spectrum above the fundamental, such that each partial is 

within 1.4 barks of the fundamental.  

2. Given the spectrum of the complex tone generated in step 1, calculate 

the sensory dissonance of this spectrum and compare it to our target 

sensory dissonance.  

3. If the sensory dissonance of the spectrum falls within the range of our 

target, return the generated spectrum. If not, make adjustments to the 

spectrum and repeat the steps above until the complex tone falls within 

the desired roughness bounds.  

 

 The crucial step in generating a tone with desired roughness is 

adjusting its spectral content when its roughness falls outside the designated 

boundary. To accomplish this, we can look more deeply into the Hutchinson & 

Knopoff dissonance equation to assist us in adjusting the spectral content that 

would suit our roughness goal.  
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 Recall the Hutchinson & Knopoff equation (1) above. Using this 

equation, we can determine each sinusoid’s contribution of dissonance to the 

spectrum by calculating partial dissonances. The partial dissonance is the 

aggregate of amplitude weighted sensory dissonances between a given 

partial and all other partials in a complex spectrum. It is mathematically 

defined as follows: 

    

€ 

PD = A0Aig0i
i=1

N

∑

     

(7) 

where 

€ 

N  is the number of partials, 

€ 

Ai  represents the amplitude of a partial, 

and 

€ 

g0i  is the sensory dissonance of a given dyad based on the critical 

bandwidth between their frequencies.  

 The partial dissonance metric can be directly extracted from the 

Hutchinson & Knopoff equation by adding the rows or columns of a given 

partial in the spectrum. The partial dissonances of the spectrum tell us which 

sinusoid contributes the most/least dissonance to the entire spectrum. 

Knowing this, we can exercise control over the sonic roughness of a spectrum 

by manipulating the sinusoids leading us away from our target. 

 In step 3 above, if we determine the spectral roughness to be outside 

of our target, we can now meaningfully adjust our spectrum. First, using 

partial dissonance, determine which sinusoid causes the most deviance from 

our target dissonance. Then replace this partial with a newly generated 

frequency and amplitude as described in step 1. Next, we repeat steps 2 

��



!

onward until ultimately we have generated a spectrum with a target level of 

roughness. 

 The piece Sensations of Tone utilizes the roughness generation 

procedure described above. The piece aims to immerse the listener into 

various sonic spectra, as it explores the intrinsic qualities of sensory 

dissonance via the roughness generated in the sound. This goal has its 

influence lying in the work of James Turrell's light sculptures. Turrell's light 

installations are highly immersive, as the user is engulfed in different 

illuminated environments. Analogously, Sensations of Tone is an attempt to 

accomplish a similar effect in sound. 

This concept is achieved via utilization of the roughness generation 

algorithm, dissonance curves, and spatialization of the generated complex 

spectra. With respect to sound generation, initially three complex tones are 

produced, where each is generated from a selected fundamental frequency 

and desired roughness level. The resulting tones then form a unique 

dissonance relationship, and this relationship is described by a dissonance 

curve resulting from their spectra. As with sinophonme, we then explore 

various transposition ratios among the tones by selecting those that 

correspond to local minima in their dissonance curve. This procedure of 

generating spectra based on roughness, and then selecting tones from 

dissonance curves allows us to develop and explore musical material by 

primarily focusing on the desired level of roughness in the sound. 
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 The immersive quality of the piece is ultimately achieved through the 

spatialization of the sound. The piece was set in the Allosphere at the 

University of California Santa Barbara, which is comprised of a 54.1 surround 

speaker system. The speakers are distributed in three rings: an upper ring of 

12 speakers at 30 degrees in elevation, a middle ring of 30 speakers at 0 

degrees, and a lower ring of 12 speakers at -30 degrees. Given the broad 

array of speakers, the location of each sound, in terms of elevation and 

azimuth, is precisely placed via the technique of ambisonics.  

 Once a complex tone is generated, it is then deconstructed into its 

sinusoidal components. Upon deconstruction, each sinusoid of the complex 

tone is individually placed at a specific location in the allosphere. The 

sinusoids can be positioned such that all are highly focused to one location, 

or they can be spread throughout the entire sphere, surrounding the listener. 

This enhances the perceptual experience of each complex tone, allowing the 

listener to at times experience the spectral roughness from the outside, and at 

other times engulfed inside the sonic spectra.  

 To enhance the quality of spectral immersion, the partials are 

constantly emitted from unique spatial locations and in unique combinations. 

The listener never hears all tones of the spectrum attack simultaneously. 

Rather, they are presented with a dynamic cloud of sinusoids constantly 

appearing and fading away. As they overlap with each other, the spectral 

quality of roughness or smoothness is then experienced in aggregate. 
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 Sensations of Tone allows us to engineer sonic environments with 

various degrees of roughness from the ground up. Upon generating complex 

tones with the roughness algorithm, we can explore their musical 

relationships via dissonance curves, and ultimately immerse the listener in the 

sound via the spatialization techniques employed.  

 

VI. Conclusion 

 The three methods outlined above give us enormous compositional 

potential for utilizing the concept and calculation of sensory dissonance. We 

can calculate the sonic roughness at various points in a three-dimensional 

space, and in doing so essentially shape the sound into sonic sculptures that 

visitors can explore with their ears rather than eyes. We can explore the 

musical potential of non-harmonic sounds by using dissonance curves as a 

guide to formulate new and unique scales and harmonic hierarchy. Finally, we 

can use our roughness generation approach to explore the intrinsic qualities 

of sensory dissonance and sonic roughness itself. Using these techniques 

individually or in ensemble opens the door for new compositional approaches 

with timbre, harmony, and environment. 
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Part Two: 

A Portfolio of Compositions 
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I. 

Binated Triphasis 

for two bass clarinets in Bb, two bassoons, and two horns in F 

 

Binated Triphasis is a piece for sextet consisting of two bass clarinets 

in Bb, two bassoons, and two horns in F. The piece is a juxtapositional play 

on the on the titular terms, which is an elusion to the piece’s fundamental 

structure lying in orchestration, form, and concept. Binated, occurring in pairs, 

refers to the orchestrational pairing of each instrument, and how each section 

presents a duality between static and active musical material. Triphasis, three 

phases, most literally derives from the pieces formal structure: static, active, 

and then extended. In addition, the ensemble consists of three instrumental 

families, where there is a one-to-one correspondence between the 

composition’s formal sections and instrumental families occupying the sonic 

foreground: section 1 presents the horns, section 2 the bassoons, and section 

3 the bass clarinets.  The interplay between the terms is present throughout 

the piece on local and global levels. 
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Binated Triphasis 
for two bass clarinets, two bassoons, and two horns in f 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brian Hansen 
2007 
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II.  

Activity and Presence  

for cello and live processing 

 

Activity and Presence: 

- I. CD 1 Track 1 (4Õ07Ó) 

- II. CD 1 Track 2 (9Õ39Ó) 

 

Activity and Presence is a piece for solo cello and live processing, 

where the sonic material from the cello is manipulated in real time through a 

network of filtering, delays, and granulation. In addition, the cello performs in 

dialogue with pre-recorded material executed by the controller. The first 

movement of the piece focuses on dynamic activity: erratic, violent, and 

obnoxious. The second, indicative of presence, emphasizes the moment: 

stasis and reflection.  

 

 

 

 

 

 

 

 

��



!

!

"#$%&%$'!()* !+,-.-)#- !

! /0,!#-110!()*!-1-#$,0)%#. !

!

!

!

!

!

!

!

!

!

!

!

!

2,%()!3().-) !

4565 !

!

!

!

!

!

��



!"#$!%&'&"()*'+",-.( '/-0'1)(232(, '

'

'

!"#$%&'()*+(,$-.*'"$ /0$*"#$1./)$'()*+(,$-.*'"$2(+$3'*/4/*56$7(8)9$',(890$(2$'#,,($
'(,$,#:)($"/*0$.+#$-+(98'#9$;/*"$'()*+(,0$ "/:",/:"*#9$/) $-/)<=$.)9$',(890$(2$
0'+.-# 0$.+#$-+(98'#9$;/*"$*"#$'()*+(,0$/)$>,8#6$3'*/4/*5$.,0($".0$*;($08>-.*'"#0?$
@&"/*0#'*/()$.)9$A&*+#10#'*/()6$B.'"$(2$*"#0#$'.)$>#$(-#)#9$4/.$*"#$%&'()*+(,$
-.*'"=$.)9$*"#/+$:./)$/)-8*$+#0/9#0$"#+#$C9/0-,.5#9$/)$:+##)D6$

$

$

��



!

!"#$%&"'()#*'+,$-.(*"$*.,$/#$+-#,#0$12+3$("#$4&*+,(2+5$-.(*"6$7"#2#$'()$.80'+$
',-8($5#9#5)$.2#$)#(:$;($*+,(.',)$.$0#5.<$,#(7+2=6$7"#2#$("#$+8(-8($5#9#5$')$
"'>"5'>"(#0$',$<#55+7:$?80'+$',-8($',(+$("')$-.(*"$.5)+$')$-2+*#))#0$("2+8>"$.$
>2.,85.(+2$@*+,(2+5)$"'>"5'>"(#0$',$/58#A:$!"#$+8(-8($5#9#5)$12+3$("#$>2.,85.(+2$
.2#$',0#-#,0#,($+1$("#$0#5.<$,#(7+2=:$B',.55<6$7"#,$(2'>>#2#06$.,$.80'+$',-8($
',(+$("')$)8/-.(*"$')$)(+2#0$',(+$.$2#*+20$/811#2:$?80'+$)(+2#0$',$("')$/811#2$')$
.5)+$+8(-8($("2+8>"$("#$>2.,85.(+2$.,0$)8/)#C8#,(5<$("2+8>"$("#$>2.,85.(+2$
+8(-8($5#9#5):$

$

$

��



!

!"#$%&'()*+"$,-*.#/%#+*012$+)2$'#$1(#2#3$4.1/$*"#$5-+12*.16$()*+"7$8"#.#$0*%$
)&301$02(&*$6#9#6%$).#$%#*:$!"0%$%&'()*+"$+12*)02%$)$3#6);$2#*81.<$*")*$.&2%$
*".1&="$)$406*#.$)..);$)23$*"#2$=.)2&6)*1.$'#41.#$'#02=$1&*(&*$>02$=.##2?:$!"#$
406*#.$+)2$'#$/)20(&6)*#3$90)$+60+<$@$3.)=$80*"$*"#$/1&%#$19#.$*"#$406*#.$30%(6);:$
A.)02$(0*+"$)23$3&.)*012$).# $)6%1$)9)06)'6#$41.$/)20(&6)*012:$B$%1&23406#$
+12%0%*02=$14$+#661$*.#/161 $0%$%*1.#3$02$)$'&44#.7$8"0+"$0%$/)20(&6)*#3$';$*"#$
+12*.16%$"0="60="*#3$02$'6&#:$C#.#7$*"#$(6);')+<$%(##3$14$*"#$)&301$406#$0%$
02+.#)%#3$1.$3#+.#)%#3$*1$+.#)*#$=60%%)230:$!"#$1&*(&*$6#9#6$41.$*"0%$'&44#.$0%$
023#(#23#2*$4.1/$*"#$609#$4##3$14$)&301$*")*$0%$(.1+#%%#3$*".1&="$*"#$406*#.$)23$
=.)2&6)*1.$

!

!

!

!

!

!

!

!

��



!"#$!%&'&"()*'+",-.('/-0'&01213)1 '

!

'

"#$!%&'()*+(,!-.*/#!01!*#$!2.0)!/()*+(,!-.*/# !3(+!4+$1$)/$5!"#+(67#(6*!*#$!
-0$/$!/$,,(!*()$1!.+$!/.-*6+$89!161*.0)$89!.)8!-+(/$11$85!'$,,(!* ()$1!.+$!*(!:$!
/.-*6+$8!0)*(!.!*()$!/.-*6+$!:633$+9!;#$+$!$./#!:633$+!#.1!.)!0)8$-$)8$)*!
(6*-6*!,$<$,!/()*+(,5!!"()$!/.-*6+$!:633$+1!801-,.=$8!0)!*#$!-.*/#!/(++$1-()8!
;0*#!80+$/*0()1!3(+!$>$/6*0()!0)!*#$!-$+3(+2.)/$!1/(+$5!4+$1$)/$!.,1(! +$?60+$1!
*;(!16:-.*/#$1@!A&B-$)0)7C*#!.)8!D&'E-$/*+62 5!F./#!(3!*#$1$!/.)!:$!(-$)$8!
<0.!*#$!%&'()*+(,!-.*/#9!.)8!*#$0+!7.0)!0)-6*!+$108$1!#$+$5!

'

'

'

'

"#$ !A&B-$)0)7C*#!16:-.*/#!/.)!:$!(-$)$8!<0.!* #$!%&'()*+(,!-.*/#5 !"#01!
16:-.*/#!/()101*1!(3!.!/(2:!30,*$+9!;#$+$!*#$!/()*+(,1!*(!:$!2.)0-6,.*$8!.+$!
8$-*#9!8$,.=9!3$$83(+;.+89!.)8!3$$8:./G5!

��



!

!"#$%&'()#*+,-.$/-0)1+*"$*12$0#$3)#2#4$561$+"#$7&'32+,38$)1+*"9$:+$*32+162/$
3-+)-+$8#5#8$*32+,38/$;3,$1$4#81<$1,,1<=$124$*32+,38/$;3,$+>3$1446+65#$/<2+"#/6/$
+32#/$?03+"$62$)62@A9$!"#$/<2+"$+32#$*32+,38/$.126)-81+#$)6+*"$?-))#,$/864#,/A$
124$3-+)-+$8#5#8$?83>#,$/864#,/$)3/6+632#4$2#B+$+3$8#5#8$.#+#,/A9$:2$1446+632$+3$
+"#/#$*32+,38/=$+"#$/-0)1+*"$46/)81</$+"#$/)1+618$)12262C$)3/6+63262C$3;$*1)+-,#4$
+32#/$+"1+$1,#$01/#4$32$1$"1,.326*$/#,6#/$0#832C62C$+3$1$;-241.#2+18$3;$'9$:2$
1446+632=$6+$46/)81</$+"#$1*+656+<$3;$1-+3.1+#4$;68+#,$/>##)62C$35#,$1$4,3262C$83>$
'9$D#6+"#,$3;$+"#/#$46/)81</$,#E-6,#/$-/#,$.126)-81+6329$!"#<$1,#$),#/#2+$;3,$
.326+3,62C$)-,)3/#/$328<9$

��



? ? ‹ ‹

C
el

lo

E
ve

nt

C
m

pt
r

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

pÀ
!!

!!
!!

!
À!

!!

À

FÀÀ
À

À ! !
!! !

! !
!

!!!

À
F

À

I.

B
ria

n 
H

an
se

n

- 
ha

nd
 m

ut
ed

.
- 

ad
 li

b 
be

tw
ee

n 
co

l l
eg

no
 b

at
ut

o 
&

 c
ol

 le
gn

o 
ba

tu
to

 je
te

.
- 

al
so

 a
d 

lib
 a

m
on

g 
su

l t
as

to
, s

ul
 p

on
t, 

an
d 

or
di

na
rio

.

op
en

 2
_h

its
ec

io
n:

   
 -

 r
ai

se
 in

pu
t l

ev
el

s 
fo

r 
2_

hi
ts

ec
tio

n
   

 -
 r

ai
se

 o
ut

pu
t l

ev
el

s 
fo

r 
gr

an
ul

at
or

.
   

 -
 a

d 
lib

 in
cr

ea
se

/d
ec

re
as

e 
gr

ai
n 

si
ze

 in
 d

ia
lo

gu
e 

   
   

  w
ith

 c
el

lo
. 

2_
hi

ts
ec

tio
n:

   
 -

 r
ec

or
d 

ce
llo

 in
to

 b
uf

fe
r 

st
re

am
1

   
  (

pr
es

s 
ke

y 
'q

') 
an

d 
se

nd
 th

ro
ug

h
   

  d
el

ay
 n

et
w

or
k 

an
d 

gr
an

ul
at

or
.

10
" - 

ha
nd

 m
ut

e 
+

   
 c

ol
 le

gn
o 

ba
tu

to
co

l l
eg

no
 b

at
ut

o 
+

   
 je

te

40
"

2_
hi

ts
ec

tio
n:

   
 -

 c
on

tin
ue

 m
an

ip
ul

at
in

g 
gr

ai
n 

si
ze

.
1_

C
on

tr
ol

:
   

 -
 e

xe
cu

te
 o

cc
as

io
na

l h
its

 fr
om

 c
lo

ud
1 

   
 a

nd
 c

lo
ud

2 
(k

ee
p 

cl
ou

d 
si

ze
 a

nd
 

   
 d

en
si

ty
 lo

w
).

��



? ? ‹ ‹

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

|
|

|
|

Q 4

À

Q

Ä Ä

!Ï¾

À
À

1'
00

"
15

"
5 

- 
10

"

D
ia

lo
gu

e 
of

 h
its

/s
cr

ap
es

 (
ce

llo
) 

w
ith

 c
lo

ud
s 

(c
om

pu
te

r)
un

m
ut

ed
 +

 o
rd

.

2_
hi

ts
ec

tio
n:

 
   

 -
 c

on
tin

ue
 m

an
ip

ul
at

io
ns

 w
ith

 g
ra

nu
la

to
r.

1_
C

on
tr

ol
:

   
 -

 a
d 

lib
 e

xe
cu

tio
n 

of
 c

lo
ud

1 
an

d 
cl

ou
d2

 in
 d

ia
lo

gu
e

   
  

   
w

ith
 c

el
lo

 s
cr

ap
es

 a
nd

 h
its

. C
lo

ud
s 

sh
ou

ld
   

  
   

va
ry

 in
 s

iz
e 

an
d 

de
ns

ity
. 

1_
C

on
tr

ol
:

   
 -

 d
ra

m
at

ic
al

ly
 in

cr
ea

se
 in

te
ns

ity
 o

f 
   

   
  d

ia
lo

gu
e 

be
tw

ee
n 

ce
llo

 s
cr

ap
es

/h
its

   
   

  a
nd

 s
ou

nd
 c

lo
ud

s.

1_
C

on
tr

ol
:

   
 -

 a
br

up
tly

 s
to

p 
   

  
   

ex
ec

ut
io

n 
of

 
   

  
   

so
un

d 
cl

ou
ds

 
   

  
   

1 
&

 2
.

2_
hi

ts
ec

tio
n:

   
 -

 z
er

o 
ou

tp
ut

 o
f 

   
  

   
gr

an
ul

at
or

.
   

 -
 z

er
o 

in
pu

t a
nd

 
   

  
   

cl
os

e.
- 

op
en

 3
_t

re
m

se
ct

io
n 

   
  

   
an

d 
ra

is
e 

in
pu

t 
   

  
   

le
ve

l.

��



? ? ‹ ‹

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

Ä

Q 8
Ï¾

Ä
p

Ï Ï Ï Ï ¾ À

pÏ ¾ À

ì

Q

Ï Ï Ï Ï ¾ À
3_

tr
em

se
ct

io
n:

   
 -

 p
ro

ce
ss

 li
ve

 fe
ed

 th
ro

ug
h 

de
la

y 
ne

tw
or

k 
an

d 
gr

an
ul

at
or

.
   

 -
 p

er
fo

rm
 r

ap
id

 r
an

do
m

 Þ
lte

r 
sw

ee
ps

 o
n 

in
co

m
m

in
g 

ce
llo

 s
ou

nd
.

2"
30

"
45

"
15

"

3_
tr

em
se

ct
io

n:
   

 -
 r

ai
se

 le
ve

ls
 o

f g
lis

sa
nd

 s
ou

nd
Þ

le
.

   
 -

 a
d 

lib
 e

xe
cu

tio
n 

of
 s

ou
nd

 Þ
le

 g
lis

sa
nd

i:
   

   
  u

p 
&

 s
us

ta
in

 =
 k

ey
 'z

', 
do

w
n 

&
 c

lo
se

 =
 k

ey
 'x

'

or
d.

sc
r.

ge
st

ru
ed

 tr
em

ol
o-

gl
is

s 
as

 in
di

ca
te

d,
 

ut
ili

ze
 a

ll 
st

rin
gs

 b
ut

 p
la

y 
on

e 
at

 a
 ti

m
e,

va
ry

 g
lis

s 
le

ng
th

s.
 

co
nt

in
uo

us
 tr

em
-g

lis
s,

 
ut

ili
ze

 a
ll 

st
rin

gs
 b

ut
 p

la
y 

on
e 

at
 a

 ti
m

e.

or
d.

3_
tr

em
se

ct
io

n:
   

 -
 s

to
p 

Þ
lte

r 
sw

ee
ps

.
   

 -
 a

dj
us

t g
ra

in
 p

itc
h

   
   

  
an

d 
va

ria
tio

n.

��



? ? ‹ ‹

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~

Q

17

!

À

ë

Ï ¾

!

À

P
p

P
Ï ¾

!

À

P
P

10
"

30
"

m
ut

ed
: b

ow
 n

oi
se

 o
nl

y,
 n

o 
pi

tc
h

3_
tr

em
se

ct
io

n:
   

 -
 a

d 
lib

 e
xe

cu
tio

n 
of

 
   

  
   

do
w

n 
&

 s
lo

w
 g

lis
s

   
  

   
ke

y 
'c

'.

3_
tr

em
se

ct
io

n:
   

 -
 a

cc
el

er
at

e 
ad

 li
b 

ex
ec

ut
io

n 
of

 
   

   
  d

ow
n 

&
 s

lo
w

 g
lis

s.

3_
tr

em
se

ct
io

n:
   

 -
 e

xe
cu

te
 s

lo
w

, l
ow

, &
 v

ar
ia

bl
e 

gl
is

s,
 k

ey
 'v

'
   

   
  z

er
o 

al
l l

ev
el

s 
at

 e
nd

 o
f p

la
yb

ac
k.

��



? & ? ‹

C
el

lo

N
ot

es

C
m

pt
r

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~
~

~~
~

~
~

f

f

fÏ
Ï

Ï

Ï

À

f

f

Ï
Ï

Ï Ï

À

Ä
p

p

Ï Ï
��

��
��

�Ï Ï ¾
��

��
��

�
Ï Ï

Ï Ï Ï Ï

À
À

II.
B

ria
n 

H
an

se
n

10
"

2'
00

"
20

"
10

"

1_
C

on
tr

ol
: c

ap
tu

re
 c

el
lo

 to
ne

s 
   

 D
 &

 G
 a

nd
 s

us
ta

in
.

or
di

na
rio

 +
 n

on
 v

ib
ra

to

- 
pr

od
uc

e 
di

al
og

ue
 o

f s
on

ic
 s

w
el

ls
 w

ith
 c

el
lo

,
   

 a
d 

lib
 p

ro
ce

ss
in

g 
w

ith
in

 e
ac

h 
sw

el
l,

   
 w

ith
 e

ac
h 

sw
el

l c
en

te
re

d 
on

 m
f.

- 
so

ni
c 

sw
el

ls
 a

re
 p

ro
du

ce
d 

vi
a 

pr
oc

es
se

si
ng

 th
e 

ce
llo

 'd
' w

ith
 

   
 d

el
ay

 fe
ed

ba
ck

 a
s 

fo
llo

w
s:

   
 1

. o
pe

n 
2_

O
pe

ni
ng

5t
h 

an
d 

ad
 li

b 
fe

ed
ba

ck
   

 p
ar

am
et

er
s 

as
 fo

llo
w

s:
   

   
  

   
 -

 1
st

 m
in

ut
e 

im
pr

ov
is

e 
w

ith
 fe

ed
fw

d,
 fe

ed
bc

k,
 

   
   

  
   

   
  a

nd
 d

el
ay

 o
nl

y.
   

   
  

   
 -

 2
nd

 m
in

ut
e 

im
pr

ov
is

e 
w

ith
 a

ll 
se

tti
ng

s,
 g

ra
du

al
ly

 
   

   
  

   
   

  i
nc

re
as

in
g 

cy
cl

e 
an

d 
de

pt
h.

   
  

30
"

ad
 li

b 
bo

w
in

g 
te

ch
ni

qu
es

 in
 c

al
l &

 r
es

po
ns

e 
   

 d
ia

lo
gu

e 
of

 s
on

ic
 s

w
el

ls
 w

ith
 c

om
pu

te
r. 

   
 S

w
el

ls
 s

ho
ul

d 
oc

cu
r 

w
hi

le
 s

us
ta

in
in

g 
th

e 
G

.
   

 S
w

el
ls

 s
ho

ul
d 

ce
nt

er
 o

n 
fo

rt
e 

an
d 

in
cl

ud
e 

th
e

   
 f

ol
lo

w
in

g 
bo

w
in

g 
te

ch
ni

qu
es

 a
d 

lib
:

   
  

   
- 

(s
ul

 p
on

t, 
or

d.
, o

r 
sc

ra
tc

h 
to

ne
)

   
  

   
- 

(n
on

 v
ib

r, 
vi

br
, o

r 
tr

em
ol

o)

- 
2_

O
pe

in
in

g5
th

: c
le

ar
 p

ro
ce

ss
in

g 
ef

fe
ct

s
   

 -
 d

ep
th

, c
yc

le
, d

el
ay

, 
   

   
  f

ee
df

or
w

ar
d,

 a
nd

   
   

  f
ee

db
ac

k 
al

l g
o 

to
 0

.
   

 -
 m

ai
nt

ia
n 

ga
in

 =
 1

.0

1_
C

on
tr

ol
:

- 
ca

pt
ur

e 
oc

ta
ve

 
   

 in
to

 to
ne

 
   

 c
ap

tu
re

 D
.

- 
fa

de
 o

ut
 to

ne
   

 c
ap

tu
re

 G
.

or
di

na
rio

 +
 n

on
 v

ib
ra

to

��



? & ? ‹

`

~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~

~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~

|
|

|
|

F
p

p

Q
Q

Ï Ï! Ï Ï À

F

Ï
Ï#

&

Ï
Ï Ï#

À

Ïb
Ï

Ï

Ï Ï Ïb
Ï Ï Ï Ï

Ï Ï Ï Ï Ï

P

Ïb
?

Ð Ð

Ï

À
À

cr
es

ce
nd

o 
gr

ad
ua

lly

Ï
ÏÏ

Ï
ÏÏÏ

Ï Ï Ï

no
n 

vi
br

 +
 o

rd
.

ad
 li

b 
tr

an
si

tio
ns

 fr
om

 s
ul

 p
on

t t
o 

or
di

na
rio

IV
I

1_
C

on
tr

ol
:

- 
ca

pt
ur

e 
C

 &
 E

 a
nd

 
   

 s
us

ta
in

.
- 

fa
de

 o
ut

 o
ct

av
e 

D
 

   
 to

ne
 c

ap
tu

re

1_
C

on
tr

ol
:

- 
ca

pt
ur

e 
to

ne
s 

in
to

 s
pa

ci
al

 p
an

ne
r

   
 c

ap
tu

rin
g 

ea
ch

 to
ne

 in
de

pe
nd

en
tly

   
 

1_
C

on
tr

ol
:

- 
ca

pt
ur

e 
hi

gh
 

   
 h

ar
m

on
ic

s

1_
C

on
tr

ol
:

- 
fa

de
 in

 s
yn

th
   

 lo
w

 C

6"
6"

15
"

10
"

1'
00

" 
(a

bo
ut

 1
0"

 fo
r 

ea
ch

 a
rp

eg
gi

at
io

n)

��



? & ? ‹

~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~

~
~

~~

`~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~

|
|

|
|

ÏÏÏ
Ï Ï Ï

À

ÏÏÏ
Ï Ï Ï

ÏÏÏ
Ï#
Ï Ï

ÏÏÏÏ#
Ï Ï

&

fÏ
Ï

Ï#
Ï

�
�

? ?

Ï Ï
Ï

À

20
"

or
d.

2"

- 
op

en
 3

_C
S

pe
ct

ru
m

: ß
uc

tu
at

e 
ga

in
 le

ve
l o

f d
el

ay
 a

rr
ay

.
- 

1_
C

on
tr

ol
: g

ra
du

al
ly

 fa
de

 o
ut

 c
ap

tu
re

d 
hi

gh
 h

ar
m

on
ic

s 
   

 a
nd

 g
ra

du
al

ly
 fa

de
 o

ut
 s

pa
ci

al
ly

 r
ev

ol
ov

in
g 

ca
pt

ur
ed

 to
ne

s.

- 
3_

C
sp

ec
tr

um
: s

et
 d

el
ay

 n
et

w
or

k 
   

 g
ai

n 
le

ve
l a

t f
ul

l.
- 

1_
C

on
tr

ol
: f

ad
e 

in
 s

ou
nd

 Þ
le

 o
f 

   
 lo

w
 C

 w
ith

 Þ
lte

r 
sw

ee
pi

ng
.

��



? ? ? ‹

~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

|
|

F

Ï#
Ï

Ï

P

P

Ï

Ï Ï

Ï
Ï ¾

Ï
Ï

À

Ï ¾
Ï

? ? ? ‹

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~

Ï
Ï Ï

Ï Ï
Ï Ï#

Ï Ï
Ï Ï

Ï Ï#
Ï Ï

Ï Ï#

20
"

20
"

30
"

15
"

20
"

- 
to

 b
e 

pl
ay

ed
 w

ith
 s

tr
on

g 
tim

br
al

 e
xp

re
ss

iv
ity

.
- 

ad
 li

b 
no

n 
vi

b 
to

 w
id

e 
vi

b 
+

 s
ul

 p
on

t t
o 

or
d.

- 
3_

C
S

pe
ct

ru
m

: p
ro

du
ce

 s
lo

w
ly

 d
es

ce
nd

in
g 

gl
is

sa
nd

i
   

 w
ith

 s
yn

th
 to

ne
s.

 E
ac

h 
gl

is
s 

sh
ou

ld
 h

av
e 

a 
fa

de
 in

 a
nd

 
   

 fa
de

 o
ut

, f
ro

m
 a

nd
 r

et
ur

ni
ng

 to
 s

ile
nc

e.
 M

ax
im

um
   

 d
yn

am
ic

 s
ho

ul
d 

be
 m

p.

��



? ? ? ‹

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~

Ï Ï
Ï

Ï
Ï

Ï#
Ï

Ï
Ï#

Ï

? ? ? ‹

~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~~

~
~

~
~

~~
~

~
~

~~
~

~
~

~~
~

~
~

~
~~

~
~

~
~

|
|

27
Ï

Ï
Ï

Ï
Ï

Ï À

20
"

20
"

30
"

20
"

20
"

20
"

20
"

20
" - 

gr
ad

ua
lly

 fa
de

 a
ll 

le
ve

ls
 to

 s
ile

nc
e.

��



III. 

the sky 

for voice and live processing 

 

the sky CD 1 Track 3 (5Õ38Ó) 

  

This piece is a setting of the titular poem of e.e. cummings. The unique 

aspect of the poem is that it is seemingly structured non-linearly, as the poetic 

text appears scattered on the page. However, it is clear that the text forms 

groups that clearly progress phonetically when read left to right across the 

page. This piece is a sonic illustration of the poemÕs phonetic progression and 

textual abstraction. 
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the sky  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Text: e.e. cummings  
Music: Brian Hansen  

2009 
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Performance Notes   
 
 
To the v ocalist : 
 
Performance: 
The vocalist must sing and sustain each notated pitch for a minimum of two 
seconds in duration. This period of time allows the tone to be captured by the 
computer, creating a sustained drone. After the tone has been captured the 
singer should wait for a cue from the controller to sing the next pitch. 
 
Notations: 
The vocalistÕs staff is clefless. This staff has one line, which indicates the 
singerÕs central range of comfort. It is up to the singer to decide what this pitch 
should be. Pitches notated above or below this line should deviate from the 
singer's selected central pitch in accordance with its apparent distance from 
the line. It is up to the singer to decide what the amount of deviation will be. 
Nevertheless, relativity must be maintained such that if a certain pitch is 
notated higher than a preceding one, it must sound higher than the preceding 
one.  
 
 
To the controller:  
 
Tone Capture and Performance Playback: 
The computer captures the sung pitches as notated on the staves titled 
ToneCap1, ToneCap2, ToneCap3, and ToneCap4. Once a tone is captured, it 
is the controllerÕs responsibility to decide the levels at which each captured 
tone should be heard. The controller should gradually fade in and fade out the 
captured tone drones.  
 
Text Handling and Performance Playback: 
The text of the poem is to be recited and recorded in the form of syllables, 
words, and phrases as follows: 
 1. Syllables: each syllable of every word should be recited and 
recorded into a sound file. This file is to be referenced from the controlText 
patch. The patch must be programmed so that each syllable is read into to the 
syllable cluster routine. 
 2. Words: Each word from the poem must be recited and recorded into 

��



an independent sound file. This file is to be referenced from the controlText 
patch. The patch must be programmed to read in desired words, as selected 
by the controller.  
 3 Phrases: Different phrases from the poem must be recited and 
recorded into an independent sound file. This file is to be referenced by the 
controlText patch. The patch must be programmed to read in desired 
phrases, as selected by the controller. 
 
The poetic text is played back in the form of syllables, words, and phrases. 
Each type of text playback has its own control interface. The score indicates 
where and over what period of time each generator is to be used. Syllables 
should be played back using the syllable cluster generator. Words are played 
back using the word generator by executing any one of three buttons that 
trigger a random word. Phrases are played bayed back similarly to words, 
where any one of two buttons triggers a random phrase from the text. 
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IV.  

Studies of Sonic Pro cess  

for player piano and live processing 

 

Studies of Sonic Process: 

- Out of One CD 1 Track 4 (2Õ51Ó) 

- Pythagoras CD 1 Track 5 (1Õ59Ó) 

- Intensities CD 1 Track 6 (7Õ25Ó) 

- Streaming CD 1 Track 7 (3Õ36Ó) 

- Phasing Arpeggi CD 1 Track 8 (6Õ35Ó) 

- From the Root CD 1 Track 9 (5Õ11Ó) 

- Harmony CD 1 Track 10 (3Õ56Ó) 

 

These player piano studies focus primarily on sonic production. They 

emphasize the realization of sonic textures, objects, gestalt, and affect. Each 

sonic ÒthemeÓ is produced algorithmically, where the technical limits of the 

player piano are pushed to an extreme in dynamics, speed, quantity, and 

density.  
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V.  

Completion of J.S. Ba chÕs Contrapunctus X IV from The Art of Fug ue 

  

Contrapunctus XIV Completion CD 1 Track 11 (10Õ22Ó) 

 

Contrapunctus XIV is the final fugue in J.S. BachÕs seminal work The 

Art of Fugue. The fugue was left unfinished, where it abruptly ends with Bach 

spelling his name musically in the final fugue subject presented. Many have 

posited how it may have been completed, and most scholars agree that 

although the fugue in its unfinished state is a triple fugue, it was most likely 

intended to be a quadruple fugue, where the main subject of the The Art of 

Fugue was to make a final appearance. In particular, composer Zoltan Goncz 

presents a compelling argument for this, showing how the introduction of the 

first three subjects nearly complete a permutation matrix. The permutation 

matrix can ultimately be completed by the reappearance of a fourth subject - 

posited to be the main theme. 

Figure 9. The Permutation Matri x in Contrapunctus XIV 

 

 The completion of Contrapunctus XIV as presented here, follows the 

guidance set forth by GonczÕs permutation matrix.  
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VI.  

San Viento 

for fixed electronics 

 

San Viento CD 2 Track 1 (8Õ57Ó) 

 

The piece San Viento (Wind Saint) is a reference to an experience I 

had while visiting San Diego. I happened upon a shop that was a distributor of 

wind chimes. This shop was primarily open air, which allowed currents of 

wind to travel through it and excite the different groups of chimes. A multitude 

of attacks, timbral hues, and harmonic clusters in a plurality of tunings 

collided and morphed with each other from different locations throughout the 

store. The resulting sonic environment was captivating, and this piece is an 

attempt to regenerate it.  

Upon hearing enough groups of chimes, we are left with an overall 

impression. This impression, in a somewhat Aristotelian way, alludes to form. 

We understand and are able to deconstruct the foundational elements 

present in the sound of the chime cluster, that of attack and sustain. The 

deconstruction is then reconstructed into spectral sustains and grossly 

exaggerated attack clusters, as the piece moves towards its finale.  
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VII. 

A Family Port rait  

for fixed electronics 

 

A Family Portrait: 

- Father CD 2 Track 2 (2Õ02Ó) 

- Mother CD 2 Track 3 (1Õ34Ó) 

- Son CD 2 Track 4 (1Õ41Ó) 

- Daughter CD 2 Track 5 (2Õ02Ó) 

 

A Family Portrait consists of four pieces, where each piece is a sonic 

snapshot of a family member. Each piece is to depict an impression of the 

personÕs identity. This is not accomplished by the individual speaking of past 

experiences or expressing their point of view. Rather, the spoken content and 

its context are destroyed and rearranged such that the locution of the speaker 

becomes the focus. Essentially, it is not the story that matters, but how one 

tells it which formulates the impression of character and identity.  
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VIII. 

Drops: Popping Drains and Lapping W aves 

for fixed electronics 

 

Drops: Popping Drains and Lapping Waves CD 2 Track 6 (5Õ10Ó) 

 

This composition, in the style of musique concrete, utilizes the sounds 

of water. Single drops of water become transposed and clustered to form 

sonic clouds. The gurgling and popping of water going down a drain, the 

gentle lapping of waves on a lakeshore, and the sound of splashes from 

stones thrown into a pool are all present and arranged in the sonic collage.   
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IX.  

sinophonme  

for fixed electronics 

 

sinohponme CD 2 Track 7 (4Õ20Ó) 

 

This composition is constructed from pure sine tones via additive 

synthesis. The structure of the piece is rooted in the theory of developing 

scales from dissonance curves as presented in William SetharesÕ Tuning, 

Timbre, Spectrum, Scale.  According to the theory, a unique scale can be 

devised from the unique timbre of a given pitch. In sinophonme, the spectral 

makeup of a given tone yields a dissonance curve such that the most 

consonant scale tones occur at ratios of 1.155, 1.316, 1.520, and 1.731 

against the fundamental. The uniqueness of this scale and resulting intervallic 

relationships of consonance and dissonance are presented in the piece.  
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X.  

Arch  

a virtual sonic sculpture 

 

DVD 

 

Arch is a virtual sonic sculpture. The sound is ÒsculptedÓ in an 

environment by spatializing sound sources such that unique levels of sensory 

dissonance occur in different areas of the space. The listener then 

experiences the sound sculpture via hearing different amounts of roughness 

in different areas. The sculpture can be visualized using the technique of 

isosurfacing. In the case of Arch, a 3D model with sonic accompaniment 

allows us to navigate the sonic sculpture and experience it through sound 

with the visual guide of isosurfacing.  

Arch was constructed with six sound sources, where each sound 

source is placed in the center of one of the six sides constituting the border of 

a cubic space. Each sound source emanates a sine tone, and each tone is 

separated in frequency by 0.25 barks (the point of maximum roughness in a 

given critical band). The figure below illustrates the setup. 
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Figure 10. P lacement of the sound sources for Arch  

 

 

 

The placement of the sound sources allows for the maximum amount 

of sonic roughness to be experiences in the center of the cubic space. The 

converging tones produce an arch like dissonance field as visualized by the 

isosurfacing image below. 
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Figure 11. T he dissonance field producing the Arch  sculpture 
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XI.  

Sensations of Tone 

an interactive audio-visual installation 

 

DVD 

 

Sensations of Tone is an audio-visual piece set up for the Allosphere in 

the California NanoSystems Institute (CNSI) building at the University of 

California Santa Barbara. The piece is an interactive installation that allows 

users to create sonic environments via exploring various levels of sonic 

roughness. The piece has its core lying in the theories associated with 

sensory dissonance. In particular, algorithms are employed that allow the 

user to control the amount of roughness present in a given sonic spectra and 

that allow the user to select optimum combinations of the spectra.  

There are three voices that can be generated: a bass and two upper 

voices. The user may control the sonic atmosphere by adjusting volume, 

roughness level, pitch ratio, and panning fore each voice. This is 

accomplished with the iPad interface displayed in the figure below: 
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Figur e 12. interface for controlling parameters of Sensations of Tone  

 

 

 

The interface communicates with a MaxMSP patch, which acts as the 

control center for the audio environment and graphics production. It displays 

the volume and roughness levels of each voice. In addition, it displays the 

dissonance curve relationships between each upper voice and the bass. 

Finally, optimal tuning ratios and the currently selected ratio are displayed for 

each upper voice.  
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Figure 13. Main control center for Sensations of Tone  
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