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Abstract  
 
Fostering a perceived sense of physicality or connection to acoustic sound sources has long 

been important to computer musicians who work with electronic sounds and synthesis 

techniques to produce new tools and compositions. This paper discusses past and present 

efforts to imitate and replicate acoustic sources using electronic means. Special attention is 

given to contemporary computer musicians who have to use code-based software 

instruments for physical modelling synthesis to access otherwise elusive timbral and textural 

possibilities. Furthermore, the author has included descriptions of recent works that rely on 

physical models beyond their intended or conventional usage. The purpose of this document 

is not to provide detailed technical information on computer music techniques, but instead to 

contextualize and comment on the manner in which a desire to imitate the physicality of 

acoustic sound sources has impacted composers who work with electronic sound.   

1. Physicality and Reference to Acoustic Sources 

    The degree to which the sound material in an electroacoustic composition relates to 

real-world acoustic sources has long been a contentious issue for composers of 

electronic and computer music. The pioneering musique concrète composer Pierre 

Schaeffer insisted on a “reduced listening” aesthetic in which the sounds heard in a 

piece were removed from any physical, psychological or cultural references. Schaeffer’s 

goal was to highlight the abstract value in a sound before it was contextualized by the 

listener. Many working in the domain of electronically synthesized sounds did not rely 

on collections of recorded samples, but still considered their source material in terms of 

its perceived natural or artificial character. For example, the composer Jean-Claude 

Risset once stated that: 
 
“…synthesized sounds will be more easily accepted by listeners and have a better 

profile when they lead the subject to think they were produced in some physical manner 



- by a hypothetical real object.”1 From the late 1960’s through the 1980’s, much of the 

music composed by Risset and his contemporaries implemented the use of then 

innovative sound synthesis techniques such as additive synthesis and frequency 

modulation2 in a way that blurred the lines between purely electronic and acoustic sound 

sources.  

    Important works of this period such as Risset’s Mutations (1969) and John 

Chowning’s Phoné (1981) drew heavily on sounds that resembled conventional acoustic 

musical instruments but still left a kind of noticeable electronic residue. The 

conventional tools and techniques for creating and manipulating electronically 

generated sounds were not able to model the complex time-varying harmonic spectra of 

the acoustic sources referenced in compositions. Even Risset himself admitted to the 

limitations of these early efforts: “Hence, the available descriptions of musical 

instrument tones must be considered inadequate because they fail to pass the foolproof 

synthesis test…Clearly one must perform some kind of “running” analysis that follows 

the temporal evolution of these tones.”3 

 
2. Physical Modelling 

    Advances in computing power and the development of digital audio had a profound 

impact on the manner in which computer musicians address the issue of physicality in the 

creation of new works. Today, programming languages specifically designed for sound 

synthesis and processing often feature libraries of software-based instruments for 

physical modelling synthesis. Physical modelling is the natural continuation of the 

previous research on the analysis and imitation of acoustic sounds by computer 

																																																								
1 Nicholas Castagne, Claude Cados and Jean-Loup Florens, “Physical Modeling and Music vs. Physically-Based Modeling 
and Acoustics,” in Proceedings of the International Congress on Acoustics, (Kyoto, Japan: 2004), accessed June 19, 2016, 
https://www.researchgate.net/publication/268420709_Physical_Modeling_and_Music_vs_Physically-Based_Modeling_and_Acoustics. 
2 Charles Dodge and Thomas Jerse. Computer Music (New York, NY: Schirmer Books, 1985), 98. GOOD 
3 risset and wissel, 117 pdf  



musicians such as Risset. These instruments are not approximations – they are calculated 

reconstructions of acoustic sound sources (often musical instruments) based on detailed 

scientific analyses. Considering characteristics such as formants and the evolution of 

harmonic spectra over time, physical modelling tools are designed to take electronic 

sound beyond the notion of imitation and into the area of replication and/or elaboration 

(e.g. extending the size of musical instruments that are modeled). 

    The image below shows a list of nine available functions for a physical model from a 

computer music language. MCLAR, a clarinet model from the RTcmix scripting 

language is essentially an abstraction containing a framework of low-level C/C++ code 

for accessing collections of oscillators, filters, delays and other sound synthesis and 

processing devices that assemble the model.   

 4 
Figure 1. List of available parameters for the MCLAR in RTcmix. 
 
    The image below shows an analysis of a bass clarinet tone.5 It provides information on 

how amplitudes of frequency areas change over time. Such analyses are essential in 

efforts to create physical modelling instruments.  For the physical model to become 

effective in a musical composition, the composer must understand how to “play” the 

model and design its activity in a way that sounds like realistic actions of a performer. 

																																																								
4 Brad Garton, “MCLAR -- clarinet physical model,” Accessed July 3, 2016, http://rtcmix.org/reference/instruments/MCLAR.php. 
5 Jean-Claude Risset and David Wessel. "Exploration of timbre and analysis and synthesis,” in Academic Press series in cognition and 
perception: A series of monographs and treatises. The psychology of music, (San Diego, CA: Graywolf Press, 1999), 122. 



Whether the use of the instrument leaves any sense of electronic residue is up to the 

listener. 

Figure 2. Analysis of a bass clarinet tone. 

     

    Aside from the embrace of physical 

modelling instruments, or disagreement 

regarding the accuracy of these tools, 

contemporary computer musicians have 

often used such code-based software 

instruments beyond their intended purpose to access otherwise elusive compositional and 

timbral possibilities. Before exploring specific pieces, it would be valuable to take a deeper 

look at the controversial nature of this model-based approach. 

3. Authenticity or Extension  

     Christopher Keyes, a Hong-Kong based composer and Hong-Kong Baptist University 

professor includes a collection of writings on his homepage intended for electroacoustic 

composition students. Keyes cautions readers to shy away from using music technology to 

imitate acoustic sounds. He argues that current efforts lack the “rich time-varying spectra of 

acoustic sounds (we have still yet to synthesize a realistic human voice after roughly 60 

years of attempts).”6  Composers such as Paul Lansky have embraced the intended physical 

nature of these instruments and used contents of the physical modelling software packages to 

create what can be perceived as extended versions of the intended model. Regarding his 

1996 composition Things She Carrie” Lansky states: 

“I am interested in being able to emulate real instruments but mainly in the sense that I can 
get them to assume unreal proportions. For example, I’ve been using Perry Cook’s flute 

																																																								
6 Christopher Keyes, “Technology Pointers,” accessed July 3, 2016, http://staffweb.hkbu.edu.hk/ckeyes/tech.html. 



physical model for a few years, but my favorite way of using it is to construct a model of a 
flute which is about 20 feet long and has a diameter of 3 feet. It produces great sounds.”7 

    Composer Trevor Wishart takes a similar but more extreme approach to Lansky. Wishart’s 

piece Dithyramb - Kepler 63c explores the notion of physical models of various imaginary 

brass and percussion instruments. He runs them through the Soundloom interface from the 

Composers Desktop Project.8 The composer helped develop new brass models with 

collaborators from the University of Edinburgh. The sheer detail and range of modifiable 

characteristics of these models is what allows Wishart to travel into this imaginary realm so 

easily. Similar models such as the MBRASS from RTcmix offer useful functions such as lip 

pressure, slide length, etc. – but the model from Wishart’s group offers six functions for lip 

characteristics alone, allowing the user more opportunity to extend a brass sounding 

instrument.9 In an interview for the Florence-based Tempo Reale festival, Wishart discusses 

the use of brass instruments with sixteen valves, or those who use breath pressure equivalent 

to twice that of a jet engine. The exploration of these extreme models is influenced by the 

programmatic nature of the piece – the idea of a welcoming ceremony to a planet in which 

much different laws of physics apply to that of our own.  

    Julius Smith serves as a meaningful counterpoint to the idea of disassociating the model 

from its basic source. Smith’s research has served an important purpose not only for the 

development of physical modelling, but also for advancements in digital signal processing 

for audio. Smith is optimistic about the progress of these models as a tool for a pure form of 

reconstruction: “Why don’t we focus mainly on exciting new instruments that are light-years 

beyond pre-existing instruments? One short answer to this question is that artificially 

computed sounds tend to sound artificial. In other words, we simply don’t know very many 

																																																								
7 Chris Chafe, “Case Studies of Physical Models in Music Composition,” in International Congress on Acoustics (Kyoto, Japan: 2004), 
accessed July 1, 2016. https://ccrma.stanford.edu/~cc/pub/pdf/phyModMusComp.pdf. 
8 Reg Harrison-Harsley, Stefan Bilbao, James Perry and Trevor Wishart, “An Expanding Environment for Physical Modeling of 
Articulated Brass Instruments,” Computer Music Journal Vol. 20, no. 4 (Winter 2015), 15. 
https://www.researchgate.net/publication/280069316_An_Articulated_Brass_Instrument_Synthesis_Environment 
9 Ibid., 36. 



ways to generate deeply communicative sounds from scratch.” 10 The authenticity of the 

models and whether to extend or distort the intended source instrument does not give us the 

entire picture when it comes to the way computer musicians use these tools in contemporary 

music. 

4. Divergent uses of Physical Modelling  

The following discusses unique uses of physical modelling instruments outside of the 

intended purpose. The complexity of these models offers unique access to noise and glitch 

sounds, hybridization of instruments sounds, and the opportunity to obtain rich sounds that 

are not readily available using our lexicon on synthesis and processing techniques.  

4.1 Negative Space 

    Canadian composer Michael Lukaszuk often uses the physical models found in the 

RTcmix and ChucK programming languages. His 2016 composition Przypadek, for fixed-

media electronics prominently features the use of the MMODALBAR and MBANDEDWG 

models from RTcmix. These particular tools are designed to model struck and bowed 

percussion instruments such as vibraphones, marimbas and Tibetan bowls. Lukaszuk’s use of 

these instruments focused heavily on isolating the sonic characteristics of the model that are 

not necessarily the most recognizable or representative of the instrument. This is analogous 

to the focus on negative space in visual arts.  

    Lukaszuk also uses algorithmic procedures to disperse the sounds of models according to 

a kind of pseudo-granular synthesis– accumulating small fragments into larger timbral 

entities and playing with synchronous vs. asynchronous textures. This approach goes against 

the notion of performance on a software musical instrument. 

The image below shows a simple RTcmix program (a.k.a. “score”) from Lukaszuk’s 

Przypadek. The percussion sounds are dispersed into an asynchronous texture by using a 
																																																								
10 Julius Orion Smith “Physical Modeling Synthesis Update,” Computer Music Journal. Vol. 20, no. 2 (Summer 1996). 2. 
https://ccrma.stanford.edu/~jos/pmupd/ 



random number function on the increment component of a for loop. In an effort to model 

granular synthesis using the physical model, each “grain” (sound resulting from an iteration 

of the loop) also has an amplitude envelope. The resulting sound is an intensely fragmented 

cloud of separate attacks, miscellaneous noise, and the sections of mallet percussion 

instruments decaying. The sound references characteristics of the percussion instruments in 

MMODALBAR but there is not the sense of action and resultant sound that could be taken 

from a live performance. 

Figure 3. An RTcmix program by Michael Lukaszuk using a percussion physical model. 

     

    Another similar example comes from the composer’s 2017 fixed-media work My Metal 

Bird Can Sing. Two of the primary sound sources in this composition are the STRUM2 and 

STRUMFB instruments from RTcmix. These are variations on the Karplus-Strong algorithm 

for modelling plucked stringed instruments, which has been used to model guitars, harps and 

folk instruments.11  

 
 
 
 
 
 
 
																																																								
11 Brad Garton, “STRUM2 -- tuned Karplus-Strong ("plucked string") physical model,” Accessed July 3, 2016, 
http://rtcmix.org/reference/instruments/STRUM2.php. 



Figure 4. An RTcmix program by Michael Lukaszuk using the STRUM2 instrument. 
 

				The image to the left shows an 

RTcmix score from the piece. As in 

Przypadek, the physical model is not 

played to sound like the instrument on 

which it is based. The pitch content of 

the instrument is often taken far above 

the capabilities of conventional 

musical instruments, durations are in 

the microsonic domain and would not 

produce a sound that would be 

recognizable to our ear as a conventional plucked string instrument.  

Figure 5. An RTcmix program by Michael Lukaszuk with the STRUMFB instrument. 

 

The above below shows the use of the STRUMFB instrument from RTcmix. This is based 

on the plucked string model but with some added functionality to imitate electric guitar 

sounds. The result is the sound of the feedback function itself being played, not a plucked 

string model. 



4.2 Models Imitating Nature 

    American composer Mara Helmuth takes a unique approach with physical modelling 

instruments by incorporating them in networked music and in granular synthesis textures. 

Her pieces Matanuska Etude and Bathymetric Voyage  are based on “geological data from 

measurement of sediment granulation over a 24 hour period in a lake formed by the 

Matanuska Glacier in Alaska.”12 Helmuth applies these data to the control parameters of 

physical modelling instruments to uses musical instrument physical models from RTcmix to 

mimic environmental sounds. According to Helmuth, the “granularity” of stochastically 

dispersing sounds such as shakers and maracas reflect the granularity of the sedimentation in 

a glacial-formed lake in Alaska.13 This is an atypical use of physical models because the 

model, a reconstruction of a musical instrument source is used to imitate an entirely different 

acoustic source.  

    Like Helmuth, RTcmix developer Brad Garton has also used physical models to imitate 

environmental sounds. In a series he calls Small Pieces, Garton creates synthetic “clicky 

bugs”, and creates wind sounds using a flute physical model. 14 

4.3 Hybridization 

    Some composers have circumvented the issue of authenticity with physical modelling 

instruments by simultaneously modelling elements of multiple sources (i.e. instruments on 

which the model is based) or creating hybridized instruments. This resolves the issue of 

perceived accuracy of the physical model, as the listener has no preconceived notion of the 

source that is being modelled. But, at the same time, an audience can perceive physical 

movements like striking or plucking and the limitations that form the instrument. Physical 

																																																								
12 Mara Helmuth, “Rock Music: Granular and Stochastic Synthesis based on the Matanuska Glarier,” in Proceedings of the International 
Computer Music Conference (Miami, USA: 2004), accessed July 2, 2016, http://marahelmuth.com/research/RockMusicFinalFinal.pdf. 
13 Ibid. 
14 Brad Garton, “Small Pieces,” accessed June 9, 2016, http://sites.music.columbia.edu/brad/music/commentary/Small_Pieces.html. 



models just like violins and guitars are defined by limitations like body size, range and 

possible articulations, and work well when we come to understand what the instrument is 

capable of throughout the course of a piece. 

    Dan Trueman, Luke DuBois and Curtis Bahn have conducted experiments in which they 

essentially low-level elements that are used in separate models to access new timbral 

possibilities: “In addition to the familiar expressive parameters of the original models, we 

discovered that a simple crossfade between the low-pass filter of the guitar model and the 

one-pole filter of the flute model offered unusual expressive possibilities.”15 The group 

sought to explore the relationship between instruments that are physically incompatible in 

real life. 

    Lukaszuk uses a different approach to hybridization in which models are mixed with 

sounds (i.e. recorded samples). This is less technical than the aforementioned example as it 

does not involve dissecting the components of a model. Lukaszuk’s Przypadek contains 

material in which audio recordings generated using a physical model of a metal mesh sound 

are spectrally blended with audio recordings of water sounds. This imbues the water sounds 

with the inherent physicality of the mesh instrument. The sonic result is distinct from that 

which could be obtained by simply applying an audio plugin such as a reverb or chorus 

effect to the recording generated from the MESH instrument. That would just be a form of 

masking. Instead we are extracting the spectral of one sound via another using a convolution 

instrument in the SuperCollider. The image below shows a simple program that performs the 

audio processing. 

 
																																																								
15 Dan Trueman, R. Luke Dubois and Curtis Bahn, “Discovering Expressive Realtime Parameters: The Performing Laptop Artist as Effect 
Designer,” in Proceedings of the COST G-6 Conference on Digital Audio Effects (DAFX-01), (Limerick, Ireland: 2001), accessed July 12, 
2016, http://www.arts.rpi.edu/~bahnc2/Activities/writings/trueman_dubois_bahn.pdf. 
 



Figure 6. A SuperCollider SynthDef demonstrating the Convolution UGen with recordings of a mesh model. 

 

 

 

 

5. Conclusion 

    As digital audio improves and new techniques emerge for developing instruments for 

replication of acoustic sources, so will the quality of compositions that feature divergent 

uses of such tools. Adding greater detail to modifiable functions will aid in the pursuit of 

more authentic sounding instruments, and offer more low-level code and detailed 

frameworks for those interested in hacking and distorting the models.  There is no doubt 

that the approaches discussed in this document will improve as computer music trends 

beyond desktops and laptops and into a plethora of new devices capable of producing 

and manipulating sound.  
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