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EPIGRAPH

Krefeld: What do you consider yourself in the first place: an inventor
of musical instruments, a composer, or a performer?

Waisvisz: ... Your question suggests divisions that don’t exist for me;
I cannot see a personal involvement in the technical functionality of the
instruments and performance as separate from the work of composing,
so simply consider me a composer (Waisvisz in Krefeld (1990)).
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ABSTRACT OF THE DISSERTATION
A Computer Music Instrumentarium
by

Jaime Eduardo Oliver La Rosa

Doctor of Philosophy in Music
University of California, San Diego, 2011

Miller Puckette, Chair

This dissertation reviews representative works of the history of electronic and
computer music from the point of view of instrument design. It traces the way in which
artists conceived of their systems with respect to traditional musical instruments and
practices. While making evident the inherent differences between the mechanical media
of the past and the new electronic and computer media at their hands, artists have forged
a new kind of instrument.

This instrument is presented in contrast to the traditional concept of musical
instrument as a passive tool; as an object that provides a stable timbre over which pitch
and amplitude can be articulated. In contrast, the computer-based instrument has an
active role in determining the shape and sound character of a composition.

The traditional conception of music, as closed works contained in scores, shifts
to open environmental structures that can only be perceived and experienced through
interaction. Theories of embodiment in cognitive science are surveyed to understand

the nature of this interaction. Concepts from media theory are used to understand the



process whereby new instruments imitate older instruments, while at the same time
revealing what is unique to them as new media.

The musician then finds himself to be a hybrid between composer, luthier and
performer. However, he cannot start from scratch in every new work of music. In the
not so brief history, we find archetypical practices that guide us; communities around
computer programs that offer a body of knowledge and code that can be analyzed, ap-
propriated and modified. Because of its relational nature, code contains part of the
instrument (and the composition); its exchange advances music as a cultural practice.

An Instrumentarium suggests a set of available instruments from which the com-
poser chooses. In the practice of making music with computers however, there are
instead, sensors and interfaces, techniques for sound analysis, generation and manipu-
lation, recording devices, hardware, software and speakers. An instrument is not con-
tained in any one object, but consists of a series of elements that can be combined to
form an open configuration. The computer music instrumentarium lies in all possible

configurations.
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Chapter 1

Introduction

In recent times, interest has resurged in making new musical instruments', and,
with the availability of increasingly powerful new technologies like computers and a
growing variety of sensors, designing instruments that use these technologies is an at-
tractive idea.

However, building instruments based on computers, or what I will call computer-
based musical instruments, confronts us with wider questions about our musical prac-
tice, like for example, what a musical instrument is in the first place? or, what do we
expect a device to be able to do, in order to deserve inclusion in the category of musical
instrument? or, going even further, is musical instrument the right term for the devices
and resources we use in these new musical practices? Awareness of these wider issues
informs our design and guides our exploration. This is the subject of this dissertation.

For Kartomi (2008), “musical instrument is a self-explanatory term for an ob-
server in his own society.” This dissertation is an intellectual engagement with the work
and writings of composers and theorists of electronic and computer music, however;
Kartomi’s definition has guided its design. In other words, it is left to our intuition as

cultural beings, to recognize an instrument and to intellectual analysis to understand

'Two examples of this new interest are the creation and growth of the New Interfaces for Musical
Expression (NIME) conferences since 2001 and the Guthman Musical Instrument Competition at Georgia
Tech Center for Music Technology since 2009.



how this new instrument is similar or different from the ones we know.

Technological innovation in cultural practices generates, and responds to, change.
We can observe aspects of this change in the objects that this practice produces. In mu-
sical practices, these objects are usually scores and musical instruments. Much attention
has been paid to musical scores as a means to understand the nature of the changes in
music over time, but very little attention has been paid to musical instruments. Most
studies of musical instruments are organological, that is, concerned with instrument
classification, as collectors of instruments began to flourish in Europe and North Amer-
ica (Kartomi, 1990). However, understanding the evolution of instruments provides us
with an insight into the aesthetic values and needs of a culture.

Paying attention to mechanical musical instruments, that is, instruments that do
not use electricity, provides us with a benchmark. On one hand, since these were the
only instruments we had, they configure what we, as a culture, understand musical in-
struments to be. On the other, they offer an opportunity to determine what features and
qualities they share with the new electric, computer-based instruments, in order to find
a broader, or perhaps deeper, way of defining and understanding musical instruments in
general.

To talk about musical instrument design from the 20th century to date, is to
talk about the use of electricity and computation technologies in music. One of the
aims of this dissertation is to identify the ways in which composers and theorists have
constructed the concept of musical instrument.

In order to construe electronic music as new, its inventors and practitioners in the
seminal studios of the 1950’s, presented it as a stage beyond the old instrumental music.
In this context, a musical instrument was understood as a physical and mechanical sys-
tem (performer included) that imposed multiple limitations. In this sense, an instrument
was the opposite of electronic music which was construed as a practice that is free of
the physical limitations of instruments and performers. But as soon as that premise is
accepted or even posited, electronic music becomes the practice of designing the new

instruments that let us achieve that freedom.



This is, I will argue, a recurring paradox in electronic and computer music: we
search to free ourselves from the perceived constraint of instruments only to find our-
selves making the instruments that permit this freedom. As a result, new ways of doing
things are discovered.

In developing these new practices, that is, in attempting to overcome the limita-
tions of instruments, we have transformed or extended them. These extensions are not
about making violins of wider range or flutes that can play glissandi. These extensions
or transformations are about what the role of the instrument is in the practice of mu-
sic as a whole. By analyzing the conception and realization of representative works of
electronic and computer music, I intend to explore the way composers design (and often
perform) their own instruments as an inherent part of their compositional practice. I will
argue that these instruments contain part of the composition and the musical thought, or
theory, out of which this composition is realized. As music shifts from an ordering of
pitched notes to sound objects, processes and systems, our instruments change too.

The traditional view of instruments as passive tools is therefore gradually over-
written by new instruments with bigger roles in determining sonic as well as structural
aspects of the music made with them. In this context, the specialized roles of composer,
performer or luthier, or the functional distinctions between score, instrument and hall,
become blurred and give way to hybrids. Moreover, these social and medial relations
are now open to be composed.

While the interface, gestural energy, timbral identity and sound production are
all independent in the sense that they are not part of the same object as it was the case
in wooden tubes or stretched strings; in these new instruments they are arbitrarily, or
perhaps compositionally re-organized. Instruments in this sense are configurations; a
disposition of elements and a set of relations that bound a system yet allowing the per-
former to explore and learn it.

In tape composition, we begin to hear the recorded sounds of voices and instru-
ments, without seeing the bodies that produced them and in this sense they are disem-

bodied. The sounds fixed on the tape, do not offer any opportunity for interaction and



whatever performance existed it stopped at the final fixing of the sounds on the tape.

These new instruments and works of music are complex environmental struc-
tures, open to performers and audience for exploration. By environmental structures |
mean that they offer the performer ways of altering its behavior and allow the sounds to
be embodied; that is, the performer interacts with the instrument and through that inter-
action attunes his actions to the behaviors the instrument affords. We turn to theories of
embodiment in cognitive science, as they provide a rich framework to examine the way
we interact with the world.

However, there are significant differences between the physical, material nature
of mechanical instruments and the plastic, malleable character of computer-based in-
struments. As I will argue, computer-based musical instruments produce a different
kind of invariant features from mechanical ones. These invariances emerge from a loop
of design and interaction as a compositional process.

Instrument design has become an inherent part of the work of composers of elec-
tronic music and a part of the compositions themselves. In this sense, these instruments
are often inseparable from the works done with them. These instruments cannot be
found in any one object; they are not the interface, the software, the sounds, and so on;
they are complex configurations of elements.

However, in designing these new instruments, we tend to remediate or imitate
the older mechanical instruments. Our conception of instruments as mechanical tools
with stable timbres and fixed morphology, is so pervasive that we reach back to it as
a model. Devices that fit the model are considered instruments; ones that do not are
not. In imitation, we confront the new medium and by interacting with it, we begin to
discover what is unique to computation and digital media.

It is not my intention to write a history of electronic and computer music. If it
were, it would be incomplete and imprecise. I am not looking for the first person that did
something, but for certain examples of thought, work and practice that better embody a
practice. In contrast to most historical accounts of electronic music, this one attempts

to understand computer music practices from a genealogical approach, one based on



conceptual resonances instead of lists of events, dates and equipment manuals.

Although there have been and still are numerous names for the practice of media-
based music?, I will use electronic music to refer to the generic practice of making
music with analog equipment and computer music to that which uses digital computers.
Unless specified or determined by historical context, electronic music and computer
music should be seen as parts of the same practice.

What I hope to demonstrate, and expect this dissertation to establish, is that
“musical instrument” remains a valid concept towards achieving an understanding of
contemporary computer music practices. While we try to re-invent musical instruments
all the time, there are clear lines of thought and practice aimed in this direction. The
practices of Theremin; Moog and Buchla, Carlos and Subotnick; Mumma and Marti-
rano; Mathews and Moore, Tenney and Risset; Puckette, Manoury, Waisvisz and Lewis,

all contribute to configure the new computer music instrumentarium.

2Such as ether-wave music, electric music, musique contrete, electronische musik, electronic music,
tape music, sound art, sonic art, and so on.



Chapter 2

Prelude: Instruments as Media

A reason to begin a dissertation on computer-based musical instruments by ana-
lyzing mechanical instruments in terms of media theory, is to understand the way musi-
cal instruments have evolved over time.

New Media emerge within established social practices and therefore raise expec-
tations as to what functions and roles we expect these media to fill. In this sense, new
media are expected to advance these social practices by being better versions of older
media. However, evaluating new media in terms of older media, obscures their unique
qualities.

In the light of these ideas, I will attempt to explore the way mechanical musical
instruments have been conceived within Western musical practices. By tracing a rough
sketch of the evolution of these instruments, I will attempt to draw out what we expect
musical instruments to be. This conception of musical instruments is the conceptual

template into which we expect newer musical instruments to fit.

Models of Music Practice

Every music needs to account for a way of producing, shaping and articulating

sound. We refer to the actions that produce, shape and articulate sound as gestures,



Composer Performer Audience

R

Score Instrument

Figure 2.1: Composer-performer-listener model of music

and to the medium that allows us to transduce our gestures into sounds, as a musical
instrument. We call the act of making music in this way performance.

Music always belongs to a larger cultural environment. Before the electric age,
music could only be experienced in live performance. All musical practices have in
common the fact that music is an activity; it is not an object but “something people
do” (Small, 1998). And as Small would argue, it is an activity in which not only the
performing musicians have an active role, but one that exists in interaction with a larger
social context.

In many cultures, audiences participate by dancing, singing, or expressing them-
selves in some way or another. The music that is played is not necessarily authored by
a composer, but drawn from a traditional repertoire or improvised as a recombination of
a musical culture shared by performers and audience alike and embedded somehow in
the instruments they use.

In the Western world, music is traditionally conceived as a uni-directional, linear,
sequential communication process. The composer gives the music to the performer, and
the performer plays it for an audience. Two media are used to enable this process: scores
and musical instruments. Figure 2.1 shows what I will be referring as the composer-
performer-listener model.

In his Introduction to the Sociology of Music, Adorno (1976) states that “[mu-
sical] works are objectively structured things and meaningful in themselves, things that
invite analysis and can be perceived and experienced with different degrees of accuracy.”

This point of view subscribes to the idea that music is an object and not an activity; that



the work is complete in itself and independent from its sound realization. This view is
reinforced by a tradition of music analysis that focuses exclusively on scores; the score
medium contains the totality of the work.

From this traditional standpoint, the score is the composer’s encoding of the
music and is, in fact, the music. The performer is a body that executes the score and
can only aspire to an accurate realization; the audience can perceive and experience
with certain degrees of accuracy, conditioned by their musical knowledge and by the
accuracy of the performance.

It follows from this view that the performer is a mere transmitter, who uses
his instrument to communicate or express the composer’s music to an audience. In
this model, the performer and his instrument are construed as passive tools and the
audience as a passive receptor. Passive in this case, refers to the fact that there is only
one interpretation and therefore, the performer, his instrument and the audience do not
contribute to the meaning of the work. Furthermore, as the term accurate suggests, there
is only one meaning.

In what follows, the term agency will be used as the way in which a person acts
to produce a particular result. In the case of media, it will be used to reflect how design
enables or restricts possible behaviors. The uni-directional sequential linearity of the
idealized view reflected in the composer-performer-listener model reduces the level of
agency of the various actors and media as we progress in the system. In this passive
role, the instrument needs to have a predictable outcome and the ideal performer is a
machine, capable of the most accurate realization of a score.

We also find in this model the concept of specialized labor. Composers make
scores, performers reproduce them, audiences listen. To support the model we find the
score publisher and instrument luthier, and in recent times the recording engineer and

producer, instrument dealers, auditorium managers, agents, etc.



Media, Message and Content

Perhaps Marshall McLuhan’s most famous phrase is “the medium is the mes-
sage”. For McLuhan, the message of a medium was not the content it was expected to
communicate, but instead “the ‘message’ of any medium or technology is the change of
scale or pace or pattern that it introduces into human affairs” (McLuhan, 1963).

McLuhan was interested in understanding the way technology or media altered
social order. For him, people seemed to ignore the effect that media had on them.
For example, the message of television was not the programming of content, but the
effect it had on how we perceived and related to our environment. Following this logic,
the message of print was not the text it contained, but the establishment of new logics
where the “typographic principles of uniformity, continuity, and linearity had overlaid
the complexities of ancient feudal and oral society.” (McLuhan, 1963)

In other words, the message of any particular technology (or medium) of music,
is the change or changes it introduces into musical practice.

In his 1954 essay “The Question Concerning Technology”, Heidegger (2003)
points us to the greek term techné which he defines as “the name not only for the activ-
ities and skills of the craftsman but also for the arts of the mind and the fine arts”. In
this sense, we can speak of technologies of music not only when we refer to material
objects like musical instruments and notation, but also to the theories we use to think
about music.

Today, technology is conceived as exclusively, or perhaps even taken to be a
synonym of, electric and digital technology. Much like Heidegger, McLuhan does not
restrict technology to tools and machines, but includes technologies of thought. In this
sense, language, the alphabet, numbers (or musical scales for that matter) are technolo-
gies that we use to think.

McLuhan conceived of technologies as “extensions of man”. For example, cloth-
ing extended skin, housing extended clothing, cities extended housing. Following a sim-

ilar logic, he stated that “the content of any medium is always another medium”, which
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he exemplified saying that “the content of writing is speech, just as the written word is
the content of print, and print is the content of the telegraph” (McLuhan, 1963).
McLuhan believes that content is not only irrelevant to the message of the medium,

but that it actually “blinds us to the character of the medium”. While most electric me-
dia, like radio, television or the phonograph, were used for some sort of communication,
McLuhan found in electric light (and power) examples of media without apparent con-
tent. Only when electric light is used to “spell out some verbal add or name”, we become
aware of it as a medium. The appearance of content (in this case print) is now confused
with the message of the medium, however, “the content or uses of such media are in-
effectual in shaping the form of human association.” In other words, what light spells
is less important than the fact that we can see it at night or at longer distances than a
book. This is precisely McLuhan’s point: that the user of a medium is seduced by its
content to such an extent that he fails to acknowledge how this medium shapes his ways

of perceiving and associating. Therefore, the medium is the message.

For the “content” of a medium is like the juicy piece of meat carried
by the burglar to distract the watch-dog of the mind. The effect of
the medium is made strong and intense just because it is given another
medium as “content” (McLuhan, 1963).

But how can media have strong and intense effects if we are unable to con-

sciously understand its message?

Everybody experiences far more than he understands. Yet it is experi-
ence, rather than understanding that influences behavior, especially in
collective matters of media and technology, where the individual is al-
most inevitably unaware of their effect upon him (McLuhan, 1963).

Bolter and Grusin coined the term remediation (Bolter and Grusin, 1998) to refer
to the principle whereby any medium always has another medium as its content. As we
will see later, Bolter sees remediation as both what is “unique to digital worlds and what

denies the possibility of that uniqueness” ((Bolter and Grusin, 1998), 50).
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The Voice

It is not the object of this dissertation to find the origins of music. However,
it is quite probable that the first musical expressions used the voice and the sounds of
our bodies exciting objects in the environment. It is impossible to determine when,
where and how instruments were first used. Regardless of these facts, logic suggests
the voice precedes the use of tubes or strings; and a single string or tube existed before
multiple string or tube mechanisms. In other words, I would propose that the content of
monophonic instruments is the voice and the content of polyphonic instruments is the
monophonic instrument.

Sounds are vibrations with frequencies greater than approximately 20 to 30
hertz. In contrast to the arm-hand system, the muscles in the speech system are able
to generate sound vibrations of audible frequencies without the manipulation of objects.
Because of this fact, the voice possesses the ability to produce sounds of great gestural
and sonic detail: the strength of the air pushed from the lungs through the vocal cords
translates into amplitude, the length of the vocal cords controls frequency, the shape of
the mouth cavity acts as a filter and the tongue, teeth and mouth cavity allow for the
articulation of consonants. The voice is then a very plastic system able to continually
transform timbre (vowels and consonants) as much as frequency and amplitude.

The richness of the voice lies in our unmediated, continuous, multidimensional
and interdependent control of all of these muscles over time. Moreover, the voice is
part of the identity of the singer or speaker. However, while in speech people have a
recognizable voice quality to which we refer as ‘their voice’, in singing, and particularly
in western vocal tradition, singers seem to aspire towards an ideal voice.

While the voice is free to produce a wide variety of sounds, cultures tend to con-
verge on specific musical behaviors: rhythmic and pitch structures and preferred colors
or timbres. Cultures develop styles, techniques and repertoires of these structures that
are constantly recombined by musicians. The voice retains its freedom, but it becomes

attuned to the musical culture to which it belongs.
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The construal of an idealized singing voice different from the speaking voice is
what we could call an instrument-voice. The instrument-voices one would use for opera,
death metal, beat-boxing and jazz, it could be argued, are all different instruments.

Traditional definitions of musical instrument refer to “implements used to pro-
duce music, especially as distinguished from the human voice” (Kartomi, 1990). These
definitions come from and reinforce the separation between vocal and instrumental mu-
sic. I propose however to use the term musical instrument in a wider sense. That is, that

the musical instrument is not an object, but a practice.

Monophonic Instruments: Remediating the Voice

The emergence of acoustic musical instruments can be seen as an attempt to for-
malize cultural structures into material objects by standardizing scales, tunings, ranges
and constraining timbral possibilities. What the singing voice attains through the acqui-
sition of technique and attuning to musical practices is, in the case of the monophonic
instrument, partially materialized into a concrete material form. By doing so, musical
instruments embody a music theory by design and this is what makes them unique as a
medium with respect to the voice.

Western music theory is generally understood as the system of principles that
govern the use of tempered tuned pitches. In what follows, I will use the term music
theory in a much broader way to refer to a system of principles that govern what a music
is made of and how it works. Therefore, when I say that a musical instrument embodies
a music theory, I am in effect saying that all musical instruments have as their content
musical technologies of thought like scales, notes, and so on.

Monophonic acoustic musical instruments have as their content the human voice.
They remediate the monophonic nature of the voice and its ability to control fine gestural

inflections. In wind instruments the tube is coupled with the speech system through
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an embouchure; in bowed strings, the instrument is coupled with our arms, hands and
fingers and, with the help of a bow, continually shape the sound over time.

Continuous control gives these instruments their voice-like character. The cou-
pling of the performer’s body to the instrument allows for the continuous adjustment of
his actions, modulated by the feedback received from the instrument. These fine gestu-
ral inflections, commonly associated with pitch bends, vibrato, tremolo, envelopes, and
the like, reflect the voice as the content of these instruments.

Winds and bowed strings are mechanical systems in the sense that they work
through the control of physical forces. Different string and tube lengths produce differ-
ent pitches. The acoustical length of the instruments can be varied by pressing a string
against the fingerboard or opening and closing tone holes or valves, but the actual size
of the string and tube remains the same. This property enables the performer to produce
very fast changes in pitch.

These pitch changes are perceived as discrete elements or notes. While the voice
is able to perform and articulate discrete elements, the instrument is capable of faster and
more complex articulations of these elements. Scales, trills, arpeggios and ‘ornaments’
of many kinds emerge as instrumental features.

Gesture can now be thought of in two layers: as fine gestural inflections within
discrete elements (gesture-as-morphology) and as the phrasing or articulation of these
elements (gesture-as-articulation).

As argued earlier, acoustic monophonic musical instruments have as their con-
tent the singing voice. In this sense, they seem to extend the capabilities of the voice
through bigger dynamic and pitch ranges. Most notably however, they provide a me-
chanical means to articulate pitch, duration and amplitude over a timbre conceived and
idealized as fixed. As a result, the concept of note is born as the elementary build-
ing block of music; a block with attributes of pitch, duration and amplitude on a given
timbre.

It is this last idea that became the dominant concept of musical instrument in the

Western world: a fixed timbre over which pitch, duration and amplitude are articulated.
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What was unique about mechanical instruments was not their ability to extend
the properties of the human voice. While these features certainly changed the music that
was produced with them, this music can be seen as its content (much like the content of
the electric light is what it illuminates). The message of these instruments was that they
embodied a music theory or that they contain musical technologies of thought.

The instrument amplifies some of the faculties of the singing voice, while damp-
ening or even silencing others. The flute, for example, reinforces the voice’s ability to
produce pitches, but drastically reduces its ability to produce different vowels. This is
what gives instruments their character and their message. In other words, what is im-
portant about mechanical musical instruments is not what they amplify, but the fact that

they do amplify and dampen.

Polyphonic Instruments and the Ensemble

If monophonic instruments remediate the voice, polyphonic instruments reme-
diate the ensemble.

Because musical instruments embody a music theory, and because this theory
usually emerges from culture, we demand from instruments multiple levels of stan-
dardization. It is expected of instruments that they can perform specific ranges, scales,
have an expected timbre, and so on; this means that mechanisms, materials, lengths and
shapes need to follow certain standards. Standardization allowed for ensemble playing
and the forging of communities with shared musical practices.

An ensemble consists of a group of musicians performing together. The ideal of
the ensemble is the construction of an organization that is conceived as a unified whole
and not as a sum of parts. This is the case of the string quartet, the choir or the gamelan;
they are instruments made of instruments. In the Western world, this ideal reaches its

maximum realization in the symphonic orchestra.
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The aim of these organic wholes is to extend properties of the monophonic in-
strument, such as to enlarge pitch and dynamic ranges, but also to provide new timbral
resources. When large ensembles play together, the fine gestural qualities of the mono-
phonic instrument are diluted in the whole; gesture is sacrificed for texture.

In the soprano section of a choir or in the violin section of an orchestra, a number
of similar individual units are added endowing the resulting group with a larger dynamic
range. At the same time, because these ensemble sections consist of adding a number
of individual units, what makes each voice unique, the fine-gestural inflections that they
are capable of performing, becomes blended into the whole. When the gestural detail of
each unit is added, a texture is now perceived; a timbre emerges.

In the mechanical era, the search for loudness leads to new timbres; the search

for new timbres leads to loudness.

k ok ok

The Organ: Mechanical Energy and the Interface

The hydraulis built in third century B.C. Alexandria, by the Greek engineer Cte-
sibius, is believed to be the first organ (Apel, 1948). It consisted of an air pressure
system which had to be manually pumped, a set of pipes tuned to specific pitches and a
key to allow and stop the flow of air to each pipe. The hydraulis was a relatively small
instrument and had one pipe per key and therefore one perceived timbre.

The transition from the monophonic wind instrument (a pipe with holes for pitch
control) to the polyphonic wind instrument (a set of pipes each with a pitch) configures
a significant, multi-faceted break in musical instrument design.

The serial spatialization of the pipes, and consequently of pitch, was already
present in panpipes, where pipes of increasing length succeeded each other in space.
However, the problem of blowing in multiple pipes at the same time or in fast suc-

cession, and therefore of polyphony or fast articulation, rendered the instrument less
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versatile than its monophonic counterpart or the ensemble. To address this problem, the
performer’s blowing energy is replaced with mechanical energy.

In the hydraulis, as well as in later designs of pipe organs, the amplitude is deter-
mined by air pressure; pressing the key softer or stronger does not affect the amplitude
of the sound. Spatialized pitch combined with an independent energy source, demanded
the creation of an interface that would be able to link them, leading to the design of the
console, consisting of keyboards (also called manuals) and later pedalboards, stops and
swell pedals.

In the evolution from the hydraulis in the third century B.C. to the modern pipe
organ, the driving force of design is the gradual increase in the number and size, and
change in the material and shape of pipes. This growth responded to the mutually rein-
forcing ideals of loudness and timbral exploration and demanded interfaces with grow-
ingly complex mechanisms to address different combinations of pipes from a central
console. Because performance gestures are not in control of the amplitude of the sound,
amplitude increase is achieved through the addition of pipes: the more pipes, the louder
the sound. The practice of choosing and combining pipes is called registration.

A full set of pipes is called a rank, and the biggest pipe in the rank determines
the octave in which the rank will sound. A rank of 8’ is considered the native or central
pitch range, but there are octave (double or half the length) and unison ranks that span
from 64° to 1/2°. Ranks of pipes that produce sounds at non-octave intervals are called
mutations and are tuned to the harmonic series of the fundamental. This allows the or-
ganist to combine ranks, as if adding elements of the harmonic series, to obtain different
timbres.

Organ pipes can be of the flue or reed types, can be made of metal or wood,
and can be open or closed. Flue pipes use a vibrating air jet, as in the recorder or flute,
to generate the sound. Depending on whether the tube is open or closed, as well as
on its shape and material, flue pipes are classified as diapasons (or principals), flutes,
and strings. Examples of the names of different flue pipes include Principal, Flute,

Piccolo, Vox Céleste, Viola, Dulciana, amongst many others. Reed pipes use a vibrating
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reed to generate the sound and are coupled to a resonator. The shape of the resonators
modify the spectrum of the sound and they usually receive names such as Oboe, Clarinet,
Trompette, Tromba, Vox Humana, and so on.

As these names suggest, the different kinds of pipes have as their content a mono-
phonic instrument. The different kinds of pipes can be used to make ranks of different
sizes. The design of the pipes - the choice of sound generator, material, shape - responds
to timbral emulation, and each timbral rank, works as if it were an element of the or-
chestral palette. Timbral construction becomes even more complex, not only adding
elements of the harmonic series, but choosing timbral identities.

The console (main interface) features several stops, called speaking stops, that
connect a keyboard (manual or pedalboard) to specific ranks of pipes. The keyboard
controls the airflow into the ranks with an open stop, while in the ranks with a closed
stop, the airflow into the pipes will be literally stopped. The ranks that can be played
by any particular keyboard are called a division, and large organs tend to have several
keyboards. There are also coupling stops that literally couple one keyboard to another,
so that playing in one of them activates the other, allowing the performer to sound two
divisions from only one keyboard.

Other stops include the celeste, which features a slightly out of tune rank that
generates beating patterns (tremolo) when combined with in-tune ranks, and a tremu-
lant stop, which varies periodically the air pressure, creating slight variations in pitch
(vibrato).

Finally, one or more divisions are enclosed inside a large wooden space or box
(swell division), which has several shutters that can be opened and closed from a pedal
called the balanced swell pedal, formerly known as a ratchet swell lever. Closing the
shutters in the box encloses the pipes and reduces their loudness - and certainly acts as
a filter that changes its timbre - while opening them allows the sound to leave the box.

Again, loudness and timbre are coupled.
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The Message of the Organ

The content of the organ is the ensemble. Individual ranks of pipes, each with a
stable timbre, take the names and timbres of monophonic instruments; ranks of voices,
flutes, strings, reeds, trumpets, and so on, are all summoned to the command of the
keyboard and are combined to form organic wholes, with tremolo and vibrato textures.

The organ-as-orchestra is the seductive content, but what is the message?

The use of mechanized air pressure led to the decoupling of energy, sound-
production device, and interface. The first element of the message of the organ is that
each of these elements are considered independently and they can be modified and re-
combined as they often were from place to place, enabling schools of organ builders and
styles of registration.

The organ constituted the first instrument where performance gestures, in other
words, the pressing of keys, could lead to any sound, and perhaps most importantly, to
no sound. The keyboard interface is now construed as capable of any timbre, of any
loudness and over which pitches could be articulated up to the limits of the performer’s
ability and beyond. In the organ, the serially spatialized keyboard could be mechanically
linked to pipes and to other keyboards; but with an independent energy source, it opened
the door to future automatic machines, like barrel organs and player pianos.

The dominant concept (and ideal) of the Western musical instrument, a fixed
timbre over which pitch, duration and amplitude are articulated, is challenged by the
organ’s diversity and versatility of timbre. Organs, in contrast to the standardizing ten-
dency of musical instruments are constantly evolving; no two organs are the same. Not
only their design and assortment of pipes and stops varies, but the instrument’s sound is
greatly determined by the acoustic of the space in which it resides. An organist, when
confronted with a new instrument, needs to explore the instrument and work on registra-
tions before playing. Standardization works now at higher levels: the unifying element

of all organs is their interface and technique.
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The keyboard is the material amplification of the technologies of tempered tun-
ing, the diatonic scale and of the note as the smallest building block of music; it is the
symbol of the musical mechanical age and the stable formalization of its theoretical
technologies.

The keyboard interface was socially constructed as a mechanical wildcard, lead-
ing to its use in multiple kinds of mechanical instruments like the hurdy gurdy, clavi-
chord, harpsichord and piano-forte. In this last one, the keyboard reaches a further step
in its development; in the piano, a key not only determines the pitch of a sound, but also
its amplitude. Later, in the electric age, it is used in organs and synthesizers of many
sorts; other functions, such as aftertouch, are added. Finally, it emerges as the abstract

MIDI keyboard interface: a USB device that makes no sound on its own!.

How Media Affect other Media

Most studies of Media do not fully engage in the complexity of musical prac-
tices. Media studies have historically focused on visual and mass communication media.
Even in his analysis of radio and the phonograph, McLuhan does not address their full
potential and actual effect on musical creation and practice.

One should not infer that media succeed each other in linear evolution. It would
be an oversimplification to think that the voice had developed its full potential (or that
such potential exists), before monophonic instruments appeared, took it as its content
and created change. When a new medium appears it not only takes previous media as
its content, but it also induces those media to adapt in response.

There are many examples of this phenomenon. For example, Mark Katz (2002)
explores the sudden increase of vibrato in violin playing as recording and the phono-

graph became more common; Philip Auslander (1999) explores the changes that live

IThis abstraction also led to the keyboardist: a musician who plays keyboards. In other words of a
performer with no particular instrument, but with a particular interface.
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performance underwent with the appearance of mass media, first of theatre in response
to television and the movies, and second, of the rock concert in response to the music
video. Many argue that the emergence of photography pushed painting towards abstrac-
tion. Media do not succeed each other in linear evolution, but they co-evolve.

It would also be unreasonable to suppose that any medium only has one medium
as its content. For example, Lev Manovich (2002) believes that media like the web page
and CD-ROM are “largely made up from elements of other, already familiar cultural
forms” like cinema, the printed word and general-purpose human-computer-interface.

In the same way, musical instruments have as their content earlier instruments,
but more importantly they too have as their content musical technologies of thought such
as scales, tunings and so on; they contain the multiple media or technologies of music.
Scores, instruments, scales, notes, rhythmic and harmonic structures - in short, all that
we use to make and think about music -affect and reinforce each other.

It could be argued that the explorations of environmental sounds and of timbre
in electronic and computer music since the 1950s shifted the interests of acoustic music
composition towards timbral exploration. This tendency is reflected in the work done
by composers like Nono, Ligeti or Stockhausen, to name a few, who worked both with
electronic and acoustic media.

The emergence of voice techniques different from the traditional lyrical, operatic
Western voice is due in part to the emergence of the microphone and its ability to capture
quiet intimate sounds, but also because the sounds that are considered musical material
have changed. Although the same singer might able to sing a work by Monteverdi and
Berio’s Sequenza, the voices used for each piece are different instruments.

A similar argument can be made for the emergence of extended techniques in
acoustic mechanical instruments. Composer Helmut Lachenmann conceives of his mu-
sic as ‘Musique Concrete Instrumentale’ in direct reference to the Musique Concrete
tradition in 1950’s France. Lachenmann believes that composition means instrument
building:

That’s what I mean when I sometimes say, ‘composing means building
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an instrument’. Composing means discovering and revealing a new, in-
vented imaginary instrument. In my case the problem is that such an
imaginary instrument doesn’t exist before I develop it by composing the
piece ((Heathcote, 2002), 340).

The Western Concept of Musical Instrument

Analyzing mechanical musical instruments in the light of McLuhan’s theories
on media, allows us to see the way we conceive musical instruments and their function
within broader musical practices. Understanding the way we construe mechanical mu-
sical instruments also provides us with a framework to understand the way electronic
and computer-based musical instruments work.

Following McLuhan’s outline, I will argue that electronic and computer-based
instruments have as their content mechanical musical instruments. For this reason, we
expect and project onto the former the properties of the latter.

As I will argue, the theremin and the synthesizer are idealized as universal instru-
ments that can be easily played by anyone, that can produce pure sounds of any loudness
and any timbre we desire; the studio and the computer are seen as precise machines that
can accurately perform very complex music and therefore replace human performers
and their instruments. In all cases, composers, theorists and instrument designers at-
tempt to situate or use metaphors from or even alter the composer-performer-listener
model.

Electronic and computer-based instruments are designed, explained and evalu-
ated in terms of mechanical instruments rather than finding what is unique about them.
Naturally, this creates unreasonable expectations (like getting tactile feedback from a
theremin) and when these new media do not conform with the older mechanical media,
they are considered as crippled designs or as a step towards an ideal western instrument

yet to come.
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Margaret Kartomi (1990) introduces the expression concept of instruments, which
she defines as “the dominant or competing views in a society of the meaning and sig-
nificance of instruments as cultural phenomena”. As it follows from the analysis of
mechanical musical instruments as media, the Western concept of musical instrument is
that of a fixed timbre over which pitch, duration and amplitude are articulated. This is
not more than another angle to a premise that has supported western music theory for
centuries, namely, that the elementary building block of music is the note, and that a
note is an abstract set of attributes that consist of pitch, duration, amplitude and timbre.

It is hard to determine if this concept of instrument leads to the idea of note
or vice-versa. As seen earlier, instruments are conceived as standardized passive tools
with no agency over the music that is performed with them. By this logic, instruments
are built and used to realize scores. However, I will argue in this dissertation that in-
struments have agency and therefore their design enables or restricts possible musical
practices or behaviors.

As I have been arguing, mechanical instruments are used to define all instru-
ments and therefore delineate the Western concept of musical instrument. However,
deeper analysis of the evolution of mechanical instruments points to deeper facts about
what these instruments do, or what I’ve been referring as their message.

The first point to be made is that all instruments embody a music theory or in
other words, that they contain technologies of musical thought. Returning to an earlier
idea, mechanical monophonic instruments amplify some of the faculties of the singing
voice, while dampening or even silencing others. However, what is important about
mechanical musical instruments is not what they amplify or silence, but the fact that
they do so.

The second point to be made is that the energy source, the sound-production
device, and the interface can be decoupled. Through this decoupling, these elements of
a musical instrument can be considered independently and therefore the instrument is
not contained in any one object, but in an assemblage. Instruments can be abstracted

into energy, sound-generation, and interface and each of these elements can be modified



and re-combined to form new instruments.
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Chapter 3

THEREMIN: Taming the Wireless
Howl

An invisible plectrum, sounding the music of the ‘spheres’, will come
true in New York next tuesday evening with the first American demon-
stration of the ‘ethereal music’ of professor Leo Theremin. (Lemuel F.
Parton, NY times, 1928. in Glinsky (2000))

In 1927, Lev Sergeyevich Termen or Leon Theremin, began a tour of demon-
strations and concerts through several German cities, Paris and London, finally arriving
in New York on December 20. His new instrument, the etherphone, which would later
be known as the theremin', intruded in the musical world causing a commotion in the
press and attracting the attention of scientists, the cultural elite and the general public.
The instrument provoked passionate reactions, receiving both praise and criticism. Nev-
ertheless, there seemed to be a general sense of awe among the public, captured well
in the words of Andreas Lunas in the Parisian Le Courier Musicale in 1927: “everyone
shivered as if they had seen God inflate the dead instrument with life” (Glinsky, 2000)

The public reaction to the invention exemplified what the music of the future was

expected to be like, and what everyone seemed to agree on was that it would be electric.

T will use theremin, with lower case t to refer to the instrument, and Theremin, with upper case T to
refer to the person.

24
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Although it was not the first musical instrument to use electricity?, the theremin
captivated the attention of much of the Western World, because it operated in an unusual
manner. While it used electricity, it was not operated with buttons, knobs and switches
and although it was a musical instrument, it did not look like any conventional musical
instrument, but instead like a piece of furniture with antennae.

Lev Termen created the theremin around the year 1920, which at the time he
named the etherphone to “‘distinguish it from products of the contact or keyboard
method’ the reference also, of course, was to the ‘ether waves’, an especially trendy
notion in the delirious new era of broadcasting - one the layperson appropriated to ex-
plain and sometimes mythologize, the magic of radio” (Glinsky, 2000).

The etherphone measured capacitance in an electromagnetic field around two
antennae, which was largely understood as a means to sense the distance of the hands to
the antennae. One antenna controlled the amplitude of the sound and the other one the
pitch. By changing the frequency of a variable oscillator that was mixed - or heterodyned
- with a fixed oscillator, it created difference waves that lied in the audible range.

Electric circuits like the theremin had essentially a single configuration and
therefore were not subject to changes, unless modified and re-soldered. Ranges could be
adjusted with variable resistance and ‘timbres’ were chosen through the use of ‘stops’.
Timbre changes were achieved through the use of filters although there isn’t sufficient

information about the nature of these filters:

These effects were achieved by using the inherent irregularities in the re-
sponse curve of the loudspeaker to accentuate different overtones. Filters
for this purpose were turned on and off with five switches located on the
side of the instrument (Glinsky, 2000).

Several expressions of wonder about the instrument alluded to religious, mag-
ical and ethereal qualities. The enchantment that the world experienced from seeing
Theremin make music without touching an object comprised both the message and the

content of electric music.

2In his paper Early Electronic Instruments, Curtis Roads finds 5 instruments spanning 1899-1918
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Thereminvox: the voice and the bowed string

. soon the man and his invention fused, and the papers began referring
to the etherphone as “Termen’s voice” - or the “Termenvox” (Glinsky,
2000).

In its first concert-demonstrations, the theremin was usually performed with
piano accompaniment. Gradually original compositions for orchestra and theremin
emerged, thanks to the birth of theremin virtuosi like Lucie Bigelow Rosen and Clara
Rockmore. The use of the theremin in these contexts, immediately created associations
and comparisons to existing acoustic instruments. The theremin was advertised and rec-
ognized as a musical instrument; for some the instrument of the future, for others an
invention that still had to prove itself. The new instrument provoked questions about the
place it would take in the established musical practice of the era.

Two of the most common associations were to the singing voice and to stringed
instruments. There were several reasons for these associations. First, the theremin pre-
sented pronounced portamento and vibrato, second, it used an unobtrusive (if not in-
visible) interface with hand playing technique. As we will see later, there were other
reasons for the association to the singing voice; it provided an unusually ‘clean’ sound,
devoid of the noises of physical mechanisms, but also, the playing technique required
the performer to continually adapt his actions contingent upon sound feedback.

The thereminist stood on stage without holding an instrument, like a singer
would do, and yet he used his hands to perform like one would in an instrument. Fur-
thermore, pitch was the result of moving through an (invisible) line, like with unfretted
string instruments. As a thereminist, Rosen commissioned several pieces written espe-

cially for the theremin and described the instrument in the following manner:

“When composers ask me what general instruction is needed to write
for the theremin, I would say they should think of a song; a song for an
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archangel’s voice, of five octaves, and incredible power and sweetness,
that can dive to the rich low tones of a cello, and include the thin high
harmonics of the violin; that can be heard in great spaces without effort,
through and above a great orchestra, blending with all other instruments
and voices.” Lucie Bigelow Rosen (Glinsky, 2000)

Portamento and vibrato generated associations with the voice and with bowed
strings, because both instruments had the ability to perform them. These techniques
were associated with expressivity, but also allowed the performer to adjust pitch without
being noticeably out of tune.

The theremin’s characteristic portamento seemed initially inevitable because, to
move from one pitch to another, the performer had to continually traverse the inter-
mediate space. Accomplished thereminists like Rosen and, in particular, Rockmore, a
former professional violinist, fought to avoid the general perception that portamento was
idiomatic to the instrument.

Vibrato was also a perceived characteristic of the theremin. Much like with the
voice and the violin, it was very hard to begin in, or arrive directly at, a specific pitch.
Several music critics often remarked the instrument’s difficulty for precise intonation.
Again, Rosen and Rockmore fought against this perception by thorough practicing.

Both Rosen and Rockmore asked Theremin to make adjustments to the instru-
ment, first, to obtain a faster left hand (amplitude) in order to make rapid attacks; and
second, to increase the pitch range to have pitches closer in space and allow for ‘finger-
work’. Rockmore developed a finger technique that significantly reduced the portamento
effect to a minimum and after years of work on the instrument gave her first recital on

October 27, 1938. The critics reacted:

“Thanks, no doubt, both to the new model and to Miss Rockmore’s mas-
tery of its technique,” the New York Herald Tribune wrote, “the recital
marked a significant forward step in the development of the theremin as
a concert instrument, especially in the swifter pace which it is now able
to attain and the possibility of playing detached notes, as compared with
the too much present portamento and the limitations of speed which were
still in evidence at its last concert demonstration.” ... “That the theremin
can respond cleanly and nimbly in speedy passages when the performer
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has sufficient command of its resources,” the New York Times declared,
“became patent in Miss Rockmore’s agile treatment of the second move-
ment of the César Franck violin sonata, which was taken at as high a
rate of speed as violinists ever adopt for its allegro sections.” for the
Herald Tribune reviewer, “the program showed that the theremin has ac-
complished a marked gain as an artistic medium.” The critic for the New
York Post concluded that the instrument “appears to posses no technical
limits” (Glinsky, 2000).

The theremin did not attempt to change the position of the musical instrument in

the composer-performer-listener model, but to insert itself in it.

Pure Sound

The forcibly continuous changes in pitch and amplitude® made it clear that the
interface and the articulation of the sound of the theremin were inevitably related. How-
ever, the timbre it produced was for the most part independent of the gestures of the
performer. Since the interface was an invisible electromagnetic field around a visible
antenna, no mechanical sound was produced; the interface was silent and the sound
strictly electric.

Public reaction to the theremin often referred to its sound as pure. A critic in
London’s The Daily Telegraph “found the experience ... quite uncanny. The purity of
the tone he extracts is remarkable” (Glinsky, 2000). In New York, the singer Elizabeth
Rethberg praised it in the following manner: “I believe it has a great future in music. It
was surprising to me to find that it had no mechanical tone. It seemed to have a soul. |
could sing with it in duet. I was amazed.” (Glinsky, 2000)

Traditional vocal technique in the western world has tended towards an ideal
of purity and the use of vibrato and portamento in soloist singers is a commonplace

expressive technique. The theremin was commonly associated with a near-sinusoidal

3The theremin could not articulate attacks nor it could make discrete steps of pitch, everything in it
was continuous.
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sound, along with the portamento and vibrato mentioned earlier. The absence of the
mechanical noises of blown air, bows and keys reinforced the association with the voice
as a sound that was pure.

Already in 1922, Theremin had a fingerboard model of the instrument and by
1929, he had developed a fingerboard model commissioned by the conductor Leopold
Stokowski and inaugurated in the same year although not as a soloist, but as part of
the Philadelphia Orchestra. Stokowski thought it was “like a cello, but without strings”
and the composer Joseph Schillinger described it as having an “idealized cello tone”
(Glinsky, 2000).

The ‘fingerboard’ model, in contrast to the ‘space-control’ model, alluded di-
rectly to the cello, not only through its sound, but also through the shape and technique
of its instrument. While the object looked like a cello and the performer acted as he was
playing a cello, it had no strings. The absence of strings represented the transition from
mechanical forms of sound production to electric ones.

However, the sound of the string and the bow were in fact the sound of the cello
and not the “idealized cello tone” of the theremin. In this respect, Schillinger’s allusion
to the ideal appeared to have two consequences. First, that acoustic instruments like
the cello aspire to the purity of tone of the voice and therefore, all mechanical sounds
or noises produced while performing it are “extra-musical”. Second, that electricity is

what allows us to achieve the ideal.

k ok ok

Electric Power

Theremin had already declared that his instrument was loud enough “for 150,000
people to hear” (Glinsky, 2000) and had played it for an audience of twenty thousand
people in Coney Island Stadium.

Schilinger composed the First Airphonic Suite, which constituted the first theremin

concerto. It was premiered by the Cleveland orchestra in 1929, conducted by Nikolai
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Sokoloff and with Theremin himself as the soloist. Music critics were baffled mainly by
the loudness of the instrument rather than by its musical qualities.

New York Telegram’s Oscar Thompson described that “at times [the theremin
was] enveloping the whole orchestra as with a gigantic human voice” (Glinsky, 2000).
The press talked of “colossal outwellings of sound” and of the disturbance of ““seismo-
graphs in every observatory this side of Tokyo”. The orchestra, the Western world’s
largest musical organization was surpassed by “a grave and slender figure in evening
clothes” who “made the slightest motions in front of two bars.” The theremin (and in
some way, the electric realm) was being revealed as a space where the energy input and
the energy output were disproportionate.

Sokoloff described the theremin as occasionally producing “the most unearthly,
ear-splitting shriek” (Glinsky, 2000) which in the first rehearsal caused the first horn to
faint and so did, in the premiere, a large lady in the front row. The New York Times’ Olin
Downes went as far as to say that the theremin having “horribly magnified sonorities”
that preluded “terrifying instrumental days which are just before us”, worrying about
the wellness of “auditory nerves” (Glinsky, 2000).

Violinist Joseph Szigeti noted that “a singer is limited by his lung capacity, and a
violinist by the length of his bow, but there is no limitation of on this instrument.” Once
again, the limitations of the mechanical and physical world seemed to be surpassed.
While the theremin was limited to the amount of time the performer could hold his
hands in front of it, it could well be programmed to play ‘for ever’. In fact, if there is no
body capacitance in the amplitude antenna, the theremin will go forever.

Finally, as noted earlier, the theremin did not have ‘mechanical noises’ because
the sound production circuit was exclusively electric. The timbre of the instrument was
not dependent on any mechanical means of sound production, but on the design of the
circuit.

Electric power allowed for a disproportionate relationship between input and
output energies. “The slightest motions” could indeed create great output, furthermore,

if the performer went away, sound would be as loud as the amplification system would
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allow it. Energy and gesture were therefore dissociated.

k %k ok

Timbre

The theremin had continuous controls for pitch and amplitude, but buttons and
switches for timbre. In some of his many designs, timbre worked through ‘stops’, similar
to the stops of organs.

The RCA theremin, the first commercial model, did not have timbre stops, but
only one timbre. According to Glinsky, “the characteristics of the individual tubes were
designed to allow a pleasing combination of overtones in the sound”. Whether choosing
over a set of timbres as in the first and latest models, or limiting the instrument to one
timbre as in the RCA commercial model, a timbre had to be designed.

This timbre would be “the timbre” of the theremin, or at least of the RCA
theremin. The choice was to create a harmonic sound that alluded to known instru-
ments like the voice or the violin, but even beyond that, it alluded to an ideal timbre.
Theremin told a Chicago Tribune reporter in Paris that he could “produce equally well
the sounds of a violin, an alto or a trumpet. The quality of the sound of my apparatus is
even better than that of the instruments themselves” (Glinsky, 2000).

In his 1927 concert demonstration in London, the press reported not only demon-
strations of violin, cello and human voices sounds, but also of “bellows, moans, child-
like whimperings, a very realistic bleating of sheep, a motor-horn and a factory syren.”
An interesting description came from the Birmingham Post: “some examples of mere
noise . . . highly suggestive of the range of tones obtainable from the ‘taming’ of the
wireless ‘howl.”” The reaction of the audience was of laughter, but Glinsky points us in
the right direction:

The real significance of the instrument was not in the drippy recital of

romantic miniatures they were about to hear. The genuine revolution in
this technology was that the raw materials of sound were now exposed
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and could be molded in every dimension. If electricity could beam voices
and music through the air and transmit moving images, it could also be-
come an architect with the bricks and mortar of sound itself. ... It was
this property, and this property alone, that fired up the critics of vision
in the major cities. Even the most awestruck and deferential reviewers
cautioned that the thereminvox was not an end in itself, but a first step
toward some future horizon (Glinsky, 2000).

As a result of having an identifiable timbre, the theremin not only positioned
itself as a regular instrument, that is, one where pitch and amplitude were articulated
over a fixed timbre, but as one which solved the problem of producing a good quality
sound. Theremin would commonly say things like “If a youth has the spirit of music in
him, he can play with my instrument, in a fortnight, what a violinist can play only after

two years’ training” (Glinsky, 2000).

The Interface

In 1927, Theremin had declared to a New York Times reporter in Berlin, that
“ether wave music is created with a simplicity and a directness matched only by singing.
There is no keyboard to obtrude itself, no catgut, no bow, no pedal, nothing but simple
expressive gestures of the hands” (Glinsky, 2000). Theremin’s remarks were constantly
echoed by the press and were central to RCA’s marketing strategies. Very often, the
public was told that if they could sing or whistle, then they could easily learn to play the
instrument.

The RCA advertising brochure went as far as to predict that the instrument was
“destined to be the universal musical instrument; people will play it as easily, and natu-
rally, as they now write or walk.” The German press had even declared that the theremin
“shortened the path from the brain of a human being to matter” (Glinsky, 2000) to reflect

on the directness with which theremin performance was perceived.
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However, the instrument was extremely hard to play. Because the instrument
worked not by sensing the hand, but capacitance in an electromagnetic field, any move-
ment the performer made affected this capacitance. Clara Rockmore told Theremin “you
can hardly breathe on that instrument without affecting something,” (Glinsky, 2000) and
later stated: “you cannot register any of your internal emotion at all. You cannot shake
your head, for instance, or sway back and forth on your feet. That would change your
tone” (Glinsky, 2000).

The interface was literally invisible except for the referential position of the an-
tennae. What actually controlled the sound was capacitance in an invisible electromag-
netic field, a fact that rendered the instrument both spectacular and magical, as well as
extremely hard to play.

Again, a transition from the mechanical to the electric becomes manifest. The
transition to electric organs was not as traumatic as with the theremin, because although
it provided a different kind of feedback, the interface remained the same and with it the
music that keyboards were expected to produce.

But with the theremin all references to the traditional interfaces disappeared;
there was no key, string, catgut, bow, pedal and therefore no tactile feedback. The per-
former was expected to develop his own technique and to adjust, by auditory feedback
and practice, the way something was to be played. It was this fact which provoked the
metaphors to singing and whistling: continuous adaptation through feedback.

The theremin space-control model based on the two antennae is certainly the
most well known. But the interface had several variations. Goldberg, an assistant to
theremin, had developed a version with pedals to control amplitude and a series of but-
tons to control articulation. Theremin himself also built the fingerboard model described
above, a keyboard model, and his terpsitone, a floor surface which was to be played by
dancing. All of these models used the heterodyning principle and so did the inventions
of Miger, Givelet, Martenot and several other instrument builders of the time. In fact,
public disputes about who had invented what and legal debates about patents surfaced

repeatedly.
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The interface was separate from the sound production mechanism, or in other

words, many interfaces could have the same sound.

k ok ok

A Market, A Standard

At the time, the press would talk about ether wave music, and only gradually
adopted the term electric music. Theremin’s lecture-concerts attracted artists, scientists
and the cultural and economic elite; he performed in established concert-halls and pri-
vate gatherings, while being able to attract thousands of people to Coney Island Stadium.

This quasi-hypnotic effect of the instrument, its ability to attract large crowds,
the immediacy of a pleasing timbre and its associated ease of performance, added to the
prospect of low fabrication costs, entertained the idea of commercial success. Seizing
on the opportunity, in March 12, 1929, Theremin signed an agreement with RCA to
develop a commercial version, and on September 23 the RCA Theremin was announced
and sales began.

The RCA Theremin had a fixed timbre and pitch range and represented the first
mass-produced, standard version of the instrument. Standardized models allowed for a
recognizable instrument.

RCA expected to sell theremins for every home. They produced a first set of
500 instruments to test the market and although all of the units were sold, it generated a
loss due to patent costs paid to Theremin and to merchandising expenditures. However,
problems springing from technical malfunctions, legal suits about patent violations, and
the beginning of the depression era, prevented them from pursuing the instrument’s
commercialization any further.

Glinsky was able to track an internal document from George H. Clark, manager
of RCA’s show division to “RCA executives summarizing his observations at radio fairs,

based on discussions with the public” and provides us with an analysis of his own:
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Premised on my firm belief that we could make the Theremin a home
musical instrument of great acceptability to the public - in addition to
the apparent present plan of having it a high-grade orchestral device - |
suggest the following:

1. That such a home device be made so that the player may operate
it while he or she is sitting.

2. That a control natural to the average person be used, i.e., that the
hand be moved to the right for a note, or, in the piano analogy, that the
hand be moved to the right for a hight note, and vice versa.

3. That some scale be provided for indicating specific notes.

4. That some form of control be added whereby finger playing may
be substituted for hand-waving. ...

7. That a form be developed wherein volume control is taken away
from manual operation, both hands thus being left free. A second oscil-
lator to be furnished, with hand control, so that two-part music can be
obtained.

Clark also recommended an automatic means for creating vibrato,
“thus reducing the effort of playing and leaving the mind free to concen-
trate on note production.”

As Clark systematically dismantled the qualities that made the theremin
unique, he essentially wound up with an electronic organ and discovered
in the process that the American public leaned toward conventional elec-
tronic keyboard instruments. These kinds if devices were growing in
popularity anyway, and they began to point the way for commercial suc-
cess in the field of home electronic musical instruments. Clark, perhaps
without fully realizing it, had begun to sound the death knell for the RCA
Theremin (Glinsky, 2000).

While RCA stopped producing the theremin, the 500 units that had been sold up
to 1930 had created a market, perhaps not as massive as the one they had envisioned.
People all over the US played the theremin in all sorts of social events. Several posts in
the New York Times’s Classified Ad or Public Notices section featured announcements
of people looking to buy and sell theremins, as well as thereminists offering their ser-
vices as entertainment, generating a small scale economy for the instrument. Its later use
in movies, radio, TV shows and certain successful LPs managed to keep the theremin in
the imaginary of the public and therefore kept interest in the instrument.

The absence of a mass commercial manufacturer opened the door to individ-

ual people to make their own versions. The instrument boiled down to several similar
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schematics, which the builder could appropriate and change. The schematics were oc-
casionally published in electronics magazines, including a 1949 article used by Robert
Moog to build his first theremin, and a 1954 article by Robert Moog published in Radio
and Television News (Glinsky, 2000) (Pinch and Trocco, 2004) with his own version
of the instrument. At this time, Moog became a small-scale theremin builder, hand-
building each unit upon order and offering the first commercial model in 15 years. Moog
began to improve the theremin offering different models, some of which included an
“overtone selector” and a “synthetic formant”.

A mass produced theremin would not have generated the success that electric
organs did. However, a different “product” would prove more able to establish to the
market: the schematic. From that moment on, a person with electronics skills could

build his own version of an instrument instead of buying it.

k ok ok

Universal Instrument

In the mid 1920’s the Russian press wrote in reaction to a theremin demonstra-
tion: “The problem of producing the ideal instrument is solved.” Electric instruments
were often perceived as the route to reaching a universal instrument. For RCA, it was
the instrument every one could play: “A child .. an elderly lady ... a skilled musician ...
a blind man ... all can learn to play this incredible instrument with exactly the same fa-
cility!” (Glinsky, 2000). There also seemed to be a perception that electric instruments
would be able to reproduce the timbre of any instrument and therefore all acoustic in-
struments could be replaced.

The instrument led to comments from the Russian press on the lines of “a mu-
sical tractor coming to replace the wooden plough”, or “Termen’s invention has done
almost what the automobile has done for transportation” and members of the audience

saying “We might as well throw our violins aside” (Glinsky, 2000).
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As a consequence of these ideas both Theremin and Stokowski began think-
ing of an electric orchestra whose instruments would, in Theremin’s view, “have the
sound character of the various orchestral instruments.” Stokowski believed this orches-
tra would “begin a new era in music, just as modern materials and methods of construc-
tion have produced a new era in architecture, of which the sky scraper is one phase.” In
his view the electric instruments would be added “to the present orchestra only for the
music of the future” (Glinsky, 2000).

Theremin went on to create a fully electric orchestra called the Theremin Elec-
tronic Symphony Orchestra which had its first performance on April 1, 1932. On March
27, the New York Times reported that “because a variety of timbres can be obtained at the
will of the performer, only sixteen instruments are needed for full orchestra.” Stokowski
was forced to postpone his plans because of objections from the union.

Theremin had even a more radical vision for the electronic orchestra: “The time
is coming when an entire orchestra will play without instruments. Then, before each
musician there will stand only a music stand with music and on it two antennae, and
through waves of the air an entire orchestral work will be played - string, winds, drums
- all” (Glinsky, 2000). Again, the idea of a universal interface that could perform any

timbre was recalled.

Social Construction

The reactions of the press and the general public often included the words un-
canny, mysterious, unearthly and otherwordly. The once praised purity of its sound,
devoid of the noises that linked sounds to the physical, mechanical world, suggested
that they were in fact the sounds from some other world. Even the sounds of the electric

world of radio and the phonograph had a documentary character; that of storage and
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transmission of the sounds of this world, but electronically generated sounds, like that
of the theremin, had the quality of the non-physical or “super-natural”, which in the
popular imaginary meant outer space or inner space as psychological states.

Composer Miklos Rozsa used the theremin for the soundtrack of the 1945 movie
Spellbound by Alfred Hitchcock which was received with great success. Thereafter,
Dr. Samuel Hoffman became the thereminist of choice for science-fiction and thriller
movies, reaching the status of “Man of the Week” in 1950. In Glinsky’s words:

The sound relegated the theremin to a specialized music tool, like an

infrequently played percussion instrument, and not the all-purpose ex-

pressive medium Theremin hoped it would become. The instrument be-

gan to be typed in the popular imagination as a harbinger of the strange

and weird - associated with a world outside the boundaries of everyday
emotional experience (Glinsky, 2000).

The Micro-Tonal Promise and Alternative Paths

Most inventors of electrical instruments have attempted to imitate eighteenth-
and nineteenth-century instruments, just as early automobile designers
copied the carriage. ... When Theremin provided an instrument with
genuinely new possibilities, Thereministes did their utmost to make the
instrument sound like some old instrument, giving it a sickeningly sweet
vibrato, and performing upon it, with difficulty, masterpieces from the
past. Although the instrument is capable of a wide variety of sound
qualities, obtained by the turning of a dial, Thereministes act as cen-
sors, giving the public those sounds they think the public will like. We
are shielded from new sound experiences (Cage, 1961).

Most instrument builders and composers in the Western world saw in electric
instruments a way to create micro-tonal music. Theremin told Walter Kaempffert from
the New York Times that his “apparatus frees the composer from the despotism of the
twelve-note tempered piano scale, to which even violinists must adapt themselves. The

composer can now construct a scale of the intervals desired. He can have intervals of
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thirteenths, if he wants them. In fact any gradation detectable by the human ear can be
produced” (Kaempffert, October 5, 1927).

In a dominating system where pitch was the most significant aspect of a sound,
micro-tonal music promised an unexplored terrain for pitch relations. Yet it was not this
feature that attracted experimental composers of the time.

Edgard Varése used two fingerboard theremins built by Theremin himself in his
piece Ecuatorial premiered in 1934. The theremins are used throughout the piece using
the full register, glissandos are commonly used and vibrato is hardly heard. In the
absence of fingerboard theremins in the 1950’s, Varése re-scored the piece for two ondes
martenot.

In 1935 Percy Grainger adapted his Free Music No. 1, originally for string quar-
tet so it would be played by theremins and wrote Free Music No. 2 for six theremins.
His works essentially explored the glissando feature of the theremin. But he had other

ideas in mind:

Too long has music been subject to the limitations of the human hand,”
he wrote, “and subject to the interfering interpretations of a middle-man:
the performer. A composer wants to speak to his public direct. Machines
(if properly constructed and properly written for) are capable of niceties
of emotional expression impossible to a human performer. That is why [
write my Free Music for theremins - the most perfect tonal instruments I
know. (Grainger in Glinsky (2000))

He envisioned and even planned with Theremin the construction of automated
models of the instrument. Grainger joined with these statements a group of composers
interested in automatic performance, another ideal projected onto technology since the
mechanical age. Henry Cowell had been working with Theremin on an instrument that
was able to automatically play multiple complex polyrhythms at the same time, using
different frequencies from the harmonic series, called the Rhythmicon. Automation took
a new role in the electric age. The theremin not only created visions of music without

instruments, but of instruments without performers.
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Conclusions: The “message” of the theremin

The Birmingham Post’s expression “‘the ‘taming’ of the wireless ‘howl™ cap-
tured the ethos of the history of the theremin. Taming in this sense meant that the
resources made available by electronic (mainly radio) technology would be made to
comply with the idea of music of the beginning of the XXth century and the Western
concept of musical instrument; in short, articulating pitch, amplitude and duration over
a fixed timbre. The theremin’s occasional malfunctions in the form of “loud, unearthly
shrieks”, that is, the untamed, sporadically announced the possibilities that lay under-
neath the controlled environment that Theremin had constructed.

The separation of energy from gesture, of the sound production device from
the actions of the performer, and the introduction of an invisible interface, opened new
spaces of action. Part of the theremin’s “message”, as we will see later, was that the
gestures that were converted into two voltages that controlled pitch and amplitude, were
but one of the many functions a gesture could have; many “pure tones” were yet to be
discovered. What the theremin had missed by dedicating time and effort in imitating the
instruments of the past now opened unexpected paths.

But these new paths were only possible because of the imitation of the instru-
ments of the past. This is what made the theremin such a strong medium. The popularity
of the instrument and of the inventor himself were the catalysts of future changes. In
other words, what attracted the great audiences of the 1930’s was the lure of attaining the
ideals of Western music: the pure tone, the loudness that the orchestra and organ did not
achieve, the instrument everyone could play, the possibility of realizing all timbres in
one device, a mass market; in short, the appearance of a new medium that would match
and surpass what music media had allowed until then. What they got was a schematic.

The schematic, a graphical representation of an electric circuit, converted the
instrument into a code for exchange of information and a source of technological in-
novation. Theremin himself had appropriated schematics and techniques from radio

technology, including De Forest’s Audion, Armstrong’s use of it as an amplifier, and of
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loudspeakers. De Forest’s claims of patent violations by the RCA theremin was one of
the reasons RCA discontinued production of the instrument.

What the schematic opened up was the possibility of not only reconstructing the
theremin, but of modifying it and/or recombining it with other electric devices; in short,
it opened up the doors (0) for the exact replication of the instrument, (1) for converting
physical forces such as human gestures into voltages, (2) for any voltage to control any
other voltage, any device to control any other device, (3) for making these processes

audible and (4) to convert these processes into a schematic too.



Chapter 4

TAPE: The Sounds of Instruments
Never Built

The two founding currents of electronic music in the 20th century were Elektro-
nische Musik in Germany and Musique Concréte in France!. The former was associated
with a formalist tradition concerned with principles of sound organization of synthe-
sized sounds, while the latter was associated with a spectralist tradition concerned with
timbral manipulation of recorded sounds.

In both currents, the unifying technique was the use of magnetic tape as a storage
medium to fix sound. Fixing sounds on tape had multiple functions.

One of its functions was to serve as a buffer between the processes used to build
a sound. For example, if one wanted to build a sound consisting of 30 sinusoids with one
sine wave generator, each sinusoid would have to be recorded independently and then
mixed. If only a four-channel tape recorder was available, intermediate mixes would
need to be made in order to achieve the final mix. If the composer wanted to filter the
30 sinusoids, a tape containing the mix would be used to play it through the filter, while
recording the resulting sound on another tape. We can think of this process as buffering,

or temporal storage, in between processes that are perceived as happening at the same

T will use the terms Elektronische Musik and Musique Concrete to refer to these practices instead of
the term electronic music which I will reserve for broader mea