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PREFACE 

Introduction to Electro-Acoustic Music is a book about a kind of music com
posed since 1945. The book differs from other volumes on "electronic 
music" in several ways. It is a book about music and is the first work to in
clude numerous descriptions of significant compositions available on record. 

This book is intended for people who want to learn more about a 
music that is made differently, and often sounds differently, from instru
mental music composed during the same period. The author assumes no 
technical expertise nor does he dwell on the technology associated with 
electro-acoustic music. He gives only enough technical information to enable 
the reader to understand the new tools composers and performers have used 
in recent years. The author wants you to hear what he hears in electro-
acoustic music—to understand the musical ideas and intentions of the 
creators of this music. 

In most rapidly developing art forms artists influence each other-
build on, and transform each other's ideas. This process has been accelerated 
in electro-acoustic music through the use of technology, which itself is 
changing rapidly. For this reason the author employs an historical approach 
to his subject. With each new direction taken, the author explains how cur
rents of musical thinking interact with new technology. Did composers try 

xii i  
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something different because they encountered new machinery? Or did new 
ideas about music force them to look for, and in some cases actually invent, 
new instruments? 

The passing of time results in an aesthetic distance that has recently 
shed new light on the literature of electro-acoustic music. Two observations 
stand out. First, many unmusical works have been, and continue to be pro
duced by individuals who come to the field because of a fascination with the 
technology alone. The tendency to let the equipment dictate musical ideas is 
at first hidden by "newness." The passing of time exposes the absence of 
musical content in these works and we are able to identify those composi
tions that have musical value which transcends the technology employed. 

This realization leads to a second observation, a personal one. Com
posers continue to produce significant works using the older techniques. 
Musique Concrete, analog synthesis, and so on, remain as viable a medium 
for the composer as the human voice and the string quartet. Luciano Berio 
feels differently. Toward the end of this book he declares "that the elec
tronic tape piece is dead." This is hardly a new idea. In 1970 Steve Reich 
wrote that "electronic music as such will gradually die and be absorbed into 
the ongoing music of people singing and playing instruments." 

Although the development of sophisticated live-performance instru
ments for electro-acoustic music is moving quickly, most of the music heard 
!!!• ,,^?Stem WOrld is Produced ^ the recording studio and not performed 

we. The techniques used in much commercial music are largely the same 
as those used in tape music. I suspect Reich is correct in one sense: Musical 
style is increasingly less dependent on technology. We have music: Some 
of it is performed live and some of it is recorded. This distinction does make 
a difference but it is no longer the major influence on musical style. 

o be able to listen intelligently to electro-acoustic music gives one 
HpthGP unders^"dinf of the evolving culture of the second half of the twen
tieth century. The following pages will enable the reader to take this step. 

Jon H. Appleton 

Dartmouth College 
Hanover, New Hampshire 
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1 
INTRODUCTION 

THE TERMINOLOGY 
OF ELECTRO-ACOUSTIC MUSIC 

The world of electro-acoustic music is larger than many people imagine. 
There are many regions and subregions, and perhaps as many styles as there 
are composers in the field. The term electro-acoustic music refers to any 
music that is produced, changed, or reproduced by electronic means.1 By 
this definition, as Milton Babbitt has remarked, the playing of a phonograph 
record could technically fit into the category of electro-acoustic music. The 
definition of electro-acoustic music is so broad that it serves only to distin
guish such music from acoustic music, music produced by naturally resonat
ing bodies. While a pipe organ, for example, produces sound acoustically, a 
Yamaha organ produces sound electronically. 

Since electro-acoustic music is such a general designation, several 
other terms have come into use to refer to specific means of production and 
particular sound sources used in the composition of electro-acoustic music. 

1 Electrophonic music is a seldom-used British term having the same meaning as 
electro-acoustic music. 

1 
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Musique concrete refers to any electro-acoustic music that uses acoustic 
sounds as source material. If one took music played on a piano, which is an 
acoustic instrument, and recorded and changed certain aspects of the sound 
by means of a tape recorder, the resulting composition would be classified 
as musique concrete.2 The term musique concrete was coined by Pierre 
Schaeffer in 1948. His work is discussed in Chapter 2. 

Electronic music refers to music in which the source, or original, 
sound material has been electronically produced. This is usually done with 
electronic oscillators that produce an electrical signal that is changed into a 
physical vibration by means of amplifiers and loudspeakers. Synthesizers 
are integrated systems for creating electronic music. They contain oscillators 
for producing electronic signals as well as several other devices for modifying 
the quality of the sound. Buchla, Moog, and Arp are among the more com
monly known makes of synthesizers, although there are many other manu
facturers. 

Computer music is a type of electronic music in which a computer 
is used to generate the sound material.3 In the computer music studio, the 
composer usually sends information to the computer by means of IBM cards 
or a computer terminal. The computer then translates this information into 
binary code that is recorded on a magnetic tape or disk. Through yet another 
process of translation, the information is recorded on a conventional tape 
recorder and can be reproduced as sound. 

Electro-acoustic music compositions can contain both musique 
concrete and electronic music material. In this instance, neither term satis
factorily describes such work. In 1952, Vladimir Ussachevsky remedied this 
problem by creating the term tape music, which refers to a composition that 
uses recorded sound material whether it is acoustic or electronic in origin. 
Since tape music depends on tape recorders for the recording and reproduc
ing of sound material, tape music composition is almost always done in an 
electro-acoustic music studio. Studio composition is one of the most impor
tant developments of twentieth-century musical practice. Studio composi
tion differs from traditional compositional practice in that the composer 
produces the final result, the sounding music, by himself. There is no live 
per ormance, in the traditional sense, of a tape composition. When some 

m of llve Performance of electro-acoustic music does occur, the work is 
an example of live /electronic music. 

Live/electronic music usually refers to one of three situations. It may 
esignate a performance of electronic music in which all of the music is 

chang<f^peed^chan^3^°hS manipulation techniques, such as direction 
niques are dfscnjss^fn Part jjSp in*>- These and other tape manipulation tech-

instrurrfentsCwithUthe Hid*HfHhTHt,mes.use? to ^scribe music composed for 
Since this is not strietlv p1*> t he.computer in making compositional choices. 
book. "y electronic music, this designation is not used in this 



3 INTRODUCTION 

produced live by synthesizers or other electronic instruments. In this situa
tion, no prerecorded sound material would be used. This is often referred to 
as a real-time performance, which means that the composition is performed 
in the same amount of time that it takes to hear it. This is very different 
from an electronic music work composed in a studio; such a composition 
usually takes much more time to create than it does to hear^nother mean
ing of live/electronic music is the live performance by one or more per
formers using acoustic instruments or voice, along with a prerecorded tape.4 

Still another definition of live/electronic music could be a combination of 
acoustic instruments with real-time electronic performance. Since the term 
live/electronic music is so ambiguous, concerts are usually labeled as to their 
exact presentation, such as "music for live electronics," "music for instru
ments and tape," and "music for live electronics and instruments." Other j 

combinations are also possible, such as live and prerecorded electronic music, 
and live instrumental music modified in real-time by prerecorded electronic 
material. 

The terminology of electro-acoustic music originated and developed 
with the music itself. This has unavoidably resulted in some confusion 
to the entire field of electro-acoustic music instead of just music using 
electronically generated sound. Even the Library of Congress catalog seems 
confused on this issue, sometimes placing a musique concrete composition 
under the electronic music classification. The chart shown in Figure 1-1, 
while in no way complete, will serve to put the classifications of electro-
acoustic music that have been discussed into proper perspective. 

Electro-Acoustic Music 

Tape Music Live/Electronic Music 

Electronic Music Musique Concrete Music for 
Live Electronics 

Music for Tape 
and Instruments 

Music for 
Electronics 

and 
Instruments 

Synthesizer Computer 
Music Music 

Figure 1-1 Types of Electro-Acoustic Music. 

4 This is sometimes referred to as live plus electronic music. 
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There are several other subclasses of electro-acoustic music. These are 
discussed in later chapters. 

THE PLACE 
OF ELECTRO-ACOUSTIC MUSIC 

Since the early 1950s, when the first musique concrete and electronic music 
studios were established, interest in electro-acoustic music has grown rapidly. 
Today most colleges and universities with music departments have electronic 
music studios, and a few schools offer majors in electro-acoustic music com
position. Many radio and television productions use electronic music, and it 
is not unusual to find electro-acoustic music in scores composed for major 
films. Electro-acoustic music has been composed for ballet and theater pro
ductions and can often be heard in art galleries and museums accompanying 
many different kinds of showings. Morton Subotnick composed electronic 
music specifically for use in elevators.s 

Why do so many composers work with electro-acoustic music? The 
answer is that electro-acoustic music presents new resources for the com-

{poser to explore. Composers have always been interested in extending their 
compositional resources. When Cristofori invented the pianoforte in 1709, 
composers were presented with new compositional possibilities. Because 
composers such as C.P.E. Bach explored the possibilities of the new instru
ment and wrote for it, the piano eventually replaced the older harpsichord 
and clavichord. Every existing musical instrument was new at some time and 
presented composers with a different technology. Electro-acoustic music 
systems and instruments are simply the most recent development in the 
technology of musical sound. 

But electro-acoustic music represents more than new instrumental 
possibilities; it also presents new ways of thinking about music. New timbres 
can be created by processing acoustic or electronic sound. Timbres can be 
changed or transformed into totally different sounds. Rhythms too difficult 
for human performers can be easily realized by electronic means. Sounds can 
move from speaker to speaker in any manner a composer specifies, thus en
larging the physically spatial aspect of music. 

Many composers like the medium of electro-acoustic music because 
of the control it allows them over their work. A comnnspr wnrlrino in an 

or years in order to 

of the passengers. 
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hear a performance. This instantaneous feedback allows composers to 
develop their ideas as well as their compositional maturity. 

L I S T E N I N G  T O  E L E C T R O - A C O U S T I C  M U S I C  

Even though the instances of electro-acoustic music are constantly increas
ing, many people continue to have a stereotyped notion of what it is. The 
term electronic music may bring to their minds associations of "spacey" 
sounds or science-fiction film sound effects. In the early days of electro-
acoustic music this association did not seem uncalled for, since both elec
tronic music and "outer space" represented unknown regions to most people. 
The electronic music score composed by Louis and Bebe Barron for the 
1956 MGM film Forbidden Planet popularized this notion, since it was many 
people's first experience with electronic music. To other individuals, 
electronic music may be simply "bleeps and bloops" that they have heard as 
sound effects in some commercial or film. Still others may think of Switched 
on Bach as typifying the sound of electronic music. 

To say that a work of music is electronic music does not describe it 
any more than to say that a work written for orchestra is orchestral music. 
Both designations describe the means used to produce the sound. If one had 
heard only one orchestral work, one might suppose that all orchestral music 
sounded like that work. If that orchestral performance was heard in associa
tion only with dancing, one might suppose as well that orchestral music 
was only suitable as an accompaniment to dance. While these examples may 
seem rather ridiculous, people with limited conscious experience of electro-
acoustic music are often so uninformed. 

The fact is that the types and styles of electro-acoustic music are just 
as varied as are those of orchestral music, if not more so. While the Barrons' 
score for Forbidden Planet is an effective science-fiction film score, and 
Walter Carlos's Switched on Bach is a good transcription of Bach for the 
Moog Synthesizer, neither of these examples typifies electronic music any 
more than Ravel's Bolero represents all orchestral music. 

The listener who begins to explore the world of electro-acoustic 
music will find a surprising array of music styles. The differences that exist 
from work to work are due primarily to the different ideas and aesthetics of 
the composers. This is as true for electro-acoustic music as it is for all con
temporary art music.6 Many listeners experience difficulty in comprehend-

6 Music can be divided into two general categories: folk music and art music. 
The distinction is made on the basis of the knowledge required to compose 
the music. The techniques and concepts of art music require special training 
and usually necessitate formalized education, while those of folk music can be 
learned by rote and generally demand less technical proficiency. Using this defi
nition most popular music is folk music, although there are certainly many gray 
areas that are difficult to label. Although there is a great deal of contemporary 
popular electronic music, it is not dealt with in this volume. Therefore, when the 
term "contemporary music" is used in this book, it refers to contemporary art 
music. 
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ing a certain composition because they are not familiar with the context of 
the piece. The context of older or more conventional music seems "natural" 
to most people because they have experienced it from childhood. To under
stand music that exists within a different framework requires a conscious 
learning experience and some effort on the part of the listener. For those 
who are open to new ideas and are willing to accept new thoughts, the world 
of electro-acoustic music holds exciting and rewarding discoveries. 
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2 
PIERRE SCHAEFFER 
AND THE ETUDES 
OF 1948 

T H E  B E G I N N I N G S  O F  M U S I Q U E  C O N C R E T E  

The exact beginnings of musique concrete are difficult to pinpoint. In order 
for musique concrete to come into existence, it was first necessary to be able 
to record sound information. By 1930, the phonograph and the optical 
sound track for film had been invented and developed to the point of practi
cal use. Several composers and film-makers experimented with these record
ing mediums: In 1928 Walther Ruttmann composed a sound track montage 
for film without visuals; during 1929 and 1930 Paul Hindemith and Ernst 
Toch produced several short phonograph studies; and between 1933 and 
1937, Arthur Honegger and other composers manipulated sound tracks for 
their film music. Most of these and other early experiments in the manipula
tion of recorded sound have been lost or largely forgotten.1 It is not until 
1948 that we begin to have a continuous and recorded history of musique 
concrete, a history that begins with the works and ideas of Pierre Schaeffer. 

1 For a discussion of these and other early experiments in electro-acoustic music 
see Otto Luening, "Origins," in The Development and Practice of Electronic 
Music ed John H. Appleton and Ronald C. Perera. (Englewood Cliffs, NJ: 
Prentice-Hall, Inc., 1975), pp. 1-21. 

9 



10 musique concrete and tape manipulation techniques 

Pierre Schaeffer (b. 1910, Nancy, France) received diplomas from 
L'Ecole Polytechnique and L'Ecole de Telecommunication de la Radio-
Diffusion-Television Franqaise and began his professional life as a radio 
engineer and broadcaster. He had been working with the R.T.F. in Paris 
when, early in 1948, he conceived the idea of "a concert of locomotives": 
a musical work based on train sounds.2 Schaeffer had at his disposal the 
resources of the R.T.F. studios: phonograph turntables; phonograph disc 
recording devices; mixers, allowing him to combine two or more audio 
signals into one; and the considerable library of sound effects records owned 
by the studio.3 

THE ETUDES OF 1948 

Schaeffer spent several months experimenting with the technology available 
to him. He discovered that he could record sound material on locked-
groove discs that repeated instead of spiraling inward like normal phono
graph records. These locked-groove discs allowed him to make loops of 
sound that created repetitive rhythmic patterns. 

Using these techniques and sound effects recordings of trains, 
Schaeffer composed the Etude aux chemins de fer, the first piece of musique 
concrete, in April 1948. This three-minute work contains various train 
sounds, wheels clacking along the track, steam escaping from the boiler and 
cylinders, whistles calling out various signals. 

• .S?jtef*er decided to cal1 his work musique concrete because of the 
ways it differed from "traditional" music. Instrumental music, he noted, 
was "abstract": 

The qualification of "abstract" is used to describe ordinary music 
because it is first conceived of in the mind, then notated on paper, 

finally realized only by instrumental performance. Musique 
which 0nK °ther hand' begins With Pre"exist'ng sound elements, 
tahv w TS1C, °f n°iSe- These elements «"> then experimen-
a rJJtTf fh 3 m°ntage is created. The final composition is 
a result of these experiments and the ideas contained in the sketches 

SePXei9S5C2h)aeperi8^ tLToo^ ™US'9"e con^te (Paris: Editions du 

Telegraphon)ase^ry\s°189rahnaddtheMr,bed a<3m.®gnetic recording device (the 
in 1933 and the AEG Magnetophon in re<jorder had been invented 
cient steel tape and were not itf 1935» they used cumbersome and ineffi-
was developed at the end of th q mo" c°mrnercial use. Plastic recording tape 
able until ?he early 1950saSLfc"!? W°rld ™ar,but was not readily avail-
playback facilities in 1948 and did Hkt had on,y disc recording and 
change that caused himsomet8Pe reC°rdCTS Unt" 19"' 8 
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for the work. These sketches, however, cannot resemble traditional 
music notation.4 

Thus, according to Schaeffer, "traditional" music begins with asbstract ideas 
that become concrete only in performance, while his "new" music starts 
with concrete material that is made abstract during experimentation and 
composition. 

By Schaeffer's own admission, traditional music notation is of little 
or no value in composing musique concrete.5 Yet he found it necessary and 
helpful to produce a structural sketch for Etude aux chemins de fer. This 
sketch, shown in Figure 2-1, demonstrates Schaeffer's compositional think
ing at the time as well as the inseparable link between the music and the 
technology. 

One of the first things one notes is that the sketch is laid out in series 
of events. Series I is followed by the same material presented backwards, 
1/1. This retrograde motion may be evidence of the influence of twelve-
tone procedures.6 Other devices used in the construction of this Etude are 
palindrome constructions (system 6), overlapping (systems 7 and 8), and 
variations of original material.7 

Perhaps the most important feature of this sketch is the way it 
reveals Schaeffer's use of repetition. The locked-groove disc technique was 
Schaeffer's most important tool: It allowed him to create repetition and, 
therefore, rhythmic and metric patterns. The Arabic numerals below the 
lowercase letters on the first system represent meter signatures. Thus frag
ment al is a measure of 4/4, fragment bl, a measure of 3/4, and so on; 
lowercase e, f, and g are "pinpoints" of sound, although it is not clear how 
they differ from a 1/4 measure unless a change in tempo occurs. Since these 
metric measures are repeated to create the larger fragments (AI, BI, etc.) and 
each fragment is restated in a series retrograde or variation, the basic princi
ple of construction of ttude aux chemins de fer is repetition. This constant 
use of repetition is a result of Schaeffer's technical resources, the sound loop 
technique being his main device. It is impossible, therefore, to separate the 

4 Schaeffer, A la recherche d'une musique concrete, p. 35. 
5 The notation of electro-acoustic music is as much of a problem today as it was 
in 1948. 
6 It is not within the scope of this book to deal with twelve-tone and serial 
music For the reader who is not sufficiently acquainted with these ideas, a 
pooH exDlanation is to be found in Eric Salzman's Twentieth-Century Music: 
An Introduction (Englewood Cliffs, NJ: Prentice-Hall, Inc., 1967), pp. 112-141. 
Schaeffer does make reference to twelve-tone techniques with regard to the 
scheme for £tude aux chemins de fer in Pierre Schaeffer, "Introduction a la 
musique concrete," Polyphonie, 6 (1950), 50. 
7 The use of the term system in this context is the same as that for traditional 
music scores. See Gardner Read, Music Notation, 2nd ed. (New York: Taplinger 
Press, 1969), pp. 37-38. 
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staff was invented to accommodate the needs of organum; but once this was 
achieved, the new technology of the staff allowed for the development of 
polyphony, which then made further developments of notation necessary. 
Schaeffer's ideas about using train sounds as musical material depended upon 
using the recording technology of the time. This technology partially dic
tated the compositional procedures, aesthetics, and theories that led to the 
completed work. 

Schaeffer's next work of musique concrete was the Etude aux 
tourniquets. The sound sources for this piece were two "tourniquets" (toy 
whistling tops), a xylophone, three "zanzis" (African finger pianos), and 
four small bells. Since all of the sounds are clearly pitched, this etude re
sembles traditional music more than the titude aux chemins de fer, the result 
being that of a tiny toy orchestra. The locked-groove repetitions are again 
prominent, but Schaeffer expanded his technical vocabulary. By playing 
back recordings at various speeds, he discovered that reproducing a recording 
at a slower or faster speed not only changed its pitch but also created inter
esting timbral modifications. 

Schaeffer composed three more etudes in 1948: titude uiolette, 
ttude noire (both for piano sounds), and fitude aux casseroles, also called 
Etude pathetique. Of the five etudes, Etude aux casseroles contained the 
largest number of sound sources: saucepan covers twirling on a table top, 
accordion and harmonica sounds, the chanting of monks, Balinese music, 
the chugging of canal boats, piano sounds, and sounds of the human voice, 
including coughing. 

On October 5, 1948, the five etudes were broadcast over the French 
radio under the title "Concert de Bruits." This "concert of noises" was the 
first public presentation of musique concrete. As might be expected, the 
audience reaction was mixed. Schaeffer received dozens of letters offering 
him congratulations, criticisms, and, of course, advice. The Etude aux 
casseroles proved to be the favorite.9 

T H E  I M P O R T A N C E  
O F  S C H A E F F E R ' S  W O R K  

It is difficult to assess the originality of Schaeffer's early work. He was aware 
of the much earlier work of Luigi Russolo and the futurists who presented 
concerts of "noises."10 He also knew of John Cage's work with prepared 
piano. Schaeffer does not note any of the previous experiments in sound 
manipulation, and it is plausible that he rediscovered the results of previous 

9Schaeffer, A la recherche d'une musique concrete, p. 32. 
10 As early as 1914 Russolo and his followers had presented concerts using such 
noise instruments as buzzers, exploders, howlers, roarers, and shufflers. For an 
excellent discussion of the Futurist movement, see Rosa (Trillo) Clough, Futur
ism: The Story of a Modern Art Movement: A New Appraisal (New York: 
Greenwood Press, 1969). 
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experiments. But the importance of a work of art does not rest solely on its 
novelty. 

Speaking of Etude aux chemins de fer, Lowell Cross makes several 
valuable observations. 

The significance of Etude aux chemins de fer results from the follow
ing attributes: 1) the act of composition was accomplished by a 
technological process, 2) the work could be replayed innumerable 
times in precisely the same manner, 3) the replaying was not depen
dent upon a human "performer," and 4) the basic elements were 
"concrete," thereby offering the listener a mode of audition quite 
different from that of perceiving "abstract" music.11 

These attributes, however, are not unique to Schaeffer's work, for they 
could also apply to the work of his predecessors. There are other facets of 
Schaeffer's work that are more important. 

Schaeffer developed a theory of composition based on available 
technology. His procedures and aesthetics were linked with his belief that 
the abstraction of any concrete sound was possible. Sounds could be 
removed from their usual context and changed by manipulation. This meant 
that any sound source could be used for musical purposes. 

Schaeffer documented his work in A la recherche d'une musique 
concrete More than a personal record, this book allowed others to study his 
ft.hir repeated his experiments. Schaeffer also tried to point the way to 
tuture developments of musique concrete. 

. P16 etudes of 1948 were not isolated experiments. Schaeffer con-
rt™hlrPr,mUSlr COnCrMe' deve'°ping his ideas and expanding 
their time sefrn ftmp' k PtS SOU"d manipulation, however novel for tneir time, seem stillborn by comparison 

sored £££&%£ 

Pierre Henry-Darius Muh-d-oiiver 

successfully milteH °St i"tPeSting facets °f Schaeffer's early work is that he 
T h°dS °f S°Und maniPulation similar to the basic 

niqu^! There "» basic tape manipulation tech-

1. tape loops 
2. cutting and splicing 
3. speed change 

no. 1 (Fall-W^nter)E4e2tr°niC Mus,c' 1948-1953," Perspectives of New Music, 7, 
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4. direction change 
5. tape delay. 

Schaeffer's use of locked-groove discs created effects similar to those of tape 
loops. In selecting only part of a sound event, such as often occurs in titude 
aux chemins de fer and titude aux casseroles, Schaeffer effectively altered 
certain aspects of the event. This is similar to what can be done with certain 
tape cutting and splicing techniques. He also worked with speed change 
when he played back a record at different speeds. 

The advent of the tape reorder allowed for greater flexibility in per
forming these and other manipulations of sound. Tape manipulation techni
ques offered the composer new and exciting areas for exploration. 

DISCOGRAPHY 

Schaeffer, Pierre, ttudes. Philips 6521-021. 

FOR FURTHER LISTENING 

Schaeffer, Pierre. Suite pour 14 instruments. Philips 6521-021. Schaeffer 
composed this work after the titudes of 1948. This was his first attempt 
to use his disc techniques to produce an extended composition. 

Schaeffer, Pierre and Pierre Henry. Symphonie pour un homme seul. 
Philips 6521-021. Written in 1950, this was the first collaboration 
between Schaeffer and Henry. Its eleven sections make use of 
Schaeffer's disc techniques on a grand and dramatic scale. 
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TAPE LOOPS 

T A P E  L O O P  T E C H N I Q U E S  

Tape loops are made by connecting or splicing the ends of a piece of recon 
ing tape so that a loop is formed. Usually the loop contains prerecorde 
sound material. When played back on a tape recorder, the loop can repeat i 
long as the composer wishes. Tape loops can be of almost any length. Th 
extremes of length are, of course, dictated by the equipment being used, bi 
tape loops can commonly be of from one second to several minutes dur; 
tion. Figure 3-1 illustrates a short tape loop. 

Here a heavy cylindrical object has been placed to the rear center c 
nWinanSnf°fL°f. ̂  recorderI This allows the proper tension for th 
mfrrnnho * ^ maUltained- F°r a longer loop, objects SUCh < 
microphone stands can be used to maintain tension for points outside th 

t e n s f o i 3 1 t h *  t u r n t a b l e s >  m o t o r s ,  a n d  a s s o c i a t e d  t a p e  g u i d e s  a n  
term tape dec^uJxUv A uu tra"sPort that includes head assembly, th 
interchangeably The tprmT alth°ugh "deck" and "transport" are often use 
preamplifiers, power amplified ™d° u^bui?Wn ̂ akeS™" """ inC'Udin 



CYLINDRICAL OBJECT 

Figure 3-1 A Short Tape Loop. 

space of the tape transport. Very long tape loops are created by using endless 
loop tape cartridges similar to commercial available eight-track tape cart
ridges. 

COMPOSING WITH TAPE LOOPS 

The Early Work of Steve Reich 

Steve Reich (b. 1936, New York City) has worked extensively with 
tape loops. In 1964 Reich made a recording at San Francisco's Union Square 
of a black preacher, Brother Walter, preaching about the Flood. Reich was 
impressed with the musical quality of Brother Walter's speech and made tape 
loops of short sections of his sermon, experimenting with various composi
tional possibilities. He extracted the words "its gonna rain," and made a tape 
loop of this material. This loop was the basic material for Reich's composi
tion Its Gonna Rain (1965). At first, Reich tried to line up two identical 
tape loops on two tape recorders, keeping some particular relationship 
between the two loops. The result of this procedure would be to create a 
kind of canon, or round. Since the two tape recorders did not run at exactly 
the same speed, one of the loops repeated at a slightly faster rate and shifted 
out of phase with the other loop. 

TAPE LOOPS AND PHASE MUSIC 

Phase refers to a particular stage in any cyclic event, and, by extension, to a 
relative relationship between two or more identical cyclic events. Suppose 
that two identical drums were playing the same repeated rhythmic phrase: 

17 
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J J. J* J Were they to begin the phrase at exactly the same time, 
the combined result of their attack patterns would be identical to the origi
nal: 

J J. .f> .1 J J- j1 J . . .  .  .  . . .  e t c .  
Drum A 

Drum B J J. J J J. j J etc• 

Combined Result J J. L f |J- f f -

In this case, the two drums could be said to be playing in phase. If drum B 
were to delay the initiation of the pattern for one quarter note time-value, 
the combined result of their attack patterns would change: 

Drum A J J. j J J J- j J etc• 

Drum B .Li J1 J J J. J) J e/c. 

Combined Result J J T J . I . > > _ etc. f P 0 f f J  r J P I  • 

In this instance, the two drums would be said to be out of phase. They are 
still playing the same repeated rhythmic phrase, but they are playing the 
same stages of the phrase at different times. It is also possible to measuure 
the distance that the two drums are out of phase. Since any cyclic event may 
be divided into 360 degrees, and since there are the equivalent of four 
quarter note time-values in this rhythmic phrase, drum B may be said to be 
90 degrees out of phase with drum A. 
if two i!w6 ef Perimentin8 with his tape loops, Steve Reich discovered that 

wo identical loops were lined up in unison and allowed to repeat, they 
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would slowly move from being in phase to being all degrees out of phase and 
eventually back in unison with each other. This was due to the difference in 
speed of the tape recorders. The length of time required for this 360 degree 
shift of phase depends upon the relative difference in the speeds of the tape 
recorders. Using tape loops for the phase shift process allowed Reich to use 
the phasing technique with any sound material and at any phase rate he 
wished. 

Reich's early work with tape loops demonstrates the close relation
ship between musical ideas, technical resources, and compositional theory 
that exists in electro-acoustic music. In order to understand Reich's tape 
music, it is necessary to understand the possibilities of tape loops as well as 
the concept of phase relationships. Reich's initial musical thought led to | 
experimentation with tape loops. After working with tape loop techniques, 
he developed the concept and practice of phase music. 5 I Come Out, by Steve Retch 

s 
In 1966, Reich composed two more musique concrete works using 

the tape loop phasing technique: Come Out and Melodica. Like Its Gonna 
Rain, Come Out uses speech as its source material. The voice is that of 
Daniel Hamm describing a beating he took during the Harlem riots of 1964. 
Since the police were taking to the hospital only those victims that were 
visibly bleeding, and since Hamm had no apparent bleeding, he forced open i 
a bruise on his leg so that he too would be taken to the hospital. This situa
tion is the reason for the spoken phrase that begins Come Out: "I had to, 
like, open the bruise up and let some of the bruise blood come out 
to show them." From this sentence, Reich extracts the phrase "come out to 
show them," and makes a tape loop of it. Two identical loops of this phrase 
are then played back simultaneously on two tape recorders. The loops begin 
in unison and then slowly shift out of phase with each other. This gradual 
phasing was allowed to go on for several minutes, and the result was 
recorded on a third tape recorder. This two-voice recording of the phasing 
of the original loop was itself duplicated. Then these two two-voice record
ings were played back simultaneously, again beginning in unison and slowly 
shifting out of phase. The result of this second stage was again recorded on a 
third machine, creating a four-voice recording. This procedure was repeated 
yet another time so that eventually eight voices can be heard. 

The result of the phasing process in Come Out is quite fascinating. 
As the phase of the two original loops begins to shift, a gradually increasing 
reverberation is heard. As the phase shifts further, the relationships become 
canonic, creating constantly changing rhythms. The rhythmic activity be
comes more complicated when more voices become apparent. As the number 
of voices increases, so does the sound mass; timbres slowly evolve and dis
appear; pitch relationships are gradually formed and dissolved. The overall 
effect of Come Out is one of slow and constant change and development, 
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always increasing in complexity, always being transient and yet without 
transitions. 

While it is true that Come Out is phase music, it is also process music. 
This term is often used to describe a work, such as Come Out, in which the 
compositional process is inseparable from the actual composition. As Reich 
puts it, "What I'm interested in is a compositional process and a sounding 
music that are one and the same thing."2 In Come Out, the listener is able to 
hear the unfolding of the process that, except for the selection of the origi
nal material, determines all aspects of the work. 

DISCOGRAPHY 

Reich, Steve. Come Out. Odyssey 32 16 0160. 

FOR FURTHER LISTENING 

Reich, Steve. Its Gonna Rain. Columbia MS-7265. There are two ver
sions of this tape-loop phasing piece, making use of shorter and longer 
loops. Composed prior to Come Out, Its Gonna Rain displays some 
fascinating results of the tape loop phasing process. 

The Press of the No™ Scotia 
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CUTTING 
AND SPLICING 

TOP 

Figure 4-1 Slicing Block. 

C U T T I N G  A N D  S P L I C I N G  T E C H N I Q U E S  

Cutting and splicing are the most commonly used tape manipulation techni
ques. These procedures involve the cutting of a tape at a desired point and 
then joining one or both ends of this piece of tape to another piece of tape. 
By this method, the tape is said to be edited. 

In the electro-acoustic music studio, the acts of cutting and splicing 
generally involve three pieces of equipment: a single-edged razor blade, a 
splicing block, and splicing tape. Figure 4-1 illustrates the top and side view 
of a conventional splicing block. 

21 
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Usually, the block is made of aluminum and is about six inches long, one 
inch wide, and three-eighths inches high. The top of the block has a groove 
the width of the tape. This groove secures the tape during the cutting opera
tion. The block also has two cutting slots, one at 45 degrees and the other at 
90 degrees, that guide the razor blade during cutting. 

In the act of splicing, a piece of tape is placed into the groove of the 
splicing block. The point at which the tape is to be cut is lined up with 
the desired cutting slot and a razor blade is inserted into the slot and cuts the 
tape. This procedure is then repeated with another piece of tape. The two 
cut ends of the tapes are placed together and joined by a small piece of 
splicing tape. The splicing tape is pressure-sensitive and contains a special 
adhesive on one side that causes the two pieces of tape to be joined. Splices 
made by this procedure are effectively permanent, although it is possible 
to separate the two pieces of recording tape by carefully removing the 
splicing tape. 

Tape cutting and splicing have a wide variety of uses. Tape loops are 
made by splicing together the two ends of a single piece of tape. Unwanted 
material can be edited out of a tape by cutting and splicing. Two different 
sounds can be connected, or sounds can be joined to silence by using blank 
recording tape or leader tape made of paper or plastic. In addition, cutting 
and splicing can be used to eliminate only part of a sound, thus changing the 
sound s envelope, or amplitude characteristics. 

A M P L I T U D E  A N D  V O L U M E  

" ,troVelS thr°Ugh the. a,r' or other mediums, in the form of wav 
aronJir w pr?Sen S, ^ oscilloscopic, or graphic, representation of a simf 
the wavp amT 0nK " £raPh> amplitude is the vertical measurement 
the wave and can be measured in terms of atmospheric pressure. 
wave the^nfr.*011 t graph rePreser»ts the crest, or positive peak, of tl 
trough or hp Path * S ^eat.est P°sitive pressure. Point b represents tl 
pressure The amnm f thG wave' the P°int of its greatest negati 
distance above or below^'Tere^o S°Und meaSUred by its 

atmospheric pressure.2 Pressure point, which is actually norm 

changes at rates^orWithin. the ran8e of human hearing have pressu 
anges at rates, or frequencies, too fast for the perception of the amplitui 

An oscilloscope is a lahor t 

2r^raenSeanctati°nofsound w^so^acTthZ^ay tube^ °f preSenting 3 ^ 
into electrical impulseraAen aH1Cke* UP by 3 microPhone, the wave is convert* 
the medium of electrons Th* f,frnat'nS current electrical wave travels throui 
3s for acoustic sound waves exepSTi™ °f AC ,electr>cal waves are the san 
of uolts, which are units of electromot f amP,itudes are measured in tern 



Figure 4-2 Amplitude of a Simple Waveform. 

fluctuations of individual cycles. What is actually heard in terms of perceived 
amplitude, or volume, is the root-mean-square (rms) value of a wave.3 This 
measurement provides a meaningful average of the changing intensity of a 
waveform. 

The perceived amplitude of a sound is often referred to as its volume 
or loudness.4 Dynamic markings, such as "p," "f," "mf," and so forth, are 
used to convey relative degrees of sound volume to performers. A more 
precise method of measuring the perceived amplitude of a sound is made 
possible through use of the unit of the intensity level of a sound. This unit 
is called a decibel and is abbreviated as dB. Decibel units are used to measure 
the relative amplitude characteristics of sounds.s The threshold of human 
hearing is measured as zero dB, while the threshold of pain is around 140 dB. 

3 Rms values are figured by taking the square root fo the square of the peak 
amplitude divided by two. 
4 In fact, amplitude is not the same as volume, nor, for that matter, is frequency 
really the same as pitch. A 20 dB increase in the intensity of a sound, for 
instance, will cause a perceivable change in pitch, even though the measurable 
frequency of the sound has remained constant. In their haste to quantify music 
information, some composers have equated amplitude with volume and frequeny 
with pitch, thereby causing some confusion. In this book, the terms amplitude 
and frequency have been modified by the term perceived when speaking of what 
the human ear hears. 
5 The decibel is a logarithmic unit of measurement. An increase of one dB is 
equal to a multiplication of the intensity level by a factor of about 1.258. For a 
more detailed discussion, see John Backus, The Acoustical Foundation of Music 
(New York: W.W. Norton & Co., Inc., 1969) pp. 79-93. 

23 
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The range from "ppp" to "fff" could be approximately measured as from 40 
to 100 db.6 

T H E  E N V E L O P E  O F  A  S O U N D  

The envelope of a sound is a description of its amplitude characteristics with 
respect to time. A simple envelope consists of three stages: attack time, 
sustain time, and decay time. The attack time is the amount of time it takes 
a sound to go from zero dB to its greatest amplitude. The sustain time is the 
period of time a sound remains at its greatest intensity. The decay time is 
the amount of time a sound takes to fall back to zero dB. Figure 4-3 shows 
a simple envelope. 

Sustain 

Time 

Figure 4-3 A Simple Envelope. 

The6 durationo/th^"' ̂  deCay tlmeS *** 311 one second O") in duration. 
vertical ^ XT*? " 

Of an envelope are completelv variJw * ' sustain' and decay times 
possible. vanable, and any combination is theoretically 

us to identifythe^sourc^T^orTs^"8110 envelopes that' in P^' alloW 
6 sources. For instance, a piano sound has a very rapid 

sound, acoustics, or dec^ricH^'3"3^0"^this book regarding the physics of 
beyond the scope of this hnr.wU ^'I necessity, somewhat simplified. It is 
attempted only to give the nonWh thoroughly with these matters, and I have 
information for understanding Sin* * ** sufficient and comprehensive 
^on to the properties of sound ^ a"t concepts. For an excellent introduc-
Techniques (Indianapolis- Howard W% ° /nE' Bunstein, Modern Recording 

wara w. hams & Co., Inc., 1974) pp. 20-40. 
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attack, a very short sustain time, and a variable but relatively long decay. 
Various pianistic effects produce different envelopes with regard to the 
decay time, but not to the attack and sustain times: 

The characteristic envelopes, as well as their possible variations, of other 
instrumental and acoustic sounds are easily perceived and diagramed when 
thought of in this manner. 

C O M P O S I N G  W I T H  C U T T I N G  
A N D  S P L I C I N G  T E C H N I Q U E S  

W i l l i a m s  M i x  by John Cage 

Cutting and splicing techniques can alter the envelope characteristics 
of a sound because it is possible to cut the tape at any point, thereby elimi
nating part or all of the attack, sustain, or decay of the sound. It is also 
possible to modify the attack or decay characteristics, or to splice parts of 
different sounds together. The wide range of possible modifications make 
cutting and splicing some of the most used of all the tape manipulation 
techniques. 

One of the most extensive uses of tape cutting and splicing within a 
single work is to be found in Williams Mix, by John Cage (b. 1912, Los 
Angeles). In 1951, Paul Williams, an unlicensed New York architect, gave 
Cage a grant of $5,000 for the purpose of producing a composition. As a 
result, Cage established the Project of Music for Magnetic Tape, of which 
Williams Mix was one of the completed projects, some others being Earle 
Brown's Octet and a piece by Morton Feldman. Cage involved several other 
composers in his project, including Louis and Bebe Barron (b. 1923 and 
1928, New York City), Earle Brown (b. 1926, Lunenberg, Mass.) and David 
Tudor (b. 1926, Philadelphia). 

As is the case for many other Cage works, the score for Williams Mix 
was composed by chance operations derived from the I-Ching, the Chinese 
Book of Changes. Coins were tossed to determine various aspects of com
position, and sixteen charts were made from the results. These charts deter
mined the rhythmic structure, envelopes of sounds, durations of silences, 
and general density of activity, as well as what category of sound would 
be used at any particular point. 

Six categories of sound were created: 

Stacatto Key Depressed for 
Medium Duration 

Key Depressed for 
Long Duration. 
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A. city sounds; 
B. country sounds; 
C. electronic sounds; 
D. manually produced sounds, including music; 
E. wind produced sounds, including songs; 
F. small sounds requiring amplification in order to be heard. 

Most of the original sound material was recorded by Louis and Bebe 
Barron. Almost six hundred separate recordings were made before the work 
of assembling the piece could begin. 

The fifth page of the score for Williams Mix is shown in Figure 4-4 
This is a full size drawing of eight tracks of lA" tape running at 15 inches-per-
second. It is literally a templet, or pattern, for the cutting and splicing of the 
tapes. The contents of each piece of tape is noted first by an uppercase 
letter, designating one of the previously mentioned six categories of sound. 
Following the category designation are three lowercase letters that refer, 
respectively, to the pitch, timbre, and volume of a sound. These three-
letter groupings use only two letters: a "c" or a "v." A "c" indicates that an 
aspect of the sound has been controlled; a "v" refers to an absence of con
trol. Thus the first sound on track 1 of system 1 on page 5 of the score is 
noted as Dvw, which means that it is a manually produced sound in which 
the pitch, timbre, and volume have not been controlled. Several categories 
overlap, and electronically mixed sounds, as on the second track of the first 
system, have double designations. Underlined capital letters indicate 
rhythmic characteristics produced by tape loops. Arrows indicate the use of 
repetitions The vertical bar in the first system indicates a new structural 
part, and the numbers and letters above this line indicate information on 
timings and the use of charts. Blank spaces on the various tracks represent 
silences created by using leader tape or blank recording tape. 

Since the tape recorders used for Williams Mix were full-track 
znziLr yf tracVue width °f the taPe>' ca*e decided to c°ntro1 
of the taoeOften m T Y CUtting 311(1 sPlicing- In this case, the shape 
^e verv nvnlvl Jf fo represents th* envelope of the sound. Some shapes 
cutting of the tape ^aoh ' .systei? ^ They require very careful and difficult 
recording or leader t ape must be spliced onto another piece of 
htmdred p^eces of taDe^ad t- ^ mUst be to join smoothly Several 
of the score each of whil l f ®nd Spl'Ced aceording to the 192 pages 
involved rprotc.°ngWSucChh a'work fa ' The am°U"t °f T 
assoclatesmne monthsto assemble the ori^ ^ 

into a final stereo'fers^n^ch Sfk COmpleted- theT were mixcd 

The result is kaleidoscopic Williams Mi™ng four of the original tracks. 
ms Mix is a constantly changing cacophony 



Figure 4-4 Page 5 of Cage's Score for William's Mix. 

? / / / / / / / / / / / / / / / / / / + *  

of sounds, a barrage of aural information.7 Although Williams Mix is care
fully constructed, the principle of construction is change. Therefore, there is 
no perceivable structure inherent in the music. Most of the sounds last for so 
short a time that they can hardly be identified, let alone connected to other 
events. 

How, then, does one approach this and other similar works of Cage? 
What should one listen for and how should one listen to it? Cage himself 
offers an explanation from his own point of view: 

7The only available recording of Willimas Mix is on Avakian JC-1. Since this 
recording was made during a concert in Town Hall in New York City on May 15, 
1958 audience sounds are clearly audible. This recording was made by recording 
from the speakers, not by direct line. The audience reactions after the conclu
sion of the piece are the actual reactions of that audience, not part of the com
position. 

27 



28 musique concrete and tape manipulation techniques 

I wished, when I first used chance operations, to make a music in 
which I would not express my feelings, or my ideas, but in which 
the sounds themselves would change me. I would discover, through 
the use of chance operations, done faithfully and conscientiously, 
that the things that I thought I didn't like, I actually liked. So that 
rather than becoming a more refined musician, I would become more 
and more open to the various possibilities of sound. This has actually 
happened, so that my preference, as an individual, in terms of 
musical aesthetic experience, is not any of my music, and not any 
of the music of any other composer, but rather the sounds and noises 
of everyday life.8 

Cage does not present a perceivably structured musical work in Williams 
Mix. Instead, he creates a sound world in which listeners may explore, pick, 
and choose what they like or dislike, make their own connections and struc
tures, and, if they wish, ignore any or all of the possibilities. The score for 
Williams Mix and the realization of it that Cage made are not the same thing. 
Any number of other realizations could be made that would be different 
in their particulars but the same in their effect. Williams Mix is a 4VA minute 
excursion into the world of sound that becomes music through perception. 

DISCOGRAPHY 

Cage John. "Williams Mix," in The 25-Year Retrospective Concert of the 
Music of John Cage, Avakian JC-1. 

FOR FURTHER LISTENING 

Xenakis Tar»r»ic n j _ T-> — 

The material is so arranged that a constant 
sound is heard. 

EMI (Electrola/Odeon) ^65^95^0 ^side^" Cage' in ^usie before Revolution. 



5 
SPEED CHANGE 

S P E E D  C H A N G E  T E C H N I Q U E S  

Most tape recorders have a selection of speeds. Home units commonly offer 
speeds of 3 3/4 and 7 1/2 ips. Most people have experienced the effect of 
playing back a recording at a speed slower or faster than the original speed 
of the recording. With the availability of 3 3/4 and 7 1/2 ips, for instance, 
material can be reproduced an octave lower or higher and at a rate of one-
half the original or twice as fast. 

Studio tape recorders usually have higher speeds than those of home 
units. The reason for this is that higher speeds allow for better quality of 
sound recording. 15 and 30 ips are common speeds on professional 
machines. In addition, studio tape recorders are sometimes fitted with 
variable speed units that allow the speed to change continuously over a wide 
range. Some newer units can change speeds continuously over a range from 
1 7/8 ips to 60 ips, allowing a five-octave spread. When the playback speed 
of a record tape is changed, both the frequency of the original material and 
its rate of presentation are affected. 

29 



F R E Q U E N C Y  A N D  P I T C H  

The perceived frequency of a sound is usually referred to as its pitch. 
Pitches are traditionally named in terms of pitch-class. There are twelve 
pitch-classes in the Western tempered scale: A, A#, B, C, Cff, D, Dif, E, F, 
Fft, G, Gfl. Enharmonic spellings of these pitch-classes are also possible.1 

The particular octave placement, or transposition, of these pitch-classes is 
called register. When we refer to "middle C" or C4, we denote both a pitch-
class and a register.2 

The frequency of a wave is the number of times per second that it 
passes through all of its values between its positive and negative peaks and 
returns to its starting value. Each traverse of the wave is called a cycle. The 
measurement of cycles per second (cps) is a Hertz (Hz). Figure 5-1 illustrates 

e equency of a simple waveform. In this oscilloscopic representation, 
frequency is seen to be the horizontal measurement of the wave, while 
amplitude is again the vertical measurement. Starting at the "zero" line at 

a'WaVG moves throu8h the crest to the trough and back again to 
am6 Zf°f )me at ?olnt "b " Thus the w»ve has completed one cycle. The 
amount of tune taken to complete this cycle is one second, thus the fre
quency of this wave is 1 Hz. 
ih* t J" el?ct™-acoustic music, the composer is not limited to the use of 
of hiirn: TV" C C aSSGS Previously discussed. The entire frequency spectrum 
tionZr.1tea^gVaT°XImately 20 HZ t0 20'000 Hz- is °Pe" f°r considera-
^owrlmnnl^ tefClamc'ue of sPeed change, also called tape transposition, 
of anv sound t « P6j m"slc to var>ously alter the perceived frequency 
soundy Pefd Change can 3150 be used to ^cr the timbre of a sound, by altering the nature of its overtone structure 

waveforms6 ZSlvTfeSeTtillustrated in 4-2 and 5-1 are sinusoidal 
in natu^ as isolated waveformsS Z ""T t0 n0t 

and, as will be seen in Part t t  y Can be Produced bY oscillators, 
consist of onlv one frem ' ̂  VGFy useful in electronic music. Sine waves 
cause tl^ey consist of several^fi S°UndS 816 mUch more comPlex be" 
ously. requencies or harmonics sounding simultane-

O V E R T O N E  S T R U C T U R E S  

iS 44° ^ ̂  

this frequency are other frequencies, or ot^lhat Le mSs of! 

differenUy. An example o/this^s A-fll^d G-sS* ^ ̂  bUt are spe"ed 

2nd ed. (New York: ̂ pling^rPre^Gardner Read> Music Notation, 
used in this book are those re'commSded^hv\hPPa 48"44: Pitch re*ister symb°'S 
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One Cycle I 
Frequency =1 Hz 

Figure 5-1 Frequency of a Simple Waveform. 

fundamental. Thus an A4 on the piano with a fundamental, or first har
monic, of 440 Hz would have a first overtone, or a second harmonic, of 880 
Hz, two times the fundamental. The third harmonic would be three times 
the fundamental, or 1,320 Hz, and so forth. 

The possible first ten harmonics for a sound with a fundamental of 
440 Hz are listed in Table 5-1. 

Not all overtones are present in every sound. Each sound has its own 
individual overtone structure. In addition, each harmonic of each sound has 
its own amplitude and envelope. The amplitudes of overtones are generally 
less the farther they are from the fundamental. 

It is this complex arrangement of harmonics at different amplitudes 
and with different envelopes that primarily constitutes the timbre of a 
sound. The sound of a flute, for instance, is strong in its first three har
monics. A clarinet sound is strong in its odd (1, 3, 5, 7, etc.) harmonics. A 
violin sound is more complicated than either of these, since it is strong in its 
first eighteen harmonics, although primarily in harmonics 1, 2, 5, 6, 7, 8, and 

ti 
I 

V. 
!; 
J * 

Table 5-1 

HARMONIC OVERTONE FREQUENCY 

1st (Fundamental) 440 Hz 
2nd 1st 880 Hz 
3rd 2nd 1320 Hz 
4th 3rd 1760 Hz 
5th 4th 2200 Hz 
6th 5th 2640 Hz 
7th 6th 3080 Hz 
8th 7th 3520 Hz 
9th 8th 3960 Hz 

10th 9th 4400 Hz 

31 



32 musique concrete and tape manipulation techniques 

9. Timbre, then, may be said to depend on the overtone structure and gen
eral envelope of a sound. It is on this basis that we are able to characterize 
and distinguish sound events. 

COMPOSING WITH SPEED CHANGE TECHNIQUES 

If a recorded sound is played back at a different speed, the timbre of the 
sound will be affected, since all the harmonics of the sound will be heard at 
correspondingly different frequencies. If the speed of the recording is slowed 
considerably, the fundamental may be below the range of audibility. In addi
tion, the envelope of the sound will be lengthened. If a recorded sound is 
played back at a much faster speed, several of the higher harmonics may dis
appear, and the envelope will be compressed. In either of these cases, the 
result of speed change could produce so drastic a timbral modification that 
the original sound source could be impossible to identify. 

Sonic Contours by Vladimir Ussachevsky 

tilcoi™ochfying effect can be heard in the beginning of Sonic Con-
tours» (1952), by Vladimir Ussachevsky (b. 1911, Hailor, Manchuria). During 

e irs wen y-nine seconds of Sonic Contours, a recording of a chord 
played on a piano is heard at normal and slower-than-normal speeds. The 
fundamental 1S f 1°^ p*ayed at a considerably slower speed so that the 
heard mnr %0 iG °west pitches 311 but disappear and the overtones are 
paddedHfrgyi han ^ The envelope of the sou"d has been ex-
Ln It' would hp'd'ff ft sound has the booming effect of a distant explo-
were not followed1 ldentlfy the original source of this sound if it 
speed. y e S3me Piano chord reproduced at the original 

Dripsody by Hugh LeCaine 

good example of what can be achieved by us dh 
technique in a tape composition THp ,, g §P change aS 3 prU™ 
in 1955 at the University of TomnJ pTI S°UTCe thlS pieCe' compos 

of the fall of a single drop of wat ° Mu§ic Studio' is the S0U 

piece of tape, about *4 inch long Thk Wa§ recorded on a sh( 

copied at many different soefd* i s°urce taPe was then reproduced a 
mentals ranging from 45 to 8 000 Hz°Tfc* f Pr°dUCe SOUnds with fun,C 

from these transpositions of thp n™' 1 composition was assembl 
individual pieces of tape water drop by splicing together t 

Then transpositions 0/the water dtoo^h*16 dr°P at its original pitC 

added and the range is gradual^ above and below the original pitch a 
ge gradually expanded. The glissandi that enter at 0'3-
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(zero minuts and thirty-five seconds) are especially effective. It will be 
noticed that the envelopes of the lower pitches heard in this work are frac
tionally longer than the envelopes of the higher pitches. This is due to the 
expansion of the original envelope that occurs when it is reproduced at a 
slower speed. Since the overtone structure of the water drop sound is not 
very complex, there is little noticeable timbral change except at the highest 
or lowest transpositions. The portamento effect heard at 1'38" is created by 
using using continuous speed change over the duration of the sound. 

Exit Music 11 by Kenneth Gaburo 

Another example of the effects of speed change can be found in Exit 
Music II: Fat Millie's Lament (1965), by Kenneth Gaburo (b. 1926, Raritan ^ 
NJ). The structure of this work is ternary, and the outer sections consist of 
tape loops played at various speeds. The sound material for these loops con
sists of percussion and voice sounds. As the music fades in at the beginning 
of the piece, these loops are reproduced at speeds faster than the original S 
recordings. The increase in tempo and the loss of higher overtones create a ^ 
tinny, squeaky sound quality that is humorous in its effect. Gaburo evi
dently views Fat Millie's problems, which are compounded when she tries to 
sit down, as a source of amusement. 

' » 
J 

Fat Millie (must) J 
Squash her tuh (what?) t 
Every time she sits. t 

1 think. 
oo,ee,oo,ee,ooo,eeeeeeeeeesquack! 
tuh tuhtuhtuh tuh tuh whack!3 

V 
As the piece continues, loops of the same material at the original speed are 
slowly faded in and eventually become dominant. This creates the effect of 
slowing down the tempo of the music, and prepares the way for the middle 
section of the work that begins to fade in at 2'09". This section is an excerpt 
from Morgan Powell's jazz composition Odomtn and is reproduced at its 
original pitch level. This quote, which, according to Gaburo, coincides with 
Millie's most painful moment, is at an even slower tempo than anything yet 
heard. It seems at once to be a comment on the raucousness and the serious
ness of the situation.4 At 3'22", the music of the first section returns, al
though in an abbreviated form. The tape loops are presented at both the 
original and faster than original speeds. In Exit Music II, Gaburo has used 
speed change to produce humorous effects. The drastic speeding-up of 

3 Kenneth Gaburo, Music for Voices, Instruments & Electronic Sounds, None
such H-71199. Poem used by permission of the composer. 
4The echo-like, repetitive nature of the jazz material is created by tape delay, a 
technique discussed in Chapter 7. 
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sound material used here is analogous to "fast motion" effects created on 
film, and generally produces the same audience reaction. 

D/S COGRAPHY 

Gaburo, Kenneth. Exit Music II: Fat Millie's Lament. Nonesuch H-71199. 
LeCaine, Hugh. Dripsody. Folkways FM 3436. 
Ussachevsky, Vladimir. Sonic Contours. Desto DC 6466. 

FOR FURTHER L I S T ENI NG  

Boucourechliev, Andre. Text II. BAM LD-971 This work, com
posed in 1953, uses percussive material as its sound source. The original 
sounds receive extensive manipulation by cutting and splicing, and 
speed change. This produces the low-pitched material as well as the 
contrasting short-envelope high-pitched sounds. This recording is the 
combination of two tapes played simultaneously. Since the tapes are 
not synchronized, the combined result is variable with respect to 
temporal correspondence. This recording is only one of countless 
possible combinations. 

Reibel, Guy. 2 Variations en titoile. Philips 6740-001. These two vari
ations are from a set of six composed by Reibel. The first of the 
variations recorded here, Metamorphose, uses a continuously varying 
speed change to create portamenti and glissandi from the original 
percussive sounds. 
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DIRECTION CHANGE 

DIRECTION CHANGE TECHNIQUES 

Direction change is the simplest of the tape manipulation techniques: It 
involves merely the playing of a tape backward. As a result of this reversal, a 
literal retrograde of the material on the tape will be heard. Events will take 
place in reverse order. Moreover, it is important to realize that the aspects of 
individual sound events will also be reversed. For instance, an envelope 
having the shaped ~~ —^.when played forward, will have the 
shapp — -—Xw h p n  p l a y e d  b a c k w a r d .  A s  a n o t h e r  e x a m p l e ,  
reverberation originally recorded at the end of a sound event will appear 
before the main body of the sound when played backward. 

Direction change can produce interesting timbral modifications 
because it allows the listener to hear the configuration of a sound or a series 
of sounds in a manner that is impossible to achieve acoustically. However, 
the effects of direction change, or tape reversal as it is sometimes called, are 
rather obvious, and, therefore, somewhat limited. For this reason, direction 
change is seldom used as a primary technique in tape compositions. Direc
tion change is usually used in conjunction with other tape manipulation 
techniques, especially speed change. 
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COMPOSING WITH DIRECTION CHANGE 

A Piece for Tape Recorder 
by Vladimir Ussachevsky 

The effects of direction change can be heard in the beginning of 
Vladimir Ussachevsky's A Piece for Tape Recorder (1956), one of the early 
compositions of American tape music. The acoustic sound sources for this 
work are a gong, a piano, a single stroke on a cymbal, a single note on a 
ettledrum, the noise of a jet plane, and some nonelectronic organ chords. In 

a dition, Ussachevsky used some electronic sound sources: four sine tones, 
produced by an oscillator; a short passage played on an electronic organ; and 
a click of a switch on a tape recorder. 

minute-and-a-half of A Piece for Tape Recorder uses a great 
deal of direction change in conjunction with other tape manipulation techni-
ques. e initial sound of the piece is that of a piano recorded on a tape loop 
that » Played backward. Because the envelopes of the piano have been 
reverse y irection change, the sound is uncharacteristic of the piano. 

, a gong sound fades in. The source of this sound is almost 
unrecognizable, since the attack of the gong sound has been cut off and the 
remaining decay has been reproduced backward. At 0'14", the backward 

n 1°JTV8 r? 1gain' This time' however-i4 is with gong material 
the reversed^ ri Sl°Wer.Speeds- These Pi^o sounds fade out at 0'29". and tne reversed gong decay is heard alone. 

not 1000?;^^ electronic or8an sounds enter at 0'38", but they are 
change ° Enge 1S accomPlishecl in this instance by a radical speed 

At 0'47" 
end of the derav' of g°ng sound is introduced. Here the attack and the 
middle of the sound ^ removed' What remains is f 
middle of the gong sound h f6' 'S beginnin8 °f the decay. This 
Pitches spanning a range of an octeve-^S * Variati°" *° ^ 

of the sound. The portamento eff""? 1S heard'this time usinS only the attack 

The rest by *Paad ahaa8e-
tion change and other tanp • , Recorder contains similar uses of direc-
work reflects Ussa^ techniques.' The very title of this 
sidered the tape recorder t C°mP°s!tlonal Perspective in 1956. He con-
experimenting with thp wo • 6 ? instrument and composed with it by 
create. Whatever his sourrp 10U + ° fnges ^at taPe manipulations could 
it to find the full ranee of nn^iv Ussachevsky rigorously manipulated 
selected those elements that f.Uf ii Fr°m these P°ssibilities, Ussachevsky 

luiiiuea his requirements: 

The us6 f 
cussed in ChapCter8.med ^ maniPulat«on techniques is more thoroughly dis-



Otto Luening (seated) and Vladimir Ussachevsky in The Columbia-Princeton Electronic Music Center, circa 
1958. (Photo courtesy of Columbia-Princeton Electronic Music Center) 

. . . the interrelation between the development of the material and 
the final form of the work certainly played a part in the composi
tion of A Piece for Tape Recorder. The abstract aim was two-fold. 
First of all, I wanted to achieve a kind of large, asymmetrical arch on 
both a dynamic and a pitch scale. The ascent was to be accomplished 
through a series of little arches, while the descent would consist of a 
long, gently undulating line of a predominantly gray timbre, punc
tuated by fragments of the thematic material used in the first part. 
The second aim was to start the composition with a sound pattern 
possessing in large measure those qualities which would permit the 
listener to make associations with definite pitches and, at times, con
ventional rhythmic patterns. Gradually the timbres with a greater 
noise content would be introduced, but the motivic unity would 
persist. The composition was to end quietly with an impression that 
the last few notes were largely noise descending by discernible inter
vals of thirds, fourths, and sixths.2 

2 Vladimir Ussachevsky, "Notes on A Piece for Tape RecorderThe Musical 
Quarterly, 46, no. 2 (April 1960), 209. 
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D/SCOGRAPHY 

Ussachevsky, Vladimir. A Piece for Tape Recorder, Finnadar QD 9010 
0798. Also available on CRI-112. 

FOR FURTHER LISTENING 

Ferrari, Luc. Visage V. Philips 6740-001. The third section of Visage 
V (1959) contains a variety of concrete material cut and spliced and 
played backward. 

Luening, Otto and Vladimir Ussachevsky. Incantation. Desto 6466. Com
posed in 1952, Incantation was the first collaboration between Luening 
and Ussachevsky. Extensive use of tape direction change is heard in this 
piece, particularly with material from vocal, flute, and piano sounds. 

e tape reversal is usually used in conjunction with speed change 
techniques. 



7 
TAPE DELAY 

1 Sound travels at a constant speed of 1130 feet per second in the medium of air 
at 70 degrees Farenheit. 

ACOUSTIC REVERBERATION 

When a sound is generated, it radiates from the sound source in a arc.1 As 
the sound waves move outward, some of them will reach the listener s ear 
directly. This is referred to as direct sound. Direct sound will not have 
encountered any obstacles between the source and the listener, and will 
have arrived at the listener's ear in a straight line. 

Some of the other waves will travel to surrounding surfaces before 
they reach the listener's ear. If these surfaces are sufficiently hard, the waves 
will be reflected. Some of the reflected waves will also reach the listener's 
ear, but, since they must travel farther, they will arrive at the ear later than 
the direct sound. Sound waves perceived in this manner are called reflected 
sound. 

Since reflected sound takes longer to reach the listener than does 
direct sound, the ear perceives the sound even after the sound source ceases 

M 
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to produce the sound. This continuation of the sound after it has stopped 
being produced is called reverberation. 

The reverberation phenomenon is the combination of many reflec
tions of a sound arriving at the listener's ear at different times and from 
different directions. The intervals of time between the reflections are so 
short, being less than from 20 to 25 milliseconds, that the ear cannot 
perceive them as individual events.2 If the time intervals between reflected 
sounds are greater than 50 milliseconds, the ear is able to perceive the indi
vidual reflections. In this case, the phenomenon would be called echo. The 
difference between reverberation and echo is a perceptual difference, 
depending on the time between sound reflections.3 

In acoustic sound, the amount and quality of reverberation or echo 
depends on the physical environment. Hard surfaces reflect sound waves, 
while soft surfaces absorb them. Large spaces generally allow for longer 
reflection times than do small spaces. The classic echo effect experienced in 
mountainous terrain is the result of great distances and hard rock. 

In tape music, reverberation and echo, if desired, must usually be 
added to the sound material. If the source material for a tape composition 
is acoustic, some natural reverberation exists in the recording. However, 
some of this reverberation may be lost in performing various tape manipula
tion. techniques. Even if this is not the case, the composer may wish to add 
additional reverberation or echo to the recorded material. There are three 
methods of adding reverberation or echo to taped sounds: acoustic reverber
ation, artificial reverberation, and tape delay techniques. 
• , ,, Aco^stlc reverberation is achieved by playing the recorded material 
• ^ r°Ug i oudsPeakers into the desired acoustic environment and record-
hpra^nn GVer r!rated.u°Und' WMle this Pr°cedure will ensure a natural rever-
frpnn 1 4^ 4-L.Gr ^he sound may suffer as a result. The 
aualit^of thpgcni° h ej°2?nal material may be compressed, and the general 
in manv earlv tan ° 1S Ult to control.4 Acoustic reverberation was used in many early tape compositions, but it is now a rarity. 

ARTIFICIAL REVERBERATION 

Mechanica/^iflciaTreve^eration^a*" IV k" mechanical and electr01 

deration unit or a reverberation n achlev®d by using either a spring re\ 
n plate. In both of these devices, the soi 

ZTT™ °f * ~ 

tions that is necessary to create tv, ex amount of time between sound ref 
50 milliseconds reflects the^e ^ Perception of echo. The range of from 2( 
differences in aural perception anous °P,r"°ns. It also allows for indivic 

but, in geC„0e™!,X^ p "twly^ce^l8^'81 reverb«ation chamb 



41 TAPE DELAY 

travels through physically vibrating mediums, which are either a coiled spring 
or a large steel plate. The mechanical vibrations produce repetitions of the 
sound that are separated by short intervals of time. In this way, the effects 
of natural reverberation are simulated. Because of its lower cost, the spring 
reverberator is more common than the reverberation plate, although the 
quality of plate reverberation is superior. 

Electronic artificial reverberation is achieved by using solid-state 
analog or digital technology to create a delay line, a series of delayed repeti
tions. These methods are, at present, rather expensive, and therefore are not 
in common use in tape studios. Electronic artificial reverberation and delay 
devices offer greater control over delay than mechanical units and will un
doubtedly become more common in the future. However, they lack the 
random complex factors present in natural reverberation, and they cannot 
produce as natural-sounding a reverberation as plate reverberation. 

TAPE DELAY TECHNIQUES 

Tape delay techniques offer a variety of delay effects that are primarily 
heard as types of echo. These effects are dependent on the physical arrange
ment of the components of the tape transport. Figure 7-1 shows a typical 
tape transport found on professional machines. 

Figure 7-1 Components of a Tape Transport. 
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The letters in Figure 7-1 designate the following components: 

A Supply reel 
B Tape guide 
C Erase head 
D Record head 
E Playback head 
F Pinch roller 
G Capstan 
H Tape guide 
I Take-up reel 

The transport has three motors. The capstan motor pulls the tape at aeon-
s an spee w en the tape is forced between the capstan and the pinch roller. 
The supply and take-up motors supply proper tension and wind the tape. 
Plainer rr° !10n ^pe recorders have three heads for the functions of 
senarat'pd fw!rr.mg' , ,flaying back the taPe- Since these three heads are 
Doint on thp f 630 ° smad ^ount of time elapses as a particular 
from the timp^ °nG head to another- ™s causes a delay 
basis for all sintrlpS°Un J* recorded to the time it is reproduced. This is the oasis tor all single-recorder tape delay effects. 

figuratio^oTlhp6 °f Singl!"reC°rder taPe delay effects depends on thecon-
m^n^ tracks cem TheSe ^figurations determine how 

pTaybac" Theln,?" ^ " We" 33 the f°™at °f ** 
formats for V4" tape. owing are common head configurations and 

[  | E  L R  , P  

h- r 
Full-track monaural 

Half-track monaural 

Half-track stereophonic 



Quarter-track stereophonic 

Quarter-track quadraphonic 

M 
If a full-track or a half-track monaural tape recorder is used, the only 

possible tape delay technique is feedback delay, also called tape feedback. 
In this situation, a signal is recorded onto the tape by the record head, 
played back from the playback head, and then fed back into the record 
head. This signal path can be illustrated by using the following shorthand 
where "R" stands for the record head and "P" designates the playback head: 
Signal R -+ P -* R. This creates a feedback loop, resulting in an unspecified 
number of repetitions of the signal. The amount of time between separations 
depends on the distance between the record and playback heads and the 
speed at which the tape travels. 

With stereophonic or quadraphonic machines, it is possible to pro
duce a limited number of delayed repetitions. This technique is known as 
straight-line delay. Using a half-track stereo machine, the signal can be 
routed as follows: Signal -»• R1 -> PI -*• R2 -»• P2. The outputs of both chan
nels are mixed together, and the result is a single repetition of the recorded 
signal. 

TAPE DELAY TECHNIQUES 
VS TAPE DELAY EFFECTS 

When discussing tape delay, it is necessary to distinguish between techni
ques and effects. There are only two tape delay techniques: straight-line 
delay and feedback delay. Straight-line delay involves transferring a signal 
from the playback head of one channel to the record head of another chan
nel. Straight-line delay always results in a limited number of repetitions. The 
number of repetitions depends on the number of channels used. Feedback 
delay is created by feeding the signal back into the record head of the 
channel that it was originally recorded on. This creates a feedback loop, 
which may involve one or more channels. Feedback delay will create an 
unspecified number of repetitions, since the signal path is a loop. 

Single-recorder tape delay uses only one tape recorder. The possible 
signal paths for single-recorder tape delay are laid out in Table 7-1. 
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Table 7-1 

HEAD CONFIGURATION STRAIGHT-LINE DELAY FEEDBACK DELAY 

full-track monaural (not possible) R -  P- R 
half-track monaural (not possible) R -  P - R 
half-track stereo R1 -  P1 -  R2 -» P2 R1 -  PI — 

quarter-track stereo R1 -  P1 -  R2- P2 R1 -» P1 -
quarter-track quad R1 -  P1 -  R2 -  P2 -  R3 R1 -  P1 -  R2 -  P2 -  R3 

In straight-line delay, the outputs of all of the playback heads are mixed 
together in a mixer, a device that combines two or more signals and allows 
the volume of each input to be controlled. 

Tape delay may also be performed by using two tape recorders 
simultaneously. Figure 7-2 illustrates a possible two-recorder delay. 

SIGNAL PATH 

TAPE 

Figure 7-2 A Two-Recorder Tape Delay. 

In this illustration, two half-track stereo machines are used. The signal 
initially recorded and played back on one channel of machine 2. The sigi 

the playback head of machine 2 to the record head 
channpl nf mal1 rerccording of the signal is then played back on the otl 
together Sinpp th"6 • ^ outputs of both channels of machine 2 are mix 
echo There will T ^ yPG °f straiSht"hne delay, the effect will be a sin; 
the twI recordl ° **"**** delay time' due to the distance betwe 

echo.5 The ^lTference"^^^ Used*ape delay effects are echo and extend 
difference between these two effects is rather subjective. I 

is technicaHy^ancf tualiySin^6" Us.ed to describ.e taPe echo effects, but t 
times shorter than 50 millis*™ c?r5ect-Reverberation effects (repetition de 
techniques at speeds of 30 in* ° fre tecbnicaHy possible using tape de 
berationin tape music is usuaHv ^^^ H°Wever> this is se,dom done ReV 

Signal phasing and Ay Cr?ated by artificial means. 
are almost always done e]ectrontlu° °th*er possib,e taPe delay effects, but tt 
signal phasing and flanging effects is h ^ °[ by tape delay- A discussion 
For information on these fffprts beyond the technical scope of this bo< 
cial recording, see Richard esp*CIal,y as applied to the world of comm 
Clockworks, lie ) t0r' PhaSing and hanging (New York: Event: 
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tended echo has longer delay times between repetitions but there is no set 
measurement. Usually, extended echo effects are thought of as being 
achieved by a two-recorder delay system, as shown in Figure 7-2. Both echo 
and extended-echo effects can be created by either the straight-line or the 
feedback delay technique. 

COMPOSING WITH TAPE DELAY TECHNIQUES 

In Kenneth Gaburo's Exit Music II, a composition previously discussed, the 
effect of extended echo delay can be easily heard. The middle section of 
Exit Music II uses a single extended echo to create a repetition of the jazz 
material. The original material is stated on one channel and then, after about 
a one second delay, is repeated on the other channel. This creates a stereo
phonic effect, since the original statement and its repetition are separated by 
space as well as time. 

Low Speed by Otto Luening 

Otto Luening (b. 1900, Milwaukee, Wisconsin) has used tape echo in 
several of his early tape compositions. Together with Ussachevsky, Luening 
was one of the pioneers of tape music in the United States. Luening and 
Ussachevsky composed several works jointly and were co-directors of the 
Columbia-Princeton Electronic Music Center, which opened in 1959. 

Low Speed (1952) is one of several of Luening's tape pieces that uses 
the flute as source material. The sounds of the flute in this work are repro
duced at speeds slower than that of the original recording. This allowed the 
pitches of the flute to be extended below the normal range. In addition, this 
speed change caused the overtones of the flute sound to be heard more 
clearly than usual. 

Luening uses feedback delay in Low Speed. Each statement of the 
flute is followed by several softer echoes of the original sound. Thus, by 
using only one melodic line with feedback echo, the composer is able to 
achieve repetitious combinations of melodic fragments. 

Luna Park by Tod Dockstader 

Another example of tape echo can be heard in Luna Park (1961), by 
Tod Dockstader (b. 1932, St. Paul, Minnesota). The main sound source in 
the first section of Luna Park is the sound of laughter. This material is re
produced at speeds faster than that of the original recording and treated by 
feedback delay. This produces a series of rapid echoes of the laughter, im
parting a surreal quality to the sound. 

Dockstader refers to his work as "organized sound, a term first used 
by Edgard Varese Dockstader's methods of organization are derived from 
the various tape manipulation techniques and different kinds of electronic 
sound processing. Beginning with a specific idea for a composition, Dock-
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stader collects appropriate materials, experiments with their possibilities, and 
finally organizes the sound material in such a way as to convey the idea of 
the work. 

Dockstader is a recording engineer and does not consider himself to 
be a musician in the traditional sense. Like most of his works, Luna Park is 
an instinctive organization of materials designed to convey subjective and 
somewhat programmatic ideas that are extramusical. The various techniques 
that Dockstader employs in his works are not intended to be ends in them
selves but rather means to create specific moods and effects. 

DISCOGRAPHY 

Dockstader, Tod. Luna Park. Owl ORLP-6. 
Luening, Otto. Low Speed. Desto DC 6466. 

FOR FURTHER LISTENING 

Kotonski, Wlodzimiez. Microstructures. Philips 6740-001. Microstruc-
tures (1963) uses percussive sounds derived from wood and glass. While 
a variety of tape manipulation techniques can be heard, the effects of 
tape delay are audible throughout most of the piece. 

Luening, Otto. Fantasy in Space; Invention in Twelve Notes; Moon flight. 
' i q k o  t u  All of these early works by Luening were com

posed in 1952. They use tape delay techniques with flute sounds. 



8 
COMBINED TAPE 
MANIPULATION 
TECHNIQUES 

As has already been noted in discussing the works mentioned in previous 
chapters, most musique concrete works use more than just one tape manipu
lation technique. The possibilities with combined techniques are greater than 
when just one technique is used. Greater variation of the sound material 
helps to create a more interesting work and allows the composer to explore a 
larger world of sound. 

One of Pierre Schaeffer's original concerns with musique concrete 
was the exploration of a single sound or class of sounds. Schaeffer s first 
work, Etude aux chemins de fer, deals only with train sounds. This approach 
to the composition of musique concrete has intrigued many composers. 
Using only one type of sound creates limitations for the composer and forces 
him to explore the possibilities of his material. Such restriction also gives the 
composition a sense of unity, since all of the sound material is related. 

Water Music by Toru Takemitsu 

Water Music (1960), by Toru Takemitsu (b. 1930, Tokyo), exhibits 
extreme limitations on source material. The only sounds in Water Music are 
those of water drops. Unlike Hugh LeCaine's Dripsody, Water Music uses a 
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variety of water-drop timbres, largely created by dropping water from differ
ent heights and into variously sized containers. Takemitsu also uses a wide 
variety of tape manipulation techniques. 

The first event in Water Music is the sound of a single drop of water. 
This material has been amplified and reverberated, giving it an outsized 
quality. The second sound in the piece is the same as the first, transposed 
an octave higher by speed change. This is followed by other single-drop 
sounds presented at various pitches. Each event requires the individual 
recording, cutting, and splicing of a piece of tape. 

At 0'13", a new form of the water-drop sonority appears. This event 
consists of two pitches, the first being, as it were, a grace note to the second. 
This effect is created by splicing two water-drop sounds together, shortening 
the first by cutting off the decay of its envelope. 

At 0'16", an elongated form of the water-drop sound is introduced. 
The sustain portion of this sound's envelope has been lengthened, possibly 
by the splicing of additional material into the middle of the sound. 

After a variety of single and double water-drop sounds have been 
presented, we hear many drop sounds spliced closely together and trans
posed to a high register by speed change. This occurs at 0'47". After a repeti
tion of this statement, the same material is heard as a downward glissando at 
1 02 . This effect is created by continuous speed change. 

At 1 04 , the glissando is halted by two statements of the water-drop 
sound played backwards at a speed much slower than that of the original 
recording. 
,. . 'raPe ]°°PS m used for the first time in Water Music at 1'08". At 
first, the short loop of drop sounds is reproduced at such a fast speed that 

formation can be heard. Soon the loop is heard at a slower 
speedI, although still faster than normal. At this slower speed it is possible to 
delay rePetltlous Pitch pattern as well as the echo effect created by tape 

the anirW|Stf rnin^te"and"a"half of Water Music, Takemitsu uses all of 
drop sound Th & "T "lques to change various aspects of the water-
material PiGCe C°ntains Similar manipulations of the 

related to^the^lH& cunous hstening experience, for it is at once 
gestures are striking the new- Takemitsu's uses of silences and dramatic 
Events are often surrn re"11"1fcent of traditional Japanese theater music, 
abrupt. At the same t'U th l0ng silences' and climaxes are short and 
ways that are uniquely contempoT^ material in Water Music is created * 

rather, a series of Events "thl^hH ^ *+ continuous hnear structure. It & 
source. At the same timp th belong together because of their common 
their placement in time and t»f GVents 316 dlfferentiated from each other by 

and the vanous manipulations performed on them-
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It is more important to listen to the specific qualities of each sound than the 
relationships between events. 

Thema (Omaggio a Joyce) 
by Luciano Berio 

Another musique concrete work that uses only one class of sounds 
is Thema (Omaggio a Joyce), by Luciano Berio (b. 1925, Oneglia, Italy). 
Thema was composed in 1958 at the Studio de Fonologia of the Radio 
Audizioni Italiane in Milan. The only sound source for Thema is the voice 
of Cathy Berberian reading from the beginning of the eleventh chapter of 
James Joyce's Ulysses. In the original version of Thema, and in some of the 
commercial recordings of the piece, the actual composition is prefaced by 
the reading of the text that Berio used in composing. 

In composing Thema, Berio was concerned with developing transi
tions between words and music.1 To achieve this, Berio experimented with 
the transformational possibilities of tape manipulation techniques. As a 
result, Thema is, in a way, a catalog of the possibilities of tape manipulation 
techniques used on vocal sounds. It is, therefore, important to consider some 
of the highlights of the piece. 

Thema begins with the superimposition of several words from the 
beginning of the text. This is a technique that Berio makes great use of 
throughout the place. In creating these superimpositions of material, several 
tracks of the voice have to be mixed together into the final format, which, 
in this case, is stereophonic. The result of this superimposition of tracks is 
to create a chorus of voices from only one original voice. 

At 0'42", Berio uses cutting and splicing techniques to create a 
unique sound picture of the word blooming} First he cuts out all but the 
beginning "bl" sound of the word. Then many rerecordings of the "bl" 
sound are spliced together. This is the first heard in a high register, trans
posed by speed change. The material is then presented at a lower register, 
still higher than normal, and is finally heard at the original pitch. In this last 
presentation, Berio gradually adds portions of the word so that repetitions 
grow from "bl" to "bloo" to "bloom" to "blooming." This addition of parts 
of the word also has the effect of slowing the rhythm of the repetitions, 
since the length of each iteration increases as the word becomes complete. 
The effect of this passage is quite marvelous, since the word and its meaning 
are literally formed as we listen. 

At 1'13", Berio creates extreme transformation of the vocal timbres. 
These few sounds are not recognizable as having come from a vocal source. 

1 Thema is discussed at length in the interview with Luciano Berio contained in 
Part III. 
2 The timings for Thema are given from the beginning of the actual piece and do 
not include the introductory reading of the text. 
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This effect, used at several points in Thema, is the result of multiple manipu
lations of the same material. In this instance, cutting and splicing, speed 
change, and direction change have all been used to transform the original 
material. In addition, the sound is also filtered, so that portions of the 
original frequency spectrum are removed. These extreme transformations 
are closely followed by an example of continuous descending speed change. 

Berio uses a combination of cutting and splicing, speed change, and 
tape delay to create the timbres beginning at 1'23". These high-pitched 
events continue for several seconds and serve as background for the more 
intelligible vocal sounds. 

Throughout Thema, Berio creates a constant motion between three 
general categories of sound: discontinuous (separated), periodic (repeti
tious), and continuous (as in the prolongation of the "s" sonority). There is 
also movement between relative degrees of recognizability and unintelligibil
ity of the spoken material. In this way, Berio creates a continuous meta
morphosis between speech and music. The result is a composition as 
interesting and fresh today as it was when first heard. 

At certain points in Thema, the sound of the voice has been trans
formed to such a degree that its origin is no longer recognizable. This is the 
result of performing several tape manipulation techniques on the same mate
rial. Multiple manipulations of acoustic material can drastically alter its 
characteristics, as is evident in Vladimir Ussachevsky's Of Wood and Brass 

Of Wood and Brass 
by Vladimir Ussachevsky 

,.J?f ° and Brass was composed in four sections, each of whi 
uses different source materials. The first section (0'00"-0'56") uses primar 
the sounds of a trombone and an electronic oscillator. The trombone soun 
snlipinff6611 ° by multiple tape manipulations, including cutting ai 
rpmnv^H fPe fC gf' Bnd direction change. The resulting sonorities are 1 removed from typical trombone timbres. 
tnimn ,The Se?°nn -Part °f °f Wood and Brass (0'57"-l'53") is made frc 
sounds are^P^l' Pr'marily because °f «"eme speed change, the trumf 
sounds ^egreatly changed from the quality of the original material. 
tion to taDe mmM r -3 12.) uses the sound of a xylophone. In ad 
changed bv the & timbre of the xylophone has been furth 
ring modulator an ? nn£ ™odulation. This is accomplished by usinf 
studios The ring mori^ ice that is in most electro-acoustic mus 
material Ian be Id intotl T ^ acOUstic °r eleCtr°r 

sum and the difference of all of th' J output of the nng modulator is t. 
For example if two «in frequencies fed into the ring modulate 
puts ofraring modulator Th™ °! 3°° Hz ^ 700 Hz "ere fed into thei 

ng modulator, the output would be the sum of the two frequr 
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cies, which is 1000 Hz, and the difference, which is 400 Hz. In the third 
section of Of Wood and Brass, Ussachevsky has fed the xylophone material 
into one input of the ring modulator, and a sine wave into the other input. 
The metallic-sounding quality of the xylophone material is the result of the 
ring modulation process. The timbre has been changed because the fre
quency information is different. 

The fourth section of Of Wood and Brass is made from trombone 
and Korean gong sounds. The portamento effect created on the trombone is 
recognizable, even though it is reproduced at a lower speed. The use of tape 
manipulation techniques and ring modulation, accounts for the transforma
tion of the trombone and gong material. 

In composing Of Wood and Brass, Ussachevsky wanted to "remove 
the final sound materials as far as possible from the quality of the original 
instrumental sounds."3 As a result, new timbres are created that often bear 
little resemblance to the original sonorities. 

In the previous discussions of musique concrete compositions, care 
has been taken to deal with the works in some detail, especially in the con
sideration of technical procedures. This has been done to provide the reader 
with specific examples of the tape manipulation techniques and how they 
can be used. By this point, it is hoped that the reader will have gained some 
facility in hearing and discerning the technical processes involved in musique 
concrete. For this reason, and because of the practical limitations of this 
book, the remainder of this chapter will be devoted to brief discussions of 
selected examples from the literature. Works using vocal, instrumental, and 
traditionally extramusical sounds will be explored, as well as compositions 
that use a minimum of tape manipulation techniques. 

Psalmus by Krzysztof Penderecki 

The human voice has been a favorite source of material for many 
composers of musique concrete. Vocal sounds lend themselves to a wide 
variety of possible transformations and can be used with or without words. 
In Thema, Berio bases his composition on Joyce's text, sometimes concen
trating on the sound of the words rather than on the words themselves. In 
Psalmus (1961), by Krzysztof Penderecki (b. 1933, Debica, Poland), word
less voice sounds are used. In this, his only tape composition, Penderecki 
uses the sonorities of soprano and baritone voices to explore the inflection 
possibilities of the Polish language. Speed change is used for transposing the 
sustained sounds, while cutting and splicing techniques provide many of the 
shorter envelopes and repetitions. Cluster chords, groups of closely spaced 
pitches sounding simultaneously, are created by the superimposition of 
several recordings. Many of the vocal effects heard in Psalmus, such as 
the rapid articulation of consonants and the use of clusters, are found in 
Penderecki's more recent vocal music. 

3 Vladimir Ussachevsky, from notes on Of Wood and Brass, CRI 227 USD. 
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Berio's Thema and Penderecki's Psalmus are representative of many musique 
concrete works that use vocal sounds. The continuing interest in the use of 
vocal material for tape composition, especially when combined with spoken 
poetry, has resulted in a new class of compositions called text-sound. Text-
sound works are sometimes associated with concrete poetry and are often 
referred to as sound poetry. Text-sound compositions are characterized by 
the primary use of the spoken word as opposed to sung words or wordless 
vocal sounds. Although the term text-sound originated in Holland around 
1967, it is primarily thought of as a Swedish movement, since most text-
sound compositions are by Swedish composers. In recent years, the move
ment has also gained popularity in Europe and the United States. 

Text-sound works are often concerned with expressing specific ideas 
and thoughts. These works contain little manipulation of the spoken words, 
since, as in most poetry, the meanings of the words are important and must 
be understood. Vietnam (ca. 1970) by Lars-Gunnar Bodin (b. 1935, Stock
holm) and Bengt Emil Johnson (b. 1936, Stockholm) is an example of this 
type of text-sound work. The piece consists almost entirely of spoken 
phrases dealing with the war in Vietnam. Since the work is frankly political 
and seeks to relate a particular point of view, there is almost no tape manipu
lation except between certain spoken phrases. 

English Phonemes (1970), by Arigo Lora-Totino (b. 1928, Turin, 
Italy) represents a different kind of text-sound composition. This work is 
more concerned with the sounds of speech than with the meaning of words. 
th*m Par. Enghsh Phonemes, three lists of related words, called 
the thenfl! ?h J* male and female voices- After an initial statement of 
creatp what't & ^ f* °^ words anc* their phonemes are rearranged to 
the second naT" ° ino refers to as "a progressive semantic reduction."4 In 

iected to tane m ° • ,8.1. Phonernes, the material of the first part is sub-
result thp m anipu a lon anc* electronic processing, such as filtering. Asa 
Phonemes ofTpnmgS, °f ^ W°rds are destr°yed" What is left are the 
P nemes of the words, and noises created from the phonemes. 

M U S I Q U E  C O N C R E T E  C O M P O S E D  
F R O M  I N S T R U M E N T A L  S O U R C E S  

sources°for Zsioue °ffer «™P°sers a wide variety of so 
mental timbres by tape rnan'6 C1°Jnpositions- The transformation of ins 
with reference to Ussachevsky's Of ^°h"iqUej has akeady been discus 
1932, Tamatave, Madagascar) takes Lff 7 Fra"f°iS ^ *£ ) takes a different approach to the use of ins 

4 A phoneme is the smallest part of speech. 
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mental sounds in UOiseau-chanteur (The Songbird). UOiseau-chanteur 
(second version, 1963) is the third part of Portraits de L,Oiseau-qui-n, existe-
pas (Portraits of the Bird-that-does-not-exist), music composed for images by 
Robert Lapoujade. In UOiseau-chanteur, Bayle uses French horn, oboe, and 
harpsichord to produce short phrases. These instrumental sounds are ex
tended by the use of electronic and other concrete material. While the instru
mental sounds receive almost no direct modification, they are prolonged by 
the electronic and concrete material through cutting and splicing techni
ques. The result is an extension of the characteristic instrumental timbres. 

Iannis Xenakis (b. 1922, Braila, Rumania) uses new, as well as tradi
tional, instrumental techniques in generating the sound material for Orient-
Occident III (1959-1960). Orient-Occident III is a second revision of a work 
originally composed for a UNESCO film by Enrico Fulchignioni that deals 
with comparisons of European, Asian, and African art. At the beginning of 
Orient-Occident III, Xenakis uses a cello bow drawn over various objects, 
such as cardboard boxes, metal rods, and gongs. At one point, Xenakis uses 
an excerpt from his orchestral work Pithoprakta transposed to a low register 
by speed change. In addition to the instrumental material, Xenakis incorpor
ates traditionally extramusical sounds, such as signals from the ionosphere 
converted into sound. Xenakis uses a wide variety of sources in Orient-
Occident III to deal with making transitions. Overlapping, superimposing, 
and cross-fading (sometimes called dovetailing) sections are used several 
times in the piece. Often there is no transition but a direct splicing of one 
section to another. 
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Most of Xenakis's musique concrete uses sound material that is not tradi
tionally considered musical. This area of sound offers the composer the 
largest range of possibilities. Several compositions previously discussed, such 
as Schaeffer's Etudes of 1948, Cage's Williams Mix, LeCaine's Dripsody, and 
Takemitsu's Water Music, use traditionally extramusical sounds. Xenakis has 
composed with a wide variety of such material. In Diamorphoses II (1957), 
Xenakis uses what he refers to as "ugly sounds," such as jet plane sounds, 
crashing railroad cars, and sounds of earthquakes. These sounds are sub
jected to various transformations by cutting and splicing, speed change, and 
direction change of the tape. At several points in Diamorphoses II, a high-
pitched portamento is heard. This material is produced by using a Greek 
sheep bell transposed by continuous speed change. 

In Concrete P-H II (1958), Xenakis uses the sounds of burning char
coal. Hundreds of short pieces of tape were spliced together to produce the 
final composition. 

Bohor I (1962) by Xenakis uses the sound of a Laotian mouth organ 
and the sounds of jewelry being dropped and scraped. By means of super
imposing many tracks or layers of material, Xenakis creates a large sound 
mass that slowly increases in intensity. Speed change accounts for the wide 
frequency range and the various timbres of the piece. Bohor I is essentially 
a long (21 56 ) crescendo of a sound mass whose internal structure is in con
stant flux. 

Pierre Henry (b. 1927, Paris) chose an unusual combination of 
sounds for his Variations on a Door and a Sigh (1963). The sources used 
5?, th°Se °f a door (making, shutting, and so on), a sigh 
( arious breath sounds), and a type of musical saw. From this material, 

enry crea es wenty-five short variations reflecting on various musical and 
Sltu,ati°ns- Henry uses all of the tape manipulation techniques 

A * ^ G °rce Pagination with very limited means, 
is Bowen Rnl ™ncrbte work that uses an unusual sound source 
Mto JoZ i?6 • by "han Mim"°glu <b. 1926, Istanbul, Turkey!-
and splicing tprh " ̂  & Sound of a rubber band in Bowery Bum. Cutting 
beginning of nip*1"*11!? ^ USed to form the melodic fragment heard at the 
change creates thev*.'^ddltlonal splicing, along with speed and direction 
cnange, creates the variations of the original material. 

M U S I Q U E  C O N C R E T E  
W I T H  M I N I M A L  T A P E  M A N I P U L A T I O N  

manipulations. Marw comn^-t" h&Ve USGd varying degrees and kinds of tape 
to create specific effects In°r "1Volve the use of multiple manipulation5 

used a m i n i m u m o ^ t a p^maniDulat ^  a ? P r o a c h  '  —  c o m p o s e r s  have 
^ P anipulation to achieve their goals. 
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I Am Sitting In A Room (1970), by Alvin Lucier (b. 1931, Nashua, 
New Hampshire) is unique in the literature of musique concrete. I Am Sit
ting In A Room consists of a brief statement spoken by the composer and 
recorded on tape. The original recording is then played through a loud
speaker into a room, and rerecorded, by means of a microphone, on a second 
tape recorder. This results in a second generation tape, a second recording of 
the original tape. This process is repeated until a fifteenth generation tape is 
recorded. As a result, the natural resonant frequencies of the room become 
increasingly reinforced with each successive generation of the tape. 

I Am Sitting In A Room uses a kind of acoustic feedback. The tape is 
played and rerecorded over and over into the same acoustic environment. 
Eventually, due to this feedback process, only the resonant frequencies of the 
room are reinforced, and the original speech is obliterated. This process could 
be used with any sound, and the results will differ according to the charac
teristics of the source material, the acoustic environment, and the micro
phone and loudspeakers that are employed. Except for the splicing together 
of the fifteen generations of recordings, Lucier uses no tape manipulation 
techniques in this work. 

Another musique concrete composition that uses minimal tape 
manipulation is Presque Rien No. 1 (1970), by Luc Ferrari (b. 1929, Paris). 
Presque Rien No. 1 is an example of a genre of musique concrete that deals 
with a sort of diary in sound. Presque Rien No. 1 presents the sounds of day
break on a beach. There are the sounds of cars, voices, animals, insects, and 
such, that naturally occurred when Ferrari made the recording. Ferrari has 
exercised little control over the results except for two manipulations. He has 
cut out some portions of the original recording and spliced the remaining 
sections together. This creates a slightly contracted perspective of the origi
nal material. Secondly, he has made the insect-like sounds that enter during 
the middle of the piece slowly increase in volume until they alone are heard 
at the end of the work. Except for these changes, Presque Rien No. 1 pre
sents the chance sounds of a particular day at a particular beach. 

This brief survey of the musique concrete literature has only begun 
to demonstrate the possibilities of the medium. Through the wide variety of 
source material, the use of tape manipulation techniques, and the application 
of electronic processing, more fully discussed in Part II, the composer of 
musique concrete has an almost unlimited range of sound possibilities. 
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FOR FURTHER LISTENING 

Bayle, Frangois. Solitude. Philips 6740-001. This is a loosely program 
matic work composed in 1969. It deals with aural aspects and impres 
sions of a popular music concert of the period. There are the sounds ol 
crowds, street traffic, sirens, electric guitars, and excerpts from perfor 
mances by Duke Ellington, The Soft Machine, and Boris Vian. The tape 
manipulations are easily heard and create a pleasant collage. 

Vapeur. BCM LD-072. Vapeur (1962) uses the sound! 
of harp, bass clarinet, string bass, and cymbals. The initial sounds are 
unaltered, but the instrumental timbres are slowly extended by tape 
manipulation techniques. 

Carson, Philippe. Turmac. BAM LD-072. Turmac (1962) was createc 
from machine sounds. There is little sound transformation in this work 

ape oops, splicing, and speed change are used to some degree, bu 
mos o the piece is the result of mixing together various tracks. 

Dockstader Tod. Quartermass. Owl ORLP-6. Quartermass (1964) ii 
an extensive exposition of Dockstader's ideas. Although the sounc 
of an oscillator is used in the work, most of Quartermass's sources ar< 
nH°r r/m0Ig .?ther sounds' there are those of ballons, cymbals 
radio static, and adhesive tape. 

E1Daf^'PnlTli a n d  t h e  P o e t •  C o l » m b i a  M S  6 5 6 6 .  Leiyla one 
work follow fi! 1S on the ancient Arabic ode Majnum Leiyla. Th« 
trv to convin • T pr°gram of tlle poem in which a madman and a poe 

of the Middlp6 F ^ g° dlfferent ways. Voices, excerpts of music 
Tape maninulnf B a° e^ectron^c oscillator are used as sources P manipulation is used sparingly. 

HeniTheTeU ofVOrnhd'°rPh^ PMUpS 836"887- Composed in 1953 
compositions The * T? °f the earliest extended musique concret< 
compositions. The use of tape recorders provides much greater techni 
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cal flexibility than is heard in Symphonie pour un homme seul. Voile 
d'Orphee uses a large variety of sounds treated by tape manipulation 
techniques. Many of the work's ideas, such as the use of harpsichord 
sounds, and the particular use of voice material, have become character
istic of several more recent French works. Voile d'Orphee also fore
shadows similar dramatic works by Henry and other French composers. 

Kayn, Roland. Cybernetics III. DGG 2543-006. Vocal and animal 
sounds are the basic material of Cybernetics III (1969). Kayn creates 
interesting analogies between human and animal sounds by tape 
manipulation, especially speed and direction change. He also uses 
electronic processing techniques, such as filtering and ring modulation. 

Mache, Francois-Bernard. Terre de feu. BAM LD-072; Candide 31025. 
Terre de feu (1963) is primarily a study in the effects of speed change. 
The original material is percussive and metallic and is changed into 
sounds reminiscent of the sounds of fire and water. 

Malec, Ivo. Luminetudes. Philips 6521 017. This 1968 work by the 
Yugoslavian composer demonstrates further possibilities of cutting and 
splicing as primary techniques. Although a wide variety of sounds are 
used, the listener is struck less with their natures or manipulations than 
with their juxtapositions with each other and with silences. 

Mimaroglu, Ilhan. Le Tombeau d'Edgar Poe. Turnabout TV 34004. 
This piece, composed in 1964, uses a recording of a reading of 
Mallarme's poem Le Tombeau d'Edgar Poe as its only sound source. 
The vocal material undergoes extensive transformation by tape manipu
lation. Mimaroglu has produced what he considers to be a melodrama 
with musical-literary associations not unlike those found in some later 
text-sound works. 

Parmegiani, Bernard. Danse. Candide CE 31025. The main sound 
source in Danse (1962) is a collection of wordless vocal sounds. This 
material is accompanied by various instrumental timbres. A wide 
variety of tape manipulations and electronic processings creates an 
interesting array of transformations, with a continuum between the 
vocal and instrumental timbres. 

Schaeffer, Pierre. Etude aux objets. Philips 6521 021. This group of 
five works was originally composed in 1959 and revised in 1966-67. 
More sophisticated than the Etudes of 1948, these works use instru
mental sounds treated in ways that are logical extensions of Schaeffer s 
ideas The titles of the five sections describe their natures: Expanded 
Objects; Related Objects; Multiplied Objects: Extended Objects; Re-
assembled Objects or Stretto. 

Takemitsu, Torn. Vocalism At. RCA VICS 1334 Ai is the Japanese 
word for love. In Vocalism Ai (I960) the word a, is pronounced by a 
male and a female voice in many different ways and further varied by 
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tape manipulations. The result is a wide variety of sounds made from a 
single source and an exploration of the variety of meanings of love. 

10 + 2: 12 American Text Sound Pieces. 1750 Arch Street. (Available from 
1750 Arch Records, Box 9444 Berkeley, CA 94700) For English 
speaking listeners, this is one of the best introductions to the world of 
text-sound. There are a dozen varied works by eleven different com
posers including John Case, Charles Dodge, and Robert Ashley. Tech
niques employed in the various pieces range from garden variety tape 
recording (crickets by Aram Saroyan) to computer-synthesized speech 
(iSpeech Songs by Charles Dodge). 

Vandelle, Romuald. Crucifixion (excerpts). BAM LD-070. Crucifixion 
was composed in 1960. It is typical of a genre of French works that are 
tape music presentations of dramatic, often religious, themes. These 
works are sometimes composed for radio broadcast, such as Pierre 
Henry s settings of the Gospels, or for theatrical presentation, such 
as Henry s Voile d'Orphee. Crucifixion depicts various stages of the 
crucifixion of Christ. A narrator introduces each section of the work. 
The piece is based on instrumental and vocal sounds. 
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ELECTRO-ACOUSTIC 
MUSICAL INSTRUMENTS 

PRECURSORS 

The earliest electronic music was made by electro-acoustic musical instru
ments 1 The origins of these instruments can be found in the long history of 
mechanical musical instruments.2 While there are many considerations con
tributing to people's interest in designing, building, and listening to mechani-

1 An interesting question arises when considering the definition of musical instru
ment The dictionary definition is, roughly, anything that produces sound and 
Tused musically. This definition has only been acceptable because of an un-

• !r rj assumDtion that a musical instrument can be played in real-
ttoe UnUl recently, this qualification remained unstated because the concept of 
not-real-time did not exist. Now, however, this qualification has become a neces-
not real time ai of a musical instrument. An electronic music synthe-
sary part of the d ^ may not be an "instrument," depending upon how it 
sizer, for ex p , ^ resulted not only in different design philoso-
ph?eesSbut a'lso in divergent compositional aesthetics and theories. This matter is 

discussed fuF^"o'f mechanical musical instruments, see Alexander 
Buchmtr MeZl'/"/nstruments (London: Batchworth Press, 1959). 
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cal musical instruments, three reasons stand out as being the most important. 
First, mechanical instruments are capable of autonomously imitating human 
musical activity. The imitation of human actions continues to be a fascina
tion of composers using all manner of automata. Second, mechanical 
instruments can produce music that is impossible to perform with human 
means. A player piano, for instance, can play at faster tempos than any 
pianist. Third, mechanical musical instruments can preserve a given perfor
mance and reproduce it. For example, performances by pianists and com
posers have been preserved on player piano rolls. In varying degrees, these 
qualities are also typical of electro-acoustic musical instruments. 

The first application of electricity to musical instrument design was 
made by J.B. Delabord, who invented the Electric Harpsichord in 1761. In 
this instrument, electricity was used to assist the action, or mechanism be
tween the keyboard and the strings. Later similar instruments, such as Hipp's 
Electromechanical Piano (1867) and Gray's Electroharmonic Piano (1876), 
are motordnven acoustical instruments, not electro-acoustic musical instru
ments. 

C L A S S I F I C A T I O N  O F  E L E C T R O - A C O U S T I C  
M U S I C A L  I N S T R U M E N T S  

wav^ransrnittln Th ^sical instruments are those in which the sound is in son 
electro acoustir i t°Ug ^ ctrical circuits. There are two general types < 
tstrumlnTtl th * electronic. Electrical music 
way. This cateeorv ir.6i W initial sound is produced in a mechanic 
and electric guitars Site 7 S mstmments as the original Hammond Orga 
sound"̂ XcCnTcally grer̂ d'X'y"8̂ 6̂ 8 "» th°S6 " ***? 
electronic instrument. Both electrical Id"^ 
require amplification in order to be h^rTit eleCtr°"lc muslcal >nstrumen 

o be heard at normal listening volumes. 

sent categories of electrical^nd in?truments «s not standardized. The pr< 
tion. Previous attempts at rlacc'r r"'C are used to s'mpHfy a confusing situi 
History of Musicalin,C,Ude those bY ^urt Sachs in Th 
Sibyl Marcuse in Musical Instrument A^ W' Norton & Co-. Inc., 1940) an 
Doubleday & Co., Inc. 19641 q!l f ComPrehensive Dictionary, (New Yorli 
instruments as electrophones whiif m to the ®eneraI class of electro-acousti 
ments. The term electrical i'nstrum arcuse uses the term electrophonic instn 
instruments as Sachs's term elect ment ,as used >" this book refers to the sam 
mechanical (including ekTtmtatZ'VSCh?nical and Marcuse's category of electrc 
of electronic instrument in this boo?c?ro.?la8netlc> and photoelectric). The us 
Sachs uses the outdated "me radinel *t ***** *S fuse's us of the terrr 
instruments. "ame bioelectric instruments to refer to electron! 
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The earliest discoveries in the relationship between electricity and the 
production of sound were accidental. One such case is the discovery of gal
vanic music by Dr. C.G. Page of Salem, Massachusetts. In 1837, Page was 
experimenting with a primitive battery, a coil, and some horseshoe magnets. 
He knew that the wet-cell battery, invented by Volta in 1800, stored an 
electrical charge and was capable of furnishing an electric current, or flow of 
electrons. Page also understood that electric currents are caused to flow by 
voltage, which is an electrical pressure, through an electric circuit, the path 
along which the current moves. However, Page was not aware of the proper
ties of coils or of the concept of induction, the process by which a body 
with electrical or magnetic properties creates similar properties in a neighbor
ing body without direct contact. Page was surprised to discover that when 
the coil was attached to the battery and one or both poles of the magnet 
were placed by the coil, a ringing sound was heard in the magnet when con
nections to the battery were either made or broken. He suspected that the 
sound was caused by the reverberation of the snapping sound made when 
connections to the battery were made or broken. Actually the coil became 
magnetized by the flow of current from the battery, and, through electro
magnetic induction, the magnets were caused to vibrate whenever the circuit 
was made or broken. 

In the years following Page's discovery, there were several experi
ments with the electrical production of sound, but no actual attempts to 
produce electrical instruments. One of the earliest electrical instruments was 
patented in 1885 by Ernst Lorenz. Lorenz called his invention Elektnsches 
Musikinstrument. This instrument used electrical vibrations to drive an 
electromagnet that was connected to resonating boards, thus translating 
electrical vibrations into sound. Lorenz's instrument looked not unlike a set 

In 1899 William Duddell, an English physicist, invented the Singing 
Arc. This instrument used carbon arc lamps, whose discharge paths were 
interrupted by controlled electrical vibrations, to create sound The rate of 
the initial electrical vibrations, or oscillations, w^ controlled from a special
ly designed keyboard. When Duddell played his Singing Arc for the London 
Institution of Electrical Engineers, the music was simultaneously heard in 
two nearby laboratories, the arc lamps of these laboratories being on the 
same circuit as Duddell's Singing Arc. The Singing Arc, when played, created 
oscillations in the main line and caused other arc lamps on the same circuit 
to produce the music. Duddell speculated on the possibility that concerts 

"Carbon arc la™P8 ^"m^TrlVtenrelThot light was created by having an 
KScSSEit "now'bXeeTt'wo carbon eiectroges or poies. 
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could be given in conjunction with lighting service but did not pursue the 
idea. 

The work of Lorenz and Duddell was largely experimental, and did 
not result in any kind of musical activity other than isolated experimental 
presentations. By comparison, the achievement of Thaddeus Cahill is monu
mental. 

T H A D D E U S  C A H I L L  
A N D  T H E  T E L H A R M O N I U M  

Thaddeus Cahill was born in Iowa in 1867. At an early age, he became 
interested in the physics of musical sounds. When he was fourteen, he con
structed his own telephone receiver, because the Bell company had refused 
to sell him one for his experiments. At the age of eighteen, Cahill dropped 
out of Oberlin College to devote more time to inventing. In 1890 he moved 
to Washington, D.C, where he worked as a clerk in the House of Representa
tives, took law courses at night at Columbia University, and invented the 
electric typewriter. In 1894, Cahill was admitted to the bar and began 
the practice of law, which he continued for several years. 

.*n Cahill moved his laboratory from Washington to Holyoke, 
Massachusetts. By this time, he had already patented, and begun to build, 
the first Telharmonium, or Dynamophone. In 1906 Cahill built a larger and 
improved version of the Telharmonium and moved it from Holyoke to New 
York City The machine filled thirty boxcars and weighed over two hundred 
tons; it had cost Cahill over $200,000. This was one of the largest and most 
expensive musical devices ever constructed. 
P The concept of the Telharmonium was based on known principles. 
altprna^8 a"!Jlar electric generators, or alternators. He knew that 
anTnfrtirrl110 4CUrrent that chan^ed its direction between positive 
represented bv Tsine ^ Patte™ °f direction change could be graphically 
invented tLnLn T? Pattern" Cahi11 also knew that the recently 

be com^rted tntn °T„ °n princiPle that acoust* vibrations could 
and reconverted ?nfim r TUations in electrical current by a microphone 
^ut Tan a!- V°Und^y a telePhone receiver. Cahill figured that the 
« a mtcrophrirr esuft ^ ̂  int° * telephonf.ine without 
The rate at whieh th u audible sine tone would be produced. 
sine tot and reLS svnlh™ 1 tT* W°U'd detemine the *>itch °' 
the harmonic series Thus ronized ^ternators could produce overtones of 

In l906 (^'J, \ nmi)leX timbres would be Po^ible. 
ic Hall at 39th ^Broadway'Telharmonium in Telharmon-
tained the 145 alternators anrf «, basement of Telharmonic Hall con-

and other machinery necessary for the production 
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of sound.s Upstairs, separated from the noise of the machines, was the 
console from which the Telharmonium was played. The console contained 
two organ keyboards that controlled pitch over a range of 40 to 4,000 Hz 
(BO to E7). The relative amplitudes of various harmonics were determined 
by draw-stops above the keyboards, and the overall volume was controlled 
by a foot pedal. 

Cahill intended to distribute the music of the Telharmonium by 
means of special telephone wires. For a monthly fee, subscribers would have 
their choice of operatic, classical, sacred, or popular music. The music would 
be heard through cone speakers, similar to, but larger than, those used on 
early phonographs. 

The initial response to the Telharmonium was very positive: 

. . . the player, by using the proper keys and stops can construct the 
tones of any instrument he wishes. He can have the clear note of 
the flute, the heavy burr of the cello or the squeal of the fife. The 
qualities of all instruments—the vivacity of the piano, the emotion of 
the violin, the purity of the clarinet—are thus within instant reach 
of the player upon a machine of this type. The present instrument 
with 145 alternators, while producing the most extraordinary results, 
will not reach all of the combinations necessary, let us say, to pro
duce the marvelously complex music of an orchestra, but the inventor 
is already planning a much larger machine, with hundreds of alterna
tors, upon which eight or ten musicians may perform together, 
making possible heights of musical harmony never before imagined. 

Will the new instrument tend to affect the present musical art? 
If it reaches in practice anything like the perfection of its experi

mental performances, it will undoubtedly become a most valuable 
addition to the range of musical possibilities. As a pure economic 
proposition, it will furnish really good music much cheaper than the 
ordinary small orchestras; and there will be little danger of strikes of 
musicians. After a machine is installed in a city, a dozen or twenty 
highly skilled performers may easily supply thousands of restaurants, 
churches, schools, and homes with music. 

But the Telharmonium was not a success. There were a number of technical 
problems that were too difficult or too expensive to solve. Not enough sub
scribers could be found, and those who did subscribe complained of poor 

5 Cahill felt that at least three hundred alternators were necessary for a truly 
complete instrument. The expense, howeven was too great. 
'Ray Stannard Baker, "New Music for an Old World,' McCluresMagazine (July 
lonci inn.am 
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service. Eventually, the public wearied of the novelty of the Telharmoniura, 
and by 1909, the company had failed. 

Although the technology of his time could not support his ideas, 
Cahill was responsible for several remarkable innovations, such as envelope 
and timbre control.7 

The inventions of Lorenz, Duddell, and Cahill are electrical instru
ments, since they involve some mechanical production of sound. In order 
that electronic musical instruments might exist, it was necessary for 
electronic audio oscillators to be invented. These oscillators are electronic 
circuits that oscillate, producing frequencies in the audible range. Experi
mentation with electronic oscillations began shortly after Lee DeForest's 
invention of the Audion in 1906. The Audion, now known as the triode, is a 
type of vacuum tube that made amplification possible, and opened the way 
for experiments with electronic oscillators by DeForest and other scientists. 

E A R L Y  E L E C T R O N I C  M U S I C A L  I N S T R U M E N T S  

The Theremin, introduced in 1919 by Leon Termen in Moscow an 
Leningrad, is one of the earliest electronic instruments.8 Unlike previou 
electro-acoustic instruments, it did not imitate any previous acoustic instil 
ment. It is also the oldest electro-acoustic musical instrument still in usf 
The sound of the Theremin is made by two ultrasonic sine oscillators tti£ 
produce frequencies higher than the audible range. One of these oscillatoi 
has a fixed frequency, the other oscillator is variable. To change the fr< 
quency of this oscillator the Theremin player moves one hand toward, c 
away from, a vertical metal rod. As the player's hand changes distance wit 
regard to the rod, the interaction of the difference in capacitance, or el® 
r°n ki °ra^e P^^tial, between the performer and the instrument causes th 

variable oscillator to change frequency. This creates a difference ton 
between the two oscillators. The difference tone lies in the audible range, i 

these amplified difference tones that produce the sound of the Theremir 
hand ° + instrument *s similarly controlled by moving the otto 
of nrnHiipinffme f °°P -The Tkeremin a monophonic instrument, capabl 
for making fhp" +G Pltch at 3 time' The theremin is probably best know 
fflra such« Ilf b'a!?.;P°rtamento sounds heard in old horror and suspend 
trims, such as Alfred Hitchcock's Spellbound. 

1928- FiTeHri!.v,n<Th0?iC ?lectronic keyboard instruments were invented! 
1928. Fnedrich Trautwein's Trautonium and Maurice Martenot's Onde 

invention' bvmn VHa"?mond Proved the commercial feasibility of Cahffl's I" 
s^aH, inexpensive a^nH n.^ Hammond Organ. This instrument is, in far 
information on the Telharmo^ verslonthe Telharmonium. For more detai 
Synthesis, vol. 1, no. 1 (197i)"Um' ^ story of E,ectronic Music, Part On 

The word Theremin is a French corruption of the inventor's name. 
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Martenot. These instruments differ primarily in their method of timbre con
trol. The Ondes Martenot produces a sinusoidal waveform that contains no 
overtones. If a more complex timbre is desired, overtones can be added by 
pressing one or more buttons located to the left of, and below, the key
board. This creation of timbre through addition of harmonic content is 
known as additive synthesis. The Trautonium produces an initially complex 
waveform, making a complex timbre. If a simpler timbre is desired, it is 
necessary to filter out some of the overtones. Creating specific timbres by 
eliminating harmonics is known as sub tractive synthesis. 

The Trautonium was originally developed by Trautwein for experi
mental purposes. It never developed into a popular concert instrument, but 
it was used in schools throughout Germany since it had an untempered fre
quency range, making it useful for ear training. In 1948, the composer and 
inventor Oskar Sala (b. 1910) developed the Mixturtrautonium. Although it 
uses and elaborates Trautwein's original concept of subtractive synthesis, the 
Mixturtrautonium is not an electronic instrument, since the sound is gener
ated from spun gut strings and then amplified. There are two keyboards, 
allowing polyphonic performance, where two or more notes may be pro
duced simultaneously. Only one Mixturtrautonium was built, and it has been 
primarily used by Sala. The Mixturtrautonium can be heard in Five Improvi
sations on Magnetic Tape (1961) by Oscar Sala. Unfortunately, the unadul
terated sound of the instrument is seldom heard in these improvisations. The 
great use of tape manipulation techniques and electronic processing create 
sounds that are reminiscent of a reverberated electronic organ. 

The sound quality of the Ondes Martenot is distinct, since it never 
becomes very complex. Unlike the original Trautonium, the Ondes Martenot 
combines a tempered scale from the keyboard with the possibilities of porta
mento from a flexible metal strip, or ribbon control. Timbre and envelope 
are variable to a degree, and volume is controlled by a special key or by a 
knee-lever, similar to that of a harpsichord. The Ondes Martenot is one of 
the few early electronic instruments to have been successful. Hundreds of 
compositions incorporating the instrument have been written, mostly by 
French composers. Oliver Messiaen (b. 1908, Avignon, France) has com
posed several works for the Ondes Martenot. Perhaps the most famous is 
his ten movement Turanglia-Symphony (1948), a work that uses Ondes as 
a solo instrument. More unusual is Messiaen's Fete des Belles Faux com
posed in 1937 for a sextet of Ondes Martenot. The work was composed for a 
water show on the Seine that took place during the 1937 Paris Exposition. 
Since Messiaen wanted only the sounds of the monophonic Ondes, six instru
ments were necessary to allow a sufficient availability of pitches and tex
tures. Fete des Belles Faux demonstrates all of the various possibilities and 
characteristics of the Ondes, without overusing specific capabilities such as 
portamento. , . ,, TI a r\ 

In 1929 Laurens Hammond began producing the Hammond Organ. 
Strictly speaking, this very successful instrument is not an electronic organ. 
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Since the signal is produced electromagnetically, the Hammond Organ is 
really an electrical instrument. In the original Hammond Organ, there are 
a series of alternators. In each of these, a tone wheel, a rotating iron disc, 
produces a flux in the current provided by an electromagnet. This creates an 
alternating voltage, making a sinusoidal pattern that is then amplified. This 
scheme is actually a miniaturized version of Cahill's Telharmonium, and, like 
that instrument, produces sine waves. Since there are twelve alternators, each 
containing several tone wheels, sine waves in the normal harmonic series can 
be added together to make a variety of timbres. While the harmonics 2,3,4, 
6, 8, 10, 12, and 16 are available and can be added in varying proportions, 
the original Hammond organ tends to sound like itself more than like a pipe 
organ. This, however, never seemed a drawback, and the instrument has 
been one of the most commercially successful electro-acoustic instruments. 
Although it has been widely used in popular music, the Hammond Organ 
has been all but ignored by composers of art music. Karlheinz Stockhausens 
Momente (1962-1964) is a notable exception. 

T H E  D E V E L O P M E N T  O F  E L E C T R O -
A C O U S T I C  M U S I C A L  I N S T R U M E N T S  

Between 1930 and 1950 over a hundred electro-acoustic instruments wer 
invented. Here, in chronological order, are just a few: Emicon (1930); Helle 
tion (1931); Piano-harp (1932); Vivatone (1932); Electronde (1933); Croi 
sonore (1934); Partiturophon (1935); Electrochord (1936); Pianotro 
(1938); Melodium (1938); Novachord (1938); Ondioline (1941); Electroni 
Sackbut (1945); Clavioline (1947); Solovox (1947); Melochord (1949 
Elektronium 91950). None of these instruments has survived in conten 
porary use. Some of them were too limited or unconventional to justify the 
acceptance. Others were basically experimental and provided stepping stone 
to more contemporary instruments. 

Historically, the most successful electro-acoustic instruments ai 
ose that most closely resemble conventional acoustic instruments in bot 

performance design and sound production. As a result, there are two generi 
c asses of contemporary electro-acoustic instruments: electronic organs an 
amplified conventional instruments. 

Electrical organs have been generally phased out in favor of th 
e ec ronic ype. The reasons for this are simple: electronic organs can off' 
greater flexibility and variety. Indeed, some of the newer electronic orgar 
ZTJZ? featurLes formerly found only on so-called synthesizers, and i 

^ sophlstlcated in their designs and abilities that it can be difl 
distinguish between electronic organs and synthesizers.9 Electron 

theytook°HkerelprfrUrther comPounded by designs of some recent synthesiz 
ey look like electrons organs. This topic is further discussed in future chapt 
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organs, as a group, have been successful because they are keyboard instru
ments and do not require major reorientation for the average keyboard 
performer. 

Amplified conventional instruments have become quite common. 
While the electric guitar is the most notable, literally all conventional 
acoustic instruments have been amplified and electronically modified. The 
names of instruments designed for electro-acoustic production are usually 
modified by the term "electric," such as electric guitar, electric violin, 
electric piano, and so forth. In these instruments, the sound-producing 
mechanism is similar to, or the same as, the acoustical version except that it 
is amplified. In addition, these electrical instruments may also incorporate 
timbre-modifying devices. Any acoustical instrument can be easily amplified 
by means of a contact microphone attached to any resonating part of the 
body of the instrument. 
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ELECTRONIC MUSIC 
AND OPTICAL 
SOUND TRACKS 

O P T I C A L  S O U N D  T R A C K S  

L 

w^nnL^?, flH 4 ^"alf f the twentieth century, almost all electronic musi 
J, -ce . y. electr°-ecoustic musical instruments. The technics 

DeForest h H r'°. ™mposition di<J not yet exist. But by 1925 Le 
ontkTmeant Perre ? 3 "6W Way °f recording and reproducing sound b; 
produced by phofodeltricTvi^f" ™S t0 3 tyP6 °f eIeCtr°niC 

a micronhon^inT^w6 made by converting electrical impulses taken fron 
plished by havina the°f ̂  JC im3geS °n film' This conversion is accom 
exposes the film ^t t 'eatrlcal impulses open and close a light valve tha 
the sound track of Tf l tu op'lcally recorded sound information is put oi 
As the mm "proLtef k °" °ne side °f the wid'h °f the film 

sists of a light source and a ,w , P3SSeS an optical reader' ThisC°n 

a small glass bulb that emit i fctnc cell< or photocell, which is usuall; 
past the photocell the cha31"8 Spec' electrodes. As the optical track move 
amount of light re'achina th18"? P a rn of Witness and darkness varies thi 

"ght reaching the photocell. This causes the electrical output o: 
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the photocell to vary. This output is amplified and the images are thus con
verted back into sound. 

While optical tracks were originally invented for the purpose of 
recording and reproducing acoustical sounds, it was soon realized that 
optical tracks could also be used to create sound by drawing or photograph
ing directly on the optical track. Because of the graphic nature of this 
medium (most of the work was done by animators rather than composers) 
electronic sound produced by optical tracks is often called drawn sound or 
animated sound. 

Oskar Fischinger and Ornamente Sound 

One of the earliest experiments in animated sound was conducted by 
the noted engineer and animator Oskar Fischinger (b. 1900, Gelnhausen, 
Germany; d. 1967, Los Angeles). On Easter of 1932, Fischinger was resting 
in the heat of a Berlin spring afternoon. As his wife, Elfriede, walked past 
the bedroom, she inadvertently dropped a key. Hearing the sound of the key y 

falling on the wood floor, Fischinger left the bedroom and went into his film 4 
animation studio. Hours later, he emerged with a series of unusual drawings d 

he called ornamente sound. 0 
Having recognized the key falling to the wood floor solely from the ff 

resulting sound, Fischinger surmised that sounds must have distinct charac-
teristics, or shapes, that could be graphically represented. Could it not be j 
possible, Fischinger wondered, to produce sound directly by photographing 
drawings onto the optical track, thereby visually illustrating the qualities of 
sound? 

Some of Fischinger's ornamente sound drawings are shown in Figure 
10-1. When run through the optical reader of a sound projector, these draw
ings produce distinctive sounds that do not exist in nature. Fischinger soon 
learned that changes in the area and density of the images would control 
the pitch and volume of the sound, and the general shape of the drawing 

Figure 10-1 Examples of Ornamente Sound Drawings. 
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would create the timbre. In Figure 10-1, for instance, examples a, b, c, and d 
would produce the same kind of timbre at the same volume, but at increas
ingly higher pitches. All of the other examples would produce different 
timbres.1 

In the early 1930s, several animators investigated methods of creat
ing sound through the use of optical tracks.2 Most of this work was experi
mental, and little of its survives. Of the more recent efforts in composing 
electronic music with optical tracks, undoubtedly the most important are 
those of John and James Whitney and Norman McLaren. 

The Work of John and James Whitney 

During 1943 and 1944, John Whitney and his brother James Whitney 
produced Five Film Exercises. The music for these films was created by 
photographing the movements of pendulums and printing the results on the 

— sound track. The motions of pendulums produce sinusoidal waveforms 
y Y en reProduced on optical tracks. By using several pendulums simul

taneously, and by reexposing the same film stock over and over, addl
ed synthes|s could be achieved, and complex timbres created. In addition to 
£ these techniques, the original film could be exposed at very slow rates and 
P n 61 °? «Ufd at ratGS aS much as sixty times that of the original. This 

allowed the Whitneys the capabilities of variable speed effects and a large 
IS °f theSe techni<lues were facilitated by a special 
2 rasilveri't d f h Whlt"eys desif!ned- After the film was exposed, it could be til easily edited for desired juxtapositions. 

historical n°tes, Our art was, by comparison, without 
g| t|. " 1 precedent and our apparatus was equally new and requiring inven-

of electronic1"™810 Z """ Wc'SeS is one of the extant works 
clnlex th ° much more Cresting, it is far more sophisticated and 

plex than much of the music produced in the electronic music studios 

ŵ nNm„°r„ Tct 
It is probably impossible tn write that exist in most secondary references, 
of animated sound. For this reason8 fha™ ?fUjnente.<?' and thorough history 
text of this book and have dealt onlv with°wh t questionable events from the 
primary sources. what can be documented by reliable 

( I 9 6 0 ) C o p y r i g h t  © C 1 9 6 0  ^ " d l f I e c t r o " i c  M u s i c , ' '  i n  DIE REIHE, v. 7 
1965, English edition ConvriJht ^ Universal Edition, Vienna, Copyright © 
Used by permission of Europe™ Amerfe M Editi°n Publi*hing, Inc. 
Agent for Universal Edition Amencan Music Distributors Corp., sole U.S. 
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of the early 1950s. The music works particularly well as an accompaniment 
to the abstract, but technically unrelated, animated images of the film. 

The Whitneys did not continue their work in composing with sound 
tracks. There were certain problems with the pendulum system that seemed 
insurmountable. However, the Whitneys' concerns were primarily visual 
rather than musical. 

The Work of Norman McLaren 

Norman McLaren (b. 1914, Stirling, Scotland) was one of the first 
animators to work with animated sound. He has also created many films 
with optically produced electronic music: Book Bargain (1936); Allegro 
(1939); Rumba (1939); Dots (1948); Loops (1948); Pen Point Percussion 
(1950); Now is the Time (1951); Two Bagatelles (1952); Neighbors (1952); 
Blinkity Blank (1954); Rhythmetic (1956 ) ;  K o r e a n  A l p h a b e t  (1967) (visuals 
by Kim in Tae); Synchromy (1971).4 McLaren has used both hand-drawn 
and photographed sound tracks with fascinating results. The music for 
Neighbors, for examples, so well suits the images that it is difficult to 
imagine one without the other. Perhaps the most interesting of these films 4 
is Synchromy, a film in which one sees and hears the same thing simulta- ^ 

ne0USlyin Synchromy, McLaren has used the optimal track for the visuals 
McLaren first composed the music for Synchromy, creating a hght and -1 

humorous » . L3 . mS.d'Sd...,-

5JS°E3KS P—m 1P30. for MS 
writing. McLaren constructed sixty cards, each m^U""g l b^ F^"rarfj 
On these cards are drawings of alternating black and white sP̂ âcb c"d 

represents one pitch of the chromatic scale thus »™ig s 
The appropriate card is 
thus the soundtrack is cr . shown in multiples 
plays the same soundtrack, although the image 
Lid color has been added to make the film more interesting. 

OPTICAL TRACK MUSICAL INSTRUMENTS 

1 ~ hppn used to make photoelectric musical instru-
Optical tracks have also^en ^ ^ ̂  Leningrad Conserva-
ments. In 1935, Yeuge y • A] studio, built Variophones, instruments 
tory and the Moscow experimental stuuio, 

• ^ ;c n documentary on the animated sound process 
4 The film Pen Point '^'information is also contained in a documentary 
as practiced by McLaren. SimUar i These and most of McLaren s 
mi McLaren, The Eye Hears Institute, 75 Albert Street, Su.te 
films are available trom 
1 1 0 5 ,  O t t o w a ,  O n t a r i o  K l r o  .  
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using preprinted optical tracks to make sound. More recent instruments 
include the commercial Welte Organ and the Optigon. The Welte Organ was 
built in Germany in the 1950s. The optical tracks of this instrument were 
printed on twelve large identical glass discs that turned at different speeds 
conforming to the tempered scale. Each disc produced several timbres with 
octave transpositions. The discs were removable and could be changed to 
provide different timbres. A complicated system of lamps, prisms, photo
cells, and keying devices made the instrument operable. Theoretically, this 
system would allow one to play any desired sound from an organ keyboard.5 

The Optigon used a system similar to, but much simpler than, that 
of the Welte Organ. The optical tracks were printed on thin plastic discs, and 
only one disc was used at a time. The instrument resembled a small cord 
organ and was marketed, rather unsuccessfully by Mattel, Inc., as a toy dur
ing the early 1970s. 

Electronic music created by optical tracks occupies a curious niche in 
electro-acoustic music. As a medium of composition, it interested almost no 
composers and very few film-makers; McLaren's work is unique. As a type of 
instrumental design, photoelectric sound production has been commercially 
unsuccessful. In fact, outside of the United States optical sound recording is 
almost an anachronism; most films now use magnetic sound tracks. Com
pared to magnetic sound recording, optical tracks offer poor quality sound, 
clumsy manipulation, and rapid deterioration. 

pp. 108-114 and pp. 290-293. 

on the Welte Organ, as well as photoelectric 
see ^.'an Douglas, The Electronic Musical 

nd°n: Sir Isaac Pitman & Sons, Ltd., 1968), 
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CLASSICAL STUDIO 
ELECTRONIC MUSIC 
The Cologne Studio 
and its Precursors 
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A 
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A 

a7M stud» — 
and tape manipulation techm^xes- . . the type Gf material used as 
concrete and classical aVoustifsource material, the 

zs rr; —— — - —1 
generated sounds. 

SIMPLE E L E C T R O N I C  W A V E F O R M S  

mnvpchanes that are commonly used in 
There are four simple ™avef°r™ .. sinusoidal or sine, sawtooth, square, and 
the production of electronic * ^ derived from the shapes they 
triangle. The names of these w oscilloscope. Each particular shape 
produce when vlsU^y rf4Ttage change, the change of electrical pressure, in 
represents a graph of the voitag b Figure 11-1. 
time. These four waveforms are illustrated in Figure 
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Figure 11-1 Simple Waveforms. 

«, ^EaC.h °fthese waveforms has a Characteristic timber that is a result of 
the particular structure of each waveform's harmonics and their relative ampli
tudes A description of these characteristics is known as Fourier analysis, 
named after Jean Baptiste Joseph Baron Fourier (1768-1830), a French 

PhtySlcist' fourier teU8 "s that any periodic wave-
sinusoidaf waveforn? C3" be °r described 38 a series of sinusoidal waveforms, or components, that exist in integral multiples of the 
fundamental frequency. This, of course, is the harmonic series' F o u r i e r  

eact ĥ onic Ttese68 ĥ  amplitude 30(1 Phase characteristics of 
rnow^TtWreluencv ^r'StlCS °f fre1ue"cy- amplitude, and phase are Known as the frequency spectrum, or simply spectrum, of a waveform.2 

2 This has already been discussed in Chapter 5 

uIhorTn"esPir̂ dUofea°w ̂  ?**** '» F?uHer * * the building 
sis can be similar'to, or identical to™ aS^^ CO™pon<:nts- Fourier synthe-
depending on the particular situation For ™ • synthes!s ,n electronic music, 
and synthesis, see Wayne A Slawson ,.s™or® ,n£°rmat,°n on Fourier analysis 
The Development and Practice of Flein-r, ""iu E.Iectromcs> and Hearing," in 

?6 R°nald C' (Fnglewood Cliffs, NJ: PremifS, Inc'f975) 
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Since the basic waveforms used in electronic music are periodic, 
their spectra are easily analyzed. Sine waves have already been discussed; 
they are the simplest of all possible waveforms and, therefore, cannot be 
further analyzed. 

Sawtooth waves contain all harmonics in the harmonic series, and the 
amplitude of each harmonic is the inverse of its position in the series. 

Square waves are types of rectangular, or pulse, waves. Square waves 
contain only the odd numbered harmonics. This is because the square wave is 
fifty percent positive, which means that fifty percent of its cycle has a posi
tive voltage. Another way of saying this is that a square wave has a 1:2 duty 
cycle As a result, every other harmonic (2,4,6,8,etc.) is missing. Thus, a 
square wave contains only odd (1,3,5,7,etc.) harmonics, and the relative 
amplitude of the harmonics are the same as for sawtooth waves: The ampli
tude of each harmonic is the inverse of its position in the series. 

Many different types of pulse waves are possible. The harmonic con
tent of a pulse wave is determined by its duty cycle. For example, a^pu se y 

wave with a duty cycle of 1:4 will be 25 percent positive, and every fourth ^ s-srjssr ; 
tude of each harmonic is the square of the inverse of that harmonic s position j 

It is this difference in the relative amplitude of the triangle wave's 

harmonics that causes it to sound different from the square wave, harmonics that causes i ^ waveformS! another commonly used 
In addition to t P ^ white sound. White noise 

sound source in electronic mu^'s audible spectrum sounding simulta- . , 
is the result of all frequencies Th ult is a hissing, wind-like 
eously at randomly varying amplitudes. 

"""^Electronically generated sound --are^e 
electronic music. Electronic music studio date ly 

instruments since 1920, but tn classical studio from other types 
from the early 1950s. What different^al^ ^ and is pri-

marity dependent'oiT the tape naan^ulation techniques for the processing of 

sound.4 

r ^ to coloured noise in British sources Pink 
3 White noise is sometimes ,ower spectrum of white noise (under 1,000 
noise has been used to re er tQ fche higher frequencies. 
Hz), and blue noise has been u eieCtro-acoustic music was roughly 
4 The studio approach to the c°^P^ obviously close relationships to prac-
formulated by Pierre Schaeffer. There gubotnlck in chapter 18 
tices in the visual arts See the interview uces in me viae.*. -----
for an elaboration of this point. 



C; Louis and Bebe Barron 'n studio in 1965. (Photo by Walter Daran ) 

S 
£d !t Wl11 Pr°bably never be known who was responsible for the first 
>: studio-composed work of electronic music. This is not because of a lack of 
g claims; it is due to a lack of historical clarity. Electronic music was not born 

as a studio art as was musique concrete, but rather as instrumental perfor-
S mance music. The studio approach to electronic music developed gradually, 

Z JjaS Probâ y not until 1951 that anything resembling the classical electronic music sfciiHm »vic+ori s electronic music studio existed.5 

LOUIS AND BEBE BARRON 

theshfioofTo!?4 tw° c'assiCaI electronic mus'c studios were established: 
the studio of Louis and Bebe Barron in New York City, and the NWDR studio 

UiVa"d Bebe Barr°" be«™ experimenting with the 
" ? S°Unds m 1948' Working independently, and unaware 

and attUudeV ^ develoPed their own techniques 
composed their first t "S began bui'ding electronic oscillators and composed their first electronic music composition, Heavenly Menagerie 

" X bS *" 

"Electronic°MuslcS mUsi?." comP°sitional events in his article 
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The result of this approach was that the Barrons' music tended to 
consist of short sections, spliced together. Each section is presented in its 
characteristic form and there is usually no further development. This style 
of composing lends itself well to dramatic application, and it is no wonder 
that Louis and Bebe Barron are best known for their electronic music film 
scores, which include Bells of Atlantis (1953), Miramagic (1954), Forbidden 
Planet (1956), Jazz of Lights (1956), and Bridges (1969). 

THE COLOGNE STUDIO 

The NWDR (Nordwestdeutscher Rundfunk: the Northwest German Radio) 
studio in Cologne represents an entirely different, and historically more 
usual approach to the classical electronic music studio. The Cologne studio 
was founded in 1951 by three men: Herbert Eimert (b. 1897, Bad 
Kreuznach, Germany; d. 1972), Robert Beyer (b. 1901 Germany); and 
Werner Meyer-Eppler (b. 1913, Antwerp; d. I960, Bonn). Of these three, 
only Eimert was a composer. He was a graduate of the Kolner Konserva-
torium and a devotee of Schoenberg's twelve-tone theories. Eimert s own 
work Antonale Musiklehre (1924) was one of the earliest dissertations on 
Schoenberg's method. , ... , _ . 

Werner Meyer-Eppler was a physicist and mathematician and one of 
the pioneers in information theory. He also had a continuing interest in 
electro-acoustic music, and in 1949 he wrote Elektnsche Klangerzeugung, 
one of the first surveys of the field. QllfL.r wunt!p 

Robert Beyer was, among other things, an inventor and author whose 
work occasionally dealt with electro-acoustic rr^lslc- RPVer established 

On October 18, 1951, Eimert, Meyer-Eppler, 
the Cologne studio. The location was Cologne studio was 
facUities. The guiding light and first dir intelligent way of 
Eimert. He saw serial composition*is b, he saw electronic music 
approaching contemporary composite. «0nl in electronic 
as the next logical development of jjotaq ^ been .»—••• • • * 

7Herbert Eimert, "What i8e,ectr™^ English 
8. Copyright © 1955 by Universal E'dition Publishing, Inc. Used by per-
Edition. Copyright ass.gned °V^sic Distributors Corp. sole U.S agent for 
mission of European Amencan Music ^ ^ mQgt fascinating Qf the early 
Universal Edition. Eimert s article is prociamation and a defense of the 
writings on electronic music. It is at one j ̂  attempts to delineate not only 
medium. Eimert is steadfast in_hw beI ^ materials Df electronic music. Eimert 
the proper aesthetic but also the defin composers who pursued far less 

pX. 

- 19608 and 19608 
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in coming to electronic music can we talk of a real musical control of 
nature."8 Eimert believed that more control over the elements of music 
allowed for greater specificity in the compositional process; this resulted in 
the ultimate goal of achieving a greater, and therefore better, musical order. 

T H E  W O R K  O F  H E R B E R T  E I M E R T  
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Eimert was very influential in the early development of electronic music in 
Germany. As director of the Cologne studio he was responsible not only for 
its physical but also for its psychological makeup. He selected both the 
equipment for the studio and the composers who would work there. Since 
Eimert was very careful about the funding of his project and the documenta
tion of its production, the Cologne studio soon became the best known of 
the early classical electronic music studios.9 

Eimert s ideas are perhaps best reflected in his own compositions. 
Eimert s Struktur 8 (1953) is based on serial techniques but uses only eight 
pitches instead of twelve. The source material is electronically generated and 
systematically varied by means of filtering, ring modulation, and reverbera
tion. The style of Struktur 8 is pointillistic, a common characteristic of 
much classical studio electronic music, especially that from the early days of 
the Cologne studio.11 

Eimert was also interested in the possibilities of using speech sounds 
in tape composition. Although he was familiar with Schaeffer's work, Eimert 

8Ibid., p. 10. 

DeriodkalEm|,ffVw?t i™P°rtant contributions was the establishment of the 
Cr I hl ; which was devoted to contemporary music as viewed by 
the main for^m f!? Published between 1955 and 1962, DIE REIHE was 
of DIF RFIRF J uropean serial and post-serial composers. The eight volumes 
Edition and in FnJr + f in tbe original German edition from Universal 
Edition, and ,n English translation from European-American Music Corporation. 

curious recoerd1npPis«°f Struktur 8 is available on disc. It exists on a 
by E^mert^ assisted at wk ^60006" The record is largely a lecture 
musical excernts and y Meyer-Eppler, and illustrated by short 
German Tus of httll ^fmP,es;uSince the information is largely verbal and in 
result is a record with« % T Tho do not understand the language. The 
on side one of this disrfe^8 ,ogrPaJlc than documentary intent. The information 
is eT^lronlc music? 2/^^° in Eimert's article "What 

present excernts of rp- S, (!958), 8. Side two of the record does 
most interesting, the fourth oCthese ^orks" The first four excerpts are the 
probably beingin 1! f 5, mg from Strukt"r 8, and the first three 
•ndO.(L,aS£Tm (1952>' """I"1'** " 

the musical^vente^DDear^Ko^a^H80"^6 & StyIe °f twentieth century music where 
regard to pitch duration and6 seP^ated from each other, especially with 
jointed sound events The terr^S r i re,su.lt; is a music of short and dis-
works of Anton Webern PointilliSL• m,music to describe the later 
impressionist painting in which the arH^ J described a style of French 
instead of brush strokes of mixed colorTto define an ima'ge. °f ^ 
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had little regard for such an intuitive approach to composition. Eimert's 
interest in, and use of, speech sounds probably dates from 1949, when 
Meyer-Eppler first became aware of the Vocoder, a device for analyzing and 
synthesizing voice sounds first developed by Bell Telephone Laboratories. 
Meyer-Eppler developed his interest in electronic music and speech synthesis 
simultaneously as is evidenced by the title of his book Electronic Tone 
Generation, Electronic Music, and Synthetic Speech (Bonn, 1949). His inter
ests were shared by Eimert, and together they conducted several investiga
tions of speech sounds, utilizing Meyer-Eppler's knowledge of information 
theory and phonetics. They rigorously and systematically explored the 
effects of tape manipulation techniques and electronic processing techni
ques, such as filtering and ring modulation, on speech sounds. The result of 
most of these experiments was the transformation of speech into abstract 
sounds. , 

Eimert's Selektion I (1959) displays the outgrowth of his experi
ments with Meyer-Eppler, as well as Eimert's own compositional philosphy. 
The basic material for Selektion I is both concrete and electromcThe 
concrete material is derived from a spoken text that delineates the technical 
and compositional processes of the work. After this material has been mani
pulated and processed, it is no longer recognizable as speech but resemb e 
the electronic material of the piece with which it is mixed tc, form the com
pleted work. The construction of both the concrete and electronic materuds 
of Selektion / was accomplished by following strict P^dum 
concepts of serial composition. Both the process exploration 
different from Schaeffer's music. In EimerTs music tlhere is r10 explorateon 
of an intuitive or improvisational nature. The final versions of the speech 
material are used in the same manner as the electronic material; mdeed, the 
difference in the perceivable qualities of the soun s ar makeup was 

The Cologne studio was fully Them^m 
typical of a well-equipped clasal0aL , d primarily sine and sawtooth 
several electronic oscillators that pr Gators various types of filters, 
waveforms, white noise generators, rii ! or enve'lope characteristics, of a 
gates (devices for contro»'n« th*! a P Melochord (both electronic music 
sound), reverberators, a Monochord studio on philosophical 
keyboard instruments, later remove d four channel machines) 
grounds), several tape players, and the 
including some with variable speed p 
usual tape editing equipment. 

LHEINZ STOCKHAUSEN 

associated with the Cologne studio is 
One of the best known comP°se^ , ,, Cologne). Stockhausen's formal 
Karlheinz Stockhausen (b. 192 , a when he studied with Frank Martin 
education in composition began in 



electronic music 

at the Cologne Academy. Under Martin's tutelage, Stockhausen became 
familiar with the works of Bartok, Stravinsky, and, especially, Schoenberg. 
In 1951, Stockhausen met Herbert Eimert. Eimert introduced him to the 
later works and ideas of Anton von Webern (1883-1945), a Viennese com
poser who greatly expanded Schoenberg's twelve-tone method and who was 
responsible for the initial developments of serial techniques. Eimert also 
involved Stockhausen in the contemporary music world of Cologne and 
Germany, particularly in programming for the West German Radio. Al
though Eimert appears to be the largest single influence on Stockhausen, 
there were several others. Stockhausen was impressed with the music of 
Pierre Boulez (b. 1925, Montbrison, France) and Messiaen, particularly 
Boulez s Second Piano Sonata and Le Soleil des eaux, and Messiaen's Four 
Studies for piano. Stockhausen was also impressed with the ideas of Meyer-
Eppler, especially his work in information theory and its applications to 
music.12 

In 1952, Stockhausen went to Paris to work at the ORTF studio and 
study at the Conservatoire with Messiaen. During this time, Stockhausen 
kept in close contact with Eimert, who was putting the finishing touches on 
the Cologne studio. In 1953, Stockhausen was invited by Eimert to be co-
director of the Cologne studio. Later, Stockhausen became the sole director, 
a position he held until 1978. 

So much contradictory material has been written by and about 
Karlheinz Stockhausen and his work that it is almost impossible to unravel. 
Stockhausen is one of the most important figures in mid-twentieth-century 
music, but the basic reasons for his eminence are often overlooked. Stock
hausen and his music emerged from a background firmly rooted in history 
and tradition. Unlike some other composers of his generation, Stockhausen 
embraced his musical heritage, particularly as he saw it revealed in Webern, 
K*1 U1 - uPon developments of serial and post-serial thought were, in 
mirnent glcal extensions of the past. His work was the promise of ful-

nf m H f°C,?ren develoPed many the techniques and philosophies 
tion^ nr Ce" Ury ide3S 3b°Ut mUsicaI f°™' COHipOsi-
elertmnic rnf' mu*!1a "otatlon' ̂ tension of musical resources, and classical 
hausen ha.rd C (° 'ecbm<fues were often pioneering. In addition, Stock-
twen«„th d°cumented his work perhaps more carefully than any other 
twentieth-century composer. He has left a traU of scores recordings and 
writings that are testaments to his accomplishments recordings, ana 

parallel imPort,ant °* Stockhausen's career is the 
from 1952 to the develoPrecnt of contemporary music 
from 1952 to about 1974. He helped rescue rationality from theThaos of 

life. However Jonathan1" Harv stockhausen's intellectual and musical 
Karlheinz Stokhausen can oZyh» T? the comP'«< personality that is 
background. Harvey deals with th^*P tlle result of an equally complex 
Hausen (Los AngeleT: ^trTi^o^^ « St^ 
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World War II by promoting Webern and serialism. Working within the 
twentieth-century concept (perhaps mythological) of a progressive evolu
tion, Stockhausen developed and expanded his ideas into ever increasing 
complexity, sophistication, and, above all, rationality. The development of 
systematic complexities eventually led to a reduction of their essences and, 
finally, to their abandonment. Stockhausen's later works are largely intuitive 
and improvisational, and sometimes rather conceptual.13 

Stockhausen's Study II 

Study II (1954) was Stockhausen's first important work of electronic 
music. This work was preceded by two other tape pieces: Etude (1952), 
composed at the Paris studio, and Study I (1953), composed at Cologne. 
Study II typifies the techniques and procedures of classical studio electronic 
music, as well as Stockhausen's compositional thinking at the time. The 
source material for Study II consists entirely of sine waves. This was con
sidered to be the purest sound source for electronic music composition, r 

since it is the most elemental and allows, almost demands, that the composer 4 
construct his own timbres. "Such sinus tones were the first elements with 4 
which we corn-posed (literally put together) various spectra according to ^ 
the structural demands of a particular composition. Each single sound is ^ 
therefore the result of a compositional act. The composer determines the ^ 
various characteristics, also called parameters. J 

In composing Study II, Stockhausen chose to base the piece on the 
number 5." In dealing with pitch, he decided to create an avadable scale of 
frequencies separated by the constant interval of 25V&, or 1.066494942, or 
1.C)7 This interval is slightly larger than a half-tone or rn.no, second. Start,ng 
at 100 Hz, Stockhausen multiplied each successive frequency by V 

100 X 25\/5 = 106.6494942 = 107 Hz; 
107 X 25^5 = I14 1149588 = "Z; f 
114 X 25V5 = 121.5804234 = 121 Hz; etc. 
13 See Jonathan Harvey's discussion of Aus den seiben Tagen, one of Stock-

hausen's early "intuitive' works instrumental Music," DIE REIHE, 5 
14 Karlheinz Stockhausen, ''^C£a" gtockhausen's use of the word parameter is 
(1959), 61. It should be noted that term that primarily refers to 
technically incorrect. with the circumstances of its application. This 
any quantity whose value ch*n2es™ guch as itch> rhythm, or dynamics, 
makes little sense when aPPlie^nt0aH°rna£Ve terminology for use when dealing 
Milton Babbitt has sug«ested «n jJ1Measurable quantities. Babbitt suggests the 
with music in terms of specif »cia J area and the term e/ement for a specific 
use of the term dimension for a ge^ t of A4 would exist within the dimen-
identity within that area. Thus t. dealing wjth quantification and is 
sion of pitch. This appro^hjnakes sen^ ^ uge th term para. 
probably what most eonposers * u quaiifiable aspects of sound are 
meter. However, it is quest.enable whrt reasonable to speak of such properties 
quantifiable. In normal Parla"J®;• . d or even as elements of sound, 
as pitch and dynamics as aspects o simultaneously composing 
15 Perhaps this was related to the fact that 
Pinnn Pier.e V. 
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This intervallic ratio does not produce whole numbers, so Stockhausen had 
to round off his frequency calculations.16 This procedure yielded a scale of 
eighty-one frequencies between 100 Hz and 17,200 Hz. It is interesting to 
note that no octaves can be produced in this tuning of approximately ten 
divisions to the octave. 

Having produced his usable pitch material, Stockhausen proceeded to 
create his note mixtures, which are chord-like combinations of five frequen
cies each.17 Predictably, there are five different tupes of "note mixtures," or 
chords, that are determined by having the constant intervallic ratios between 
pitches be 1, 2, 3, 4, or 5 times 25V5. Each frequency in each chord type 
can serve as the base (lowest) frequency, therefore allowing for five chords in 
each type. Table 2 shows the frequency components for the first twenty-
five chords in this scheme. 
Table 2 

C H O R D  T Y P E  C H O R D  N U M B E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

F R E Q U E N C I E S  

100.107, 114, 
107, 114, 121, 
114,121,129, 
121,129,138, 
129,138, 147, 
100, 114, 129. 
114,129, 147, 
129,147, 167, 
147,167,190, 
167,190, 217, 
100,121, 147, 
121,147, 178, 
147,178, 217, 
178,217,263, 
217. 263,319, 
100,129,167, 
129.167,217, 
167.217, 280, 
217,280. 362, 
280,362,469, 
100, 138. 190, 
138, 190, 263, 
190, 263. 362, 
263.362,500, 
362, 500, 690, 

121,129 
129,138 
138,147 
147,157 
157,167 
147,167 
167,190 
190,217 
217.246 
246,280 
178,217 
217.246 
263,319 
319, 386 
386, 469 
217,280 
280.362 
362, 469 
469.607 
607,785 
263, 362 
362, 500 
500,690 
690, 952 
952, 1310 

reT° hT d°ne thU With SOme inconsistency, eve 
obtainable on the oscillatoXVsed ^ direCted by the P°»ible frequenci 

these note mfxfu^e^are^o^triU^^k^h111686 1.ndividual  frequencies as partial 
cies are at equal amplitudes and th^ J13"110111? series, since all of the freque: 
fundamental See Karlhein/' Stor-lrh e<^e"cies  are  n°t integral multiples of 
1956), p. vi. Karlhein' Stockhausen Studie II (London: Universal Edltioi 
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These chords are graphically displayed in Figure 11-2. As in the previous list, 
chord numbers are designated at the lowest frequency of each chord. 

This entire procedure for the formation of chords, or note mixtures, 
is repeated nine times. This results in a total of 193 chords or mixtures: 
9 X 25 = 225 — 32 duplicate chords = 193. 

The chords may be present one at a time or in combinations of 2, 3, 
4, or 5. Chord types may be mixed with each other. It is this construction 
and mixture of sine tone chords that gives Study II its particular timbral 
flavor. 

To complete the scheme of fives, Stockhausen divides the piece into 
five sections. Each section can be characterized by specific qualities: I (0 00 
0'52"; pp. 1-8) deals with sounds of light density, usually only 1 five-note 
chord at a time and of generally medium duration; II (0 53 -1 20 , pp. 8-
13) uses much denser combinations of sine waves, often of 5 five-note 
chords; III (1'21"-1'40"; pp. 13-15) is characterized by very short envelopes 
of primarily single chord sounds; IV (l'41"-2 13 ; pp. 16-20) has widely 
spaced chord combinations that cover a large frequency spectrum and are 
presented with long envelopes; V (2'14"-2'54"; pp. 21-26) is a combination 
of all of the four previous types of material. 

362 -
342 -

319 -

299 -

280 -

263 -

246 -

231 -

217 -

203 -

190 -

178 -

167 - 10 
157 -

147 - 9 
138 -

129 5 8 
121 4 
114 3 7 
107 2 
100 1 6 

25 

15 

14 

13 

1 2  

20 

19 

18 

17 

24 

23 

22 

2 1 .  

Chord Types 

:i9ure 11-2 Chord Types (note mixtures) used in Study 11. 
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s> 

Stockhausen also creates a decibel scale for dealing with amplitudes 
ranging from 0 dB (which he describes as at least equal to 80 phons) down to 
—30 dB. This is a volume scale with relative values for the amplitudes of the 
sounds. The scale is divided into thirty equal divisions of 1 dB increments. 
This decibel scale does not seem to be governed by the number 5. 

Stockhausen does not explain how he made his final compositional 
decisions for Study II.18 It may be safely assumed, however, that serial 
techniques played some part. Also evident is the development of the idea 
of Klangfarbenmelodie (tone color melody). This idea was first used by 
Schoenberg in his Five Orchestra Pieces (1909) where he assigned the notes 
of a melody to be played successively be different instruments. This elevated 
the importance of timbre to a more predominant role; the change of timbres 
can be followed by the ear, as can the change of pitches. Webern elaborated 

» the idea of Klangfarbenmelodie so that the timbral changes became the 
"r- melody in the sense that they are more apparent than pitch structures. In 

Study II, as well as other early works of Eimert and Stockhausen, 
Klangfarbenmelodie has been developed to the point where the pitches, or 
frequencies, are important, in part because they determine the timbres, 

y timbres that never before existed. 
1> After Stockhausen's materials had been created and ordered, he pre-
<p pared a score of Study II, the first page of which is shown in Figure 11-3. 
' Each page of this score has only one system, divided into three parts. The 

iui; ^°P portion indicates the chords, or note mixtures, being used. The chords 
are represented by shaded rectangles placed on a frequency grid. The shading 
of the chord boxes ranges from transparent (one chord) to black (five 

jc chords) depending on how many chords are sounding simultaneously. The 
JS$ bottom portion of the system indicates the shape and relative amplitude of 

the envelope of the vertically corresponding chord box(es) by placing shapes 
representing the envelopes on a decibel grid. The middle portion of the 
system is a sort of splicing chart representing, in centimeters at 30 ips, the 
length of the individual pieces of tape. 

Jormulated ^e materials, their ordering, and the score for 
!• St°ckhausen was ready to begin the realization of the work. Each 

of the five frequencies of each of the 193 chords was recorded at a uniform 
amplitude (this is the first, or original, generation of the recorded sound). A 
4cm piece of tape of each frequency was cut out of the original tape. The 
lve 4cm pieces of tape for each chord were then spliced together end to end, 

beginning with the lowest frequency. Next, each of these pitch sequences 

X 

18 

MJnus SfiT thl ®t,?CkhfUSenJ's f?rnialized thinking is to be found in Plus 
Kurzwellen C19681 Th^f n r®ductlon of his principles of construction is in 
Study II butthose eTe me n * dfê °̂  Plus system « not evidenced in 
obviously present To wh system drawn from Webern and Eimert are 
serlaUystructured the orderi"g of elements of the piece were 
Minus is onlv sliahtlv C,ear" T e u®e '"formation theory, so central in Plus 
classes from Meyer-Eppler^nttTl 954 V Stockhausen did not Uke 
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was played back in an echo chamber that had about a ten second reverbera
tion time. This had the effect of blurring the five frequencies together into 
one sound aggregate, or chord, although the various frequencies would still 
"enter" in order, creating a stepped attack. The reverberated chord was 
recorded on another piece of tape (second generation). This tape was cut and 
formed into a tape loop. The loop was played back while its volume was 
manually regulated according to the desired envelope. This result was 
recorded (third generation) and used in the final master of Study II.19 

After each chord has been thus recorded, according to the required 
timing lengths in the score, it was necessary to mix the various chords 
together where called for. Thus, as illustrated in Figure 11-3, the second, 
third, fifth, and sixth chords could be recorded and spliced together to form 
one piece of tape, and the first and fourth chords could be recorded and 
spliced together to form a second piece of tape. These two pieces would 
then be played back simultaneously and recorded on another tape (fourth 
generation). This would produce the first succession of chords heard in 
Study II. This is followed by a period of silence for which a piece of blank 
or leader tape would have been spliced on. 

The method of construction that Stockhausen used for Study II is 
typical of classical studio technique. Most classical studio electronic music 
works were put together by such laborious, time-consuming methods. It is 
easy to understand how even a short work of classical studio electronic 
music could take many months to complete. 

Study II is a classic example of classical studio electronic music. It is 
rationally planned, ordered, executed, and documented.20 It was produced 
with painstaking effort by using tape manipulation techniques and additive 
syn esis. ie the use of tape manipulation techniques remained a 
standard feature of the classical electronic music studio, other ways of creat-
mg timbral variation, besides additive synthesis, were developed: amplitude 
mo u a ion frequency modulation, and subtractive synthesis performed by 
a variety of filters. * 

T I M B R A L  D E V E L O P M E N T  
T H R O U G H  A M P L I T U D E  M O D U L A T I O N  

is'changed ^« 3 Pr°CeSS by Which the amPlitude of a signal 
sli„ht usuallv n H of thls Process is referred to as tremelo, a 
slight, usually periodic, variation in the volume of a sound. Suppose a singer 

|^Stockhausen uses only attack--—— ~~~1, sugtaiJ I or decay 
combined for onychoid C\Vhen * the on.vel°Pes f°r Study II. They are never 
tion tape loop was olaveri f^ V u ?e 1S re^uired. the second genera-
loop was played backward Ward; when a decay shaPe was needed, the tape 

explahiabTe, are notT^Ilypr^dictabTe"31 mUSiC' ^ 3Udib,e reSUltS' whil® bei"g 

reference is, o^cou^To AC wavef ° °T °C signals" In sPeakin8 of audio signals, 
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wished to produce a tremelo. They would initially produce a sound at a parti
cular volume, then, while still producing the same sound, they would sing 
slightly louder and then slightly softer than the original volume. By doing 
this in a periodic, repetitious fashion, a tremelo would be produced. In creat
ing a tremelo effect, the singer must take three things into account: the rate 
or speed of change (how fast or slow), the range or degree of change (how 
loud or soft), and the pattern or configuration of the change (how the 
volume changes in time). 

When amplitude modulation is produced electronically, it is neces
sary to have two different signals: the carrier signal and the modulating 
signal. The carrier signal is the original signal whose amplitude will be 
changed. In amplitude modulation, the amplitude of the carrier signal is 
analogous to the original volume of the sound produced by the singer. The 
modulating signal modulates, or changes, the amplitude of the carrier just as 
the singer affected the rate and the range of tremolo in a specific pattern. 

When a singer produces a tremolo, the various aspects that produce 
the effect are considered in approximate terms. However, in amplitude 
modulation produced with electronic signals, these aspects can be exactly 
measured by considering the amplitude of the carrier and the amplitude, 
frequency, and waveshape of the modulating signal. The amplitude of the 
carrier signal determines the original, or median, amplitude. The amplitu e 
of the modulating signal determines the range of modulation. The fre-
o u e n c v  o f  t . h p  m o d u l a t i n g  s i g n a l  d e t e r m i n e s  t h e  r a t e  o f  m o d u l a t i o n ,  l h e  

(difference) and 700 Hz (original frequency of the carrier) 
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Modulating Signal 

Resultant Amplitude Modulated Signal 

FIGURE 11-4 Amplitude Modulation. 

modulation aricf theDVPV"6 0rJly distinctlon between the results of amplitude 
the carrier R^i^modula^^nts1^^^ P~°f 

which, ideally, only the SUL.H L ype ° amPlltude modulation in 
frequencies are present.22 a"d the difference tone of the input 

TIMBRAL DEVELOPMENT 
THROUGH FREQUENCY MODULATION 

ẑ:rMzX"zẑ \the frequency °f th* ™  ̂
produce a vibrato by slightL^ 1S referred to ^ vibrato. A singer can easily 
In frequency ab°Ve and below the original pitch, 
the original, or median fremio reqm~ncy of the carrier signal determines 
determines the range of rnnri^L amPbtude of the modulating signal 
signal determines the rate of m ^°!\ The frequency of the modulating 
lating signal determines the natf *atlon- The waveshape of the modu-

thG Pattern of modulation. As can now be seen, the 
I n  *  

through, and are present in °riginal fre(Iuencies usually leak 
> <= modulated signal. 
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functions of the modulating signal are identical in both amplitude and fre
quency modulation; the only difference is in the aspect, amplitude or 
frequency, that is changed. 

Let us suppose we are to frequency modulate a 700 Hz sine tone 
by a 5 Hz sine tone. The amplitude of the carrier is x and the amplitude of 
the modulator is y. The original, or median, frequency, is 700 Hz. The range 
of modulation is a function (F) of y and varies with it; the frequency of the 
carrier will modulate equidistantly above and below 700 Hz. Therefore, if 
Fy=z, the range of modulation will be 700 ± z.23 The rate of modulation is 
5 Hz. The pattern of modulation is sinusoidal. The result of this particular 
example would be heard as a vibrato. This is illustrated in Figure 11-5. Note 
that the amplitude of the carrier remains constant in frequency modula
tion. 

Resultant Frequency Modulated Signal 

:igure 11-5 Frequency Modulation. 

„ . . f thp carrjer above or below the frequency of the 
The maximum variance frequency deviation. It is measured in 

unmodulated signal is calle gtude of the modulating signal. In the present 
Hertz, and is a function siF P modulated to a high of 900 Hz and a low of 
7{£; d— wou,d be 200 Hz ,900- 700  ̂ 200; ex 

500 
700-500 = 200) 
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When the frequency of the modulating wave goes above about 20 Hz in fre
quency modulation, sidebands are produced. However, these sidebands are 
far more numerous than those produced by amplitude modulation or ring 
modulation. As a result, the timbres produced by frequency modulation can 
be complex.24 

In the previous examples of amplitude modulation, ring modulation, 
and frequency modulation, only sine waves have been used. Of course, any 
waveform can be used to perform these processes. The more complex the 
waveforms, the more complex the results. This is because sidebands will be 
produced for each harmonic of the waveform. 

Amplitude modulation, ring modulation, and frequency modula
tion provide the composer of electronic music with a vast number of possible 
timbres. They are easier to produce than timbres arrived at by pure additive 
synthesis. They also allow for further modification by various types of 
filtering. 

T I M B R A L  D E V E L O P M E N T  T H R O U G H  F I L T E R I N G  
A N D  S U B R A C T I V E  S Y N T H E S I S  

A filter is a device that removes part of the audible spectrum of a sound. 
There are two general types of filters: fixed and variable. In a fixed filter, the 
passband is not adjustable. The passband of a filter is the part of the fre-

The sidebands in frequency modulation are figured by the frequency modula
tion index. This is calculated by the following formula: 

modulation index = peak frequency deviation 
modulator frequency 

Let us suppose the 700 Hz carrier is modulated by a 50 Hz modulator. Using the 
same peak frequency deviation as in footnote 23, the formula would be M I = 

50" = 4' 
th«ThlS -means that thfr.e would be four significant sidebands on either side of 
the carrier frequency; th.s would be a total of eight sidebands. 
thP dlsta"£® neighboring sidebands is equal to the frequency of 
would result ^ ( 1 Therefore' the Allowing significant sidebands 

900 
850 
800 
750 
700 Hz Carrier 
650 
600 
550 

the^cSne ofthu h " fhe P™0?;8 and' results of frequency modulation is outside 
MuseLb ' wn add'tional information, see Alien Strange, Electronic 
Hubert?HoZ C„BrOWn Co" Publishers, 1972), pp 12-20, and 
Inc., 1975), pp. 13 16 C 'C Synthesis <New Y<>rk: W. W. Norton & Co., 
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quency spectrum that is allowed to pass through the filter. The passband is 
described with reference to its bandwidth and its center frequency. The 
bandwidth is the difference between the cutoff frequencies of the passband, 
the highest and lowest frequencies allowed to pass through the filter at full 
amplitude. Those frequencies not passed, that is, those that are attenuated 3 
dB or more from maximum amplitude, are called the stopband. The center 
frequency is simply the center of the passband. As an example, suppose the 
high cutoff frequency of a filter is 700 Hz and the low cutoff frequency is 
500 Hz. The band is then from 500 Hz to 700 Hz; the bandwidth is 200 Hz; 
the center frequency is around 600 Hz.25 

A collection of fixed filters is called a filter bank. The filters are 
usually arranged in a contiguously ascending format and, taken together, 
extend over the audible range. Often, filter banks are arranged so that each 
filter covers the same relative frequency range, such as one octave or one-
third of an octave. In addition, each filter sometimes has its own indepen
dent attenuator, or volume control. The output of a filter bank is often a 
combined output in which all of the filter outputs have been mixed together. 

Variable filters are adjustable with regards to their attenuation, 
center frequency, and, sometimes, bandwidth. High-pass filters are variable 
filters with adjustable low cutoff points. These filters attenuate, or decrease, 
the amplitude of frequencies below this point. The high cutoff point is fixed, 
usually above the range of hearing. If the low cutoff point is raised, the filter 
is said to "close," because the bandwidth is contracting. As the low cutoff 
point is lowered, the filter is said to "open," because the band and the 
bandwidth are expanding. . 

Low-pass filters are variable filters that work in an opposite fashion. 
Here the low cutoff point is fixed, and the filter attenuates frequencies 
above the variable high cutoff point. 

The other common type of variable filter is the band-pass filter. In a 
band-pass filter, the bandwidth and the center frequency may be regulated 
independently. Thus, a band with a center frequency of 1,000 Hz could 
have a narrow or a wide bandwidth. A bandwidth of 500 Hz could be moved 
to a high or low band placement, thus changing the center frequency. Table 
11-1 illustrates types of filtering changes on a band-pass filter. 

Filters used singly or in combination, allow for further signal pro
cessing and timbral modification. Subtractive synthesis, used in electro-
acoustic musical instruments as well as tape music, is accomplished by using 
filters to remove selected portions of the spectrum of a sound, thus creating 
a simpler, less complex timbre. Any acoustic or electronic sound except, of 
course, sine waves, can be filtered. 

_e „ - thp eeometric mean rather than the arithme-
The center frequency « «tuall^y tte ««>m.Zt of the product of the high and 

tic mean. The geometri + _ 592 Since we perceive logarithmi-
low frequencies For exai p ,' ^ f 600 Hz \s ciose enough for most pur-
cally, however, the arithmetic mean 01 
poses. 



Table 11-1 
CHANGE OF BANDWIDTH: 

Bandwidth Center Frequency Band 

2,000 Hz 
1,000 Hz 
100 Hz 

1,000 Hz 
1,000 Hz 
1,000 Hz 

0 -2,000 Hz 
500-1,500 Hz 
950-1,050 Hz 

CHANGE OF CENTER FREQUENCY: 

Bandwidth Center Frequency Band 

500 Hz 
500 Hz 
500 Hz 

1,000 Hz 
500 Hz 
1,500 Hz 

750-1,250 Hz 
250-750 Hz 
1,250-1,700 Hz 

The process of equalization is similar to filtering. An equalizer is a 
device that allows portions of the frequency spectrum to be amplified or 
attenuated. Equalizers have two or more bands, usually calibrated in decibels. 
They are used, not to eliminate portions of the frequency spectrum, but 
rather to adjust the volume relationships among the available bands.26 Treble 
and bass controls on amplifiers allow for garden variety equalization, or EQ. 
Graphic equalizers often look like fixed filter banks since they both have 
several bands. 

Amplitude modulation, ring modulation, frequency modulation, and 
filtering greatly expanded the timbral vocabulary of electronic music. By 
the middle 1950s, these techniques were standard procedures in most 
e ectronic music studios. The technique of additive synthesis, as seen in 
tudy II, continued to be used in composing electronic music. More often, 
owever, the composer would develop a complex timbre by using amplitude 

modulation, ring modulation, or frequency modulation, and then filter it to 
achieve the desired result. This kind of subtractive synthesis was not only 
easier*nd less t!me consuming than additive synthesis, it also provided more 
possibilities; a single complex sound could be filtered in a great many ways. 
All of these various techniques were explored by Stockhausen in his work 
Gesang der Junglinge (Song of the Youths—1955-56). 

Stockhausen's Gesang der Junglinge 

or minus 10 to 12 dB is the usual range of equalizers. 

94 
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other difference between Study II and Gesang der Jiinglinge is the formation 
of timbres and their resulting qualities. In Study II, additive synthesis was 
the only technique used for constructing timbres; in Gesang der Jiinglinge, 
Stockhausen used both additive and subtractive techniques as well as various 
kinds of modulation. 

In constructing the timbres for Gesang der Jiinglinge, Stockhausen 
formulated two timbral scales: one electronic, the other concrete and made 
from sounds of a boy's voice. In doing this, Stockhausen sought not only to 
relate the electronic and voice materials, but also to extend the concept of 
Klangfarbenmelodie. Each of the two timbral scales has eleven elements, 
or categories, of timbre. The materials for the scale of electronic timbres 
are 

1. Sine tones, 
2. Frequency modulated sine tones, periodically modulated,27 

3. Frequency modulated sine tones, statistically modulated, 
4. Amplitude modulated sine tones, periodically modulated, 
5. Amplitude modulated sine tones, statistically modulated, 
6. Periodic combinations of the first five categories, 
7. Statistic combinations of the first five categories, 
8. White noise with constant density, 
9. White noise with statistically varied density, 

10. Periodic sequences of filtered beats,28 

11. Statistic sequences of filtered beats. 

This scale of electronic timbres is arranged in an order of increasing com
plexity, beginning with sine tones and going to white noise.2 A second scale 
of timbres, made from the sounds of a boy's voice is similar y arranged 
Stockhausen constructed analogies between elements of the two t™bral 
scales. For instance, simple vowel sounds are analogous to sine waves; harsh 
consonants, such as "ch," are similar to white noise. 

Stockhausen also created scales, or rows, for ordering the aspects 
of pitch (six scales), duration, and dynamics. He was thus able to serially 
compose Gesang der Jiinglinge by referring numerically to a specific pitch, 
duration, dynamic, and timbre for each electronic or vocal event. 

n a•„ owH statistic characterize the modulating signal. A periodic 
The terms periodic and which the characteristics of the modulating 

s7g°nal dTnot change A statistic modulation is one whose charactenst.cs of 
change are calculable but not repeMjous^^^^ between x and 20 Hz. These 

These beats are cheks p o uliman hearing, but they do produce audible 
frequencies are below therange loudspeakers. The clicking sound is 
clicks when amplified and played tnroug kerKcone 

I f 1 " m ^ ^ t h a t j a m p h t u ^ i m p l e x " "  ̂  
modulated sounds, since the latter are m 
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The title of Gesang der Jiinglinge refers to the third chapter of the 
book of Daniel where the three youths, Shadrack, Meshack, and Abednego 
are thrown into the fiery furnace by King Nebuchadnezzar. The text is 
drawn from the Benedicite canticle of the Apocryphal version of the same 
book, and is spoken and sung in German by one boy. Stockhausen had 
dissected the text into syllables, phonemes, and phones, and, as closely as 
possible, tried to record the desired resultant voice sounds directly on tape. 
Where the boy was not able to provide Stockhausen with the desired quality 
of sound, the vocal sound was electronically modified or processed to 
accommodate Stockhausen's scheme.30 Stockhausen also rearranged and 
combined words and parts of words in order to approximate various levels of 
comprehensibility as well as create new juxtapositions of meaning. In the 
final version of Gesang der Jiinglinge, these effects may be used singly or in 
combination to produce everything from a comprehensible solo to a cacoph
onous choir of voices. 

Stockhausen's Gesang der Jiinglinge is one of the compositions 
generally regarded as a classic of early electro-acoustic tape music. Techni-
cally, it represents state-of-the-art technology in 1956 for both electronic 
and concrete processing and manipulation. This work shows an extensive 
development of Stockhausen's compositional thinking, especially in regard 
to those serial concepts drawn from Webern and Eimert. In composing 
Gesang der Jiinglinge, Stockhausen enlarged Eimert's techniques of the trans
formation of voice sounds and vocal-electronic sound analogies. Stockhausen 
a so utilized Meyer-Eppler's ideas of information theory in ordering syntax 
and timbre.31 
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maeAme^aJ^known astn inform®#?03^S 70iSe' Stockhausen used a Springer 
often infuriating device is capable on'To 5 chanSer. This curious, amazing and 
duration of a sound without affectfna y> changing either the pitch °r 

see Gustav Ciamaga, "The Tape Stud^ifSPnCt" for further information. 
Electronic Music ed Jon H A™i , °' The Development and Practice of 
NJ: Prentice-Hall', Inc. 1975), pp 108"no Ronald C- Perera (Englewood Cliffs, 

hausen, "Actual ia^DIE^REIHE °/ der JUn8lin8e, see Karlheinz Stock-
cusses Gesang but also l*1958 • 45"51- This article not only dis-
variously informative ennfuc' ^ausen s thinking at the time. The article is 
hostile; but it is always interesting8' soph,stlcated> naive, argumentative, and 
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Eimert Herbert. Epitah fiir Aikichi Kuboyama. Wergo WER 60014. 
Much of Eimert's later work followed in the path of Selektion I. 
Epitaph fiir Aikichi Kuboyama (1960-62) deals with the processing and 
manipulation of speech, especially processing by ring modulation. 
Aikichi Kuboyama was a Japanese fisherman and a long-suffering victim 
of the fallout of the bombing of Hiroshima. He died in 1966. 

Ligeti, Gyorgy. Artikulation. Philips 835 485/86 AY; Wergo 60059; Mer
cury SR-2-9123' Limelight LS-86048. Artikulation was realized by 
Ligeti (b. 1923, Diciosanmartin, Transylvania) and Gottfried Michael 
Koening in 1958 at the Cologne studio. The piece deals with the expres
sion of speech patterns and inflections by means of electronic sounds. 
The resulting "conversation" of electronic sounds displays all of the 
manipulations and processings of the classical electronic music studio. 
In theory and concept, Artikulation owes much to the ideas and work 
of Eimert and Stockhausen. It is also a precursor to two acoustic works 
by Ligeti: Auentures (1962) and Nouuelles Aventures (1962-65), both 
referred to as "mimodramas." 

Stockhausen, Karlheinz. Hymnen. DGG 2707 039. Hymnen (1966-67) 
is one of the monumental works of the classical studio. The recorded 
version consists of a small universe of electronic and concrete sounds, 
composed around the national anthems of several countries. Stock
hausen extensively used what he calls intermodulation in Hymnen. By 
this term he refers to one event, such as an anthem, being modulated 
(ring amplitude, or frequency) by another event. For instance, if the 
frequency changes of one anthem are used to amplitude modulate an
other anthem, Stockhausen would say that the harmony of the first has 
modulated the rhythm of the second, thus intermodulation. Hymnen 
involves every technique of tape manipulation and signal processing 
known at the time. Structurally, Hymnen is much more intuive and 
subjective than any of Stockhausen's previous works. Stockhausen 
insists that Hymnen is not a collage. 

Stockhausen, Karlheinz. Telemusik. DGG 137012. Telemusik ws com
posed in 1966 at the NHK studio m Tokyo. This was the first piece 
in which Stockhausen used his procedures of intermodulation (see 
above remarks on Hymnen), combining elements of folk music from 
Africa the Amazon, Bali, Brazil, China, Japan, Hungary Spain Russia, 
and Vietnam with electronic sounds. The folk music elements are al
most always processed beyond recognition. Telemusik is dearly dlv*ded 

into thirty two sections, each of which is percussively articulated by a 
Japanese temple instrument, such as a wood block or chime. 

97 



12 
CLASSICAL STUDIO 
ELECTRONIC MUSIC 
The Development of 
the Classical Studio 

In the 1950s and early 1960s, the Paris and Cologne studios were the leadin 
centers of electro-acoustic music in Europe. Although an increasing numbf 
of studios came into being, Paris and Cologne dominated the world c 
electro-acoustic music. They represented two very different schools c 
thought and came to typify the styles, approaches, psychologies, an 
interests of musique concrete and electronic music. Only toward the middl 
of the 1950s did crossover between the two camps become likely. At tha 
point some concrete material might be found included in Cologne work 
such as Selektion I and Gesang der Junglinge. But this concrete material wa 
usually speech sounds, often treated in a manner identical to that of th 
electronic material. In addition, electronic signals did find their way int 
compositions of the Paris schools, but these sounds were usually little mor 
than adjuncts to the concrete material. Seldom, during the 1950s, was an a! 
concrete work produced in Cologne, or an all-electronic work produced i: 

«furiir» 1953 and I960, most of the major electro-acoustic musi 
» n r E u / ° p e D w e r e  e s t a b l i s h e d .  T h e s e  s t u d i o s  f o l l o w e d  t h e  c o m b i n e ,  
pproaches of the Paris and Cologne studios, although the primary conceri 
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tended to be with electronic, rather than acoustic, sound material. While 
there were some private studios established during the 1950s, most of the 
installations were funded by public sources. In Europe, the sponsoring insti
tutions were often government-operated radio broadcasting services. This 
followed the pattern of the Paris and Cologne studios and seemed logical, 
since the type of equipment and personnel required was already a part of 
the radio studio. In the United States and Canada, most electronic music 
studios were founded at universities and were considered part of their educa
tional and research facilities. 

Each of the classical electronic music studios was unique. Much of 
the equipment was specially designed or modified for each studio. Since 
there was no standarization, each studio tended to have its own technical 
personality. In conjunction with this, the aesthetics of the studios founders 
often dictated, by the selection of personnel and equipment, the nature of 
the compositions produced. It is thus possible to speak of various schools 
of classical studio electronic music. These schools are represented by the 
aesthetic and technical similarities of works composed in certain studios. 
Sometimes these qualities are quite audible to the experienced listener; at 
other times the similarities are primarily theoretical or conceptual. For these 
reasons, it is usually best to consider the classical studio electronic music of 
the 1950s along with the studios where it was created. 

THE NHK STUDIO 

Works by Toshiro Mayazumi 
and Minao Shibata 
One of the earlier electronic music studios was established in Tokyo. 

The Radio Nippon Horo Kyokai (NHK) studio was founded in 1954 by a 
group of technicians and program producers interested m electronic music. 
They were strongly influenced by ideas of the Cologne studio whose techni
cal reports they used as the basis for their experiments Toshiro Mayazumi 
(b. 1929, Yokohama) was the first Japanese composer to become interested 
in tape music. His Musique Concrete x, y, z (1953) and his tology Music'. for 
Sine Waves by Proportion of Prime Numbers, Mmic for Modulated Waves by 
Proportion of Prime Numbers, and Invention for Square Waves and Saw
tooth Waves (circa 1954) were, respectively, the first Japanese works of 

, , j ioptrnnir music Mayazumi worked with the techm-
"aTof TeC NHKnstu" "onjosers Makoto Maroi (b 1930 
Tok^o) to select the equipment for the studio^ Since Mayazumi had(visited 
the Paris studio in 1952 and Maroi had worked in Cologne in 1955, the 

--
"-h— -1 *,mi **• 

recorders. 
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Mayazumi's Mandara (1969) deals, as do many of his works, with 
concepts drawn from Buddhist philosophy. The title, Mandara, refers to the 
uncertainty and confusion of earthly existence. Mandara has two main sec
tions. The first, 0'00"-5'09", consists entirely of electronic sounds. The 
initial material is predominantly sinusoidal, short-enveloped, with porta
mento pitch characteristics. These bird-like sounds are transposed to differ
ent registers by speed change. At 0'53", long envelope sounds with slightly 
more harmonics enter and form a background to the higher pitched original 
material. The pitch character of the shorter sounds changes at 1'35": The 
register is lowered, the portamento ceases, and some very slight frequency 
modulation is noticeable. At 2'18", noise sounds enter. These are filtered 
into various limited ranges and enveloped and combined in ways that 
resemble human breathing. Thus in the first section of Mandara, Mayazumi 
moves from pitched, short sounds to nonpitched, longer enveloped sounds. 
The breathing quality of the noise material allows a transition to the second 
section of the piece, since this uses voice sounds. These voice sounds first 
appear to be coming out of very low-pitched noise because, like the noise, 
the voice material has had all but the very low frequencies filtered out. 
Gradually, the voice material assumes its normal frequency range and can 
be heard as a background of mumbling Japanese voices from which single 
voices frequently emerge for brief periods. Sometimes a koto can be heard 
accompanying the typical Japanese inflections of these voices. At 1016", 
the very end of the piece, a brief excerpt of one of Adolf Hitler's public 
addresses can be heard. Mayazumi's comment is obvious, although it would 
not be understood as positive by Western ears. 

Mandara is not a real-time composition. There is a great deal of 
superimposition of sounds in order to create a dense layering effect of many 
events occurring simultaneously. In contrast to this is Improvisation (1968), 
a real-time composition realized at the NHK studio by Minao Shibata (b. 
1916). Real-time compositions are rare in classical studio electronic music 
because of the difficulty in producing, processing, and controlling a lot of 
material at one time. Shibata's Improvisation therefore tends to concentrate 
on one or two events at a time. Most of the events are not enveloped but are 
continuous sounds. The short envelope sounds heard entering at 0'17" could 
be the result of amplitude modulation, where one of the oscillators is a sub-
audio frequency (below 20 Hz). Later in the piece, at 4'15", other short 
ITnlZi S°T,u °CCUJ th3t are the resu!t of manual «atinS, control of the amplitude of the sound. 

thi* iotihlbatlUSf portament° a great deal in Improvisation. Sometimes 
on a varinhlT ° uSmg Sp?ed chan8e on tape recorders, recording the signal 
; . , p machine, and then recording the manipulated result 
creTted bv man,anSeC°hnd machine' More often, however, the portamento is 
Seat manv oTc lf/ Changlng the frequency of the oscillators. Shibata uses a 
greater^densitv Off115 " Improvisation this helps to give the texture a 
greater density. Often, many oscillators can be heard to portamento simul-



1 0 1  C L A S S I C A L  S T U D I O  E L E C T R O N I C  M U S I C  

taneously, all moving in the same direction and maintaining the same fixed 
pitch interval. This consistent following of oscillators is sometimes referred 
to as tracking. 

The waveforms used in Improvisation are primarily sawtooth. This is 
because Shibata wanted to make use of the filters in the NHK studio, and 
sawtooth waves offer the greatest possibilities for filtering, since they con
tain the most harmonics of all electronic waveforms. 

THE RAI STUDIO 

Works by Bruno Maderna 
and Henri Pousseur 

Like the NHK studio in Tokyo, the RAI studio in Milan was based 
on the concepts developed in Cologne. The Studio di Fonologia Musicale of 
the Radio Audizioni Italiane was established in Milan in 1955 by Luciano 
Berio and Bruno Maderna (b. 1920, Venice, Italy; d. 1972, Darmstadt, 
Germany). The RAI, or Milan, studio had equipment similar to that of the 
Cologne studio. This is not surprising, since Berio and Maderna had both 
spent time at the Cologne studio. 

One of the first purely electronic works to be completed in the Milan 
studio was Maderna's Continuo (1958). Continue, uses very complex sound 
materials created by extreme amplitude and frequency modulation. These 
processes produce sounds with very rich spectra. The actual differentiation 
of the material is accomplished by tape manipulation techniques or electron
ic processing. The piece begins with the sound material in a very reverber
ated form. This has the effect of "smearing" the frequency information of 
the sound, creating an ethereal effect. This material is also presentedwith 
long envelopes. When several layers of these sounds are mixed together an 

p  hut changing sound fields is created. Gradually, impression of continuous, but cnanging, - , 
Maderna changes the nature of the material without removing the in.tuU 
layers of sou^d The original material continues, but new layers, or voices, of 
sound are added This new material has increasingly less reverberation and 
shorter envelopes As the envelopes shorten, the timbre and pitch of the 

orter envelop mlirklv This is the continuum of the title: a process 
material changes more qmckly t ^ c Eventually, two 
by which the sound material is aiuereii ,nQ" . , ,, . fh 
distinct classes of sounds can be heard •beginningat3 09 tartthey are both 
derived from the same original source, trea e i , seems to 

Without specific information from the composer and none seems to 
witnout specu exactly how Maderna constructed 

now exist, it is not possible to 8pe^ oteay ̂  combination q£ German 
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Scambi (Exchanges) is not simply an electronic music composition, it 
is also a series of compositions, as well as a procedure for creating a certain 
kind of musical work. There were five versions of Scambi composed during 
1957 and 1958; two of these were by Pousseur, two by Berio, and one by 
Marc Wilkinson. 

The idea behind Scambi was to create sound structures that would 
allow the listener the freedom of making his or her own perceptions without 
having to be concerned about a preconceived form or notion. To accomplish 
this, Pousseur believed that it was necessary to avoid the periodic, or repeti
tious, nature of traditional music. Such avoidance would ensure the lack of 
any imposed hierarchy or teleology. 

Pousseur used only one sound source in Scambi: white noise. The 
original material consists of eleven half-octave bands of noise between 140 
Hz and 6400 Hz. Each band was first processed by being passed three times 
through a special amplitude filter that had been constructed for the Milan 
studio.1 This amplitude filter cut off all signals under a certain specified 
amplitude and was adjustable to one of five settings. Pousseur combined the 
original eleven bands of noise into groups of three on the basis of their 
adjacency. This resulted in nine combinations, represented here by Roman 
numerals, while the original bands are represented by Arabic numerals: 

= III 

= VI 

1 2 3 
2 = 1 3 = II 4 
3 4 5 
4 5 6 
5 = IV 6 = V 7 
6 7 8 
7 8 9 M

 1 
>

 

II 
oo 9 = VIII 10 

9 10 11 

Each°f these combmationB was run through each of the five settings of th 
amplitude filter, resulting in forty-five basic sound units. These wen 
recorded on thirty foot tape loops at 15 ips. Each of these forty-five origina 
oops was rerecorded on a second machine using smaller loops of betweei 

™phin seconds duration. During this process, the speed of the firs 
machine was randomly changed. 

fnrm nnTiff tape'°°PS were then spliced together in such a way as t< 
form one of four possible pitch-tempo transformations: 

fl"er c,°uldfVUplicatcd by a combination oi 
erector, also called an envelope follower, and a gate. 



-

103 CLASSICAL STUDIO ELECTRONIC MUSIC 

high — fast <—»• high — slow 
high — fast * low — slow 
low — slow <—*• low — fast 
low — slow «—* high — slow. 

Each of these pitch-tempo transformations lasted between twenty-one and 
forty-two seconds. 

This material was then twice passed through reverberators to form a 
second class of material differentiated by timbre. Pousseur characterized the 
reverberated sounds as "homogeneous" and the unreverberated materials as 
"dry." This allowed for four additional types of sequences, two by transfor
mation of a timbral nature, 

dry -> homogenous 
homogenous -*• dry, 

and two being timbrally static, 

dry -> dry 
homogenous -* homogenous. 

With this sound material, which was now differentiated according to 
pitch, tempo, and timbre, Pousseur constructed thirty-two long sequences by 
splicing. Each of these sequences was again passed through the amplitude 
filter. During this final processing, certain portions of the elements of pitch, 
envelope, and general dynamics were allowed to be determined by chance 
operations of the amplitude filter as well as other devices. Silences were also 
determined at this point. ... , , 

Any given realization, or version, of Scambi is the playing, in what
ever order, of the final thirty-two sound sequences. The form is derived from 
the context of the procedure. The movement of the work is between oppos
ing characteristics. The construction of the piece is its performance. 

Any number of versions of Scambi are possible, since Pousseur has 
not provided a definitive score. He has left, rather, a series of Procedures that 
intentionally include random elements. However, all of the possible versions 
of Scambi would be very similar in general terms, even if they would differ 
in their particulars. This is because the basic sound material, white noise as 
well as the types of processings and manipulations, has been spec y 

composer twentieth-century composers, Pousseur has been more 
many a tup general characteristics of music 

interested in controlling and predicting the 
than the specific details. Thus, in listening to Scambi, one is aware ot the 

e specniL, u« nrecise character of the sounds, overall nature of the music, rather than theprecise cnara 
Pitch, for example, is not very important in its older sense as a senes of 
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perceivable pitch-classes; instead, pitch is relevant in terms of range and 
register, for it is in these qualities that change can be perceived. 

ELECTRONIC MUSIC 
IN THE NETHERLANDS 
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In contrast to the studios so far discussed, the Utrecht studio in the Nether
lands has a rather complicated lineage. Initial interest in electronic music in 
the Netherlands was expressed by Walter Maas (b. 1909), a champion of new 
Dutch music and the founder of the Gaudeamus Foundation and the 
Gaudeamus awards for new music. In 1953 Maas invited Werner Meyer-
Eppler to visit Holland and deliver a series of lectures on electronic music 
at the Netherlands Radio Union. As a result, attempts were made to establish 
an electronic music studio at the NRU in Hilverson under Meyer-Eppler's 
guidance. A full-fledged studio never developed, although a few isolated 
i °USt!C W°rks were realized at the NRU facilities between 1954 and 
1957. I he radio-associated electronic music studio that had proved success
ful elsewhere in Europe was not to be in Holland. Still, several Dutch com
posers continued to experiment with the media. Chief among these was 
Henk Badings (b. 1907, Indonesia). In 1956, with Maas's help, Badings con-
w»Cfh 6 e? ron*C£[ ^rm °f Philips to open its laboratories to him. This 
was the beginning of the Philips studio in Eindhoven. 

THE PHILIPS STUDIO 

Works by Henk Badings, Edgard Varese, 
and Dick V. Raaijmakers 

Abel a Mef ' ̂  W°lk comPosed ^ the Philips studio was Cain and 
HoHand Fwlrf' 7 COmmiss!oned by the Nederlands Ballet for the 1956 
demonstrate the ranefOIfPthSmg C<"n °"d Abel' BadinSs was expected to 
array of oscillators f ft available equipment. This included the usual 
most das^ical electro S' m°dUlation devicea. a"d tape recorders found in 
is this instrument th "lc.muslc studios, as well as an electronic clavichord. It 

46e'its quality of beins per-
concernCfor the lv',™ °f Badi"gs'= electronic music. It displays a 

° C°mpleX timbres rather than relying on 

although he often extended tradiHo c'haractenstic of Badings's music, and 
tunings, he never abandonpH th f functlonaI tonality by inventing new 
composition C^nandAb^ 'J*** °f older mUsiC' Th6 

Badings usually worked, for it waTc^p^d™^ " WhiCh 
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York), Poeme Electronique was commissioned by Philips for its pavilion at 
the 1958 Brussels World Fair. The Philips pavilion of this exposition was 
designed by the noted architect Le Corbusier with assitance from Xenakis. 
The inside of the three-peaked circus tent structure was made up of 
hundreds of parabolic and hyperparabolic surfaces along which were 
arranged some four hundred loudspeakers. The final version of Poeme 
Electronique was recorded on a three channel tape. Each channel of each of 
the many sections of the work was individually routed to a particular 
number and arrangement of speakers. This routing was accomplished by a 
fifteen channel control tape, a tape containing information not meant to be 
heard but used to control certain aspects of the actual composition. In the 
case of Poeme Electronique, the control tracks determined the routing of 
the sound material as well as certain visual and lighting effects that were 
used to accompany the music. These visuals, selected by Le Corbusier and 
consisting of projections of photographs, paintings, collages, and various 
kinds of script, had no reference or correspondence to the music. Since no 
synchronization was attempted, the resulting correspondences, or lack there
of, were accidental. Poeme Electronique made the Philips pavilion one of 
the highlights of the Brussels Exposition and drew over fifteen thousand 
visitors daily for six months. 

Despite its name, Poeme Electronique is not, strictly speaking, 
electronic music, although it does contain some sections composed of 
electronically generated sounds. Each of the work's sections is clearly 
differentiated from adjacent sections by the nature and treatment of the 
sound elements. In addition to electronic sounds, these elements include 
bells, percussion instruments, voices, sirens, jet planes, and other concrete 
sources. As is typical of Varese's concept of organized sound, these sections 
are themselves often constructed out of smaller sections of homogeneous 
material, and placed side by side without obvious relationships. Many of the 
sections of Poeme Electronique are presented without any tape manipulation 
or electronic processing and therefore retain certain immediate associational 
values that do not relate to the adjacent sections. 

Dick Raaijmakers (b. 1930, Maastricht) is another composer who 
worked at the Philips studio. Raaijmakers's composition Contrasts (1959) 
is a good example of how a small amount of source material can be extended 
by manipulation and processing. In the first section of Contrasts, two ideas 
are presented. The first idea is primarily rhythmic in nature and consists of 

, i j i__, 7 narrow filterings of sawtooth waves, in percussive sounds created by very narrow & 
the second idea, heard first at 0'03", pitch is obviously important as a con-

2The designation rhythnnc when .pjilied^o a 
important information to be h different from a musical situation in 
temporal elements of the mus£ Th.s t^dftaen^tr Obvious, a„ sound 

which pitch or timbre would be of o( the clcments of what is 

perceivecTas"pitch,"rhythm, and '^bre^wen o?ifteh, 

SX ôr tab̂ iŷ important in the musical idea' 
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tinuous melody in canon at the unison.3 By using a constantly increasing 
tape-speed change, these two ideas are repeated several times with faster 
tempos and rising pitches. Several filterings can also be heard. In the second 
part of Contrasts (1'08"), the same technique is used with nine different 
filterings of white noise. The low-pitched background material heard in both 
sections is created by extreme speed change. 

In 1960, as a result of a collaboration between Philips and the 
University of Utrecht, the first university studio was established in the 
Netherlands. The Utrecht studio took over the functions of the Philips 
studio in addition to serving as a center for research and teaching. Since 
1964, the Utrecht studio has also been known as the Institute of Sonology. 

THE UTRECHT STUDIO 
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Works by Frits Weiland 
and Gottfried Michael Koenig 

One of the earliest works completed in the Utrecht facilities was 
Study in Layers and Pulses (1961) by Frits Weiland (b. 1933, Bilthoven). 
This work is in three sections, the first of which consists of continuous low-
pitched electronic sounds. At first, only one sound is heard; then, one by 
one, other similar sounds enter until a layered sound mass is created. The 
tremolo effect that is sometimes present is the result of heterodyning, a type 
° ,„amplltudf. modulation caused by combining signals whose frequencies 
differ very slightly. The beats, or beat frequencies, produced by heterodyn
ing are the difference between the frequencies of the two signals 4 

tinn of Th" SeC°nd, Part °f WeUand's st"dy (2'15") consists of a continua-
ThL n. l OTlg T with the addition of short envelope "pulses." 

created by cutting and splicing techniques but by tak-
dectronic runs V HT°U TYPB °f oscillato" usually found in classical 
tauoush, C »U ^ese osciIlators did not have the capacity to con-
octevr oread ofPthe°Vernarlarger fr6qUenCy ^ Rather' the one or two 
control krurb » osclIlat°r wa* transposed by adjusting a frequency range 
short envelope sound r ® th'S C°ntro1' WeUand was abIe '° create the nort envelope sounds that are added in the second part of the piece Like 
addedTnrewSinc0rUndS °f SeCti°n °f Study- the short sounds « added in every increasing numbers, creating a denser texture. 

the laverinv f' T °J StUdy. Layere and (3'30") continues 
higher registers Thk™1 r 6 additlon of vari°us noise bands at increasingly 
eTntudlfoblLrates dIrfT T' * l°Ud band with a wide ^ 
ly disappears onlv the • f r i° 61 materla'' when this noise band sudden-
conduded Y lmtlal low-Pitehad a°"nd remains, and the work is 

one or more of Mother'p£ts°n'C W°rk whlch one Part or voice is imitated by 
4 Heterodyning is sometimes referred to as nonlinear mixing. 
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Studio No. 1 of the Institute of Sonology at the University of Utrecht in 1967. (Photo courtesy of Stichting 
Film en Wetenschap) 

fa No. 1 in 1974. with Goffried Michael Koening (seated) and Stan 

ipelaars. (Photo courtesy of Stichting Film en Wetensc 
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Another composer who has worked in the Utrecht studio, and who 
?u.Cl!reCt0r °f the Institute of Sonology from 1964 to 1979, is 

Gottfried Michael Koenig (b. 1926, Magadeburg). Koenig has composed a 
series of works that all bear the title Function (Function) followed by the 

nt£lnkti°n Blau i19,66)' Funktion Grun <1967h ™iFmk-
h 11 316 some e compositions in this series that have 
o^nlTTr VeCOrded' The Funktion part of the refers to a 
sttSio for Hg 3 lE function generator, a device in the Utrecht 
hundredTnd C°TPl,6X 3udio si«"als control signals. Up to two 
Xemtor Thl r nC°rtr0ll3ble ™Plitude steps can be set on the function 
waveform that coTld h° a"y ,particular arrangement would be a complex 
TscUlatm or a H t0 COntrol a s°«nd-Producing unit, such as an 
Tv^e used t f t°CTmg Unit' SUCh 38 3 fiIter or 3 reverberator. Just 
Told Z ZL Z^ prerecorded on tape to control the location of 
Utrecht studio fnnrr r°mque' so Koenig used the complex waveforms of the 
comZtZFnr tT g<mef'or to contr°> ™rious aspects of his Funktion 
the waveshaDp of an S Koenig uses the function generator to control 
it sZence of amnlTd at°r' 3,Ch3nge in function generator's particu-
wtld chZelhrw r S W°rUld reSUlt in a different control signal that 
control sZS K0enrrrmH°H t6 °SCillat°r-S After creati"* the desired 

the control eXpelimen" 
harmonics, are similar in all of tu* , Z timbres, very rich in 
in a general sense, although specific chZJ Ch3?geS that occur 310 similar 
lars. The final versions of fh^ 1 ges may be unique in their particu-
according to a scheme calculated bvT aSSemb.led h* cutting and splicing 
landscape that constantly changes within C°mpU*er- The result is an aural 

lar changes have little significance since no SpeuClfled limitS' PartiCU' 
It is like a series of variation • ' u- t functional hierarchy is intended. 
ordering is not important. W 1C th<? theme is only implied and the 

THE STUDIO OF THE POLISH RADIO 

Symfonia by Bogus/aw Schaffer 

foundedVZrsaw^Zhe comEnXPerimeHt31 MUSiC °f the Polish Radi° W3S 

quickly becameZ imoZnJ T ^ musicol°S^ Josef Patkowsky. It 
ame an .mportant traimng center for young composers, as well 

grated elecho^' musfc^stemorVOltaec control that makes inte-
cussed in Chapter 13. rynthes,zers possible. This is more fully dis-
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as a research facility for the more established. One of the most dominant 
figures at the Warsaw studio has been Boguslaw Schaffer (b. 1929, Cracow). 
Schaffer's work Symfonia (1966) deals with one of the basic problems of 
electronic music: the combining of artistic intention with technological 
facility. 

By the late 1950s, the technology of the electro-acoustic music 
studio has developed far beyond the humble beginnings of Pierre Schaeffer's 
first experiments. Schaeffer's technological resources were easily dealt with 
by one person with only a modicum of experience. As the technology of the 
studio developed, greater demands were placed on the composer. Many 
established, older composers who wished to experiment in the electro-
acoustic mediums were unwilling to acquire the necessary new skills to deal 
with all of the studio equipment. To make matters worse, the individuality 
of design in classical electronic music studios required a reorientation for 
each studio. To solve these problems, it became common for studios, especi
ally those in Europe, to have engineers available to assist composers in the 
technical aspects of composition. This seemed only logical in these radio-
centered studios, since the concept of artistic, as opposed to technological, 
talent already existed in terms of programming. Thus, although this was not 
always the case, the studio engineer had the responsibility for technically 
realizing the composers' ideas. This situation made the studio engineer, not 
only a collaborator, but also an interpreter of the composers wishes. 

In composing Symfonia,  Boguslaw Schaffer created a situation where 
the studio engineer, in this case Bohdan Mazurek, was necessary to the 
interpretation and realization of the work. 

Symfonia,  as initially produced by Schaffer, is a written score, con
sisting of abstract images. Page one of Symfonia can be seen in Figure 12-1. 
The images of the score are discussed at some length in the preface to the 
work. Each image represents a certain kind of sound event, and these events, 
in conjunction with their abstract representations, are partially defined m 
the preface. For instance, a certain shape may be said to represent a short, 
full sound." What this means precisely, however, is never specified. Instead, 
anyone wishing to realize Symfonia must interpret the composer s incom
plete specifications. . . „ . 

Symfonia consists of four movements done in this manner. Eachmove-
ment uses different representational symbols (abstract visual shapes) that sne 
defined by certain characteristics particular to that movement. Since t e 
c o m p o s e r ' s  i d e a s  a r e  i n t e n t i o n a l l y  v a g u e ,  t h e  s c o r e  o f  S y m f o n i a  . s o n y a  
point of departure for the realized work. Thus the Bchaffer-MazurekreaJiza. 
tion, the only recorded version, is one of countless possibilities. There can be 

no definitive vemom ^ deve lopment  o f  electronic muskin the United 

States lagged behind what was happening in, Europe and Japan du* 
partially to lack of government P^^tha c^'servetTn'ters for the 
no government-subsidized radio stations tn 
establishment of studios. 
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Figure 12-1 Page 1 of Symfonia. 
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Although composers such as Louis and Bebe Barron, Vladimir 
Ussachevsky, Otto Luening, and Tod Dockstader did important pioneering 
work in electronic music, they did so on private and independent bases; dur
ing the 1950s there were no real centers of electro-acoustic music activity in 
the United States. For this reason, the early development of the electronic 
music studio was primarily a European phenomenon. As is true of most 
areas of the contemporary arts in America, the establishment and growth of 
electronic music centers in the United States was due largely to the interest 
of colleges and universities, with some assistance from private foundations. 

THE UNIVERSITY OF ILLINOIS STUDIO 

The first university electronic music studio in the United States was estab
lished at the University of Illinois in 1958 under the directorship of Lejaren 
Hiller (b. 1924, New York City). The original aims of the Experimental 
Music Studio were to encourage research, composition, and teaching in the 
areas of computer music, electronic tape music, acoustics, and instrumental 
design. While the University of Illinois has been an important center for the 
production of new music, early activity in the studio was more of a research 

i 1 ^ <-] 4-L /iAmmiTn*» nature and directed largely towards computer music and the computer 
generation of musical scores. There was little interest in classical studio 

most electronic music of the period. 

THE COLUMBIA-PRINCETON 
ELECTRONIC MUSIC CENTER 

Works by Mario Davidovsky 
and Bulent Arel 
The second inst""*4—"«™"sored electronic music studio in the 

officially established on February 20, 1959 
grant from the Rockefeller Foundation to Co 
ties. The first directors of the Center were 
Luening, and Milton Babbitt. 

United States was the 

Vladimir Ussachevsky, Otto 



University of Illinois Experimental Music Studio in 1958. (Photo courtesy 
of University of Illinois at Urbana-Champaign) 

Champaign>°f ° < d i 9 i t a '  S t U d i° )  1 9 ? 9" ( P h° t 0  C O u r t e s y  o f  University of Illinois at Urbana-



Dne of the studios of Columbia-Princeton Electronic Music Center in 
1981. Left to right are Mario Davidovsky, Director; Pril Smiley, Associate 
Director; and Art Kreiger, Staff Member. (Photo courtesy of Columbia-
3rinceton Electronic Music Center) 

The Columbia-Princeton Electronic Music Center holds a unique posi
tion in the history of electro-acoustic music in the United States Being the 
first of its kind, the Center attracted many composers from outside of its 
r, .. . • _ "Frr»m I960 to 1970 more than 225 compositions by parenting universities, from ±you 10 i^iv rnhimhia 
more than 60 composers from 11 countries were produced at the Columbia-
' d \ "6 qince the Center contained several Pnnceton Electronic Music Center. bmce me v,ei 

acoustic art music. , t th Columbia-Princeton 
Two of the first c°™P°ser* ^1934, Buenos Aires) and 

Electronic Music Center were Man10 Qnic music of Davidovsky and 
Bulent Arel (b. 1919, Istan u ). that have often been associated 
Arel share certain stylisticcharacte Qf the mQst important 8tylistic 

with music composed at the Cente . gerial post-serial think-
elements is a general pomtillism stem g are often 
ing. Envelopes of individual events tend to be very 

6  Ot to  Luen ing ,  "Or ig in s , ' i n  T*  
ed. Jon H. Appleton and Ronald C. Perera 
Inc., 1975), p. 21. 
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grouped together into short, quick phrases. The timbres tend to be of basic 
electronic qualities, consisting of simple waveforms or elementary modulated 
sounds. There is an overall high density of information resulting from many 
sound events occurring in a short amount of time. Often, however, the events 
are not related in a perceptually functional way, so that what the listener 
comprehends is a series of gestures characterized by general, rather than 
specific, qualities. While these qualities are certainly not found in all music 
composed at the Center, they do exist in a sufficiently large number of com
positions to allow them to be collectively identified as roughly constituting 
a style of classical studio electronic music. 

All of these qualities are found in Mario Davidovsky's Electronic 
Study No. 3 (1965) and create what Davidovsky refers to as a "filigree-like 
texture." As in most of Davidovsky's electronic music, cutting and splicing 
techniques are central to its construction. Individual electronic sounds are 
recorded and spliced together in the desired configuration. Several tracks of 
spliced material are superimposed and mixed together to form the final 
work. 

Electronic Study No. 3 is dedicated to Edgard Varerse. Although 
Davidovsky is not specific about his dedication, it is perhaps revealing that 
many of Varese s ideas are carried out in the work. Varese wished to liberate 
pitch from the tempered scale, and Davidovsky has obviously done so here. 
Electronic Study No. 3 contains many passages of microtonal pitch mate
rial, which uses intervals smaller than minor seconds (half-steps). In addition, 
no attempt is made to functionally relate simultaneous or successive pitches 
except by gestural qualities. For instance, the beginning of the piece presents 
a high-pitched sound of long duration initially articulated by a short percus
sive sound. Against this sustained tone, a series of low-pitched, short 
envelope sounds slowly descends. The specific pitches are less important 
than are the characteristics of their movement, one stationary, the other 
descending. Together they create an oblique polyphonic gesture. The rest of 
Electronic Study No. 3 contains similar musical gestures, often presented in 
last tempi. Thus one is generally aware of the direction of pitch movement 
(ascending, descending, stationary, irregular) and the polyphonic results of 

p^h content S <Paralle1, °bUqUe' contrary- similar> more than sPecifiC 

m»teri,iV™«!e Tf als° interested in composing with consecutive blocks of 
ramnnirf If u . continuous exposition. Electronic Study No. 3 is 
other tim many s ort sections articulated sometimes by a silence and at 
methodTat varh°Un °f r6latiVely durati°"- This is not unlike the 
material k molT* P°eme 6lecUnique. Although Davidovsky's 
in Electronic Study ™S™eOUS than was Varese's, contrasts are quite audible 

movement"dlso etn^i beDmade °f Varcse's ideas of spatial location and 
movement, also evident in Poeme tlectronique. Although Electronic Study 
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No. 3 does not use such an elaborate location system, the original version of 
the work is quadraphonic. Davidovsky uses location and movement to sepa
rate and define individual ideas. 

Bulent Arel's Stereo Electronic Music No. 2 (1970) is similar to 
Davidovsky's music with regard to the general stylistic qualities previously 
discussed. The music is often pointillistic, there are plenty of quick ara
besque phrases, and the timbers are obviously electronic. There are, however, 
other stylistic features of Arel's music that are different from Davidovsky's 
and that constitute important elements of Arel's style. 

Pitch is often perceptually important in Arel's music. This is evident 
in the beginning of Stereo Electronic Music No. 2. Here, long envelope 
sounds emphasize certain pitches by virtue of their duration; the shorter 
envelope material that interrupts does not have the same importance in pitch 
information. The pitches of the longer sounds become functionally relevant 
by relating to each other in ascending or curving patterns. Often, certain 
pitch ideas are transposed a half-step higher. While these qualities of pitch y 

material are not always present in Stereo Electronic Music No. 2, they are ^ 
frequent enough to constitute a stylistic feature of the work, a characteristic ^ 
that is also evident in Arel's other works. . , , , a 

Arel's music often seems more continuous than Davidovsky s, or, at ^ 
least, it seems to divide itself into larger, more comprehensible sections. This « 
is due to Arel's use of repetition, and perhaps more important, extension of j 
compositional ideas. Stereo Electronic Music No. 2, for example, can be 
heard as an investigation of contrasting long and short envelope sounds; this 
idea is established at the beginning of the work and reappears throughout. 

THE UNIVERSITY OF TORONTO STUDIO 

I of IV by Pauline Oliveros I O T I V  Oy rdunuc 

The third institutionally sponsored electronic music studio in North 
America was founded at the University of Toronto Toronto> s udio was 

established in May 

L ~(b m4'  P o r t  Arthur' Ontario), then of the National Research 

equipment in the Toronto studio P a devjce for controlling the 
This included such items as the Ha gr p , iral-form steel mesh 
rhythmic and dynamic ^Pect\of.S°Urf'or%ontroinng the pitch of oscU-
reverberator, and an organ-type keyb became 
lators. Since the Toronto "^jthelly 1960s. Maaycom-
one of the largest and most desirable 

i  . 1  A M / 4  t i r A Y u  posers came there to study and work. 
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University of Toronto Electronic Music Center. (Photo courtesy of UTEMS) 

In 1966, Pauline Oliveros (b. 1932, Houston, Texas) visited the 
Toronto studio and composed a series of four works titled by their chronol
ogy: I of IV, II of IV, III of IV, IV of IV. I of IV, the only one of these 
works that was commercially recorded, is a real-time classical studio com
position. The sound sources are twelve oscillators that can produce either 
sine or square waveforms. In order to achieve real-time control over the 
oscillators, thus eliminating the need for tape editing, Oliveros used the 
special keyboard designed for the Toronto studio. This allowed the oscil
lators to be played" via the keyboard, as well as by direct manual control. 
The outputs of the oscillators were routed to two amplifiers, a mixer, a 
reverberator, and, finally, to two stereo tape recorders. Two recorders were 
use in order to achieve an extended tape delay system. The layout and tape 
path was similar to that outlined in Figure 7-2. The actual signal path was 
PffWtT F complicated, in order to achieve a complex system of delay 
re^nrdpr WTRi! W3S r°Uted to the record head of channel 1 of tape 
IP2 - TR1 ™ .T followed the following path: IR1 - IP1 -> IR2 -
used for rp'rorH? Creat<T adouble feedback delay loop. Machine II was not 
H were IIpTt * playback- The siSnal Paths between machines I and 
seconds w^achW H T* "P2 IR1" Thus' an extended d^y of eight 
extended^delavs h7v I " ™aterial was played back on machine II. These 
delays created on h"6 e» of rePetifion, while the shorter feedback 
Umbre and 1 I t" actually contribute to the modification of the 
repeat events and aHH USG °f thlS tape delay system allowed Oliveros to SeTâ ertud̂  t0geth6r' e"eCtS that W°uld * 
116 
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The extended delay can be heard at the very beginning of the piece 
where the initial attack of the sound is repeated at 0'08". This is the result 
of a sound being recorded on machine I and repeated, eight seconds later, 
by machine II. This initial attack can then be heard to repeat again and again 
at differing intervals caused by the combined effects of the feedback delay 
system of machine I and the extended delay provided by machine II. Even 
as these repetitions occur, new pitches are added through changes of the fre
quencies of the oscillators. These new additions can also be heard to repeat. 
Soon a rather dense texture is built up through changes of pitch and addition 
of repetitions. 

The timbre of the sound in the opening of I  o f  I V  is created by a 
combination-tone technique developed by Oliveros. In this instance, she 
tuned eleven of the twelve oscillators to frequencies above 20,000 Hz; the 
remaining oscillator was tuned below 1 Hz. The result was the combination, 
or difference, tones that create the machine-like buzzing effect at the begin
n i n g  o f  I  o f  I V .  y  

I  o f  I V  is also characterized by portamento melodies such as occur at 
1'23" and wide-ranging pitch sweeps like those at 2 50 . The latter are 
created by rapidly sweeping the internal frequency control of an oscillator. 

While I  o f  I V  has an improvisational attitude about it, it also creates c t  
a somewhat surreal atmosphere. Although there are dynamic accents and * 
articulations, there are no silences. There is always a sea of sound from 
which individual events spring, only to be slowly absorbed back into the 
swell. The rhythms created by the repetitions create an underlying continu-
ity of motion, which may be temporarily superseded but which always 
r e t u r n s .  O l i v e r o s ' s  c o n c e r n  w i t h  t h e  s e n s u a l  i n  m u s i c  i s  e v i d e n t  i n  1  o f  1  v .  

THE YALE STUDIO 

Second Electronic Setting 
by Mel Powell 
Unlike the classical electronic music studios discussed so far,the Yale 

Electronic Music Studio did not begin with large grants or sPeciallzed equip-
m e n t .  F o u n d e d  i n  1 9 6 0  b y  M e l  P o w e l l  ( b .  1 9 2 3 ,  N e w  Y o r k  C . t y ) a  Y d  
Universitv the Yale studio consisted primarily of whatever Powell and 

were able to beg, borrow, or build. The origin.^ eq— com^ 
plement consisted of several laboratory type oscillat,ors ;a modu lait , 
band-pass filter, a reverberator, and six monaural and 
recorders, one of which had variable speed. Actuahy, th yp 
more representative of the average classical °"S1C StUd'° ̂  
the larger installations at Cologne or Columbia-Prince . 

7 • Hon on 7 o f  I V  see the interview with Pauline Oliveros in 7 For further information on l  o j  i v ,  *  
Part III. 
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The early output of the Yale studio was dominated by the work of 
Mel Powell. His Second Electronic Setting (1962) characterizes Powell's 
approach to the medium. The Second Electronic Setting is a concentrated, 
polyphonic work, consisting of up to thirty-six parts. In order to character
ize the individual lines, Powell gave them differing timbral, rhythmic, and 
registral qualities. 

timbres in Second Electronic Setting are primarily created by 
the technique of additive synthesis, similar to that used by Stockhausen in 
tu y I However, unlike Stockhausen, Powell used the frequencies of the 

normal harmonic series to construct his timbres. The rhythmic qualities of 
e in IVI u parts are largely a result of cutting and splicing techniques. 

latertpeed cl^igenStiCS C°Ul<1 ^ defined in the ori&inal recording or by a 

that P JUNT to accomPIish the kir»d of precision and density of information 
at Po well achieved in the classical studio seems enough of a challenge. But, 
is often the case in electro-acoustic music, the level of technical possibili

ty^0™ hamPered> and even altered, Powell's efforts. In creating up to 
tions^of^rp1011^'anG<fi!S ^>ar^s' was necessary to produce so many genera-
than abanHn°rhingS ^ D*" "naccePtable amount of hiss developed. Rather 
having one n" *S g°a U °We11 modified it to fit the circumstances by always 
Mother nrnh."016 in a register, thereby masking the hiss. 
manv takes of ee 7^ * ^ aHgnment of the vari™* tracks. Often, 
result 3111 comblnations were necessary to achieve the correct 

Electronic^ettin^th rhythm! and reglster are important elements in Second 
oft^Xfes a7' * Pl!CVuPnmariIy concerned with pitch material. All 
this system XTe7ree d,by 7 Pr°cedure of Powell's own invention. In 
with any of the twelve Diteh Ha h°nzontally in groups of three. Beginning 
third pitch however mnft ? °ther Pitcb-class could follow. The 
less this interval alrenriv • 77V me*od*c interval of a minor second, un-
event the third Ditch etween the first and second pitches; in that 
val of a minor sXnd must a"" ̂  Thus' ̂ melodic inter-
result of this procedure is to ow* °h°e GVery three Pitches- The aural 

the Second Electronic Settina H 6 ? ho"10geneity in the pitch material of 
interval of a minor second. UG statistical predominance of the 

homogeneity of the nrns^^verT'tho^ Electronic Setting, one is aware of the 
entiation. The horizontal 'anrt f°Ugi °nG iS drawn to its points of differ-
rapidly for the listener tn 1 combinations of pitches occur too 
perceivable for the instant they LTst^hi^t""6^ ^ eV<mt' yGt ^ 
Of timbre and rhythm, creates a rnnct ti °g®ther Wlth the differentiatl°n 

interweaving and fluid complexity. changing matrix of sound, an 
The decade from 195 5 TO IQCK 

studio electronic music During th- was a sort of golden age for classical 
music. During this period the major studios were estab-
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lished, schools were founded, styles developed, and techniques were ex
plored. The electronic music composed during this time provided the 
foundation for the compositional and technological development of the 
future. 

DISCOGRAPHY 

Arel, Bulent. Stereo Electronic Music No. 2. CRI SD 268; Finnadar QD 
9010 0798. 

Badings, Henk. Cain and Abel. Composers' Voice CV 7803. (Donemus, 
Paulus Potterstraat 14, 1071 CZ Amsterdam, Holland). 

Davidovsky, Mario. Electronic Study No. 3. Turnabout TV 34487; Finna
dar QD 9010 0798. 

Gaburo, Kenneth. Lemon Drops. Heliodor HS 25047. 
Koenig, Michael Gottfried. Funktion Blau. Philips 6526 003. y 

. Funktion Gelb. Wergo WER 324. ^ 

. Funktion Grun. DGG 137 011. * 
Maderna, Bruno. Continuo. Philips 835 485/86AY; Limelight LS-86047; 0 

Mercury SR-2-9123. * 
Mayazumi, Toshiro. Mandara. Philips 6526 003; Nippon Victor SJX 1004. ^ 
Oliveros, Pauline. I of IV. Odyssey 3216 0160. 
Pousseur, Henri. Scambi. Philips 835 485/86AY; Mercury SR-2-9123. 
Powell, Mel. Second Electronic Setting. CRI S-227. 
Raaijmakers, Dick. Contrasts. Epic BC 1118. 
Schaffer, Boguslaw. Symfonia. Philips 6526-003. 
Shibata, Minao. Improvisation. Philips 6526 003; Nippon Victor SJX 

Vare^Edgard. Poeme ilectronigue. Columbia MS 6146; Columbia MG 
31078 

Weiland, Frits. Study in Layers and Pulses. Composers' Voice CV 7803. 
(see Badings entry above). 

? FURTHER LISTENING 

Arel, Bulent. Stereo Electro™ the more' developed 
posed in 1960, this work is ^ica^sim ̂  ̂  ^ 
Stereo Electronic Music . • ical ideas seem to be somewhat 
No. 1 are more elemental and Qne of the stylistic ^d techni
cs controlled. Nevertheles*> t dio electronic music, 
cal models for this genre of classical stuu 
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Badings, Henk. Evolutions-Ballet Suite. Epic BC 1118; Limelight 86055. 
Evolutions was realized in 1958 at the Philips studio with the help of 
Dick Raaijmakers. It consists of six movements: Overture, Air, Rag
time, Intermezzo, Waltz, and Finale. The music tends to concentrate 
on aspects of pitch and rhythm that are easily perceivable in traditional 
terms. While usual classical studio techniques are obviously present, so 
is the use of electronic keyboard instruments. The various musical 
and technical qualities of Evolutions add up to a curious sense of 
anachronism. 

Davidovsky, Mario. Electronic Study No. 2. Son Nova 3. Written in 
1962, Electronic Study No. 2 is more percussive than the later Elec
tronic Study No. 3, but the same stylistic hallmarks are in evidence. 
Tape delay techniques are heard a great deal. 

Kagel, Maurico. Transition I. Philips 845 485/86AY; Mercury SR2-9123. 
Kagel was born in Buenos Aires in 1932 but did most of his composing 
in Cologne. His Transition I was composed between 1958 and 1960. 
Transition I makes use of analogies between timbres as devices for 
transition between sections of the music. Specific qualities of the sound 
are less important than general characteristics. Transition I contains an 
impressive array of timbres for a work of this vintage. 

Kreiger, Arthur. Short Piece. Odyssey Y34139. Short Piece is striking 
in its directness. Sound events are almost always presented one at a 
time, creating a jerky monophonic stream of changing, complex 
timbres. This work was composed at the Columbia-Princeton Electronic 
Music Center in 1974 and seems to be a distillation of earlier classical 
studio styles. 

Maxfield, Richard. Night Music. Odyssey 32 16 0160. Maxfield (b. 
1927, Seattle; d. 1969, Los Angeles) was a composer who liked unusual 
sound sources and aleatoric (chance) procedures. Night Music combines 
both. The material is frequency-modulated electronic sounds produced 
by an unusual interaction of an oscilloscope and a tape recorder. Out of 
hours of material, Maxfield selected certain sound events that evoke 
sounds of birds and insects. The particular ordering of events is 
aleatoric. The commercially recorded version of Night Music was 
realized circa 1966, although the original material dates from several 
years earlier. 

Powell, Mel. Events. CRI 227 USD. Events (1963) is unique among 
Powell s tape works. It combines electronic and voice sounds, the latter 
from readings by Lee Bowman, Mildred Dunnock, and Martha Scott, 
of Hart Crane's poem Legend. Whereas the Second Electronic Setting 
is a highly rationalistic and objective work, Events is dramatic and 
intuitive. Meanings exist on several levels simultaneously in Events. 
owe 1 has interpreted the poem by creating new juxtapositions of 

words using various tape manipulation techniques; he has also elabo-
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rated the ideas of the poem and its constituent words by these 
methods. In addition, the electronic sounds provide both a background 
and abstract commentary on the verbal collage. 

Semegen, Daria. Electronic Composition No. 1. Odyssey Y34139. Com
posed at the Columbia-Princeton Electronic Music Center in 1971-72, 
Electronic Composition No. 1 is almost a textbook of classical studio 
electronic music techniques. Semegen (b. 1946) has delineated the 
sections of the piece by characteristics of pitch, timbre, and rhythm. 

Walter, Arnold, Myron Schaffer, and Harvey Olnick. Summer Idyll Folk
ways 33436. Composed in 1959, this was the first work realized in 
the Toronto studio. It is a simple, lyrical work consisting mostly of 
sine tones. The structure is ABA, and the refrain is played backward. 
The work is unusual in that it is a collaboration by three composers. 

Wilson, Oily. Cetus. Turnabout TV 34301. Cetus was realized in 1967 
at the University of Illinois. Wilson (b. 1937, St. Louis, Missouri) has 
chosen to deal with an electronic music primitivism using only^simple 
timbres and basic manipulations and processings. The work has a d 
general £ch structure beginning with, and returning to, a sine wave 
with variable tremolo (AM). 

<4 
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ELECTRONIC MUSIC 
SYNTHESIZERS 

T H E  E A R L Y  D E V E L O P M E N T  O F  S Y N T H E S I Z E R S  

The number and importance of electronic music studios increased greatly 
during the 1960s. By 1970, there were over four hundred studios in the 
United States.1 Of course, the size and nature of these installations varied 
from small home studios to large university complexes. Most of these 
studios, however, especially those created after 1966, owed their existence 
to the development of the voltage-controlled electronic music synthesizer. 

The precise definition of a synthesizer is a problem. Probably the 
first application of the term synthesizer to electronic music came in 1929 
when A. Givelet and E.E. Coupleux demonstrated a device they called a 
synthesizer. This invention produced sound via four electronic oscillators. In 

is sense, synthesizer refers to the building of complex sounds by the addi
tion of simple ones; this is additive synthesis. 
,, .. In the late 1930s , a device called the ANS Synthesizer was built for 

e oscow experimental music studio. This invention produced sound by 

reported in'symposiunu by 'he C°lle8e Music 

122 
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means of optical tracks. In this sense, synthesizer refers to creating sound by 
translating one form of energy into another. 

The two senses of the terms synthesizer expressed by these early 
inventions are not the same. Furthermore, the technologies of both devices 
had previously been demonstrated without reference to the term synthe
sizer." The Telharmonium used additive synthesis in 1906 and Fischinger 
created sound by using optical tracks in 1932. Clearly, the historical use of 
synthesizer has been subjective. 

Since a precise definition of synthesizer cannot be based on early 
use, and since there has been no consensus in the interim, the definition of 
synthesizer in this book is, simply, an integrated and self-contained system 
for the production of electronic music. It is very important to note that this 
definition distinguishes by physical or design characteristics, rather than y 
function or use alone. An electronic music synthesizer therefore is easily 
distinguished from a classical electronic music studio, although both may b 
used to produce the same results. The relationship between form and func- ^ 
tion is circular, and secondary to the intent of an external agen . , 4 

The historical development of electronic music systems ̂  largely 
to the influence of technology and the uses made of it As electron!: tech
nology moved from tubes to transistors, to integrated circuits, to micro fl 
electonics, new electronic music systems were -^nted. The ^ o n 4 
systems was often an integration or mimatunzationofprevioMdes^gn 
sometimes a new approach to design ptadowpby developerL 

synthesizers of the 1960s were end Vf the 1960s, some synthe-
the classical electronic music ^udio. By a trend that became 

sizers were being designed for real-time p „+v,0ci7Pr<; and electronic 
dominant. Eventually, the distinction between synthesizers ^ 
keyboard instruments was biurred. A s  aresu ^one ̂  ̂ model of a 
only in very broad or quite specific te , makes tfae 

particular make. For the can be made on historical 
most sense, and a broad division of y . th RCA Synthesizers, 
and technical bases into three general *e 

voltage-controlled synthesizers, and digi SY 

R C A  S Y N T H E S I Z E R S  
is* Q\>nthpsizer was completed in 1955. It had 

The first RCA Electronic Music y rt Blair to investigate the crea-
been constructed by Harry °lse 2 Short\y thereafter, these engineers 
tion and control of electronic sounds. :1 $250,000. 
built a second and larger synthesizer, the Mark //, at 

2For more information on 
Belar, "E lec t ron i c  Music Synthes , ^ and J Timmens, ^ectromc 
America, 27 (1955) 595• J'the Acoustical Society of America 32 (1960), 
Music Synthesis," Journal of the A°o Electronic Music Synthesizer, RCA 
311; The Sounds and Music of tne no 
Victor, LM-1922. 
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The Mark II is a very large system, containing over 1700 tubes; it is 20 feet 
long and 7 feet high. The components of the Mark II (oscillators, filters, 
mixers, and so on) are initially controlled by the composer by means of two 
alpha-numeric keyboards on the front of the synthesizer. The composer 
determines the various aspects (pitch, envelope, timbre, dynamics, duration) 
of each sound, and, as these elements are specified, the synthesizer produces 
the desired results. Instead of using written notation, the information neces
sary to recreate the specified events is stored on a roll of perforated paper 
tape. The holes punched in this long roll of paper represent a binary coding 
system,3 This method of information storage is similar to certain older com
puter systems. A piece composed in this manner could be heard through use 
of the paper tape to "play" the synthesizer, in a fashion analagous to a 
player piano. Only at that point would the completed composition be 
recorded on magnetic tape. 

The RCA Mark II Synthesizer differs from the classical electronic 
music studio in three basic ways. First of all, the Mark II is a self-contained, 
integrated system of devices for creating electronic music. Unlike the classi
cal studio, the Mark II does not require any physical arrangement or re
arrangement in order to function in a given way. Secondly, the Mark II 
precludes the need for tape manipulation. The tape recorder is necessary 
only for recording a "performance" of the finished work. Finally, the Mark 
II establishes an intermediary stage in communication between the composer 
and the sound he is creating. In the classical studio, a sound could be heard 
simply by turning on and amplifying an oscillator; the line between action 
and result is direct. On the Mark II, a sound must be specified before it is 
heard; there is an intermediate stage of translation (the language of specifica
tion) between the composer and his creation. Unquestionably, the Mark II 
is not a performance instrument, it is an elaboration of studio composition. 

While these three qualities distinguish the Mark II from the classical 
studio, they also set it apart from other synthesizers as well as from com
puter music systems. For while all synthesizers are integrated systems, they 
usually do not require the use of intermediary translation common to 
computer music systems. These anomalies make the RCA Mark II unique.4 

Ensembles for Synthesizer 
by Milton Babbitt 

The RCA Mark II Electronic Music Synthesizer has been almost th 
sole province of one man, Milton Babbitt (b. 1916, Philadelphia). Th 
reasons for this he primarily with the machine and the man. The use of th 

atic arrTn^roS5IStefmS' '"f°rmation ,is represented by means of a code, a systeii 
1 Therpfn™ "h- symbols. The binary number system uses the symbols 0 an 
numbers Fn'/ mary coding system is one that represents information in binar 
Svnthesis Su, vretm,5)^\t'0n' see Hubert S- Howe> Jr., Electronic Musi synthesis (New York: W. W. Norton & Co., Inc., 1975), ^p. 148-156. 
dSon'toThi^rT3^0^0" the„RCA Mark II see Milton Babbitt, "An Inttc 

to the RCA Synthesizer," Journal of Music Theory, 8 (1964), 251-26E 



Milton Babbitt, with the RCA synthesizer in the background. (Photo COUP 

tesy of Columbia-Princeton Electronic Music Center) 
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RCA Synthesizer. (Photo courtesy of Coluntbia-Princeton Electronic 
sic Centpr) 

125 



electronic music 

Mark II requires great precision in the specification of sound. This degree of 
detail is not welcomed by most composers; it requires a great deal of time 
and effort. But this kind of detail and precision is exactly what interests 
Babbitt. He was probably the first American composer to write completely 
serialized music, applying the principles of twelve-tone writing to all dimen
sions of music capable of being notated. This led to a compositional style of 
great complexity, requiring exacting precision in performance. Often, 
Babbitt's music requires more than most performers are capable of, and in
exact realizations are the result. In composing for the Mark II, Babbitt can 
avoid these problems, for the synthesizer allows him to specify and create 
exactly what he wants. 

Babbitt's music is, as he says, cerebral, providing a density of infor
mation that is almost unfathomable, presenting a context that for most 
people is impossible to understand. But Babbitt's is a specialized music for a 
specialized audience. It is exactly what he wants. 

Ensembles for Synthesizer (1964) is a good example of Babbitt's 
electronic music. In listening to Ensembles, the listener, if he is not well 
versed in serial thinking, may experience some difficulty in deciding what 
to listen to. Structurally, the work is not immediately characterizable. There 
is a brief introduction that returns at the end as a kind of coda. Babbitt says 
that the piece exists in two main parts, Part I ending at precisely 4'49Vi'. 
However, the caesura may not be easily perceived by everyone, and, even if 
it were, it does not provide much information, being rather general in nature. 

Regarding the microcosmic structure of Ensembles, the specific 
changes of the elements of the music are determined by serial procedures. 
The various dimensions" of the music (pitch, rhythm, timbre, and so on), 
and their constitutent "elements" are determined independently of one 
another, at least on a perceptual, if not a rational, level. Aurally, then, 
Ensembles appears to many listeners as a complex maze of changing sounds. 

The best way to approach Ensembles is with an expert knowledge of 
serial technique and a written score of the work. This is not possible in the 
context of this book. The second best way to approach Ensembles is, 
curiously enough, in a manner similar to that suggested for Cage's Williams 
Mix in Chapter 4. If, without undue expectations or preconceptions, one 
listens to Ensembles simply for what one can hear, one will probably hear 
f.jff, deal- Certain passages will stand out, highlighted by their pitch, 
timbral, or rhythmic qualities. Interestingly, after repeated listenings, one 
comes to know Ensembles in the sense that memorization creates expecta-
rnns through recognition. Although this is not the level at which Babbitt 

would hear his music, it is an acceptable level of listening, and can afford the 
listener an honest degree of understanding and appreciation. 

out Ensembles for Synthesizer, Babbitt has written the following: 

t i n n  l̂e refer® among a number of properties of the composi-
, a most immediately manifest characteristic: the numerous 
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and varied succession of short "ensembles" which constitute the 
body of the work, between what is obviously an "introduction" 
and its explicitly similar return as a "coda." These "ensembles," 
which differ timbrally, rhythmically, dynamically, registrally and 
durationally, are yet closely related—particularly in the pitch 
domain, and therefore, if less immediately, in the temporal realm— 
as polyphonically compounded mutations of that material of the 
introduction, and are associated into five large sectional groups by 
thematic dominances. These characteristics suggest yet another 
pertinence of the title, in the sense of collection, aggregate, 
and "set." 

Perhaps most centrally, the work exhibits those capacities of the 
electronic medium with respect to flexibility of pitch, dynamic, 
durational, and timbral succession, the ensemble coordination of 
such successions and—in general—the control of, and accuracy of, 
specifications within the world of musical time.5 

VOLTAGE-CONTROLLED SYNTHESIZERS 

A voltage-controlled synthesizer is an integrated system. of 
hardware designed specifically for the creation of electronic music The 
earliest voltage-controlled synthesizers, which began to 
were actually attempts to -emble the to^ 
studio into one miniatunzed package f g .. . nd some tape 
electronic sounds. Thus, with a voltage-controlled^ 
recorders, one could have a complete electronic music studio in a relatively 

small space. classical electronic music studio, the early 
In synthesizing ^ontpd a modular approach to design. Three 

voltage-controlled synthesizers adop were created; sound producing 
general classes of modules, or compone , lifiers mixers, filters, 
(oscillators, noise Ben«ators^ ^oonT control sources (envelope genera-
reverberators, ring modulators, and ^ important aspect of this 
tors, sequencers, keyboards, andIs They ^owed the composer 
approach was the concept ofI co a contml uoltage in a particular 
to change any aspect of sound by app y 8 Utrecht studio function 
way. This is similar to the way Koemg had used^U>e ^ 
generator to create control signals for his t unnuon 

rnhimbia-Princeton Electronic Music Center. 
5Babbitt, Milton. Notes from Columbian 

The RCA Mark II Electronic Music Synthesizer remains an unique system. 
As such, it has had more of a theoretical than practical influence on elec
tronic music. More important was the development of the voltage-controlled # 
synthesizer. .t 

Finnadar QD 9010. 
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In a voltage-controlled synthesizer, the composer has several choices 
as to the format of the control voltage. This format is determined by the 
design of the specific control voltage module. Control voltages differ as to 
the nature of voltage change, which may be continuous or discrete. A con
tinuous change in voltage would move from, say, 3 to 5 volts and include all 
points between the outer limits. A discrete voltage would jump from 3 to 5 
volts. Control voltage formats also differ as to the method of their change, 
which can be either manual or automatic. A keyboard provides a manual 
method of change, while a sequencer changes automatically. Thus, by com
bining these qualities of format (continuous or discrete, manual or auto
matic), various kinds of control voltage sources can be created.6 The 
following are some common control voltage modules found on most voltage-
controlled synthesizers: 

Keyboard A keyboard usually produces discrete voltages that are 
manually changed. With a few exceptions, it is identical to the key
board of an electronic organ. 
Sequencer A sequencer produces discrete voltages that are auto
matically changed. Sequencers can have any number of stages or 
positions, but they usually have between eight and sixteen stages. 
Envelope Generator An envelope generator produces continuous 
voltages that change automatically. Thus, they are capable, when 
connected to a gate, or voltage-controlled amplifier (VCA), of giving 
a sound event a certain envelope: attack; sustain; decay. Envelope 
generators are sometimes called "attack generators." 
Random Voltage Generator A random voltage generator can often 
produce both discrete and continuous voltages that may be changed 
manually and/or automatically. Random voltage generators are some
times controllable as to their degree of randomness. 
Pulse Generator A pulse is a special kind of control signal. Pulses 
are kinds of pulse waves with, usually, very short positive amplitudes; 
for this reason, they are sometimes called spikes. Pulses are usually 
used to trigger, or pulse, certain modules; in so doing, they may 
initiate an event, start or stop a module, or change stages of a 
module. 

Any control voltage source can determine any aspect of sound. A keyboard, 
for instance, can determine pitch if it is controlling a voltage-controlled 
oscillator (VCO). The same keyboard could determine timbre if it were 
controlling a filter or reverberator. The concept of the voltage-controlled 

si2nakgeFora,J ali° be rmixed. and processed to create more complex control 
Synthesiser " iT™ mnforn?at,on see Joel Chadabe, "The Voltage-Controlled 
H Aonleton R D^lopment and Practice of Electronic Music, ed. Jon 

C,i«8, NJ: Prentice-Hal,, 
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synthesizer is that all of the components of the system are compatible with 
each other, thus providing an integrated system for creating electronic music. 

In using a voltage-controlled synthesizer, the composer connects the 
various modules in a particular arrangement. This configuration of connec
tions is known as a patch. Any given patch will produce a specific aural 
result. For example, one might wish to control the pitch of an oscillator 
(VCO) by means of a keyboard, then filter and reverberate the output of the 
oscillator. This specific patch could be visually represented by the patch 
diagram shown in Figure 13-1. In this diagram, a dotted line represents a 
control voltage connection, while a solid line represents an audio signal 
connection.7 Some voltage-controlled synthesizers require the composer to 
patch directly, using patch cords to connect modules, while other designs use 
a series of switches to accomplish the same results. 

Voltage-controlled synthesizers differ from each other in several 
respects, reflecting the different design philosophies of their inventors. Some 
offer a truly modular approach, so that the constituent modules may be ^ 
arranged in any conceivable way; others are fixed packages wi permanen ^ 
arrangements. Certain voltage-controlled synthesizers are designed primarily ^ 
as systems for studio composition, while others adopt varying ^ 
real-time performance design. The size of voltage-controlled synthes.zers ako * 
varies greatly, but almost all the systems will contain the following modules ^ 
or their functional equivalents: 

Signal-Generating Modules Oscillators 
Noise Generators; 

Signal-Processing Modules Amplifiers 
Mixers 
Filters 

/ \ 

Keyboard 
Filter Reverb 

Keyboard 

Control Source 
Module 

Sound Generating 
Module 

Sound Processing 
Modules 

figure 13-1 A Diagram of a Simple Patch. 

n h flnw charts are not further discussed in this 
7Patch diagrams, sometimes called flowctor^ relatively universal, and are 
book. Symbols and procedures for dia^airmi ^ Diagrams exist 
more important to those who use jynthes ^ Chadabe> «The Voltage-
in profusion, although in differenand Practice of Elf clonicMusic 
Controlled Synthesizer, in TheDe £ (Englewood Cliffs, NJ: 1Prentice-Hall 
ed. Jon H. Appleton and Rondd C P«er» ( ^ (Dubuque; Wllham c. Brown 
Inc., 1975), and in Alan Strange, c-
Co., Publishers, 1972). 
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Control Voltage Sources Keyboards 
Sequencers 
Envelope Generators 
Random Voltage Sources 
Pulse Generators. 

Many other kinds of processing and control voltage modules exist, but those 
listed above are employed in almost all systems.8 

The three earliest voltage-controlled synthesizers were the Buchla, 
the Moog, and the Syn-Ket. These systems differ appreciably from each 
other and represent the three main design philosophies of voltage-controlled 
synthesizers: studio systems (Buchla); real-time performance systems (Syn-
Ket); and a combination of these approaches (Moog). 

T H E  B U C H L A  S Y N T H E S I Z E R  

The Buchla synthesizer was originally developed by Donald Buchla for the 
San Francisco Tape Music Center. The Tape Music Center was founded in 
1959 by composers Morton Subotnick (b. 1933, Los Angeles) and Ramon 
Sender (b. 1934, Spain); they were later joined by Pauline Oliveros and 
Terry Riley, among others. The first attempts by Buchla to produce equip
ment for the Tape Music Center resulted in specific devices, rather than an 
integrated system. Certain prototypes of some Buchla modules existed long 
before an integrated synthesizer had been constructed. However, it was not 
until 1966 that the first Buchla synthesizer had been installed in the San 
Francisco Tape Music Center. 

One of the most striking features of the Buchla 100-series system, as 
well as of most later Buchla synthesizers, is the lack of an organ keyboard. 
The Buchla system is not designed to be "played" in any traditional, instru
mental sense; it is primarily a system for studio composition. Another 
characteristic of the Buchla synthesizer is its complete separation of the 
audio and control voltage portions of the system. Most other systems allow 
certain signals, such as an oscillator output, to be used as either an audio or 
a control voltage source.9 

T H E  W O R K  O F  M O R T O N  S U B O T N I C K  

MnrtnnTh most closely associated with the Buchla synthesizer has bee 
rton Subotnick. The reason for this is that he worked closely with Buch 

as the system was being designed, and he has used Buchla-designed equi] 

photograDh^o^'vol,d'8play arrangement of modules and functions. T1 
varioufdesigns VO,tage controlled synthesizers included in this book illustra' 

toohk o^?nthAUn^SynthreS^eroiS Sti" a,ive and wel1 at Wis College, whic 
1960s. The Smithsoni^ j?" Frai}cis<;0 Tape Music Center in the lal 

an is reportedly considering the system for acquisition. 
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ment almost exclusively since 1966. Subotnick's electronic music first gained 
public notice through the commercial recordings of his early works Silver 
Apples of the Moon (1967) and The Wild Bull (1968). Silver Apples uses 
timbres similar to classical studio electronic music: basic waveforms, filtered 
noise, simple modulations. The most striking material in this piece is the first 
section (after an introduction) of Part II (1' 24' -9 27 ). This is a real-time 
realization, showing the power of Buchla's new system. This dance-like 
music with its ostinatos and layered rhythms, punctuated by random bursts, 
became typical of Subotnick's early electronic music and one of its most 
imitated features.10 The metric rhythm is Subotnick's music is the result 
of pulse generators triggering many events while maintaining a constant 
period of pulsation. Sequencers are used to create ostinato figures and the 
touch-sensitive "keyboard" is used for the more random punctuations. 

The Wild Bull also contains Subotnick's hallmark use of metric 
rhythm and repetition. More important, however, is the more fully 
developed sense of timbre. The initial sound in The Wild Bull is one of the y 

timbral themes of the piece. Unlike the timbres of Silver Apples, this sound ^ 
is given greater complexity in the construction of its spectra ^envelope. 
This "Wild Bull sound" has a complex envelope one which osteins more 
than one attack and/or sustain and/or decay. In addition, this timbreas give 
a specific identity through development. One or two 

possible with acoustic instruments. Thu , older music. Timbre 
varied, just as pitch configurations or mdodieSn ^ ^ ̂ it can now also 
can be not only a consciously unifying i 
be the most important aspect of the piece> ^ Subotnick>s The Wild Bull, 

While the use of timbre is imp developed only insofar as to 
timbre is not the central ideal o e and functional use of timbre 
create a related group of sol^s;J 9) erhaps Subotnick's most timbre-
is more highly developed in Touch (1969), pernap 
centered work to date. 

Touch by Morton Subotnick 
x- u Tnurh The first and primary timbre is 

There are two mam timbres1 somewhat akin to the sound of a 
a percussive electronic sound (tim > q'q9" js a concrete sound 
marimba. The second timbre, firs e h ph'onemes of the word 
(timbre B), a woman's voice pronouncing the p 

e events, a recurring pattern. 
'0 An O,«n«tn is a repeated series of sound event , 
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"touch": "t"; "ou"; "ch". These voice sounds are processed and manipu
lated so that they seldom resemble the original speech sounds. The result is 
that timbre B has a noise quality about it, and appears to be nonpitched in 
the usual sense of an identifiable fundamental. This is in contrast to timbre 
A which is definitely pitched. 

The beginning of Part I of Touch is an introduction, lasting until 
0'36". It is in this introduction that the listener must grasp the context of 
the piece if he is to understand it.11 When timbre A is first heard, one is 
struck by the pitch information. Similarly, when timbre B is first presented, 
the rhythmic information associated with it stands out. Yet, while pitch and 
rhythm are musically important in Touch, they remain secondary, both 
structurally and functionally, to timbre. In Touch, Subotnick creates 
characteristic timbres that are the main themes of the work. 

Structurally, Touch is in two parts, each part being constructed of an 
introduction and three sections. Table 13-1 shows the timings of the large 
sections of Touch, along with their characteristics of timbre and tempo. 

Table 13-1 

DIVISION TIMING MAIN TIMBRES GENERAL TEMPO 

Part 1 
Introduction 0'00"-0'36" A & B Slow 
Section 1 0'36"-4'58" A & B Fast 
Section 2 4'58"-9'40" Extensions Slow 

of A;new 
material 

Section 3 9'40"-14'41" A & B Fast 
Coda 14'41"-14'55" A Slow 

Part 11 
Introduction 0'00"-2'40" Extensions Slow 

of A;new 
material 

Section 1 2'40"-8'41" Extensions Slow 
of A;new 
material 

Section 2 8'4112'44" A & B12  Fast 
Section 3 12'44"-15'34" Extensions Slow 

of A; new 
material 

This remains, generally, an important consideration in contemporary music. If 
one does not know the context of a particular work, its syntax and grammar 
remain mysterious, or worse, confusing. 

*n Section 2 of Touch, Subotnick introduces a new word (other than 
Jhe music. This word is "sake," and is again spoken in phoneme 

uni s ( s, a, ke ) by the female voice. The word can be almost clearly 
heard at 12 23 . Subotnick claims that "sake" is the phonemic reversal of 
touch, and is here used for contrast. 
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From these cursory observations, it can be seen that timbre and 
tempo are both used to delineate the large sections of Touch, and that Part 
II is the structural eversion of Part I. 

Subotnick uses timbres in Touch in an extension of the practice he 
developed in The Wild Bull. Timbre A is developed a great deal from its 
original form. This development is accomplished by changing one or more 
aspects of the timbre while maintaining enough information to sustain 
recognition. These changes primarily occur within the qualities of envelope, 
spectra, and range of the sound, the basic qualities that determine timbre. 
For instance, the decay portion of a short envelope can be lengthened to a 
point of continuous sound, resulting in a continuum of timbral change wit 
regard to this one factor. The same can be done with spectra and range. At 
what point does a timbre become unrecognizable as to its origins, the 
answer really depends on how it is presented. For an example, consider art 
I, section 1 of Touch. , „ , ,. A • 

Part I, section 1 of Touch consists of several small subsections. As is r 

characteristic of much of Subotnick's music, f^thTdivi ^ 
together back to back, without any transition. Table 13-2 shows the div .1 
sions of section 1, along with broad characteristics of timbre. 

Characteristics of timbre are here considered in very-broad term^n ^ 
the case of envelope, categories of short, medium, and 
have been used. Spectrum is merelyconsidered as; srn^e, A 
plex. Register is low, middle, or high. But even 
differences can prove useful for °^a^°nt divisions of this section are 

Structurally, it can be seen that primariiy the domain of 
partially delineated by timbral changes, toIy constant. In addition 
timbre A, since timbre B's characteristics particular pitch 
to timbral change, each section also has associated with it ^ pan ^ 
and rhythmic qualities. For instance, a(I) is typical y 

. ^" . These pitch and 
while a(II) is P ^ ' ^eturn in section 1. There-
rhythmic contours do not develop, no niece they have little 
fore, while they aid in the structural delineation of the piece, 
functional value. That lies chiefly wit e ' . h the same way as 

The idea of a timbral theme ex.ts^nTouc/t mm ^ ̂ 
a pitch theme (melody) exists in to ,_r„tandable only with reference to 
ment and use of pitch at any point 1S un Ditch material. The same can 
the original and ensuing is the case. The original form of 
also be done with timbre, and in VQnap nf development. Some forms 
timbre A becomes the basis for a wide range 01 

"It is interesting to note that wing *^£25 

speed change. In this .mportant sense, 
context of studio composition. 



Table 13-2 Touch, Part I, Section 1 (0'36"-4'58") 

y 
1 
i 
tec 
iQ 

t / y  
$ 
ii 

DIVISION TIMING TIMBRE 

Type Envelope Spectrum Register 

a 
all) 
a(ll) 

0'36"-1'31" 
0'36"-1'31" 
1 '  1 1 1  ' 3 1 "  

A short simple middle 

b 1'31"-1'35" B short complex middle 

c 1'35"-2'40" A short moderate middle & 
low 

d 2'10"-2'26" A short & 
medium 

complex middle 

e 2'26"-3'09" A & 

B 

short & 
medium 
short 

complex 

complex 

middle & 
low 
middle 

f 3'09"-3'45" A & 

B 

short 

short 

simple & 
moderate 
complex 

middle & 
low 
middle 

9 3'45"-4'58" 
(dovetails 
into 
section 2) 

A short & 
medium 

complex high & 
middle 

of timbre A are far afield from the original, as is the case in Part I, section 1, 
division g. And yet, because of the previous development, these timbres can 
be heard as a variation of timbre A. Thus, timbres in Touch can be said to 
have functional development. 

The functional use of timbre is indigenous to electronic music. Un
aided by electro-acoustic means, acoustic instruments cannot produce such 
results.14 The extended use of timbral themes in Touch is a development of 
klangfarbenmelodie unique to electronic music.15 

Touch is a studio composition, realized with a voltage-controlled 
synthesizer; it is in no sense a real-time work. Essentially, the Buchla 100-
series system was not designed as a performance or instrumental synthesizer. 
The Syn-Ket, on the other hand, was intentionally designed to be used in live 
performance. 

T H E  S Y N - K E T  

The Syn-Ket was built by Paolo Ketoff, an Italian sound engineer, in 1964 
It is a small system that can be easily transported. There are three keyboard: 
on the Syn-Ket, each having a two-octave span. Above the keyboards an 

Some composers have tried to achieve an instrumental timbral developmem 
but not with much success. Consider the opening of Penderecki's Symphony. 

A further extension of this idea is the functional use of an entire timbra 
S?r ,l!IeUn^ beS!"?,n& a.fc one point and changing the timbre continuously until 
the desired result is achieved. This concept is referred to by the author as "lineal 
timbral transformation," and is a concept totally removed from acoustical 
experience. 
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various controls in a vertical arrangement. Thus, the system is played by a 
performer manually changing the controls and using the keyboards. Unlike 
the Buchla synthesizer, the Syn-Ket does not have a modular arrangement; 
its layout is fixed. 

It is Syn-Ket an instrument? By historical definition and intention of 
design, the answer is yes. Historically, all instruments are real-time perfor
mance devices, and Ketoff designed the Syn-Ket to be just that. It is also 
true that instruments have always had fixed, rather than modular formats. 
This is because one must deal with repeatable space-action-function refer
ences in order to learn to play an instrument. By these considerations, the 
Syn-Ket is an instrument. 

Unfortunately, the conundrum is not that easily solved. As was 
mentioned at the beginning of this chapter, the use to which something is 
put may be counter to intentions of design: Oliveros and Shibata composed 
real-time works in the classical studio; electronic keyboard instruments were 
used in the Cologne and Philips studios to produce studio r 
Since use is so variable, it is not a practical means by w ic nraPticel ^ 
nature of a synthesizer. Classification by design, then, is the only practical 

consideration. ^ ^ deslgn> two general kinds of synthesizers: studio £ 

synthesizers and performance synthesizers. The only. ormlr^e'The 
or not the synthesizer was designed primarily for ™ -< 
Buchla synthesizer <10°Mse™^!s a conduceWation; the RCA 

ST^"1?^ H is 1 studio system. The histoid mriuence 
of the studio synthesizer is the classical 
historical influence for the performance syn ^ many incarna-
the most highly developedI polyphonic ins^ me ^ ̂  ̂  monophonic 

tions. In the realm of performance sy electro.acoustic musical 
and polyphonic instruments. But jus design so it is with per-
instruments developed toward most y p° yP honic) instruments exist, most 
formance synthesizers. While m^^0nic instruments. The overwhelming 
newer designs are for soloist,]polyp ^ keyboards and, after all 
majority of performance synthesize electronic organs on only 
considerations, are separable from cont p 
subjective bases. 

Soliloquy for Syn-Ket 

by John Eaton 

I the - P-rma^^tffS 
nance possibilities. Some of e the first composer to write 
!3, Bryn Mawr, Pennsylvania). Eat ^ instrument has usually been 
ensively for the Syn-Ket, and, as ' the gyn-Ket not merely as a 
iciated with his name. Eaton **PP ^vantage of electronic sounds in 
hoarH hut specifically to take a 
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real-time performance. These qualities can be heard in Eaton's Soliliquy for 
Syn-Ket (1967). 

Soliloquy for Syn-Ket displays several possibilities of the instrument. 
From the opening frequency modulation sounds with varying modulating-
wave frequencies, to extended portamento, and repeating sequences of short-
enveloped sounds. These effects, used in Soliloquy, tend to be characteristic 
of early synthesizer music; they use only one or two oscillators at a time, 
and have a definitely electronic character. Seldom are there more than two 
simultaneous sound events in Soliloquy, a result of the limited nature of the 
Syn-Ket. 

THE MOOG SYNTHESIZER 

At the same time that Buchla and Ketoff were independently designing their 
synthesizers, Robert A. Moog was building the Moog synthesizer in Trumans-
burg, New York. The first Moog synthesizers expressed a design philosophy 
that was different from those of both the Buchla and the Syn-Ket, and yet 
represented a combined approach. The Moog was designed in a modular 
fashion with a keyboard. Thus, it represented both studio and performance 
possibilities. The original and 900-series Moog systems, however, were pri
marily designed as studio synthesizers; this is clear from an early demonstra
tion record of the Moog synthesizer produced in conjunction with Walter 
Carlos. As Subotnick is associated with the Buchla system, and Eaton with 
the Syn-Ket, so Carlos (nee Walter; now Wendy) has come to be in associa
tion with the Moog system. Most of Carlos's work, however, has been in the 
field of transcription, rather than original composition. Carlos's use of 
the Moog has defined many applications and qualities of synthesizers in 
popular and commercial use. 

Tragoedia by Andrew Rudin 

An example of original composition done with the Moog synthesizer 
is Tragoedia (1967-68) by Andrew Rudin (b. 1939, Newgulf, Texas). The 
third movement of Tragoedia, Peitho, demonstrates the use of a voltage-
controlled synthesizer in conjunction with tape manipulation techniques. 
eitho (Temptation) is in two main sections that are separated by a brief 

climactic section: section l-0'00"-2'15"; climactic section-2'15"-2'35"; sec
tion 2-2 35 -4 50 ; codetta-4'50"-5'00". Section 2, as Rudin notes, is the 
structural retrograde" of Section 1. There are three basic timbres in Peitho. 

aVailab\f^rn^ri^\ElZ^°niCnMuSic Systems Demonstration Record. (Originally 
ecord li nl h ?£ C°?pany' Trumansburg, New York 14886.) This 

out Its^ontentl SOI?ethlnf.of a collector's item, but it is well worth searching 
concepts 3 fascmatlne and revealing document of early intentions and 



Moog Synthesizer System 35 (Photo courtesy of Moog Music, Inc. 

Timbre A is a sawtooth wave, first heard at O'OO"; 
modulated sound with a very short envelope,' ",ea J,"™? th timbres are 
0' 19"; timbre C is a square wave first heard at 0 44 . These ^ee timtaes are 

played from the keyboard, using the™ a|®e instantaneous change 

to determine the fr^uenc'es t°me demonstrating the synthesizer's 
among timbres is achieved in real tim , f00uir»n fTahle 13-3) 
flexibility. These three timbres repeat in a circular fashion (Table d). 

Table 13-3 
ETC. 

APPEARANCE 

Timbre 
I 
A 
B 
C 

O'OO" 
0'19" 
0'44" 

1 '07" 
1' 18" 
1 '29" 

1 '40" 
1 '46" 
1 '51" 

1 '57" 
2'00" 

2'04" 

•  i  t o  r r » l i k e l v  t h e  r e s u l t  o f  s p e e d  
The increasing tempo of this material is most y 
change on a variable speed tape recor er. Peitho. A nonenveloped, 

Two other "voices" first heard, although barely 
high-pitched, sinusoidal soun w nt This sound is also transposed. 
discernible, at the beginning of Kpll-like is quality due to ring modula-
Another sound, short-envelope an i'54" This sound has an echo 
tion, is first heard at 1'20' and again at 
quality due to tape delay (feedbac 

Entropical Paradise,by,Oouplas Leedy ^ ̂  ̂  ̂  ̂  ̂  

Studio synthesizers, can, o » ag much equipment as 
position. In this case, howeVer.' dgviceS. Entropical Paradise (c. 1968) is a 
possible, particularly automati 
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collection of real-time works created on the Buchla and Moog synthesizers 
by Douglas Leedy (b. 1938, Portland, Oregon). Entropical Paradise is a set of 
six works that Leedy calls "Sonic Environments." As such, they are part of a 
large body of environmental music, a class of compositions whose purpose is 
to be a background for something else. Within the classification of environ
mental music there are many types: There is music for meditation, music 
for art gallery showings, music for dining, and so forth. Environmental music 
is generally not intended by the composer as an object for conscious atten
tion, and, as a result, often deals with concepts such as drones or random 
changes.17 

The production of the environments of Entropical Paradise involved 
the creation of automated patches on the Buchla and Moog synthesizers. 
These patches were self-generating "programs" creating random results with
in certain specified limits. White Landscape, for instance, is simply a 
randomly recurrent series of different long-enveloped filterings of reverber
ated white noise, combined with another random but sparsely appearing, 
low-frequency reverberated sawtooth wave with slight portamento.18 

DEVELOPMENT OF 
THE VOLTAGE-CONTROLLED SYNTHESIZER 

The voltage-controlled synthesizer has been an unqualified success. It is more 

3 efficient and far less costly than a classical electronic music studio. A volt
age-controlled synthesizer is easier to house and use than older style equip-

£ ment. As the availability of the voltage-controlled synthesizer increased, 
C most of the major colleges and universities in the United States acquired 

synthesizers and established electronic music studios. Older studios had to 
buy the new equipment or become anachronisms. 

Since the synthesizer was primarily an American phenomenon, the 
development^and practice of electronic music grew rapidly in the United 
States. I he demand for new systems was great. Buchla and Moog designed 
new systems and. formed companies for the distribution of their products.19 

y the middle 1970s dozens of manufacturers had sprung up, including 
hv^hTt m g ^ JaPan. They offered varied designs, largely influenced 
by what Moog had done previously. By 1975, it was clear that voltage-con-

of theirydPvpT1ZerS hGre t0 Stay f°r 3 While' and that the main thrust 

studk) systems tOWard real"time performance instruments, not 

mwric&cou Id* be'envtnanmentaf'by percepLion alm°St environment' an> 

Parad/se a fd_a P*tchf diagr£m for Leedy's Entropical 
Brown Co., Publishers/ll^l!PP138 14 f^ <Dubuf^: William C" 

largely thepro^fnlTof JohnEiton' bUt' 'ike ^ °riginal Syn'Ket' !t remained 



ARP 2600 Synthesizer. (Photo courtesy of ARP Instruments, Inc.) 

the popular music practitioner. A key d synthesizers were most 
popular performers, and the new soun svnthesizer development corn-
welcomed. Since popular demand made synthesizer^^ ^ ̂  ^ 
mercially feasible, manufacturers crea were not modular studio-
synthesizers that popular musicians instruments, 
oriented systems, for these were '-P^f^ndTpirit of small elec-
Instead, synthesizers were dev®!°Pe „ combinations of oscillators, filters, 
tronic organs with prepatched vo , . the performer to change 
and amplifiers. Presets were offered, allow g ^ pressing a button, 
the timbre of a voice by simply thro™in^ imitate acoustical instruments 
Specialized synthesizers were deve °P between synthesizers, electronic 
such as strings and percussion. 1 blurred and many types of popu-
instruments, and electronic organs became biurre 
lar music became largely electronic. vnitaee-controlled synthesizer was 

By 1980, the modular, studio' volt^co particularly Buchla and 

receiving little consideration. Ce ann ™ dio systems, but very few were 
Peter Zinovieff, had designed new larg manufacturer, were those 
sold. In 1980, the synthesizers most used, listen y 

shown in Table 13-4.20 

" ' Billboard. 1979-1980 International 
20"Billboard Studio Equipment Survey, ,n ' ^ted by permission. 
Recording Equipment and Studio Directory, n P 
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Table 13.4 

SYNTHESIZER SURVEYED PERCENTAGES OF USE 

ARP 39% 
Moog Norlin 25% 
Korg/Unicord 5% 
Oberheim 5% 
Roland 4% 

EML 4% 

Sequential Circuit 2% 
Cat 1* 
Other (each less than 1 %) 15% 

While ARP, Moog Norlin, Oberheim, and Roland have offered some 
modular studfo systems' these are a small percentage 
used. Most of the equipment surveyed is instrumental in des gn most of 
used by popular musicians or is housed in commercial recording studios. 

IGITAL SYNTHESIZERS 

In 1972, composer Jon Applet™ ̂ 1939 Los Angeles, began w^ing with 
engineers Sydney Alonso and Gamero Dartmouth Digital Synthesizer, 
sizer. The result of this collaboration was the Dartmoum'J.g, y 

The voltage-controlled .^^7In the differ-
Dartmouth synthesizer is a digital sys • ^ quantify, or 
ence between the designations analog an igi a ^ ̂  ^ continuous scale, 
express quantities. Analog quantifica 10 ^ ^ discrete, evenly spaced 
whereas digital quantification is don tood by comparing the tradi-
steps. These differences can be easi y clocks. Traditional clocks 
tional, round-faced clocks with the ne;w ah]e q{ representing not only, 
are analog devices, using a con^inuolJs o'clock but also all points between 
say, ten o'clock and one minute pas counts only by step such as 
these. Digital clocks use a discrete scale that .cm 
from 10:00 to 10:01, excluding all P01^ are measured by representation. 

In an analog synthesizer, q oroduce the frequency of 442 Hz 
For instance, suppose that one wis vnthesizer. The output of any volt-
on an oscillator of a voltage-controlled ^esizer.^ ̂  ̂  ̂  ̂  .g 

age source required to Pr°du^ a'measurement, and "volts" being a 
an analog quantification, 5 025 bel"? plectrical force. 5.025 volts is thus 
representation of something, in is atkm> a different patch, 5.025 volts 
analogous to 442 Hz. In anoth PP , timbre, and so forth, 
could be analogous to a certain yna , eiectronic music system by using 

It is possible to create a hybrid the control voltages 
digital technology, such as a comp , systems, quantities are 
needPd to nncrate an analog synthesizer, in 

4 
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counted by numbers. Suppose that the digital quantification needed to pro
duce 442 Hz is 10. In the hybrid system, the hypothetical digital quantifica
tion of 10 would be changed to the hypothetical analog quantification of 
5.025 volts by a digital to analog convertor (DAC). 

A digital synthesizer is one that uses digital technology, as opposed 
to an analog synthesizer, or the hybrid system that uses digital control of 
analog equipment. The difference between a digital synthesizer and a com
puter music system is, in practice, not entirely clear. Historically, however, 
a difference can be inferred by design intention. Just as the analog voltage-
controlled synthesizer was first developed to amalgamate the classical studio, 
so the digital synthesizer was originally seen as a technological and func
tional improvement on modular analog systems. Digital synthesizers provide 
the functions of analog systems without the actual instrumentation. Thus, a 
digital oscillator is not, strictly speaking, a piece of equipment, but rather a 
digital simulation of an analog oscillator. This is historically different from 
a computer music system, in use of which a composer had to specify all of 
the required information before a sound was generated. A digital oscillator is 
immediately available for use, as is an analog oscillator. 

Digital electronics are superior to analog in two ways: precision is 
greater, and operational programs may be stored. For example, the precision 
and stability of a digital oscillator is superior to that of an analog oscillator. 

1 he Dartmouth Digital Synthesizer is a studio system formed by the 
combined use of several pieces of equipment. An alpha-numeric keyboard is 
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used to communicate with a computer and visual representations of the 
information created is displayed on a video monitor. This information can 
also be digitally recorded for future use. Thus, the re-creation of patches, a 
problem on analog systems, is easily accomplished. The Dartmouth Digital 
Synthesizer provides the hardware (physical machinery) of the computer 
music studio with the software (programming, the instructions that cause 
the system to function) of a voltage-controlled synthesizer. 

The Dartmouth Digital Synthesizer broke new ground in electronic 
music studio design, but it was not practical from the stan pom so P®r 

former orientation or portability. Appleton, Alonso, an ones es* 
Synclavier in 1976 to improve these aspects of digital synt^®ls- y 

clavier was the first commercially distributed digital synthesizes While the 
software and hardware of the Synclavier are simi ar o different 
mouth Digital Synthesizer, the control of the system is drasti y ^ 
The Synclavier has an organ keyboard attac^ drive6 The two parts of the 
second package contains the computer and , rplativelv small in 
Synclavier can be easily connected or disconnected 
size, affording portability. The most striking thing nt ^ well ^ a 

that it can easily be used as a real-time per ,or™*n^he keyboard and can be 
studio synthesizer. The Synclavier is playe ilinrtion with a few opera-
programmed by using the same keyboard in conjunction with P 
tionally simple controls. half of the 1970s, 

About fifty Synclaviers were built during t tem In terms Gf 
but Alonso and Jones were still not satis le wag needed, they felt, 
the commercial realities of human engineering, t ackage. This they 
was improved programming and a clear y in ^ Synclavier II is quite 
provided in the Synclavier II, unveiled 1 f. p QCtave keyboard with a 
compact and easily portable. It connsis ^ ̂  features of the Syn-
vertical control panel and foot peda ( )• ^g programmable 
clavier II are: over 64 preprogramme vol , ^ disketts; velocity-
voices; a sixteen-track digital memory fimbrai modification effects; 
sensing keyboard; a large array o Like the original Synclavier, 
outputs compatible with most analog sy t'tl unit," a separate, but 
the Synclavier II must be connected to a 
quite small, computer. „iQvipr TI is primarily designed as a 

It seems fair to say that the BRIO JDS 200 digital 
performance instrument. This is so , package containing two key-
music synthesizer, which consists o a control panel. Other systems, 
boards, a video monitor, digital recorder, and con^ , 
such as the Fairlight Comp^te\, ̂  Syntauri system are similar to the 
Development System, and the AlPh° * have organ as well as alpha-
Dartmouth Digital Synthesizer except th ^ temg contains features unique 
numeric keyboards. Each of these di^^0mPoser to literally draw a 
to itself. The Fairlight, for instance, a ught-pen and instantaneously 
waveform on the video monitor by use 
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ramignt .ompulsr Music Instrument. (Photo courtesy of Fairlight Instruments U.S./ 

Synthesizers^ 2°° Di9',a' MUSi° Syn,hesi2er' ,Photo Con Brio Digital Music 
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io ADS 200 Digital Music Synthesizer. (Photo courtesy of Con Brio uignai 

sizers) 
1 

Appleton's Georganna's FareweU (1^5),jeahzed on^ traditional 
Synthesizer. Georgannas Farewel is pr;es Qf large, vertical, diatonic 
pitch structures. The work begins ^th a i establish a ton ic-dominant 
chords in the minor mode. These chords cleariy 

of creating complex, mor 
thonretirallv true 



Alpha Syntauri Electronic Music System. (Photo courtesy of Syntauri Corporation) 

hear the result. The Alpha Syntauri system is desl^^b[°rlo^e(.^1tth ^ 
Apple II computer, affording digital synthesis a a rem nroKiems for the 

Working with a digital synthesizer can 
composer of electronic music. Patches and comp Most if not all, of a 
recorded for later use, providing of'tape 
composition can be realized in re^me\ . . recorded at all, since it 
recording; in fact, the work may not have * t?mes Another possibility 
can be reproduced via the synthesizer co acoustical sounds, have 
is the easier production of complex timbres that, like acous 
time-variant qualities.21 

Georganna's Farewell by Jon Appleton synthesizer is Jon 

One of the earliest works c°™Posed, on the Dartmouth Digital 
Appleton's Georganna's Farewell (197 ), re work based on traditional 
Synthesizer. Georganna's Farewell is a sec large, vertical, diatonic 
Pitch structures. The work begins with a ser h a tonic-dominant 
chords in the minor mode. These chords cleariy ^ ^ 

21 Many composers and 
quality of the sounds produced y lacking the normally occurrg^ tenetg of 

create patently "eJectr°"^ the spectra of acoustic s°u"^sf better possibilities 
random changes found in Pdi ital synthesis «lloV[® sVStems can. This is 
digital synthesis has been timbreS than analog system 
of creating complex, mo 
theoretically true. 
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relationship. The many small sectons, or episodes, that follow deal with new 
ways of elaborating the chords, such as arpeggiation, or new tunings other 
than diatonic. Sometimes both manner of presentation and tuning character
ize a section. The material from the first section reappears three times in the 
work, and so creates a kind of refrain. A cursory division of Georganna's 
Farewell is given in Table 13-5. 

The constant changing of tunings and gestures of pitch presentation 
give Georganna's Farewell an unusual sense of elastic plasticity: a stretching 
and distending of musical materials that periodically return to their original 
form. 

Technically, Georganna's Farewell displays some of the possibilities of 
digital synthesis. The chords of the refrain would be very difficult and time-
consuming to realize by classical studio technique, or even on most analog 
synthesizers. The changes that occur between sections of the piece would 
require a complete repatching of an analog system and also necessitate 
separate tape recordings to be spliced or mixed with other sections. Using 
the Dartmouth Digital Synthesizer, however, the programming changes made 
during the act of composition are perfectly recalled by the system so that 
the entire composition can be realized in real-time. 

Certain sections of Georganna's Farewell, particularly the refrain, 
have a keyboard performance quality. The Dartmouth Digital Synthesizer, 
however, is not a performance system and so, while the music could be 
realized in real-time, it could not be performed or played in the instrumental 
sense. It is quite easy to equate the terms compose, realize, and perform 
when speaking of a studio composition. Georganna's Farewell is a studio 
composition with the difference that it can be realized in real-time. But, like 
any studio composition, it cannot be repeatedly performed in real-time. 

Table 13-5 

SECTION TIMING 

Refrain 0'00"-0'24" 
A 0'24"-1 '08" 
B 1 '08"-1 '29" 
Refrain 1 '29"-1 '48" 
C 1'48"-2'04" 
D 2'04"-2'16" 

E 2'16"-2'31" 

F 2'31"-3'00" 
G 3'00"-3'l 5" 
Refrain 3'15"-3'30" 
H 3'30"-4'05" 
I 4'05"-4'32" 
J 4'32"-5'07" 
K 5'07"-5'30" 
Refrain 5'30"-6'10" 

CHARACTERISTICS 

Vertical, diatonic chords; minor mode 
New tuning; alternated broken chords 
Descending arpeggios 

Vertical chords; new tuning 
Ascending arpeggios 
(overlapping) 
Ascending arpeggios; increased tempo 
(overlapping) 
Reversal of envelope shapes 
Ascending and descending arpeggios 

Vertical chords; new tuning 
Ascending arpeggios; decreased tempo 
Predominantly descending arpeggios; decreased tempo 
Predominantly ascending arpeggios; increased tempo 
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The keyboard performance characteristics heard in parts of Georg-
anna's Farewell are more fully developed in some of Appleton's more recent 
works such as In Deserto (1977) and Syntrophia (1977), both composed on 
the Synclavier. Although the keyboard control of the Synclavier does not 
necessarily have to have a traditional keyboard performance correspondence 
to the music, it often does in Appleton's most recent music. This is partly 
because these works are designed for a live performance, although only some 
of the music is played in real-time, while other parts are realized from digital 
memory. In this regard, these compositions are live/ electronic music and the 
Synclavier is a system for, simultaneously, the recording, reproducing, and 
performance of music. , . , , . 

It is at this point that traditional, historically derived terminology 
begins to fail. Perhaps the term "synthesizer" has outlived its usefulness an 
might better be replaced by the words "electronic music system 1 here are 
then, studio electronic music systems and performance sys ems, 
systems and digital systems. And there are, or will be, possi e co ^ 
tions of these. As yet, there is no final analysis, or synthesis. ^ 

a 
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Babbitt, Milton. Composition/orS^besK^^umbia MS js 

posed in 1964 on the RCA Mark I, Co^o ^ ̂  
another example of Babbitt s sop is AHvanc0 16. Harold Budd 

Budd, Harold. Oak of the Golden DreaT£ , t ''minimalist" com-
(b. 1936, Los Angeles) has been ^Tancy that description. Oafc of 
poser, although he does_no par ic ^ electronic works and 
the Golden Dream (1970) 
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was composed on the Buchla 100-series system. It consists of a drone 
over which a melody is improvised. It could be performed in real-time; 
however, this recording was not so done. 

The Nonesuch Guide to Electronic Music. Nonesuch HC-73018. Com
piled in 1968 by Paul Beaver and Bernard Krause, this set was intended 
to guide the novice through the maze of electronic music. It is now 
something of an historical curiosity. 

Smiley, Pril. Kolyosa. CRI S-268. Smiley has made an analogy between 
wheels (kolyosa in Russian) and the sequencer of the Buchla synthe
sizer. Since the sequencer is used here to control pitch, it is capable of 
producing a repetitive, hence circular, pattern; it can produce a "wheel" 

)£• of sound. Pulsing the sequencer at various rates can produce everything 
from repeated pitch sequences (slow pulse rate) to various kinds of fre-

£ quency modulation timbres (fast pulse rate). The result is a fascinating 
flow of spinning sounds, demonstrating the perceptual continuum 
between pitch and timbre. Koloysa was composed in 1970 at the 
Columbia-Princeton Electronic Music Center. 

The Sounds and Music of the RCA Electronic Music Synthesizer. RCA 
p? Victor LM-1922. This record is definitely a collector's item and is 
>• worth trying to find. Side one contains a lecture-demonstration on the 
gT> RCA Synthesizer and the properties of sound. Side two is devoted to 
o; musical transcriptions. Recorded in 1955, this disc contains fascinating, 

!S ^ naive, versions of Blue Skies, Home, Sweet Home, and, of course, 
ij*j some Bach. It also has one of the earliest recorded experiments in voice 

synthesis. 
i i j  S u b o t n i c k ,  M o r t o n .  Until Spring. Odyssey Y 34158. For a detailed 

,t discussion of this work see the interview with Morton Subotnick in Part 

Wuonnen, Charles. Time's Encomium. Nonesuch 71225. Wuorinen (b. 
1938, New York City) used the RCA Mark II to compose the original 
material for this piece. Then he processed the results in one of the 
analog studios of the Columbia-Princeton Electronic Music Center, 
using, primarily, Buchla equipment. Time's Encomium (1968-69) is a 
serial work. 
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DEFINITION OF COMPUTER MUSIC 

The definition of computer music is a ^"^"8^'fme^mu^thlt 
composer Joel Chadabe, "By the term co p im'p0rtantly includes a 
is produced by a hardware and software system thaUmportan £^ ̂  
computer, but may also include oth increasingly popular. For 
ment."' This is a broad definition, and^^^^"00 incisive, for 
the purposes of this book, h°w®v®'• . usic systems but computer-
it would include not only hybrid electronic musi y 
generated scores for instruments as w®u\ , omputer music was rather 

Until the late 1970s, the detmiUon of co.npute^ music 

clear. With the exception of compu er g ronic music in which the 
usually meant a type of studio-compo, ^ continuing development 
sound material was generated by a c along with the incorporation 
and increasing availability of digital computers, along 

,« M«fnrp of the Landscape within 
'Chadabe, Joel, "S°meZ&ei." Computer Music Journal, 1, no. 
which Computer Music Systems Are u 
3 (June 1977), 5 
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of instrumental design philosophies, has expanded the possible application of 
the term "computer music" as Chadabe has noted. However, to equate the 
performer of a digital music instrument with a composer in a computer 
music studio creates certain philosophical problems. For this reason, the 
definition of computer music used here is the older and continuingly impor
tant one of studio-composed electronic music in which the sound material 
is generated by a computer. 

THE COMPUTER MUSIC STUDIO 

The computer music studio developed from traditional computer use and 
technology combined with the practices that evolved in the classical elec
tronic music studio.2 In the most general sense, the use of a computer music 
facility would involve the following steps: 

1. The composer prepares and sends instructions to the computer by 
means of a program; 

2. The instructions are converted to numbers; 
3. The stipulated functions are performed by the computer; 
4. The resulting information is converted to a voltage by a digital-to-

analog converter; 
5. The voltage drives a loud speaker and sound is created. 

This simplified process is illustrated in Figure 14-1. While the process 
is here related as a continuous procedure, such is not always the case. Even 
though real-time computer music is possible, many computer music facilities 
o no ave real-time capabilities. Usually, there is a delay between the time 

w en a composer prepares his score and when he or she hears the music. This 
e ay can e anywhere from a few hours to several days, depending upon the 

nature of the computer installation. 
, The only part of the computer music process of necessary concern to 

the composer is the initial input stage: the program. The program is a set of 
\Z™»*°nSTu0 computer, and is written in one of several special 
MTNir ^ SruTn118 computer music programs such as MUSIGOL, 
nrofr n fu ' TEMPO> PERFORM, and MUSIC 360. All of these 

ams ow e composer to create a score in a language comprehensible 

to the° unde^sbmrt- °J t}fiS b?ok have included technical information pertinent 
timbre Since the fWh ° y3"0"5 asPects of electro-acoustic music, especially 
sarily relevant to a enm asPe?ts of digitally synthesized sound are not neces-
of digital svnthesic i« prehe"SI.on of the sound itself, no technical discussion 
sine wave shoufd be StoVl^ As 3" eX3mp,e' the definition of a 

comprehending "th'af1 so notfdd̂ ŷ  ?or 



Input Output 

Figure 14-1 The Process of Using a Computer Music Studio. 

to the computer system.3 While these programs make available certain func
tions to the composer, he must usually specify the particular nature o e 
sounds he wishes to use and the particular manner in whic ey occur, 
natures, or descriptions, of the sounds used in computer music are 
times referred to as "instruments" that, collectively, constitute an orches
tra." The specification of the "orchestra" within the ̂ computer music 
program is called a subprogram, since it is secondary to an ** 
the main program. The manner in which the sounds occur is ^presented by a d 

score; this is analogous to a traditional music score, but, of co"rse' " 
different format. The various computer music programs dif 
regards, primarily in the nature of the simulation o sou" computer ^ 
conceptual aspects of the compositional process, n or er 

music system, a composer must first learn a particular pro^am and, to some ^ 
extent, the language in which it is written. This is a pro translation 
posers since it necessitates a new and intermediary^ st^e of translation 

between the composer and the music 4 ^^^rqU^g'beyond the knowledge 
ation required by a particular program may b q ^ ^ certain process and 
or concern of some composers. It is one thi g 
quite another to specify the results of that Pr°^p composing in the corn-

There are thus two major differences between composing 
puter music studio and using other approaches to e 

1. An intermediary and translation^ step (the program) exists between 

the composer and his score for the musl(;, understood before 
2. The analytical details of a sound event must be under 

that event can be synthesized. 
n„LOC 4.n piectro-acoustic music, the 

In comparison with other appro juprpnts than any other means 
computer music studio has attracted fewer adherents 

3 Information is usually entered ^ 

(Englewood Cliffs. Nd: Prenbce-Ha , . 

" the operation of t„e RCA Mart 1. as discussed in Part HI. 

Chapter 5. 
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of production. The reasons for this are the great costs of building and main
taining a large computer music facility, and, perhaps more important, the 
scarcity of composers who are interested in this compositional approach. 
Both of these factors are rapidly changing. 

E A R L Y  C O M P U T E R  M U S I C  

M a x  M a t h e w s  a n d  B e l l  L a b s  

The suggestion that computers might be suitable for the production 
of music came as early as 1843. Lady Ada Lovelace, referring to Charles 
Babbage's Analytical Engine, a precursor of the modern computer, supposed 
that the engine could be used for making music, if only the necessary infor
mation could be understood and properly expressed. But it was not until 
1957 that computer-generated music became a reality at the Bell Telephone 
Laboratories in Murray Hill, New Jersey.5 The pioneering father of com
puter-generated sound is Max Mathews. Mathews, an engineer at Bell Labs, 
began working on the computer generation of music and speech sounds in 
the late 1950s. Together with John Pierce and Joan Miller, Mathews has 
written several computer music programs. Almost all subsequent develop
ment of computer music is based upon this early work. 

Mathews created computer music programs, such as MUSIC IV and 
MUSIC V, which allow the composer to deal with the computer by means of 
simulating analog synthesizer modules and functions. The programming con
cepts of MUSIC IV and MUSIC V allow the composer to use the functions of 
unit generators, subprograms that perform operations similar to analog 
equipment such as oscillators, filters, reverberators, and so on. These unit 
generators can then be linked together in a manner conceptually akin to 
pa c ing an analog synthesizer. Thus, it is not necessary for the composer 
to specify the basic nature of the "equipment," for he is able to use what is 
available in the program. 

•+ i e aPProach allows the composer freedom from computation, 
it also binds him to the limitations of the program. The basic problem in 
Rrr^wr1"1, Wlth comPuters is the same problem faced by users of the 
an , Mark II:. A sound must be specified before it can be realized. On an 
,n orLSyr !S1Zer' comP°ser can easily experiment with patch variations 
nothintr'ran ,JScover n^w sound possibilities. In computer music, however, 
desired sounri 6 u U is comP1etely specified. This means that a 
Dirita? svnthPskU f anaJ/tically comprehended before it can be produced. 
Digital synthesis of sound offers the possibility of creating literally any 

A. Bowels°m' usI pk l h i a t o r i . c a l  b a c k g r o u n d  o f  c o m p u t e r  m u s i c ,  s e e  Edmund 
in Th7Compter „nH "andma,de": Technology in the Service of the Arts 
Press, 1970) Music, ed. Harry B. Lincoln (Ithaca: Cornell University 
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sound event, but the difference between this possibility and any given reality 
depends largely on the quality of the program used and the skill of the com
poser using it. 

The early experiments at Bell Labs aimed at simple transcriptions 
and primitive voice synthesis.6 Like the early experiments with the RCA 
Mark II, these works have a naive quality. Transcriptions of tunes such as 
Fr'ere Jacques are fascinating in an historical context, but are obvious y 
experimental, lacking timbral complexity and sounding rather flat. The voice 
synthesis in A Bicycle Built for Two, made famous by Stanley Kubricks 
film 2001, is captivating, but hardly realistic. It was clear from thesei e p 
ments that improvements were necessary, not only in e mac 1 
especially in the programs for both the analysis and synthesis of sound. 

Stochastic Quartet by James Tenney 
One of the first composers to do extensive work at Bell Labs was 

James Tenney, (b. 1934, Silver City, New ^ ^ 
electrical engineer, worked at Bell Labs *!®^®enT ,g work 'stochastic 
posed several computer music composition . uprated scores as 
Quarter (1963) demonstrates his interest in ^rsio^ * 
well as computer-generated sound. Stochastic Quar stochastic ^ 
First, as Stochastic String Quartet for acoustic 
Quartet, a computer realization of the same score. Tenney P -< 
programs to aid in the compositional ^eatoric 
Stochastic Quartet.7 1 hese pr°^aI™ JL itch enve lope ,  dynamics, and 
sequences of values that were used to con P » controlled or pre-
so forth. To the extent that these values 
dieted, the work is stochastic. Tenney then useri to 
information to construct a traditional score or realize a computer-

Tenney also used the facilities at Bell ^ 
synthesized version of Stochastic Quar . realization. Indeed, at the 
the sounds of a string quartet in his c p dable since the analytical 
time, such a feat would haVnriTof thrftring^stroments was very limited, knowledge of the complex sounds of the stringin ̂  were those with. 
The actual timbres that Tenney use ,r TV This like other early corn-
in the available range of the program roncept of 'additive synthesis of 
puter music programs, was based on nnnrPciablv different from the 
harmonic partials. This pro^s® JS "£aurens Hammond, even though the 
approach taken by Thaddeus Cahil limited. Furthermore, while 
number of partials is not, theoretically, as limit 

6 Several of these experiments are ^^^^use of computers for generat
es mentioned in Chapter 12\ much wor*0"^ of tjaren 
ing instrumental scores w g60 WOrk is well docu Com-
1950s and throughout the 196(£1»^_A Historical Survey mTha 0° 
HUler, -y-ic Composed w,thLjCompUthaca; ^ Umverslty Press, 
puter and Music, ed. Marry 
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the amplitudes of the various partials could be individually controlled, they 
often appear in fixed relationships, and little attempt was made to create 
truly complex envelopes. The timbral possibilities within such a situation 
are necessarily limited. As a result, the timbres in Stochastic Quartet are not 
very complex and sound somewhat like a quartet of Ondes Martenots. 

Mutations I by Jean-Claude Risset 

Jean-Claude Risset (b. 1938, Puy, France) is another composer who 
worked at Bell Labs during the 1960s. Risset is one of the few composers of 
electronic music with a firm background in both music and the hard 
sciences, e was also one of the first composers to recognize some impor
tant problems of computer music: . . the computer makes it possible to 
produce any sound whatsoever that can be described numerically, but then it 
is not always possible to numerically describe certain sounds, even though 
they are very familiar." He also saw a solution to the problem: "So, in 
order to profit from the immense sound resources offered by the computer, 
In e?°!nes "pessary to develop a psychoacoustical science, involving a 
knowledge of the correlations between the physical parameters, and the 
perceptible characteristics, of sound."9 

Risset's own compositions reveal the results of his considerations. 
nnrHnic + Se' n° * °nIy harmonic partials, but also inharmonic partials, 
partials that »e not integral multiples of a fundamental frequency. Although 
modtilaHo 'a S a bee!L Used Previously as a result of certain frequency 
than »f ̂ Pr°CefeS' y had been dealt with as accidental results, rather 
amnlihiriP«nnf10USir co"®tyucted elements of timbre. Risset often varies the 
comnlv Pnvfi f !? within the additive structure. This creates very 
bv Risset inv l pes+ ° Principle of complex timbral construction used 
nonper odic n S these ^"ency and amplitude constituents in a 
is ab^o c'reat hTl Ve ma"ner- By these md other Procedures, Risset 
comntxRv nf an, ."i'4 ^ ̂  "Hvely" sounds: that simulate the complexity ot acoustical sounds. 

Bell Lah^riqRQ'''68 ^ PIeSmt in Risset's work Mutations /, written at 
tlonal pfece that ne1181^ ^ TCrSi°n °f MUSIC V' Nations I is a rather sec-
relating pitch and tiThT r6mainS Unified because of Risset's method of 
beginnine of the n' mi, ,n.examPIe of this technique can be heard at the 
a complex and nrrr,7' !•sequence of five Pitches (0'00"-0'02") uses 
series of envelopes on'the ^ pitches decay, however, a second 
This second statemo„r tda same pitches begins to crescendo (0'01"-0'04 ). 
trasting with the orit>in°i h 686 Pitches thus forms a vertical chord, con
trasting with the original horizontal, melodic presentation. At 0'04", a third 

int Timbre/' ^Music and Tech °; S°7pdS by 0omPuter and Problems Concern-
Quoted by permission SxSSSo afd th'eTuthor*6^ MUSiCa'e' ^ P" " 
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presentation of the same five pitches is heard. This time the result is a gong
like sound created by a vertical presentation of the five pitches articulated 
by a single envelope. This is a form of additive synthesis using only sine 
waves. However, since these five pitches are not in the harmonic series, they 
are inharmonic partials; heard in this simultaneous fashion, they form a new 
timbre. So, treating the same five pitches in three different ways, Risset 
relates melody (first statement), harmony (second statement), and timbre 
(third statement) in the beginning of Mutations I.10 

THE PRINCETON STUDIO 

Works by J.K. Randall, Barry Vercoe, 

and Charles Dodge ana vineries uuuyo 
In 1964, the work of Mathews at Bell Labs was extended to Prin.e- >• 

ton University by Hubert Howe and Godfrey Winham <b.£084, * 
1975, Princeton). Howe and Winham established comP"'fr d t 
at Princeton, now known as the Godfrey Winham Laboratory, and wrote ^ 
MUSIC IVB, a variation of the MUSIC IV program. pariiest works ** 

J.K. Randall (b. 1929, Cleveland) composed oneof -
to come out of the Princeton facility. Quar e WOrk As in much 
first piece of computer music, is a short bu complex relationships 
of Randall's music, a pointillistic quality is created.ntricacies of 

between the pitch and duration^ ^pec ^ computer-generated 
this compositional approach moved Ra , would the temporal 
sound instead of instrumental performan . difficult problem, but 
aspects of Quartets in Pairs provide,p«rf1 limits of 
the wide range of pitches called for by ter to realize Quartets in 
most acoustical instruments. By usmg a c „ capabie of performing the 
Pairs, Randall was able to create "instruments capable P 

Barry Vercoe (b. 1937, W«on, 
computer music at the Princeton faci i ies MUSIC 360 is a high-speed 
computer music program in 1969: Qlder computer music programs. It has 
program, allowing faster results th fo universities in the 
proven to be a popular approach and is used at 
United States and Europe. ... th MUSIC 360 program 

One of the first compositions made wit^ & ^ 
was Vercoe's Synthesism (1969). In y f sinUsoidal to noise 
large "orchestra" of electronic sounds, ranging 

Crrr- Wirt!" ssss-"-1rii-s—s tsss 
(0'00"-OT5") is on page 197. 
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timbres. These timbres are randomly varied throughout the piece. Like 
Randall's Quartets in Pairs, Vercoe's Synthesism deals primarily with related 
variations of pitch and duration. Vercoe uses a sixteen-unit set for controlling 
pitch, duration, and envelope. It is this equal-tempered sixteen-note division 
of the octave that gives Synthesism its slightly out-of-tune character. 

Vercoe's Synthesism is an excellent example of a composition 
indigenous to the computer music studio. It is impossible, in any practical 
sense, to write for acoustic instruments using scale and time divisions based 
on the number 16. Furthermore, while Synthesism could have conceivably 
been composed using the classical electronic music studio or an analog 
synthesizer, it would have required an inordinately long time to realize. 
There is no question that the computer allows composers the best method 
of realizing complicated procedures and translating involved processes into 
sound. An extreme example of such translation is offered by Earth's Magne
tic Field (1970) by Charles Dodge (b. 1942, Ames, Iowa). 

Earth's Magnetic Field is, in part, a translation into sound of a totally 
unrelated medium. This medium is a Bartels diagram, representing measure
ments of change of the earth's magnetic activity, and named after its 
inventor, Julius Bartels. A Bartels diagram represents the change in magnetic 
activity by means of a graphic representation not unlike traditional music 
notation. For this reason, they are often referred to as Bartels' musical dia
grams. Dodge capitalized on the two basic similarities of the notations: the 
horizontal representation of time, and the vertical repesentation of degree. 
Dodge interpreted the measurements of magnetic change for the year 1961, 
translating this information into a system for determining the pitch, dura-
ion, tempo, and register of the music. The timbres seem to have been deter

mined independently of the other musical elements. 
Earth's Magnetic Field is in two parts. Part One is a monophonic 

realization of Dodge's process, using a diatonic (seven pitch) division of the 
octave, so that Part One has the tonal characteristics of the major mode. 
?° ,?L!.SeS tJlree distinct timbres in Part One. Timbre A is used from O'OO" 
i °, Ml,/,Ssembl?s a mute(* tuba having no reverberation. Timbre B 
as s from 2 00 to 4'00" and is far more complex, containing a larger 

overtone structure and complex envelopes. Even though the music is mono-
phonic, the overlapping of the envelopes and use of long reverberation times 
creates a pleasantly acoustical quality in Timbre B. As in an acoustical 
situation, each sound event has its own independent envelope. This aspect 
becomes very important in Timbre C, which lasts from 4'00" to 14'04". 

rpuprho f1S ST m overtone structure to Timbre B, but envelopes and 
events ^ imeS Var^ independently for particular events or groups of 

tinuinu fbf JW?-°f E?rth'S MaSnetic Fie'd uses Timbre C throughout, con
tortto that it i ? 7ymg C°mpIeX envel°P<*- This part differs from the 
toe music fs mn POlyphomc and the chromatic scale. As a result, 
the music is more complex and lacks the tonal quality of Part One 



Speech Songs by Charles Dodge 

Dodge is perhaps best known for his work with synthesized voice 
sounds, which be began in 1971 at Bell Labs. In Dodge s process, the text 
to be used for a composition is spoken by a human performer and recorded 
digitally. The digitized speech information is analyzed by various special 
programs. The resulting information can then be used to re-create the speech 
sounds. This is an example of how the computer can be used to analyze, as 
well as synthesize, a sound. Through such procedures, a great deal of infor
m a t i o n  c a n  b e  l e a r n e d  a b o u t  t h e  n a t u r e  o f  s o u n d .  . . .  u  

Dodge does not stop at simply re-creating the original speech; he 
treats the analyzed information as a basis for altering the fin syn esize 
sound. For instance, the pitch contour of the original speech can be change 
into a new form more closely resembling a melodic configuration. Durationa 
aspects of the sound that affect both rhythm and the timbre of the; sPe®™ 
can be altered. Thus, the resulting synthesized speech can be a 
extension of the human voice. Dodge's synthesized speech music is a uniq > 
type of electronic music: computerized text-sound composiion. 

The main qualities of Dodge's compositions for synthesized voice cm 
be heard in the third and fourth Speech Songs (19 )• ls .... •„ the cafe- C1 
is based on short poems by Mark Strand. Song 03: A mans.ttng * 
teria, presents a monophonic setting in which t e ongi . g #4- * t 
not drastically altered in the process of synthesis. Bycomp™ SongJ^ a 

The days are ahead, presents a polyphonic setting o heard at 0'14" 
alteration of the pitch material. An examp e o is d breathless 
when a chorus of synthesized voices performs an elaborate and 
portamento. 

FURTHER APPLICATIONS 
OF DIGITAL TECHNOLOGY 
TO ELECTRO-ACOUSTIC MUSIC 

A ' the 1970s has led to more 
The continuing research in comPute! "1U^tt "understanding of the qualities 
sophisticated techniques, as well as to wnrk in these areas has been 
of sound itself. Some of the most importa d Center for Computer 
done by John Chowning, director o e ^ thoroughly investigated the 
Research in Music and Acoustics. Ghowm g complex programs 
possibilities of frequency modulation and has devel p 
for simulating the movement of sound in sp • „The sim|)la. 

11 Tor information on 
20nno 6?9mf;°John M. ChoWning,"The^TngineeringSociety, 
by Means of Frequency J b ^ Grey as •— »»• 
Spaces, Department of > 
M-1,1975. 
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The work of people like John Chowning and Max Mathews is not 
important merely for its relationship to present and past compositions, but 
for future knowledge and applications as well. The design of the Synclavier is 
partially dependent on Chowning's research into frequency modulation, for 
example. One of the newer centers for computer music, at the Institute de 
Recherche et Coordination Acoustique/Musique (IRCAM), combines the 
work done at Bell Labs and Stanford University, in order to better deal with 
both analysis and synthesis of sound.12 

Continuing advances in both hardware and software have enabled 
computer music to develop beyond the studio-based procedures discussed in 
this chapter. Digital synthesizers and computer music instruments share the 
same technology with the computer music studio. As suggested by James A. 
Moorer, there are essentially three types of approaches to computer music.13 

5; The first type, characterized by the work of Mathews, Randall, and Vercoe, 
S7> is direct synthesis, in which a computer music program is used to produce 
2: sounds as specified by the composer. The second type of approach, repre-
0 sented by Dodge's synthesized speech music, is analysis-based synthesis, 

where natural sounds are first analyzed by the computer and then serve as a 
basis for composition. The third type is concrete computer music, in which 

£ acoustic sounds are digitally recorded and then changed by the computer, 
much in the same way as they are changed by tape manipulation techniques 
in musique concrete. All of these approaches to computer music composi
tion may or may not be accomplished in real-time, depending on the particu
lar circumstances of a given system. 

Recent designs in both pure digital and hybrid analog/digital elec-
jji' tronic music systems have tended to emphasize the performance possibilities 
ftiSl °f new developments. A few, such as the digital systems by Peter Samson 

1 ancj Buchla's 300-series and 500-series systems, are designed for studio appli
cations but with improved real-time capabilities. Nevertheless, the impor
tance of the large computer music facilities is greater than ever, not only for 
today s compositions, but for the discoveries of tomorrow's research. 

2 
ice EZ 
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FOR FURTHER LISTENING 

Boretz, Benjamin. Group Variations. CRI SD 300. Boretz (b. 1934, 
Brooklyn) composed this work at the Princeton University Computer 
Center between 1969 and 1973. Group Variations is composed as a 
series of interlocking and continuous sections that concentra^ on P^h 

and rhythmic structures. Timbre is primarily used for delineating voices 
and characterizing sections. The result is a complexpolyphomc, often 
contrapuntal work that seems to be always moving to and from some 
^ing else. 

Dodge, Charles. In Celebration; The Story of Our Lives CRI. SD>348. /n 
Celebration (1975) and The Story of Our 
speech music. They arelonger'and Speech Both works were 
displaying greater variation of the origin p 
composed at Columbia University. M Memoriam 

Hoffman, Richard. In Memonam Patr» CM !3D • Electronic Music 

Patris (1976) was realized at the MIT bxperi (one-and-
Studio. Hoffman (b. 1925, Vienna uses a ^ ''mited r' « ^ 
a-half octaves) and a few pitches (a ^exachord ^com ^ ̂ 
inversion) in a "quasi-random as * create a statistical con-
aleatoric, its imposed limitations o h with the 
sistency. The programmatic aspect of the title ang 
organ and bell timbres used in the *or ' Decca 710I8O. Slawson 

Slawson, Wayne. Wishf^1 Thl^\ t  Wishful Thinking About Winter 
composed this work in 1967 at Mil. ' igned by Slawson and 
was realized using computer m"s^c Priented Synthesizer of Computer 
discussed by him in A Spee (1969), 94-127. The basis 
Music," Journal of Music Theory, » • 16tu centUry Japanese poet 
for the composition is a haiku by ^16*0^ The first (COO"-
Basho. The piece consists of three stylized manner. The 

= ?  x. S — E n , " h  • * " * • "  
the poem. , pm gp) 268. Ussachevsky 

Ussachevsky, Vladimir. Comp^'^ ihe assistance of Risset and F.R. 
composed this piece m 1968 with ^ ^ Labs was u. 
Moore. Computer generated so ceton Electronic Music Center, 
lated and processed in the Columbia-Pnnce ^ studlo 

Thus, the computer serves only as a 
procedures. 
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LIVE/ELECTRONIC 
MUSIC 

T Y P E S  O F  L I V E / E L E C T R O N I C  M U S I C  

The basic topics of the previous chapters in this book have been arranged 
around the means of production of electro-acoustic music and the tech
niques involved in these approaches. Live/electronic music, however, does 
not involve any particular method of production or any specific technical 
approach. It exists as an identifiable, if very inclusive, category because it 
combines, in any way possible, aspects of live, real-time performance with 
the electronic production and alteration of sound. 

Live/electronic music is a very broad genre. It does not involve any 
basic techniques of electronic music not already discussed in this book. How
ever, it does use the various aspects of real-time performance that are more a 
part of the traditional world of performance music than they are of electro-
acoustic music. Indeed, as has been discussed in the chapter on electro-
acoustic musical instruments, electronic music began with such instruments, 
and this area continues to be an important one; perhaps, by sheer numbers 
01 participants, it is the most important area of electro-acoustic music. But 
the instrumental, real-time performance aspect of this music makes it, from 

160 
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most composers' points of view, little different from traditional instrumental 
performance music, and very different from studio-composed electro-
acoustic music. This is at least partially true for all areas of live/electronic 
music. 

These differences are shown in Figure 15-1, which visually represents 
the basic necessary steps involved in the various approaches to electro-
acoustic music from the composer's perspective.1 Live/electronic music 
involves either one of the real-time performance situations described, or a 
combination of one or both of these with any of the studio composition 
approaches. . _ . 

There are two general classes of live/electronic music. One type uses 
prerecorded electronic signals in combination with real-time per ormance. 
The prerecorded material may be used as part of the music, as isusu y 
case, or as control signals for altering the live maten . e i 

category would include such combinations as music or per orm 

and music for real-time performance altered by prerecor e co Droduc. 
The other general type of live/electronic music uses re^time produc 

tion and performance of electronic sounds, often simply called live elec 

Improvisation 

Composed 
Performance 

Composer 
Performance 

Composer Score Composer Score 
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Different Approaches to Comparing Electro-Acoustic Music. irent Approaches to Comparing Electro-«cous ^ 

'Other steps could be added "ncruldTft^mu^que'concrete °^e^0n^ 
"score," for instance necessary; in fact •£* 
music studio approaches, es Figure 15-1 compares on y 
electronic works do not hav 8^ t appr0aches to compos.tion. 
and necessary steps of these different app 
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tronics. Like prerecorded electronics, live electronics can be used either as 
part of the music or as control signals. In the former situation, the live elec
tronics could be a solo or group performance of electronic instruments, or 
live electronics combined with acoustic instruments. 

There are many possible combinations and extensions of the basic 
types of live/electronic music. So many, in fact, that an entire book could 
easily be written on this topic alone. Many aspects of live/electronic music 
center around performance practice, and much of the literature is popular 
and transitory in nature. For all of these reasons, the subject of live/elec
tronic music is given only a cursory discussion in this book. 

MUSIC FO R TAPE AND P ER F O R M E RS 

The use of prerecorded electronic material is more clqsely related to studio 
composition than is the use of live electronics. This is because the pre
recorded electronic material can be put together in a studio using any 
desired studio approach. This type of live/electronic music is a combina
tion of the composed performance and any of the studio approaches shown 
in Figure 15-1. Since this genre of live/electronic music involves a combina
tion of approaches, the greatest problem facing the composer in this situa
tion is that of how to combine the prerecorded and live elements. 

Imag ina ry  Landscape  No .  1  by John Cage 

The earliest work dealing with these problems was the Imaginary 
Landscape No. 1, by John Cage. Composed in 1939, Imaginary Landscape 
No. 1 combines a piano and Chinese cymbal with two variable speed phono
graph turntables. Turntable one uses Victor Frequency Record 84522B and 
Victor Constant Note Record No. 24; turntable two uses Victor Frequency 
Record 84522A. These records contain sine tones at different pitches. Both 
turntables have performers who change the speed of the turntable, thus 
changing the pitch as indicated in the score. This score also includes the parts 
for piano and cymbal. Imaginary Landscape No. 1 was written for radio 
broadcast, and thus used a fifth "performer" who determined the dynamics 
in the broadcast studio control room. 

Cage did not generate the electronic sounds used in Imaginary Land
scape No. 1, but he did compose the manner in which they would be used. 
He had two performers change the speed of the turntables, thereby making 
the turntables and their associated records into instruments. The problem of 
combining live and prerecorded material was easily solved by using the pre
recorded material as if it were being produced in real-time; in more recent 
times, an electronic oscillator could serve the same purpose as the variable 
speed phonograph and sine wave record combinations. This approach to 
combining live and prerecorded sound remains unusual. 



Deserts by Edgard Varese 

One of the earliest works for instrumental performers and tape is 
Edgard Varese's Deserts (1949-1954; tape revised by Bulent Arel in 1961). 
Deserts is written for a wind and percussion orchestra (flute, piccolo, clari
net, hom, trumpet, trombone, tuba, piano, percussion) and two monophonic 
tapes each played through a separate speaker on either side of the per
formers. Varese began Deserts in 1949, dealing primarily with the instru
mental parts. The tape parts were not completed until 1954 and were large y 
composed in the Paris studio. _ , 

Varese's method of solving the problem of coordinating live and 
recorded materials was to simply avoid it. Thus, Deserts alternates between 
the five sections of live orchestra and the three sections of prerecor*ed tepe. 
Varese did try to achieve some integration by using sections of the inst^" 
mental music on the tapes. The effect of the work, however, is an isolation 
of the instrumental music from the tape music. The apes con 
nantly concrete, but some electronic sounds. Re construction of bo^ the 
tape and instrumental music is sectional, and, i e Varese's music 
reveals Varese's notion of "organized sound. As in most o 
an interest in rhythm and timbre is foremost. 

Musics su Due Dimensioni by Bruno Maderna 

Probably the first compiet^ w o r k f o r  
Bruno Moderna's Musica su Due Dimens ( begins the work 
Maderna uses the flute and tape simultaneous y. rator starts the tape 
and then, directed by a cue from a written score, £*£^6 machine at 

recorder at a certain point. The operator the problem of combin-
designated points throughout the piece. ooerator control the tape at 
ing live and prerecorded material by having an operator 
given intervals. . nrohlems of coordination of 

Musica su Due Dimensioni solvesit ^ .g Qnly one performer, 
tape and performer in several way®\ ' coordination created by using 
avoiding a compounding of the prob e hetween the flute and tape is 
several performers. Second, the relationship betwee^ ^ & ^ 
somewhat relative; the flutR ™US,, flute does have solo passages, so the 
coordination is not precise. Thrni, curiOUs position of being a soloist 
performer is not always locked into the curious p 
who must follow the accompaniment. consists of concrete and elec-

The tape for Musica su Due Dim ^ elab0rately processed foir that 
tronic sounds, and the sound mataIR1 d but consistently effective back-
time. The tape music creates a di 
ground for the solo flute. . tion 

commercial recording of this work. The descr.pt.on 
2 Unfortunately, there ^ f the piece. 
hprp rpfprR to the 195» revision 
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Capriccio by Henk Badings 

One of the first live/electronic works for tape and instrument that 
uses a continuously playing tape is Capriccio for Violin and Two Sound 
Tracks by Henk Badings. Composed in 1952, Capriccio is quite a remarkable 
work for that time. It is perhaps the first such piece that requires no activity 
of the tape recorder operator, save the initial start and the final stop. 
Capriccio is really a miniature violin concerto with an introduction (O'OO"-
0'32"), first (0'32"-2'49"), second (2'49"-5'16"), and third (5'16"-7'25") 
movements. The introduction is for solo tape and serves the function not 
only of setting the mood of the piece, but also of delineating the tempo for 
the violinist. Throughout the work, Badings has provided clear visual and 
aural cues for the performer so that even though the violinist must follow 
the tape part, coordination is easily accomplished. Since the music is essen
tially tonal (there are some unusual temperaments) and the rhythm is basi
cally metric, Badings was able to notate most of the tape part as a piano 
score. This allows for easy reference by the performer as well as practical 
rehearsal away from the tape. 

Badings composed the Capriccio in the Philips studio, and un-
doutedly made use of the electronic keyboard instruments in realizing the 
tape part. However, certain tape manipulation techniques, especially cutting 
and splicing, and speed change, are also apparent. 

The early live/electronic works for tape and performers so far dis
cussed display the four possibilities of combining live and recorded 
materials: (1) The recorded sound may be constantly controlled by a "per
former" of the playback equipment (Cage's Imaginary Landscape No. 1)\ 
(2) the recorded sound may be alternated with the live performers, avoid
ing simultaneity (Varese's Deserts); (3) the recorded sound may be started 
and stopped by an operator of the playback equipment at specified points 
(Maderna s Musica su Due Dimensioni); (4) the recorded sound may exist 
continuously from the beginning to the end of a work (Badings's Capriccio)-
The third and fourth methods of combining have proven to be the most 
popular with composers working in this area of live/electronic music. The 
reasons for this stem from the fact that most composers writing pieces for 
live and recorded sound combinations are primarily concerned with studio 
composition. Since the first method (Imaginary Landscape No. 1) involves 
a kind of live performance of the recorded material, the intent is strangely 
antithetical to the medium. The second method of combination (Deserts) 
offers little interest, since it avoids all possibilities of simultaneous combi
nations. 

Synchronisms by Mario Davidovsky 

Many works for tape and performers do not include complete nota
tions of the prerecorded electronic music. In this case, only limited notations 
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are used along with timings to allow the performers to coordinate. Under 
such circumstances, the performers must memorize the electronic music and 
use a timing device, such as a stopwatch. This is the case in the Synchronisms 
of Mario Davidovsky. 

The Synchronisms are a series of works for various instruments and 
prerecorded electronic sounds. The early Synchronisms, No. 1 for Flute 
(1963), No. 2 for Flute, Clarinet, Violin and Cello (1964), and No. 3 for 
Cello (1964-65), require the operator of the tape deck to start and stop the 
machine at certain points as specified in the score. In these works, t e ins ru 
ments begin the piece, and are later joined by the recorded sound. Thus the 
initial synchronization of each combined appearance is the responsibility 
of the tape operator. As an aid to the performers, Davidovksy includes 
occasional representational notations of the electronic music in e s • 
The result of these practices is a blend of precise and re a we 
The remarkable unified quality of the music is the resu ° . ^ 
of Davidovsky's style in both the instrumental and electronic p^ , 
Davidovsky's personal percussionistic pointillism is evi en kinds of 
and prerecorded music so that both mediums express the same kinds 

musical thought. Percussion Ensemble c\ 
Davidovsky's later Synchronisms, No. 5 for Fere combining ^ 

(1969), and No. 6 for Piano (1970), are even m°re succe^ cussion 

live and prerecorded sounds. This is chiefly because electronic 
instruments, including piano, more closely resemble the basic elect™ ^ 
timbres favored by Davidovsky. Unlike the ear ier"Howevei% the instruments 
allowed to run continuously after its mitia • ! { sectional-
still begin these works. The result of the continuous tape 

zed music. 

Kontakte by Karlheinz Stockhausen 
1^ thP genre of music for tape ana 

One of the most extensive essays m l t g . percus-
•uments is Stockhausen's Kontakte * Kontakte is 

, and electronic sounds.' A rather ^ ̂  u its elec. 
arkable for the virtuosity of its instru ,ections or "moments" as 
ic music. The work exists as a ffne® rharacteristic, primarily due to 
^khausen calls them, that are indivi ua density of events. These 
r timbres, pitch configurations, temp , unique to each section of 
ical elements form kinds of Gestalts hatje ^ progreSsing from 
work. The music is not however,g „ a permanent pre-

lining to middle to end. Rath , ithout transition. 
" moving from one section to ano , t The piano and percussion 

The score for Kontakte is W^comple but th lec. 
,s are written in convention^ twenty cen ^ represented, simultane-
lic music is notated graphically, htocan 

. „„ nart of Kontakte as a separate ver-
3 Stockhausen has also released just the ap 
cinn nf thp Wf)l"k. 
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ously, the most aurally obvious elements of the sound (pitch changes, 
direction, tempo, dynamics) with the nature of the timbre. The graphic 
notation of Kontakte visually represents the music in the same Gestalt 
manner in which one perceives the sound. When one looks at the score and 
simultaneously hears the associated music, a visual-aural correspondence is 
intuitively comprehended. In addition, Stockhausen provides extremely pre
cise timings that allow for very exact coordination. 

Although Kontakte is effective as a recorded or aural experience, it is 
even more interesting as a live/electronic performance situation. This is due 
to the great virtuosity required of the performers, which, combined with the 
large array of percussion instruments, introduces an element of theater. 
There are some live/electronic works for tape and performers that rely more 
heavily on the theatricality of the event. Such a work is Animus II by Jacob 
Druckman (b. 1928, Philadelphia). 
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Animus  I I  by Jacob Druckman 

Animus II (1967-68) is written for soprano, two percussionists, and 
a tape that uses both concrete (vocal) and electronic sounds. As a purely 
aural experience, Animus II lacks some of the most important qualities of a 
live performance. This is unfortunate, since these performance elements are 
some of the most important aspects of the work. The visual quality of the 
work conveys a sensuality and variation of ritual that are not apparent in an 
audio recording. Also, the tape part of Animus II, which plays a secondary, 
usually background role in the live performance, becomes disproportionately 
more important in the recorded version. This is because the delineation of 
elements accomplished by association of sight and sound is lacking in the 
sound alone. 

The  Wol f  man  by Robert Ashley 

The loss of the visual aspect is even more important in the case of 
The Wolfman (1967) by Robert Ashley (b. 1930, Ann Arbor, Michigan). 
The Wolfman is written for voice and tape, and presents a parody of night
club singers in a rather striking manner. The vocalist improvisationally per
forms variations of nonverbal sounds into a microphone. The singer must 
place the microphone quite close to the mouth and the amplification of the 
singer must be very loud, often loud enough to produce feedback. The tape 
is a mixture of concrete and electronic sounds, and must be reproduced on 
separate speakers at high volumes.4 

In a live performance situation, The Wolfman can be quite devastat
ing, combining parody, social comment, and, on occasion, physical pain. 
Recordings of performances, however, do not adequately portray the theatri-

4There are two possible tapes for The Wolfman: The Wolfman (6') and The 4th 
of July (18 ). Both are provided by Ashley. See Robert Ashley, "The Wolfman," 
in Source, music of the avant garde, no. 4, pp. 5-6. 
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cality and implied meanings of the work. For works like Animus II and The 
Wolfman, recorded versions are incomplete representations of the composers 
intentions. 

Collages by Roberto Gerhard 
Most live/electronic works for tape and instruments are for soloists 

or small ensembles of performers. This is because the difficulty of com 1 

nation and coordination increases with the number of performers, 1 is so 
because the economics of late twentieth-century art music ma e en 

sembles rarely feasible. For these reasons, few works for orcheatra andtape 
have been composed. One of the most successful °f 1S S"J J?tainn}a 
works is Collages (1960) by Roberto Gerhard (b1896Vails,Catelo ua, 
Spain; d. 1970, Cambridge, England). Timbre and rhythm £ue most 
important elements of Collages; pitch is relegated o a sec b th 
Gerhard presents the instrumental sounds, astunbral — 
singly and in various combinations. This he do y nresent-
sound one or two note statements, often of lemg Combinations The elec-
i n g  s h o r t ,  o f t e n  r e p e t i t i o u s ,  e a s i l y  p e r c e i v e d  p i t c h  c o m b m a t o u .  T h e e  
tronic sounds on tape are generally amorphous and are chst.nguished jr 
broad characteristics; in certain respects, they are ^ ^ by no means 

sounds" used by Stockhausen in Kontakte, g intermittently, requir-
as technically complex. The tape in Collages appe 
ing an operator to start and stop it several times. 

Times Five by Earle Brown 

Another type of live/electronic ""^^e^material. In this case a 
recorded sound has performers prepare ,,cUallv before the public 
prescribed recording is made by the C^Tomooser Long with the score, 
performance, or else a tape is supplied by nprf0rmers to play simultane-
This type of live/electronic music allows formers. 
ously with recordings of themselves or o er p gggx by Earle Brown (b. 

One example of this genre ^^ir^eS} f the work refers to the fact 
1926, Lunenberg, Massachusetts). The 1 harp, violin, and cello; 
that there are five live instruments: flu e, instrumental group; and 
five basic sound sources: four loud sPeakersTCtaDe for Times Five consists 
that the piece is written in five sections. ^ ̂  original material for 
entirely of concrete, instrumental sounds. leven.piece orchestra playing 
the tape was derived from a recording of a ^ tape part consists 
material specified by Brown. In sections^ guch instruments as pum -
iargely of sounds made by Brown himseP The final version of the tap 
celesta, harp, bass, vibraphone, an m 

„,t of Which escapes your author. The 
S Gerhard had a Pro^am^J^notes of Angel S-36558. 
program can be found in t 
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contain both manipulated (spliced, transposed, superimposed), as well as 
unmanipulated, sound. 

The instrumental material in Times Five is an example of a com
positional approach that Brown calls "open form." This means that indi
vidual instrumental events are noted in a flexible context, not specifically 
formed. In order to achieve this end, Brown has devised notations that are 
either modifications of traditional practice or graphic representations of the 
more "noise-like" sounds. The notational systems, and Brown's accompany
ing directions to the score, allow the conductor a limited freedom to explore 
the instrumental environment Brown has created in relation to the fixed 
tape. Thus, while remaining sufficiently characteristic, each performance of 
an open form work is unique, and the conductor also shares in the creative 
aspect of making compositional choices. 

While the open form concept characterizes much of Brown's work 
since the early 1950s, Time Five is the first of many works to explore combi
nations of open and what in this context must be called "closed" forms. The 
tape in Times Five, although partially the result of improvisation, remains 
absolutely fixed and unchanging in its final, composed form. As such, it is, 
philosophically, diametrically contrasting to the live performance. The tape 
forms, according to Brown, an "unchanging ground" with which the live 
performers interact. 

€C CJ 
ii5 

Violin Phase by Steve Reich 

Another example of this genre, composed in a spirit different from 
Brown s, is Steve Reich's Violin Phase (1967). Violin Phase sounds decep
tively simple; in fact, it is a difficult work requiring a virtuosic performance. 
Violin Phase, for violin and tape, requires the performer to play against 
recordings of the same material that were made prior to the performance. 
These recordings use three channels of a four-channel tape. As with Reich's 
other music, Violin Phase is phase music made up of phasing loops. In this 
case, the loop is a three-measure motive in 4/4 meter; the total loop has ten 
notes performed in twelve beats. The violinist first records the figure on 
channel 3 of the tape recorder. Then the same figure is recorded on channel 
2, only this time it is four beats behind channel 3, or 120 degrees out of 
phase. The figure is then recorded on channel 1, eight beats, or 240 degrees, 
behind channel 3. This tape, with three recorded channels, is then made into 
a loop equal in length to one performance of the original figure, a total of 
twelve beats. 

In a performance of Violin Phase, the violinist plays against pre
viously made recordings.6 Channel 1 of the tape loop begins the piece. Then, 
after 30 , the violinist joins in, playing exactly in phase with the tape. Very 
gradually, the performer is to go out of phase with the recording until the 

Columbia MS 7265° correspond to the recording by Paul Zukofsky on 
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performer is four beats out of phase with channel 1. At this point, 4 55 , 
the performer makes a decrescendo, and channel 2 of the loop fades in; the 
performer and channel 2 are now in phase with each other. Both channels 1 
and 2 of the tape loop play simultaneously for a while, and the violinist 
improvises on figures arriving from the combination of these two channels. 
At 9 00", the performer begins playing the original figure, this time in phase 
with channel 2. Again, there is a gradual shift of phase with the tape loop on 
channel 2 until the performer is four beats out of phase with channel 2, the 
violinist is then in phase with channel 3. At this point, 14 3 , e per ° 
again decrescendos as channel 3 fades in. Combination figures are again 
performed until 22'55", when the violinist ceases to play. From this point 
to the end of the work, only the combined tape loops are heard. 

The coordination problems of the gradual phasing in ® 
require that the violinist do a great deal of practicalg 1Even in 
works for tape and performers, a great amount o re ears Some 
in order for the performers to memorize the tape ^ZZr^orded^dZ 
composers have tried to ease this situation by provi ing hanneis Gf the 
instructions to the performers. In this situation one, of the^channels of the 
prerecorded tape is routed to the performer(s) ro ^ exampie of this 
ordination track" is not heard by the au<*le" 964) by Ramon Sender for 
type of composition is Desert Ambuance J196track of the 

amplified accordion, tape, and projections. sr)oken instructions for 
tape contains reference pitches, timing cue , performer a metro-
the performer.7 Another procedure is to Pr°v* d synchronization with 
nome tape, or click track, to ensure proper tempo ana sy 
the prerecorded tape. 

F CONTROL TRACKS 
E/ELECTRONIC MUSIC 

anrl audible prerecorded sounds has 
Live/electronic music for performers As a result, there is a large 
enjoyed great popularity with many comp not the case with live/elec-
group of works composed in this genre. ntroi signals. In this type o 
tronic music for performers and P^er®CO*L , ^ nQt meant to be hear y 
live/electronic music, the prerecorded signal ^ ^ used to pro-
either the audience or the performers, performers, 
cess, in real-time, the sounds produced by troX tracks, are not recen 

Recorded control signals, also of Varese's Poeme Elec^ 
innovations; they were used in the r®P f Koenig's Funktion series, as 
tronique, and in the studio composition of control tracks in live/ 
48 in other pieces written before rarity. Undoubtedly, on 
electronic music, however, is something of a rari y 

rn..„, was originally composed for Pauline OHveros. 
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reasons for its rarity is the difficulty of coordinating a live performer with an 
inflexible control that is inaudible. 

Morton Subotnick is almost the only composer to have dealt with 
this area of live/electronic music. In his composition After the Butterfly 
(1979), for trumpet, clarinets, trombone, cello, percussion, and ghost tape, 
the ghost tape is a control track containing signals used to process the 
real-time instrumental sounds. For example, in the case of amplitude modu
lation the instrumental sound would serve as the carrier, and the control 
signal would be the modulator. 

Subotnick has facilitated coordination in After the Butterfly by pro
viding exact timings in the score and by using a conductor. Subotnick has 
also created musical cues by having periods of unprocessed sound. For 
instance, when, on a long-held note, the sound of the trumpet changes from 
a modulated timbre to a normal timbre, an aural or musical cue is apparent 
to all of the performers. This type of live/electronic music provides an area 
for future investigation. It will undoubtedly become more popular given the 
increased application of digital technology, especially real-time concrete 
computer music facilities. 

R E A L - T I M E  L I V E / E L E C T R O N I C  M U S I C  

The second general type of live/electronic music, involving applications of 
live or real-time electronic sound production and modification, is a vast 
area of contemporary musical practice ranging from solo electric guitar to 
real-time computer music performance. Much of this area has been discussed 
in previous chapters: electro-acoustic instruments in Chapter 9; classical 
studio real-time realization in Chapter 12; real-time performance with syn
thesizers, both analog and digital, in Chapter 13; possible real-time applica
tions of computer music systems in Chapter 14. 

To a great extent, real-time live/electronic music is a performance 
medium, often joining the separate worlds of art music and popular music, 
particularly certain kinds of jazz. Since the middle 1950s, several live/ 
electronic performance groups have appeared and disappeared (and in some 
cases reappeared). The ONCE Group, The Sonic Arts Union, Mother 
Mallard's Portable Masterpiece Co., Gruppo di Improvisationen Nuovo 
Consonanza, FLUXUS, Music Elettronica Viva, AMM, The Gentle Fire, 
Naked Software, PULSAR, Teletopa, AMRA ARMA, and The Negative 
Band are but some of the live/electronic performance groups that come and 
go. While some of these groups perform composed works, usually written by 
members of the group, many bands play improvised music primarily.8 

For further information on live/electronic performance groups, see Gordon 
Mumma Live-Electronic Music," in The Development and Practice of Elec
tronic Music ed. Jon H Appleton and Ronald C. Perera (Englewood Cliffs, NJ: 
F/erAroniJw' wm L \ PP" 315'318, and David Ernst, The Evolution of 
Electronic Music (New York: Schirmer Books, 1977) pp. 176-187. 



Cartridge Music by John Cage 

Composed works for live/electronic performance are usually for 
some type of electronic instruments. However, this is not the case with 
Cage's Cartridge Music (1960). Cartridge Music is really not a composition in 
the traditional sense, rather it is a composed set of instructions for assemb
ling a particular kind of performance. Cage provides the performers (from 
two to twenty people) with printed materials for generating a per ormance 
score by chance procedures. Cage thus broadly determines the process by 
which events happen, but not the specific results. In this way' 
tion is indeterminate of performance. Cage did, however, a 1 1 , 
scribe the type of sounds to be used in Cartridge Music. P^no^h 
cartridges, with various objects inserted where t e s y .' ob;ects or 
microphones are all scraped, rubbed, hit, and so on agains v Drimarily 

used to amplify unusual sounds. This results in an _er\s<; scores. The 
noise sounds that are played by the performers acc°r Wolfman 
result is a rather cacophonous mix of sounds. Like s y experi-
Cartridge Music is very performance-oriented, and is most effectively expen 
enced in a performance situation. 

Reconnaissance by Donald Erb 

Combining live performers of b°th ^ous^1fC ^t^^d recorded 
ments solves some of the coordination pro Qnly concern itself 
performance combinations. In this case, tie & h- t of work is 
with usual performance considerations An example Recon. 
Reconnaissance (1967) by Donald Erb ( • » -an0j percussion, Moog 
naissance is for six performers, playing vio in, » jnten^jon is that the 
synthesizer, and Moog polyphonic instromem. ^ combination with 
Moog inventions should appear simply as 1 orjmarily an instrumental 
Other instruments. As a result, Reconnaissance is prim 
composition. 

Echoes by Joel Chadabe modify acoustic 
Electronic devices are often ^reverberators and filters 

and electronic sounds in real-time. uc d amplification sys^m!', 
are commonly associated with ins^rum ^ in Echoes by Joel Cha a e 
more interesting use of this concep is P golo perf0rmer (a Per^USS*?"?Lj 
(b. 1938, New York City). Echoes is fo Folkways Records) and a digi 
in the commercially recorded version o formance of ^/loes Dai y 
control voltage generator called Daisy. P distributing it am g 
generates the information that locates the 

, . ««The Voltage-Controlled 

"For more information on Daisy see 
Synthesizer," in cuf(s, NJ: Prent.ce 
Appleton and Ronald C. Ferera i 
oynmehuei, »»• ,, 
Appleton and Ronald 
pp. 174-176. 
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the loudspeakers ringing the performance space. Daisy also can determine 
changes in pitch and timbre as well as create slightly delayed playback, or 
echoes. The particular technology of Daisy allows for interaction between 
the performer and the processing system. The reason for this is that the 
output of Daisy is constantly changing, according to Chadabe's design, and 
the performer must react to the changes. For this reason, each performance 
of Echoes is unique. 

A more usual approach to the real-time control and processing of 
acoustic and electronic sounds can be found in several works of Stock-
hausen, most notably Mikrophonie I (1964), Mixtur (1964), and Mikro-
phonie II (1965). In these works, instruments are processed and modified in 
real-time by having an operator, in these works it is usually Stockhausen, 
control devices such as filters, ring modulators, and amplifiers, thus modify
ing the sound. This approach is different from that taken in Echoes because 
it lacks the spontaneous interactions between performer and processor. The 
operator of the processing equipment is another performer, analogous to an 
engineer in a recording studio. This approach is conceptually similar to, al
though technically quite different from, Subotnick's ghost tapes. 

Cybersonic Cantilevers by Gordon Mumma 

There are some works of live/electronic music that resist easy classi
fication. They combine elements in such ways and produce results of such 
natures that they must be individually considered. This applies to Cyber
sonic Cantilevers (1975), by Gordon Mumma (b. 1935, Framingham, Massa
chusetts). Cybersonic Cantilevers involves the use of both live and recorded 
sounds. There are no performers as such; there are participants. The partici
pants are members of the audience who are invited to bring any sound, live 
or recorded, to a control station. There are several control stations, each 
having a microphone, oscilloscope, and stereophonic headphones. The con
trol stations are connected to a central processing system. (The physical dis
placement of the control stations in Cybersonic Cantilevers, as well as the 
location of the processing system, depends on the particular space of a given 
performance; a large area is normally required.) The processing system for 
Cybersonic Cantilevers consists of electronics designed by Mumma for the 
purpose of transforming the input of the participants. The transformed 
material is simultaneously recorded and sent back to the participants 
through the headphones as well as broadcast over loudspeakers at various 
points. The recorded transformations could be recycled as primary sounds at 
a later time. 
• Cybersonic Cantilevers is neither a composition nor a performance 
in the traditional senses of those terms; Cybersonic Cantilevers is a process, 
made possible by electronics, for the transforming of sounds, and the inter-
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action of the people that make the sounds both with each other and with 
the processing system.10 

Several composers who are interested in live/electronic music have 
also dealt with combinations of other media and art forms with sound. The 
other media are usually film or aspects of theater, but they may be literally 
anything from hot air balloons to lasers. Imagination is limitless. Such works 
have been variously referred to as multimedia, intermedia, and lig t so^n 

composition. The audio portions of some of these works have been r®cor ® » 
such as HPSCHD (1967-69), by Cage and Hiller, or L s G.A. (196 ), y 
Salvatore Martirano (b. 1927, Yonkers, New York). Such recordings, how 
ever, can only convey a portion of these works. • . 

The notion of combining different arts is. of ^ 
What made the so-called multimedia works recogmza y ks can be 
combined use of electronic technologies. In this sense, these works can be 
seen to be offspring of the Technology-As-Art movement of he lSeOs. ln 
any event, these works concern themselves with elements that he outs.de 
range of this book." 

ONCOGRAPHY 

Ashley, Robert. The Wolf man. Record included in Source, mus 

avant garde, no. 4. Tracks Epic BC 1118; 
Badings, Henk. Capriccio for Violin and Two o 

Limelight 86055. Qn 
Brown, Earle. Times Five. BAM LD 072, CR Q Q 9 

Cage, John. Cartridge Music. Mainstream 5015; D 
. Imaginary Landscape No. 1. Avakian . 

Cage, John and Lejaren Hiller. HPSCHDNonesuch H-71224. 
Chadabe, Joel. Echoes. Folkways FTS 83904. Nonesuch 71289. 
Davidovsky, Mario. Synchronism No. 

. Synchronism No. 2. CRI SD-204. 

. Synchronism No. 3. CRI SD-204. 

. Synchronism No. 5. CRI SD-268. 

">For a much more * 

Pa" o" .. mmedia.. see David ,̂̂ 2̂ 
11 For more information on multi publishers, 191 J*t^L(j Practice of 

Gordon Mumma, "bwe-E'ec'and Ronald C. rer 
Electronic Music ed. . APP 326-335. 
N.I- Prpntice-Hall, Inc., 19/oJ. PP 
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. Synchronism No. 6. Turnabout 34487. 
Druckman, Jacob. Animus II. CRI SD-255. 
Erb, Donald. Reconnaissance. Nonesuch H-71223. 
Gerhard, Roberto. Collages. Angel S-36558. 
Martirano, Salvatore. L's G.A. Polydor 245001. 
Mumma, Gordon. Cybersonic Cantilevers. Folkways FTS 33904. 
Reich, Steve. Violin Phase. Columbia MS-7265. 
Stockhausen, Karlheinz. Kontakte. Candide 31022; Vox 678011; Wergo 

60009; (tape alone DGG 138811). 
. Mikrophonie I. Columbia MS-7355; CBS 32-11-044. 
. Mikrophonie II. Columbia MS-7355; CBS 32-11-044. 
. Mixtur. DGG 137 012. 

Subotnick, Morton. After the Butterfly. Nonesuch N-78001. 
Varese, Edgard. Deserts. Columbia MS-6362; Angel S-36786; CRI SD-

268. 

FOR F URTHER LISTENING 

Ashforth, Alden. Sailing to Byzantium. Orion ORS 74164. Composed 
in 1973, this work is for tape and electronic organ. Ashforth uses a 
wide variety of concrete and electronic sounds to dramatically interpret 
Yeats's poem. 

Brown, Earle. Four Systems-for Four Amplified Cymbals. Columbia MS 
7139. The score for Four Systems is one of Brown's graphic scores. 
The four cymbals are amplified and the volume is controlled by the 
performer. Timbral modification occurs from mixing and feedback. 

Druckman, Jacob, synapse-* VALENTINE. Nonesuch H-71253. This 
work, composed in 1970, is in two parts. The first part (synapse-*) is 
for solo electronic tape and was composed at the Columbia-Princeton 
Electronic Music Center using Buchla 100-series equipment. The second 
part (VALENTINE) is for solo contrabass. This is a rather unusual 
arrangement, since it completely separates the electronic and instru
mental elements as Varese did in Deserts. 

Hampton, Calvin. Catch-up. Odyssey 32 16 0162. This work by Hamp
ton (b. 1938) is for two pianos and prerecorded tape. The music con
sists of two sets of piano material, one live, one prerecorded. Both sets 
of material use four five-measure phrases referred to as A, B, C, and D. 

he live material also uses a fifth five-measure phrase, E, that does not 
appear in the prerecorded version. Both live and prerecorded sets of 
ma ena are organized into repeating groups. It requires twenty sections 
to be performed before both the live (five-section) and prerecorded 
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(four-section) material catch up with each other. The pianos used here 
are tuned in quarter-tones. 

Ichyanagi, Toshi. Extended Voices. Odyssey 32 16 0156. Ichyanagi 
wrote Extended Voices for live vocalists, slide whistles, electronic 
processing equipment (available on Buchla and Moog synthesizers), 
and prerecorded electronic tape. The work investigates different possi
bilities of transformations of voice and voice-related sounds. 

Lucier, Alvin. North American Time Capsule. Odyssey 32 16 0155. 
posed in 1967, this work uses live voices processed in re^ime by the 
Sylvania Electronic Systems Vocoder. The Vocoder is used to trans 
form the improvised vocal material. _ _ 

Luening, Otto and Vladimir Ussachevsky. Concerted 
carder and Orchestra. This is a two-part wort: wntte® ^1960. 
The first part is by Luening and is charactenzed y gr^ orchestra. 
separation (by alternation) of the concre e aPe sounds as well as 
The second part, by Ussachevsky, uses XX°between live pre-
concri'te material and creates more inte p y ci 
recorded material. (Available from IBU 

Marshall, Ingram. The Fragility Cycles. 04117) The Fragility £* 
Records, 504 Cole St., San F™cfX™riiv with what Marshall calls 
Cycles is a series of works that deals primarily withj a ^ ̂  
"continuous improvisation. The firs ' d d concrete material 
tains (0'00"-7'00"), is a combination of prerecora 
and live vocal sounds processed in real~^im%. rvcles consists of differ-

The remainder of side one of The for the Balinese 
ent versions of Gambuh, a continuing , troniCSi (Marshall has col-
bamboo flute called a gambuh an ive works Marshall plays the 
lectively titled this music Gambuh I.) . to both support and 
gambuh and simultaneously uses ^ t recorders are used to 
process the instrumental solo. In addition, tape 
provide tape delay effects. Marshall deals with two principal 

In composing The Fragility Cyc ., electronic soun 
concerns: the interaction between material. 
sources and the blending of tape a Moss (b. 1927, Los Angeles) 

Moss, Lawrence. Auditions. CR1• SD"3^nd uintet and prerecorded tape-
composed Auditions in 1973 fo[ Xa^es with familiar quotations. The 
The music deverly mixes abstract Phr^dT to effectively enlarge the 
tape uses concrete and elec ron 
ensemble. .. Computer. Compose in 

Randall, J.K. Lyric Variations for Via Imated metronome trac o 
1968, Lyric Variations uses a computer g 
coordinate the violin and tape. hoU+ TV S 34428. ™ 

Subotnick, Morton. Lami"atl°"*tra bitten between 1966 an 
large work for tape and orch 
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tape part for Laminations is identical to Part I of Silver Apples of the 
Moon. The tape plays continuously in this work, and coordination with 
the large orchestra is achieved by using exact timings for the conductor 
and careful, but fairly conventional, notation in the written score. 

LIVE/ELECTRONIC PERFORMANCE ENSEMBLES 

AMM. AMM Music. Elektra (England) EUKS 7256. 
. Live Electronic Music Improvised. Mainstream MS 5002. 

Gruppo de Improvisazione Nuova Consionanza. RCA Italiana MILDS 
20273; DGG 643541. 

Musica Elettronica Viva. Live Electronic Music Improvised. Mainstream 
MS 5002. 
. The Sound Pool. BYG 529 326. (Promodisc, 20 Rue Louis-Philippe, 
92 Neuilly-sur-Seine, France). 

Nuova Consonanza. Improvisationen (1969). DGG 137007. 
. Improvisationen. RCA Italiana MILDS 20243. 

Sonic Arts Union. Music for the Venezia Space Theater by Gordon 
Mumma. Advance FGR-5. 

VORTEX. Folkways FX 6301. 



PART 

The Art of 
Electro-Acoustic Music: 
Interviews 
with Composers 





16 
INTERVIEW WITH 
LUCIANO BERIO 
Thema: Omaggio a Joyce 

y» 

C» 

Schrader: Why did you select this particular JoJc® te*t f°"j^atopoeia in 
Berio: In the years 1957 and 1953, I the'texts that we were 

p o e t r y  w i t h  U m b e r t o  E c o . A m o n g  J ^  ^  ̂  
studying were several by Joyc . homage to onomato-
enth chapter of Ulysses is, in a y,  entire chapter, 
poeia, and can be regarded as poetry^ more specificaliy, 
Sirens, is actually an homage • beginning is 
to the idea of a Fuga P^anonem^n ta ^ [that] 

a concentrated, emblema 1 P exposition, Joyce 
will be developed in the chapter.by maki 

transforms language into musi performance, such 
reference to specific procedu es of music* ^ ^ 
as glissandi and trills, but also by Qn the level of 

mental to poetry and mus.m Any j was fasci-
expression is a change on the l network of meanings in 
nated by the very intense and bgtween that exposition and 
that chapter and by the relat tekcn by the overall musical 
its full development. I was * Qf musical process 
nature of the structure. There 
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Luciano Berio. (Photo by Philippe Gras) 

Schrader: 

Berio: 

180 

that goes from the relatively simple exposition of words to 
noise, that is to the moment where everything is saturated by 
sibilant sounds in a kind of cadenza on the white noise 
quality of the "s" sound. 
How did you go about interpreting the text for composi
tional purposes? 
I made a selection of elements, preserving the important 
themes that will have a relevant development in this chapter 
of Ulysses. I created a hierarchy of importance among these 
elements, dictated by their acoustical and articulatory nature. 
I decided what things in the text could be discarded and what 
things were relevant and important. This procedure, of 
course, is nothing new; it is common to much older music. 
Composing with a text is always a problem of how to con
struct a musical form with words without destroying the 
text. What I emphasized and developed in Thema is the tran
sition between a perceivable verbal message and music. And 
so, in the choice of words for a particular section of the 
piece, there was a close relationship between the meaning and 
the sound of the words. In Thema, I transposed to a differ
ent, and perhaps higher, level, that which already exists in the 
text. I didn t "set to music"—what a disgraceful expres
sion!—a text by Joyce; rather I extracted music from it and 
developed it in a way congenial to the text itself. 
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Schrader: Why did you choose to do this work as a tape piece rather 
than as an acoustic work? 

Berio: Because of the types of transformations I wanted to achieve. 
But, of course, I could think of these transformations only 
because there was an electronic music studio. At that time, 
techniques and procedures were quite time consuming. 
Everything was done by cutting and splicing tape, and there 
was a great deal of testing and trying out of ideas. The 
amount of transformation that I wanted was possible only 
through these means. In order to create certain ®°™e 

sounds had to be copied sixty, seventy, and eighty times 
and then spliced together. Then these tapes Ilad to >e ,copied 
further at different speeds in order to achieve n 
qualities more or less related to Cathy Berberian s original 

and from a syllabic to a phonetic view of the text . 
Schrader: How do you feel that the particular technology of 

influenced the style of Thema? 
Berio: Certainly 1 was bound and conditioned by whaU had. The 

general idea of the work, however, "„as really a 
I didn't surrender to the difficulties^ At 1times, *,g 

close fight bet7e^nhXnspenHeveral months of my life 
surprising now to think that p m of the same 
cutting tape while today ^ ^ computer. In this case, 
results in much less time y ibiUties of shifting from 
the overall approach to the p 
poetry to music would be ' t problem. Usually, a 

Of course, that brings i* adrffin coroposi„g 
work of music is not p musical idea forces the 
a piece, there is always a shiftdirection lt 

meaning of the work t „iwavs some conflict between 
being composed. There wa d the desired musical 
the reality of technical possibility an 

idea. structure of Thema? Was it the 
Schrader: What determined the overal osed on the text? 

text, or was it the structur y ^ ̂  structure of Thema 
Berio: Both, but mainly the te* • jQyce,s original text, like 

can also be seen as a blowup . the microscope. But 
looking at some of lts .pa^ ade up of the many acousti-
the structure of Thema is also .mad Pent meanings relative 
cal transformations tou l"g "^sition from poetry to music 
to the text, resulting in the trans, 

y 
•rA 
si 
c\i 

-J 



182 the art of electro-acoustic music: interviews with composers 

Schrader: 

Berio: 

Schrader: 

Berio: 

Schrader: 

Berio: 

Schrader: 

Berio: 

[and] back again to poetry. The purpose of the structure was 
to provide a framework for an aural journey [that] would 
allow one to rediscover the words in a completely different 
light. The words generate their own context. They are the 
subject and the object of a process of transformation both at 
an acoustical and semantic level. 
Does the piece have any extramusical significance because of 
the use of words? Is it a dramatic work? 
I'm never concerned with specific extramusical significance, 
although I know very well that music does not exist in a 
limbo and that we cannot perceive music without being 
involved with intellectual emotions and without making 
associations with sentiment and feelings. But I'm certainly 
not planning the representation of these emotions and feel
ings with sounds. Thema is dramatic simply because any 
musical experience is, in a deep sense, dramatic: it deals with 
meanings, of whatever nature, in time. 
Why did you choose not to include any electronically re
produced sound material in Thema? 
I wanted to reach a degree of transformation where the tran
sition to electronically produced sound would have been 
almost natural. This was part of the discipline of the work. 
But, at the same time, I must confess that in Thema the use 
of electronic sounds could have given me problems of struc
ture that I was not then equipped to cope with. 
It has been over twenty years since you composed Thema. 
How do you now view it with regard to your current work, 
and also with regard to its place in the literature? 
It was a fundamental experience that contained the seeds of 
many other developments. In fact, dealing with Joyce, deal
ing with this specific work, I became more involved with the 
miraculous relationships between sound and meaning. My 
next tape work, Visage, composed in 1961, further explores 
these meanings by connecting certain aspects of speech 
stereotypes, gestures, and nonverbal material with electronic 
music. 

What is your current interest in electro-acoustic music? 
Right now I am involved in using a new system, a digital 
sound processor developed at IRCAM by Peppino Di Giugno. 
This also involves the use of computers. I'm not interested in 
the computer as a musical instrument, but rather as a proces
sor of sound. In the musical use of a computer, it is the input 
that counts. 
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Schrader: Do you have any thoughts on the future of electronic music? 
Berio: I think that the electronic tape piece is dead. It is useful only 

for personal research purposes and it should be kept either at 
home or, if it is soft enough, in a restaurant. The relevance of 
electronic music was in creating a bridge between the familiar 
and the unfamiliar, the known and the unknown. Electronic 
music certainly opened a new and important experience in 
music. This experience is still a very important one, as long 
as it allows for coherent connections between the macro-
structure and the microstructure. The new sound P^c^sors 
are the answer to the future of electronic mus1^; Electronic 
music on tape sounds to me, at best, li e a so 
worst, it is a garbage-sound-collector. 
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INTERVIEW WITH 
PAULINE OLIVEROS 
I of IV 

Schrader: 

Oliveros: 

Schrader: 

Oliveros: 

Schrader: 

How did you become interested in composing electronic 
music? 

I have to attribute the first motivations to my mother: She 
gave me my first tape recorder. This was in 1954, shortly after 
ape recorders became readily available. I recorded everything 

C°^1 T 1 ^egan to change speeds and play things back-
war s. didn t know about tape music at the time, but I was 
rascinated by the possibilities. Eventually I heard some of 
tap^ medium^ S mUS*C' * began to seriously explore the 

What kinds of tape music interested you? 
i beginning, I was interested in just about everything I 
heard because it was all new to me. That changed, of course, 
tualixr6?am? more involved in making electronic music. Even-tmmy I got so involved in composing that J was most ^ 
estea in my own work. 

m usicaTs ty 1 e?^ expenence mth electronic music affect your 
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Pauline Oliveros. 

Oliveros: I think my experience with electron music 
my style. In the first P^ce, . wasn-t possible to 
ated from traditional notation «ecau working with 
notate the sounds that mteres e m • ^ overaii 
things like pitch or rhythm, but ratherwi ^ ̂  ̂  
quality of sound. I also adaP , d time without 
pauses of time. Working with /^"^tory for me. 
reference to any notation, opened up new taratoy 

i  nf T V  deals with these long time spans, 
Schra d e r :  Y o u r  c o m p o s i t i o n  I  o f  I  c h o o s e  t o  d o  I  

yet it is a real-time composition. Why did yo 
of  IV as a real-time work? important thing for 

Oliveros: Ever since I began composing, d ! always 
me has been to be in contaC'^t0 what I was writing, 
listened very carefully m , Djano In my studio work, 
Often, I worked things out atworkyin a way that 
I wanted to bypass editing, j could 5e close to 
was similar to a performance. In t is way, 
what I was doing. University of Toronto Elec-

Schrader: / o f  I V  was composed at th dassical electronic music 
tronic Music Studio, which 18 or ditficulties in com-
studio. Did this present any pr 
posing I  o f  I V ?  « rporonto Studio was a 

Oliveros: At the time, 1966, the U"™™* and it had excellent 
blessing. It was beautiful, we" kafadvance over what I had 
equipment. That studio wasa 8^.^ Tape Music Center, 
been working with at the S War n surpius equip 
which has been put togethe 

r-
ci  
4 
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Schrader 

Oliveros 

Schrader: 

Oliveros: 

Schrader: 

Oliveros: 

ment; Don Buchla's system had not yet been installed. So, 
rather than causing difficulties, the Toronto studio made 
things easier. I had already developed ways of working in real 
time with classical studios. 
One of the interesting features of I  o f  IV is the use of combi
nation tones. Why did you decide to use them in this piece? 
That was part of my invention. It was a way to work and 
also a way to get a lot of material from relatively few sources. 

My original interest in combination tones came from my 
experiences as an accordion player. Combination tones are 
fairly easy to produce on an accordion, and they always 
fascinated me. I used to think how interesting it would be 
if one could hear the combination tones without having to 
hear the original generating tones. I tried it, and, lo and 
behold, I couldn't hear anything! I wondered why, and 
decided that the combination tones were there, but they 
needed more amplification. So I stuck another amplifier on 
the line, and bingo—I got my combination tones. Suddenly 
I had a huge range of things that I could do with amplitude 
and frequency modulation. 
One of the most noticeable features of I  o f  IV is the repeti
tion caused by the use of tape delay. What is the function of 
this repetition? 

The repetitions are obvious; they are not the most important 
ing. More important is the function of the delay system 
u L°f the delays repetitions that you don't hear as 

n / C  t v ,  W e f e  m a s ^ e d  b y  the  w &y I  sus ta ined tones  in  I  o f  
iv. the sustained sounds are most important because they 
allowed me to create changes in the quality of the material. I 
was a e o get different kinds of reverberation as well as an 
accumu ated layering effect. Some of the delays were very 
ong and afforded me long decay times, such as in the long 

ostinato at the beginning of the work. 
What would you like listeners to hear in I  o f  IV? 
I think the piece is very sensual. 
r in t 1  ^  making I  o f  IV,  I was also listening to it. I was 
nding with it as it came out and I was enjoying it 
I O I ? e  P ° i n t  t h e  p i e c e  t h e r e ' s  a  r a t h e r  c l i m a c t i c  s c r e a m -
WhpnmH,°t Lthat sweePs through most of the audible range. 
inrrpH M3 !?g started coming out, I didn't expect it; it was 
at th»J If ^ fery del«htful. I was laughing and was amazed 
Piece I ^.1C,Uiarum°ment' and 1 stiU enjoy that part of the 
sompthino vv «. pe that °ther people might experience 
something hke that  when they l i s ten  to  I  o f  IV 
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Schrader: Are you still interested in electronic music? 
Oiiveros: I'm as interested in electronic music as I am in any other 

music, especially if it's good music. For some reason, how
ever, I'm not interested in going into a studio anymore. I m 
not sure why. During the last ten years, I've been interested 
in meditation techniques and in working directly with people. 
I guess I prefer the contact of nice warm bodies to the cold 
isolation of a studio. 

Schrader: Do you have any thoughts on the future of electro-acoustic 
music? 

Oiiveros: I think that people who are now growing up are "scd to elec
tronics They relate more naturally to electronic instruments 

they wU. probably design future electron^ instruments 
that are more suitable to human beings 1tha" °™ 
ments are There still exists a gap that has to be bridged. 
Synclavier, for instance, is all right as a keyboardtog 
you can't relate to it as intimately as you can tcM>««phone 
or a guitar. I would like to see the development of better 
human engineering in electro-acoustic music instruments. 

y-
zi 
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INTERVIEW WITH 
MORTON SUBOTNICK 
Until Spring 

Schrader: 

Subotnick: 

How did you become interested in composing tape music, 
particularly electronic music? 

icjR«ntrereSt in.tape music came through the theater. In 
,, ' was ^ving in San Francisco and writing music for 

e ^or s W°rkshop. I composed a musique concrete 
score for a production of King Lear. I thought that musi-
rq^,ei^C°nCrete would be good for the theater because it 
mnc- COme out the play rather than being incidental 
HI UolC •  

hilH-fter fh4.at' 1 became addicted. I began to see the possi-
er iQleSJ- mus*c- Producing music with ataperecord-
thp rf • T s^ud^° ar*t- This is similar to the studio art of 
pnvim'" °ne can Produce a finished work in a studio 
comnlpf11^11 ben the work leaves the studio, it is the 
likpd K 6 w°rk- No reinterpretation is necessary. I als0 

writpq fT* a?le t0 Work directly with the sound. If one 
whereas its necessary to imagine the sound; 

ape composition, one deals directly with the 
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sound material. There is a kind of physicality in working 
with tape music. , 

rader: What were the important characteristics o y 
electronic music? WjJd 

o,„ick: The early records, Silver TuricTn Ze sZ e 
Bun, were kind of ^ Tpeo^'s homes, 
that chamber music would be p y and j had an 

These works were conceived f ture chamber music, 
image of the record as e1^ f ieces that could 
These records were not recoran g 
exist in another format n ^ kinds 

Silver Apples of the MoonandThe t ,magined 

of tone poems. They are h .^t voyage. The Wild Bull 
Silver Apples of the Mo°"* he™ the sense that " ̂  
clearly deals with a mythic th ^ Unguage that gets 

back to beast-man qualities in 
. . uoi lancniaee. 

rader: 

developed is a preverbal language. £irst eiectronic 
The Wild Bull and Touch app timbre M a thematic 
music works m which youi deal yQUr procedures in 
and structural eleme" ;i bres in these works? 

Morton Subotnick. (Photo by Carlo Carnevali) 

M 
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Schrader: 

Subotnick: 

v •'». 

Schrader: 

Subotnick : 

Moon and The Wild Bull are almost orchestral works; they 
could have been realized with instruments. After The Wild 
Bull, I decided to move away from this approach. I wanted 
to create music that would be more particularly electronic 
and also more record-oriented. 

In Touch, I used two main timbres. One is electronic 
and percussive. The other is the spoken sound of the word 
"touch." The word "touch" and its individual phonemes 
"t," "ou," and "ch" exist in the piece and also serve as 
models for the envelopes of the percussive electronic 
sounds. These sounds are almost thematic in the work. But 
it's not just timbre that creates these effects, it's an entire 
series of shapes derived from the "touch" sounds. Then I 
added the qualities of "touchness" and "not-touchness'' 
as they generated themselves through the act of composi
tion. These qualities develop almost programmatically and 
create a sense of structure. These were the main concepts 
of the piece. 

Is this approach to timbre still in evidence in Until Spring? 
In all of my electronic works from The Wild Bull on, I 
used one or two primary timbres. I would create a kind of 
instrument" and then look for a contrasting sound, just 

as an older piece would have contrasting themes or 
motives. There would be several variations, but they were 
a ways clearly related to the primary timbres. 

imbrally, Until Spring is probably the purest of all my 
eec ronic works. It's almost like a sonata allegro form. 

ere are two main timbres: the percussive timbre, which 
is primary, and the other, nonpercussive timbre, which is 
derived from the first. 

•Spring? ^m^re' what other elements are important in Until 

The timbres in Until Spring aren't really important to me; 
T thiJt ^tllere- * don't think that music is about sound. 

timKr • * sounc* *s carrier of music and, similarly, 
Thf/V e^arner °f what's important in Until Spring-

m rij ' y way> is why I worked with film and other 
in tim S j eheve that music is the way you move things 
medium311 alS° the way to change aspects of time. Other 

TIZr' SUCh 38 film- can be a ^nd of™*-
found « * n0t Pfimary element in Until Spring
time tho lm rf would allow me to move things in 
Until «?n^Vay • 1 wanted- The most important thing'" 
Mil Spring IS the quality of stretching: a quality of 
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energy being expended. The particular sounds, which are 
usually short, are used to allow the movement to be easily 
perceived. 

Until Spring is a stereo piece, and I imagined that the 
space between the two speakers was a kind of space 
canvas," and that I was literally stretching things and 
pulling things from place to place across this canvas. 
Until Spring is like kinetic sculpture in sound. I found 
the right timbre that would allow me to do that. The most 
important element in Until Spring is the kind of energy 
that's being expended, and it manifests itself in what is 
ordinarily called rhythm, or durational qualities in time as 
they move in space. 

Schrad.r: Until Spring is the fourth work in your Butterfly series, 
works dealing with the butterfly as a metaphor fo; com
position. What is the meaning of this metaphor and h 
does it specifically apply to Until Spring? 

Subo.nick: I believe that music, as well as other things is the result of 
nowerful metaphors. The particular music of any given 

twelve-tone technique, chance mi ,, ssifurass sgs, -— 
didn't provide sufficient d P • 'ther> i decided to a,™ rsr.»"4 ~ .x" 
back into my earlier life. Qn Untii Spring, I was 

At the time that I was work g ^ ̂  Butterfiy_ 
also writing an orchestra pie ^ emergence of the 
Both works dealt with the p ^ ̂  j was at that 
butterly from the cocoon, an ^ Qf an elixir of my 

point in my life. Untl1^ k„eW what my music and my 
electronic music. I final ^ become a butterfly, andI so 
life were about. I was abo t of emergence, that 

rln^fw=seof:hat things were all about. 

¥ -

si 
A 



192 the art of electro-acoustic music: interviews with composers 

Schrader: 

Subotnick: 

Schrader: 

You speak about "becoming" as an aspect of Until Spring. 
In Part II, if one regards the changes in timbre from sec
tion to section, and the relationships of important pitches 
from one section to the next, a kind of linear hierarchial 
process seems to take place. The timbre is developing into 
its final state, and the pitches predict certain harmonic 
movements or resolutions. Are these things what you refer 
to as the "becoming" quality of the music? 
Yes. The progress along the way is the becoming part of it. 

The fact that you picked up on the timbral and pitch 
development has to do with the fact that our ears are 
trained to hear those parameters as primary, at least in 
Western music. But, as I said before, what I'm really deal
ing with is the movement of energy. 

There are three kinds of energy in Until Spring. One is 
no energy, static energy. That takes the form of long 
notes, heard at the beginning of the piece, which are very 
beautiful but have no tension. You don't feel that they're 
going anywhere or that they've come from anywhere. 
Then there is the "becoming" energy, which manifests 
itself in moving from slow to fast, soft to loud, low to 
high, and so forth. It's a kind of energy that is moving 
rom one point to another, sometimes only by implica-
f«KAnd ,^hen.there's a third energy, which is the energy 

o being. This almost doesn't exist in the piece because 
e whole idea of the work is to exist on the verge of 

eing. Occasionally this state of energy does exist, as at 
e end of the piece when the whole thing emerges into a 

giant major triad. Also, the rhythmic activity, which has 
een becoming and moving towards something, finally 

ecomes at the end of the piece. It's pulsating in such a 
Wa~, . at ^ could not be moving anywhere. 

is energy of "being" is different from the static 
energy at the beginning of the piece because the whole 
Piece has been moving towards it. There is a constant 
ecrease m the tempo from the beginning to the end of 

about ten percent. This creates a gradual 
.10n °wafds something. As the piece progresses, I add 

armor|ic and rhythmic accents. These accents 
case0' ° pro.c*uce w^at the butterfly will be, which in this 
fm™ 1S mus*c' and moves, especially in the second part, 
D PUre ener£y to an older form, which is music. 

ing IMti^Spring? SUggest*ons ^or listener in approach-
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Subotnick: 

Schrader: 

Subotnick: 

Schrader: 

Subotnick: 

Schrader: 

Subotnick: 

Besides just listening to it, I would suggest that the listener 
try to feel the energy movement. 
You have been composing electronic music for twenty 
years. How do you feel that the technology you've dealt 
with has influenced your style? 
Well, that's hard to say, because it's conceivable that my 
style has influenced the technology. 

I worked with Don Buchla in the very early stages of 
synthesizer development. The first Buchla synthesizer was 
actually designed for me in order to do Silver Apples of 
the Moon. The Buchla synthesizer was tailor-made to suit 
my style, my concept of electronic music. But as I changed 
over the years, the synthesizer didn't change. The concept 
of the synthesizer hasn't changed radically, even with the 
newer digital systems. I'm not sure, but that may be one of 
the reasons I've gone back to instrumental music. 
What are your current interests in electro-acoustic music. 

At the moment, I'm interested in using 
both sound sources and control devices. I ve beenJ°* ̂  
with location, frequency shifting, and gating but^using 
instrumental rather than electronic sounds. I ve moved 
away from tape music as such. 
What are your thoughts on the future of eiectromc music. 
I can answer that in two ways: I can say what I think 

going to happen, and what I ^ big in. 
What I think W1" music composed by 

crease in the amount ol like ^hese 
using computers, analog syn es^ • homes> festi-
pieces will be played in aud .' is ordinarily heard, 
vals, and other placess w this music> just as 
There will be a modest following 
there is for other specialize 1 ^ notion j think that, as 

a result,"music wil" become -^conservative stylish 

growthTn"the^arTof'music 'because of the separation and 

specialization of electronic Js that composers be-
What I would like to see PP^ Sometimes composers 

come like artists in any ° -ometimes they would use 
would use electronics and s^~onic music as part of 
instruments. 1 would like to s«£££* t don't see that 
the whole of making music. Unfortun 
as happening. 

i»« 
:tl 

•til 
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INTERVIEW WITH 
JEAN-CLAUDE RISSET 
Mutations I 

194 

Schrader: How did you become interested in computer music? 
Risset: My call to music occurred long before I heard of compute] 

I studied piano with a wonderful teacher, Robert Trimaill 
who had learned from Cortot; later, I studied harmon 
counterpoint, and composition with Suzanne Demarquez ar 
Andre Jolivet. 

1 alwayS had a vivid interest in timbre, and I was intrigue 
y e act that certain timbres could or could not lend then 

se ves to certain musical ideas. I am very attached to instr 
intJ1 H' bUtA 1 am Very conscious of the limitations the 

, ° uce", so' my interest in timbre, as well as m 
extensive background in mathematics and physics, itseeme 
ranf n*J.ura* ^°°k to electronic music. However, I soon bi 
contr , .s^ppomted because I felt it afforded less musici 
orpan° f an lnstrumental music. One could select from a 
with mm sounds> but controlling them was difficult, eve 
the n ™puter-aided compositions. Now, when I heard abou 
sounder8 ,mplemented by Max Mathews for synthesizin 

y computer, I realized that only such a process coul' 
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Schrader: 

Risset: 

afford the desired refinement of control over sound^I was 
fortunate to be able to work with Mathews in 1964-65 and 
again from 1967 to 1969. Since that time, I have been incur-
ably infected with the virus of computer music. 
Do you feel there are any fundamental differences. between 
electronic music composed with synthesizers and compute 

VeTfdo; orrather, I 
the kind of computer musi number of composers 
music composed with synt en elaborate synthesizer, 
use the computer simply as my ears; the sound 
Most synthesizer music is a turn . «dead em-
is too mechanical, too dull too epetitm^ feeling. 
balmed," as Varese put it. I; do® but the computer, as a 
Much of computer music !s the> sam . ^ abovc all, more 
tool, is more powerful, more p ^ ̂  bg shaped so M 

flexible than a synthesizer. aesthetic concern about 
to be sensitive and congenial to an aestn 

the sound. svnthesizers is too general to 
Of course, what 1 said abou y ^ Qf synthe5izers. 

be true. There are skiJled ™ f rather restricts the sonic 
Yet, to me, the analog synthes^ .nstrument.like perform-
possibilities, and biases them toward compos-
ance, whereas the compute: can open 
ing, Shaping, and sculpting the sound. 

A 
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Schrader: 

Risset: 

Schrader: 

Risset: 

Schrader: 

Risset: 

in principle, recent digital synthesizers are different from 
analog synthesizers in that they retain the precision and 
power of the computer while permitting real-time operation, 
which can be invaluable. However, the temptation of prolix
ity is great, and the pressure of real-time performance is not 
easy to cope with. For me, digital synthesizers are still in 
their infancy since their software, which really determines 
how you can use them, is not yet advanced enough. 
How does your composition Mutations I [see Figure 19-1] 
reflect these distances between analog synthesizers and com
puters? 
Mutations /, composed in 1969 at Bell Labs with the com
puter, could not have been realized with analog synthesizers. 
Many sounds it contains are, I think, more lively, more com
plex than could be obtained with synthesizers. The sounds 
that seem to go up indefinitely could not have been pro
duced by analog means, because the oscillators could not be 
tuned one octave apart with enough accuracy and stability-
Also, there is not a mere collection of sounds, the sounds are 
related. The way they are shaped internally is part of the 
composition of the piece and this is exemplified by the rela-
lon between pitch and timbre. In a brief serial section, the 

amplitude envelopes determine the rhythmic, agogic, and 
amp 1 ude aspects of the music; and such internal relation
ships can evolve gradually. 

How does the title Mutations refer to this work? 
The title Mutations refers to the gradual transformations 
w ic occur throughout the piece, and to the passage from a 

scon muous pitch scale, at the beginning, to the pitch con-
T^m,JnJhe laSt part There is a transition between the 
harmrfn ^ 6 continuurn, in particular through a process of 
ire of 6Ve opment> which causes the successive harmon-
hflrmnn n^tes of a chord to come out- The higher the 
finallv H° °i'• the finer the pitch step' hence the scale 

cent nf th° VGS mt°.the continuum. This process is reminis-
to reinfor^ USG °f p.*pes tuned to harmonics of agivenp'tch 

the ninr ,G °r ™odlfy its timbre, in the "mixtures" stops of 
tions/ rgan' ese stoPs are also called "jeux de muta-

tions? G S°me °ther examples of transformation in Muta' 

the dissohif?mPlep°f transformation in Mutations, related 10 
on of quantized steps into a continuum, is 
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Risset: 

gradually increasing deviation from initially fixed pitch steps. 
This becomes a pitch inflection, then a strong erratic devia
tion, then, at the end, a narrow band of noise that is some
what reminiscent of a distant chorus. Also, the initial chords 
unfold into twelve-tone rows that, so to say, proliferate into 
dissolution. And chords made up to harmonic tones are trans
formed into inharmonic gong-like spectra. 

Schrader: What is the relationship between pitch and timbre in Muta
tions? 
In the transformation of chords into inharmonic spectra, the 
relationship is very close. The timbre of the gong-like clang 
is a kind of shadow, a prolongation of the harmony of the 
chord. Although one cannot hear the components of 
the clang, the relationship of the components to the chord 
is immediately clear to the ear. 

In the harmonic development of a chord, depending on 
how the successive harmonics develop and what their dynamic 
contour looks like, the harmonics can be heard as arpeggios 
or as continuous textures. The timbres of ^ese texture" 
are the result of the pitches of the chord. Therefore the 
timbres are a consequence of the pitches. [See Figure 19-1. J 
One is struck by the wide variety of timbres that exist in 
Mutations. Why did you choose to create this variety. 
The variety of timbres in Mutations I re^ts "^5^ 

TZ compu^t tsẑ ts rr.£.iirsss* 
Schrader: 

Risset: 

i<«• 
:it 
is! 
:n 
n( 
4<* 
a 

Sine wave components 
(gong-like sound) 

Time 
(sec) 

Starting »• ** Black notes -  sh0^_^_^^eSI(Vcerescendo, decrescendo) 
0  5  ° * <> 9 1.0 1.1 1.4 white notes -  swelling envelope (crescen 

19-1 Musical excerpt from Mutations I. represented m Q 
conventional notation. 
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Risset: 

Mutations I was commissioned by the Group de Recherches 
Musicales of the French Radio. The aesthetics of the Groupe 
favors richness of sound, and tends to reject what has been 
called the "sequencer syndrome," "electronic note mill," or 
the "sewing machine music," which are all too common with 
synthesizers. I tried to show that one could avoid these traps 
with the computer. 

Schrader: Besides pitch and timbre and their specific relationships, 
what other elements are important in Mutations? 

R isset: The rhythms are not organized independently, but rather with 
relationship to the pitch and envelope structures. I exten
sively used rhythms made up of three or more different 
pulses with a common multiple so that the pulses would 
diverge and converge again. Actually, the synchrony is im
perfect in order to create a feeling of bounce and multiplicity. 
I also worked hard at trying to convey a sense of varied 
dynamics. 

Schrader: The general shape of Mutations and the type of changes that 
take place remind one of the theme and variations principle. 
Is this idea structurally relevant to the work? 
Yes, definitely, although the piece includes continuous 
evolution and gradual transformation as well as separate 
variations. At the end of the work there is a kind of memory 
recapitulation of the initial elements and their transforma
tions. This recapitulation does not happen separately but in 
superposition with the final glissando. Either of these events 
can be heard as background or foreground. 
What suggestions do you have for listening to Mutations'? 
The piece should be heard on a good playback system. Repro
duction systems that are adequate for recordings of instru
mental music can fail to do justice to works of computer 
music. It is difficult to mentally compensate for distortions 
introduced by mediocre playback systems in so far as one has 
no mental models of the timbres. 

Apart from that, I have few specific suggestions for listen
ing to Mutations /. The volume level should be loud enough, 
ye not too loud, so that the beginning is energetic but with-
PU.. I like the piece to be performed in a large, live 
, ' ^ a v^riety of conditions is possible. The piece is not 
1 ICU t to listen to; some gestures are quite clear and one 

pdaceGaS^^ ^ aware certain sonic processes that take 

Has your compositional style changed greatly in the years 
since you composed Mutations? 

Schrader: 

Risset: 

Schrader: 
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Risset: I think my compositional style has evolved rather than 
drastically changed. Since composing Mutations /, I think 
I have continued to pursue similar goals but I have also 
tackled a domain that was an early concern of mine: the 
interaction between fixed tape and live performers. This is 
the main theme of my piece Dialogues, where the relation 
between the instruments and the tape is at first one of 
diaphony, echo, response; but it gradually evolves into one 
where the tape prolongates the instruments or emanates from 
their timbres. This close intertwining of instruments and tape 
is also pursued in my recent piece Mirages. In another work 
of mine, Inharmonique, there is a quasi-theatrical confron
tation between the soprano and the computer tape. In 
Inharmonique, sounds emerge from noise, then the voice 
emerges from the tape sounds, flourishes, and is eventually 
sent far away and buried under the tape sounds. The title 
"Inharmonique" refers to the systematic use of synthetic 
tones made up of precisely controlled inharmonic partials. 
Such tones are composed like chords, and they can e^heJ 
fuse into single-pitched klangs or be diffracted into fluid 
textures. I believe that the control of inharmonic partials 
is a good example of the possibilities afforded by the com
puter to control sound structure in music. 
You have been involved with computer music ^ several 
years and you have experienced several technologic^! 
changes. How do you think the technology of computer 
music has affected your compositional style. 

In general, I think the computer has given a 
live toward completely formalized processesthatcanbe 

serosa: -
implications of this situation. 

Schrader: What are your specific interests at.theinterests 
Risset: My present concerns involv robiems of the aural 

For example, I am interesj«l organize its percep-
analysis of sound. How o aural entities; when 
tions? When are components1tusea jnteraction give 
are they heard as magma; when does theo
rise to specific qualities? natllrainess How can one pre-

Another problem is that of "f'^'^rn-off" to the ears? 
vent a synthetic sound from being ^ duration. 
Natural sounds evolve and change dunng 

Schrader: 

Risset: 

:4 
i* 
:« 

A 
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Adequate programming structures that take such phenomena 
into account are necessary for the production of sounds with 
natural and sophisticated timbres. 

With the advent of special digital processes, one will be 
able to control parameters of synthetic sounds in real-time 
via performance on a musical instrument. This raises the 
intriguing question of how to best "warp" instrumental 
gestures, how to use the elaborate and subtle musical skills of 
instrumentalists to control parameters different than those 
they are used to attending to. 

The computer gives us access to the continuum of sound; 
does continuum imply indifferentiation? Are discrete cate
gories, quantizing processes, scales, familiar prototypes essen
tial to precise perception, hence to music, susceptible of 
elaborate listening? Is timbral space continuous and 
homogeneous, or does it contain sensitive areas, sharp edges, 
preferred dimensions? I am interested in the musical explora
tion of such issues. 

Schrader: What are your thoughts on the future of electro-acoustic 
music in general, and of computer music in particular? 

Risset: First, although one likes to think that ideas lead technology, 
things evolve in a more dialectic fashion. The explosion of 
digital microelectronics will no doubt influence strongly the 
nature of electro-acoustic music, but what this will imply 
musically depends upon many factors, including economic 
ones. 

Electro-acoustic music has often developed as a separate 
branch of music where some amateurs have channeled their 
musical creativity. Yet I find this schism regrettable as I think 
that electro-acoustic means are often too rudimentary, 
especially those that the amateur can afford. The expan
sion of digital technology could help bridge the gap between 
electro-acoustic and instrumental music. 

Digital systems should become more accessible to the 
extent that they will be private tools for the independent 
composer. Also, such digital systems will not by themselves 
wor miracles. They will be demanding tools, especially if 
one wants to take full advantage of their possibilities. 

n e-,f°ng ran§e> tlle expansion of digital techniques in 
S1C ^ .pr°hably have far-reaching consequences beyond 

^sslonal scene. It is possible to develop digital sys-
s a can be used in a variety of ways from a record-

player situation, where the "performer" has minimal control, 
n ins rumental situation where the performer has total 
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control but is also subjected to considerable demands. Be
tween these two extremes one may have many different 
types of control, like the situation of the conductor who 
does not produce all the notes but who, (it is to be hoped,) 
performs significant control. Such a system could offer 
genuine musical responsibilities to the user without neces
sarily demanding from him a professional technique. This is 
Utopia, but making such systems available to the public 
might restore contemporary musical practice; it would help 
fill the gap between the amateur instrumentalist and this 
music, which they currently do not relate to their musical 
practice. In this case, the professional musicians could make 
proposals of pieces to be played as such, or to be completed 
or assembled in a variety of ways, and there would be a con
tinuous gamut of degrees of initiative or responsibility that 
the listener-performer could take. Even if such systems do 
not become widespread among the public, they should offer ^ 
to the musicians new and challenging situations. Needless to ^ 
say, the design and implementation of such systems w.lltake ^ 
considerable ingenuity and know-how. In fact such deve p • 
ment is dependent upon electronic, Psychoac°"S?£ ^ 
musical research; but at the present pace of investigation, the ^ 
prospect is promising. 
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INTERVIEW WITH 
GORDON MUMMA 
Cybersonic Cantilevers 

Schrader: How did you first become interested in electro-acoustic 
music? 

Mumma: Several incidents occurred in the late 1940s. My father 
bought a record player for the newly introduced long-play
ing records. The 78-rpm device it replaced got into my 
youthful hands, where it became the victim of experi
mentation, resulting in my development of a primitive 
un erstanding of transducers, electronic amplification, 
and electrical shock. The local library supplied me with 

oo s of electrical projects for budding engineers. In the 
summer of 1949, while a high school student at a music 
camp in northern Michigan, I saw my first oscilloscope in 
^ ^ musical acoustician on the faculty there demon
strated it, and infected me further with his own enthusiasm 
or musical electronics. By his disciplined approach to the 

su jec , e established the legitimacy of my pursuit of it. 
e in ro uced me to magnetic recording, then done on steel 

e, paper, and plastic tape. Back home, near Detroit, a 

202 



Gordon Mumma. (Photo by Narrye Davis Caldwell) 

few months later, I learned that a neighbor had a complete 
disc recording studio in his basement. He was a physician by 
profession, and a bassoonist by avocation. He introduced 
me to his X-ray machine and [to] the subject of radio-
frequency electronics. . . . . . . . 

I began studying French horn and piano m juniorhigh 
school, and was very active in amateur and semiprofes lona 
orchestras during my high school and college 
studied composition formally with Homer Keller while 

was still in high school. , hnr Michi-
By 1953, I was a university student m Ann Arbor, Ml 

gan. There I composed music and soun had twQ tape 

produced by the Theater record conventional 
recorders which were °rdina« ly ; had goon modified 

instruments, or sound_ effe success at making 
them to interact with each othe:r My ^ ̂  
electronically generated mus balance between my 
was probably due to a other aspects 
knowledge of some aspects and ignorance or 

of electronic circuitry. people composed 
I don't recall when I learned that othe pj. ̂  [ ^ 

music with electronic means, and 1 a _ by ig56j j 
heard the term "electro-acoustic ™" &om the ORTF, of 

had disc recordings of musique Cologne, and tapes of 
Les Paul, of electronic music from ^ ^ produced my first 

Ussachevsky's early works. By m Ann Arbor 
large scale electronic composition, musi 

:« 

-a! 

;* 
. I 
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Schrader 

Mumma: 

Schrader: 

Mumma: 

production of Ionesco's The Bald Soprano, and had estab
lished an electronic music studio with Robert Ashley. We 
called it the Cooperative Studio for Electronic Music. 
A great deal of your work has been in the area of live/ 
electronic music. What interests you in this medium? 
I may be best known for my work with live/electronic 
music, and certainly have spent much of my creative time 
involved with it. But, in terms of actual compositional out
put, it's possible that I have done more studio-composed 
electronic music and notated music for conventional instru
ments. Nonetheless, music for me has always been primarily 
a performance-oriented art. 

What interests me particularly about live/electronic music 
is that it is an interactive art, either with other people or 
with electro-acoustic circuitry, or both. One of the hype 
claims for electronic music is that the composer can control 
everything. That's probably not true in any circumstances, 
and I'm uneasy with the political and philosophical implica
tions of such an idea anyway. My personal interest is with 
matters of influence rather than control. In my live/elec
tronic work I explore the influences and interactions among 
myself and other people and the electro-acoustic circuitry 
that is our "instrument." Quotation marks should be 
around "instrument" because it means environment as 
much as it refers to the object for making sound. 

Music has a long history of being a means of influence. 
Early peoples used sound, if they didn't call it music, to 
influence the forces of their lives. In present day com
modity-oriented cultures of mass communications, music-
sound tends to be used to influence people to consume 
things: by things, I mean goods, gadgets, ideas, and my 
patience. 

Returning to the question of live/electronic music, I still 
find myself excited by that precarious balance between 
what I know and don't know about the electronic com
ponents I use and circuits I design for my music. In that 
precarious state, I discover things to accomplish by 
electronic means that were not previously in my mind, nor 
probably in the minds of the designers of the components. 
How are these ideas represented in Cybersonic Cantilevers? 
My idea of Cybersonic Cantilevers was an interactive sys
tem, with electronic components and human participants 
having influence on each other. Thus, I thought of Cyber-
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Schrader: 

Mumma: 

sonic Cantilevers as a process, rather than a composition or 
"product." And I made Cybersonic Cantilevers as an event 
for art galleries or places of relatively easier public access 
than concert halls. 

My concern with easy public access was to make a situa
tion where participants wouldn't be intimidated about 
the question of their performance skills, and yet they would 
really be live performers. Furthermore, I wanted the partici
pants to be able to contribute the basic sounds of the piece. 
As much as possible, I wanted to be an equal participant 
with the public, and avoid the distinction of myself as com
poser or skilled performer. 

In some respects, we weren't able to be equal since I 
designed and built the electronic circuitry for Cy6^,„,c 

Cantilevers, and that required experience and sk'lls "ot c°™g 
mon to the general public. It would have been agatherJong 
event if we had all participated in building it from scratc .. z :J« .  <* , i  .»»-
•P«»l " «' e ill o'l.i Met 

ss jr 
nology. As a designer-comp Cantuevers I had more 
analog circuits of Cybersonic Cantilevers, 
influence than control. narticioating in live 

Performance skills develop m°s d ith Cybersonic 
performance. One of the things I w/uld invite 
Cantilevers was to make ^rmance skills 
and encourage participants to develop P 
and ensemble sensitivity. "elec-

You have referred to you mean by this? 
tronic system or process. What do y ^ The 

The system had two parts- electronic sound 
electronic part was a con that l designed for 
transforming and contr human part was the public, 
Cybersonic Cantilevers. The h ^ ^ cassettes or live 
which would bring sounds ^ access to the electronic 
through microphones, an stations had stereo 

sssssrs 
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Schrader 

Mumma: 

influence aspects of the transformations. This electronic 
system was spread over large tables in the gallery, visible 
and accessible to the public. 

The sound transformations could be very simple, or 
develop such complexity that the original sounds became 
unrecognizable. Technically, there were four types of trans
formations: of the pitch, loudness, timbre, and combina
tions of sound. If the sounds were stereophonic, the 
modifications could maintain the stereo aspect. Some of 
the transformations were automatically derived from the 
sounds themselves, some were derived from the pro
grammed control circuits, and some from the interaction 
of the participants with the electronic system. The entire 
system was really semiautomatic, since completely auto
matic aspects were derived from the interaction of the 
participants with the electronic circuits. 

My invented term "cybersonic" originates with the Greek 
kybernan, meaning to steer or guide. It refers to the term 
cybernetics, the science of control and communication, and 
to the interactions between automatic control and living 
organisms. 

The participants were free to remain passive spectators, 
using the monitor stations only to listen and look at the 
transformations. They could also listen over loudspeakers 
in the gallery. Or they could contribute original sounds, and 
use the monitor station switch-panel to influence the trans
formations and develop interactions with other participants. 
Cybersonic Cantilevers is related to other processes—games, 
communication, biofeedback, telemetry—in which people 
participate in discovery, development of perception and 
skills, intellectual challenge, and entertainment. 
What is the purpose of the use of indeterminacy in Cyber
sonic Cantilevers? 
There are certainly indeterminate aspects to Cybersonic 
Cantilevers. I designed the electronic control and modifica
tion circuits to do specific things, but made their con
figurations sufficiently complex to limit my ability to 
determine much of the results of the sound transforma
tions. Further, my instructions to the public were limited 
to a simple introduction to the monitor station functions, 
and an invitation to explore the system and process on their 
own. The participants contributed the original sounds. 

The musical structure of the event was not determined in 
musically traditional ways; it was a result of the process of 
interaction between the participants and the electronic 
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Schrader: 

Mumma: 

Schrader: 

system. The beginning and end of the event were deter
mined by circumstances: It began as soon after the gallery 
opened as I could get the system operating, and ended when 
the gallery closed. At times during the event there might be 
no sound occurring, either because the transformation cir
cuits made it inaudible, or because the participants hadn't 
put sound into the system; but the process and the event 
continued. So my main purpose in using indeterminacy was 
to maximize the participants ability to influence, and 
minimize their ability to control the event. 
How does the audience participation aspect of this work 
relate to this? 
Here are two examples. The Cyber son ic  Cantilevers excerpt 
recorded on Folkways has a brief introductory section. The 
sounds of that introduction are transform^ °ns 

young participants at the Everson Muse,urn in Sy>racuse 
New York They are each at a monitor station, saying 
"hello" to each other into the live microphones and laug 
i„hge at toe drastic transformations they hear on their head-

phones. revealing. The last section of The second example is more > reveal g chorale" 
the Folkways excerpt is pari: o Cybersomc Cantilevers 
from the late evening of a daylong cy^ ^ ̂  The 

production done at WBA . exhausted their sup-
several remaining participan s, SOUnds via micro-
P,y of cassett,»T^^^sS5lC of delicately 
phones, explored thei u monitor stations to inter-
adjusting the switches they obtained access to 
mediate positions. By this means they j had not 

control signals of theelectronic jstem ^ 
intended to be audible. ronciuded it just before the 
without my participation, and co essed that they 
end of the WBAI broadcast l was J onic cantilevers 
had learned to interact with th ^ a collectlVe 
system in a way I had not f „cho'rale" at a convenient 
intuition, had concluded Inquiring who they were, 
time for the end of the ^ had never pre-

sr - - °—; 
Cantilevers process. actual "performance 
What is the relationship betwee^e commercially released 
of Cybersonic Cantilever 
recording of the work? 
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Mumma: Remember that I didn't have in mind that Cybersonic 
Cantilevers would be a "performance," but rather an 
occasion in which performance activities might occur, 
depending on what the participants brought to it as sound 
materials, and how they interacted with the system or with 
one another. 

The commercially released recording on Folkways, then, 
is a 'composition" made of materials recorded on two 
occasions where Cybersonic Cantilevers was presented. The 
New York State Council on the Arts, which gave me a grant 
to implement part of the original work, later became in
volved in a recording project and asked me to contribute 
some aspect of Cybersonic Cantilevers to it. I tried to give 
them something else, but, of course, the grant was for 
Cybersonic Cantilevers rather than for something else. 

^ I auditioned many hours of tapes that had been recorded 
j- directly from the Cybersonic Cantilevers system during 

the two occasions and chose three sequences that seemed 
ui H' me make compositional sense for a recording. I've 
fc C! described the first and last sections already. The middle 
o ^ section on the Folkways recording consists mostly of trans

formed sounds from contributed cassettes, including a 
& vintage radio crime drama, popular music, and recycled 
3; transformations of previously processed sound. I developed 

the recycled material into a transition that evolves into the 
"chorale." The record producer told me they wanted music 
for an entire side of a long-playing record, so I made a com-

*;,v position of about nineteen minutes. 
This nineteen-minute composition is not what is on the 

Folkways recording. The nature of the recording project 
changed, without my knowing it, and the record company 
decided they needed about half as much as they had asked 
me to give them. So they cut off the last part of the piece. 
Simple as that. The ending "chorale," for which I have a 
special fondness, is very much abbreviated. Apparently they 

t llsten very carefully to the tape I sent them. They 
seem to have assumed that the loudest part of the piece was 
the ending. They made a fanciful program note for the 
record jacket, which says "the end is followed by a few 
wT ? tapG f°r USe as 'Do lt Yourself' participation." 

ell, that may have potential for some sort of autoerotic 
occasion, but it was not my idea. Indeterminacy strikes 
again. J 

rader. Much of the equipment used in Cybersonic Cantilevers was 
designed and built by you. Do you think these capabilities 
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Mumma: 

Schrader: 

Mumma: 

are generally important for the composer of electro-acoustic 
music? 
They were fundamental to me because I began composing 
with electro-acoustic means at a time when, except for tape 
recorders, microphones, amplifiers, loudspeakers, and 
clumsy oscillators, specialized equipment didn't exist. It was 
certainly fundamental to the development of my composi-
tional aesthetics. It stimulated my experimentation with a 
syntax of electro-acoustical sounds that was minimally 
imitative of instrumental and vocal traditions. Further, my 
creative work with electronic circuitry was as rewarding to 
me as composing sounds, whether on recording tape or as 
notes on paper. This may account for my relatively early 
development of compositions that we.re proces 

Since the development of relatively standard, c°n™ercml 
electronic music equipment, it isn't necessary for a com-

greater virtuosity even than the originator. But my 
ment with such surface virtuosi y s enough without 

Large electronic thin human-

ĉm™Tl'd entourage creative artists to develop sub-
stantial technological background. 
What are your current compositional 

During the past several ye^s d live performance 
pieces for modern dance, thea , ^ reCording. One 
situations, and I'm n°w P*eP couaborative work with 
of these was an evening g thor Tom Robbms. 
choreographer Jann Mc<Tau^ it musically sensible for a 
The revisions necessary "^position of the original 
recording involve a substant™ ,, boration of artists, actors 
piece. Another project was a c oUveros and j co-composed 
and dancers, in which Pau^" considering a re-creation of 
and performed the music. n cornposing fo 
the work as a radio program I Y m *» and for clav,-
solo harpsichord (a seiries °f fp idos, is a single 
chord. The clavichord work, to u ^ecis to it. 
long composition that may have V hord because of 
•m composing fclaVlC^ed resources for which there 

the challenge of defined, limited 
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is a living tradition of virtuoso performers. Even in competi
tion with extravagant electronic apparatus, the clavichord 
remains the most efficient of expressive keyboard instru
ments. 
What are your thoughts on the future of electro-acoustic 
music? 
The increasingly widespread availability of electronic music 
equipment, and particularly of computer technology, 
should attract more diverse creative artists to work with 
electro-acoustic media. Besides their artistic explorations, 
I hope those artists explore alternative ways of dissemi
nating and sharing their work. Then, perhaps, the discourag
ing pressures of commercial and parochial academic 
interests will become less of an influence on creative imagi
nation, and electro-acoustic music will develop greater 
cultural multiplicity. 
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