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PREFACE

If electronic music had been a political platform, John Philip Sousa, famed
composer of Stars and Stripes Forever and many other marches, would proba-
blyhavevoted for the opposition. He writes:

And now, in this the twentieth century, come these talking and playing
machines, and offer again to reduce the expression of music to a mathe-
matical system of megaphones, wheels, cogs, disks, cylinders, and all
manner of revolving things, which are as like real art as the marble stat-
ueof Eve is like her beautiful, living, breathing daughters ...

Whena mother can turn on the phonograph with the same ease that she
appliesto the electric light, will she croon her baby to slumber with sweet
lullabys, or will the infant be put ro sleep by machinery?

Sousa may not be alone in equating electronic technology with something
mathematical, mechanical, and downright unmusical, but as we learn from a
19508popular song, phonographs and love do mix:

Pur another nickel in,
In the nickelodeon.
Alii want is levin' you
And music, music, music!

vii
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VlIl Preface

d i Sousa's poinr is a little confused, Is he againsr record-An 111 any case, I ' , 0 hi'
, 0 b dly all manner of revolving r lings, r rec no ogy Inings? r more roa , I di ib Y

, 1M' rh [ it's a general anti-techno ogy ram e. er evengenera? y sense IS a . f 'I '
S ' h I greed rhar rhe rechnologies 0 rnusica II1srrumenr-ousa mig t lave a . I h d
h h h d nd glue of a violin case rhe rnecha nica arnrner anw et er t e woo a , ..

I f a piano action or the electronic microproce sors used 111 synrhesiz-
evers 0, " . The vi li fers-have reflected the times and places of their mvenn.ons. e ~JO m, or
example, made with hand tools and containing no ,movmg parts, IS a prod-
uct of seventeenth-century European pre-industrial-age technology. The
piano, a wooden machine with many moving parts, is a product of ",me·
reenrh-cenrury European indusrrial-age rechnology. Indeed, rhroughour hi to-
ry and rhroughour rhe world, people have used available .technology ro make
music. It should come as no surprise that electronic circuits are used to make
musical instruments in the twentieth-century electronic age.

My poinr, however, goes deeper than the normaliry of building a rnu ica!
instrument with electronics. My point is that the electronic mu ical in trurnenr,
in its myriad forms, has particular promise. It may well turn out to be the most
beneficial to humans and the most enjoyable, rewarding, and expre sive instru-
ment that has ever existed.

•
The development of the electronic musical instrument through the twentieth
century has involved a multitude of composers, engineers, scientists, and entre-
preneurs. With different personalities, background, skills, and goals, they
composed music, built instruments, conducted research, formed companies
and, in general, contributed to the cumulative body of concepts, artistry, and
techniques that defines the electronic musical instrument in its current forms.

Some composers contributed by using existing technology in such cre-
ative ways that their compositions led to the invention of new in trumenrs,
Some composers directly stated their need for new technology. As early a
1916, for example, Edgard Varese wrote, "We also need new instruments very
badly. , , In my own works I have always felr rhe need for new mediums of
expressirm;" Some composers actually developed new technologies. And some
composers contributed by developing new technologies even when they had the
",:ro~g idea. Herbert Eimerr, for example, cofounder of the Cologne tape stu-
dIO 111 1951, wrote: "Electronic music exists only on tape ... " In fact, Eimert
was ,tWice wrong. There were electronic instruments before] 95'1; and tape
musl~, at least as Eimerr knew it, was short-lived. Luciano Berio, definitely on
:,he n,ght track in the mid-1970s, put it clearly and made a positive suggestion:
I think t.h~t .the electronic tape piece is dead ... it should be kept either at
home Of, If It IS soft enough, in a restaurant. ')

, Engineers contribu~ed, of course, by designing and building instruments,
alb~It sometimes they disagreed on basic issues. Harry Olson for example,
designer of the RCA synrh ' b fit i " ~ fesrzers, saw ene It III avoiding the noise elements 0
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traditional instruments: "Conventional instruments produce various noises ...
These undesirable noises do not exist in the electronic music synthesizer."
Hugh Le Caine, on the other hand, designer of many innovative instruments in
Canada,saw benefit in including the noise elements of traditional instruments:
"Theseeffects ... add to the expressive power of the instrument ... "

Scientists contributed through research in psychoacoustics and other
relatedfields. Some scientists contributed by publishing theories, even nonmu-
sicaltheories, that shed light on the issues raised by new musical technologies.
Shannon and Weaver's formulation of Information Theory in The Mathe-
maticalTheory of Communication (1949), for example, led Harry Olson and
Herbert Belar to begin work on a probabilities-based composing machine at
RCA'sSarnoff Laboratories in Princeton; it led to Lejaren Hiller's seminal work
inalgorithmic composition at the University of Illinois; it interested John Pierce
atBellTelephone Laboratories in his work with computer-generated sound; and
itmadea strong impression on Werner Meyer-Eppler at the University of Bonn,
Germany,giving impetus to his experiments in electronically generated sound
that brought him a step closer ro the Cologne studio.

Entrepreneurs contributed by forming companies, turning ideas into
products, and making those products available to the public.

•
The history of the electronic musical instrument, in short, is a complexity of
many stories. Each of the stories, in itself, describes a coherent step-by-step
progression of work along a certain path. And the paths often run along par-
allel lines. At any given moment, one group of people in a particular context
wasworking out a certain set of ideas, which led to the next ideas, while at the
same time, elsewhere, another group in another context was working out dif-
ferent ideas, which led to other ideas, and so on. And along the parallel paths
of all of those stories, there are milestones. Those milestones mark an overall
chronology which is the basis for the organization of this book.

The first milestone marks the development of the early electronic instru-
ments,built by pioneering individuals during the first half of the twentieth cen-
tury-from Thaddeus Cahill's Telharmonium in 1906 to the RCA Mark II
ElectronicMusic Synthesizer in 1957.

The second milestone marks the opening up of music to all sounds, begin-
ningwith John Cage's early work in the mid-1930s and continuing into the first
round of tape studios in the 1950s. By 1967, Hugh Davies' International
ElectronicMusic Catalog could state that approximately 7,500 tape composi-
tionshad been written or were in progress since 1951. Tape music was an idea
whosetime had come, and it spilled out of the studios into performance spaces,
festivals, and a broad-based technology-and-art culture.

The third milestone was the growth of synthesizers from their roots in
mainframe computers and analog systems in the 1960s to become commer-
cially successful electronic musical instruments in the 1970s and 1980s. As
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. h I I d from vacuum tubes to transistors in the 1960s,electronic tee no ogy eve ve . d ci
. . t d circuits in the 19705 and from Integrate crrcunsfrom transistors to mregra e 'f I . .

'. . th 19805 so evolved the technology 0 e ecrroruc mUSI·to mIcroprocessors In e , ... I .
I . t f om large expensive institutional systems to smal , relarivelyca mstrumen s r , ,

inexpensive personal systems.
The fourth milestone, on a path thar paralleled rhe developmenr of the

hardware instruments, was the formulation of new ideas for making musl~and
I . . r merits Those ideas which dealr ultimately with concepts of mrer-p aymg lOS ru. ,

action, challenge the very nature of rhe way we've traditionally thought about
music and musical instruments.

•
My goal in this book is to make the history of electronic music clear for any
interested person, whether professional, student, nonelec~ronlcm~slclan, or
observer. Given that goal, J thought about the extent to which technical expla-
nation might be appropriate. Reasoning that professionals don't need it, that
nonelectronic musicians and observers don't want it, and that rudenr can very
easily find it elsewhere, r concluded that technical explanation would serve lit-
tle purpose and that it mighr just bog things down. There is little of it in these
pages.

At the same time, I did not take pains to avoid using the normal terms of
the field, such as synthesizer, oscillator, frequency modulation, and so on,
because those terms are parr of the electronic music landscape. My advice [0

nontechnical readers, consequently, is simply to derive some meaning from the
context in which unfamiliar terms are lIsed and read on. In a sea novel of the
early nineteenth century, Patrick O'Brian describes the harbor of Port Mahon
as containing "hundreds of feluccas, tartans, xebecs, pinks, polacres ... " \'(fell,
who knows exactly what they were? And what does ir matter if we don't know?
They were just part of the scenery.

I would, however, like to define the term electronic music. Electronic
music includes all music made with electronics, whether specifically with com-
puter, synthesizer, or any other special equipment. I view the use of the term in
much the same way that we'd use the term orchestral music, for example, to
designate music played by an orchestra. Among other terms in current u e,
computer music too specifically connotes music made with general-purpose
computers, synthesizer music is too specifically related to synthesizers, and
electroacoustic music suggests, at least to me, systems that combine electronic
and a~oustic sound generators. Electronic music, to my way of thinking, is the
generic term, even if in Germany it may cause confusion with elektronische
Musik, which refers specifically to the philosophy of the Cologne studio in rhe
early 19505.

Yet understood even in a generic sense the term electronic music has
meant different things to different people at different times. In the tape-music
and technology-in-art world of the 1950s and 1960s, electronic music was con-
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sidered by many composers to be something special, exploratory, not based on
conventional pitches or harmonies. Most composers created sounds purpose-
fully different from the familiar and friendly sounds normally played by
acoustic instruments. "lf you want a clarinet sound," a composer might have
said at the time, "go out and hire a clarinetist." And the term electronic music
was therefore often linked to an aesthetic that, well, to put it softly, did not
seem to certain critics to embody time-honored values of beauty in music. One
1960s review, for example, began:

Composers who rival Cage in fetching weird, electronic and dreamworld
sounds and patterns of sounds out of their busily inventive New Age
brains and out of the turmoil of modern life ...

Some critics went so far as to express fear of machine takeover, as in this
review excerpr from the 1950s:

We ask ourselves whether truly this is the beginning of a new world or
whether perhaps the world ... is about to perish. There are people who
earnestly and seriously fear this, where music becomes the slave of the
machine ...

But by the 1980s, rhe meaning of the term had changed. Any sound,
including the sounds of clarinets and other acoustic instruments, could be pro-
duced electronically. Electronic music had become more of a medium than a
style, and the music was differentiated from the particular electronic system or
instrument with which it was played, as indicated, for example, in this review
excerpt from 1986:

The actual musical input seemed unimaginative, compared with the inge-
nuity that had presumably gone into the devising of rhe electronic system.

That was a good review. It was good because it differentiated between
the electronic musical instrument and the music it played. It was an early step
toward the fifth milestone, yet to be reached. The fifth milestone will mark
the resolution of still-unresolved design issues and the crystallization of still-
forming concepts into the many potential forms of the electronic musical
instrument. The electronic musical instrument, after all, can take any form. It
can play any music. And it can be played in any way. In one form or another,
and played in one way or another, it just may meet everyone's musical needs.

• • •
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CHAPTER ONE

THE EARLY
INSTRUMENTS

••
!~
!

The history of music technology-including innovations in tuning systems,
musical instrument designs, studies in acoustics, and in general, an explorato-
ry attitude toward music and sound-goes far back in time. Ling LUll, for
example, in twenty-seventh-century B.C. China, devised the tuning of the pen-
tatonic and chromatic scales. Pythagoras, in sixth-century B.C. Greece, related
numerical frequency ratios to pitch intervals, such as 2:1 for the octave.
Virruvius, in first-century B.C. Rome, analyzed theater acoustics to conclude
that sound projected best from a stage with a curved back-shell. Ptolemy, in
second-century Egypt, devised the Ptolemaic Sequence, in effect a diatonic
scale. Francisco de Salinas, in sixteenth-century Italy, developed a meanrone
temperament. Marin Mersenne, in seventeenth-century France, investigated
the speed of sound and other acoustical matters. Arp Schnitger, in seventeenth-
century Germany, tuned all organ to equal temperament, thereby, in Harry
Partch's words, "setting the clavier stool" for three-year-old Johann Sebastian
Bachand setting the stage for the next 300 years of Western music.

There were, of course, the conservatives, among them Plato: "Any musi-
tal ~,nnovation is full of danger to the whole State, and ought to be prohibited

There were also the poets and visionaries, among them E.T.A. Hoffmann
who, in the nineteenth century, wrote:

1



2 The Early Instruments

"E tl" said Lewis. "Now in the case of instruments of the keyboardxac y, , f" h di
class a great deal might be done. There is a wide ield open m t at . irec-
tion to clever mechanical people, much as has been acco~p!Jshed
already; particularly in instruments of the pianoforte gen~s. But If \~o.uld
be the task of a really advanced system of the 'mechanics of mUSIc to
observe closely, study minutely, and discover carefully that class of
sounds which belong, most purely and strictly, to Nature herself, to
obtain a knowledge of the tones which dwell in substances of every
description, and then to take t~is mysterious n~usicand e?clo~e it in
some sort of instrument, where it should be subject to man s will, and
give itself forth at his touch ... "

"The object at which it aims," said Lewis, "is the discovery of the most
absolutely perfect kind of musical sound; and according to my theory,
musical sound would be the nearer to perfection the more closely it
approximated such of the mysterious tones of nature ... "

And there were the designers and builders of original instruments, in
fact sometimes very original instruments. Don Nicola Vicenrino, for example,
in sixteenth-century Italy, built the Archicembalo, a "harpsichord" with rhir-
ty-one tones to the octave and six banks of keys. Jean-Baptiste de La Borde,
in 1759, in Paris, constructed the Clavecin Electrique, a sort of keyboard-
controlled carillon in which suspended bells were struck by clappers charged
with static electricity. Nikolay Obukhov, a Russian composer, in 1918,
devised an inaudible instrument which he called Ether, theoretically capable
of producing sounds from five octaves below to five octaves above the audi-
ble range of frequencies. And special honors go to Luigi Russolo: first, for his
dedication to Futurist music and, second, for his courage in facing the air-
borne vegetable.

Russola's manifesto of Match 11, 1913, entitled L'Arte dei Rurnori (The
Art of Noises) and dedicated to Francesco Balilla Pratella, a friend and Futurist
musician, set forth his ideas. He wrote:

Dear Balilla Prarella, great Futurist composer,

In Rome, in the Costanzi Theatre, packed to capacity, while I was listen-
ing to the orchestral performance of your overwhelming Futurist music,
with my Futurist friends, Marinetti, Boccioni, Carra, Balla, Soffici, Papini
and Cavacchioli, a new art came into my mind which only you can ere-
a.te: the Art of Noises, the logical consequence of your splendid innova-
nons ...

We cannot see that enormous display of power represented by the
modern orchestra without feeling profound disappointment at the feeble
ac~ustic results. Is anything more ridiculous than the sight of twenty men
furiously bent on redoubling the mewing of a violin? All this will natu-
rally make music-lovers scream, and will perhaps stir the sleepy atmos-
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phere of concert halls. Let us now, as Futurists, enter one of these hospi-
tals for anaemic sounds ...

Here are the six families of noises of the Futurist orchestra which we
will soon create mechanically:

1. Rumbles, Roars, Explosions, Crashes, Thuds, Booms.
2. Whistles, Hisses, Snorts.
3. Whispers, Murmurs, Mutters, Rumbles, Gurgles.
4. Creaks, Rustles, Buzzes, Crackles, Scrapes.
5. Noises obtained by percussion on metal, wood, skin, stone, terra-

cotta, etc.
6. Voices of animals and men: Shouts, Screams, Groans, Shrieks,

Howls, Laughs, Wheezes, Sobs.

In this inventory we have included the most characteristic basic noises ...

Later that year, with percussionist Ugo Piatti, Russolo began to build the
intonarwmori, instruments which were boxes of various sizes, each with a
crankin the back, a sound-generating mechanism inside, and an amplification
horn in from. A lever, mounted on top of each box, was used to adjust pitch.
OnApril 21, 1914, at rhe Teatro Dal Cerme in Milan, Russolo conducted the
firstGran concerto [uturistica with an orchestra of eighteen formally dressed
musiciansplaying gurglers, cracklers, howlers, rhunderers, exploders, hissers,
buzzers,and crumplers. Following the performances of three of Russolo's com-
positions, and not to be outdone, the audience threw vegetables, accompany-
ingitself with vocal sounds such as whistling, booing, and hooting; and the
concert eventually degenerated into fist fights between Futurists and nOI1-

Futurists,with the last musical sound of the evening, one imagines, the sirens
ofthe arriving police.

•
Although there were odds and ends of experiments during the nineteenth cen-
tury, such as Elisha Gray's Musical Telegraph in 1874 and William DuddeJl's
Singing Arc in 1899, the first major electronic instrument was Thaddeus
Cahill's Telharrnoniurn. The Telharmonium represented not only exceptional
technological achievement, it also represented exceptional entrepreneurial
drive. It was visionary and radical. Looking back, in fact, it seems as if the
visions came in series. In 1627, in his essay "New Atlantis," Francis Bacon
foresaw Cahill's idea:

We have also sound-houses, where we practice and demonstrate all
sounds, and their generation ... We have also means to convey sounds in
trunks and pipes, in strange Jines and distances.

And Thaddeus Cahill foresaw Musak. In 1897, at a time when automo-
bileswere rarely seen and when few homes had electricity or telephones, his
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first patent for an electronic musical in.srrument, ~ntitled Art of and App.ar~tus
for Generating and Distributing MusIc. Electronically, w:as ~ra~ted. HIs Idea
was to build an electronic music synthesizer, generate music Wlt~ It, and broad-
cast that music via telephone lines to restaurants, hotels, and pnvare homes. In
1898, in Washington, D.C., he began work on his instrument. . . .

By 1901, the Telharrnonium, as it came to be known, :vas sufflc,entl~ fill-
ished to attract initial financing from Oscar T. Crosby, retired army engineer,
businessman and world traveler. Crosby brought in Frederick C. Todd, busi-
nessman andsportsman, as a partner, and together they organized a fund-rais-
ing dinner at the Maryland Club in Baltimore. While the Telharmonium was
played in Washington, the assembled group of bankers and businessmen In

Baltimore listened to Handel's Largo emanate from a special horn attached ro
a telephone receiver. It was a success. Following a few months of financial dis-
cussions and contracts signed, Crosby formed New England Electric Music
Company as a New Jersey corporation.

In 1902, New England Electric Music Company leased a large pace in
the Cabot Street Mill, a factory-type building in Holyoke, Massachu etts,
Cahill moved the prototype instrument from Washington and proceeded to
build a new and improved Telharmonium. In 1904, he made a successful trans-
mission from Holyoke to New Haven, Connecticut. When it became clear thar
more capital was needed, Crosby established New York Electric Music
Company, also as a New Jersey corporation, to raise funds more effectively in
New York. New Jersey, incidentally, for many reasons of corporate law, was
considered at the time to be a preferred state in which to incorporate.

In 1905, investments were coming in, the Telharmonium was moving
toward completion, and Crosby successfully negotiated an agreement with
New York Telephone Company wherein New York Telephone Company
would lay special telephone lines for the purpose of transmitting the
Telharmonium's music throughout New York City. By 1906, Cahill had
approximately fifty people working for him in whar was, in effect, a factory for
electrical machinery. The Telharrnoruum's sounds were produced by combining
sine waves generated by dynamos whose outputs were linked through a com-
plex switching system. The sounds were heard through horns attached to tele-
phone receivers fitted with especially thin diaphragms for better bass response.

In March 1906, the new instrument began to attract attention in rhe
press. A glowing article appeared in Electrical World. Pans of the article were
reprinted in The New York Times. In July 1906, in an article in McClure's
Magazine, Ray Stannard Baker wrote that the best music because it could now
be transmitted into homes, would be available to the poor. Cahill stated also
in Baker's. article, that he preferred to call his instrument the DynamofJh~ne.

Dunng the summer of 1906, the Telharmonium was disassembled-
reports at the t~m~ estimated its weight at 200 tons-and moved via railway
box~arsto a buddmg at Broadway and 39th Street, in the middle of New York
City s gJltterlllg theater district. The dynamos and switching system, which gen-
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The Telbarmoniurn performance console in Telharmonic Hall, December 1906.
Photo courtesy Reynold Weidenaar.

erared mechanical noise as well as electricity, were installed in the basement.
Theperformance console was placed in rhe Music Hall, a comfortable room on
street level with a circular divan in the middle and potted plants and ferns
placed around and about to conceal loudspeakets. At the New York opening,
on September 26, 1906, Crosby gave an exuberant welcoming speech and a
concertwas performed.

Meanwhile, telephone ca bles were being laid up and down Broadway to
convey the Telharmoniuru's sounds to nearby restaurants. Cafe Martin, mag-
nificenr and large, on 26th Street between Fifth Avenue and Broadway, became
the first subscriber, and on November 9, 1906, at a banquet hosted by Crosby
inone of Cafe Martin's private dining rooms, the sounds of the Telharrnonium
wereheard by a group of happy guests and compared to a softer, sweeter organ,
to flutes and horns, and to other instruments.

Those softer, sweeter sounds, however, were apparently causing confu-
sion on the telephone lines. Although the Telharmonium and telephones had
their separate cables, the cables were running side by side through the same
conduits and there was crosstalk. Telephone conversations were interrupted by
Rossini overtures. Irate telephone users complained. In late November 1906,
New York Telephone Company informed Crosby that it intended to terminate
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its 1905 agreement to supply telephone lines to New York Electric Mu ic
Company; and Crosby, facing the inevitable, expressed hope chat ew York
Telephone Company would assist him in obtaining a New York City franchise
to lay his own transmission lines.

The winter season was eventful. Louis Sherry's, a well-known restaurant
at 44th Street and Fifth Avenue, subscribed. In December 1906, the
Telharmonium's music was piped through normal telephone lines to the
Museum of Natural History on 81sr Street. In January 1907, a concert series
open to the public was announced. The building ar 39th Streer and Broadway
was for the first time called Telharmonic Ha ll. There was a transm-ission to the, ,
Casino Theatre across the street. There were numerous receptions and overtures
made to rhe financial and culrural e1ire. The Normandie Hotel, the Waldorf-
Asroria Horel, and orher horels became subscribers. Some wealrhy individuals
began to subscribe for their private homes. And rhe public concert series gor off
to a successful start. The number of concerts quickly increased from two to four
each day and there were demonstrations of "tone building." Music was piped
to external loudspeakers for the auditory pleasure of passers-by. Celebrities
came to listen, among them Walter Damrosch and Giacomo Puccini.

Meanwhile, in 1906, Lee De Forest had patented the audion, a definitive
breakthrough in vacuum tube technology. On February 27, 1907, particularly
interested in the audion's application in wireless transmission, De Forest made
a wireless transmission of the Telharmonium's sounds from Telharmonic Hall
to the Yale Club, several blocks away. A few days later, he established a receiv-
ing station at the Normandie Hotel, a block away. On March 5, the chief elec-
trician at the Brooklyn Navy Yard, five miles away, complained that naval
wireless signals were being interrupted by Rossini overtures. On March 7, De
Forest put a receiver on top of The New York Times building, which led to pub-
licity, speculation, and a business proposal from De Forest to New York
Electric Music Company to disseminate Telharmoniurn music by wireless. New
York Electric Music Company, perhaps unfortunately, declined to do business
with De Forest until wireless transmission became commercially dependable.
And as the concerts, demonstrations, luminary visits, and general activities
continued through the spring, some technical problems became more apparent.
Reynold Weidenaar writes:

It did run perfectly in tune with itself, but frequently the whole machine
ran too slow, drifting down in pitch ... The instrument's other lirnira-
tions-"robbing," where adding voices depleted the volume, so that a
many-toned chord could be softer than a single note; "diaphragm crack,"
where each staccato note sounded like the rap of a metal mailer. the
impossibility of producing more than two, and later three, timbres simul-
taneously; the exaggerated "growling" of bass notes close together ...

Crosby, mea,nw?i1e, was dealing with a peculiar business problem.
Although the application for a New York City franchise to lay cables had to



The Early Tnstruments 7

come from a New York Sta.te corporation, there was no legislation permitting
aNew York State corporation to be formed for transmitting music. The solu-
tion, clearly, was to have the necessary legislation passed by the state govern-
ment. Consequently, Crosby went to Albany, the state capital, and drafted a
bil!.On May 6, the bill was signed into law. On May 7, he formed New York
Cahill Telharmonic Company. Shortly afterward, he applied for a New York
Cityfranchise to lay cables. To encourage a speedy approval of his application,
hesubmitted rosy financial projections with high franchise royalties due New
YorkCity. The Brooklyn Times, on June 15, 1907, predicted that he would
havethe franchise within a year.

In the absence of a sufficient number of subscribers, however, New York
ElectricMusic Company was losing money. Crosby had approached AT&T for
support and collaboration, but AT&T had declined. To make matters worse,
thegeneral financial climate was declining through the spring and summer. As
thesituation continued to deteriorate, Crosby quit the company, built a house
inVirginia, and business control passed to Frederick C. Todd. By October, the
so-called Panic of 1907 was causing financial grief everywhere. A new concert
seasonopened in Telharmonic Hall in November, but as the general woe wors-
ened, the concerts became fewer and finally stopped in February 1908. There
wereno telephone lines, no subscribers, and no income. In May, New York
ElectricMusic Company collapsed. Telharmonic Hall was locked up.

Cahill, however, determined to keep the project alive, went to New York,
dismantled the abandoned Telharmonium, shipped it back to Holyoke, and
beganwork on a third, improved Telharmonium. In early 1910, the New York
CityBoard of Estimate asked New York Cahill Telharmonic Company if it was
stillinterested in a franchise and was informed that the company was reorga-
nizingand that a new proposal would be made. In April 1910, Cahill demon-
strated the new Telharmonium in Holyoke to a group of 200 people from New
York, Boston, and other places. In December 1910, Cahill and his brothers
completed their purchase of the stock of New York Cahill Telharmonic
Company; and Thaddeus Cahill, now president, renegotiated the franchise
contract that had been proposed by Crosby as part of the original application
in ]907. Finally, in March 1911, Cahill had a franchise. In April 1911, a build-
ingon West 56th Street was leased. In August 1911, the new Telharmonium
was installed.

But it was the beginning of the end. In February 1912, the new
Telharmoniumwas demonstrated at Carnegie Hall, but with little press cover-
age.Demonstrations continued into the spring, but there were no investments.
Andcompetition materialized in the form of a new Wurlitzer organ. Wireless
transmission was increasingly commanding public attention. The company's
debts accumulated. In December 1914, New York Cahill Telharmonic
Company declared bankruptcy. .'

A few months later, in April 1915, Lee De Forest filed a patent entitled
ElectricalMeans for Producing Musical Notes. He had found that the audion
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could be used as an oscillator. The audion, in other words, could produce
sounds at a tiny fraction of the cost of Cahill's dynamos .

•
In August 1920, in Moscow, Leon Theremin demonstrated an~ performed
what he then called the aetherphone, later known as the theremin, for fellow
students and staff at the Physico Technical Institute. The rherernin was a cabi-
net about one foot deep, eighteen inches wide, and about two feet high, placed
on a table or stand. Emerging from the top right of the cabinet was a thin ver-
tical rod, which was the pitch antenna. A loop, the volume antenna, was
mounted horizontally on the left side of the cabinet. Theremin played ir by
moving his hands in the air. When his right hand moved closer to the pirch
antenna, it caused the pitch to go higher. When his left hand moved closer to
the volume antenna, it caused the sound to get softer. The sound was some-
where between a viola and a clarinet, smooth and lyrical, sometimes remind-
ing listeners of the human voice. Theremin later said, "I conceived of an instru-
ment that would create sound without using any mechanical energy, like the
conductor of an orchestra."

Seeming, as Nicolas Sionimsky commented, "to carry out Lenin's dictum
that <socialism is proletarian dictatorship plus electrification;" Theremin
demonstrated his instrument for the delegates at the 8th All-Russia Electro-
Technical Congress in October 1921. The performance led to a private concert
for Lenin, which in turn led to a free railway pass to facilitate another 150 or
so performances in Russia. And then, in 1927, Theremin took his instrument
on tour to Frankfurt, Berlin, London, and Paris, where listeners were amazed
that electronics couJd be used to such magical and musical ends as to allow a
musician to perform by making movements in the air. Theremin became a
celebriry.

On December 21,1927, he arrived in New York. His first appearance) in
the Plaza Hotel's Grand Ballroom on January 24, 1928, was a private demon-
stration-concert arranged under the auspices of Walter Damrosch, Vincent
Astor, Edsel Ford, Fritz Kreisler, and others, with guests including Sergei
Rachmaninoff, Arturo Toscanini, and Joseph Szigeti. That first appearance was
followed by a public concert ar rhe Metropolitan Opera House on January 31,
] 928. And that concert was followed by many more demonstrations and con-
certs and by the continuing attention of many of New York's artistic elite.
Theremin and three students performed four theremins with the New York
Philhar~onic on August 27, 1928, playing Rachmaninoff's Vocalise, Liszt's
Hungarian Rhapsody #1, and other music.

RCA acquired a license for the commercial manufacture of the theremin,
Jose~h ScI~ill!nger, also a recent arrival from Russia, and subsequently known
for his statlstl~s-based compositionat method, worked with Theremin to design
th.e RC~ ver~lOn of the mstrument and, as part of its promotion, wrote his
Airploonic Suite for RCA Theremin and Orchestra (1929). RCA, in promoting
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Leon Theremin playing the tberemin in 1927.
Photo courtesy Robert Moog.

theirnew product, gave assurance that anyone could play the theremin, or at
leastanyone who could hum or whistle. It was a lot to assure considering that
thetheremin was a relatively unfamiliar instrument, that it offered no tactile
feedback,and that however easy ir may have been to play badly, it required
greatphysical discipline to play well. RCA builr 200 rheremins, found it not
Immediatelyprofitable and, consequently, as Robert Moog put it, "dropped it
likea hot potato ... "

The theremin's first virtuoso was Clara Rockmore, a violinist who also
arrivedin New York from Russia in 1927. She had met Theremin shortly after
her arrival and worked intensively with his instruments during the next sever-
al years. In fact, Theremin had built several novel instruments in the early
1930s,among them the Terpsitone, a musical floor that allowed a dancer to
controlpitch and volume by body position. Rockmore later recalled that, at
Oneof Theremin's concerts in 1932 which included the Terpsitonc, Theremin
askedherto perform because "none of the dancers who tried it could carry a
tune."Her first solo theremin recital, playing an instrument built especially
for her by Therernin and accompanied at the piano by her sister Nadia
Reisenberg, was at Town Hall in New York on October 30, 1934. Moog
describesher technique:
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Ms. Rockmore actually uses fingering patterns to play the most rapid pas-
sages. For instance, if she were to play an upward arpeggio, she would
start on the lowest note with right hand tilted back and fingers with-
drawn. To play the next note she would abruptly move her hand forward
from the wrist, while keeping her right arm motionless. The third note
would be played by rapidly extending the little finger, and the fourth note
by extending one or two more fingers while simultaneously turning the
wrist sideways to bring the newly-extended fingers nearer to the pitch
antenna. She would then continue the arpeggio by moving her whole arm
closer to the pitch antenna while drawing her hand and fingers back, then
repeating the above-described succession of movements. At the same
time, she may articulate each individual pitch by rapidly shooting the fin-
gers of her left hand into the volume antenna loop, then withdrawing
them, to silence the tone during the very short periods of time thar her
right hand moves from one pitch to another ...

In 1938, Theremin was abducted by Soviet agents and returned forcibly
to the Soviet Union. In fact, according to Andre Smirnov, director of the
Theremin Center in Moscow, it was well known that Theremin had been work-
ing as an agent for the KGB since the early 1920s and that he had not done a
particularly good job for them; and consequently, it would make sense to spec-
ulate that with war pending, the KGB would have found him more valuable in
Moscow than in New York. After a few months back in Moscow, Theremin
was imprisoned, and following a few months of physical labor, he was pur to
work at developing aircraft radar. In 1947, he invented a bugging device for the
KGB, for which he was awarded the 1947 Stalin Prize of 100,000 rubles. By
the 19605, he had become a professor of acoustics at Moscow University,
working mainly on naval acoustics and noise suppression.

Leon Tberernin playing the tberernin
(left) and talking with Robert Moog
(right) at Stanford University in 1991.

Photos by Renee Moog.
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In 1991, at the age of 95, he came back to the United States for a visit. He
perfotmed at a concert at Stanford University. His daughter Natasha also
playedRachmaninoff's Vocalise on one of her father's theremins, accompanied
byMax Mathews playing his Radio Baton. He had reunions with old friends
inNewYork, among them Clara Rockmore. And in the course of an interview
with Robert Moog, Theremin recalled his 1921 performance in Moscow and
hisencounter with Lenin:

Inthe Soviet Union at that time everyone was interested in new things, in
particular all the new uses of electricity ... And so Vladimir I1yich Lenin,
the leader of our state, learned that I had shown an interesting thing at
this conference, and he wanted to get acquainted with it himself. They
asked me to come with my apparatus, with my musical instrument, to his
office, to show him. And I did so. I played Glinka's The Lark, which he
loved very much ... He stood up, moved to the instrument, stretched his
hands out, right hand to the pitch antenna and left to the volume anten-
na. I took his hands from behind and helped him. He started to play The
Lark. He had a very good ear, and he felt where to move his hands to get
the sound-to lower or raise the pitch. In the middle of this piece I
thought that he could, independently, move his hands. So I took my hands
off his and he completed the whole thing independently, by himself, with
great success and with great applause following ...

"•

It is not so often that a head of state tries out the latest electronic musical
instrumentand, yet more exceptionally, plays it well.

•
Manyelectronic instruments were developed through the 1920s and 1930s,
andmost of rhem-such as the Gnome, the Syntronic organ, the Photon a, the
Hardy-Goldthwaite organ, the Rangertone organ, the Wave organ, the
Polytone organ-were ephemeral.

Some of them were interesting. jorg Mager's Spharophon, for example,
demonstratedin 1926 at Donaueschingen, Germany, was similar to a theremin
butcapable of timbral gradations and discrete pitches. Mager went on ro devel-
op other instruments, among them a keyboard version of the Spharophon.
ReneBertrand'sDynapbone, demonstrated in 1928 in Paris, s~mewhat res~m-
bledthe top half of an old clock. It was played by turning a pointer, something
likea clock's hand, to select pitches while operating various knobs and buttons
forvolume and timbre. There was the Givelet/Coupleux Organ, a five-octave
electronic organ with a full pedal keyboard, introduced in 1932 in Paris by
ArmandGivelet, engineer, and Eloy Coupleux, organ budder, after a decade of
collaborativeexperimentation 011 various elec.tronic instrume~t desl?ns. A bit
fUrtherout from the mainstream, there was Nikolay Obukhov s CrOIxSonore,
completed in 1934 in Paris, basically a theremin in the form of a cross about



12 The Early instruments

six feet high which, according to Obukhov, a my.stic, "attracts us like a rnes-
sage from another world." A bit closer to th~ mainstream, .there ,,~asG~orges
Jenny's Ondioline, a three-octave monophonic keyboard Wlt~ van~ble timbre
and vibrato, developed in 1938 in Paris and manufactured In vanous forms
into the 1960s.

The Trautonium and the Ondes Martenot were particularly distinctive. in
1928 Friedrich Trautwein, acoustician, and Paul Hindernith, composer, estab-
lished a studio for musical experiments at the Hochschule fur Musik in Berlin.
Hindemith experimented with sound by, among other rhings, changing rhe
speeds of phonograph turntables. Trautwein developed the Trautoruum. In
playing the Trautonium, a performer controlled pitch by pressing a finger
against a wire at some point along its length, thereby putting the wire in con-
tact with a metal bar, closing a circuit, and producing a nore. The performer
pressed another bar to control articulation. With expert use of the independent
pitch and articulation controls, a performer could achieve considerable nuance
and expression. Timbres were chosen by means of simple switches. Altogether,
the Trautonium was an instrument sophisticated enough to inspire Paul
Hindemith to write his Concerto for Solo Trautonnon and Orchestra (1930).
And it was a good enough idea thar Oskar Sala, who had been a student of
Trautwein's, developed the Mixturtrautonium, an improved two-manual ver-
sion of the original instrument, and used it to compose music and sound effects
for films, including sound effects for Hitcbock's The Birds. In 1962, Lejaren
Hiller visired Sala at his studio at MARS Film in Berlin and reponed: "Sala is
convinced of the necessity of performing music to achieve the results he wants.
He improvises much of his music for films directly on the instruments while
watching film proofs ... "

Also in 1928, Maurice Martenot presented his Ondes Marrenot at the
Paris Opera. He performed by inserting a finger in a ring and pulling a ribbon
left or right, causing pitches to change correspondingly lower or higher. While
his right hand was occupied playing the ribbon, his left hand was employed at
a small panel to the left of the keyboard, varying loudness and activaring dif-
ferent timbres by manipulating various cont.rols. A few years later, although the
ribbon was and remained a distinguishing feature of the Ondes Martenor,
Martenor added a keyboard that could be used independently or in conjunc-
tion with the ribbon. He also placed a lever under the keyboard, to be pushed
upward by the right knee to control continuous timbral changes.
. ~artenot actively promoted his inst.rument. After his successful premiere
111 Pans, he performed a European tour, following which he brought the instru-
ment to New York. In December 1930, he played with the Philadelphia
Orchestra. A world tour followed. At the Exposition lnternationale de Paris of
1937, there were demonstrations and concerts by Ondes Marrenot ensembles
of up to t,:elve musicians. Many composers-among them Olivier Messiaen,
Dar~us Milhaud, Arthur Honegger, Jacques Ibert, Andre Jolivet, Edgard
Varese, Maurice Jarre, and Pierre Boulez-played the Ondes Martenot and
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incorporatedit into some of their compositions. In 1960, the Paris conservato-
ry offered classes in Ondes Martenor performance, taught by Martenot at his
Ecole d'Art Martenor in Neuilly, on the outskirts of Paris. But the Ondes
Marrenor, although interesting and novel for a certain circle of musicians
neverreally achieved mainstream status. Martenor apparently was not com-
merciallyminded. As Jean-Claude Eloy, one of the students at Neuilly, recalls:

He was making the instruments one by one in his atelier, maybe three per
year.We said to him, "You ought to industrialize it," but he was not that
type of person, not a technician, not a businessman. He was a musician
and a philosopher who was following an idea ...

Laurens Hammond, on the other hand, developer of the first commer-
ciallysuccessful elecrronic instrument, certainly was commercially minded. The
Hammondelectronic organ, introduced in 1935, quickly achieved mainstream
status.For many years, people said "Hammond" when they meant "electron-
icorgan."

•
HughLe Caine, a scientist at the Canadian National Research Council in
Ottawa,worked during World War II on microwave transmission. In 1945,
after the war, he turned some of his attention to building what he called the
Electronic Sack but, a performance-oriented synthesizer with an unusual capa-
bilityfor fingertip control of expression and nuance. By 1948, he had finished
aworking prototype. He describes it:

The keyboard facilitates rapid execution of scales and arpeggios. In dis-
tinction to the conventional keyboard, the Sackbut keys are constructed
in such a way that by applying a lateral (side) pressure to the key such
subtleties of pitch control such as a smooth slide from one note to anoth-
er,the vibrato or wavering pitch which a violinist produces by rocking his
finger back and forth on the string, and the occasional use for musical
purposes of sounds which are not on the musical scale or are off the pitch
can be produced. The extent of the pitch change in any direction pro-
duced by this lateral pressure may be made as much as an ~ctave el~her
way. To produce long slides and other special effects a continuous pitch
control is placed behind the keyboard in such a way that when the finger
is moved along the control the pitch varies gradually over the range of the
keyboard. .

To control the loudness of a note the player controls the vertical pres-
sure on the key. Not only gradual crescendi and diminuendi but changes
in attack may be produced in this way. If the player uses the gradual pres-
sure a violin-like attack results. If he strikes the key a blow, a sharp attack
is produced. Since it is all tOOeasy for the electronic instrument to have a



14 The Early Instruments

tone of monotonous purity, means of introducing irregularity have been
included. One device produces an effect similar to a rasp in the voice or
the buzzing produced by a trumpeter. Another mechanism produces
breath tone as sometimes heard in the flute. These effects of course are
introduced in only small amount and only occasionally, but they add to
the expressive power of the instrument and avoid the monotonous puri-
ty of the "electronic tone."

Through the late 1940s and into the 1950s, Le Caine worked extensive-
lyon musical projects in his home studio. In 1953, as his interest in music was
becoming increasingly known within the Canadian National Research
Council, he was invited to speak about his instruments to the Scientists' Wives'
Association. In his presentation, he used a taped example of himself perform-
ing the opening clarinet solo from Gershwin's Rhapsody in Blue on the elec-
tronic Sackbut. In 1954, he presented additional lectures and demonstrations
both for the public and for the staff at the National Research Council. As a
result of these presentations, the National Research Council established a

Hugh Le Caine demonstrating the Electronic Sackbut in
1954. While his right hand is playing notes on the keyboard,
controlling volume by pressure and pitch bend by moving
each key left and right, his left hand is controlling timbre.

Photo courtesy Gustav Ciamaga,



The Early Instruments 15

musiclaboratory for him, the purpose of which was to develop electronic musi-
calinstrumentsthat could be manufactured by Canadian companies .

•
TheCanadian National Research Council had a point. By the mid-1950s the
eventualcommercial potential of electronic musical instruments was becoming
clear.Many companies entered the field. Following its brief early entry with the
theremin,RCA re-entered the field, once again briefly.

Milton Babbitt, who had joined the Princeton University faculty in 1938,
hadreadarticles about optical soundtracks: "They were ecstatic reports of any
kindof sound or continuity by drawing on film, and the people at RCA, at that
timeHarry Olson, thought it sounded like fun, so we began to play around a
littlewith optical sound." Tape recorders became available in the late 1940s,
butas Babbitt said, 1'1 didn't want to splice tape-tape was just not my medi-
um." In 1957, when RCA announced the Mark II Electronic Music
Synthesizer, an improvement on the Mark I of a few years earlier, Babbitt got
seriouslyinterested. The Mark II was a floor-to-ceiling wall-to-wall synthesiz-
er built by Harry Olson and Herbert Belar at RCA's Sarnoff Laboratories in
Princeton.The Mark II offered, in Olson's words:

••
!
!

the possibility of entirely new tone complexes and combinations which
cannot be achieved with conventional instruments. Furthermore, in the
case of conventional instruments, the musician is limited to the use of lips,
mouth, ten fingers, two hands and two feet to perform the different oper-
ations. This limitation does not exist in the electronic music synthesizer.
Conventional instruments produce various noises such as the rushing of
wind in wind instruments, bow scratch in the viol family, various clatters
and rattles in plucked and struck-string instruments, and mechanism rat-
tle in any instrument in which keys, valves, levers and shafts are used.
These undesirable noises do not exist in the electronic music synthesizer.
With the advenr of the electronic method for the production of musical
tones, new musical compositions can be written which take advantage of
the superior characteristics of the electronic music synthesizer.

Charles Wuorinen who used the Mark II to provide the basic sound,
materialfor his Time's Encomium (1969), described it as:

a 750-vaCllUm~tube affair in which information was encoded by a
fiendish combination of 4-bir binary switches, banks on the walls and
console of this nearly room-sized machine, and two particuJar.ly clever
paperdrives, each of which would encompass two channels of inforrna-
tion. Holes were punched in the paper that then passed over a metal roller
to which contact was made by a set of brushes. The brushes were
arranged so that they would lie over rhe holes rhar passed beneath, mak-
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ing continuous contact. Time was represente? on .the machine ~s the
number of holes at a certain rate of the paper drive. Pitch and other infer-
marion was represented in binary numbers by a combination of preset
switches and banks of holes in the paper.

And Ba bbitt tells the story:

I talked to Harry Olson and he agreed that if [Vladimir] Ussachevsky and
I were willing to learn how to use it, he would be grateful, and we could
evaluate it and decide which universities might be interested in purchas-
ing it. Vladimir and I went there many times each week, early in the
morning, under a cloak of industrial secrecy. They checked us for cam-
eras. Vladimir would eat a Hershey bar and we would work in an un-air-
conditioned room. But he decided early on that it wasn't the way for him,
so I was left on my own.

A collaboration formed nonetheless. Babbitt, Ussachevsky ar Columbia
University, and Otto Luening (also at Columbia), approached the Rockefeller
Foundation for funding to establish the Columbia-Princeton Electronic Music
Center and purchase the Mark II. As Babbitt recalls, "Vladimir and I met hun-
dreds of times with lawyers to knock out a contract, and then came the fateful
day when we got our money from the Rockefeller Foundation and we said to

RCA that we'd like to have this machine-so they charged us $10,000, gave us
the blueprints, and put it all in our place at 125th Street." The Mark II was
installed at the newly organized Columbia-Princeton Electronic Music Cenrer
in 1959. Babbitt continues:

Then came a great two years when 1worked with Peter Mauzey and other
engineers to make it practical. Peter was great. We worked morning,
noon, and night, and learned the machine inside and out. Those were two
years of experimentation, and the engineers changed a great deal of the
machine. Varese came to the studio-he had had no hands-on experience
with any instrument-and he got excited. Stravinsky came up one
Saturday morning and got so excited he had a heart attack. We had to get
a cab and get him back to the hotel. He told me all the things he wanted
me to do for bini. He wanted to hear all kinds of rhythmic combinations
that he was afraid to compose.

The machine was extremely difficult to operate. First of all, it had a
paper drive, and getting the paper through the machine and punching the
holes was difficult. We were punching in binary. The machine was total-
ly zero, nothing predetermined, and any number we punched could refer
to any dimension of the machine. There was an immense number of ana-
log oscillators but the analog sound equipment was constantly causing
problems. I couldn't think of anything that you couldn't get, but other
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Miltoll Babbittat the RCA Mark 1I Electronic Music Synthesizer in the mid-1960s.
Photo courtesy Milton Babbitt.

composers gave up-it was a matter of patience. Max Mathews once said
rome, "You must have the mechanical aptitude of Edison to work with
thar synthesizer," and J said, "No, I've got the patience of]ob." I became
irritated with the mechanics of the machine very often. I had to trou-
bleshoot all the time and Iwas completely dependent upon Peter Mauzey.
ButI learned a lot of tricks, how to cut down on programming time with
presets and so on. There were many people who would look at this
machineand say, "It's a computer." But it never computed anything. It
wasbasically just a complex switching device to an enormous and com-
plicated analog studio hooked into a tape machine. And yet for me it was
so wonderful because I could specify something and hear it instantly.

Babbitt's principal compositions with the Mark II were Composition for
Synthesizer(1961), for tape alone; Vision and Prayer (1961), for tape and
soprano,with text based on a poem by Dylan Thomas; Philomel (1963), for
tapeand soprano, with text based on a poem by John Hollander; and
Ensembles(1964), for tape alone. In all of the music that Babbitt composed
withtheMark IJ, the subtlety of the musical texture, based on precise changes
'ntlmhreand timing, was amazing. Indeed, changes could be made to happen
~fast,withtimings so tight that it led Babbitt to reconsider his notions of tim-
tn d' h id "I I" dgan ensemble when working with live performers. As e sal, rea rze
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that there was a tremendous discrepancy between what we could specify and
what could be done by performers." Babbitt was surprised in both ways-what
sounded possible was sometimes impossible, and what seemed impossible was
sometimes possible. Harvey Soil berger, superb flutist, provided one example. As
Babbitt recalls, "I wrote a trill which had thirty-two alternations a second, and
Harvey said, 'I can produce that,' but he couldn't-and we soon learned where
the hand was never faster than the ear." On the other hand, Babbitt composed
Vision and Prayer for soprano Bethany Bearslee. As Babbitt rells it, "In the nota-
tion, I simplified some of the rhythms ever so slightly so rhey would nor look
preposterous, and she called me two days later and said, 'Either the tape is
wrong or my score is wrong-it throws me off completely," Babbitt sums it up:

In a nutshell, we had to learn a whole new set of limitations of the human
perceptual apparatus. And that was really what concerned us for the next
decade or more. I often went to the studio and tried things and it wasn't
what I predicted. And then my problem was how to get what I wanred to
get. It was a long hard road. I was perfectly willing to work long and hard
hours and produce relatively few pieces.

But why? Why long and hard hours? What exactly was rhe allure?
Babbitt answers:

The notion of having complete control over one's composition, of being
complete master of all you survey (and please remember that in the mid-
1950s, the possibilities for performance of exacting difficult music were
rare), the prospect of having one's music performed and performed ade-
quately, to hear one's music as it was conceived ... Where could one turn?
It seemed to be a practical solution, a musical solution, a conceptual solu-
tion, and it removed one from an inappropriate milieu of presenting it to

people who were not prepared and not interested.

The end came in 1976. A group of thieves broke into rhe studio from the
roof and "stole everything that was stealable. The wiring was destroyed,"
Babbitt said, "and I never used the synthesizer again."

•
The RCA Mark II Electronic Music Synrhesizer marked the end of the era of
the early electronic instruments. Thaddeus Cahill had characterized the era
whe~, in November 1907, at a demonstration of the Telharmonium for the
M.uslc Teachers' National Association, he said, "The composer of the future
will have ... not merely the known and approved tones of the orchestra but
man~ shades and nuances heretofore unattainable." Cahill, in other words: had
predicted new sounds.
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Newsounds, but not new music. The Telharmonium had played Ross' .
ovenures,Theremin had played Glinka, Le Caine had played Rhapsody I~~

Bille, rheengineers of the Mark II programmed Irving Berlin's Blue Skies. And
althollghavant-garde composers such as Hindemirh, Varese, Babbitt and oth-
ersusedelectronic instruments [0 perform their music, their musical 'ideas had
beenformed independently of the instruments. The early electronic musical
instruments,in short, opened the door to future developments but embodied
nonew musical ideas.

Therewas one notable exception. Percy Grainger, an Australian compos-
er,hadlong been interested in what he called "Free Music." In 1938, he wrote:

Music is an art not yet grown up ... Existing conventional music
(whether 'classical' or popular) is tied down by set scales, a tyrannical
(whether metrical or irregular) rhythmic pulse that holds the whole fab-
ric in a vise-like grasp and a set of harmonic procedures (whether key-
bound or atonal) that are merely habirs ... It seems to me absurd to live
in an age of flying and yet not be able to execute tonal glides and curves
... Free Music demands a non-human performance. Like most true
music, it is an emotional, not a cerebral product and should pass direct
fromthe imagination of the composer to the ear of the listener by way of
delicately controlled musical machines. Too long has music been subject
to the limitations of the human hand ... A composer wants to speak to

his public direct. Machines (if properly constructed and properly written
for) are capable of niceties of emotional expression impossible to a
humanperformer. That is why 1 write my Free Music for theremins-the
most perfect tonal instruments I know.

Graingerwas at the time living in the United States. He had met Theremin
inNew York and was impressed that the theremin could play any pitch; thus,
whenTherernin disappeared from New York in 1938, Grainger decided to
develop his own Free Music Machine. In 1944, he met Burnett Cross, a scren-
tist, and they began a collaborarion to build it. Cross describes the project:

Graingerwanted a composer's machine, not one for the concert ha.lI. A.s
he said, he wanted to hear in actuality the sounds he had heard In his
mind for many years ... The Free Music Machine had to be able to play
any pitch within its range. It was to be free of the limitations of speaking
in half tones, or quarter tones or eighth tones for that matter ... The
machine had to be able to go from pitch to pitch by way of a controlled
glide as well as by a leap ... The machine had to be able to perform com-
plex irregular rhythms accurately, rhythms much too difficult for human
beings to execute ... The machine had to be workable by the composer.
It was not CO require a staff of resident engineers ...
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After several earlier versions, including one that was labeled in a diagram
as the "Kangaroo Pouch method of synchronizing and playing eight oscilla-
tors," the final version of the Free Music Machine was finished in the mid-
1950s. It read separate graphs for pitch and volume, each graph painted along
its appropriate band on a five-foot wide roll of plastic that was rolled through
the machine. Light was passed through the graphs to photocells which con-
trolled the frequencies of oscillators. The pitch oscillator was heard directly.
The volume oscillator's output modulated a flashlight bulb which in turn mod-
ulated another photocell which controlled a preamplifier circuir. Durations,
and consequently rhythms of arbitrary complexity, were specified by calculat-
ing relationships between the length of a line in the graph and its speed through
the photocell apparatus.

The Free Music Machine grew out of Grainger's musical ideas. By itself!
it was too personal to inspire a revolution. But Grainger's sense of musical free-
dam was in the air. And while so many new electronic instruments were being
developed during the first half of the century, a musical revolution was indeed
brewing.

• • •
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CHAPTER Two

THE GREAT
OPENING Up
OF MUSIC TO
ALL SOUNDS

•

~sif modelsof a synchronous universe, every musical composition and paint-
mgoftheNewtonian period-roughly from 1600 to 1900-reflected one line
ef time. In every musical composition, there was but one line of chord pro-
gress~onstowhich all notes were synchronized. In every painting, there was but
onelmeof travel for a viewer's eyes, one perspective to which all objects were
synchronized.Newton, in his Principia (1687), called that one line of time
AbsoluteTime:

Absolute, True, and Mathematical Time, of itself, and from its own
nature flows ... All motions may be accelerated and retarded, but the
True, or equable progress, of Absolute Time is liable to no change ...

Itwas and still is a matter of common sense to view the universe as syn-
chronous.When we say "We'll see you at 7," we do so knowing full well that
OUr~atchesarc ticking at the same rate, that we arc all synchronized to a sin-
glelineof time.

Butcommon sense is not the only reality. At the beginning of the rwenti-
ethcentury,it had become clear that the universe-atoms, light quanta, stars-
~xlendedto smaller and larger items than could be seen by the naked eye. And
!Uslem,1I1the Special Theory (1905), porttayed an asynchronous universe of

21
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multiple clocks, where each clock relative to other clocks ticked faster or slow-
er according to the speed with which it traveled through sp.ace.

The idea of relative speed is easy to understand. A tram that moves at 60
mph, for example, is in fact moving at 60 mph faster than the sur~ace of rhe
earth; and when we pour coffee in that train, the coffee pours str31~ht down
because it too is moving at 60 mph and is, consequently, at rest relative to the
train. What is neither easy to understand nor verifiable in common sense is
that, because it is moving faster than the surface of the earth, the train's "c1oc~"
is ticking more slowly than a clock on the surface of the earth. As proposed m
the Special Theory, the faster something moves, the more slowly its time pass-
es. Einstein's universe, in short, was a multiplicity of parallel and asynchronous
timelines.

•
The idea of an asynchronous universe was in the air. It's not that early twenti-
eth-century poets, musicians, and artists read Einstein. It's just that some of
them sniffed the new idea and saw things in a new way. As they looked around,
they saw simultaneous and asynchronous activities, or processes, or "stories,"
each developing at its own rate. In Lundi Rue Christine (1913), for example,
Guillaume Appollinaire juxtaposed unrelated phrases and fragments as if they
were "plucked" from independent and parallel storylines:

Three lit gas jets
The proprietress has bad lungs
When you've finished we'll playa hand of backgammon
An orchestra conductor who has a sore throat
When you come to Tunis I'll give you some kef to smoke
This seems to rhyme

It was liberating. Indeed, anything could seem to rhyme. Anything could
go together with anything else. It was as if the world had opened up. "We must
throw wide the window to the open sky," Claude Debussy wrote rhrough
Monsieur Croche. "Music was born free; and to win freedom is its destiny,"
Ferruccio Busoni wrote in his Sketch of a New Aesthetic of Music. In the new
music of the early twentieth century, cbords and melodies were "plucked" from
different keys and juxtaposed in a multiplicity of new combinations; as in, for
example, Igor Stravinsky's Le Sacre du Printernps (1913), so large in scale, so
campl.ex in its combinations and superimpositions of rhythms, chords and
m~lodles, so rich in the originality of its musical invention, that the riot at its pre-
~I~re see.ms a reasonable public reaction; or as in Charles Ives' Putnam's Camp,
finished In 1~14 as part of his orchestral suire Three Places in New England,v:here campfire songs and marches are superimposed as asynchronous and
simultaneous processes in a free-for-all celebration of the Fourth of July.
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Everyrhing thinkable was possible, including the plucking of found
objects from their normal environments and contexts and juxtaposing them
with other found objects in artworks. Pablo Picasso's Still Life with Chair
Canillg (1912), for example, contains a piece of oilcloth and hemp rope. Man
with a Hat, one of several papiers colles finished by Picasso also in 1912, is a
cubistdrawing in charcoal and black ink of a man's face and upper torso, with
bluepaperand newspaper cutouts glued to the surface. Nor was Picasso alone
inusingfound objects. His first assemblages were the beginning of a twentieth-
centurymainstream that included works by Georges Braque, Juan Gris, Marcel
Duchamp, Kurt Schwitters, Hannah Hoch, Man Ray, Jean Tinguely, Robert
Rauschenberg, and many other artists. Although Ducharnp, in particular, did
raisea few eyebrows from time to time, particularly with his so-called ready-
modes, the use of found objects in the visual arts was normal.

In music, on the other hand, the use of found sounds was abnormal, con-
troversial,and sometimes technically problematic. Parade, for example, pro-
ducedar the Chareler Theatre in Paris on May 18, 1917, conceived by Jean
Cocreau,designed by Pablo Picasso, choreographed by Leonid Massine, with
musicby Eric Satie, was received with scant applause and an abundance of
criticalhostility. Satie, doubtless speaking for generations of composers before
andafter,responded to one of the more negative critics with the postcard: "Sir
andDear Friend, You are only an arse, but an arse without music." And the
critic,demonstrating thereby how right Satie was, sued Satie. At the conclu-
sionof an excited trial, during which Cocteau was in momentary physical con-
flierwirh the courtroom police, Sarie was given an eight-day suspended sen-
tence.Yes, Parade was controversial. And there were technical problems. The
found-sound devices planned by Cocteau hadn't worked well. Cocteau later
wrote:

The score of Parade was intended to serve as a background to suggestive
noises. : . in effect, noises played an important role in Parade. Practical
problems (lack of compressed air, among others) deprived us of these
"trompe l'oreille" sounds-dynamo, Morse code machine, sirens, steam
engine, airplane motor-which I used just like "trompe I'oei!"-newspa-
per,cornice, artificial wood-is used by painters. We could hardly make
the typewriters heard.

The sweetest example of found sounds in those ~arly day~ w.:s the use of
recorded nightingales during a performance of Orror ino Respighi S or~hestral
precePines of Rome in 1924. The loudest example was George Anrheil s use of
an airplane engine on stage for his Ballet Mecm"que III 1926. The Ballet
Mecallique was noted by, among others, Ezra Pound, who wrote:

Anrheil has made a beginning; that is in writing music thar couldn't have
been written before. His musical world is a world of steel bars, not of old
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stone and ivy. With the performance of the Ballet MecQniqlle one can con-
ceive the possibility of organizing the sounds of a factory, let us say, of
boiler plate or any other clangorous noisiness, the actual sounds of the
labor, the various tones of the grindings ...

•
John Cage was the first composer to focus on the use of found sounds, and one
route to Cage is through Marcel Duchamp. At first as an amusement,
Duchamp mounted a bicycle wheel upside down on a stool in his studio. Later,
in 1913 he saw it in a more serious context, as a prototype readymade, as he
called i:. Other readymades followed, among them In Advance of a Broken
Arm (1915), a snow shovel with the title written on the back of the blade, and
Fountain (1917), a porcelain urinal with the inscription "R. Mutt, 1917"
painted on the front. Of Fountain, Ducharnp wrote:

Now Mr. Mutt's fountain is not immoral, that is absurd, no more than a
bathtub is immoral. Ir is a fixture that you see every day in plumbers'
show windows.

Whether Mr. Mutt with his own hands made the fountain or not has
no importance. He CHOSE it. He took an ordinary article of life, placed
it so that its useful significance disappeared under the title and point of
view-ereated a new thought fat that object.

L.H.O.O.Q. from 1919, a so-called "rectified" readymade, was a repro-
duction of the Mona Lisa with a mustache and goatee drawn on it. It was
described by its creator as:

a combination readymade and iconoclastic dadaism. The original, I mean
the original readymade is a cheap chromo 8 x 5 on which I inscribed at
the bottom four letters which pronounced like initials in French, made a
very risque joke on the Gioconda.

La Gioconda is the ltalian name for the Mona Lisa. L.H.O.O.Q. is in
fact five letters (but who's counting?). The risque joke is in the French pronun-
ciation of the five letters as e/le a cbaud au cul, which means, in roughly equiv-
alent jargon, "she's got a hot ass"-which, as Duchamp remarked, explained
her smile. Duchamp had a talent for scandal, as did John Cage. And Cage, from
his point of view, felt a particular affinity for Duchamp's work as well as a
friendship for the man and, one might guess, empathy with the 'mischievous-
~ess of ~is personality. Several of Cage's compositions involve Duchamp in the
title or 111 some other way. There is a series of graphics from 1969 called Not
Wanting to Say Anything About Marcel and a wonderful mesostic one of the
36 Mesostics Re and Not Re Duchamp, which is: '



The Great Opening Up of Music to All Sounds 25

since other Men
mAke
aRt,

he Cannot.
timl:
is ual.uable.

Butwhereas Duchamp started by discovering a readymade in his own stu-
dio,Cagestarted by defining concepts of musical structure that were indepen-
dent of any particular sound. As he said, "Structure in music is its divisibility
intosuccessive pans ... " Of his Construction. in. Metal (1939), Cage wrote:

I felt the need of finding some structural means adequate to composing
for percussion. This led me eventually to a basic reexamination of the
physical nature of sound. Sounds, including noises, it seemed to me, had
four characteristics (pitch, loudness, timbre and duration), while silence
had only one (duration). I rherefore devised a rhythmic structure based
on the duration, not of notes, but of spaces of time ...

Cage defined the parts before putting in the sounds. Of his Sonatas and
Interilldes(1948), he wrote, "the structure ... was one hundred measures of
two-twotime, divided into ten units of ten measures each ... combined in the
proportionthree, three, two, two ... " In other words, Cage conceptualized
musicalstructure as an array of empty glasses of predetermined sizes to be filled
with sounds or silences. His silent piano piece, originally titled 4'33", makes
theidea crystal clear. It is, in effect, three empty glasses. The score specifies only
a structure of three silent parts, and the note to the score explains, partly by
example,the concept:

The title of this work is the total length in minutes and seconds of its per-
formance. At Woodstock, NY, August 29, 1952, the title was 4'33" and
the three parts were 33", 2'40", and 1'20". It was performed by David
Tudor)pianist, who indicated the beginnings of parts by closing, the end-
ings by opening, the keyboard lid. However, the work may be performed
by any instrumentalist or combination of instrumentalists and last any

length of time.

Cage's idea of structure had its most important consequence in his corol-
lary idea that any sound or silence might fill the glasses. In Construction in
Metal,Cage filled them with percussion sounds. In Sonatas and Interludes, he
filledthem with prepared piano sounds produced by various rubber wedges,
screws,and other items placed between the strings of a pi.ano, the goal of which
wasto turn a piano into a keyboard-controlled percusston ensemble. He also
filledthe glasses with found sounds. In Imaginary Landscape #1 (1939), he
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called for variable-speed phonograph turnrables. In Imaginary Landscape #3
(1942), it was tin cans and electronic oscillators. lmagm~r~ Lan~scape #4
(1951) was for rwelve radios, and Imaginary Landscape #5, finished m January
1952 used marerial from forry-rwo phonograph records. Cage had expressed
his interest in found sounds as early as 1937 when he said:

1 believe that the Liseof noise to make music will continue and increase
until we reach a music produced through the aid of electrical instruments
which will make available for musical purposes any and all sounds that
can be heard ... whereas, in the past, the point of disagreement has been
between dissonance and consonance, it will be, in the immediate future,
between noise and so-called musical sounds.

By "noise, 'l Cage meant found sounds. By "musical sounds," he meant,
well ... As he pur it:

Wherever we are, what we hear is mostly noise. When we ignore it, it dis-
turbs us. When we listen to it, we find it fascinating. The sound of a truck
at fifty miles per hour. Static between the stations. Rain. We want to cap.
ture and control these sounds, to use them not as sound effects but as
musical instruments ... If this word "music" is sacred and reserved for
eighteenth- and nineteenth-century instruments, we can substitute a more
meaningful term: organization of sound .

•
In his approach to using found sounds, Pierre Schaeffer, in Paris, followed
Cage's lead. By training a radio engineer and by profession an announcer for
Radiodiffusion Francaise (RF), Schaeffer had been able to establish an ernbry-
onic research facility at RF in Paris as early as 1942, during the German occu-
pation. At first called Studio d'Essai, it was renamed Club d'Essai in 1946 and
served as a base for experiments in radio-theater and music.

In 1948, Schaeffer got another idea. As he wrote at Easter: "Certainly the
idea of a concert of locomotives is exciting. Sensational." On May 3, he wrote,
"Here T am en route to the station at Batignolles, with a sound truck and naive-
ly treasuring my false good idea." The composition, which contains juxtaposed
sections of locomotive steam and wheel sounds, their periodic rhythms punc-
tuated with whistles, was called Etude aux Chemins de Fer (Railroad Study). It
was significant because it was the first recorded assemblage of sounds and, as
such, it launched a new technique and gave rise to a new way of thinking about
music. In an entry dated May 15, Schaeffer introduced his term rnusique CON-
crete:

This determination to compose with materials taken from an existing col.
lection of experimental sounds, 1 name rnusique concrete to mark well the
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placein which we find ourselves, no longer dependent upon preconceived
sound abstr,actions, but now u~ing fragments of sound existing concrete-
lyand considered as sound objects defined and whole ...

Schaeffer completed a series of five short musique concrete studies in
1948:Etude ",IX Chemins de Fer was the first, to be followed by Etude aux
Tourniquets, with sounds from toy tops and percussion instruments; Etude
Violette,using piano sounds recorded for Schaeffer by Pierre Boulez; Etude
Noire,also using piano sounds recorded for Schaeffer by Boulez; and Etude
Pathetique, using sounds from saucepans, canal boats, words sung and spoken,
aharmonica,and a piano. There was one more piece in 1948, the Diapason
ConcertiI/O,based on piano sounds recorded for Schaeffer by Jean-Jacques
Grunenwald.

Following a spirited reception of the Etudes as heard in a radio concert
calledCOl/cert de Bruits (Concert of Noises), broadcast on October 5, 1948,
Schaefferasked the RF administration for a team of assistants. In 1949, he was
joinedby Pierre Henry as co-researcher and Jacques Paullin as technician and
thefirstculmination of their joint efforts was a live concert of musique concrete
onMarch 18, 1950, at the Ecole Normale de Musique in Paris. The concert
includedthe first performance of Symphollie pour Ull Homme Seul (Symphony
forOne Man Alone), a Schaeffer-Henry collaboration. The original version, as
playedin that concert, contained twenty-two movements-some of them called
by classicalnames such as Partita, Valse, and Scherzo, and some using spoken
wordsand rhythmic patterns produced by percussion instruments. A later ver-
sionby Henry reduced the number of movements to twelve.

PierreHenry was important in the collaboration. As a free-lance musi-
cian, he had made the music for a film called Voir l'Inuisible (To See the
Invisible),and as he recalls, "At that point I wanted to meet Pierre Schaeffer-
I had heard the Etudes de Bruit and I wanted to show him what I'd done
because1 thought he was very close to what I wanted to do." Henry had gone
toseeSchaeffer just as Schaeffer was looking fat a composer to work with him
onresearchin sound. Henry starred to work on Symphonie pour un Homme
Seu!and, as he puts it, "I found my voice." Henry continues:

A lot of the Symphonie ... was taken from pieces that I'd composed
before.We transformed them. We worked with very prrrruttve equipment
and, even more the loudspeakers weren't very good so we couldn't hear
very well what 'we should do. It needed a lot of imagination. And I was
very surprised at the success of the first experiments. People wanted to

hear them. They were interested because we made new sounds that sug-
gested an extraordinary instrument.

Working with Schaeffer was an intellectual challenge. I was very
young, twenty or twenty-one years old, and it was form~tJve for me. I,,:as
there twelve hours each day. He came from time to nrne and modified
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what Ihad done. He was perhaps more intellectual than Iwas at the time,
and I was more of a musician. He was more theoretical, Iwas more
expressive. The first years were the discovery of sound. After that it
became more formal-"Pierre, do this phrase, do more of that sequence
... " Schaeffer gave ideas, suggestions, orders ... He was in charge of the
studio and I was a salaried employee. Afterwards, I worked for myself.
But there, I worked for Schaeffer.

In those days before RF acquired tape recorders, Schaeffer and Henry
recorded sound by cutting directly into a disc with a lathe. Sounds were edited
by playing back several discs simulraneously and switching between them with
a mixer. Henry's description of composing Sympbonie pour un Homme Seul
with, as he put it, "primitive equipment" was from today's perspective certain-
lyappropriate.

•
Other composers had also experimented with found sounds. During the 1920s
and 1930s, Darius Milhaud, Percy Grainger, Paul Hindemith, and Ernest Toch,
at different times and with different intents, had experimented with variable-
speed phonographs as a means to transform recorded sound. Primitive per-
haps, but at the time it was rhe only technology available. The phonograph
with a hollow cylinder had been invenred by Thomas Edison in 1877; the
gramophone with a flat disc had been invented ren years later by Emile
Berliner; and by the 1920s, the gramophone, often called a phonograph, had
become a commercial item. The serious problem in phonograph technology,
however, was that a phonograph recording could not be edited. For a period
during the 19305, optical recording, in particular the early work of Norman
McLaren in Canada and Yevgeny Sholpo in Russia, seemed to have possibili-
ties. But the first real solution to editing was magnetic recording on tape.

The history of magnetic recording begins in the late nineteenth century.
The September 8,1888 issue of The Electrical World carried an article entitled
"Some Possible Forms of Phonograph," written by Oberlin Smith, an
American engineer. Smith began as follows:

There being nowadays throughout the scientific world great activity of
thought regarding listening and talking machines, the readers of The
Electrical World may be interested in a description of two or three possi-
ble methods of making a phonograph which the writer contrived some
years ago, but which were laid aside and never brought to completion on
account of a press of other work.

Smith, ,in other words, published his ideas in the hope that others, less
pressed for tI,me than he was, might develop them. He went on to suggest that
a thread or ribbon of magnetizable material, or possibly material coated with
magnetizable dust, could provide a basis for recording and playing back sound.
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In 1898 in Denmark, Valdemar Poulsen had rhe same idea. He proceed-
edto invent whar he called rhe Telegraphone, a machine which recorded sound
magneticallyon a sreel wire, and presented it at the Paris Exposition in 1900,
winningthe grand prix for scientific invention. Articles were published in sci-
entificmagazines, among them Scientific American, The Electrician, Annalen
derPhysik, and Comptes Rendus.

In 1903, American Telegraphone Company was founded to manufacture
andmarket Poulsen's device. Advertisements appeared featuring Phoebe Snow,
a famous model of the time, happily playing stenographer with her dictating-
machineTelegraphone, Phoebe Snow, however, was far more beautiful than rhe
Telegraphone, which remained ugly, heavy, difficult to use, and expensive.
There were, nonetheless, occasional sales, among them to E. 1. Dupont de
Nemours& Company for a central dictation facility in their Wilmington,
Delaware,office. And there were more than occasional lawsuits, one of them
brought by E. I. Dupont de Nemours & Company because the dictarion
machinesdid not work. Orber lawsuits were brought by unhappy sharehold-
ers. By rhe 1920s, all manufacture had ceased and the sale activity of the
AmericanTelegraphone Company was litigation.

In 1925, Kurt Stille and partners founded Telegraphic-Patent Syndikat
Companyin Germany to license the manufacture of magnetic recorders. There
weretwo important licensees: Ludwig Blarrner and Karl Bauer. Blarrner devel-
opedthe Blartnerphone, which used a steel band instead of a wire as the record-
ingmedium (an idea, incidentally, which had also occurred to Poulsen). In
1930,the British Marconi Company bought Blattner's company and, with the
cooperation of Stille Laboratories, developed an improved Marconi-Stille steel
tapemachine that was used by the BBC at its studios at Maida Vale in London.
!twas described as presenting the "risk of instantly decapitating anyone with-
inreach of its whirling steel tape ... " The reels weighed twenty-two pounds
andturned at an impressive speed. The recording engineers were located in an
adjoiningroom in case the steel tape broke and "thrashed ungovernably about
... " Editing the tape was a matter of welding. Although not user friendly by
laterstandards, its use was occasionally distinctive, as on Christmas Day, 1932,
whenit was used to broadcasr a speech by King George V.

KarlBauer, meanwhile, organized Echophone Company t~ manufacture
the Dailygraph, a wire recorder that featured cartridge containment of the
wire. Echophone Company was purchased in 1932 by C. Lorenz Company
which manufactured and marketed an office dictation mach me called the
Textophone.

In 1927, a United States pa tent describing a recording tape of powdered
magnetic material was issued to ]. A. O'Neill. In 1928, a German patenr
describinga recording tape of powdered magnetic material was l~sued to F~ltz
Pfleumer.In 1931 Pfleumer succeeded in inreresnng I. G. Farben m developing
plastic-backed rape. He also in retested Allgemeine Electrizitiits Gesellschaft
(AEG) in developing tape machines. In 1935, AEG introduced the new
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Magnetophone at the German Annual Radio Exposition in Bed.in with the fi,rsr
example of plastic tape. It was less expensive than steel rape, which was a major
benefit, but it felt like sandpaper and created clouds of dusr as it passed through
the recorder.

By the mid-1930s, magneric recording was established as an emerging
technology. Wire and steel tape recording were of acceptable quality; plastic
tape seemed promising; Lee De Forest's audion had become commercially
available for use in the amplification of weak signals; and AC biasing tech-
niques, invented in 1921 by Wendell L. Carson and Glenn W. Carpenter of rhe
United States Naval Research Laboratory, were used to improve the signal-to-
noise ratio in recording and playback. In 1936, rhe London Philharmonic
Orchestra, Sir Thomas Beecham conducting, was recorded at 1. G. Farben
headquarters at Ludwigshafen, Germany.

Improvements, of course, continued during World War II. Several
American companies, among them Brush Development Company, Armour
Research Foundation, H. G. Fischer Company, and General Electric, developed
wire recorders for military and commercial use. During the same period, AEG
improved the use of plastic tape. By 1945, the AEG Magnetophone had a fre-
quency response of up to fifteen kilohertz at a tape speed of thirty inches per
second. Colonel Richard Ranger, a pioneer in the design and manufacture of
tape recorders, recounts his entry into Berlin with the allies in 1945 :

The center of the Magnetophone production was the AEG in rhe part of
Berlin which finally came under the French. I found that there were parts
for eighteen machines available which had nor been assembled. The
French agreed to let rhem be assembled and rhe eighteen were to be
apportioned six to the French, six to the British and six to the United
States. When J came back some weeks later, I found that the first had gone
to the French, the second to the British and the third was to go to the
French. Well, we finally got that straightened out ...

Additional examples were shipped to the United States from Frankfurt.
And interest in tape recording took a major jump forward. Magnecord,
Ra,ll?ertone, and Ampex were formed in 1946, spurring interest at Minnesota
Mining and Manufacture (3M) to develop a better plastic tape. The problems
with the AEG tape were .Iow output, the necessity of playing it at high speed,
andlack of uniformity 111 Its response. Dr. W. W. Wetzel, then head of rhe physics
sectl?J1of the 3~ research di.vision, put together a team to develop a new oxide
coanng fo.r plastic tape, while other groups at 3M developed manufacturing
tec.hnolog,.es. In 1947, the first commercial tape was produced with a black
OXide coatmg. And Bing Crosby entered the field. Again, Richard Ranger:

Bi~g~rosb~ ~tarted transcription broadcasting using discs in 1946. But
building a finished program on disc by retranscribing from disc to disc
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tOO~ rime and degraded the quality with successive generations, so it was
decidedto test out all the available media ... In the summer of 1947 Bing
came to New York for a program and it was recorded at WJZ in New
York,on disc and film ... They then asked us how long it would take us
to come up with a rap,e version. We quite surprised them by saying,
"Would tomorrow evernng be all tight?" ... In a couple of months all the
Crosby shows were from tape spliced together ...

In the fall of 1947, 3M finished the development of a new magnetic mate-
rial,a red oxide, which made possible a fifteen-kilohertz frequency tesponse at
alowerrape speed (seven and one-half inches per second) and greatly improved
uniformity, all of which, in short, resulted in a lower cost, longer playing, and
higherfidelitytape. In 1948, the market began major expansion as Bing Crosby
Enterprisesbecame a distributor for the new Ampex 200 tape machine. In
1949, two things happened: Magnecord introduced the first stereo tape
machine.And the first commercial splicing block was introduced .

•
Thestory of the Paris srudio continues. The first performance of Symphonie
pour UII Homme Seul on March 18,1950, had been problematic, in large part
becauseof technical complexities in manipulating turntables and mixers. Those
problemsled Schaeffer to suggest, in 1951, that Jacques Paullin build the
pI/pitre d'espace, a mechanism for distributing sound throughout the space of
a concert hall. Schaeffer also conceived of two special tape recorders-the
Phollogene, a variable-speed variable-pitch tape recorder, and the
Morphophone, a tape recorder with multiple heads allowing for various delay
anddesynchronizing effects-which were built by Paullin. Pierre Henry com-
posedAube, Micro!Jhone Bien Temp ere, Musique sans Titre, Concerto des
Al1lbigllites, and Astrologie, among other pieces, and he worked with Schaeffer
on Crphee, a musique concrete opera first performed at the Theatre de
l'Empirein Paris on July 6, 1951.

In 1951 Schaeffer reestablished the studio, with tape recorders, as the
Groupede Recherche de Musique Concrete. It quickly got busy: Andre Hodeir
composedJazz et Jazz (1951), for piano and tape; Pierre Boulez composed
Etllde 1sur un Son (1952) and Etude II sur Sept Sons (1952); Olivier Messiaen
composedTimbres-Durees (1952); Karlheinz Stockhausen composed Etude
(1952);Michel Philippot composed Etude I (1952); and Pierre Henry com-
posedVocalises (1952) and Antiphonie (1952), among other works, while
working on revisions to Orphee. Schaeffer was mainly engaged 10 the formu-
lationof a theory of sound objects. .

Orphee was performed again as Orphee 53 at the Donaueschmgen
Musiktage, a prestigious festival in Germany, on October 10 and 11, 1953. Its
receptionat Donaueschingen, however, was problematiC. Henry recalls:
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Pierre Henry at the pupitre d'espace in a concert at the Salle
de L'Ancien Conservatoire in Paris in 1952. induction coils

were used to pass the signal from channel to channel.
Photo courtesy Pierre Henry.

There was a riot. Everyone in the room was against it. They shouted.
They made more noise than the loudspeakers. But that was normal
because there were so many new sounds. It wasn't in the tradition of the
contemporary music of the time, and it was for rhis reason that the
German public revolted against it. But I was happy that the public took
it so seriously. And it gave me taste for combat, to battle against the pub-
lic until they understood the music.

Shortly after the performance at Donaueschingen, Schaeffer became
occupied with radio projects in the French colonies in North Africa. Henry
remained at the studio in Paris and composed Le Voile d'Orphtie (1953),
among other works. As he explained, "Le Voile d'Crphee existed within the
larger Crpbee, but because Pierre Schaeffer had nothing to do with its compo-
sition, I kept it as my own." And the studio remained generally busy. Jean
Barraque composed Etude (1953); Darius Milhaud composed La Riviere
Endormie (Etude Poetique] (1954), for mezzo soprano, narrators, orchestra,
and tape; and Edgard Varese came to the studio from New York, at Schaeffer's
invitation, to compose some of the tape part to Deserts (1954), for orchestra
and tape. Schaeffer kept in touch and came back from time to time.
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In 1955, Maurice Bejart visited the studio and that same year choreo-
graphed5ymphon.ie pour un. Homme Seul. It was successful. As Henry said, "It
wasthe Symphonie ... that made Bejart famous." In 1956, Henry composed
Hallt VDltage specifically for Bejarr's dance company. As he said, "It gave me a
tasteto make concerts theatrical-the effectiveness of the lights, the visual
activities... " Henry and Bejarr began a fifteen year collaboration.

ln 1957, Schaeffer returned to Paris. In 1958, Henry left his position at
RFand, in 1959, established the Studio Apsome and began to work again as a
professional composer. Henry remembers:

I left because he wanred me to leave. All of the studio equipment that was
used before 1958 was locked up because Schaeffer wanted to start from
zero. He thoughr thar I was dangerous for the formation and functioning
of a new group. And, yes, I did want to work independently. I financed
the Studio Apsorne by my professional work. I made recordings. I made
montages for my clients. I did publicity, films. It was auto-financed, with-

PierreSchaeffer in 1952 with two different versions of the phonogene, a
variable-speed tape recorder built by Jacques Poullin. On the left is the
pbonogene a contisse, in which the tape speed is controlled with a handle
to produce continuous change from 0 to 76 centimeters per second. On the
right is the phonogene a clavier, in which the tape speed is controlled by a
keyboard to produce twelve discrete pitch levels. Photo courtesy GRM.
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out help. There was a lot of music for film, lots of discs, lots of events
with the public, with lights ...

Henry worked with other composers, among them Eliane Radigue. And
into the 1960s, he composed several important works, including La Noire a
Soixante (1961), Le Voyage (1962), Variations pour une Porte et lin Soupir
(1963), and Apocalypse de Jean (1968). Variations pour line Porte et //11 Soupir
(Variations on a Door and a Sigh) was exceptional in the simplicity of its sound
sources and the ingenuity with which the sounds were used. As Henry describes
it, "It was a question of recording a door in a way that there was a form to the
sound, a grain, a color, like an instrument, and the rest was the sound of a sigh,
a breath-there was no transposition, no treatment, it was only a montage and
little bit of mixing."

Meanwhile, in 1958, with Luc Ferrari and Francois-Bernard Mache, and
also with Michel Philippor and Iannis Xenakis, Schaeffet established a new stu-
dio called Groupe de Recherches Musicales (GRM). Xenakis, in particular,
emerged as an original and significant voice. As he put it, "The idea of musique
concrete was that you could use all sorts of sounds or noises-l discovered the
noises." And what was it like to work at GRM? Xenakis describes it:

At that time, there was no teaching of the system there. We didn't have
any specific training. It was really free. We had some people working with
LIS, helping, and they did whatever you told them co do. They were paid.

He adds, pensively, "I was not paid." In his early tape pieces at GRM, he
used recorded acoustic sounds modified by tape manipulations-changing
speed, playing backward, splicing-and mixing, but without electronic pro-
cessing such as filtering and modulation. His compositions, however, were not
juxtaposed "objects," as in normal musique concrete, so much as they were
complex sound-masses that transformed in time as the result of shifting distri-
butions and densities of small, component sounds. His experiences in the Greek
resistance during World War Il had shaped his sense of sound as sharp, pow-
erful, striking, never pretty, never insipid. In his words:

It's interesting for me because I've been in musical environments that
were made not only with individual sounds but also with large numbers
of sounds. When I was in the resistance in Athens, there were multiple
sounds, many people shouting at the same time, in thousands of cries.
And r was amazed by the changes in the sounds. Another thing. I used to
go camping around Attica, and I heard the cicadas and the raindrops on
my tent, and I was always charmed by these noises .

. In composing Diamorphoses (1957), Xenakis used the sounds of jer
engmes, car crashes, earthquake shocks, textures of sliding pitches, and other
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noiselikesounds, and sometimes contrasted them with thin, high bell sounds.
ColleretP.H. (1958) is a minimal, short piece based on the grainy, sandy sounds
ofburning charcoal, with varying density and register achieved by the overlays
of tapes played at different speeds. Orient-Occident (1960), composed for a
UNESCO film by Enrico Fulchignioni comparing sculpture and art of different
culturesand times, was based on the sounds of bowed boxes, bells, and metal
rods,sounds from the ionosphere, and a speed-altered excerpt from Xenakis'
orchestral work Pithoprakta. In composing Bobor (1962), Xenakis used the
soundsof bracelets, other jewelry, and a Laotian mouth organ. He remembers:

Idid Bobor with all sorts of sounds with bracelets. I had some necklaces
from lran. I was interested in the tiny sounds because you could expand
them and find different sounds in them. I dedicated the piece to Schaeffer.
He hated the piece.

By 1960, Radiodiffusion Francaise had become Radio Television
Francaise (RTF) and in the new context of television, Schaeffer proposed to rhe
RTFadministration a plan to create Le Service de la Recherche, an organiza-
tion that would include GRM but expand its experiments to include visuals.
Theadministration accepted Schaeffer's proposal, and the new Service was
establishedin a beautiful ivy-lined brownstone in Passy, an elegant section of
Paris.Also in 1960, Francois Bayle began ro work with Schaeffer in rhe dual
capacityof student and general administrative and public relations assistant.

In 1963, Bayle became a salaried administrator in GRM, Radio
TelevisionFrancaise became Office de Radio Television Francaise (ORTF), and
Schaefferwas writing Traite des Objets Musicaux, a book of essays on musique
concrete. In 1966, Schaeffer's book was published and Bayle became Director
of GRM. In 1974, ORTF was partitioned into several organizations, among
themRadio France and lnstirur National Audiovisuel (INA). GRM was admin-
istrativelyincorporated into lNA and relocated inside the remarkable, round
RadioFrance building in Paris. It was the beginning of a new line of technical
developmenc. And looking back, Bayle makes an important point:

Musique concrete wasn't at all a music of noises, not at all a music of
provocation. It was the contrary. It was a music that uses all the resources
that are available to us a music that uses all the sounds of life. Musique
concrete sounds have :neanings for us, as photographs and films have
meanings. They show life as we experience it, as we live it in the everyday
wocld.

•
The scory of the Cologne studio begins in 1948. Homer Dudley, from Bell
Telephone Laborarories at Murray Hill, New Jersey, visited Werner Meyer-
Eppler,director of the Institute of Phonetics at the University of Bonn,
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Germany. Dudley showed Meyer-Eppler a newly developed uocoder, a device
for electronicalJy processing vocal sounds. .

What followed was a two-year flurry of lectures, demonstrations, meet-
Ings, and collaborations. Meyer-Eppler used taped exampl~~?f the voco~~r's
sounds to illustrate a lecture called "Developmental POSSIbilities of Sound ar
a Tonmeister conference in Detmold in 1949. Robert Beyer, from the
Westdeutscher Rundfunk (WDR) in Cologne, at that time called the Nord-
westdeutscher Rundfunk (NWDR), heard rhe lecture and began a cooperative
relationship with Meyer-Eppler to advance the cause of electronic music. In
August 1950, Meyer-Eppler and Beyer presented lectures under the general
heading of "The World of Sound of Electronic Music" at the International
Summer School for New Music at Darmstadt. Herbert Eimerr heard the lec-
tures and joined forces wirh Meyer-Eppler and Beyer. Later in 1950, Harald
Bode delivered a Melochord, his keyboard-controlled electronic instrument, to
Meyer-Eppler in Bonn. Meyer-Eppler used Bode's Melochord to create exam-
ples of electronically generated sounds, which he then presented in a lecture
called "Possibilities of Electronic Sound Production" at Darmstadr in July
1951. Beyer gave a lecture entitled "Music and Technology," and Eimerr deliv-
ered a lecture called "Music on the Borderline." Later, in October, at another
Tonrneister conference in Detrnold, Meyer-Eppler gave another lecture, this
time called "Sound Experiments," to a group which included Fritz Enkel, tech-
nical director of the WDR. The culminating event took place on October 18,
1951, at the WDR in Cologne. It was a meeting involving Meyer-Eppler, Beyer,
Eimert, Enkel, and others of the WDR technical staff at which it was resolved
to establish a studio at the WDR "to follow the process suggested by Dr.
Meyer-Eppler to compose directly onto magnetic tape." That same day, the
WDR broadcast "The World of Sound of Electronic Music," a forum with
Meyer-Eppler, Beyer, and Eimert as participants.

Construction of the Cologne studio started in late 1951 and went into
1952. Meanwhile, in early 1952, Bruno Maderna worked with Meyer-Eppler
in Bonn to compose Musica su Due Dimensicni, for flute, percussion, and tape,
which was performed that summer at Darmstadt to an audience that included
Pierre Boulez, Karel Goeyvaerrs, Gottfried Michael Koenig, and Karlheinz
Stockhausen, all of whom were invited to work in the Cologne studio. The pro.
gram notes read, in part: "Musica su Due Dimensioni is a first attempt to com-
bine the past possibilities of mechanical instrumental music with the new pos-
sibilities of electronic tone generation ... "

, Maderna's piece, the first composition associated with the Cologne stu.
dIO,was nonetheless not typical of the studio's philosophy. It was Eimerr, as the
studio's first director, who initially set the tone, so to speak. His idea was that
electronic music, or elektronische Musik as the Cologne approach came to be
called, was an extension of serial ism.

Serialism was an approach to musical structure that was considered by
many composers during the 1950s to be extremely important, indeed so irnpor-
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rant as to approach the status of historical imperative. One may retrospective-
lywonder how something so cold as serialism could generate such heat, but
apparentlyit did. As Pierre Boulez most emphatically put it, "I, in turn, assert
rharany musician who has not experienced-l do not say understood, but, in
allexactness, experienced-the necessity for serialism is useless."

Historically, serialism was an outgrowth of the so-called "twelve-tone
system,"formulated by Arnold Schoenberg during the early 1920s as a method
forbasing an entire composition on a single "row" of twelve notes. The
Germansymphonic tradition, with its fundamental aesthetic of unity and econ-
omyof material, had been based largely on techniques of motivic development;
andfor Schoenberg, who saw himself as taking the next step in that tradition,
manipulatingthe row was the contemporary equivalent of developing motives.
BurSchoenberg had structured only notes according to the rowand, further,
usedhis rows intuitively to create traditional textures of melody and accom-
paniment.It was Anton Webern, Schoenberg's student and far more radical
than Schoenberg, who provided the model for the European serialists. In his
Symphony, Opus 21 (1928), for example, Webern used the row to derive a tim-
bralstructure as well as a pitch structure. And the notes were undifferentiated
asmelody and accompaniment. In a lecture in 1932, he referred to the idea of
notesas all deriving equally from the row and all forms of the row as being
equallyimportant: "Goethe's primeval plant; the root is in fact no different
from the stalk, the stalk no different from the leaf, and the leaf no different
fromthe flower; variations of the same idea."

The European serialists of the early 1950s considered themselves post-
Webern.For them, serialism was a compositional technique wherein every
aspectof a composition-not only notes, but also loudness, timbre, duration,
type of attack, and every other imaginable parameter of a sound-eould be
basedon and derived from the same row, or series, thereby producing a kind
of total structure wherein every detail was organized. For Eimert, the promise
ofelektronische Musik was more things in sound to organize. He saw the pos-
sibilityfor a microscopic resolution of sound to the level of the individual par-
tial.He wrote:

It is certain that no means of musical control could have been established
over electronic material had it not been for the revolutionary thought of
Anton Webern ... Alone among the twelve-tone composers, Anton
Webern conceived the row non-subjectively ... In his work, for the first
time, we see the beginnings of a three-dimensional r?w technique-of
what in short we know as serial technique ... everythmg, to the last ele-
ment'of the si~gle note, is subjected to .seria.l perm~tation ... T,his elec-
tronic music is not 'another' music, but IS ser ial music ... Talk of human-
ised' electronic sound may be left to unimaginative instrument makers.

Karlheinz Stockhausen began to work ar the WDR studio in May 1953.
His first pieces in Cologne were Studie I (1953) and Studio II (1954), 111 which
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he used serialist techniques to determine the frequencies of sine waves. In dis-
tinct contrast with the Paris school, which focused on sounds recorded with a
microphone, Studie J and Studie 1/ were produced from electronic sound
sources only. It was, in fact, an extremely laborious process, as the WDR stu-
dio at the time had very few electronic sound sources. Its sound-generating
equipment consisted of a single sine wave generator, a white noise generator,
Bode's Melochord, and a Monochord, acrually a modified Trauronium built
expressly by Trautwein for the WDR studio.

At the beginning, the sine wave generator was the preferred source
because it offered the finest resolution in controlling sound according to seri-
alist procedures. A partial (or overtone, as it is sometimes called) is a sine wave,
and the idea was that by combining several sine waves at different frequencies
any sound could be constructed. Since there was only one sine wave generator,
however, the technique was to record four sine waves successively on each
track of a four-track tape recorder, then play them back together through a
mixer onto a monophonic tape recorder, then copy the result back onto one
track of the four-track tape recorder, then record three additional sine waves
onto the three remaining tracks, then play them back rogether onto a mono-
phonic tape recorder, and so all. Finally, echo and reverberation effects were
used ro shape rhe final sound. As Stockhausen described it:

a sine-wave is recorded all tape, a second, third, etc., is added. Electrically
controlled, each sine-wave is given its own intensity curve, and then the
intensity curve of the entire complex ("envelope") is once more regulat-
ed. The duration of the sound is fixed by measuring the tape ill centime-
tres in cutting it-the speed of the tape is 30 or 15 inches per second.
Thus, one by one, the sounds are put together and catalogued. When all
the sounds for a composition have been prepared on the tape, the pieces
are stuck together according to the score, and if necessary, are superim-
posed again by means of several synchronised tape-recorders ...

During 1953 and 1954 , many composers worked at Cologne, and the
works of these first years-c-Srockhausen's Studie I and Studie IJ, Herbert
Eimert's Glockenspiel and Etude uber Tongemische, Karel Goeyvaerts'
Komposition #5, Henri Pousseur's Seismogran'l1ne, and Paul Gredinger's
Formanten IlII-were presented on October 19, 1954, at a concert called
"Music of Our Time," which was subsequently broadcast by the WDR on
December 9. As Gottfried MichaeJ Koenig recalls, "When I went to Cologne in
1954, .the studio was full of activity-it was an atelier-like situation, very
attractive, where people were busy doing things."

Stockhausen, in particular, was moving into a position of leadership. He
had studied with Olivier Messiaen at the Paris Conservatory from January
1952 to May 1953, and during that time in Paris, he had worked in Pierre
Schaeffer's studio. That work had led him to reflect upon the structure and dis-
tinction of different sounds:
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Wh~rein lies the ~if~eren.ce between instrumental sounds, between any
audible events: VIOlin, plano, the vowel "a," the consonant "sh," the
wind? In the group "rnusique concrete" in Paris during 1952 and 1953, I
made many analyses of instrumental sounds-especially percussion
recorded in the Musee de I'Homme-also of speech and noises of all
kinds. The sounds and noises were recorded in various kinds of rooms
(anechoic chamber, room with normal acoustic, reverberation room).
Electro-acoustic apparatus: filters, oscillographs, etc., was used to deter-
mine the sound characteristics ...

In Stockhausen's Gesang der fiing/inge (1956), the first major work to be
composed in the Cologne studio, the sounds recorded with a microphone were
ofa boy soprano's voice reading from the apocrypha to the Book of Daniel. Of
the nine verses used, three words-Preiset den Herrn (Praise the Lord)-are
often repeated, and according to the context, jubelt (exalt) is often substituted
forpreiset. About the semantic content of the words, Stockhausen wrote:

The lines and words can also be perm uta ted without altering the actual
meaning ... if the word "preiset" occurs at one moment and the word
"Herrn" at another-c-or vice versa-the listener is reminded of a word
connection which he has always known ... the concentration is directed
upon the sacredness; speech becomes ritual.

Concerning the sounds of the words, he continued:

In the composition, sung tones must be blended with electronically pro-
duced ones to form a mutual sound-continuum ... in a selected scale of
electronically-produced sounds, single steps ate replaced by sung speech-
sounds. We only have a homogenous sound-family if sung sounds sound
at certain places like electronic sounds, electronic sounds like sung ones.
In order to achieve the greatest possible homogeneity ... a twelve-year
old boy sang all the necessary sounds, syllables, words and at times
groups of words, too, which we recorded on tape and transformed,
employing various methods of orientation as to pitch, duration, intensity
and articulation of timbre ...
According to the "colour"-continuum, the composition was based on

the idea of a "speech-continuum": at certain points in the composition,
sung groups of words become comprehensible speech-symbols, words; at
others they remain pure sound qualities, sound-symbols; between these
extremes there are various degrees of comprehensibility of the word.
These ate brought about either by the degree of per-mutation of the words
in the sentence, syllables in the word, phonemes in the syllable, Ot by
blending one form of speech with speech- or sound-elements foreign to
the context ...
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The intention, therefore, is, by selecting individual steps f~~ma sound-
word continuum, to let "speech" proceed from the composition ...

The original version was in five tracks, played through five loudspeaker
groups arranged around the hall. Different strains of material were made to CIr-
culate through the space in carefully calculated paths-c-one sound-group, for
example, might move in a trajectory from loudspeaker-group 1 ro loudspeak-
er-group 2, while another sound-group might travel a different .traJect~ry
through other loudspeakers-with the goal of making them mote differenriar-
ed, more clearly heard, more comprehensible. Stockhausen wrote:

In my Gesang der Jiinglinge, I attempted to form the direction and move-
ment of sound in space, and to make them accessible as a new dimension
for musical experience. The work was composed for five groups of loud-
speakers, which should be placed around the listeners in the hall. From
which side, by how many loudspeakers at once, whether with rotation ro
left or right, whether motionless Ot moving -how the sounds and sound-
groups should be projected into space: all this is decisive for the compre-
hension of this work. The first performance took place on May 30th,
1956, in the main broadcasting studio at Cologne Radio Station. Today
there are already quite a number of electronic spatial compositions ...

In its organization of a sound continuum in discrete and gradated steps,
in the permutations of the elements of sounds, and in the structural significance
of musical detail including the spatial distribution of sound, Gesang der
[iinglinge projects a serialist way of thinking. But it also represents a step taken
away from serialisrn in its warmth, in its intuitive musicality, and in its pointil-
listie "clouds" of sound which were composed in what Stockhausen referred ro
as statistical form.

In 1960, Stockhausen finished Kontakte, his next major electronic work,
after two years of practical experimentation. Yet further from serial ism,
Kontakte was based on what Stockhausen called moment form, wherein each
moment was a miniature structure that stood on its own, independent from any
overall structural continuity. And although the sounds were generated elec-
tronically, the musical phrases and the nature of the sounds were in large parr
suggestive of performance with percussion instruments and piano. Indeed, rhe
title Kontakte (Contacts) points to connections between electronics and
acoustic instruments. Kontakte exists in two versions, one for tape alone and
another for performance with metal, skin, and wooden percussion instruments
and piano. The first performance, on july 11, 1960, at a WDR music festival,
was of the combined version: Christoph Caskel played percussion and David
Tudor played piano and percussion.

By the mid-1960s, Stockhausen's tape compositions had become increas-
ingly like musical films conceived as international epics. As a camera records
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KarlheirlzStockhausen at the rotation. table in the WDR Studio in 1958. This photo
showsStockhausen's method at the time for achieving sound distribution in a concert
hall.As the table is turned, the loudspeaker on it projects a sound in different direc-
tions.The sound is picked up at slightly different times by four directional micro-

phones,placed at different positions around the table, and the signal from each micro-
phoneis recorded all one track of a four-track tape. When the tape is played back in
aconcerthall, the signal from each track is routed through a different loudspeaker.

Photo courtesy Stockhausen- Verlag.

visual events that are then brought together and edited into their final conti-
nuity as a film, so Stockhausen increasingly used a microphone to record
sounds, and sounds that were recorded apart in space and/or time were
brought together and electronically processed, edited, and mixed into their
final continuity on rape. His Telernusik, for example, composed during a visit
to Japan in 1966, contained sounds "from the Imperial Japanese Court (the
Gagaku Players), from the happy isle of Bali, from the southern Sahara, from
a Spanish village fiesta, from Hungary, from the Shipibos of the Amazon ... "
Hymnen (Anthems), finished in Cologne in 1967 but global in its geography
and time scale, contained the national anthems of countries around the world.
Further, in both Telemusilc and Hymnen, the sounds were transformed by a
process that Stockhausen called intermodulation, which meant that certain
characteristics of one sound were used to transform certain characteristics of
another thereby achieving, since the sounds came from so many countries, a
poetic metaphor for international interaction. Would that real countries in the
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real world could inrermodulate so easily, or that the real world's perceptions of
structure could grow so seamlessly from the juxtaposit~ons of colla?e forms ro
interconnectedness. As Stockhausen later wrote regarding Telemusik:

Today, only three years later, I can already say t.hat ~elemusik ~as com:
to be the beginning of a new development. The situanon of the collage
of the first half of this century has been overcome. Telemusih IS not a col-
lage anymore. Rather, through the process of intermodulati~l1, old .objets
trouves and new sounds, which I produced in the electronic studio, are
combined into a higher unity: a universality of past, present and future,
of distant places and spaces: Tele-Musik.

Regarding Hymnen, Stockhausen wrote:

National anthems are the most well known music that one can imagine.
Everyone knows the anthem of his own country, and perhaps those of
several others, or at least their beginnings. When one integrates in a com-
position known music with unknown, new music, one can hear especial-
ly well how it was integrated: unrransformed, more or less transformed,
transposed, modulated ... Naturally, national anthems are more than
that: they are "loaded" with time, with history ...

Numerous compositional processes of inter-modulation were applied
in Hymnen. For example, the rhythm of one anthem is modulated with
the harmony of another; this result is modulated with the dynamic enve-
lope of a third anthem; this result in turn is modulated with the timbral
constellation and melodic contour of chosen electronic sounds ...

Stockhausen had succeeded Eimert as Director of the WDR studio in
1962, and during his tenure to 1980, the studio's equipment list grew more
diverse to include eventually analog and digital synthesizers, among them an
EMS Synthi-l00, all EMS vocoder, and an Emulator. And although his work
was the best known work to come out of the studio, Stockhausen was by no
means the only composer to work at the WDR. The first group of composers,
as represented in the 1954 concert, continued to work at the studio and they
were joined through the years by many others, among them Giselher Klebe,
Gottfried Michael Koenig, Ernst Krenek, Bengt Harnbraeus, Franco
Evangelisn, Gy6rgy Ligeri, Herbert Brun, Bo Nilson, Mauricio Kagel, Konrad
Boehmer, Petr Kotik, Michael von Biel, Johannes Fritsch, Wlodzimierz
Kotonski, Eugeniusz Rudnik, Peter Eotvos, David Johnson, Mesias
Maiguashca, Bernd Alois Zimmermann, York Holler, Roger Smalley, Jean-
Claude Eloy, Tim Souster; Luc Ferrari, Rolf Gehlhaar, lannis Xenakis, Thomas
Kessler, and Joseph Riedl.

•
Roughly simultaneously with the establishment of the Cologne studio in 1951,
111 Tokyo a group of four composers-Joji Yuasa, Toru Takernirsu, Hiroyoshi
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Suzuki,and ~~zuoFukushima-along with several painters, a poet, a pianist,
and a technician formed what they called the jikken Kobo (Experimental
Workshop).~s Yuasa remembers, "It was an experimental time in Tokyo-
therewas a lively atmosphere and we aimed to do things in combined arts."
Nobody in rhe group owned a tape recorder, but in 1953, Sony (at that time
calledTokyo Tsushin Kogyo) provided access to its studio so that experiments
intape music could begin.

Also in 1953, a group of radio producers, engineers, and composers
began tape music experiments at NHK (Nippon Houso Kyokai / japanese
Broadcasting Corporation) in Tokyo. In late 1954, the NHK studio officially
openedits doors. The principal composers involved were Toshiro Mayuzumi,
who had earlier worked in Schaeffer's studio in Paris, and Minao Shibata.
Mayuzumi's first work had in fact predated the NHK studio. His XYZ (1953),
astudyin musique concrete done at the studio of the Bunka Hoso, was among
thefirst tape pieces done in japan. His first pieces composed at the NHK stu-
diowere Etude I (1955), a srudy in different techniques, and Aoi no Ue (1957),
anintegration of technology and tradition which used electronics in a Noh-the-
arer context. Shibata's first piece was Musique Concrete for Stereophonic
Broadcast (1955) which was simulcast that year on two different bands to
achieveits called-for stereo effect. Makoto Maroi, a younger composer, visited
Cologne for several months in 1955 and subsequently influenced the develop-
mentof the NHK studio along Cologne lines. And he worked with Mayuzumi
incomposing Sbicbi 110 Variation (1956, Variations on Seven), which was influ-
encedby the runing proportions in Stockhausen's Stu die If.

Eventually, ocher composers also worked in the NHK studio, among
themToshi lchiyanagi and joji Yuasa. Ichiyanagi had studied in New York
from 1956 to 1961, first at juilliard (he recalls, "but there was of course no
electronic studio at that time"), then at the New School with Henry Cowell and
John Cage, and later privately with Cage at Stony Point. In 1961, when he
returnedto Tokyo, he was commissioned by NHK to work in the new studio
where he finished Parallel Music (1962), a combination of taped sounds and
livesounds processed via a microphone. As he recalls, "It was very lively, very
stimulating, and we had a very good relationship with engineers so we could
trythings."

Yuasa had previously worked at rhe NHK studio doing incidental music
for radio dramas and documentaries that had been commissioned by the NHK
dramadepartment. By 1963, as he put it, "1 was more or less known, so the
NHK music department commissioned me to make electronic musi~.'~His
Projection Esemplastic (1964) was based on what he called the plasticity of
timeand space. In his words, "1 tried to compose throughout with .bent s?unds
including portarnenti and sound forms which have the shape of gltssandl ... I
was strongly attracted to the fact that intervalic and timbral conditions are
metamorphosed by the plasticity of time when it is changed continuously
throughtape speed alteration."
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Many composers were also working at the Sogetsu Art Center, an alter-
native space in Tokyo for artistic and technical ex~erimentation. Zyun?suke
Okuyama, technician, invented a pen with a recording head such that signals
could be written by hand direcrly onro tape. Yuasa used the pen to create a
piece called Aoi no Ue (1961)-he explains, "Same name as Mayuzumi's piece,
different music"-and Takemitsu used the pen to make a musical score for his
film Kaidan. Following 1961, lchiyanagi also worked at the Sogersu Art
Center. He was, in fact, influential in arranging for John Cage and David Tudor
to be invited to Japan in 1962.

•
Meanwhile, on May 9, 1952, at a Composers' Forum concert at Columbia
University in New York City, Vladimir Ussachevsky presented five electronic
studies that he'd done with his own and borrowed equipment. One outcome of
the concert was a friendly review by Henry Cowell in Musical Quarterly,
October 1952, which ended: "We wish him well." Another outcome was an
invitation from Otto Luening to present his work in August 1952 at the
Bennington Composers' Conference at Bennington College in Vermont. It
marked the beginning of a collaboration. That summer, Luening and
Ussachevsky received an invitation to present their works as part of a contem-
porary music concert series produced by Leopold Srokowski at the Museum of
Modern Art in New York. They accepted the invitation, then starred to com-
pose the music using, among other things, a reverberation device built for them
by Peter Mauzey, a young engineer. It's Luening's story:

We t.ransported our equipment in Ussachevsky's car to Henry Cowell's
house in Woodstock, New York, where we spent two weeks. With a bor-
rowed portable tape recorder, an oversized wooden speaker, and old car-
peting to deaden sound, we went to work. Using a flute as the sound
source, I developed two impressionistic, virtuoso pieces, "Fantasy in
Space" and "Low Speed." The latter was an exotic composition that rook
the flute below its natural range, but with certain acoustic combinations
and the help of Mauzey's reverberation box, the flute was made to sound
like a strange new instrument ... Ussachevsky began work on an eight-
minute composition that used piano as the primary sound source ...
This primitive laboratory was brought to Ussachevsky's living room in

New York City, where we completed the compositions. With more bor-
rowed equipment we added the final touch to OUI works in the studio of
the basement of Arturo Toscanini's Riverdale home at the invitation of. ,
DaVId Sarser, the Maestro's sound engineer ...

The concert took place on October 28, 1952, and included Ussa-
~hevsky's Sonic Contours and Luening's Low Speed, lnuention. and Fantasy
In Space. It was the first concert of its kind in the United States-as Jay
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Harrisonwrote in the New York Herald Tribune, "The result is as nothing
encounreredbefore ... "-and it was subsequently broadcast by WNYC in
NewYorkand WGBH in Boston. Luening and Ussachevsky were also invited
to do a demonstration and interview on the Today show on NBC television.
luening describes it:

Wewere mer ar the studio by a member of the Musicians Local 802, who
asked if I had a union card. I said, "No, but if any flutist in the union can
improvise the program, I will be glad to have him take over." That settled
the marreroA crew of eight engineers tried to connect Mauzey's little box,
but it would not work. Five minutes before the telecast, Mauzey was
finallyallowed to operate his machine ...

In April 1953, Luening's and Ussachevsky's music was presented at a fes-
tivalat Radiodiffusinn Francaise in Paris. In the summer of 1953, they did a
shorrpiece for Leopold Stokowski's CBS radio program called Twentieth
Cellwry Concert Hall. Also in 1953, rhey presented their music at a concert
supportedin pan by the Musicians Performance Trust Fund and the Musicians
Union;and an announcement from the stage that the concert probably signaled
theeventual end of live music, as Luening recalled, "did not seem to detract
fromthe audience's genuine interest." There was a commission from the
LouisvilleSymphony Orchestra to compose a piece for tape and orchestra, a
smallgrant from the Rockefeller Foundation to purchase a tape recorder, a
briefstay at the MacDowell Colony to write a ballet for the American Mime
Theater,a commission from the Los Angeles Philharmonic, and in June 1955,
a grant from the Rockefeller Foundation to look into studios in the Unired
Statesand Europe. Luening:

We wrote a report for the Rockefeller Foundation on the state of experi-
mental music in Europe and the United States, including recommenda-
tions about the best program to be followed here.

Our studio in the Ussachevsky living room was moved to my apart-
ment. We then reported to Presidenr Kirk of Columbia University that
unless we could have space on campus, our whole program would be seri-
ously jeopardized. Soon afterwa rds, we were provided with suitable
quarters-the charming "Charles Adams" house, located on campus at
the sire of rhe former Bloomingdale Insane Asylum ...

The Columbia University studio was born. It was soon to be transformed,
however.

In 1955 RCA demonsrrated the Olson-Belar Sound Synthesizer ...
Davidson Taylor, director of the School of Arts at Columbia University,
suggested that we try to obtain the syntheSIzer on loan. Ussachevsky
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wanted very much to pursue this possibility, and I wrote to several RCA
executives ... Our report to the Rockefeller Foundation included a
detailed description of the equipment and personnel needed ... Our
application was approved with the recommendation that we procure the
RCA synthesizer ...

That Milton Babbitt, on the faculty of Princeton University, had also been
interested in the RCA Mark II Electronic Music Synrhesizer led to rhe involve-
ment of Princeton University in the grant application. In January 1959, the
Columbia-Princeton Electronic Music Center, containing the RCA Mark II
Electronic Music Synthesizer and several tape studios, was established.

In 1960, Mario Davidovsky arrived in New York from Argenrina. He
began by working with Bulenr Are!. As he recalls, "I assisted him and by imi-
tation I absorbed his techniques-so in a certain way he was my teacher, and a
wonderful one, a wonderful teacher." And what was it like to work in the stu-
dio? He answers:

Life at that time was being in the studio. There was nothing else. I remem-
ber staying up to thirty-six hours at a time, taking catnaps and crossing

Otto Luening (left) and Vladimir Ussachevsky (right) in one of the tape
studios at Columbia Princeton Electronic Music Center in about 1960.

Photo courtesy Robert Moog.
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Broadway to buy sandwiches and coffee and going back to the studio. My
colleagues were doing the same thing. Every little sound was like a dis-
covery. We were starring to decode the potential of what was sitting in
front of us, using each piece of equipment and then relating it to the oth-
ers. In a way, we were building an instrument, a very special sort of instru-
ment. Technically, l was totally naive. But 1was also having my own ideas.
In order for me to keep some psychological continuity while going into

this new territory, I found ways of translating things that were known to
me, that reflected my past tradition. 1 found that it was possible for me to
think of a phrase made of a sequence of sounds, of timbres, dynamics,
registers. I shaped gestures following the sculptural shape of a melody. I
found that it was almost impossible with that technology to produce long
sounds that were beautiful-they would tend to become dull. But I found
that sounds of short duration and percussive-like sounds were accessible.
To me, the most important ability was to articulate the music by shaping
the sound. If it was a simple sound, let's say a sharp attack and a decay, I
could do it with a splice at the beginning and then a long decay in the
mixer. Or if 1 was working on a percussive sound, I would take an inch
of that sound and make a tape loop-so that [heard the sound every few
seconds-and then I would take that sound, go to a filter, mixer, another
filter, reverb unit, and so on, so the sound would reappear in slightly dif-
ferent dressings, and then I would use the mixer as a way of balancing all
of these elements in order to shape the timbre.

On May 9 and 10, 1961, the center presented its first two concerts. The
programs included Davidovsky's Electronic Study #1, Halim El-Dabh's Leiyla
and the Poet, Ussachevsky's Creation-Prologue, Babbitt's Composition for
Synthesizer, Arel's Stereo Electronic Music #1, Luening's Gargoyles for Violin
Soloand Synthesized Sound, and Charles Wuorinen's Symphonia Sacra. It was
a lot of music for one year's work, and it was just the beginning. As Luening
laterreported, "From 1960 to 1970, more than 225 compositions by more
than 60 composers from 11 countries were produced ... " When Ussachevsky
retired in 1979, Davidovsky became director. As he said, "My major goal wa,~
notso much to get involved in technical research but rather 10 creating music .

•
LucianoBerio was in the audience at the Museum of Modern Art on October
28,1952. As he remembers, "The sound was very new for me-I became
enthusiastic and I became friends with Ussachevsky and Luening." He then
established a studio in Milan. He tells it:

A few weeks later I went back ro Milano and a few months later, in ] 953,
I met Bruno Maderna. He had already worked on electronic music in
Germany. I convinced the radio-s-I was occasionally writing music for the
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radio, in any case-to establish a studio for electronic music. I was the
one that was responsible for it because I was there more than Bruno. He
was travelling and conducting a lot, bur he was like my older brother
there. Alfredo Lietti was also very interested. He was one of the technical
chiefs ar the Milano station, and [ asked him if he was ready ro help us.
And he did.

In 1955, the Studio di Fonologia Musicale was esrablished at the RAI
(Radio Audizioni Italiane / Italian Radio Broadcasting) srudios in Milan with
Luciano Berio and Bruno Maderna as artistic directors, Alfredo Lietti as tech-
nical director, and Marino Zuccheri as technician.

One basis for the studio was radio sound. As Alvise Vidolin points out,
"radio had come to be seen as a new stage, or rather a new medium for shows,
in which the principal ingredients were voice, music, sounds, and noise." In
1954, Berio and Maderna had collaborated in composing Ritratto di Cind
specifical1y for radio broadcast. Ritratta di Cittd, a sound portrair of Milan
during the course of a day, with text by Roberto Leydi, had been an important
step in exploring the value of audio art created specifically for radio broadcast.
In 1956, Beria stated a need for further exploration: "the idea of a radiophon-
ic art and aesthetic has not yet been defined ... " Many of the pieces composed
in the Studio di Fonologia Musicale were commissioned by the radio specifi-
cally for broadcast.

There were also purely musical concerns. Compared with the rigorous
musique concrete approach of the Paris studio and with the strict serialist phi-
losophy of the startup Cologne studio, the Milan srudio was not tied to any
particular ideology or method. As Berio said, "Bruno and I immediately agreed
that our work should not be directed in a systematic way, either towards
recording acoustic sounds or towards a systematic serialism based on discrete
pitches." At the same time, Berio's musical ideas provided an initial focus, a
starting point for his own work, and a kind of personality, one might say, for
the studio in general:

The idea of the studio was the interaction between acoustics and musical
form, the coordination of timbre and harmony. It was important for me
to work with Joyce's words, to extract certain sound qualities and to
transform them by speeding up or superimposing them into something
else. I felt a constant need of dealing with sounds as evolutionary phe-
nomena, not static, always changing, but always for musical reasons. For
me, the experience of electronic music generated a view of form, of musi-
cal structure, different from instrumental music. And so the Studio di
Fonologia was always open to exploring the interaction between the
acoustical dimensions of sounds and musical forms.

The Studio di Fonologia Musicale was for a brief period in the vanguard
of European studios. With its complement of nine oscillators as well as other
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stare·of·the-art equipment, it was for its time exceptionally well equipped.
AlfredoLietri, who designed the studio, echoed Berio's and Maderna's artistic
opennessand cooperative spirit:

The musician may have a clear idea of the sound he desires to obtain, but
it is, naturally, a musical idea. To the technician interested instead in the
physical data of the sound, it's a question of whether it can be produced
electronically, It's obvious that the difficulty can be overcome only by a
reciprocal effort of understanding.

Berio's first important tape piece at the Milan studio was Thema-
Omaggioa Joyce (1958). He had been studying onomatopoeia in poetry with
UmberroEco, and among the texts they examined was the beginning of the
eleventhchaprer of James Joyce's Ulysses. Here are some brief excerpts:

BRONZE BY GOLD, THE HOOFTRONS, STEELYRINING IMPER-
tbnthn thntbnthn.
Chips, picking chips off rocky thumbnail, chips. Horrid!

And gold flushed more.
A husky fifenote blew.
Blew. Blue bloom is on the
Gold pinnacled hair.
A jumping rose on satiny breasts of satin, rose of Castille ...

Boomed crashing chords. When love absorbs. War! War!
The tympanum.

A sail! A veil awave upon the waves ...

A moonlight nightcall: far: far.
T feel so sad. P. S. So lonely blooming.
Listen!
The spiked and winding cold seahorn. Have you the? Each and for

other plash and silent roar.
Pearls: when she. Liszt's rhapsodies. Hissss.

The texr which became the basis for all of the sounds in Tberna, was first
recited on the tape by the magnificent singer Cathy Berberian. Then Beria
selectedelements and began to work wirh them. He said, "What I emphasized
anddeveloped in Thema is the transition between a perceivabl~ verb.al message
andmusic .. " Certain text elements were suggestive of mUSICalfigures. For
example "'Ml'ER-thnthn rhnthnthn" suggested a trill. "Chips, picking chips"
suggestedstaccato. "A sail! A veil awave upon the waves" suggested ghss~n~o
orpOrtamento.Sibilant and vowel sounds were derived from the text-as ITI. a
sail,a sail ... a veil awave ... hissss hisss ... I feel so ... bl bl bloo blooming
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... rhapsody ... hisss soft hisss ... "-and organized in change~ from discon-
tinuous to periodic to continuous. All of the sounds were subjected to elec-
tronic processing, primarily filtering with one-third-octave filters, and rape
editing, including superimposition at different time and pitch scales and the
construction of fragments into various musical articulations. For example, at
one point the hi of "blooming" is repeated to make a stutter sound, the 000 is
extended as a musical sound, the sss becomes a continuous hiss, and many of
the sounds are abstracted to a point of unintelligibility only to reappear as rec-
ognizable words, reflecting the shifts in Joyce's text between onomatopoeia and
semantic meaning. Thema is remarkable in that all of its myriad and detailed
sounds are derived from the text. Indeed, the texture of Thema, its rhythm and
its play with the sounds and meanings of words and phonemes, paral1els and
extends the musicality of Joyce's text. Berio said it, but Joyce might have said
it as well: "I attempted to establish a new relationship between speech and
music, in which a discontinuous metamorphosis of one into the other can be
developed ... " And Thema is al1 the more remarkable in light of the way it was
composed. Berio describes the experience:

At that time, techniques and procedures were quite time consuming.
Everything was done by cutting and splicing tape ... In order to create
certain effects, some sounds had to be copied sixty, seventy, and eighty
times, and then spliced together. Then these tapes had to be copied fur-
ther at different speeds in order to achieve new sound qualities more or
less related to Cathy Berberian's original delivery of the text. I was inter-
ested in constant and controlled transformation from discontinuous to
continuous patterns, from periodic to non periodic events, from sound to
noise, from perceived words to perceived musical structures, and from
syllabic to a phonetic view of the text ... [ didn't surrender to the diffi-
culties ... It's surprising now to think that I spent several months of my
life cutting tape while today I could achieve many of the same results in
much less time by using a computer.

Among the pieces done by other composers in the Milan studio, Henri
Pousseur's Scambi (1957) was distinctive. For one thing, it was based on pro-
cedures rather than a fixed structure, as Pousseur later said, "to experiment on
the electronic level with the idea of open, variable form ... " Different versions
were made at different times by Pousseur, Berio, and Mark Wilkinson. For
another thing, all of its sounds were made with white noise. White noise, which
sounds like hiss, or steam, or waterfalls, is a wide-range smear of sound ener-
gy undifferentiated by pitches or timbre. As Michelangelo specified shape by
chlpp~ng at his block of marble with a chisel, so Pousseur specified crisp, clear,
and pitched sounds by chipping at his block of white noise with an electronic
chisel call~d a filter. Pousseur differentiated the sounds by pitch, timbre, and
reverberation and then edited the sounds into sequences on tape.
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Cage did a tape realization of his graphic score Fontana Mix (1958).
Duringa four-month period during the summer of 1958, with the technical
assistanceof Marino Zuccheri, Cage used random numbers as a guide to snip-
pingand splicing little bits of tape from several different reels of sound mater-
ial recorded and/or found in Milan and from Italian radio. And amongst the
trafficsounds, dog barking, and so on, there's a fleeting moment where a radio
voice says, "Qui c'e folkloristica," meaning "Here there's folklore."
Considering thar it showed up randomly, and considering the nature of the
assemblageof sounds to which it seems to refer, that fleeting moment is cer-
tainlyworth a fleeting smile. And there was the occasion for another smile.
During that same period in Milan, Cage was featured on Lascia 0 Raddoppia
(Nothing or Double), an Italian television quiz show. In five appearances, he
presentedseveral of his compositions. He also won the equivalent of about
$6,000 for answering questions about mushrooms.

Berio's last tape work in Milan was Visage (1961). Within an ambience
of electronically generated sounds, Cathy Berberian sang and recited mostly
abstractvocal sounds suggestive of the formation of words and language.
Different from Thema, the vocal sounds in Visage were used as they were
recorded,without electronic manipulation and with a minimum of editing.
Visage is, as Berio described it, "purely a radio-program work: a sound track
fora 'drama' that was never written ... based on the sound symbolism of vocal
gesturesand inflections with their accompanying shadow of meanings and
theirassociative tendencies ... "

Shortly after finishing Visage in 1961, Berio left Milan to live in the
United States, and following his departure, the studio progressively changed.
Maderna, of course, had also worked in the studio during the 1950s-his best
known works of the period include Continuo (1958), lnvenzione su una Voce
(1960), and Serenata 111(1961 )-but because he became busier with conduct-
ingengagements in the 19605, his work in the studio became more occasional,
although it did include Le Rire (1962), Tempo Libera (1972), and a few other
compositions. Other composers who worked in the studio through the 1960s
and 1970s included Girolamo Arrigo, Nicolo Castiglioni, Aldo Clementi,
FrancoDonotoni Pietro Grossi Marcello Panni, and Camillo Togni.

Luigi Non~, originally i:ltroduced to electronic music by Maderna,
becamethe studio's principal composer. Nono was there as the studio's equip-
ment was updated in the mid-1960s, and be worked there until the studio
closed at the end of the 1970s. His first composition was Omaggio a Vedova
(1960), which was his only work to use only electronically generated sounds.
He often combined live instrumental and vocal performance With electronic
sounds on tape. And he often based his compositions on social and p~litical
themes. His next works were La Fabbrica Illuminata (1964, The Illuminated
Factory), composed with factory sounds recorded at Italsider, a steel plant at
Genova; Ricordati Cosa Ti Hanno Fatto in Auschwitz (1966, Remember What
They Did to You in Auschwitz), which was derived from bis incidental music
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for a play by Peter Weiss and which combined high, thin electronic sounds with
multiple choruses and a soprano melody, projecnng ,the effect of terrible
anguish; and Non Consumiamo Marx (1969, We Aren t Consuming Marx),
which included sounds from political demonstrations dunng 1968 .

•
Because equipment was expensive and technical knowledge was necessary,
most of the first studios were established at institutions where budgets and
technicians were available. But there were, at the same time, a few composers
sufficiently ingenious and stalwart to forge ahead and form personal studios.
Tristram Cary's studio in London, for example, was among the first of the inde-
pendents. Cary's story starts when he was demobilized from the British navy in
1946:

We all knew about tape recorders but nobody had seen one-we had
aboard the ship a very poor wire recorder-but what seemed quite clear
was that tape was going to make possible editing sound in a way that was
not possible before. So I spent my gratuity, the gratuity you get when
you're demobilized from the service, to buy equipment. My gratuity was
£50 which was equivalent I guess to $1,000 of today's money. I was able
to buy a disc recorder for which I made pickups that ran behind the cut-
ting head in the same groove, so I had echo effects. I also had a playback
turntable that would do anything from 12 rpm to 200 rpm and was
reversible. And in those days, Lisle Street, just behind Leicester Square in
London, was full of junk electronic shops. There were war surplus sup-
plies from Britain, Germany, America, everywhere, and a lot of this gear
was brand new. So for a few shillings or a few pounds you could buy the
most exquisitely made stuff, things like bomb sights, airborne cameras,
all sorts of things from which you could make elaborate delay gear and
that kind of thing. And I bought my first tape recorder in 1952.

Cary then wrote to several BBC producers. As he reports, "Three of them
replied, two of them saw me, and one of them gave me a little job." By the end
of 1955, he was working regularly for the BBC and his studio, of course, was
continually growing. By 1957, he had three tape recorders, a number of turnta-
bles, and three or four oscillators, some entirely home constructed and some
built with kits. He adds, "I was using recorded sound most of the time because
my electronic facilities were fairly limited." But limited though his facilities
may have been, through the 1950s he did the music for a lot of films, among
them The Lady Killers (1955), Time Without Pity (1955), Town on Trial
(1956), The Flesh Is Weak (1957), Tread Softly Stranger (1958), and The Little
Island (1958), an animated film by Richard Williams. Of The Little Island, in
particular, he remembers:
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It reallyput my studio and my ideas mto high gear. Dick had no money,
of course. Nobody had any money. He said, "Look, you're obviously
goodat film mUSIC,and I've got this film I'm trying to make and I've got
nomoney so I can't commission music. But I'd like you to help me choose
some lib.raryrr3.cks.:: We\l, I saw the line tests and I was very impressed,
and I said to DIck, You ve got to have properly composed music with
this." So I borrowed money on my house and we went into this thing
together because, whatever kind of production you're making, you can't
skimpon the music.

The Little Island won the Best Experimental Film of the Year award in
Venicein 1958, it was shown at the 1958 World's Fair in Brussels, and it won
the1959British Film Academy award for Best Carroon of the Year. Cary con-
tinues:

Meanwhile, at about this time I bought a cottage in the country, in
Suffolk, in Fressingfield. There was no electricity when I moved in, but I
had a great big hut in the garden and I made a spacious studio. I moved
in properly in 1962, when there was electricity, but even then we were on
the end of the line tun, sharing the rransforrner with the local [armer.
Whenevet he started up his agticultural equipment, my voltage dropped.
SoI had considerable problems with voltage regulation. The Fressingfield
studio, nonetheless, depending on the money, got quite good. All of it was
built by me in between things, when I had a spare day or a spare hour,
Vetyoften what happened was that 1came across a creative problem that
became a technical problem. I wanted to create a certain sound, and I
knew how I could do it, but it needed a special gadget. So 1 would stop
being a composet for the moment and build something, with the result
that the studio became as most studios in those days, very personal mat-
ters. It became a studio for me doing the things that I wanted to do.

Among those things, rh rough the 1950s and 19605, Cary completed
manyinstrumental and electronic concert compositions. There was electronic
ambientmusic for the Industrial Section of the British Pavilion at EXPO '67 in
Montreal:"I decorated the whole place with sound." And there were many
electronicscores for BBC radio and television, among them Macbeth (1959),
ofwhichhe recalls, "It seemed perfectly obvious to me that the way to do the
witcheswas with electronics." There were also Craig's The Children of Lir
(1959),Macneice's East of the Sun and West of the Moon' (1959), Cocteaus La
Machine lniernale (1960), Jennifer Dawson's The Ha-Ha (1963), Ionesco's The
Killer (1964), Peake's The Rhyme of the Flying Bomb (1964), and Ray
Bradbury'sLeviathan '99 (1968). And there was Doctor Who, a BBC SCIence
fictionseries for which Cary composed a considerable amount of .inci~ental
music.Cary recalls a visit to the Doctor Who studio with one of hISchildren
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who saw a Dalek, one of the show's salt-shaker-shaped villainous creatures.
and said, as Cary tells it, "It's pretty primitive, Dad. I don't think it witl be a
great success." Cary continues:

In those days, a million years ir seems before sync devices like SMPTE
code, riming was the main problem, and The Dead Planet (Serial B) had
long tracks of atmosphere stuff (e.g. a faintly menacing alien forest with
strange creatures) interspersed with sudden events that had to be in sync.
A given scene could only be roughly rimed at rehearsal in some hall away
from the studio, and the show only moved into the studio just before the
recording. Videotape was used, but the show was recorded as if it were a
live transmission. So I used two or three tape machines. Red track was the
main holding track with the continuous, non-sync stuff covering the gen-
eral atmosphere of a scene while Green track carried shorr events like a
menacing close-up or an exploding Dalek to be punched in ar rhe right
moment over Red.
I aimed at rich sounds which were different from normal aural experi-

ence. One always had to remember that the final product would be heard
on the absurd speakers used in the average TV, so things that relied for
their effect on extreme bass or top, or even being loud, were out.
Sometimes, in fact, I played a track through the family TV's audio to hear
the effect. In long tracks, I would use loops, but such long ones that
nobody would hear them as loops. At Fressingfield, I somerimes had
loops going out through the window and round mike stands set among
the cabbages outside. And living in four acres of space gave other oppor-
tunities to explore unusual environments, like the strange echoes pro-
duced in wells, tanks, and oil drums. They were breaking up railways at
the time, and I had a blacksmith make a railway-line metallophone for me
(tuning not accurate), which made a huge noise. That sound in particular
was interesting both slower and faster, and also recorded at a distance. In
fact, l got some fascinating results from a very long way, like 200 yards
from the microphone, done in the middle of the night when the birds were
asleep.

~ary did the music for several more episodes, including Marco Polo, The
Gunfighter, and The Mutants. Of The Mutants, in 1972, he reflects:

Compared to the early ones, this was hi-tech in every way. Colour gave
the opportunity for special visual effects, and my studio was as good as it
ever got. Who was often fun, but in the end it was a bit samey. Another
space travel sound, another alien invasion .

•
Among the ingenious there were also Louis and Bebe Barron who founded a
personal studio in New York. They had begun as early as 1948 to work with



?

The Great Opening Up of Music to All Sounds 55

tapedsoundsand simple electronic circuits and they then went on to do sever-
alelectronicfilm scores, among them Bells of Atlantis (1953) and Forbidden
Plal/et (1956). They were there in 1951 when john Cage and David Tudor
launchedrhe Project for Music for Magnetic Tape in New York. Tudor recalls:

It was [olin's idea. Ir was john who supplied the ideas and motivation.
And the project actually began because our friend Paul Williams gave us
somemoney. He was a godsend. The spirit was to be all inclusive, so one
of the first endeavors that we made was to categorize sounds. The
Barrensacted as sound engineers, as a team. They worked with us for
severalmonths. Then, because the money was running out, John took the
tacticthat we should record all the necessary material, so the last monies
werespent with the objective that we would have all the material in our
hands necessary to complete the splicing. The Barrons helped to record
and prepare all the material ...

The Barrons recorded approximately 600 sounds to provide the initial
material for the project. Tudor continues:

I worked closely with John in the first year. We established a method of
working. The main work was splicing tape for Williams Mix ... john and
Iwere impoverished. There was no money to throw around. I recall that
at one point the money was in danger of running out, and so John and I
made an assessment of what had to be done so that the funds would last
until the completion of Williams Mix, and subsequently Paul gave us
another sum of money to help continue. Then Earle came and offered to
help. And spent more and more time helping.

In mid-1952 Eatle Brown arrived in New York and immediately started
10workwith Cage. Christian Wolff and Morton Feldman also became involved
withrhe project and composed pieces, but Brown and Cage did most of the
work. Browncontinues:

I lived in the Village on Cornelia Street. John lived on Monroe ,Street,
underneath the Williamsbutg Bridge There's no subway because It s diag-
onally crosstown, so I used to walk to john's loft every morrung. The cut-
ting and splicing happened at John's loft ... john and I worked on oppo-
site sides of a big table ... We usually worked from ten m the morning
until four or five in the afternoon and then we usually went to meet
Marty and Merce Cunningham and Carolyn Brown at the Ce~ar Bar or
one of our apartments. Fridays, John and I used to go to Suzuki's lectures

ar Columbia.

The curri " . f C ' W"ll'a-/s Mix finished in latee cutting and splicing was or age s 1 1 ", .
1952 C" . f sni f r e catalogued as A (city. age first created a library 0 snrppers a ape,
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sounds), B (country sounds), C (electronic sounds), 0 (manually produced
sounds, including normal music), E (wind-produced sounds, including voice),
and F (small sounds requiring amplification to be heard). The sounds were fur-
ther classified: the letter c indicated control and predictability, the letter v des-
ignated lack of control or unpredictability; and both c and v were applied to
pitch, timbre, and loudness in that order. The designation Bvcv, for example,
would indicate a country sound of uncontrolled pitch, known timbre, and
uncontrolled loudness. Cage then created a score for the piece, in effect a
graphic plan, using a procedure derived from the I Ching, the ancient Chinese
Book of Changes. The procedure was to toss three coins six times to generate
a random number between 1 and 64 and to use the resulting random numbers
to select, from corresponding listings in several charts, what type of sound from
the library was to be used, where among any of eight tracks it was to be placed,
the durations of the sounds and silences, and the shapes (attacks and decays)
of the sounds as they were physically cut into the tape. Brown continues:

We simultaneously cut and spliced John's Williams Mix and composed
with his three coins by chance, using the I Ching. Anybody could ross the
three coins and write down heads, heads, tails, do it again, tails, heads,
heads, do it again, oh, three tails ... Anybody could do it, so when any-
body would come to visit, John would hand them three coins and tell
them how to do it and everybody would be sitting around tossing coins.
That was the composing part of it, completely by chance, and the coins
referred to, first, the kind of sound, then duration, then how the attacks
and decays were cut. We cut the attacks and decays into the tape with
demagnetized razor blades. We put the score under a glass plate on the
table, and then lay the tape on it, and cut exactly to the pattern. John used
to suggest that it was like following a dressmaker's pattern ...

The pieces of tape were in regular legal size envelopes, white
envelopes, bunched up. We didn't have them on reels or anything. We had
them in a cardboard box in one corner of John's loft, and there were
maybe 150 or 175 envelopes, each marked "A,l> "B," "C" ... up to seven
categories, and then we'd go over and paw through the envelopes until
we came to the right one, as called for by the chance process. We'd pick
up the envelope, take the piece of tape over, lay the tape on top of the
glass under which was the score, and cut and splice exactly as was called
for. Then we applied the pieces of recording tape onto splicing tape and
the.n,.between pieces of recording tape, we rubbed talcum powder so the
splicing tape wouldn't be sticky. After we did this, and we'd gotten a
mll1~te.or so finished, we used to go over to Colonel Richard Ranger's
studio In New Jersey t~ make copies on a solid piece of tape. We didn't
even have a tape mach me. We couldn't hear anything. All we had were
razor blades and talcum powder, no tape machine, it's true. If we'd need-
ed to use one, we could have gone to the Barrons' studio. But John was
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doingit by chance. He didn't need to hear. You only need to hear when
you'redoing something by taste.
Itrook so long, so bloody long, and it was boring to do all that cutting

andspllclOg.John and I sar at opposite sides of the table and we talked
abouteverything in the world ... we would talk about Suzuki we'd talk

.' 'aboutprofound things, banal things, we smoked cigarettes all the time.
Wewould usually end up at three in the afternoon and neither one of us
wouldhave any cigarettes left, so we would smoke the butts. And nearly
everyday we would go across the street from John's loft and buy a big
herosandwich, and John would make terrible black coffee.
Weboth joked a lot. I could be funny, John could be funny. We would

geton each other's nerves once in a while. I'd argue with him about some-
thing,and he'd get riled up a bit. I remember one thing that we argued
aboutwas that he liked to say that any sound in the world could be in the
libraryof the Music for Magnetic Tape project, and [ would say, "John,
that'simpossible, you can't get the sound of a whale, ten fathoms down,
intothe library," and he'd say, "It could be." Philosophically, he didn't
eliminateany sound, but when he said that any sound could be in the
library, I said, "That's impossible. You can't get every sound in the

library."

AfterWilliamsMix, Cage and Brown worked together on Brown's Octet:

Having finished Williams Mix, there were a lot of scraps of tape. We
knew we were going to have a concert at the University of Illinois Arts
Festival, March 1953, and I wanted ro do a piece, so I ttied to think
quicklyabout how to make a piece ... And [ worked out a way to do the
piece,based on density. J used a book of random sampling tables. I would
getthe length of a piece of rape, say fifteen inches, and then [would come
upwith how many pieces of tape would fit into that fifteen inches, and
thenI would take some pieces of tape and then I would chop them so that
I had relatively equal lengths to fit into fifteen inches. Maybe four inches
mighthave seven fragments, but never more than (en .... 50 I made o.ctet,
fat eight mono tapes and eight loudspeakers surroundmg the audience
becauseWilliams Mix is that way too, eight tapes for eight loudspeakers.
I rememberwhat John said about Octet. He said, "It sounds like a snow-
fall."

TheMarch 1953 concert at the University of Illinois Arts Festival includ-
edWilliamsMix, Octet, and pieces by Wolff, Stockhausen, Eimert, Boulez,
Luening, and Ussachevsky. Brown remembers:

We had eight mono Magnacorders on stage and eight loudspeakers
equidistantly spaced around the auditorium. The funny thing IS that peo-
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pie would come into the concert hall and they would see this stack of
eight Magnacorders on stage, and at that POint everybody was fnghtened
to death of electronic music, so they would look at the stage and they
would sit in the back. But right behind them were loudspeakers.

The project ended in 1954 as both Cage and Brown moved on to other
things. As Brown said, "I don't remember why it stopped actually. I guess I
needed a job."

•
In parallel with the development of the early instruments, with Duchamp's and
Cage's early work, with the invention of the tape recorder and the opening of
the first studios, indeed in parallel with the entire early development of elec-
tronic music, Edgard Varese had pursued his ideas about what has been called
"the liberation of sound." Varese had met Busoni in Berlin as early as 1907 and
later commented on Busoni's famous statement (" Music was born free ... ") by
saying, "It was like hearing the echo of my own thought." In Cage's words:

More clearly and actively than anyone else of his generation, he estab-
lished the present nature of music. This nature ... arises from an accep-
tance of all audible phenomena as material proper to music. While oth-
ers were still discriminating "musical" tones from noises, Varese moved
into the field of sound itself ...

Why was Varese ' work so significant? Prior to the twentieth cenrury,
orchestration had been inseparably linked to melody, rhythm, and chord pro-
gressions, as color had been linked with the objects depicted in painting, such
as green grass, blue sky, and so on. As Hector Berlioz said, in A Travers Chants,
"Orchestration is, in music, the exact equivalent of color in painting." In the
general artistic upheaval at the beginning of the twentieth century, sound and
color became increasingly independent aspects of music and painting. Arnold
Schoenberg, for example, in his Harmonielehre (1911), proposed the idea of a
Klangfarbenmelodie, a "sound-color melody," which based musical structure
on sound. And Wassily Kandinsky wrote in 1912 that "colors are not used
because they are true to nature but because they are necessary to the particular
picture." Varese put it perfectly when he said:

The role of color or timbre would be completely changed from being inci-
dental, anecdotal, sensual Or picturesque; it would become an agent of
delineation like the different colors on a map separating different areas,
and an integral part of form.

. In Varese' Integrales (1926), for woodwinds, brass, and percussion, the
pitches that the instruments play, their loudnesses, their spacings in orchestral
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chords,their crescendos, attacks, and durations, were important because of the
way theycontributed to a composite timbre. In all of his music, Varese' concern
with timbreas a primary musical quality led him to shape sounds so unconven-
tionallythat his orchestration approached, as Milton Babbitt put it, "nonelec-
tronicsynthesis." ln Ionisation (1931), Varese used percussion instruments to
createa repertoire of unpirched sounds. And he used a siren. As he later said, "I
havealways felt the need of a kind of a continuous flowing curve that instru-
mentscould nor give me. That is why I used sirens in several of my works."

In1916,Varese said, "Our musical alphabet must be enriched ... We also
neednew instruments very badly ... In my own works I have always felt the
needfor new mediums of expression." 1111927, he contacted Harvey Fletcher,
directorof acoustic research at Bell Telephone Laboratories, to investigate the
possibilityof access to a laboratory, but then and afterward, Fletcher, although
sympathetic,was unable to support the request. Varese had formed a friend-
shipwith Rene Bertrand in Paris in 1913, and in 1932, in another attempt to
findsupport for researching new instruments and sounds, he applied to the
GuggenheimFoundation to do collaborative work wirh Bertrand In February
19]], Varesewrore rhe following as a clarification of his application:

The acoustical work which I have undertaken and which I hope to con-
tinue in collaboration with Rene Bertrand consists of experiments which
I have suggesred on his invention, the Dynaphone. The Dynaphone
(invented 1927-28) is a musical instrument of electrical oscillations
somewhat similar to the Theremin, Givelet and Martenor electrical
instruments. But its principle and operation are entirely different, the
resemblance being only superficial. The technical results I look for are as

follows:

1. To obrain absolutely pure fundamentals.
2. By means of loading the fundamentals with certain series of har-

monics to obtain timbres which will produce new sounds.
3. To speculate on the new sounds that the combin~tion .of tw.o or

more interfering Dynaphones would give if combmed in a single

instrument. . . . h f -
4. To increase the range of the II1strument so as to obtain h.lg re

quencies which no other instrument can give, together With ade-

quate intensity.
The practical result of our work will be a new instrun?ent ~hich will

be adequate to the needs of the creative musician and musicologIst. Ihave
conceived a system by which the instrument may be used not only for the
tempered and natural scales, but one which also allows fo~ the accurate
production of any number of frequencies and consequently .IS able to pr~-

d
. bdi . ed by the anclenr or exotiC
uce any interval or any su IVISIOn requir
modes.
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Edgard varese in the 1950s. Photo by
Roy Hyrlein. Courtesy Ann McMU/an

archive at Electronic Music Foundation.

By no means the last important composer to be turned down by the
Guggenheim Foundation, Varese' luck began to change many years larer. In
1954, Pierre Schaeffer invited him to Paris to complere the tape parrs ro
Deserts, a work combining orchestral and taped sounds. in 1957, he gained
access to the Philips Laboratories in Eindhoven, Holland, where a special stu-
dio was created for him with sophisticated equipment and the support of a
group of technicians and advisors. He went to Eindhoven to compose Poeme
Electronique. And he crossed paths with lannis Xenakis.

Xenakis had arrived in Paris from Athens in November 1947, following
his activities in the Greek resistance during and after the war. As he said, "I was
a civil engineer-I was on my way to the States, but I stopped in Paris and I
thought, 'Welt, why not>'" He soon found a position with Le Corbusier, one of
the most prestigious and interesting architects in France: "I got to Le Corbusier
through an acquaintance and I started calculating beams and columns and
floors for the Marseilles building." (The Marseilles building was L'Unite
d'Habitation, one of Le Corbusier's best known works.) After a while, Xenakis
got interested in architecture and asked Le Cor busier if he could work on an
architectural project. Le Cor busier agreed and, as Xenakis recalls, "We started
doing the monastery of La Turette, which I designed completely from beginning
to end." Among other Le Cor busier commissions, Xenakis also worked on the
Assembly Hall for Chandigarh, India.
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InJanuary1956, Philips Corporarion in Eindhoven asked Le C b .. hei '1' f h or USIer
10 desIgnt err paviuon or t e 1958 Brussels World's Fair. Le Corbusier
replied:"IwIllmake you a poeme eiearonique. Everything will happen inside:
sound,lighr,color, rhythm ... " Xenakis continues:

Theya ked Le Corbu ier to design something and Le Cor busier asked me
f? design son~ething.At ~hat ti~e, l.was very much interested in shapes
likehyperbolIcparaboloids, things like that; and so I organized them to
forma shell in which we could produce sounds and images on rhe walls.
l didthe designs and I showed them to Le Corbusier and he said "Yes of, ,
course."

TheWorld's Fair opened in May 1958. The Philips Pavilion also opened,
andits sound-and-image show, created by Xenakis, Varese, and Le Corbusier,
was repeatedseveral times every day. The sound consisted of Xenakis' short
andgtittyConcret P.H. (1958) followed by Varese' Poeme Electronique. Le
Corbusier's colored lighting formed a backdrop to his projected images-pic-
turesofanimals (monkeys, shellfish, birds), religious objects and art from dif-
ferenrcultures (Buddha, Giorro, masks, sculptures), parts of the Eiffel Tower,
Laureland Hardy stills, nuclear explosions and other war imagery, and build-
ingsfromdifferent counrries-which were shown continuously. By the end of
1958,morethan two million people had visited the Philips Pavilion, heard the
music,seen the projections. Varese later described the event as:

a spectacleof sound and light, presented during the Brussels Exposition
in the pavilion designed for the Philips Corporation of Holland by Le
Corbusier, who was also the author of the visual part. It consisted of mov-
ing colored lights, images projected on the walls of the pavilion, and
music.The music was distributed by 425 loudspeakers; there were twen-
ty amplifier combinations. It was recorded on a three-track magnetic tape
that could be varied in intensity and quality. The loudspeakers were
mounted in groups and in what is called "sound routes" to ~~hleve van-
GUS effects such as that of the music running around the paviljon , as well
ascorning from different directions, reverberations, etc. For the first time,

I heard my music literally projected into space.

Indeed,Varese thought of his sounds as objects of different shapes and
materialswith dynamic properties and tendencies, exrstmg 111 and movmg

througha musical space. He said:

Thereis an idea the basis of an internal structure, expanded and split .into
differentshape; or groupS of sounds constantly changing in shape, direc-
tion, and speed, attracted and repulsed by vanous forces. The form of the
work is the consequence of this interaction.
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The sounds in Poeme Electronique, many of them the result of electron.
ic processing, are derived from percussion and melody instrument, bells,
sirens, electronic tone generators, machines, and voices. There are simple
sound objects, consisting of a single sound such as a percussive stroke. There
are complex patterns of different sounds. There are exrended rhyrhmic figures,
articulated in percussion; smooth hyperbolic curves, contrasted with buzzing,
shaking, and fluttering sounds; and staccato, pitched sounds combined in shorr
melodic phrases. Born in 1883, Varese was in his mid-seventies in 1958. He
was a mature musician whose ideas and sryle had developed through the first
half of the century. Poeme Eiectranique was the ultimate statement of rape
music as musique concrete. It marked the end of the beginning.

• • •



CHAPTER THREE

EXPANSION
OF THE

TAPE MUSIC IDEA

In 1954, Pierre Boulez visired Buenos Aires. He mer with Francisco Kropf! and
Mauricio Kagel, gave them a score to Stockhausen's Studie I, and conveyed the
latest technical information from Cologne. Although Pierre Schaeffer's work
had already been heard in Argentina, and although Kagel had composed a bit
of rnusique concrete for an industrial exhibit, Boulez' visit provided a new
impetus. Kropf began some private experimentation and searched for a place

to start a studio.
In 1958, with technician Fausto Maranca and some schematics from the

Studio di Fonologia in Milan, Kropf founded the Esrudio de Fonologia
Musical within the structure and physical space of the acoustics laboratory at
the School of Architecture, University of Buenos Aires. He made a deal with the
university: "In exchange for time and space in the acoustics laboratory, we
made acoustic measurements for the School of Architecture and for industry."
Kropf! and Maranca also adapted and designed specific equipment for music.
They adapted a tape recorder, for example, to record and play at varying
speeds; they designed a phorocell-based envelope controller which read shapes
cut out in cardboard; and they built a reverberation chamber which measured,
as Kropf remembers, "about ninety cubic meters-so we had between eight
and ten seconds of reverberation time." Kropf! used the reverberation chamber
in his Eieracio de Impulsos (1960, Studies on Pulses). He then finished other
compositions, among them Dialogos I and Dialogos Ii. And he joined the
music faculty at the University of Buenos Aires.

63
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In 1963 CLAEM (Centro Latinoamericano de Altos Estudios Musicales!
Latin American Center for Advanced Musical Studies) was established at the
Institute Oi Tella in Buenos Aires with funding in large part from the
Rockefeller Foundation and with equipment selected initially by Mario
Oavidovsky. In 1966, Fernando von Reichenbach redesigned the CLAEM sru-
dio by installing a central studio-control system. He also invented what was
called the Graphic Converter, a device that allowed a composer to specify con-
trols by drawing them on a strip of paper which was read by a video camera.
Kropf! became musical director of CLAEM in 1967, and many composers
worked there during those several years, among them Alcides Lanza, Eduardo
Kusnir, Jose Maranzano, Ariel Martinez, and Pedro Caryevschi.

By 1968, the Institute Oi Tella, a large organization which supported a
wide range of activity in the arts, was having financial problems. There were
also political problems, primarily because the theater group of the Instituto Di
Tella was, as Kropf put it, "quite critical of the military government." At the
end of 1971, the Instituto Oi Tella was closed and CLAEM was dissolved. The
equipment was moved to CICMAT (Centro de Investigaziones en
Communication Massiva, Artes y Technologia / Center for Studies in Mass
Communication, Art, and Technology), newly formed by the municipality of
Buenos Aires. Kropf was appointed director of the CICMAT contemporary
music department. In 1973, the Estudio de Fonologia Musical was also dis-
solved, for reasons, in Kropfl's words, "conceivable only by a Latin American."
But the CICMAT studio was another beginning .

•
In 1959, the University of Toronto received its first Multi- Track Tape Recorder,
built by Hugh Le Caine at the National Research Council and so-named by Le
Caine to indicate its ability to play back several tapes simultaneously. Gustav
Ciamaga joined the University of Toronto faculty in 1963 and became director
of the electronic music studio in 1965. He recalls:

When I came in, there were two Multi-Track Tape Recorders, the proto-
type and an update. In the updated version, you could play sixteen chan-
nels of pre-recorded sound through a sixteen-input mixer which was con-
troJled by sixteen touch-sensitive keys. It was a performance instrument.
!~eNational Research Council had been interested in commercializing it
If It looked berter and if it could be debugged, so Hugh had done a dress
lip of the original prototype. But by the time we had it refined no one was
i?terested in it. It would have been a very expensive instrument for its
time-c-the original projections were between $25,000 and $30,000 .

•
Studios were forming not only in Buenos Aires and Toronto but in Berlin
Munich, Freiburg, Warsaw, Rome, London, Stockholm, a,;d many othe:
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places.Indeed, hundreds of new studios formed th.roughout the world during
the late 1950s and early 1960s. Some were institutional studios. Many were
personalstudies. Specific studios were distinctive for specific reasons.

The Radiophonic Workshop, at the BBC's Maida Vale studios in London
was distinctive not only because of the sounds it produced for Third
Programmeradio dramas, not only for its musical backgrounds for normal
radioand television shows, not only for its broadcasts to schools and science
programs, but also because it produced sound effects for Doctor Who, the first
electronicmusic media hit.

The Radiophonic Workshop opened on April 1, 1958, following a year's
experiments by a group of musicians, producers, and writers who had taken
theircues, so to speak, from the radio studios in Paris, Cologne, and Milan.
Amongthe experiments had been sounds produced by Desmond Briscoe for the
Third Programme radio ptoduction of Samuel Beckett's All That Fall. In
Briscoe'swords:

Beckett's script was remarkable, really remarkable. He wrote "silence"
and "pause," quite obviously differentiating between the two. When he
demanded sounds, he didn't say they had to be made in any particular
way ... Eventually we did away with natural sounds altogether, and sim-
ulated-for instance-the sounds of people walking with a simple drum
rhythm ... when we faded up the replay knob of the recording machine
while it was still recording, we produced tape feed-back ... usually
known as "flutter-echo" ... when the "Up-Mail" train hurtles through
the sleepy station, the effect was heightened by all the sounds clartering

and reiterating ...

Radiophonic sound was, as Brian Hodgson called it, "applied electronic
music," similar to musique concrete except that it functioned to reinforce the
emotions and moods of radio and television productions. Hodgson joined the
Radiophonic Workshop in 1962 while it was still a new idea. He recalls:

In those days, it was one room with a budget of £2000 as a one-time pay-
ment to set it up. There was an engineer called "Dickie" Bird, quite an
amazing character, and he had tWO junior engineers working with him.
They built the place and they kept it running. There was one filter, some
oscillators which Dickie actually made from kit, a frequency-modulated
oscillator that we called a "wobbulator." The Motosacoche tape
recorders took about fifteen seconds to come up to speed, but once up to
speed they'd stay locked all day. To repair them, you pushed a button on
the front and they rose majestically into the air, and you repaired them
from underneath like a motorcar. They would keep recording even while
being repaired. If you wanted to scare a producer, you would push the
button and he'd see the recorder ascend into the air before his eyes. The
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mixing desk was a BBC design, a low level mixer, so if you fa~ed out one
channel you had to compensate the main level by 3 db, but It had very
low noise. There was a large echo machine that was so crackly that we
turned it on the day before we wanted to use it, so it would get all the
crackles out of its system.

The BBC had this funny rule at the beginning. They didn't want any-
one staying more than three months. A doctor friend of a senior manag-
er thought that people would have nervous breakdowns because of expo-
sure to strange noises and they didn't want any loonies on their staff. The
great advantage was that a lot of composers went through the system and
were exposed to the possibilities.

Doctor Who, a science fiction series in which the hero travels through
time and space in a telephone booth, started in 1963. Although Tristram Cary
and other composers provided music for later episodes, Ron Grainer, a well-
known television composer, was hired to compose the theme music. But
because Grainer had no knowledge of electronic music technology, Delia
Derbyshire, a staff composer at the Radiophonic Workshop, was asked to real-
ize Grainer's score. Hodgson recalls, "Delia took the manuscript and realized
it, and when Grainer came back he said to Delia, 'Gracious me, did J write
that?' and she said, 'Most of it.'" Hodgson did the sound effecrs. He modulat-
ed an actor's voice to get the sound of the Daleks, villains that looked and
sounded like salt shakers. But the sound of the rime-machine takeoff remained
a problem. Hodgson didn't want it to be like a spaceship. As he said, "No
whooshes, no motors, or things like that." And then, he got an idea: "I got this
concept ... of tearing the fabric of time ... "

WeJl, one might say that Doctor Who irself tore the fabric of time. It was
initially expected to run for a few episodes, but it turned out to be a twenty-
three year success. Musique concrete had reached its largest and youngest
public.

•
The Swedish Radio in Srockholm was distinctive for supporting and prornor-
mg a new approach to combining music and text. Oyvind Fahlsrrorn's Fdglar i
Sverige (Birds in Sweden), broadcast by the Swedish Radio in 1963 served as
an initial model. Then, in 1965, the Swedish Radio commissioned ~ixmusic-
and-te~t works from Lars-Gunnar Bodin and Bengr Emil Johnson under the
collective name Semicolon. In 1966, Bodin, Johnson, Sten Hanson, and others
f?rmed a music-and-text discussion and presentation group at Fylkingen, a cut-
tll1g-edge new music organization in Stockholm. In 1967 the Swedish Radio
commissioned Bodin's CYBO I, Johnson's Semicolon: A'dventure Along the
Way, and Ake Hodell's Structures /II, and then organized performances of the
commissioned works at a concert at the Museum of Modern Art in Stockholm
and broadcast the concert live.
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During the ev~ning of September 3, 1967, on a visit to Hilversurn,
Holland, and following a day's conversation with many orher European rep-
resentativesof radio art, Bodin and Johnson coined the term text-sound com-
position to describe a sound art that, in its concern for the sounds of words
as,well as their semantic meanings, combined music and poet.ry. And, along
with Hanson and others, they continued to develop and define the text-
sound approach into the 1970s and 1980s. johnson's 1/1970; (bland) 1
(1970), for example, consisrs primarily of sounds taken from language but,
in his words, "reduced to a kind of characteristic inarticulate utterance
devoid of semanric significance ... " In Bodin's For Jon III (1982), different
words are abstracted by elecrronic processing and linked by a synchronizing
pulse,as Bodin explained, "to 'freeze' the words by repeating dissected frag-
ments for certain time periods ... " In Bodin's On Speaking Terms (1986),
the poems range from verbal meaning to completely abstract sounds such
that, as Bodin said, "all the textual layers start out from the same point but
gradually glide apart ... "

Meanwhile, in 1968, Hanson became the leader of the Fylkingen text-
sound group, a member of rhe Fylkingen board of trustees, and the person
responsible for producing Fylkingen's concerts, approximately sixty per year.
Herecalls, with a nostalgic smile, "I did everything, all the administration ... "
And, having composed Che (1968), How Are You (1969), and the trilogy
(Imp (e) (1970), Oips! (1971), and Ouhm (1973), he emerged as one of the
principalpioneers of text-sound.

•
Sinceradio stations normally used tape recordings in broadcasting, it was per-
fectly natural that electronic or recorded sounds should be broadcast from
tape. But the traditional way to present music to the public remained the con-
certhan, and playing tapes did pose a problem in concert situations. Who, after
all,enjoys sitting in a darkened theater watching inanimate loudspeakers? And
why would one go to a concert hall to hear something that could be played on
a stereo at home? The problem was how ro make the playing of tapes lively in
a concert.

One solution was the creation of an extraordinary concert environment,
an environment that one could not create at home, as in Varese' Poeme
Electronique and Stockhausen's Gesang der Junglinge. And one aspect of an
extraordinary environment was the spatial distribution of sound. Indeed, ever
since Pierre Schaeffer's pupitre d'espace in 1951, the spatial distriburion of
soundwas thought of as an important if not essential element in the public pre-
sentation of tape music. In Joji Yuasa's Icon (1967), for example, composed at
theNHK studio in Tokyo, sounds moved at the same time clockwise and coun-
terclockwise at different speeds through a pentagonal array of loudspeakers
surrounding rhe audience. John Cage subtitled Birdcage (1972) as "twelve
tapes to be distributed by a single performer in a space in which people are free
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Francois Bayle (seen from behind] seated at the control board for the Acousrncniwn
in the Salle Olivier Messiaen, Maison de Radio France, at a concert presented by

GRM in December 1980. Photo courtesy GRM.

to move and birds to fly." And in 1974, Francois Bayle creared the Acous-
monium, a loudspeaker orchestra created specifically for playing tapes. The
Acousmonium consisted of eighty loudspeakers of various sizes placed across
a stage at different heights and distances from the proscenium. As Bayle speci-
fied it, "The placement of loudspeakers is organized according to their quali-
ties--extreme bass, bass, midrange, high, super-high-their power, their quali-
ty, and their direction-eonvergent, divergent, direct, reflected, indirect ... "

Further, the spatial distribution of sound was, in Bayle's view, a means to
expose the interior structure of sound, what he called the morpho-concept. He
explains:

The morpho-concept has to do with the evolution of a sound-its timbre,
shape, contour, elasticity, structure-as against the idea of notes. And the
projection of sound into space is an integral part of that. It puts you inside
the sound. It's like the interior of a sound universe .

•
Another solution was to put a performer on stage along with the loudspeakers.
This idea might have found its ultimate commercial statement in Karaoke, but
Karaoke embodies only one relationship between recorded music and per-
former, that of accompanist and soloist, whereas the literature of tape-and-per-
former pieces contains many different relationships. In Stockhausen's
Kontakte, for example, the performers do a parallel and simultaneous perfor-
mance, synchronized and related to the tape, which adds a live dimension to
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the tape and brings its performance correctly within the environment of the
concerthall.

LnMario Davidovsky's Synchronisms #6 (1970), the pitches of electron-
icsoundson tape are integrated so well with the notes played by a pianist that
it seemsas if the tape simply makes the piano larger, Davidovsky said, "The
proposmon of Synchronisms is stretching an instrument by adding electronic
soundsand stretching electronic sounds by having a performer capable of the
nuanceof phrasing rhar the rape didn't have at the time-so they borh add
something to the combination." Further, Davidovsky saw the concert hall as
havinga demarginalizing effect on electronic music: "With a live instrumental-
iston stage, I could introduce electronic sounds in a presentable and civilized
way to a larger audience and have the audience accept the sounds as aestheti-
callyvalid."

Jacob Druckman began working at the Columbia studio in the mid-
1960s.As he said, "I went in with the idea of doing more complicated rhythms
thanhuman beings could do-I began by splicing tape with a ruler." But it did-
n't work as expecred: "I very quickly discovered that the intellectual precision
that I wanted was not at all effective when 1heard it played back." And so his
ideaschanged and he began to use tape, in his words, "to exaggerate human
qualities-l was most fascinated with those sounds that included human ener-
gy."In his Animus J (1966), for tape and trombone, the tape contains mostly
processedtrombone sounds and the dramatic concept of the piece extends from
that idea. As Druckman explains, "Like looking in a mirror and perhaps see-
ing a hostile, competitive image, I had the idea of a trombone player who's
playingin a desultory fashion and the tape becomes his mirror, in effect anoth-
ertrombonist but with a hostile, competitive stance."

The use of tape with live performance, however, poses a question:
Although the composer may have intended that the tape function as an accom-
panist, or as another performer, or even as an orchestra, wasn't the tape
machine insensitive and unyielding to a musician's fluctuations in tempo? And
the answer is yes. But in some cases that was good. Davidovsky observes,
"Despite the rhythmic aspect of the tape being totally unyielding, performers
canstill do small rubatos, taking some freedom in the interpretation, and some-
how compensate for it, because the tape is totally reliable in sustaining the
rhythm." Jan Williams, percussionist, conductor, and performer of contempo-
rarymusic since the 19605, answers:

It was always possible to develop a sense of timing based on the tape.
Since the tape was always moving at the same speed, it became like an
aural score, and coordinating with it in the process of rehearsing became
easier.The fixed nature of the tape allowed me to rely on It. 1don't know
how it happened exactly, but it seemed to be possible to develop a sense
of the passage of time not based on seconds but based on events on the
tape.
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When synchronization between performer and tape was important, a
composer typically supplied a graphic roadmap, or score, that showed the per-
former the timings of the taped sounds, and the performer typically used a stop-
watch to follow the score. At least, that was Earle Brown's intention in his
Times Five (1963), composed in Paris. He tells the story:

As usual, I wanted instruments involved ... and the idea of the tirle Times
Five came from the fact that the five instruments would be in the cenrer
of a big "X" of crisscrossed loudspeakers ... Luciano Berio had a group
at that time. He said, "Why don't you write a piece for my group?" And
that was the instrumentation: flute, trombone, harp, violin, cello. The
title Times Five also relates to multiplying the instruments. Almost all of
the material on the tapes are instrumental sounds because I wanted to
multiply the instruments. I loved the idea of people in the audience seeing
five people but walls of instrumental sound would be coming at them.

Brown recorded instrumental sounds and brought the tapes into the stu-
dio at Le Service de la Recherche. He continues:

They had a machine that was variable speed, with a large lever. You could
speed up or slow down the tape ... I remember playing with the variable
speed lever. I would wait until the orchestra chord hit, and [ did what
Bruno Maderna called the "karate chop," fingers vertical, and, iohap ...
I would vary the speed of the tape, and before the sound ceased, I'd be
back at fifteen inches per second. In other words, I wanted to start the
sound with the real sound of the instruments and end the sound with the
real sound of the instruments, but in between do something else. I want-
ed that violenr.attack and then squirming like a car skidding on ice ...
Luciano conducted the first performance of Times Five. The tape runs

continuously for 17'15" and the instruments are coordinated with it.
There are five sections with different kinds of material. The sections are
not supposed to begin on an exact cue, but the conductor needs to have
a general orientation as to where the tape is, so the structure is given in
timings. You start a stopwatch at the beginning, and at 4'37" you know
that the tape is into section two and you go from section one to section
two, but not on the exact beat. When Luciano conducted it in that con-
cert, he was about five minutes into the piece, and he looked at me. I was
in the back with the tape machine. He looked at me and said, silently, "I
forgot to start the watch," so he didn't know where the hell he was in the
structure of the piece. And when the tape ended at 17'15", Luciano kept
right on conducting the orchestra, and finally I signaled to him "it's over,
it's over, it's over."

Salvatore Martirano's L's G.A. (1968), for gas-masked politico, helium
bomb, a triple-projection film by Ronald Namerh, and two-channel tape
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recorder,was based on a text written by Marrirano after Lincoln's Gettysburg
Address with one-liners taken from M. C. Holloway's poetry. In a perfor-
mance,Holloway, who played the gas-masked politico, stood in front of the
projections, coordinating his physical movements with his filmed "shadow" on
thecenter screen and coordinating his voice with the tape. The music was fin-
ishedin early 1967, before the film. As Martirano tells it, "Suffering from the
1960stangle of wires and cold solder joints, I thought about gas and bought
an aviator's helmet at an army surplus store and combined it with a gas mask,
and stuck a microphone in the gas mask, so the politico had a microphone
whichwouldn't have a problem with feedback-the two minutes at the end is
whenthe politico breathes the helium and his voice rises hysterically."

L's G.A. grew out of Martirano's Underworld (1965), for four actors,
fourpercussionists, two string basses, tenor sax, and two-channel tape. As he
explained, "In Underworld, which was composed of different forms of wailing,
laughing,yes and no, the burden of meaning is carried by inflection-my inten-
tionwas (Q turn Lincoln's speech into a histrionic sequence of stereotypes rep-
resenting the diverse attitudes of politicians who were using L's words to justi-
fy opinion over the spectrum." Is it true, then, that the dramatic intent of Cs
G.A.was to show that the Vietnam War was a perversion of the values
expressed in Lincoln's speech? Martirano answers: "I was against the war, no
doubt about that, but when I did the piece, I was thinking of it more like a soap
opera-in fact, the whole idea of the organ came from soap operas." Us G.A.
endswith Saint-Saen's My Heart at Thine Sweet Voice. As Martirano recalls,
"It was played on a Magnavox, a really cheezy organ, by Don Smith, who
playedit in Cvmajor and didn't get it quite right." He processed the tape with
filteringand feedback and then played it back on two different tape recorders,
whichgot slightly out of sync. He then recorded the result on a third. In per-
formance, it's played loudly, with flowers opening on the screens .

•
Somecomposers allowed for a flexible synchronization between performers
and taped sounds. In his MAP (1971), for example, Lukas Foss created a game
for tapes and performers in which four players interact with instrumen,tal
sounds previously recorded on tapes. In a performance, the stage or playing
area is divided into four zones, each the base position for one player. Bells of
various shapes and sizes are hung from the ceiling in between the players'
zones, as if in a wilderness area, with the audience seated around the players,
as if around a boxing ring. The performance develops as a series of c~ntest~, ~r
rounds, in which the performers play together, stop together, react quickly, ImI-

tate the taped sounds, or connect fragments. At the end 0.£ each round, a ,refer-
eedeclares a loser. At the end of the performance, the winner plays or smgs a
solo in celebration of victory.

When he began to work on MAP in 1970, Foss' jnt~ntion was to create a
piecein which performers would improvise with electronic sounds on tape. As
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rehearsals progressed, however, he concluded .tha~the electronic sounds were
functioning too much as a score; and that realization came. more or less at the
same time as the idea of creating a game, the rules for which would produce,
as he put it, "a music that would happen by itself." In a diary-history of the
development of the piece, Foss nored for May 2, 1970:

The answer perhaps: a game. Invent a game rhe rules of which will make
the music happen. A game which ensures the consistent grouping and
regrouping of the musicians. Solos, duets, trios happen of their own
accord and in different corners of the stage, like inventions of territories
(the Japanese game "Go?"). The tradirional gamesmanship of musicians:
to play the right note at the right time, is replaced by plain gamesman-
ship: how to come out ahead.

•
Jean-Claude Eloy's approach was to store sounds on .tapes and, in perfor-
mance, flexibly mix those sounds with a live musician's sounds. His tapes for
Yo-In (1980, Reverberations), composed at the Institute of Sonology in
Utrecht, included boat sirens recorded in the Turkish Bosporus, African birds,
and he t611sus, "Another friend who is a chasseur de son gave me some thun-
der sounds, I got myself some aircraft sounds, and I found a recording of an
atomic explosion-made," he adds, "from very far away." He then went ro
Cologne to visit percussionist Michael Ranta. He describes it:

Visiting him at his home in Cologne, I discovered that he had many won-
derful instruments. He had a company that was importing instruments
from all over Asia. I told him, "Here, I'm looking for a sound of this qual-
ity which matches this tape," and he listened, and we tried different
instruments, and we looked for something to match, musically, dramati-
cally, acoustically, visually, spiritually.

In a performance of Yo-In, subtitled Music for an Imaginary Ritual, a per-
sonage-percussionist leads the performance through four acts-Aube ...
(Dawn, the Call, the Ritual of Imploration), Midi ... (Noon, Unification,
Ritual of Integration), Crepuscule ... (Twilight, Meditation, Ritual of
Contemplation), and Nuit ... (Night, Exorcism, Ritual of Liberation)-which
represent different moods, poetic ideas, and families of sounds. At a perfor-
mance at the Museum of Modern Art in Paris in February 1981, the space was
divided into four stations around the audience, each station consisting of a
group of loudspeakers and a group of percussion instruments. The quantity
(more than 200) and variety of the percussion instruments-they included
drums, chimes, bells, cymbals, mallet instruments; all other manner of instru-
ments from throughout Asia, South America, the Pacific, and Europe; and car-
penter's roo Is such as hammer and electric drill-were impressive. Ranta, the
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pers.onag;-percus~ionist, performed ~ach act at a different station, leading the
audiences attention from one station to another during the course of the
eveni~g,Eloy was seated behind a formidable conrrol console, processing
Rantas percussion sounds with a Serge analog synthesizer and mixing them
withthe sounds from the ta pes,

In his Erkos (1991), inspired by and composed for Junko Ueda, a
JapaneseSatsurna-Biwa player and Shomyo singer, Eloy carried the idea fur-
ther,He tells it:

I used to meet her in Japan but she was living in Europe when I wrote the
piece,So I told her to come to the WDR studio, where I was working, and
for two days I sampled her voice and instrument. I made a chorus with
her voice, from two lines to 150 lines of polyphony and heterophony. So
she sings and plays sometimes as soloist, sometimes in duets and trios,
sometimes with orchestras and choruses like mirror galaxies of herself.
The playback of the rapes is very interactive. I have a configuration of
OATtapes for a playback system which allows me to start the tapes at
different points and follow her performance, So the OAT tapes are rarely
superimposed in exactly the same way-they have several floating points
of time relationships, and the details are different in each performance.
I care very much abour the space and the loudspeaker placement, She's

in front of the stage, in the center, in a special position ... Speakers are
under the podium in front of the public. Behind her there are other speak-
ers looking backward, Then in front, on both sides, I have two large
speakers on the stage, In the rear I have two other large speakers, And
highup in the far front and in the back of the hall, I have mono mixes, so
I can completely play around her, Sometimes it seems that the sound is
coming from her. Other times it grows all around the space, or in the far
distance, The source is really the human being singing and playing, and
all the work in the studio is to enlarge that, to multiply it, But it is always
coming from her.
The text is a Hindu prayer to the Great Goddess. The soloist acousti-

cally becomes the Goddess who creates and absorbs all the energies, all
the worlds, all the sounds.

•
JohnCage's idea was simultaneous yet unsynchronized, non-interactive per-
formances.His recording of the stories of Indeterminacy (1958), for example,
isjuxtaposed with David Tudor's performance of solos from the Concert for
Piano. Cage's tape realization of Fontana Mix (1958) is often played simulra-
neouslywith a performance of Aria. In HPSCHD (1969), seven harp~lchordlsts
playat their own rempas along with the playback of Lejaren HIller s fifty-one
tapes,Roaratorio (1979) is in that tradition,
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Based on James Joyce's Finnegans Wake, Roaratorio is the biggest exam-
ple of simultaneous performance, a culminating event, "an Irish circus," as
Cage called it. In its first performances, Cage read his Writing for the Second
Time through Pinnegans Wake, a series of rnesosrics derived from the book,
while several Irish musicians played Irish folk music on traditional instruments
and sixty-two channels of tape were played back, collecrively conveying all of
the sounds mentioned in Finnegans Wake.

Roaratorio was the result of three invitations: from Klaus Schoning at the
WDR in Cologne for some music to accompany a radio reading of Writing for
the Second Time through Finnegans Wake; from Pierre Boulez ar [RCAM in
Paris to compose a work there; and from the Festival d'Aurornne in Paris to cre-
ate an evening of music for an event called Auteur de Merce Cunningham. As
Cage said, "I tried to have this one project ... satisfy also all the other requests
for work." He continues:

My first idea was to read through the book again ... to make a Jisr of the
sounds I noticed mentioned in it. Recording those it seemed to me would
bring the book to music. This resulted in a very long texr called Listing
through Finnegans Wake. Many of the sounds I found were difficult to
imagine. How would they be made? I began to have doubrs ... My
doubts had to do with the relation between the work to be done and the
available time and personal energy, mine and that of John Fullemann who
had agreed to do the sound engineering for the project ... However, my
father, the inventor, used to say, "If somebody says can't, that shows you
what remains for you to do" ...

Furthermore all along I had in the back of my mind rhe plan to make
a circus of Irish traditional music. Ballads, at least. After all, Joyce him-
self had sung in the streets of Dublin ...
In May Klaus Schoning and I met in Lyon in France. I was on tour with

the Merce Cunningham Dance Company. Schoning had agreed to write
to radio stations all over the world in order to ask for sounds from places
mentioned in the Wake ... We went through my Listing through
Finnegans Wake several times extracting categories, for instance, various
kinds of music, instrumental and vocal, various kinds of humanly pro-
duced noises, shouts, laughter, tears, various birds and animals, sounds of
nature, water, wind, etc. We made a schedule: June 15 to July 15, a trip
by the Fullemanns and me to Ireland to collect sounds and record music;
July 15 to August 15: work in the studio at IRCAM to put everyrhing
together ...
I hope that someday it can be heard with separate channels for each

trac~, between sixty and seventy of them, with live musicians and myself
reading and the Cunningham Dance Company performing. Merce
Cunningham is half Irish and one of the characters in Pinnegans Wake is
poor Merkyn Corningwham ...
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[ohn Cage, about 1970. Photo by James Klosty.
Courtesy The John Cage Trust.

•
Cagealso differentiated between playing a tape in public and using tapes in per-
formance:as he said, "Tapes can be used very effectively in performance." In
hisRozartMix (1965), for example, performers make, repair, change, and play
tapeloops on as many tape machines as are available for a performance. In
Stockhausen's Solo (iir Melodieinstrument mit Riickkopplung (1966, Solo for
Melody Instrument with Feedback), a performer's sounds are played into a
microphone,recorded, and played back at various times from an extensive tape
delaysystem, superimposed and transformed, providing a counterpoint with
whichthe performer continues to play. Alvin Lucier's C<] Am Sitting in a Room"
(1969) begins wirh a performer recording the following words:

I am sitting in a room different from the one you are in now. I am record-
ing the sound of my speaking voice and I am going to play it back into
the room again and again until the resonant frequencies of the room rein-
force themselves so that any semblance of my speech, with perhaps the
exception of rhythm, is destroyed ...

A performance of "l Am Sitting in a Room" requires two tape recorders,
a microphone, and a loudspeaker. The instructions to the performer read as fol-
lows:

Record your voice on tape through the microphone attached to tape
recorder #1, Rewind the tape to its beginning, transfer it to tape recorder
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#2, play it back into the room through the loudspeaker and record a sec-
ond generation of the original recorded statement through th.e mlcr?-
phone attached to tape recorder #1. Rewind the second generation to ItS

beginning and splice it onto the end of the original recorded statement on
tape recorder #2. Play the second generarion only back into the room
through the loudspeaker and record a third generation ... Continue rhis
process ...

Lucier later said:

I didn't choose to use tape, I had to, because in order to recycle sounds into
a space, 1 had to have them accessible in some form. Tape, then, wasn't a
medium in which to compose sounds, it was a conveyor, a means to
record them and play them back one after another in chronological order
... I was interested in the process, the step-by-step, slow process of the
disintegration of the speech and the reinforcement of the resonant fre-
quencies ... the signal goes through the air again and again ... the space
acts as a filter; it filters out all of the frequencies except for the resonanr
ones ...

•
Eliane Radigue did not use tape to create a performance. She used performance
to create a tape. She had begnn working with tape during the 1950s as an assis-
tant to Pierre Henry, and she had continued composing with tape into the
1960s. Then, in 1968, she discovered audio feedback as a means for control-
ling sound, and it pointed her in a new direction. In her words:

I was fascinated. I found the sounds very expressive. I controlled the lev-
els of the sounds and I moved the microphone, all with great simplicity.
What fascinated me was the fragility of the sounds, rhat I could change
just a tiny thing, like moving my f.inger slightly on a potentiometer, and it
would change the sound enormously.

In 1969, she composed a series of continuous sound environments. One
of them was Usral, a collaboration with sculptor Marc Halpern at rhe Salon
des Artistes Decorateurs a Paris, where she combined three tape loops of
slightly different durations to make a continual, long sound that gradually
evolved. As she said, "When you make three tapes thar play togerher in that
way, the sound goes through an evolution in changing timbres, and this tech-
nique allowed me to make a music something Jike Paul Verlaine wrote, c •••

qui n'est jamais ni tout a fait la meme n i tout a fait une autre ... ' (' ... that is
never exactly the same and never exactly something else .. .'}." She began to
work with synthesizers in 1970: "With a synthesizer instead of a tape machine
and microphone, I had a far better way to do the things that interested me,
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witha far better conrrol-and with these techniques, I could make sounds that
changealmost imperceptibly, and I learned to modify the sounds tout douce-
ment, very lightly, almost like a caress."

Why,rhen, did Radigue use tape? For one thing, her goal in performance
was to achieve a sound without directionality, a sound that permeated the
spacewithout even the suggestion of a performer. At a performance of her 847
(1973)at The Kirchen in New York, rhe sound was "oozing from the walls,"
asTomJohnson described it at the time in The Village Voice. And at a perfor-
manceof her Kyema (1988) in 1993 at the Eglise de Cimiez in Nice, France, as
shedescribes it, "The audience was bathed in sound without knowing where
thesound was coming from."

For another thing, she used tape because precision in mixing her sounds
wascrucial to her music: "I use tape because my pieces are made up of sounds
thatcrossfade into other sounds, and at the moment of overlap there's an inter-
actionbetween the two sounds, and it's crucial to get the timing right-there's
adelicacyand great difficulty in getting ir right, and if I was doing a live per-
formancein a concert and it wasn't right, I'd have to start again."

•
Radigue'sway of using tape was typical of a generally new approach rhat devel-
opedthrough the 1960s. The new rape music was not collage, not based on jux-
tapositions of sound objects. It was usually the result of a studio performance
donewith a minimum of editing, if any at all. In composing It's Gonna Rain
(1965), for example, Steve Reich performed the relative speeds of tape loop
playbacks.He describes it:

The voice belongs to a young black Pentecosral preacher who called him-
selfBrother Walter. I recorded him along with the pigeons and traffic one
Sunday afternoon in Union Square in downtown San Francisco. Later at
home I started playing with rape loops of his voice and, by accident, dis-
covered the process of lerting two identical loops go gradually out of
phase with each other. In rhe first part of the piece the two loops are lined
up in unison, gradually move completely out of phase with each other,
and then slowly move back to unison ... Finally, the proces.s moves to
eight voices and the effect is a kind of controlled chaos, which may be
appropriare to the subject matter-the end of the world.

Pauline Oliveros performed J of IV (1966) onto rape. In the summer of
1966, en route from her previous position at the Mills College Tape MUSIC
Centerto a new position at the University of California at San DIego, Oliveros
attendeda six-week studio course at the University of Toronto. She set up an
interactive performable system involving tone generarors, tape delays, and
amplifiersto produce combination tones, repetitions, layenng of sounds, and
differentkinds of reverberation. She then played a keyboard, but because so
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much happened automatically in the tape delay ~yst~m-sounds were ~ecord.
ed, then played back several times at different time ,lI1ter,vals and con~lnu~lIy
mixed with new sounds at different pitches, producing different combination
tones-she was sometimes surprised by the results. She recalls:

I wanted to bypass editing, if 1 could, and work in a way that was similar
to performance ... As I was making I of IV, I was also listening to it. At
one point in the piece there's a rather climactic scream-like melody that
sweeps through most of the audible range. When that started coming out,
r didn't expect it; it was incredible and very delightful. I was laughing and
was amazed at that particular moment. ...

Jean-Claude Eloy composed Gaku-no-Michi (1978, The Ways of Sounds)
in Tokyo during several visits in 1977 and 1978 using, in his words, "about a
total of seven months of studio time, full time, every day of the week." The
structure of Gahu-no-Michi was based on transformations between sounds, as
he puts it, "from abstract to concrete, from concrete to abstract, from concrete
to concrete, and from abstract to abstract, giving the skeleton of the piece."
Being in Japan, he decided to record Japanese sound material, but the question
was, as he recalls, "What are Japanese sounds?" He recorded cultural sounds,
such as traditional music and religious ceremonies, and daily life sounds as they
were heard in streets, subways, department stores, and gardens. Sometimes he
went far afield to find a special sound. He remembers, III had to go very far out
of Kyoto to find a shishiyodoshi-it's bamboo that fills with water, then moves
like a seesaw to empty the water on a stone." And then, in the studio, he
worked with the sounds and gradually defined a strucrure. He describes the
process:

I transformed the sounds. J accumulated the transformed materials. And
then I paused and listened and tried to find which families of sounds
mixed well with other families. I tried to be systematic. I made extensive
notes in a book. I did piles of experiments to see what went well with
what. And then I made groupings of materials, small moments, maybe a
few or several minutes, a combination of sounds mixed together.
Progressively, step by step, I arrived at longer and more complex sections,
scored on paper or improvised Onto tape. Finally, J reached the level of
the final mixes. For some of them, it was like an actual performance,
sometimes thirty minutes long, non-stop, with many tapes. I called all the
assistants and rehearsed several times before recording. It was like per-
forming a piano concerto. Same concentration, same rehearsals before.
Same need for total silence around.

Although Maggi Payne, in San Francisco, occasionally used synthesized
sounds, as in Phase Transitions (1989), composed with a Roland D-550, her
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basicmaterials were usually recorded acoustic sounds. As she said, "The focus
is to take na~ural sounds and transform them using equalization, convolution,
phasevocoding-s-wharever resources are available." Sometimes those natural
soundswere made specifically with a certain effect in mind. Referring to White
Night (1984), she explains: "I took a word, looped it in a digital delay, and
overlayedit so many times that the rhythmic quality became very disguised,
resulting in an undulating surface texture with a continuous sound."
Sometimesshe found sounds through an impressive sensitivity to the presence
of lawyers, as, for example, the sounds for Liquid Metal (1994). In her words:

Oh, man, did you ever hear a Harley close up going down a canyon? It's
time variant-the pitch, the amplitude-and also it's so spatial. We were
canoeing our on a stream. It looked like it might be pristine, bur there
were lawyers on Harleys roaring down the canyon road. All you heard
were Harleys, cars, and bicycles going by.

Sometimes her sounds came from other ideas and feelings. In discussing
herconcept for Airwaues (1987), for example, she commented: "I have a great
affinityfor the desert and an incredible appreciation for the people who live in
theseremote places-I got tangled in the idea that their sense of reality is very
differentfrom ours." The source materials for her sounds, in short, came from
manydifferent places, and they were accumulated and combined in a studio.
Why?Payne answers:

Control. And detail. The mix in the studio is subtle, it's detailed, and so
critical ro the way the piece sounds that I don't think it can be re-created
in a live situation. Subtle variations are critical to the life of the piece. The
mix is intensely difficult, but it's the only way to bring a dynamic quality
into the piece, a structural element. I'll do twenty-five mixes before I can
settle on one.

Phill Niblock also used tape for precision in mixing. Filmmaker as well as
composer,his films-all silent, shot in China, Brazil, Portugal, Hong Kong,
Mexico, and many other cou ntries and locales-deal with the motions of
everydaylabor. One sees the backs of laborers, or their tools, or their hands,
plowing, picking, fishing, manufacturing, weaving, cooking. As ?e said, "I'm
looking at the movement of people working without trying to influence the
waywe think about it." And one sees minimalist, changing patterns.

His approach to composing was also minimalist,. al,so with changin? pat-
terns.First, he recorded single notes played on acoustic mstru~ents at pitches
that were separated only by microtones. Fat A Trombone Piece (1977), for
example,trombonist James Fulkerson was recorded plaYI.ngvarIOUStunlI1~,s of
a singlenote in three different octaves. As Niblock descnbes the process, ~e
Wentto a studio and recorded tones that were 'A's and sharp 'A's, approxr-
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marely two minutes per rone, and then 1 edited that material by taking out the
breathing sounds and spaces in between the tones-but I left in the trail-off of
one note and the attack of the next note ... " Then, he mixed the pitches rogerh-
er to make sustained, complex, slowly shifting sounds with gradually develop-
ing changes in color, shape, and feel.

•
Tape was used by composers whenever tape was essential to gather, store, and
transport sounds. The amazing multilevel sounds in Maryanne Amacher's
Sound Characters (1989), for example, could not have been done without
accumulating and mixing sounds on tape. And, like Eliane Radigue, Amacher
filled spaces with her sounds. Her Music for Sound-Joined Rooms, for exam-
ple, from which Sound Characters is derived, provided aural environments thar
occurred simultaneously in adjoining rooms such that the sounds, slightly dif-
ferent in each of the rooms, "tuned" the spaces and one's passage through
them.

Annea Lockwood's A Sound Map of the Hudson River (1982) was a sin-
gle manifestation of her River Archive, a collection begun in the mid-1960s of
recordings of the world's rivers. She explains the idea:

The sound of one section of a river is distinct from that of another sec-
tion. And water passes over many different surfaces at many different
rates, so the resultant textures tend to be really intimate, and really com-
plex, and quite absorbing to listen to ... When I record, I'm aiming for
a lot of presence ... I'm eliminating all ambient sound that's extraneous
to the water-the wind, the birds. The focus is on the water.

How else but with a recording medium could the sound of a river, for
example, be heard in a concert hall? Or at home? How else but with recording
could one convey the closeness of water? As Lockwood puts it, "I view rhe
whole world of elee,tronic media as a sophisticated transportation system, as a
means for me to bnng sounds which otherwise can't be transported into peo-
ple's living rooms."

• • •
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Question:"How do you perform electronic music without tape?" Answer (said
witha shrug of the shoulders and rising inflection): "Take away the tape."
Afterall, most tape studios by 1960 contained filters, modulators, amplifiers,
andvarious other sound-processing equipment, and in general, all manner of
~udioequipment was easily available. Why not use these devices, without tape,
In performance?

Cage, true to form, had done it early on. In Cartridge Music (1960), his
ideawas, as he said it, "to make electronic music live." And, as one would
expect,he took an exceptional approach. In his continual quest to find any and
all sounds that could be heard, in Cartridge Music he looked to "small"
sounds:

The title Cartridge Music derives from the use in its performance of car-
tridges, that is, phonograph pick-ups into which needles are inserted for
playing recordings. Contact microphones are also used. These latter are
applied to chairs, tables, wastebaskets, etc.: various suitable objects
(toothpicks, matches, slinkies, piano wires, feathers, etc.) are inserted in
the cartridges. Both the microphones and cartridges are connected to
amplifiers that go to loud-speakers, the majority of the sounds produced
beingsmall and requiring amplification in order to be heard ...

81
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Cage's score to Cartridge Music, like his score to Fontana Mix, consists
of graphic materials on transparent plastic sheets which a performer can over-
lay in different juxtapositions to devise a specific structure for a particular per-
formance. Most of Cage's scores from the period-for example, Fontana Mix
(1958), Variations I (1958), Variations II (1961), Variations III (1963),
Variations IV (1964)-are based on similar open-ended structural principles.
The title Cartridge Music is a bit unusual among Cage's titles in that it specifi-
cally suggests electronic sounds, but even when a title did not indicate specific
sounds, Cage often performed with electronics, and the open-ended scores gave
him a way to structure different performance situations, including collabora-
tive situations with other musicians.

The idea for Variatio,fts V, for example, came when, as Merce
Cunningham said, "Cage decided ro find out if there might not be ways that
the sound could be affected by movement, and he and David Tudor proceeded
to discover that there were ... " Variations V was performed by the Merce
Cunningham Dance Company on July 23,1965 at Lincoln Cenrer in New York
City, with music performed and created by John Cage, Malcolm Goldstein,
Frederick Lieberman, James Tenney, and David Tudor, films by Stan
VanDerBeek, and video images by Nam June Paik. It also included twelve
poles, actually modified theremins, built especially for the performance by
Robert Moog and placed throughout the stage. The idea was that the dancers
would move within the sensitivity ranges of the poles, thereby triggering
sounds. Cunningham remembers, "I did wonder about our feet stepping on the
wires ... " There were also photoelectric cells at the bases of the poles, which
triggered additional sounds. Cunningham continues:

The general principle as far as I was concerned was like the doors auto-
matically opening when you enter a supermarket. The dancers triggered
some of the sound possibilities, but the kind of sound, how long it might
last, the possible repetition or delaying of it, was controlled by the rnusi-
cia~s and technicians who were at the numerous machines on a platform
behind and above the dance space. They utilized tape machines, oscilla-
tors, and shortwave radios ...

, There were also objects-a plant, a pillow, a pad, a table, and two
chairs-i-to which contact microphones were attached and which when moved
or, touched by the dancers, produced yet additional sounds. Variations V con-
tamed a lot of ways to trigger sounds, and as if to put a period at the end of the
sentence, ~erce Cunningham, at the end of the dance, rode a bicycle around
the stage, Its wheels wired for sound .

•
C~g~'s general ~pproach was to define a "territory" and use all of the sounds
within that territory as the sound material for a composition. In Williams Mix,
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theterritorywas the world; in Cartridge Music, it was sounds requiring ampli-
fication; in Birdcage, it was birds and nature; in Roaratorio, it was Finnegans
Wake. Cage's electronic music was different from that of his contemporaries,
Stockhausen'sfor example, because Cage's structures were based on process
andrandomjuxtapositions rather than fixed relationships between sounds. His
electronicmusic suggests a happy anarchy where all things can be and coexist
asthemselves.It does not convey control, technique, expertise; it does not con-
veypersonal, subjective, poetic expression. It does convey a sense of adventure,
of totality, of all things being available to us in the world around us-of exu-
berance, discovery, surprise, and good humor. In performing Child of Tree
(1975) with a deadpan concentration that would have put Buster Keaton to
shame,Cage plucked spines from a cactus, thereby producing amplified pings
and blurps. If Cage had been in the audience watching his own performance,
heroo would have laughed.

Stockhausen's music, on the other hand, does convey control, technique,
andexpertise. In the summer of 1964, he installed a tamtam in his garden and
beganthe series of experiments that led to Mikrophonie I (1964). In h is words:

I undertook an experiment in which the tarntarn was excited with various
objects that j found around the house-objects of glass, cardboard,
metal, wood, rubber, synthetics. At the same time, I held and moved with
my hand a directional microphone that was connected first to an elec-

John Cage and Karlbeinz Stockhausen, about 1958.
Photo courtesy The John Cage Trust.
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rronic filter with a potentiometer for volume control, and then to an
amplifier and loudspeaker. In so doing, I used rhe microphone to listen to
the tarnram, the way a doctor examines a patient with a stethoscope.
Meanwhile, a technician, who was sitting in the living room, freely
altered the adjustment of the filter and potentiometer ...

Rehearsal of Karlheinz Stockhausen's
Mikrophonie I in November 1973 at WDR
in Cologne. The photo below shows, from
left to right, Aloys Kontarsky, Peter Eotoos,
Harald Boje, and Joachim Krist performing
at the tam tam. The photo on the right is

Stockhausen controlling the sounds. Photos
courtesy Stockhausen- Verlag.
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It was on the basis of this experiment that Mikrophonie 1 was com-
posed. \Xlith various materials, two players excite the tamta m; two other
players pick up the vibrations with directional microphones. Distance
between rhe microphone and tarntarn (which influences the dynamics and
timbre), relative distance between the microphone and the point of exci-
tation on the rarntarn (influencing pitch, timbre, and above all determin-
ing rhe spatial impression of the sound, ranging between distant, echoing
and extremely close), and rhythm of microphone movement are pre-
scribed in an appropriate notation. Each of two more players activates an
electronic filter and potentiometer. They again shape the timbre and pitch
(through a combination of filter adjustment and volume control) and the
rhythm of rhe structures (rhrough the metrically notated alteration of
both instrument settings) ...

Stockhausen did many electronic performance pieces, among them
Mixtllr (1964), for instrumental ensembles and ring modulators, and
Mikrophol/ie II (1965), for twelve singers, Hammond organ, and ring modu-
lator.Prozession (1967), Stimmung (1968), Aus den Sieben Tagen (1968), and
Malltra (1970) called for voices and/or acoustic instruments with some form of
electronic processing. In general, his approach was to use electronics to trans-
formacoustically produced sounds. He was also interested in issues of contin-
ualgrowth in skill, knowledge, and expertise. In 1967, for example, he said:

Recently I worked four days in our studio. At the end, I had to spend
another four or five days analyzing what I had done in order to write it
down. It is an awful thing for me. But without what I describe rhere will
be no culture whatsoever in the new dimension. If I make a thing, I'm not
only interested in the result; I'm interested in the learning; I'm interested
in the initial culture. Let's say we have no score, but we do have a tape.
The tape alone doesn't help enough for study. We can listen, yes; we ca.n
get a kind of idea; it may stimulate other things one can do. But one ~s
really not able to go further in that direction. There wouldn't be any SCI-

entific or philosophical or musical progress in our culture if one couldn't
learn from one's forefathers.

•
Learning from one's forefathers, however, is not the only wisdom. History can
perpetuate unwanted baggage as well as verified knowledge; and for a whole
newgeneration of composers in the 1960s, particularly in the United States, the
point was to step out of history. The world was wide open for new ways of
doing things. .

One of the new centers of activity was San Francisco. At the San Francisco
Conservatory, Pauline Oliveros and Ramon Sender pooled eqllipmel~t from, as
Oliveros put it, "hither and yon," and on December 18, 1961, organized a tape
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concert called Sonics I, with works by Sender, Oliveros, Terry Riley, Phil Winsor,
and an improvisational piece for instruments and tape ~Iayed by Send~r,
Oliveros, Riley, Winsor, and Laurel Johnson. SOOI1 after the first concert, Somes
formed as a group, consisting initially of Sender, Oliveros, Jo~nson, and Winsor,
soon to be joined by Morton Subornick and Tony Marrin. They had few
resources but much ingenuity. Oliveros' Time Perspectives, played on that first
Sanies concert, was a four-channel composition done with two roughly-syn-
chronized stereo tapes. She had composed it with a SilverTone rape recorder
purchased from Sears Roebuck, which had the feature that you could hand-
wind the tape while recording. As she later described it, "I had a variable speed
machine." How did she make the sounds? Oliveros explains:

I would record acoustic sounds using cardboard tubes as filters. I'd put a
microphone at one end of a cardboard tube and a sound source at the
other. I used different sized tubes to get different filter characteristics.
Sometimes I'd clamp a sound source to the wall so the wall would act as
a resonator and then record it at 3-1/2 or 7-1/2 inches per second and use
the hand winding to vary the speed. I used a bathtub as a reverberation
chamber ...

So nics continued through the winter of 1961 and into the summer of
1962 with many concerts. On April 20, the concert included Gordon Mumma's
Vectors and Densities, Subotnick's Mandolin, Opera Three (a group irnprovi-
sation), James Tenney's Collage #1 and Blue Suede, Sender's Parade, and
Opera Four (a group improvisation with the same participants as Opera
Three). On June 11, Sender's Tropical Fish Opera, performed by Sender,
Subotnick, Oliveros, and Loren Rush, used a tank of tropical fish as a score. As
Sender sensitively described it, "Certain areas on the sides of the tank were
marked off and whenever a fish swam into that area he or she became a note
or dynamic indication." Then came Smell Opera with Found Tape. Subornick
tells the story:

One of us had found a tape in an alley. We sealed it and brought it to the
auditorium. The Ann Halprin Dance Company had bought these little
personality perfume kits, and they went around interviewing people in
the audience-letting them choose their scents-and spraying them. Tony
Martin did lights. Then we unsealed the tape and played it. It turned out
to be a psychodrama about a girl who had a child out of wedlock with a
minister giving her advice. The next day, the headline was "Concert
Literally Stinks," and the critic couldn't get the smell out of his clothes.
The Conservatory didn't want us there anymore .

.Und~u~ted, Subotnick and Sender found a house on Jones Street, on
RUSSlanHill in San Francisco, and carried on. Subotnick continues:
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The house was going to be torn down, and so it was fine for us to have it
for nothing, to keep tabs on it. It had a large dining-living room that
would seat about 100 people. The studio area was the dining room. So
we rook whatever we had massed together at the Conservatory, and we
brought it all over to Jones Street. There was a woman, Agnes Albert,
who aid she would give us money if we incorporated, so she could write
it off. So we gar a lawyer and incorporated. It cosr about $100. Then we
calledAgnes and she sent us a check for $25.

The corporation was called the San Francisco Tape Music Center. As
Subotnickexplains, "At that point, there was a big battle between the
Stockhausenelektronische Musik and the Schaeffer musique concrete, and we

Morton Sobotnice (left) and Ramon Sender (right) drink coffee in 1964 in front
of the three-track Ampex tape machine at the San Francisco Tape Music Center.
AsSender tells the story. "That tape recorder had been built from the ground up
by a young high school engineer in the Ampex labs. He did everything, including
[aminating his own heads. And one of our patrons was Eldon Corl, who worked
for Ampex. Eldon called us one day and said, "You want a deal, here it is.' So we
went down and looked at it. It was a beast standing six feet tall in his bedroom.
His newer version was transistorized and it {it into a briefcase, so he was happy
to unload this one. But it did things that no other tape recorder could do. It had
110 erase head. We could set the tape tension. reel so that the tape would creep
past the record head. By playing tapes at fast speeds 1 could create complex

sounds and key them into a piece." Photo courtesy Ramon Sender.
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wanted to bridge these differences by calling it 'tape music,' which could be
anything that was on tape." Subotnick had a tape recorder, Sender had a few
things, and they went to Palo Alto to see Eldon Corl, a sales representative for
Ampex. Carl had an experimental three-track recorder (one track each for left
and righr stereo and one for the middle) which he lent to the center. As
Subotnick recalls, "It was five or six feet tall, and the power supply was as big
as a chair-the power supply blew up before the first performance." Michael
Calahan, a high school student, became their technician. As Subornick remem-
bers, gratefully, "He would borrow pieces of equipment from his high school."

Subotnick and Sender produced a concert series. On December 3, 1962,
the concert included Luigi Nono's Omaggio a Vedova, James Tenney's Blue
Suede, Andre Boucourechliev's Texte 11 (1st Version), a composition for actors
directed by Lee Breuer, Andre Boucourechliev's Texte II (2nd Version), and
Mario Davidovsky's Study #2. On February 4 and 5, 1963, the concert includ-
ed a painting event with Robert Lavigne, Sender's Krenos, Pousseur's Trois
Visagesde Liege, and Subornick's Music from Galileo. City Scale, organized by
Ken Dewey, Ramon Sender, and Tony Martin in early spring 1963, was rhe cul-
minating event of the season, with different activities organized at different loca-
tions in the city and the audience carried around in trucks. As Sender recalls, "Ir
was an era of happenings and we decided we'd do one." He continues:

I,
I,

i

We used the city environmenr as totally as possible and many of rhe
events were presenred as ambiguously as possible so that audience mem-
bers wouldn't know whether a certain event was planned or just happen-
ing: the arrival of the audience at a park overlooking the mission districr
coincided with the confrontation of two gangs ... And after we did this,
I said, "Well, I don't know what we could do to top this." And somebody
jokingly said, "Well, we can burn the house down."

tl:
I:

Subotnick continues:

Everything got reviewed, but the address was never mentioned because
we couldn't meet the fire laws. It was a volatile season. The police came
once. Ramon and I were paying for everything out of our own pockets,
so we rented out rooms to artists and poets. But most of them were on
dr~gs and they weren't paying their rent anyway, and we were afraid of
being busted.

So Subotnick and Sender decided to do it in a more legitimate way. They
found a 'pla~e on Divisidero Street which had two auditoriums. They rented
one auditorium to KPFA, a Bay Area radio station, to do live performances.
KPFA renovated the auditorium, made a broadcast booth and installed a
piano. !hey rented the other auditorium to the Ann Halprin Dance Company.
The atttc became the tape studio which included, incidentally, the rebuilr three-
track Ampex from Jones Street. With access to the auditorium that KPFA had
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renovated, Subotnick and Sender continued what they had started at Jones
Street.Just In time, It might be added, because there was a fire in the house on
JonesStreet. As Sender remem bets, "I was back there sa yi ng good bye to some
sub-tenants,when I noticed an odd orange glow from the attic .. ." In fact,
Senderhad moment earlier gone in, seen an empty fuse socket and put in a
fuse,then come out again into the street. He remembers:

It was quite a show. A windy night. The fog was coming in. The whole
roof went up. The fire engines came and some of our audience people
came. They had heard about it on the radio. They said things like, "Well,
you sure outdid yourself." It self-fulfilled out prophesy.

The first season at Divisidero Street, however, was more spectacular than
thefire.Tony Martin, multimedia artist, created films, lighting, and visuals for
other people's works and composed many of his own. There was a concert of
LucianoBerio's music-Berio had come to San Francisco to teach at Mills
College-in which Ann Halprin danced to Visage. Lee Romero did liquid pro-
jections on Pyrex glass, projected as a light show with overhead projectors.
Stockhausen visited. Salvatore Martirano visited. Three composers from
Sweden-Folke Rabe, Jan Bark, and Arne Milnas-e-carne to study on a grant
fromthe Swedish govemment. In Match and AptiI1964, Pauline Oliveros orga-
nized a three-concert, six-day festival called TudotPest which featured John
Cage's work and included David Tudor, Alvin Lucier, and Toshi Ichiyanagi.
Oliveros and Tudor collaborated on Duo for Accordion, Bandoneon, and
PossibleMynah Bird Obbligato, Seesaw Version, in which the seesaw spun
around slowly on a Lazy Susan with the mynah bird suspended overhead, hope-
fullyto make a sound. There was also a perfotmance of Cage's Atlas Eclipticalis,
performed by Oliveros, Subotnick, Stuart Dempster, Loren Rush, John Chow-
ning,and Stanley Shaff, with Sender conducting. Oliveros sums it up: "That was
amajorevent for us-l pushed the boundaries of the Tape Music Center."

Events continued into the next seasons. There were numerous composi-
tionsfinished and performed by Subotnick, Oliveros, Sender, Martin, and oth-
ers,among them Martin's Room (1964), for film, slide projections, three musi-
cians,and a tape recorded at his loft on the Embarcadero with traffic and ocean
sounds. With combined projections including sequences of hand-painted and
overlaid slides, sixteen-millimeter films, and improvisations involving the
manipulationof liquids and various objects on the transparencies of overhead
projectors, Martin created stage-sized, continually changing imagery some-
thinglike paintings in motion. There were group improvisations at every con-
cerr, And there were collaborative performances. In November 1964, Terry
Riley's til C which had been commissioned by the San Francisco Tape Music
Center,was 'first performed. [11 February 1965, Steve Reich's It's COlma Rain-
another commissioned work-was played. And in january 1966, there was the
Trips Festival. Sender organized it. He tells the story:
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I started burning out on the Tape Center and wanted ro do something dif-
ferent like Sunday morning new age church rituals. Peyote got me inter-
ested in moving out of concert performance and into ceremonial behav-
ior. At that point Tony said, "Why don'r you look up Stewart Brand? He's
doing a multimedia show, 'America Needs Indians." So the Trips Festival
was co-produced by myself and Stewart Brand. Ken Kesey was our star,
but he was on the lam from the cops when the Festival occurred.
Gradually, everybody from the Tape Center became involved. We hired
Don Buchla ro do the sound system. I wanted ro run Big Brother & the
Holding Company through the Buchla ... Well, the Trips Festival cer-
tainly wasn't a concert. It was a smorgasbord of all the new happenings
around town that were the least bit psychedelic. It was raw material for
ceremony. It was dancing and strobe lights and the acid test. When it was
over, we had made something like $16,000. None of us had ever seen that
much money in our lives and I was so blown away that I packed up my
car and went off to the desert to think about it.

By the time of the Trips Festival, the end of the San Francisco Tape Music
Center was clearly in sight. Early on, Subotnick had approached the
Rockefeller Foundation and received an initial small grant for the 1965-1966
season to be followed by a large grant of $50,000 per year for four years. There
was, however, a catch. Oliveros tells it:

In order for us to receive the money, they needed an agent that was fis-
cally responsible. So the solution was to move the Tape Center to Mills
College. This is how large organizations kill small ones. Instead of teach-
ing the small organization how to be fiscally responsible, it gets farmed
out to a big one.

iii:
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Oliveros sat in on the drafting of the contract between Mills College and
the Tape Center for the grant. She remembers, "1 wanted the studio at Mills to

be a public access studio." It was also agreed that, according to Subotnick, "if
the Tape Center activities were successful, with good reviews, and so on, that
it was probably not fulfilling its purpose."

Subotnick went to New York in 1966 to teach at the New York University
School of the Arts. Sender went to Morningstar, Wheeler Ranch, and Star
Mountain before he got, as he put it, "communed out." Oliveros and Martin
became the transitional co-directors of the Tape Music Center at Mills College
which was, according to plan, a public-access as well as educational studio.

And there was some sadness at the end of something wonderful. Thinking
back ~o~ivisid~ro Street, Oliveros reflected, "It was a very amazing time in
thar city. Looking back, Subotnick comments:

Before the Rockefeller Foundation grant, we had put in every penny our-
selves. But by 1965, we knew it was the end because we couldn't go on
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any longer. And with the SDk per year, the Tape Center could have
become a major center as an alternative performance space. It's a shame
in a way. The Tape Center did well at Mills, but it's a shame that there
was a requirement for major fiscal responsibility. There's nothing more
responsible than a gtOUp making something happen without any money .

•
Anothernew center of activity was in Ann Arbor, Michigan. Composers
RobertAshley and Gordon Mumma, with several other artists, formed the
OnceGroup. In 1961, they began to produce the Once Festivals.

Mumma's music through the first festivals became increasingly electron-
ic.His Sinjonia for 12 Instruments and Magnetic Tape (1960), performed at
the1961 festival, used taped electronic music only in the third movement and
asa transirion between the second and third movements. The 1962 festival
included his Meanwhile, a Tu/opiece (1962), in which Ashley played piano,
Mummaplayed horn, and they both played percussion, accompanied through-
outby taped sounds that, as Mumma recalls, "were often like those we played
live,so it was interestingly difficult to tell where the sounds were coming
from." In the 1963 festival, his Medium Size Mograph 1963, for piano four
handsand live electronics, was performed with a circuit that he designed. It
was,in his words, "a type of envelope generator that drastically reshaped the
amplitude-envelope of the piano sound, so much that it changed the timbre of
theinstrument." In the 1964 festival, his Megaton for Wm. Burroughs (1963)
wasperformed by himself, Ashley, Milton Cohen, and others, with amplified
sound sculptures designed by Cohen, six synchronized channels of taped
sound,and long steel wires along which objects flew through the performance
space.The physical arrangement of the different performers was suggested, fol-
lowinga film that Mumma had seen, by the isolated positions of the crew mem-
bersof a World War 11bomber. As he describes it, "The performers were iso-
lated and illuminated individually, and coordinated with each other by
headphones-it made an impressive theater ... " And he came out of the per-
formancewith an interesting reflection:

Only Ashley and I were musicians. The rest of the performers w~re visu-
al artists and architects. One of the things I learned from the piece was
the different creative sensibility the non-musicians had about the passage
of time. I learned an enormous amount about music and time ...

Much of the Once Festival programming contained theatrical and visual
elements. There was performance art, dance, theater, film-the. Once Group
included composer Robert Sheff, painter Mary Ashley, architects Harold
Borkin and Joseph Wehrer, filmmaker George Manupelli, and performance
attists Cynthia Lidell and Anne Wehrer-and there was opera. In the 1967 fes-
tival, Ashley'S opera That Moming Thing (1967) was performed twice In ItS
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entirety. In the first act, later performed separately as Frogs, a background of
frog sounds accompanies four men with electronically processed froglike voic-
es who direct the movements of dancers. In the second act, later performed sep·
arately as Purposeful Lady Slow Afternoon, each of four women's voices
describes, to a background of bell sounds and sweet music, a very personal
experience that she can't understand except in reminiscence. As Ashley said at
the time, "Music has to be about something."

There were also performances at different times by guests, among them
John Cage, David Tudor, Alvin Lucier and the Brandeis Chamber Chorus,
David Behrman, Max Neuhaus, Lukas Foss with the Creative Associates
Ensemble, and the Judson Dance Theatre. The Once Festivals, in short, were a
focal point for imagination, experimentation, new ideas, new directions, new
concepts, In 1993, looking back, Ashley reflected:

I think that over the last twenty years we've become much more attract-
ed to the idea of music being practical, not just in a social or economic
sense, but in the sense that we seem to believe now that we actually want
to make "real" music, and I think that thirty or thirty-five years ago that
idea was not around. I think that up until around 1970, the most inter-
esting ideas about music were so impractical that they verged on being,
well, imaginary. There was one British composer who suggested that he
was going to tow Iceland from its current position to another location in
the Atlantic. And we took that seriously as an idea for a sound. We would
not take that seriously now.

Also there were no resources, but there was a great need to make
music, which meant that to be practical was to be virtually insane ... So
we did impractical things, and the more impractical the more inspiring it
was, the more power the ideas had. The interesting thing was that it made
the music available to everybody because, since nobody had anything
then, you could have the idea without having anything, so in a sense
everybody could have the musical experience, such as it was, by imagin-
ing the sound of towing Iceland from its current position to another posi-
tion in the Atlantic.

It's interesting that you could perform a representation of a piece with-
out perfor.rning :he piece, that you were simply representing the piece and
that the piece did not have any physical, real manifestation. It's an inter-
esting conceptual idea. It was an interesting period of time in music
because of this peculiar quality of being imaginary, of being conceptual.
At the Once Festival we did wonderful representations of ideas.
. We did the first Once Festival in 1961. It was a very, very popular event
111 Ann Arbo~ and very unpopular with the University. ] think it must have
been attractive to the audience and unattractive to the traditionalists
beca~se of the increasing weirdness of it, I mean the increasingly rarefied
quality of that representation of an idea.
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Gradually the Once Festival became the project of the Once Group, of
whichthere were about eight or ten people. These people figured alit
whatwe were gomg to do, planned the pieces, and produced them. The
p~ecesbecame ~ore and ll:ore ambitious. We got into wanting to do big
pieces. Even with rhe notion that they were impractical, there's still a
limit, you know, where you need money. We couldn't raise the money.
Fromabout 1965 on, it gOt to be more and more sad and mote and more
sort of desperate, wanting to do these really grand pieces without any
possibilitythat they would ever happen. And so I think people started to
wearout because they were getting tired of being frustrated. It's hard to
explain to people now the situation where there isn't anything, no money,
no possibility of support. So, there had to be an end to it. The Once
Grouphad to end.
I believewe did the last festival in 1968. Not that I care much about

history,but when you're out of it, when you've gone through it, you look
back and say, "That was amazing, to be in that situation where every-
thingwas imaginary, and where it was valid for being imaginary." It was
an incredible thing that happened. The thrill of sitting in your room and
heating Iceland being towed, I'll take it over Elgar any time. They were
just incredible pieces, incredible thrills, people thinking lip ever more
amazing sounds.

•
Therewere, indeed, incredible pieces done by people who worked in and
aroundthese new centers, and in a wide variety of ways, the pieces defined new
Solutionsto the problems of performing with electronics. Ramon Sender's
DesertAmbulance (1964), for example, called for amplified accordion, a two-
tracktape, and projections designed by Tony Martin. Martin describes the
visualside of it:

Iprojected hands at the piano over Pauline's own hands on the accordi?n
keyboard, then a colorful girl on a swing, followed by a black and white
sequenceof people marching away that filled Pall line's body and accor-
dion as one shape while around her gtadually emerged a huge cathedral
of abstract light shapes and lines.

Sendersolved the tape-performer synchronization problem b~ using ~ne
ofthetracks for instructions to the performer. In performance, the mstr uctron
trackwas heard by the performer rhrough headphones while the other track,
containingelectronic sounds, was heard by the public rhrough lou.dspeakers.
During the summer of 1964, Sender, Morton Subotnick, Pa uli ne Oliveros, ~nd
TonyMartin went together on a cross-country concert to~r, performmg
Desert Ambulance among other works. At the last concert, III New Ham~-
shire,Sender and Subotnick were operating the tape recorder. But they acci-
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dentally switched the channels containing instructions an~ music so that. the
audience was hearing the instructions and Oliveros, playing the accordion,
was hearing the electronic sounds. As Subornick remembers, "We didn't hear
anything from the loudspeakers, so we turned up the volume-and then we
saw Pauline's eyes ... "

Loudness, however, is relative. Robert Ashley's Wolfman (1964), for
amplified voice and tape, was generally quite loud in performance. As Pauline
Oliveros put it, "All the wax in my ears melted." But Wolfman. was nor abour
loudness. It was partly about theatrical imagery in the persona of the performer
as the Wolfman, a "sinister nightclub vocalist, spotlight and all." Most impor-
tant, it was about the performer's control of sound by manipulating his/her
vocal cavity in pitch, loudness, vowel (tongue placement), and closure (jaw and
lip positions). Ashley explains:

The technical notion of Wolfman is that you fill the room with the sound
of the resonant relationship between the room and the amplification sys-
tem. You can adjust and modulate that sound by putting your mouth
right next to the microphone. Everybody thinks you yell, but you don't
yell at all. You make the softest sounds you can, and by doing manipula-
tions of your vocal cavity you can seem to move the sound around the
room. Nowadays, using the very best amplifiers and the very best equal-
izers, one could do a quiet Wolfman. The essence of the piece is to find
beautiful sounds out of the relationship between the two systems, the
vocal system and the resonance system, It's as simple as that.

In David Behrman's Players with Circuits (1967), sounds produced by
any combination of electronic guitar, zither, or piano are processed by per-
formers working with electronics. The sounds produced by the instrumental
players are coordinated with the processing done by the electronics players
such that twenty-six sounds are made by the instrumental ensemble and
processed in the course of a performance. In the mid-1960s in general, the
music was disciplined bur the atmosphere of the concerts was informal. As Will
Johnson described one performance of Behrman's work, "The performer no
longer controls the sound world, he only initiates it, leaving the work, as it
were, to the machines ... this fact was made all the more obvious by Gordon
Mumma, the pianist, who took advantage of the longer pauses in his part to
smoke his pipe ... "

. And think, doubtless, about other unusual and technically sophisticated
Idea~. Mumma, French horn player as welJ as pianist, designed his own elec-
tromc system for Hornpipe (1967), in which an electronic box, attached to his
belt, analyzed and responded through loudspeakers to the resonances of the
performance space. He describes it:

~ musical instrument includes not only the ensemble of performer and
lnstrument~ but all of the space in which one performs. I speculated that
I could design electronic circuits to extend that process ... Over several
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GordonMumma performing
Hornpipe at the Metropolitan
Museumof Art. New York City,
in 1972. Photo by Jumay Chu,
Courtesy Gordon Mumma.

~ears I developed resonant electronic circuits that would change accord-
Ing to the sounds [ played and how the space responded to those sounds.
The circuirs "heard" the space by means of microphones. All of the cir-
cuitry, which included eight variable-resonance, gated amplifiers, was in
a small metal box that I wore on my belt. Extending to this box was a
long umbilical cable that connected the output of the circuits to an ampli-
fication system, with loudspeakers, for the performance space ...
At the start of Hornpipe, the repertory of sounds was entirely from the

horn (sometimes using a conventional conical mouthpiece, sometimes
using double reeds). During this introductory section of the piece, the
electronic circuits accumulated information about the acoustical respons-
es of the space, gradually making a resonance "map" ... At the entrance
of the electronic sounds, Hompipe changed from what seemed to be a
solo piece. It became an ensemble, a duo, between horn and electronic
responses. Eventually one would perceive the ensemble as being a respon-
sive quartet between the performer, horn, electronic circuitry, and perfor-
mance space ...
The concluding section of Hornpipe was challenging for the performer.

I had to complicate the task of the electronic mapping circuits until they
could no longer respond with a coherenr, audible map ... Eventually the
electronic circuitry ceased to respond, the loudspeakers became silent,
and Hornpipe reached a conclusion.
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•
Alvin Lucier developed more than an incredible piece, he developed a striking-
ly new concept for music. In Music for Solo Performer (1965), the sound ofa
performer's alpha brain waves were transmitted via amplifiers and loudspeak-
ers to resonate percussion instrumenrs placed around the concert hall. Gordon
Mumma describes a performance:

The soloist seats himself comfortably near rhe differential amplifier, and
the assistant begins the procedure of applying the electrodes to the
soloist's head. This operation involves cleaning the scalp wirh alcohol,
applying special conducting electrode paste and gauze pads to secure rhe
electrodes, measuring the electrical resistance between the electrodes
(which should be below 10,000 ohms), and adjusring the gain and DC
balance of the differential amplifier. The procedure takes several minutes
to complete, generally a time of remarkable effect upon the audience ...
the situation is both ambiguous and dynamic. This period of rime, before
the first tapped brain-waves are directed to their resonant instruments, is
really quite mysterious. After the sounds have begun, one comes to rec-
ognize the coincidence of the soloist opening his eyes with the stopping of
the alpha-articulated sounds .. _

Mystery is not uncommon in performances of electronic works, especial-
ly when the musical meaning of a performer's actions is not evident to an audi-
ence. But Lucier's piece was the first to use electroencephalic signals, and it was

A~vin ~t-tc.ierperforming Music for a Solo Performer at Wesleyan
University In 1976. Photo by Phil Mahanna. Courtesy Alvin Lucier.
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so unusual, so outside of any normal musical context, that it poses another
question: How did he think of it? He tells the story:

I had made the acquaintance of Edmond Dewan, a very imaginative
physicist who was on the faculty at Brandeis but who was then working
for the Air Force doing experiments with brain waves. They thought that
certain pilots who were prone to epilepsy were blacking out when the
speed of the spinning propellers got to a crucial point ... When the sun-
light would shine through the spinning props, it would lock onto some-
thing visual in the brain of the pilot ...

Dewan described to me this phenomenon that had to do with visual-
ization, that by putting yourself in a non-visual state ... you could release
the potential of the alpha that is in your head. It's a very small amount,
but it would become perceptible, at least to an amplifier ... Alpha itself
is below audibility; it's too low to hear as pitch, but that high energy,
those bursts of alpha, would come bumping through the loudspeakers,
making the grille cloth on the speakers bump, and I got the idea of using
that energy to couple the loudspeakers to instruments. I used gongs, tym-
pani, bass drums ...

Most people thought the material was too simple ... but I finally did
what I thought was the most honest thing. I tried to be very accurate
about what the piece really meant: one person, alone, sitting very, very
quietly, releasing a flood of energy which permeates the concert space.
And to me, that was a beautiful idea ...

Lucier often uses sound as part of the performance process. As he puts it,
"Most of the time my sounds do some kind of work." In Music for a Solo
Performer, for example, amplified brain wave sounds were used to resonate
percussion instruments placed around the hall. In The Queen of the South
(1972), a granular substance, such as sand or coffee, is spread on a flat surface;
sine waves are then played through that surface, causing it to vibrate; and
shapes called Chladni figures, which reflect graphically the sbapes of the vibra-
tions, appear in the grains. In Music for Pure Waves, Bass Drums and Acoustic
Pendulums (1980), sine waves vibrate drumheads which in turn cause ping-
pong balls to move. It is the way that he uses sound that is the substance of
manyof his compositions. Lucier continues:

I use technology for acoustical testing a lot of the tin~e, in muc~ the same
wayan engineer might. 1 scan a frequency range with an oscillator, for
example, and interface it with some other system, Ii~ebass drums, to see
what the result is. I use the idea of a task, or a test, 1I1 place of structure.
And I drive the system in such a way that tbe result is both unexpected
and clear. I've always been interested in cause and effect when the effects
are very surprising.
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His logical yet surprising effecrs, indeed, often seem magical. In Crossings
(1982), for example, the frequency of a sine wave is swept slowly through the
ranges of orchestral instruments while the instrume.nts. play s.ustamed notes. ~s
the frequency of the sine wave gets closer to and coincides wirh the fr~quencles
of the instruments, audible beating (pulsing changes in loudness) IS heard.
Lucier also used this idea in pieces for chorus, baritone, soprano, clarinet,
accordion, and other instruments. Referring to Music for Piano with Slow
Sweep Pure Wave Oscillators (1992), he explains:

I often draw a geometric form such as a diamond and I program the oscil-
lators to sweep in that shape. Starring at the unison, one channel rises as
the other channel descends and back again, so they're drawing a diamond
shape. And as they draw that object, the instrument, in this case a piano,
plays single notes and intervals against the pitches which cause audible
beating. And since the waves are sweeping, the beating speeds up and
slows down. The result isn't a linear result, it's a complex one.

It's also a subtle result. And to make it clear, as he said, "I've got to reduce
the music language to keep the emphasis on the exploration of the acoustics."
Occasionally he uses a sophisticated device, as in Clocker (1978) where he calls
for a digital delay. Occasionally he uses a special device, as in Bird and Person
Dyning (1975) where he uses an electronic birdcall. He does not use synthesiz-
ers: "They just don't appeal to me." He does use oscillators, microphones, and
loudspeakers. And he reflects, "It's a simple use of technology, revealing
things. "

•
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In 1952, Merce Cunningham used Symphonie pour un Homme Sell! as music
for his dances Collage 1 and II. It was the first time he had used electronic
music. In 1953, David Tudor became one of the Mcree Cunningham Dance
Company's core musicians. And from the beginning, Tudor built his own elec-
tronics. Why? He answers, "Flexibility, portability, and COSt,but it was also
because I could get the sound I wanted to hear." Tudor's sounds, indeed, were
strikingly original.

His approaches to performance were also strikingJy original. For
Rainforest, for exampJe, commissioned by Cunningham in 1958, he attached
Contact loudspeakers to eight small scu1ptures and played electronic sounds
through the loudspeakers to cause the sculptures to vibrate at their resonant
frequencjes. Two subsequent versions used Cage's speech and music as sound
material. And a fourth version, Rainforest IV, called for any objects, any num-
ber of objects, and any sounds, with contact microphones (in addition to the
COntact loudspeakers) attached to the objects to amplify their vibrations. As
Tudor explains, "The microphones are releasing the sound of the objects-you
put the sound through a physical material, so that the physical material trans-



Out of the Studios 99

,,~.Ills~I,,,
"_,n,
'","
'"'I"
I'M',"
":':: ~

DavidTudor with the Merce Cunningham Dance Company in the late 19705.
Photo by Ben Guthrie. Courtesy The John Cage Trust.

forms the original source which is fed into it, and if you can manage to ampli-
fy that sound with a microphone, you release the harmonic content which the
material gives to it." There exists neither written score nor performance direc-
tions for Rainforest IV, but if there were performance directions, they might
read like this:

Get some friends together. Each of you identify a suitable object, large or
small, with an interesting visual appearance (a piece of metal from a junk-
yard, for example, or something made of wood, or glass, or anything that
you think will vibrate). Hang the object in the air or place it in such a way
that it can vibrate. Attach a transducer (contact loudspeaker) to the
object. Choose sounds, whether recorded on tape or generated from an
electronic source, and play them "into" the object via the transducer so
that the sounds vibrate the object at its resonant frequencies. Experiment
with different sounds fat each object. Attach a contact microphone to the
object. Connect the output from the contact microphone to an amplifier
and loudspeaker so that the sound picked up by the microphone can be
clearly heard. In a performance, hang or place all of the chosen objects in
a gallery or other performance space, arranged so that people can circu-
late among them. A performance can be of any duration.
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Laetitia Sonant; and friend at an installation of David Tudor's
Rainforest as produced at the Espace Pierre Cardin in Paris ;111976.
The artists involved were David Tudor, John Driscoll. Phil Edelstein,

Ralph jones, Linda Fisher, Martin Kalue, Bill Viola, and Paul
DeMarinis. Photo by Sharon Jones. Courtesy Ralph Jones.

At the Once Festival in 1965, Tudor had played bandonean (an
Argentinean accordion-like instrument) in a performance of Mauricio Kagel's
Pandora's Box, and he had invited Mumma to compose a bandon eon piece for
him. Mumma's idea had been to design circuits that would extend the sound
and articulative possibilities of the bandoneon. In general, Mumma was in
complete accord with Tudor on building and experimenting with electronics.
As Mumma put it, "Electronic resources let one explore ... " He describes the
unfolding of events:

A few months later, in spring 1966, John [Cage] called and asked if I
would be interested in jOining the Meree Cunningham Dance Company
for a European tour in summer 1966. I said yes, not really knowing what
[was getting into. Within a few weeks, Merce called and asked if I'd COI11-
pose a piece for the company. He had heard that I was doing a piece far
David Tudor, and invited that as a possibility. I asked Merce, "When
would you Eke this?" He said, "WeB, we're going to do it on the forth-
coming European tour." I swallowed hard. I wasn't near done. Merce told
me the name of the dance was Place and I told him the name of the music
was Mesa. I asked him how many dancers there were and how long it
would be. He said there were eight dancers and about twenty minutes. I
asked if there was anything else I needed to know. And he said, "We're
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going 10 perform it at Saint Paul de Vence. You'll like it there. It's very
beautiful. "

About two weeks before the tour was to begin, I went to Stony Point
to work with David, carrying my substantially finished Mesa circuitry so
that we could rehearse the piece with the bandoneon. Ialso helped David
with technical things for the tour. He oversaw the musical technology for
the Cunningham Dance Company. We put Mesa together and it worked.
David played the bandoneon. I played the circuitry.

Meanwhile, in 1967, Cunningham commissioned David Behrman to
composemusic for \"Valkaround Time, a repertory dance piece based on Marcel
Duchamp's Large Glass. Behcman used photocell mixers and recordings of
himselfwalking around Niagra Falls on an icy day, of driving his Volkswagen
Beetle,and of all the women in the Cunningham Company reading texts of
MarcelDuchamp which described Large Glass. The premiere was in Buffalo in
March1968. As Behrman recalls, "Ducharnp came up and took a bow onstage,
andsince I was the young composer who had been commissioned to do the
piece,I was up there-it was a very exciting thing ... " In March 1970, he
began to tour with the Cunningham Company. And like Tudor and Mumma,
hebuilt his own electronics. Why? He tells us:

It was Gordon Mumma who pushed me over the edge. We met through
the Once Group in Ann Arbor, maybe 1963 or 1964, and Gordon wrote
me a series of letters explaining how to build circuits from scratch. A let-
ter would arrive explaining how to build a ring modulator, the cheapest
possible, the mother of all ring modulators. It was in a little aluminum
box and it cost $10, instead of $300 for a commercial ring modulator,
and it wasn't as heavy.

For touring, I needed my synthesizers to weigh only eight pounds, so
they would fit into a suitcase. And it was fun to build rhings, and you
could change them, you could do strange things with them. And there
was a tradition that came from Tudor and Mumma to build your own
electronic music devices. And one could say that there's an American tra-
dition that goes back to Harry Partch about building your own instru-
ment.

•
Theworld of electronic music was relatively small and closely knit in the 1960s,
and people occasionally assembled and reassembled into groups to do particu-
lar things. In 1966, for example, David Behrman, Gordon Mumma, Robert
Ashley,and Alvin Lucier formed-well, sort of formed-a group, at fICStcalling
it the Sonic Arts Group and then the Sonic Arts Union. Ashley tells it:

Alvin Lucier had a concert at Brandeis University where Gordon Mumma
and David Behrman and I came, and afterwards we were having a coupl
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of drinks, and Alvin said, "That was a successful concert. We should do
this someplace else." So we started doing it someplace else ... Basically,
we'd each just playa piece in a concert, and the other guys would help
you with your piece if you needed somebody ro do something ...

Ashley's pieces included, for example, Wolfman, The Entrance, Frogs,
Purposeful Lady Slow Afternoon, Fancy Free, and Orange Dessert. Behrman's
pieces included Runthrough, WavetrainJ A New Team Takes Over, Islands ill
the River of Experience (with Katharine Morren}, and Sinescreen. Lucier's
pieces included Music for Solo PerfoTnter, Vespers, "I Am Sitting in a Room. II

The Duke of York, and Bird and Person Dyning. Mumma's pieces included
Mesa, Hornpipe, 1 Saw Her Dance (with Barbara Lloyd, a tape by Steven
Drews, and slides by Mary Lucier), Ambivex, and Passenger Pigeon. Mumma
reflects, "The variety of those pieces-1 still can't believe how different they
were ... " Lucier recalls the 1969 European rour:

We went everywhere, from Rome to Oslo, Helsinki, Switzerland,
London. We did almost sixteen performances in thirty days. We'd arrive
at a city, maybe the day before a concert, or the same day, and often we
didn't know the hotel we were going to stay at. We'd go ro the concert
hall to meet the engineers so that Bob and David could discuss the tech-
nical aspects of the concert. Then we'd work like dogs to set up. And then
we'd do the concert. It was exhausting. It was also exciting. We did each
other's pieces. We did David's Runthrough. Once when he wasn't there,
we did Gordon's Mesa with mouth organs. We did Bob's \Volfman and
Fancy Free, where each player had an attache case and a cassette
machine. We did his Frogs, where he had these lights and devices that
would sense proximity. Gordon had this wonderful sophisticated elec-
tronic circuitry for Hornpipe. I think we did such very different work thar
sometimes it just bypassed people's perceptions. Sometimes the audiences
just couldn't process it as music.

By 1976, the people involved had reassembled in different formations.
Ashley had become director of the newly named Cenrer for Conremporary
Music at Mills College. Lucier had joined the faculty at Wesleyan University.
Mumma had joined the faculty at the University of California. And Behrman
joined Ashley at Mills College to begin a new and influenrialline of work with
personal computers. Ashley reflects on the last years:

Then Sonic Arts Union went through a kind of crisis of what the music
~eant to the audience. It was like somebody shut the door, it was like run-
nlllg into furniture in the dark. 1 don't know if you remember, but you
could go to a concert and afterwards somebody would come up to you
and say, "1 hate your music." You know, 1 had that happen to me. We
went back to Ann Arbor and gave a concert in 1971, and afterwards there



Out of the Studios 103

was a big party, a lot of people, everybody drinking and having a good
time, and I notice this skinny little kid, he's probably a professor of music
now. I notice this skinny little kid standing there and I knew be bad some-
thing to say. He came up to me and said, "You know, 1 have to tell you
that I hate your music." So I said, "You came all the way to this party,
you wasted all of that precious rime when you could have gone horne and
written music? What are you doing here at this party? You're wasting
your time, don't you understand?" He went home. I had it happen two
or three times. I had it happen in Scotland. We gave an amazing concert
in Scotland, and I mean amazing in the sense that the concert was so
beautiful. And after, a kid came up to me and said, "You know, I gorra
rell you I bate your music." I guess, by and large, people liked it. But there
was this terrible thing that happened inside all of us around that time. It
was really serious, a transformation of ourselves into another set of val-
ues to become "practical."

•
Although group improvisation had been one of the activities at the San
FranciscoTape Music Center, it had not been thematic to the center's philoso-
phy. Subotnick, Sender, Oliveros, Martin, and company in San Francisco, and
for thar matter, also the people in the Once Group in Ann Arbor and in the
SonicArts Union, had come together as groups to pool resources, focus public
attention, and cooperate in joint projects. But basical1y they worked as indi-
vidualswithin the colla bora rive environments they had formed.

The idea of group improvisation, however, was thematic for Musica
Elertronica Viva, or MEV as it came ro be called. MEV bad gradually formed
during the summer and fall of 1966 following a concert of new experimental
musicorganized by Frederic Rzewski and Alvin Curran in the crypt of St. Paul's
American Church in Rome. Subsequently, a group of composers and perform-
ersliving in Rome at the time-among them Richard Teitelbaum, Allan Bryant,
Jon Phetteplace, Carol Plantamura, and Ivan Vandor, with Steve Lacy, Jeffrey
Levine,and others arriving a few years later-joined Rzewski and Curran with
theidea of producing concerts and forming a cooperative electronic music stu-
dio. In the fall of 1966, they organized the Avanguardia Musicale festival in
Rome. Altbougb Teitelbaum eventually played a Moog synthesizer, the group
by and large developed its own equipment with the conv.,ctlOn, acc.ordmg to
Rzewski, that "original results could be more easily obtained by using cheap
'home-made' circuitry rather than by following the orthodox procedures
observed in the larger studios." Rzewski personally designed and built a pho-
tocell-controlled device which functioned as both mixer and sound distributor,

MEV's ideas of group improvisation evolved from Spacecraft in 1967-
in Rzewski's words "Form for a music that has no form. We begin WIth a
groupof performers and an idea ... Each performer occupies a part ?f the
space... creating a situation in which lines of force are set up between himself
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and other persons ... "-to Zuppa in 1968 and Sound Pool in 1969, which
involved audience participation. Frederic Rzewski and Richard Teitelbaum tell
the story:

FR: MEV was just a bunch of friends, a more or less chance happening.
RT: We were all ivy league dropouts who were denied access [Q studios.

We just decided we'd buy or build our own equipment and make elec-
tronic music. And Cage was a big influence too, live electronics and
the idea of making music with whatever you can.

FR: In the beginning, we didn't do anything collective. We did music by
Cage, Behrman, others. We did a lot of concerts in Rome in 1967,
and then in the fall of 1967 we started touring. From 1966 ro 1969,
we did about 200 concerts.

RT: I was away fat. about. a year in New York and came back to Europe
in September 1967, and we did concerts in Cologne, Munich, a rour
in Holland, and Berlin, and Paris in the American Center ... The year
I was in New York, David Behrman taught me to solder.

FR: By the grace of God, we didn't. get. electrocuted.
RT: We were already improvising by the fall of 1967. That. was the rime

of Spacecraft. The instrumentation included everything from a glass
plate, springs, and a large Italian olive oil can, all amplified with con-
tact mikes, to saxophone, trumpet, and synthesizers. The music was
very eclectic, open and wild, tending to oscillate between sections of
chaotic violence and peaceful calmness. But. by 1968, we started feel-
ing, especially Frederic, that what we were doing was too hermetic,
too elitist. We were playing in these students' venues, and the radical
students would come up and confront us with the elitist character of
our work, so we just decided that everybody should play.

FR: In early 1968, we did Zuppa at. the Anico Gallery, with Steve Lacy,
Mkhelangelo Pisrolerro, and others. The original idea was "free
soup." The idea was that. anybody could play, free participation. In
February or March 1968, we did a co/laborat.ion wirh members of
the Living Theatre and Jean-Jacques Lebel in Parma at an
International Theatre Festival, at the Opera House. Jean-Jacques
made a speech. I don't remember what he said, but this was the time
that the students in Paris were raising hell. They turned off the
power. That's a fundamental weakness of electronic music. They can
always turn off the power if they don't. like you.

RT: We had large oil drums on stage, so Jean-Jacques made this speech
about coming up and joining us, and it got pretty chaotic. Several
hundred college kids came up and started banging on the oil drums,
and they turned the power off. Jean-Jacques said, "Alright, every-
body let's go out into the square," and that night the students occu-
pied the university.



Out of the Studios 105

FR: In the summer of 1968, we rented a studio in the Trastevere section
of Rome, il: the via Pietro Peretti. We put up posters in the neighbor-
hood. The Idea was that we'd play every night. Anybody could come.
We had our collection box, but we were lucky if there was enough in
it for a pizza.

RT: That was Sound Pool. There was a text that was handed Out ...
FR: I wrote a brief text, like program notes, to tell people ... We said to

everyone, "bring a sound." But we were the people with the elec-
tronics. The dice were loaded on OUf side.

RT: Not always. In Oslo, these Viking guys brought a lot of drums and
neatly wiped us out.

•
Thefestivalsof the 1960s were the summaries of the era. 9 Evenings: Theatre
andEngineering, the first and largest of rhe festivals, was presented by EAT
(Experiments in Art and Technology) in October 1966 ar the Twenty-fifth
StreetArmory in New York City. As Billy Kluver, one of technology and art's
principalevangelists at the time and one of EAT's principal organizers, wrote:
"Thiswas to be the first major art and technology collaborative event; and it
hadto take place on a much larger scale than before: by that we meant it had
to bewidely publicized and rhat thousands of people had to attend."

The programs included works by John Cage, Lucinda Childs, Oyvind
Fahlstrorn, Alex Hay, Deborah Hay, Steve Paxton, Yvonne Rainer, Robert
Rauschenberg,Robert Whitman, and David Tudor. And the works included
music,dance, and performance art. Cage performed Variations VIl, picking up
sounds from radio, telephone, microphones, "only those sounds which are in
theair at the moment of performance ... " Robert Rauschenberg played tennis
with Steve Paxton using wired rackets. Deborah Hay had dancers moving
throughout the space on remote-conrrolled plarforms. And David Tudor, in
Bandoneon !(Bandoneon Factorial), controlled the entire sound and light envi-
ronmentof the armory. It was described in the program notes as "a combine
incorporating programmed audio circuits, moving loudspeakers, tv images and
lighting, instrumentally excited." Tudor, sitting on a sixteen by twenty-four
footplatform surrounded by electronic equipment, played his bandoneon, and
thesounds of the bandoneon were processed electronically, switched between
twelve loudspeakers placed around the space, used to vibrate five sculptures on
movingcarts, and used to control video images and lights.

Bandonecn ! (Bandoneon Factorial) worked as follows. Contact micro-
phoneswere placed inside the bandoneon. The sounds from the contact micro-
phones were transformed by a sound-processing system consisting of filters,
frequency shifters, and other devices. The sounds were also fed into the
Vochro/lle, a control device designed and builr for the occasion by Robert
Kieronski, which consisted of a set of twelve harmonium reeds vibrated by the
signalsfrom the contact microphone, and a twelve-pole double-throw relay.
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The relay was mechanically operated by the vibrating harmonium reeds in
switching the sound at audio rates between the loudspeakers. As Tudor sums it
up, "So according to the pitches that I played, the sounds changed." In orher
words, the sounds that Tudor played were transformed, but they also con-
trolled how they were transformed and routed ro the different loudspeakers.

In addition, Fred Waldhauer contributed a device that he called rhe
Proportional Control, which controlled the loudness of the sound in rhe loud-
speakers and the intensity of eight lights on the performance platform. As
Tudor recalls, "I had established discrete switching between loudspeakers
through the Vochrome device, and I also wanted smooth control." Tudor also
used a switch on the bandoneon to suddenly stop the electronic sound, there-
by using the armory's six-second reverberation time as a musical element. He
said, "The silence was deafening, because the sound in the armory was extra-
ordinary, so reverberant. l) Further, the sound from the bandon eon was also
sent directly to Lowell Cross' TV Oscilloscope, which displayed visual parrerns
along with the music. Tudor continues:

And there's more. I had made a number of large sculptures in the manner
of Rainforest. I think there were five, because Deborah Hay had a piece
with dancers on platforms that could be sent around the space, and she
wanted to have music, and I agreed to do the music if I could use the plat-
forms for my sculptures. So the sounds from the bandoneon also vibrat-
ed the sculptures. My idea was that they would be sent around the room,
that their sound would circulate. The audience was on three sides, so they
would come close to the loudspeakers. And for thar, I had to have five
operators, seated on chairs, sending the platforms around. They were
really radio-controlled carts ...

In summary, as Tudor puts it, "There was a lot to take care of during the
performance." Indeed, there was a lot to take care of in the entire festival. Billy
Kluver, at the time, was a scientist at Bell Telephone Laboratories in Murray
Hill, New Jersey, and it was much to the credit of Bell Labs in general, and John
Pierce in particular, that Kluver was so well supported in producing the 9
Evenings. Pierce recalls:

I was Kluver's boss. He got my permission to persuade technical assis-
tants to work on the 9 Evenings on their own time. But then, as the 9
Evenings approached, things weren't getting done, and I arranged for
rhem to work on Bell Labs' time. Some of the people who lost their tech-
nical assistants for a few weeks were a little miffed, but no one raised a
protest. Well, I liked Billy Kluver and thought there was something in
what he was doing.

9 Evenings was the biggest, but there were also other festivals. There was,
for example, the First Festival of Live Electronic Music, consisting of five con-
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certs presented at Mills ollege and at the University of California at Davis on
December4, 5, and 6, 1967. The program included some of the Sonic Arts
Unionand Once Group pieces, among them Robert Ashley's Wolfman and
Frogs,Alvin Lucier's \Vhistlers, Gordon Mumma's Mesa, and David Behrman's
Rill/through. It also included Larry Austin's Accidents (1967), composed for
DavidTudor; Toshi Ichiyanagi's Activities (1967), where several electronic,
acoustic,and prerecorded sound sources were played simultaneously in the
spiritof John Cage; Anthony Gnazzo's Long Distances (1966), where sounds
werecommunicated from performers in the hall to performers outside and vice
versa;and John Mizelle's Light Sculpture and Radial Energy I (1967), with a
mixtureof colors from spotlights and a sound-emitting sculpture activated by
thelights.

There was the Cross Talk Inrermedia Festival, organized by Roger
Reynolds, in February 1969 in Tokyo. The programs included familiar com-
posers and pieces, such as Joji Yuasa's leon, Robert Ashley's That Morning
Thing, Toru Takernitsu's music for Kuraidan, and Salvatore Martirano's Ls
G.A. It also included familiar composers and new pieces, such as Gordon
Mumma'sBeam (1969), for violin, viola, bow-arm coordinate-sleeves, cyber-
soniccontrol console, computer, and nine films by Stan VanDerBeek; Toshi
lchiyanagi's Tokyo 1969, fat computer-generated sound, rock band, pop
music, and electronics, composed at theNHK studio; Alvin Lucier's Sound
Environment Mixtllres (1969), with taped sounds and a film by Takahiko
limura; and John Cage's Music (or Carillon No.5 (1967), for two prepared
pianos and electronics. It also included David Rosenboom's "She Loves Me,
SheLoves Me Not ... JJ (1969), for two musician-actors, two percussionists,
witchdoctor, visuals, electronics, and fiber optics; and pieces by Takehisa
Kosugi, Shuko Mizuno, and Micka Shiorni, for five musicians, three pianists,
six stereo tape decks, CDS relays, transistor radios, RF transmitters, and a
fourteen-channel audio system; Yori-Aki Matsuda ira's Electronic Music
Assemblage Plus Assemblage (or Voice (1969), for two-channel tape done at
the NHK studio five voices and ring modulator; and Roger Reynolds' Ping
(1968), based on' a text by S;muel Beckett, for various instrurnents~ electronics
includingcontact microphones and ring modulator, film, other VIsuals, tape,
photocellsound distributor, and fourteen-channel audio system.

Many such festivals were organized during the 1960s. They were also o(
the1960s. They represented an exuberance that stemmed from what musicians
andartists saw as the new musical artistic, and social opportumtles presented, . .
by the emergence of electronic technology. They were extra~a?ant, Imagl~a-
tive, expansive, and expensive. They were statements that mUSICIansand artists
canlead the way in demonstrating the most creative human uses of tec~nolo-
gy.They said, in a collective voice, "Technology has liberated us from history,
We can remake the world!"

• • •



CHAPTER FIVE

COMPUTER MUSIC

In 1957, while Varese was composing Poerne Electronique and while a second
group of tape studios was beginning to appear, the first computer-generated
sounds were heard at Bell Telephone Laboratories (or Bell Labs, as it was
called) in Murray Hill, New Jersey. Max Mathews had joined the acoustic
research department at Bell Labs to develop computer equipment to study tele-
phones. With the aim of using listening tests to judge the quality of the sound,
he had made a converter to put sound into a computer and a converter to get
it back out again, which according to Mathews, "turned out to be a very suc-
cessful way to do research in telephony." Mathews went further:

It was immediately apparent that once we could get sound out of a COI1l~
purer, we could write programs to play music on the computer. That inter-
ested me a great deal. The computer was an unlimited instrument, and
every sound that could be heard could be made this way. And the other
thing was that I liked music. I had played rhe violin for a long time ...

John Pierce, also at Bell Labs, lent crucial support to the music project.
As he explains, "I was executive director of the communication sciences divi-
sian when Max used the computer to produce musical sounds-l was fasci-
nated. "
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In 1957, Mathews finished Music I, his first sound-generating computer
program.The first music produced with Music I was a seventeen-second com-
positionby Newman Guttman, a linguist and acoustician at Bell Labs. The com-
position,called In the Silver Scale, used a scale slightly different from the diatonic
scaleso as to have better controlled chords. Mathews said, "It was terrible."
Piercesaid, "To me, it sounded awful." But, as Mathews continues, "It was the
firsr." In fact, the chords were never heard because Music I was a single-voiced
program. As Mathews recalls, "The program was also terrible-it had only one
voice,one waveform, a triangular wave, no attack, no decay, and the only expres-
siveparameters you could control were pitch, loudness, and duration."

Music I was the first in a series of sound-generating computer programs
collectively referred to as the Music-N series. Music II followed in 1958, with
improvements of four voices and arbitrary waveforms, and it introduced the
concept of the wavetable oscillator. Music Ill, which followed in 1960, was, as
Mathewsputs it, "when things really came together." Music III introduced the
concept of modularity, or unit generators, so that one could put together
"orchestras"of "instruments." It introduced additional possibilities for shap-
ingsounds and it introduced the concept of a '<score," where notes could be
listedin the order of their starting times and each note was associated with a
timbre,loudness, pitch, and duration.

Mathews and Pierce, both scientists, had early on felt the need to have
musiciansinvolved, and they had begun an outreach effort, reading papers at
conferencesand publishing articles in a variety of magazines. In New York, at
anAudio Engineering Society conference in 1959, they had met Milton Babbitt,
Vladimir Ussachevsky, Otto Luening, and eventually, Edgard Varese. In 1960,
the publications department at Bell Labs produced a recording called Music
from Mathematics, a copy of which was sent to Leonard Bernstein, whose sec-
retaryacknowledged its receipt with thanks. A copy was sent also to Aaron
Copland, who replied, "The implications are dizzying and, if I were twenty, I
would be really concerned at the variety of possibilities suggested." David
Lewin, Arthur Roberts, and Gerald Strang, all of them older than twenty, did
becomeinterested in working with computers. Strang posed an interesting ques-
tion:"How can we introduce appropriate imperfection in computer music?"

In 1961, Pierce heard that the IIIiac computer at the University of Illinois
wasbeing used to compose music. But because he didn't know the names of the
researchers, he wrote a letter directly to the computer: "Dear computer, I
understand that someone has worked with you in composing music ... " And
he received a reply from Lejaren Hiller, inviting him to visit. During the visit,
Pierce met Hiller and Leonard Isaacson. He also met Harry Partch, and he
observed,with an interesting shift in perspective, that Partch "had built a num-
ber of strange musical instruments." He also met James Tenney, W~OI~ he
hired, "allegedly to do psychoacoustics, but really to do computer musl~. .

Tenney began to work at Bell Labs in 1961 and stayed to 1964. HIS first
composition was Analog #1: Noise Study, completed in December 1961. The
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idea for it was suggesred by his commure from New York Ciry via the Holland
Tunnel, in his words, "an exhausting, nerve-racking experience, fast, furious,
and 'noisy' ... " Tenney continues:

One day I found myself listening to these sounds ... When I did, finally,
begin to listen, the sounds of the traffic became so interesting that the trip
was no longer a thing to be dreaded and gotren through as quickly as pos-
sible. From then on, I actually looked forward to ir as a source of new per-
ceprual insights. Gradually, I learned to hear these sounds more acutely,
to follow the evolution of single elements within the toral sonorous
'mass', to feel, kinesthetically, the characteristic rhythmic articulations of
the various elements in combination ...

The composing of the piece was done in stages. First, Tenney creared a
computer instrument that could generate controllable noise, and then he
designed an over-all shape for the composition. Finally, determining the derails
by a random number method, he realized the sounds. He rhen began a series of
experiments and tests that culminated in PLF 2, a composing program which
he used to compose Four Stochastic Studies (1962). Other compositions fol-
lowed, among them Dialogue (1963), Ergodos I (1963), Phases (1963), and
Ergodos II (1964). By the time Tenney lefr Bell Labs in March 1964, his work
had included six tape compositions, software that had used the computer to
make compositional decisions in addition to making sounds, a growing under-
standing of timbre, and in his words, "a curious history of renunciations of one
after another of the traditional attitudes about music ... "

Meanwhile, in 1962, Mathews and Joan Miller finished Music IV. Music
III and Music IV were written for an IBM 7094, one of the first computers to
use transistors. Since Princeton University, located conveniently nearby, had
also purchased an IBM 7094, Hubert Howe, Godfrey Win ham, and Jim
Randall at Princeton could run Music IV without difficulty. They also made
some improvements, particularly in the program's user-friendliness, and called
their new version Music IV-B.

•
In November 1963, an article by Mathews called "The Digital Computer as a
Musical Instrument" was published in Science. It said, in part:

There are no theoretical limitations to the performance of the computer
as a SOurceof musical sounds, in contrast to the performance of ordinary
instruments. At present, the range of computer music is limited princi-
pally by cost and by our knowledge of psychoacousrics ... Computer
music appears to be very promising technically. However, the method will
become significant only if it is used by serious composers. At present, our
goal is to interest and educate such musicians in its use ...
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Jean-Claude Risset was at the time doing graduate work in physics at the
EcoleNormale Superieure in Paris. His professor, Pierre Griver, read Mathews'
Science article and passed it on to Risser. A composer at heart, Risser was inter-
ested.He recalls: "I decided I wanted to do music and stop all that nonmusical
science."With Griver's help and Pierce's support, Risser received a grant from
a French research agency to base his thesis on research at Bell Labs. Risset
arrivedat Bell Labs in 1964 as research composer in residence, succeeding
JamesTenney in that position. Risser describes it:

r was amazed when I got there. It was a fantastic atmosphere. There was
an incredible group of researchers, in mathematics, computer science,
psychology, acoustics, communications, biology, and they were mixed
and woven together. Even the offices were intertwined. There was a lot of
openness and generosity and less arrogance and sense of territory than in
Europe. A multidisciplinary approach is more difficult in France because
you're supposed to belong here or there but not here and there. If only for
that reason, computer music was more likely to happen in the United
States than in France. There was also no pressure of any immediate appli-
cation. Anything that could be useful in the long term was fostered.

The first professional issue was the specific direction of his work. As
Risser recalls, "Max had several ideas for research, including computer com-
position, but I elected to focus on timbre." He began to study the nature of
trumpettone quality because, as he explains, "The palette of computer sound,
potentiallyboundless, was in fact quite restricted, and one did not know how
togenerate certain sounds ... " He continues:

I recorded trumpet samples, analyzed them with the sound spectrograph
and with the computer ... But the descriptions of the tones were very
complex, and varied from one tone to another. I had to try to reduce this
information to the essential, that is, to those features that are the most sig-
nificant to the ear. I checked by synthesis the aural relevance of several
aspects, and I found that the most salient characteristic of brass tones was
the fact that the spectrum varied with loudness, so as to increase the pro-
portion of high-frequency energy when the loudness increases ...

What was it like to work there? Risser describes it:

I came in at about 10 A.M. and usually stayed till 6 or 7 in the evening,
sometimes later and I had lots of interaction with many different people.
It was a very exhilarating period. Sometimes I discussed a problem with
Max and he would reformulate it. John Pierce occasionally came by,
amazingly because he was heading a big part of Bell Labs, but he would
come to each researcher and have him explain what he was doing and ask

insightful questions.
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In 1965 Risset went back to France for military service. Also in 1965,
IBM introduced its new Series 360 computers. These computers, based on inte-
grated circuits, led to revised methods of programming based on more wide.ly
used languages. The Music-N programs finished prior to 1965 had been writ-

ten in low-level, machine-specific assembly language and, consequently, could
not be run on computers other than the computers on which they were written,
After 1965, however, as the computer market opened up and greater numbers
of different computers appeared, and as technical improvements occurred with
increasing frequency, it become obvious that the Music-N programs could
achieve widespread usability only if they were written in high-level, nOI1-

machine-specific languages. FORTRAN was one of the leading high-level lan-
guages of the mid-1960s, and it could run on virtually any computer. By 1967,
Hubert Howe and Godfrey Winham at Princeton Universiry had finished a
FORTRAN version of Music IV-B called Music IV-BF.

Also in 1967, F. Richard Moore arrived at Bell Labs, Jean-Claude Risser
returned from France, and Vladimir Ussachevsky was a visiting composer, And
Mathews, Moore, Risser, and Joan Miller worked on Music V, which was fin-
ished in 1968. Music V was organized as a modular system of software-defined
unit generators-for example OSC, a waveform generator; AD2, a two-input
adder; and RAN, a random number generator-which could be linked togerh-
er in various ways to make an instrument. One simple instrument, for exam-
ple, might have been the outputs from OSCI and OSC2 added together in an
AD2. Instruments could vary widely in their complexity and operation and
consist of any number of unit generators connected in any number of ways. The
instruments played discrete sounds called notes, each note containing an
instrument definition, a set of instructions for the instrument's unit generators,
a starting time, and a duration. A complete listing of notes, with their instru-
ments, their data, their starting times, and their durations, was called a score,
Music V was a definitive statement of the Music-N series, and as such, it pro-
vided the basis for a wide range of similar programs written by many corn-
posers for a wide range of different computers. Written in FORTRAN, it was
easily portable to other computers.

But the word "easily" should be understood relative to the technology of
the 1960s. Computer programs were, at the time, disseminated via punched
cards, As Moore recalls, "We used to send the Music V program out in two full
boxes of punched cards, about 3,500 cards, and a letter saying, 'Good luck!"

•
Musicians generally Like to work intuitively, hearing their music as they per-
form, trying things our as they compose, occasionally singing a tune. Music V
was not intuitive. It wasn't just that a composer's "notation" was in non-
singable computer code, it was also that the program did not operate in real
time. To operate in real time means that the composer hears the music while
specifying it, as in playing a piano, for example, where you hear a sound when
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youpress a key. Music V was a multipass program, which meant that a com-
poser'sinput specifications were processed in successive stages of calculation
whichin rum meant that a composer could wait a considerable amount of tirne
beforehearing sound. The sound imagined by a composer was in fact generat-
ed first by the main computer-which by the time of Music IV was an IBM
7094-as an accumulating and inaudible table of numbers, called samples,
whichwere stored on magnetic computer tape. Then, in a separate step, those
sampleswere converted to sound and stored on normal audio tape.

Itwas primarily F. Richard Moore's job to convert samples to sound, for
whichhe used another computer, an IBM 1620. Moore describes the situation:

People from Princeton used to drive their tapes up and leave them with
us. Then we'd convert them on the 1620 and they'd show up two weeks
later and hear their music. A two week turnaround was pretty good, sort
of like sending your photos out for developing. Since I was the one who
did the conversion, I could get my tapes converted a little faster. I might
be able to get up to twO runs, which is to say two 3D-second segments, a
day. Typically, the segments weren't very long, because you had to be sure
that they worked.

Barry Vercoe began to work regularly at Princeton in 1968. He recalls,
"We were continually driving up to Bell Labs to get bits of tapes converted to
sound-it was the only working converter and it was a long trek, sometimes in
themiddle of heavy traffic." As Jonathan Harvey remembers, "At Princeton,
way back in 1969, one had to go to Bell Labs to convert the sound, and drive
through this dreadful traffic, and you could only play it when you got back to
Princeton and think, 'My God, that's not what I wanted at all,' and then the
whole process started again." In 1970, Charles Dodge was finishing his DMA
at Columbia University, teaching at Princeton University, and converting his
digital tapes at Bell Telephone Laborarories. As he said, "I drove something like
25,000 miles between Columbia, Princeton and Bell Labs." Moore continues:

Operating under those conditions was incredibly difficult. A simple test
could take weeks. Max was a great inspiration to everybody. He was
unflappable in these incredibly difficult circumstances of working. He
was like a sailor in mid-Atlantic who didn't know how far it was to the
other side but knew what ro keep doing to get us there.

What kepr me going was the puzzlement of why things didn't work. I
think everybody who was doing it had a notion of what should work and
we were all completely perplexed when it didn't. We thrived on frustra-
tion and the difficulties that occurred were in themselves discoveries.,
The early Music-N programs, to be sure, were dev~loped in the ~pirit of

research, learning, and breaking new ground, all of which generated its own
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excitement. At the same time, however, the composers who worked on them
were also interested in the musical possibilities of computers, and these com-
posers seem to have had a dedication sufficiently fanatic to see them through
the technical problems. Many compositions were finished, among them, at Bell
Labs, James Tenney's Analog #1: Noise Study, (1961), Five Stochastic Studies
(1961), and Dialogue (1963); and Jean-Claude Risser's Little Boy (1968) and
Mutations (1969). Jim Randall's Mudgett: Monologues by a Mass Murderer
(1965) and Charles Dodge's Changes (1969) and Earth's Magnetic Field (1970)
were composed at Princeton University.

Although Ercolino Ferretti at MIT composed Pipe and Drum (1963) and
Trio (1965) with a computer, and although work was begun in various other
locations, the first round of formative work was done primarily at and around
Bell Labs. By the late 1960s, thanks largely to Max Mathews and his col-
leagues, the field of computer music was established and growing. Yet it had
never been Mathews' or anyone else's job at Bell Labs to do computer music.
As Mathews said, "Management tolerated music as part of research, but, on
the whole, Bell Labs wanted to downplay it, at least in terms of its cost and
whatever commercial possibilities it had, because they weren't supposed to be
in that business."

How then could such a significant effort have taken place? The answer is
twofold. First, John Pierce played an essential role. As he put it, "Bell
Laboratories was in those days a benevolent autocracy-by and large, the man-
agement was convinced I was a good guy, so I could slip things in."
Management was convinced that Pierce was a good guy surely because of his
many significant technical contributions, among them his work on the ECHO
and Telstar communications satellites and, as an additional detail, in 1948, his
coining of the word transistor. (As he tells the story: "Walter Brattain stopped
me in the hall and asked me what he should call it, and I thought about it and
then suggested 'transistor,' thinking of 'trans-resistance.' And the name
stuck.") And his enthusiasm went beyond "slipping things in" to being an
active participant. Not only did he work with Mathews in many capacities, he
composed many pieces, among them Stochatta (1959), Variations in Timbre
and Attack (1961), Sea Sounds (1963), and Eight-Tone Canon (1966). As he
put it, "I got on the bandwagon."

Second, everyone's enthusiasm led to extra evening hours spent at music.
Mathews remembers: "I would typically spend the day doing whatever I had
to do at Bell Labs, and about half the night I'd work on musical things-I lived
very close to the labs so I could go home for supper and then go back." And
Mathews also composed many pieces, among them Numerology (1960), The
Second Law (1961), Masquerades (1963), and International Lullaby (1966). In
1961, he did the accompaniment and John Kelly and Carol Lochbaum did the
v?cal lines for a computer rendition of Bicycle Built for Two ("Daisy, Daisy,
?lve m~ your answer true ... "), which was the subject of an oblique reference
In the film 2001. At the end of the film, as the computer Hal dies and its child-
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hoodmemories flash past, it remembers its origins in Mathews' work and
expiring,sings the song. '

•
In November 1963, when Max Mathews' article was published in Science
John Chowning was a graduate student ar Sranford University, As Chowning
tellsit:

Max's article was passed on to me by a friend. I put it in my packer and
Iguess it was a month or so later that 1 read it. I thought it sounded inter-
esting. So 1took a course in computer programming and arranged to meet
Max during the summer of 1964. I went to Bell Labs. He explained some
01 the derails of Music IV and gave me a box of cards and said, 'Good
luck!"

Chowning rook the cards back ro Stanford and, as he recalls, "there I was
withthis box of cards." He showed Mathews' article and the program to David
Poole,a tuba player and student in the computer science department, and by
earlyfall, Chowning and Poole had Music IV running on the computer science
department's IBM 7094. Meanwhile, the Stanford artificial intelligence labora-
tory (or the Al Lab, as it was called) had a PDP-1, which was used by
Chowning and Poole to convert the samples into sound. By the end of 1964,
the music programs were running and Chowning had begun work, as an
unfunded re earch projecr within the Al Lab, on the simulation of sounds trav-
elingthrough space.

In 1966, the Al Lab, wirh Chowning and Poole, moved to new quarters
at the DC Power Laboratory Building, a round wooden building on stilts, sug-
gestiveof a flying saucer that had landed in the middle of a large meadow. The
meadowwas located in the hills above Stanford, about twenty minutes' drive
from the main campus. In making the move, the AI Lab abandoned the PDP-1
andacquired a PDP-6, causing a temporary disruption in the music routines.
Risingto the occasion, Chowning and Poole wrote Music 10, which was a ver-
sionof Music IV rewritten for the PDP-6, the predecessor of a soon-to-appear
PDP-10. Chowning continued to work on the simulation of sounds traveling
through space, and in the summer of 1966, he finished a program with which
hecould "draw" a single path rhrough a virtual space and the program would
figureout the energy distributions between four loudspeakers that would sim-
ulate the changes in a sound as it followed the specified path. He then began
work on new techniques for sound synthesis. He tells it:

The sounds we could make with a computer at that time were unbearably
dull not because we couldn't do better but we didn't know a lot. So in
196'7 with ears starved for some sound that had the richness of the
sounds we hear in nature, I was experimenting with extreme vibrato. I
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realized that as I increased the rate and depth of a vibrato, I was no longer
hearing it as a change in pitch, but rather as a change in timbre. And that
as I changed the frequencies, the sounds would change. And that the
sounds had interesting, evolving spectra.

I discussed what I had done with George Gucker, an engineer at the
lab, and he explained that it was a form of frequency modulation. I asked
him if it was indeed true that certain ratios of frequencies would produce
certain kinds of spectra. So we looked at the FM equation and the theo-
ry confirmed that what my ear had told me was true,

In 1968, Chowning again visited Bell Labs, and Jean-Claude Risset
showed Chowning what he had done in analyzing and simulating trumpet
tones, pointing out an essential relationship between loudness and spectrum.
Meanwhile, Chowning had joined the music faculty at Stanford University, and
Leland Smith, also on the faculty, had developed SCORE, a powerful compos-
ing program to be used in conjunction with Music 10. In the summer of 1969
at Stanford University, Chowning and Smith organ.ized the first summer work-
shop in computer music, taught by Chowning, Smith, Gucker, and, as a visit-
ing professor, Max Mathews. Larry Austin, a participant in that workshop,
describes it:

We'd have at least four hours of classes each morning. There was a class
in Music V, with Max Mathews dropping in to elaborate, and we had
tutorials. The computer was a PDP-I0. I worked at a DECwriter which
functioned as a terminal. There was a demonstration program written by
Leland Smith. You'd sign on and a menu was printed with a question
mark. Then you chose your option-what kind of timbre it was, what
pitch-by typing in a number. Then you'd be given another series of
options for a sequence of pitches and durations, and you would then
enter them one by one. So you'd enter a sequence-I think there was a
way to review it in written form so you could correct anything you'd
entered wrong-and then there was a Play command. But the Play com-
mand didn't mean you'd get the sound back right away. The program
would go through the three passes of Music V and the music would be
output to digital computer tape. Then you made an appointment to get
your digital tape converted to audio tape. The sounds were converted on
the main machine down on campus.

In 1971, Chowning resumed his work with frequency modulation (FM)
as a synthesis technique and made the major breakthrough. He continues:

I was trying to produce bell-like sounds. Then I remembered what Jean-
Claude .had s.aid about the relationship between loudness and spectrum,
and I did a little experiment. And in a half hour, I had produced some
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strikingbrass-like tones. It was at that moment that I had the thought that
someone ought to be interested in this. So Iwent to the office of technol-
ogy licensing ar Stanford and played some examples and explained that
they were done with extreme economy, just two oscillators. We
approached a lot of American companies, none of which were interested.
Then the office of licensing contacted Yamaha, and Yamaha sent an engi-
neer. I played some examples, and in ten minutes he understood. And in
that same period, summer 1971, I went back to Bell Labs. I played the
brass tones for Max and he got John Pierce, and John said, "Patent it."

Yamahalicensed Chowning's FM synthesis technique in 1974. The patent
wasissuedin 1977. The striking commercial advantage of FM as a synthesis
techniquewas its "extreme economy," as Chowning had explained in the office
of technology licensing. What does that mean for composers? He answers: "It
meansthat you get control over a very large timbral space with a very few
knobs."

Meanwhile, Chowning went on sabbatical during the academic year
1972-1973and wrote an important paper on FM synthesis which was pub-
lishedin rhe Journal of the Audio Engineering Society, September 1973.
Duringthe same period, a substantial research effort in psychoacoustics, analy-
sis, digital recording, and the design of synthesis hardware-involving James
A.Moorer, Loren Rush, and John Grey-was forming at Stanford. The first
major manifestation of the growing research effort was in 1975, when
Chowning, Moorer, Rush, and Grey submitted proposals to the National
Endowment for the Arts and to the National Science Foundation. The prima-
rygoal was to commission the fabrication of a digital synthesizer designed by
PeterSamson. As Chowning explains, "Pete had this design for the synthesizer
whichhad been lurking around for years and advancing as the technology had
advanced,and we had talked to him continually about the things we were
interestedin-FM, moving sources, and so on."

The grants were awarded. The Samson Box, as it came to be known, was
dulyordered in 1975 and delivered in 1977 and ir formed the basis for a vari-
ety of research and software projects by Gareth Loy, David Jaffe, Michael
McNabb, Bill Shotrstaedt, and many orhers. The Samson Box was pro-
grammedvia the PDP-10 to which it was linked, and it functioned effectively
as a realtime version of Music IV, with all of Music IV's inherent generality. It
wasused until 1989, at which point CCRMA closed down its PDP-10 facility.
AsChowning said, "It was an amazing machine." .

As another offshoot of the grants, Chowning had requested and received
sUPPOrtfrom the music department to form CCRMA (Cenrerfor Computer
ResearchinMusic and Acoustics), as he said, "to have some baSISon which we
couldget more grants." CCRMA was formed, with Leland Smith as founding
co-director, in June 1975. lts first home was ar the Al Lab 10 rhe meadow.
Researchcontinued under the auspices of the new center.
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In 1979 the AI Lab relocated back to the main campus, abandoning
CCRMA to share the meadow with grazing horses. CCRMA was up in the hills
until March 1986, when it too moved back to the main campus, specifically to
The Knoll, a building that in years past had housed the music department. With
financial resources from a National Science Foundation grant in 1980, a five-
year grant from the System Development Foundation in 1982, and royalties
paid by Yamaha for the FM license, CCRMA grew significantly during the
1980s. Further, John Pierce had left Bell Labs in 1971 for California Institute
of Technology, from which he went to Stanford University in 1983 as a research
professor associared with CCRMA. In 1987, Max Mathews left Bell Labs, also
to become a research professor at Stanford, also associated with CCRMA .

•
In 1969, Jean-Claude Risset went back to France. He started a computer music
group at the Institut d'Electronique Fondamental, a research laboratory in
Orsay, just outside of Paris. As Risset describes it, "It was a scientific lab, very
hostile to music." Nonetheless, he implemented Music V on a Hewlett-Packard
computer. It was a modest installation, but it was the first in Europe. In 1971,
he moved to Marseilles to become the head of the music department at the
Centre Universiraire de Marseille-Luminy and began to raise funds for a com-
puter. He received the funds and finished a piece called Dialogues (1975), for
four instruments and tape.

During those same years, IRCAM (Institut de Recherche et Coordination
Acoustique Musique / Institute for Research and Coordination of Acoustics
and Music) was forming in Paris. It had begun in 1970, when Georges
Pompidou, then president of France, invited Pierre Boulez to create and direct
a music research institute to be associated with the newly forming Centre
National d'Art Contemporain; and from 1972 on, Boulez was actively formu-
lating his plans in meetings in Paris with Risset and others. Boulez invited
Risset to participate as the Responsable for the computer department. As Risset
recalls, "Although I had just settled in Marseilles, this was an irresistible call."
Gerald Bennett was also invited to participate. As Bennett recalls, "I felt per-
sonally engaged in the project-I believed that IRCAM would be a place where
research could be carried out." John Chowning stopped by while in Europe on
his 1972-1973 sabbatical from Stanford. Chowning rells ir:

In summer 1972, my wife and I bought an old sailboat in Cannes and
spent the year sailing with our two children. We just went port-hopping
along the Cote d'Azur and the Ligurian coast, day-sailing in and out of
little ports. We had left Cannes in September or October, and in
December, when the cold weather came, we decided to stay the winter
months inlsola d'lschia. I borrowed a typewriter from the hotel. They let
me come In the early morning and work in their office. That's where I
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wrote rhe FM paper. Then, in January 1973, I went to Stockholm for a
coupleof weeks and gave a course in computer synthesis and FM and
returningfrom that I stopped in Paris and saw Jean-Claude. !RCAM. had
starred. I spenr an hour or so with Pierre Boulez.

By 1973, rhe construction of IRCAM's new facility, a three-floor under-
groundbuilding, was begun next ro the Eglise Saint-Merri in the Place
Beaubourg,as part of the new Centre Pornpidou, while the first round of musi-
calactivitieswas taking place in an adjoining building. In its initial research
approachand equipment, there was continuity from both Bell Labs and
Stanford.In 1974, Max Mathews was appointed scientific advisor, in which
role,as he recalls, "I would go to Paris three or four times a year and spend a
monththere each time, and in between do my job at Bell Labs." Risset moved
fromMarseillesto Paris in 1975. The first computers at IRCAM were a PDP-
10and a PDP-11, and by 1976, sounds were heard from Music V, Music 10,
andfrom a variety of other software that had been developed at Stanford.
IReAM'sofficial opening was in 1977. By 1978, its underground building,
withoffices, laboratory spaces, recording studios, and an anechoic chamber,
wasfunctional-including, at the third level down, the Espace de Projection, a
black-boxconcert hall whose space could be cearranged as apptopriate for spe-
cificmusicalevents and whose acoustics could be changed by reconfiguring the
surfacesof the acoustic panels that made up its walls.

IRCAM was ar first organized as five departments. In addition to the
computerdepartment, there was a department of instrumental performance
headedbyVinko Globokar, an electronic music department headed by Luciano
Berio,a department of pedagogy headed by Michel Decoust, and a department
ofthediagonal headed by Gerald Bennett (whose job it was to keep rhe other
departmentsin a cooperative relationship). Risset describes the startup:

In the initial period, it was very exciting, although I had very little time to
do my own research or composition. There were lots of interruptions, lots
of visits, pressure to make public appearances. The public relations ~eo-
pie didn't understand that you cannot do research and at the same time
manage a museum of musical research and show it to everyone. And it
became harder and harder as Boulez became more and more demanding
for the public concerts. He wanted the research to be the servant of the
pieces for the concerts.
So research at IRCAM was often subordinated to the demands of a

composer for a specific piece. And those demands were not always ~ea-
sonable and easy to fulfill. There was a critical mass for musical
research-there were enough people and equipment, and It was the offi-
cial purpose of JRCAM-but the idea of long-term research was not
appreciated. My personal frustration was that I couldn't work enough on
my own. So I decided to leave. In December 1977, I told Boulez that I
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would not stay beyond my four years unless things changed. And in May
1978, [ told him, "Ok, ['m going to leave." And I did leave.

In 1979, Risset [eft IRCAM to accept a post at the University of Aix-
Marseille. In 1985, he accepted an appointment to the CNRS (Centre National
de la Recherche Scientifigue / National Center for Scientific Research) to work
in the Laboratoire de Mecanique et d'Acoustique (Laboratory of Mechanics
and Acoustics), whose director, Bernard Nayroles, welcomed Risser's comput-
er research projects. Risset's research had been significant. In 1966, he had
written Computer Study of Trumpet Tones, a Bell Labs publication. His dis-
sertation, submitted in 1967 to the faculty of science at Orsay, had been On the
Analysis, the Synthesis and the Perception of Sounds, Studied with the Aid of
Computers. In 1969, he had written An Introductory Catalog of Computer
Synthesizer Sounds, another BelJ Labs publication. What was the meaning of
his research in music? He answers, "It's largely a question of exploration-it's
essential to keep posted with new things, to be stimulated by changes in the
technology, and to ask for new possibilities from computer science ... "

The photo on the right shows
IRCAM's main entrance hall
as it was in 1978, one {light
lower than street level, with
the stairway at the end of the
hal/leading up toward the
Centre Pompidou, The
photo below shows the
entrance to an IReAM
workspace, as seen from
the main entrance hall.
Photosby Joel Chadabe.
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•
By the end of the 1970s, CCRMA and IRCAM's computer department had
sprung,like two Athenas from the forehead of Zeus, out of the software for-
mulatedat Bell Labs. Barry Vercoe also emerged from the Bell Labs environ-
ment.He had begun to work at Princeron during the summer of 1967. In 1968,
hewent back to Princeton for a three-year post-doctoral study, working pri-
marilywith Godfrey Winham. Vercoe tells his story:

I went back to work with Godfrey on the IV-B system, only to find with-
in a few months that Princeton had scheduled the replacement of the IBM
7094 with a newfangled IBM 360. Now the problem for Godfrey, who
had written Music IV-B in assembly language, was that all of his work
was obsolete, and he vowed he would never write in assembler again. He
promptly moved to develop Music IV-BF in combination with Hubert
Howe. My attitude was that this very large switch from the 7090 assem-
bler to the 360 assembler was such a major shift that IBM was not likely
to do it again soon, and that it was probably quite safe to write in 360
assembly language. So because the computer-time to audio-time ratio was
still quite high and made digital synthesis very expensive, there seemed to
be a big need for efficient programming of the synthesis algorithms as we
understood them. So I set out to develop a language that would enable
composers to represent their audio processing ideas as near to the hard-
ware as we could get them. And that was what gave birth to Music 360.

Vercoe worked on Music 360 from 1968 to 1971. He continues:

During that time, I was exploring what composers found most useful. 1
gor feedback from John Melby, Jonathan Harvey and, later, Charles
Dodge. And throughout this period, Godfrey Winham was a model and
a sounding board. His instincts were always to push the technology
towards more expressive control and I found myself wanting to combine
his high standards of control with high standards of efficient and afford-
able sound production. Music 360 ran about five times faster than Music
IV-BFand, ultimately, ir could do things that IV-BF wasn't able to do. It
became such an efficient sound processing system, by running so close to
the hardware that it has remained in use to this day. That was my gam-
ble. And IBM is still producing mainframes that can run Music 360.

Vercoe taught ar Yale during the academic year 1970-1971 and then
accepteda position at MIT. As he said, "By that time, the Idea of having a com-
puterthat was dedicated to music and that had an online digital-to-analog con-
verterwas a high-priority goal." Max Mathews had given MIT, his alma mater,
an old Honeywell DDP-24, and for Vercoe's first two years at MIT the
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Honeywell DDP-24 was the local sound conversion system. MIT proved to be
an excellent environment for his work. As he puts it, "Instead of having one big
single mainframe computer that everyone on campus shared, at MIT all the
professors had their own labs with minicomputers." He, too, was able to e.sr~b~
lish his own lab with a minicomputer, and in the summer of 1973, DIgital
Equipment Corporation gave Vercoe a PDP-ll. In the fall, he began to write
Music 11. He continues:

Now we had our own computer devoted exclusively to music, nothing
else, with online digital-to-analog conversion. That setup invited the
development of a Music 360 equivalent on this machine that didn't have
to be shared by anybody else. And that became Music 11. It also invited
the development of realtime computer music that allowed me to playa
computer from a music keyboard and hear the sound back as [ played.
We got this old organ keyboard from the AI Lab to get the music in and
we developed our own converters to get the sound out. We also developed
a score editor, There were two modes of performance. One of them was
to utilize the realtime software to make simple realtime sounds, which
was enough to verify all the notes and rhythms. The other was the full-
fidelity complex-timbre careful-envelopes Music] 1 mode, which was nor
realtime-you'd wait around for twenty minutes or so to hear your thir-
ty second fragment. But by 1975, you could play on the keyboard and see
the score on the terminal in front of you. It was pretty exciting. By 1976,
it was a mature computer music environment.

In 1976, Vercoe wrote Synapse (1976) for violist Marcus Thompson.
Vercoe described it as "essentially a viola concerto with the orchestra part
played by a computer." And he had a problem at the level of note-by-note
expressivity: "I was having a problem getting the viola sounds and computer
sounds to meld together so that a computer phrase would sound the way
Marcus would play-the viola would do something and the computer would
do something else." The problem, as it turned out, was in the flexible shaping
of a computer-generated sound. And the problem was part of a larger issue
involving the balance in the software between performance controls and audio
possibilities. He concluded that a system weighted more toward complexity in
performance controls, even if that meant simpler audio possibilities, felt more
like a musical instrument.

•
In 1979, F. Richard Moore formed CARL (Computer Audio Research
Laboratory) within the Center for Music Experimenr at UCSD (University of
California at San Diego). He thinks back:

The question that interested me was whether to work for an industrial
research lab where we were unofficial but had money, or to go to a uni-
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versiry where we were official but had no money. In industry, you're guar-
anteed to make progress but not necessarily in a direction of your choos-
ing.ln a university, you're guaranteed that you can choose your direction,
bur you're not necessarily going to make any progress.

CARL was the last significant Music-N installation, the summary state-
ment, the computer system that could do anything with sound that could be
donewith computers. CARL research included software synthesis, program-
ming,and the design and development of realtime performance systems. The
computer was a VAX, a large minicomputer designed for time sharing, a
process by which a single central computer could respond to many users at
individual stations by scanning the individual stations and sharing its time
betweenthem. The software, written largely by Moore, was called cmusic.

Moore's idea was to build a large system and amortize its cost against
manyusers. As he recalls, «At one time, we had as many as sixty-four terminal
linesconnected to that VAX., and we arranged a sound distribution system so
that the sound would be sent only to the location where the person who asked
for it was sitting." 1n other words, the same computer was used to calculate the
samples, convert them into sound, and route the sound to different work sta-
tions.With CARL, the duration of a single continuous run of sound was up to
twentyminutes. As Moore put it, "It's like asking how much music can you put
on a record before you have to turn it over."

CARL's responsiveness, as in all time-sharing systems, varied with its
workload. It was slowest during peak hours when the largest number of peo-
ple were using it. When fewer people were using it, things went faster. In
Moore's words:

If you were there late at night, it would take anywhere between ten and
100 seconds to compute one second of sound. That means that if you
were a student working alone with the system, you could write a compo-
sition and hear it 100 seconds later, or within a few minutes, and then
hear it again if you wanted, and then change it if you wanted to. That
beats a string quartet by about six months .

•
Bythe end of the 1970s although most of the work done in computer music at
Stanford, IRCAM, MIT, UCSD, and other places had been done with the
Music-N programs, other approaches had also been formulated. Charles
Dodge, for example, developed an analysis-synthesis approach to speech syn-
thesis.

Dodge had been a graduate student at Columbia University in thel960s,
and as part of his work, he had studied with Godftey Wmham at Princeton
University, converted his digital tapes at Bell Telephone L~borato(]es, and for
a brief time, experimented at IBM's Watson Laboratones. In 1971, partly
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through his contacts with Max Mathews and John Pierce and partly through
his friendship with Joseph Olive, a researcher in speech synthesis, Dodge began
to work at Bell Labs. As he recalls, "What Max and J agreed was that I would
investigate the feasibility of using the computer for making vocal music."
Dodge, however, was not convinced that computer speech and music were
compatible, and it took a year's thought, including work at Bell Telephone
Laboratories and a trip to Sweden (where he met Bengt Emil Johnson, Lars-
Gunnar Bodin, and Sten Hanson, and heard several of their text-sound com-
positions), to see the potential in computer-generated voice.

In 1972, resolute, Dodge began to compose Speech Songs, based on texts
by Mark Strand. He recalls, "I asked him if he had any texts and he had these
little jottings that he made one summer ... II Dodge was attracted to the texts
in large part because they were surrealistic enough to suggest the unreal voices
of the computer settings. His technique was to record the texts on rape and read
them into the computer through an analog-to-digital converter. The cornpurer
then analyzed the voice sound and resynthesized it based on that analysis,
allowing him to edit the analysis to produce altered vocal effects. He describes
his procedure:

The first stage was to reproduce the spoken voice as accurately as Icould.
I made one run through the poem that way. Then [ made another run
through the poem making continuous glides through the vowel sounds.
Then Imade another run where the natural pitch contour of the voice was
replaced by a melody. And there were a couple of other runs, one where
I replaced the vowel parr of the speech with noise so it sounded whis-
pered. In all the runs, [ had the text rendered several different ways and
the piece went together by cutting between them, which resulted in a fair
amount of repetition-which was advantageous because if someone
couldn't understood the poem when it was articulated in one way, they
understood it better perhaps when it was articulated in another way:

. Speech Songs (1972) was followed by other speech-synthesis composi-
tions, among them The Story of Our Lives (1974), In Celebration (1975), and
Cascando (1977), based on a radio play by Samuel Beckett. Cascando was, in
Dodge's words, "a different kettle of fish." The dramatic relationships in
Beckett's text Jed him to compose a synthesized voice and music derived from
that syn~hesi~ed voice.and, ill performance, to combine the synthesized voice
and mUSICwith the vOICeof a live actor.

. Meanw~1i1e,he had been listening to Caruso sing on old recordings from
which th~ nOls~ and s~ratchiness had been removed. Unfortunately, however,
as an unintentional Side effect of the noise-and-scratchiness removal the
accompa~ime~ts had ~lso been removed, which put Dodge in the most un~om-
fortable situation of listening to Caruso sing a capella. Well, he did what any
opera lover would do. He composed Any Resemblance Is PureJy Coincidental
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~1~:8),processing Canls~'sv~ice i.tself t~ make an accompaniment. As he put
It, I surrounded Caruso S vorce with a kmd of electronic halo."

He finished another speech-synthesis composition-first in Swedish as
Hall Motte Henne I Parhen (1981), then in English as He Met Her in the Park
(1982), both based on words by Richard Kostelanetz-before his vocal work
rook a turn. In composing The Waves (1984) for Joan La Barbara, he first
askedher ro speak a selecrion from a Virginia Wolff rext and he made taped
soundsbased on the ri es and falls in her speaking voice; then, in performance,
she sang the text along with the tape. He recalls, "1 got so interested in the vocal
contourof Joan's speech that I started writing computer programs that would
makecontours like her voice, and that got me started in an algorithmic
approach with fractals ... " which led to Profile (1984), Roundalay (1985), and
ViolaElegy (1987), among other pieces and other software .

•
GeraldBennett, at lReAM, initiated another alternative to the Music-N pro-
grams. He begins:

One day in 1977, Xavier Rodet walked in, introduced himself, and said
that he'd devised a computer program rhat could speak. He invited me to
see it at the atomic energy center outside of Paris and, sure enough, this
thing talked, very well and fast. You pushed a carriage return and ir spoke
immediarely. And I rhoughr, here is someone who really does stuff. So I
hired him to do singing synrhesis.

Roder had been studying engineering in 1969 and 1970 at the Ecole
Superieure de Physique et de Chimie de Paris when he discovered, from reading
an article by Jean-Claude Risset, that it was possible to make sounds wirh a
computer.He recalls, "That was a revelation for me because I realized that I
rould make all the sounds that I had in my head." He began work toward a PhD
in speech synthesis, and as part of his degree work, he studied timbre and
acousrical analysis at GRM. He reflects, "After a few years of work on my PhD,
it was obvious that the more I was working 011 trying to make speech, the more
Iunderstoodwhat was the relationship between speech and music." Roder then
wrotehis first realtime speech program: "You just gave a few symbols and you
couldget a phrase, a sentence."

Bennett and Rodet worked wirh acousrician Johan Sundberg. Together
theymeasured vocalists' formant frequencies and initiated research toward the
idea of generating a singing voice with a computer. The first version of
CHANT, as they called ir, was finished in 1978. Bennett said: "Whar interest-
ed me in CHANT was the idea of working wirh a model where I could have a
fairly good acoustical image of what I was going to get, and the synthesis was
extensible to sounds that weren't vocal at all-more, the sounds from CHANT
had a rightness about them that was hard to ger otherwise."

rh

",

I.,'
:411
I","'''I
l:~'"''0
:lll
~'~



126 Computer Music

CHANT used the human vocal tract, with its immense flexibility in
changing the shape and timbre of sounds, as a model for synthesis, and
Bennett's and Roder's first-stage work culminated in a coloratura computer
singing the Queen of the Night aria from Mozart's The Magic Flute. The next
stage was the synthesis of non-vocal sounds. And Roder found that, as he said,
"We were able to make any sound we wanted, from Tibetan cymbals to drums,
from shakuhachi to Vietnamese koro, and so on, and that was surprising for a
program that was aimed mainly at simulating a singing voice."

Rodet worked for several years at modeling different sounds and analyz-
ing other sounds to find just the right values to apply to the CHANT variables.
As he explains, "Because CHANT was a physical model, you could make it run
and then you could rune the sound-but analysis was a grear help to find val-
ues to imitate this or that class of instruments." Even with analysis, however,
finding the values was a complex problem. For rhe Queen of the Night aria, for
example, values for timbre, pitch, loudness, accents, and so on were based on
calculations made every ten milliseconds. Consequently, Rodet reasoned that
for greater ease and practicality, a new tool was needed. He announced: "We
cannot go on with our present style of programming." And in 1981, he and his
colleagues began to develop FORMES, a new program based on LISP and
object-oriented programming. Jean-Baptiste Barriere used the CHANT/
FORMES system to compose Chreode (1983). Barriere saw "a window," as he
put it, toward sound synthesis and toward the possibility of new composition-
al structures.

FORMES was based on the concept of a process, in this context meaning
the evolution of some aspect of music or sound. The evolution of a sound's
loudness, for example, could be a process, and that process could be very dif-
ferent from the very quick evolution of the onset of the sound or from the very
long evolution of the whole musical passage. Many processes, unfolding at dif-
ferent rates and applying to different aspects of the sounds and music, could
unfold together. Further, the processes were interdependent. Loudness that
changed over a whole passage, for example, would affect the loudness of every
individual sound. FORMES was an important demonstration of the principle
that complex control systems are essential to sophisticated sound synthesis .

•
Computer music was created at institutional centers because no one could
afford a mainframe computer at home. The Music-N programs required a rel-
atively high level of knowledge of acoustics and computer techniques. And
Music-N compositions were disseminated as recordings on tape because the
Music-N computers were too large to carry to a concert hall and, in any case,
did not function in real time for performance purposes. Yet by the end of the
1980s, a substantial literature of computer-generated music had been created
at ~he v~rious institutional centers. Clearly, computer music, despite the insti-
turionality of the process, despite the technical distance to be traveled to reach
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sound, and despite the absence of the performance element, had its appeal.
Why?What exactly was the allure of using mainframe computers to compose
music? How did composers use computers to compose? How did composers
dealwith the playback of tapes in concert halls?

"Generality," according to John Chowning, "was a great part of the
attra~tion." Generali~y, as against specificity, meant that any sound-generating
algonrhm could be tried, tested, tweaked, and perfected in software. F. Richard
Moore'swords refer directly to CARL, but they apply to all software synthesis
approaches:

There was no limit on the complexity of the sound that could be pro-
duced. If you wanted to produce 10,000 sine waves all at the same time,
you could do rhat, no problem. In fact, it gave you time to get a cup of
coffee while you waited for it to compute. Another thing is that it very
much lent itself to experimentation. It is far easier to prototype a software
unit than to prototype a hardware unit, and it doesn't require anything
near the technical expertise.

Generality and ease in experimentation were certainly powerful reasons
forusingmainframes. But for Chowning, there was also something more: "The
process of thinking carefully about a problem forces one into a thoughtful,
reflectivemode of interaction with the machine-I don't think that I would
havediscovered FM if I had been working with a realtime computer because it
wasdependent upon my having long spaces of time, where I would reflect upon
what I was doing while the computer was cranking the numbers."

What, then, were his reflections? Chowning's idea of computer music was
to do things that couldn't otherwise be done. In Sabelitbe (1971) and Turenas
(1972), as he recalls, (II experimented with sounds moving in space and with
the ambiguity between loudness and distance, something soft and close, loud
and distant, of sounds passing through space, and I thought about how sounds
could meld from one to the other in ways that were uniquely possible with
computermusic." His next piece, Stria. (1977), was in his words, "the piece that
Iconsider the best expression of the unique attributes of a computer." In Stria,
he used the Golden Section as a basis for relating partials within sounds and
creating relationships between sounds. He thinks back to doing it:

It was an exhilarating experience. It was doing something wi.th the cO,m-
purer that couldn't be done with acoustic instruments. And It was using
the power of the computer to manage detail while leaving me in compl,ete
control. When I was composing it, it was all night in the lab. It was a kind

of weirdness, and I still feel that.

Jean-Claude Risset used a computer because of his interest, as he put it,
"incomposing sounds as well as composing with sounds." Already in Suite for
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Computer Little Boy (1968), he had composed timbres with unique harmon-
ic qualities. In Inharmonique (1977), in his words, "I built the sounds compo-
nent by component-l developed a fabric based on the overtones of the vari-
ous notes of a chord, and I controlled how the overtones appeared, like clouds
of a given harmony." He also thought of a sound-generating program as a kind
of score. As he put it, "I like the idea that a musical score is a rool for a student
composer to learn composition-a program is a score of data for the
microstructure level of a musical composition, a notation of the sound struc-
ture." Different from the traditional musical process of performing by reading
from a score, however, Risset's idea was that the score materialized after the
music was heard. Indeed, one of the reasons to use a computer, in his view, was
that a composer could experiment and hear the music before the score was
finalized: "Sometimes by mistake, sometimes by exploration, r find inspiration
in serendipity-sometimes a failure at finding one thing will lead to a success
at finding something else." In fact, at a certain moment in composing Slid
(1985), he was surptised. He describes it:

I like many natural sounds. And I like the idea of conrinuity between dif-
ferent worlds. So the idea of Sud was to process natural sounds in such a
way that the gulf between natural and synthesized sound would be
bridged. And I had a desire to make a musical monument of the area
around Marseille. The sea can be so powerful around Marseille that some
of the scenes are breathtaking. So I collected the sounds and worked out
a plan for transforming them ...

Even the best of plans, however ...

It was a recording of the sea during the mistral, and the sound of the sea
was very loud and very rich, so J recorded some sounds and changed their
frequencies very slightly, by something like a fiftieth of a semitone, and
then I mixed the sounds together-and to my astonishment J got a huge
descending glissando!

•
Johannes Goebel was concerned with sound, but he did not seek a continuity
between natural and synthesized sounds. He had gotten started with comput-
ers at Dan~st~dt, ,Germany, in 1972, when he heard John Chowning give a talk
about spatializarion. He recalls, "John Grey, a researcher at Stanford, had
recorded,~ cowbell in ~witzerland and they sent it around the space, right by
my nose. Goebel, fascinated, pursued the sound first to Freiburg and then, in
1.977, to CCRMA. In his words, "over the next ten years) J spent quite a bit of
time at CCRMA, on and off." He was "on" at the right moment in 1988 to
~e,lcome a particular group of visitors from Germany, and as a result of that
VISit,he was invited to form and direct the Institute for Music and Acoustics at



Computer Music 129

ZKM (Zentrum fur Kunst und Medientechnologie I Center for Art and Media
Technology) in Karlsruhe.

Working with digital technology, however, was one side of his career. The
otherside was building nontraditional instruments in wood and metal. And the
twain were never intended to meet, as he expressed in a singular statement: "I
wa interested in working in the digital domain only with things that could only
be done in the digital domain." In other words, the sounds that he did with
computers could be done only with computers. He continues, "From the digi-
tal domain, 1 rook ideas back to the acoustical domain and designed instru-
ments to see if I could produce those ideas, and if that was the case I didn't have
to do it with a computer." His reasoning was an elucidation for himself of the
particular potential of computers: "We are questioning all the time as to what
are the properties of the materials and tools we're using."

As a consequence of this thinking, Goebel intended that his computer
music should not be confused with his acoustic instruments. In Vom
Ubersetzell iiber dell Fluss (1988, Of Crossing the River), an example of his
computer music, the sounds result from the resonant filtering of fractal noise.
His instruments, on the other hand, had physical presence, shape, and size, and
often employed innovative tuning and playing methods. His Sub Bass-
ProtoTone, for example, approximately six feet square, is in effect a walk-in
organ pipe in which someone inside can adjust the tuning. In his words, "one
can generate mechanically the transition from low frequencies which can only
be felt as impulses to those which one perceives as pitch." His Extended Tuba,
large conical constructions connected with long hoses to the valves of a tuba,
is in his words, "the perfect instrument for playing on top of a mountain into
all four directions."

•
The ability to compose sound was, for many composers, the fundamental rea-
son to engage in computer music. As Jonathan Harvey put it, "Before the
microscope, we never knew what the microworld looked like-and now,
because of the tremendous precision in being able to look into sounds and work
wirh rhem the whole world of microsound has opened up and we can compose
with it." Harvey's Mortuos Plango, Vivos Voco (1980), composed at IReAM,
was based largely on the sound of the Winchester Cathedral bell. In his words:

It's a haunting sound, an ancient bell. It rings out all over Winchest~r. It
has such magisterial qualities. It stands for death, prayer, rnarriage,

visionary transcendence.

But the bell as he described it, "was superhuman. I also wanted some-
thing human." So' Harvey recorded a young boy's voice-'.'t~e boy is the vivos,
the bell is the mortuos"-and electronically transformed rt 10 such a way that
the entire composition is a play between the sounds of the bell and the sounds

,I
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of the boy's voice and their electronic transformations. He rr ansformed
acoustically produced sounds also in Bhakti (1982): "All my work has been a
play on the illusion of a real instrument and an extension of ir to something it
can't do." Then, in Ritual Melodies (1990), also composed at IRCAM, he syn-
thesized the sounds. He reflects, "Computer synthesis had reached a state thar
people couldn't really tel1 the difference anymore." And he describes the
process of composing Ritual Melodies:

I simulated an Indian oboe, a Vietnamese koro, a Japanese shakuhachi, a
Tibetan bell, a plainsong voice, and a Tibetan monk. J wanted to gather
together a group of instruments and sounds that were very individualis-
tic. They're not orchestral instruments, meant to blend in the Western
sense. They mix and change into each other all the time.

Harvey began by making the melodies, which were sound files that could
later be mixed in any order. When that was done, as he tells it, "I was in the
marvelous position of starring to mix and combine these melodies with preci-
sion so they might be made to interlock into polyphony far more precisely than
with human instrumentalists. That was a very exciting day." He made a chain
of sixteen melodies, with each melody lasting about fifteen seconds and con-
sisting of two instruments changing into each other. He continues:

The timbral combinations were very interesting because in each melody
the timbres changed-the shakuhachi turned into a oboe, for instance-
so mixing melodies was also mixing timbres. I was sitting at a terminal. I
would type in the mix specifications, give a file name, start time, the spa-
tial distribution (the panning became very complex), and a loudness fac-
tor. The program did a lot of calculations, so I'd give it lots of things to
work out, translating the beats into seconds, for example. And then I'd
wait a couple of minutes to hear the sound. And it became very musical
because we could just mix and try different experiments ...

For Denis Smalley in England, as for jonathan Harvey, the primary rea-
son to use a computer is to compose sound, but Smalley thinks of it also in
terms of discovery. He uses computers, as he explains, "to make new sonic dis-
coveries which otherwise could not come to light." Smalley began in the early
1970s at the GRM in Paris. He subsequently worked in other studios in France,
England, Finland, and Canada. In 1991, he worked at Banff in the Canadian
Rockies. He composed Gradual (1974), Vortex (1982), Tides (1984), Wind
Chimes (1987), Valley Flow (1992), and many other pieces in a great diversity
of scenery and with a great diversity of sounds. He continues:

My ~u~ical id~as come out of the sounds themselves. I explore their char-
acterrsncs, I discover, With digital techniques, for example, I can isolate
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fragments that th~ ear can't otherwise hear. So I can pick out surprising
elements, and I might say, "Let's play with it," and see if it gives me some-
thing. Or I might say, "Now that's a great sound. I have to use it." Or I
might think that there are qualities in there which I can harness in build-
ing a piece of music.

•
Thelocalization of sound within a concert space became an increasingly irnpor-
rantaspect of sound rhrough the 1980s. In 1984, Annea Lockwood came up
withan inreresting if noncomputer-based approach. She got the idea for the
SOl/l/dBal/, essentially a flying loudspeaker. In its final version, it was about
eighteen inches in diameter. It contained built-in amplification, six loudspeak-
ers, and an antenna to receive sounds broadcast from elsewhere in a perfor-
mancespace. It was, in fact, a gourmet's sound ball, made from two hinged-
togethercolanders purchased at Zabar's, a fine food srore in New York. The
colanders were covered with foam to smooth the seams and protect the elec-
tronicswhile allowing sound ro pass through. Lockwood used it in Three Short
Stories and an Apotheosis (1985), for SoundBall, performers, and projecrions.
Inher words:

The firsr story has sounds-a soprano and a wolf howl at the same
pitch--eoming only from the ball, which is rolling down the center aisle
of the performance hall. In the second story, also for ball alone, the ball
is suspended on fishline and 1 swing it over the audience's head while it
"sings" a lullaby in Samoan, which I composed. The third srory is a
Gertrude Stein text from Many Many Women about gossiping, which
comes from the ball along with the sound of a cat purring. Outing the sec-
ond and third stories, a slide of a photograph by Jacques-Hemi Lartigue,
dared 1904, is projected. It depicts his nurse throwing up a ball which
looks just like the SoundBal1. There's also a background of women's voic-
es coming from an on stage PA system. Then the ball is passed hand-ro-
hand through the audience and then, before it ends, I retrieve the ball
from the audience and stick it in a backpack and walk off with Gertrude
Stein still talking, while the slide is now minus the ball.

Flying loudspeakers, however, were more the exception than the rule.
Most composers found it more practical to circulate sounds through space than
ro circulate loudspeakers. And following many earlier models of multi-loud-
speaker "orchestras," in particular Francois Bayle'S Acousmonium, many com-
posers saw the presentation of computer music on tape as best done through a
multidirectional sound environment, created by placing many loudspeakers on
stage and/or throughout the concert hall. It was, for example, Denis Smalley's
Solution:"Over a period of years [built up a collection of loudspeakers-in par-
ticular,I developed the idea of a tweeter grid over the heads of the audience."
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In 1973, Christian Clozier and Francoise Barriere, at GMEB (Groupe de
Musique Experimentale de Bourges / Experimental Music Group of Bourges)
in France, developed the Gmebaphone, a loudspeaker orchestra with mixing,
equalization, and other processing capability. In the mid-1980s, Jonty Harrison
and his colleagues at Birmingham University developed an elaborare playback
system called BEAST (Birmingham Electro-Acoustic Sound Theatre). In short,
by the mid-1980s, multi-loudspeaker facilities for the presentation of tape
music had been established in many places. But how did composers think about
using such spaces?

Francois Bayle had begun to work with computers in Erospbere (1980),
then in Les Couleurs de la Nuit (1982), and later in Son Yitesse-Lumiere
(1983), which he said, "was based on the idea that the sound we hear is pro-
duced by loudspeakers-the changes go faster than the speed of sound ... " In
composing Aeroformes (1984) at IRCAM, as he said, "I made a dernonstrarion
of GRM techniques with IRCAM tools." He rook particular advantage of
I'Espace de Projection, IRCAM's unique concert hall. Bayle knew at the start
that the piece would be composed in four tracks and performed via twenty-four
loudspeakers, so he recorded the sounds directly onto each of the four tracks
with four microphones and then transformed differently each track by trans-
position, filtering, and other techniques such that each track had a special ider-
tity and each sound was dynamically changing in its color, intensity, pitch, and
placement in space. The sounds of each of the four tracks were rhen distributed
to groups of six loudspeakers placed throughout the space, "which worked out
very well," as Bayle remembers, "because the space was experimental and I
could adjust the specific positions of the different loudspeakers." Bayle sums it
up: "The idea was to-make a form in the air."

In fact, the idea of making a form in the air was in the air, and a major pro-
ject was launched in Italy. Centro Tempo Reale (Real Time Center), a research
and production center in Florence, had been conceived by Luciano Berio and
Giuseppe Di Giugno while they were at IRCAM together in the mid-1970s. In
1979, with support from the municipality of Florence and the Tuscany regional
government, the new center had become a reality and equipment was installed
in the top floor of the Villa Strozzi, which location, incidentally, provided a mag-
nificent view of the beautiful Tuscan hills surrounding Florence. In 1986, there
was a second round of funding. In 1987, Peter Otto arrived at Tempo Reale to
direct research and development and build a Macintosh- and MIDI-based stu-
dio. In 1988, Nicola Bernardini joined Otto to develop a number of research
and development projects. Otto and Bernardini then assembled a group of con-
sultants and advisers, among them Zack Settel and Miller Puckerte to define the
initial specifications for what became TRAILS (Tempo Reale Audio Interactive
Location System), a system to route sounds through space via a multi-loud-
speaker network. TRAILS existed in two prototypes: a large configuration with
a tw~nty-f~ur-by-eight spatialization matrix and a smaller and more manageable
configuration, called MiniTRAILS, with an eight-by-eight spatialization matrix.
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Spatialization systems such as TRAILS presented sophisticated solutions
~oproblemsof.rol1~ing sOllnd~ thro~lgh space, for example routing eight voices
Independently 10 different trajectories through eight loudspeakers. And the sit-
uationwas yet more complex when composers included localization cues such
as Doppler effects, in their sounds. At its most sophisticated, the idea of spa-
rialization was to allow a composer to pinpoint the location from which a sound
seemedto originate in a listening space and to trace the way it seemed to move.
By thelate 1980s, various research projects were in progress, not only at Centro
TempoReale but also at !ReAM and other places, in spatialization techniques .

•
Giventhat the synthesis of an interesting sound can be complex, and that local-
izationcan be complex, and given the limited capability of current technology
[Q achieve extreme complexity in real time, some composers have preferred to
workin the more leisurely, nonrea ltime environment of a studio rather than sim-
plify their music to render it suitable for realtime performance. For Curtis
Roads,for example, one advantage of studio composing was time and concen-
tration.As he said, "The sound world is infinite, and the labor of sound explo-
rationis sometimes a slow, trial-and-error process, and I'm looking for fluidity,
to be able to transform and rearrange at any step of composition."

For Roads, a composition on tape or on compact disc is like a book or a
workof art that does not require a performer. Roads argues: "You might ask a
painter why he does not paint on stage and he would look at you as if you were
crazy,saying 'What does that have to do with making art?" And, in his view,
like the presentation of a painting in a well-lit gallery, the public presentation
of music should be managed in a suitable space with suitable equipment. He
reports, "I tecently had a chance to present Clang-tint (1995) with an orches-
tra of loudspeakers at the auditorium of Radio France, and this type of multi-
channelprojection makes a great difference in a concert situation."

•
Paul Lansky had other thoughts regarding sound. He said: "I've done a lot of
piecesby creating complicated textures or scenarios which allow the Iist~ner to
usean active imagination while Iistening-a piece on tape or compact disc has
to perplex the listener; it has to have something about it that's puzzling and not
completely straightforward." Lansky's compositions into the early 1980s
include Six Fantasies on a Poem by Thomas Campion (1979) and As It Grew
Dark (1983), both computet-generated sounds, and As If(1982), fat computer-
generated sounds and string trio. But Idle Chatter (1984) was hIS break-
through. He describes it:

The surface of the piece is relatively simple but it's a backdrop to a much
more complicated texture. People would talk to me abo~t .the piece a~d
nobody would say the same thing. It was as if I was providing them with
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an environment in which they could let their ears dance, where there was
no particular thing they should be listening to at any point.

Yes, the surface of Idle Chatter is simple, with a regular pulse and engag-
ing sounds, and, yes, it is a backdrop to a complicated te.xture-words sp~ken
by Hannah MacKay were computer processed in multiple tracks of quickly
changing rhythmic figures, producing complicated chartering babble in which
the words are not understandable, but at the same time, the words' inflections
are understandable and imbue the sounds with a feeling of comfort and famil-
iarity. And that idea, of combining confusion and comfort from the processing
of spoken words, was so interesting to Lansky that he developed it further in
justrnoreidlechatter (1987), Notjustmoreidlechatter (1988), and Smalltalk
(1988). But perhaps, for Lansky, the most significant idea to grow out of Idle
Chatter was that computer-generated sounds should communicate a human

JJ/'" quality. As he puts it, "I like to project the feeling that my electronic sounds
:~l don't have a supernatural origin, that they have a human origin."
~B"'" To take that a bit further, Lansky's idea was that the primary meaning of~::
ll"~ a sound derives from our understanding of its physical origin as well as its coo-
~;: text. Tliat thought led him toward using other sounds made by humans, as in
.."" The Sound of Two Hands (1990), based on clapping, and Table's Clear (1992),
iE" for which he and his sons hit bortles and plates after dinner one evening. The
:1= thought also led him toward using sounds made by environments and machines",",...Il

~~:"' that were made by humans. Referring to Night Traffic (1990), Quakerbridge
:J"~ (1992), and Still Time (1994), he explains, "I sometimes use the computer as aC:; camera on the sounds of the world and the sounds of the world then color the
~ music." For Night Traffic, for example, Lansky recorded cars passing at night
O"~ and used the chaos of those sounds, with their noise and Doppler-shift ele-~.al...i

lIC:f( ments, as a filter through which to hear the melodies and harmonies that he
...: composed. He said, "The piece has got to do with the way the pitches and har-
~~ monies go, but the sounds of the cars themselves are an excitation function of~
"",,,J the music and the cars become the inner voice of the music." Quakerbridge was
.:>I: based on the sounds of a shopping mall during a pre-Christmas rush. And

regarding Still Time, Lansky writes:

Still Time was conceived as a kind of film music without images ... Each
of the four overlapping tableaux of the piece rests on an initial realworld
sound: wind in the garden, traffic, and groups of people for the last two
... Turning the tables a bit on film, however, the recorded sounds are
used here to color the music that evolves: now the 'images' become the
inner voice of the music ...

•
D~xter Morrill came into computer music as a composer and trumpet player
WIth a background in jazz; and for Morrill, as for many musicians, all insrru-
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menrsincluding the computer were extensions of the voice. He reiterated a
basictruth:

The .h~ma.n voi.ce is where it all starts. Every good composer, every good
musician IS a singer, and the trumpet is an extension of that. You don't
srop singing. These electronic instruments are really voice extenders in
termsof how we do music.

In 1970, shortly after joining the Colgate University faculty in upstate
New York, he went to Stanford University to see the computer music system.
Hewasimpressed.As he said, "I was simply bowled over by this thing." Leland
Smith,on the Stanford faculty, rook Morrill in hand and introduced him to Joe
Zingheim,a hardware technician at the AI Lab where the music group was
located.Colgate had just acquired a PDP-10 computer and Morrill's problem
was getting it to make music. He remembers, "I think Joe felt sorry for me, and
hesaid,'Well, maybe 1 can build you a converrer,' and he did it."

Morrill's lab at Colgate was operational by 1972, his first pieces were fin-
ishedduring 1973, and having finished his Studies (1975), for trumpet and
computer,as he puts it, "my computer music career began." It wasn't easy
going,bur he had some significant help, primarily from John Chowning and
LelandSmith.Morrill tells it:

John, Lee, and John Grey, a Stanford graduate student at that time,
taught me just about everything I know about computer music program-
ming.Of course it was difficult work, and 1gave up a lot of years of my
composing life. But I was very excited by it, and I had a lot of energy and
the right kind of environment-a liberal arts college and an underused
machine.

l:
One of the primary problems in computer music during the 1970s was :;1

howto think about generating sound. Morrill followed the Stanford model: "I
"TheStanford group had the notion that the point of departure for new sounds ii I

shouldbe proven acoustical information, and I thought, 'Well, I play the trum-
pet,'and so that's why 1 did it, to start from that point." For hIS St~d,es, he
developedan algorithm which was based on Jean-Claude Risser s earlier
acousticaldata and Chowning's new FM technique and which generated trum-
pet sounds. Morrill continues:

I carried the work very far along with FM synthesis for several years,
hacking out single notes. And the end result was that I realized I had
exhausted my own potential to work in this area WIth the re.sources ~ had

'\ bl I id R' t "You know I'm sick of working on Singleavai a e. sal to isser, ' .
tones." And then 1 really felt twa things: 1was gettll1g older, and 1 was
probably not going to make a significant contnbutlon 111 systems or 111
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acoustics. By the late 1970s it was clear to me there were so .manym~re
people that had access to equipment and that were so professionally gift-
ed that it was really foolish for a composer to be spending a lor of nrne In
those fields.

Morrill focused on compositions that involved live performers. He said,
"It's great to have a highly professional solo player there who rakes so much of
the burden off rhe loudspeaker." Following the Studies, his compositions
included the Fantasy Quintet (1978), for piano and tape; Six Dark Questions
(1979), for soprano and tape; Tarr (1982), for four trumpets and tape; and
Getz Variations (1984), for saxophone and tape. Getz Variations was written
for jazz saxophonist Stan Getz. Morrill continues:

I met Stan Getz in Palo Alto in January 1984. And then I went off and did
this piece. I was at Stanford a lot that spring. I went back to Getz' famous
solo on Summer Sequence and used a bit of that material, which I con-
sider to be the most beautiful seven bars in music. I got him to record
some more material which r processed in different ways, which drew the
piece towards him with saxophone sounds. He was a hard guy to get to
know but be said, "Yeah, I think 1 can do this."

•
For Trevor Wishart, the focus was sound. His Tongues of Fire (1994), for
example, was based entirely on computer transformations of vocal sounds. As
he describes it, "The slightly angry, disgruntled, comic mutterings with which
the piece begins are the source of all the sounds which appear in it-sounds
suggesting drums, water, metallic resonances, fireworks, or entirely imaginary
materials or events, all generated through processes of sound-transformation
on the computer ... " Could this have been done without a computer? In
Wishart's view, no. Indeed, he uses computers because, in his words, "You can
IlOW treat sound in the same logical way that we t.reated pitch before."

Wishart, however, had formulated his methods for composing sound
before using computers. He had begun in the electronic music studio at the
University of York in England, where he worked mainly with tape recorders and
mixers. His Red Bird (1977) was a breakthrough for him because, as he
explained, "I'd figured out a methodology for using realworld sounds-birds,
animals, voices, machines." His methodology, as he referred to it, was a way of
relating the evocative qualities of sounds with the meanings that might emerge
from the ways the sounds were organized and transformed into one another: "I
wanted to create a myth in sound." Borrowing concepts from Claude Levi-
Strauss' anthropological study of myth in The Raw and the Cooked, and partic-
ularly from Levi-Strauss' idea that the structures of myths are themselves mean-
ingful, Wishart thought in terms of myrh and the structure of myth. Red Bird
was, he wrote, "a journey into an alternative world ... vibrant with significant
sounds and symbols ... a piece of music and a mythic telling of the world."
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, , The individual sounds in Red Bird were thought of as symbols. Wishart
divided his primary sound-symbol world into bird songs, machine sounds, ani-
mal/bodysounds, and words; and he defined a secondary sound-symbol world
includingthe sound of a clock, book, fly ("the sinister Fly, harbinger of death
.. ,"), and door. Associations of meaning were then derived from the associa-
tionof sounds, either as juxtapositions or as gradual transformations between
sounds.A flock of birds, for example, rransforms inro the rustling of a book's
pages,then into the sound of closing a book, then into a slammed door, into a
creaking door, into the vocal sound rea, into the sound reazzzzz, which is head-
ingfor reazzzonable, while at the same time the buzzing of a fly also transforms
into reazzzzz.

Wishart worked on Red Bird from 1973 to 1977. As one imagines the
tasksinvolved in achieving the sounds, one wonders that it took only four years
to compose. Merely collecting the sounds was itself a time-consuming effort.
Aftertrying to simulate the sound of a fly, for example, with processed vocal
soundsand failing, and after trying to generate the sound electronically and
failing,the indefatigable Wishart finally decided to record a fly. He tells it:

I was lucky enough to find a biologist researching the behavior of flies.
All the sense-receptors of flies, apart from their eyes, are located on their
feet. This means rhat they can be stuck on rhe end of a rod without know-
ing about it, and that if you touch their feet and then let go they receive
the message "fly" and begin to do so, creating the characteristic buzzing
sound. So I was able to place a microphone very close to a buzzing fly
without it actually moving. When the recording session was over, the fly
was removed from the end of rhe rod and it flew off, none the wiser.

In the early 1980s, Wishart, Richard Orton, and Tom Endrich, all com-
posersliving in York, formed an electronic music discussion and presentation
group called Interface. By 1986, Graham Hearn, Phil Ellis, Chris Fox, and I
AndrewBentley had become regular members, and discussions focused on the ',l
musical potential of the affordable Atari 5T compurer, with its sixteen-bit tech-
nology and built-in MIDI interface. As Wishart recalls, "There were all those
composers with all those crazy ideas thinking, 'You could probably do this with
computers,' $0 we dreamed up a scheme to make it possible and the only
machine thar we could afford that was fast enough was the Atari." They had
support and help from Dave Malham, senior technician at the University of
York; from Nigel Roles, who wrote a MIDI recorder and playback program;
andespecially from Martin Atkins, a graduate student 111 ~hecom~uter SCIence
department. During the summer of 1986, the group, workmg on different tasks
in pairs, began to port cmusic code acquired from CA~L 111 San"DJego to t.he
Atari. It seemed in Richard Orton's words, "a daunting task, but despite
Somesmall degree of mealtime sacrifice, they managed. to inspire interest and
supportfrom the computer science group. Orton explams:



138 Computer Music

The computer science crowd always had lunch early ... so if we had some
problem we wanted to get elucidated, we had to go early too ... We tried
to look nonchalant, meeting the others casually, bringing up our latest
difficulties as naturally as possible ... It became apparent that Marrin
Atkins was getting daily more interested in our struggles ...

Thanks largely to Atkins, difficult software problems were solved.
Thanks largely to Malharn, the primary hardware problem, of creating the
design for a device that could read sound into and from the computer, was
solved. The device was called the SoundStreamer, and it allowed them to heat
what was going in and coming out while it was happening. Wishart lent the
money to build a prototype SoundStreamer. As he recalls, "We didn't have any
capital, so I lent them 100 quid and said, 'Ok, do it." There were, of course,
more problems, but there were also more solutions, and when it was finished,
functioning, and making sound, Andrew Bentley dubbed it the Composers'
Desktop Project, or CDP as it came to be known. Then Endrich raised the issue
of how the project could continue to develop and become self-sustaining. And,
as Orton describes it, "We all began to see in the project the possibility of a
national electronic support group for computer music in Britain, and the scope
of this excited us all ... "

As news of the availability of the system spread, the group formulated a
three-point policy for disseminating the software: It should be low cost; con-
tinued development work should be done on a cooperative basis; and users
would access the software by paying a minimal annual subscription fee. A non-
profit corporation was formed with Endrich, Orton, Wishart, and Bentley as
directors. Endrich became chief executive officer, in his words, "out of a pas-
sion for the intrinsic worth of the enterprise, valuable to me as well as to every-
one else."

As the project grew in time, however, there were increasing problems in
reconciling CDP's technical and social goals with its goal to be self-sustaining.
In 1989, Endrich wrote, "We gradually became aware that even as a non-prof-
it company, the CDP was nor earning enough to sustain the endeavor--even if
we were in a position to, and willing to, work for nothing full time for the fore-
seeable future ... " Endrich sought to resolve the issue by instituting more effi-
cient business practices and by bringing pricing more into line with costs. In
Yearbook 1989, he concluded, "We believe very strongly in what the CDP can
mean to ourselves, to our fellow composers, and to the next generation ... II

And what, indeed, could the CDP mean? Orton, in Yearbook 1989, put it well:
"We have been very encouraged ... There does seem to be a continuing
demand for a composer individual workstation which handles real sound in
addition to MIDI ... which increasingly provides, in a number of locations, a
forum for on-going compositional activities (and active discussion and semi-
nars) which would otherwise be limited by the long waiting times for access to
centres in the United States or in Europe. l>
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The CDP system was the first sustained effort to translate the immense
flexibilityof mainfr,ame software synthesis into the affordable context of per-
sonalcomputers. Indeed, that It was never intended as a commercial package
gaveCDP an advantage. Itwas insulated from dependence upon market forces.
Andthat insulation allowed it to survive and grow into the 1990s. By 1995,
dose to 200 programs, many of them written by Wishart, had been added to
theoriginal set. Endrich brings it up to date: "Now on Atari Falcon 030 PC
compatibles, SCI Indy and SCI Indigo ... with members in rwenty countries,
extensivereference and tutorial documentation and email help-line access for
users,the CDr has come a long way from its initial conception ... "

Wishart has worked with it consistently. As he said, "I like program-
ming-I find great excitement in making an instrument and changing its spec-
ificationsto make it do what I want it to do." And again Wishart, these words
writtenin 1994: "You can now do almost anything you could dream of, and
morebesides, in non-real time-I would argue that this is the nonrealtime sys-
temfor serious composers ... "

•
All in all, it is surprising how well and how quickly the pioneers solved prob-
lems.There was an active community of effort, to be sure, with research results
shared through publications such as Computer Music Journal, through an
annual Inrernational Computer Music Conference, and through the ICMA
(InternationalComputer Music Association), which disseminates information
and publishes a newsletter. As Larry Austin, ptesident of ICMA from 1989 to
1994, puts it, "It turns out that computer music is a very social activity-the
inventorsworked in teams, interacting with one another, and it continues that
way." But it is also surprising how well the pioneers combined technological
skillswith their musical sensitivities to the extent that they could, individually
and collectively, develop the technology and compose music at the same time.
AsJohn Pierce said, "It's Billy Kluver's idea that 'isn't it wonderful that the arts
willattract the assistance of a lot of engineers,' but the real thing is that it's
amazinghow many musically talented people become expert with computer~."

By the late 1980s the focus of computer music had moved from main-
framecomputers to personal computerS, synthesizers, and general-purpose ~ig-
ital signal processors. The age of computer music, in the sense of non realtime
mainframesystems, was fast reaching its end. The lessons learned had b~e~
reapplied not only to personal computers but also ro the development of dIg 1-

tal audio in all its forms, from digital synthesizers to compact diSCSto digital
tape recorders to digital editing softwate. Indeed, one could say that by the late
1980s the age of computer music was over because everythmg was computer
music.

• • •



)lII,j,

:4111
,10 JI..
/' ';:=,,"~=..:.,

CHAPTER SIX

SYNTHESIZERS

In 1949, Robert Moog read an article on how to build rheremins. Through his
following years in high school, as he remembers, "I found myself designing big-
ger and better theremins." In January 1954, at the age of nineteen, he wrote an
article on how to build theremins, published it in Radio and Television News,
and with his father, started a small business making rherernin coils. He contin-
ued a business of making theremins, coils, and kits through college (Columbia
University) and graduate school (Cornell University). He wrote an article for
the January 1961 issue of Electronics World which was published as the cover
story with, as he recalls, "a big, fat color picture of my instrument on the front
cover-we got so busy that I had to drop out of graduate school for six
months."

In 1963, he rented a storefront in Trumansburg, a village just north of
Ithaca along the west shore of Lake Cayuga in the Finger Lakes region of
upstate New York. In December 1963, he went to the annual convention of the
New York State School Music Association to sell theremins. Ir took place at
the Concord Hotel in the Catskill Mountains near New York City. "And," as
he tells it, "along comes Herb Deutsch-he asked me if I knew anything about
electronic music, and he told me that there were some electronic sounds he
didn't know how to get and asked if I was interested in that kind of thing."
Deutsch, at that time a composer on the music faculty at Hofstra University,

o
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remembers:"We talked for an hour about my work, his work, the state of elec-
tronicmusic, and the need for new instrumentation ... " Moog continues:

He invited me to a concert of his in New York. He had a percussionist
performing along wirh pre-recorded tape. The concert was held at Jason
Seley's tudio, and the percussionist played on Seley's sculptures as well
as conventional instruments and I thought that was the greatest thing.
Playing on the sculptures was a combination of kinetic art, dance and
music. I responded to it and the idea of working with Herb to make the
sortsof sounds he wanted became a very attractive and fun thing to do-
bur not for making money because the whole business had the flavor of
a hobby. Herb said he wanted sounds that went wooo woo wooo.
The idea of one oscillator controlled by another came to mind. I knew

that such a thing as voltage control was possible and the whole idea of
making it modular was in an article by Harald Bode in some issue of
Electronics magazine in ] 961, describing a very simple modular system
that he had designed. It had a tape delay module, a reverb, a voltage-con-
trolled amplifier, From that I learned what a modular system was.
So I invited Herb to come up the following spring, in 1964. And by the

rimehe came up, I had hand-wired two voltage-controlled oscillators and
one voltage-controlled amplifier on a board, with either frequency or
amplitude modulation, and it had sawtooth waveforms, square, maybe
triangular waveforms, and Herb said, "Oh, wow, that's just what I
want." So we set up a little bench for him. He had a Sony home-quality
reel-to-reel tape recorder, and he started making music with it.

As Deutsch recalls, "I spent about eight hours a day improvising, com-
posing,and reacting to Moog's experimentation and technical developments."
And during the two weeks that Deutsch was there, he composed Jazz Images,
ashort demonstration piece. Moog continues:

And then it was my turn ro say, "Oh, wow!" We didn't have air condi-
tioning so we left the doors open and word got out around town about
all the funny noises that were coming out of the place. It was very soon
that Herb and I began to talk about the other things we should have.
Then Herb went home.
The next thing I did was to build proper working models with knobs.

I had some sort of a keyboard with crude envelope generators. built mit.
When Herb came up again in August, we fooled around a little more.
Then we decided we'd take a drive up ro Taranto, about tour hours, and
there we visited the University of Toronto Electronic Music Studio a~d
sawMyron Schaeffer. We showed him the equipment. He got very eXCIt-
ed and gave us a lot of encouragement. Now that was the first electronic
music studio [ had ever been in. Schaeffer had a tremendous amount of
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stuff by Hugh Le Caine. Ciamaga was there, Tony Gnazzo, my first intro-
duction to the electronic music establishment.

When we went back to Trumansburg, Herb and I talked some more
and at some point then I did the first voltage-controlled filter, maybe in
August or early September 1964. And then, I think one day in September,
I got a call from Jacqueline Harvey from the AES. She said something TO

the effect that we hear that you people are doing inreresting things up
there. What emerged during the conversation was that she was managing
the AES convention and one of her exhibitors had paid for a booth bur
had nothing to exhibit-so she invited us to come at no cost and show
whatever it was that we were doing. 1was not a member of the AES then.
I had never been to an AES convenrion. I was a shy, awkward nerd. J had
a card table with a little box with little modules and paper labels, and on
one side of me was Ampex, the other side was Scully, all rhese hip con-
soles. I felt out of place. I thought, "What am I doing here?"

One of the things Moog did there was to read his first paper, called
"Electronic Music Modules," which was published in 1965 in the AES journal.
He also launched a new business:

So there I was. A lot of people came by. Jimmy Seawright came by and said,
"Alwin Nikolais should know about this," and later that day Nikolai,
came by and he was the first one to say the magic words, ''I'IJ take one of
these and two of these ... " And that was the beginning of our being in
the synthesizer business. We slipped inro it backwards on a banana peel.
No thought of the future, no philosophy, no plans. One day we were in the
kit business, the next day in the synthesizer business. In those years, I can't
ever remember looking into the future, trying to understand what would
be best for musicians. Ideas came in from all over the place and what we
wound up selling was the sum total of all those ideas. __

Nikolais' order was for $700 in equipment. Moog's second order came
from Eric Siday for $1,400 and as he recalls, "It kept us busy for six months."
Then Vladimir Ussachevsky sent Moog the specifications for three devices: a
voltage-controlled amplifier, an envelope generator (later called the ADSR),
and an amplitude follower. Other early customers included Lejaren Hiller at
the University of Illinois, Gustav Ciamaga at the University of Toronto, George
Rochberg at the University of Pennsylvania, and Wendy Carlos.

Through the late 1960s, Moog's synthesizers were modular systems with
names such as Synthesizer 10, Synthesizer 1c, System 35, System 55, and so 011.

He used the word synthesizer for the first time in 1967: "It was in our 1967
catalog-there was a paragraph or two called The Synthesizer Concept." Also
through the late 1960s, the mainstream of interest gradually shifted from aca-
demic to commercial composers. He continues:
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Robert Moog (frollt) and
Jail Weiss (back) working
with a Moog modular system
;11 the R. A. Moog studio in
Trumansburg, upstate New
York, ill the late 1960s.

Photo courtesy Robert Moog.

In 1967, I got a call from Paul Beaver, who had a very active business in
Los Angeles renting out all sorts of electronic instruments. He said he'd
like to represent us on the west coast and wanted us to come to the AES
convention in Los Angeles. We missed each other at the Los Angeles air-
port because he was waiting at the first class ramp. He just assumed we
were rolling in pure creamery butter. At that time, the west coast AES
convention was an outpost, the boonies, a little teeny show at a little
hotel. Paul had gotten an exhibit booth on the balcony somewhere, and
we had brought our a big modular synthesizer. Paul invited a lot of his
friends, "You gorta come down and see this," and the first day a lot of
people came down, and "wow, oh, man oh man," and they went back II;
and told their friends. And the second and third day they were four or five
people deep for the whole show. We must have gotten half a dozen or a
dozen orders out of that show.

Also in 1967, a Moog synthesizer was used in a record called Zodiac
Cosmic Sounds. And Chris Swanson was beginning to perform concerts in
New York. Moog describes one of them:

Chris started with a Bach concert at Riverside Cathedral in New York
and after 1968 he was making high quality switched-on jazz. In 1969, we
built four systems-small modular systems with presets-for a Jazz in the
Garden concert at the Museum of Modern Art. The musicians were Herb
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Deutsch, Hank Jones, Chris Swanson, John McLaughlin, Bobby Moses,
and there were others. Chris and his group just banged away and wailed
away and everybody freaked out. There were 4,000 people there. Well,
the whole system-four performance stations, big amplifiers-was
plugged into one outlet in the garden, and right when Chris hit an
absolute frenzy, someone stood up on the outlet and slipped and knocked
the plug out. So Chris got up and said, "Well, that's it folks." And that
was the end of the concert.

1969 was a good year for Moog synthesizers. It was not only the Jazz in
the Garden concert, which indirectly led to Keith Emerson (Emerson, Lake,
and Palmer) buying one. It was also that Wendy Carlos' Switched on Bach,
which had appeared in November 1968, was becoming extremely successful.
As Moog recalls, "It was in The New York Times, Time, Newsweek, it was car-
apulred into the public consciousness and a ton of record producers decided
that this was the gimmick for 1969-with a Moog synthesizer, they could make
their hit record."

•
In early 1964, the equipment in the electronic music studio at the American
Academy in Rome, which had been specified by Vladimir Ussachevsky, con-
sisted of three oscillators, a couple of Ampex stereo machines, a reverb unir, a
mixer, a splicing block, a couple of microphones, and other odds and ends.
Larry Austin, as a visiting composer in Rome, used the studio's basement loca-
tion as an opportunity to compose Rama, a Theatre Piece in Open Style. As he
recalls, "1 made a recording of Italian workers who I couldn't see but could
hear through the storm drain-I recorded them and the ambience of Rome as
I heard it there."

William O. Smith, John Eaton, Otto Luening, and George Balch Wilson,
all American composers connected with the academy, were also in Rome ar the
time, and they wanted to upgrade the studio. They consulted with Paul Ketof],
a sound engineer for RCA Italiana, and Ketoff took Smith, who at the time was
in charge of the studio, to see the Pbonosynth, a large studio-oriented synthe-
sizer that Keroff had built a year or so earlier for composer Gino Marinuzzi.
Ketoff then proposed that he build a smaller version of the Phonosynth for the
American Academy. Smith and the others agreed.

The Synket (Synthesizer Ketoff), as Ketoff called it, was installed at the
American Academy in Rome in early 1965. John Eaton, in particular, very
quickly saw its possibilities as a performance instrument. As he said, "I started
practicing on it." In fact, Eaton started by practicing sounds that invoked the
wind and the sea, to be used in his Songs for RPB (1965), for soprano, piano,
and Synker, first sung by Miciko Hirayama in April 1965 at a concert at the
American Academy in Rome. Immediately following the concert, Eaton asked
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Keroffto build a Synket that was optimized for performance, As Eaton recalls,
"Iwanted the keyboard to be sensitive to velocity and easily tunable, and then
Keroffcame up with the idea that I could also wiggle the keys from side to side,
asonedoes on a clavichord, to get a vibrato effect ... "

The new Synket, delivered several months later, became a major part of
Eaton's work in the following years. He composed many pieces that included
Synket-among them Prelude to Myshkin (1966), Concert Piece for Synket
No.2 (1966), and Soliloquy (1967), for solo Synket; Thoughts on Rilke (1966)
andBlind Man's Cry (1968), fat voice and Synket ensemble; Concert Piece for
Synket and Symphony Orchestra (1967); Mass (1970); and an opera called
Myshkin (1971), which included two Synkets (or tapes of Synkets) in the
orchestra-and he concertized. In March 1966, he played at McMillan Theatre
at Columbia University in New York. His Concert Piece for Synket and
Symphony Orchestra was performed at Tanglewood in 1967 and later in Los
Angeles. He toured extensively from the 1960s into the 1970s in the United
Statesand Europe, Following a meeting with Robert Moog in 1966, he lived
partof the year in Trumansburg, working with Moog on various instrumental
concepts, and part of the year in Rome, as a base for his European concerts.
InDuet (1968) and other pieces, he played both Moog synthesizer and Synket:
"Youhear the difference between the instruments especially at the beginning
... "There was also a tour in Latin America and, finally, in 1977, in the Soviet
Union.Eaton sums it up:

Over more than a ten year period, I was really active. I was an electronic
troubadour, Have Synket will travel. I gave something like 1,000 concerts
with the Synket before finally retiring it.

In the mid-1960s, a group of seven musicians-at first Walter Branchi,
Domenico Guaccero, Gino Marinuzzi, Guido Guiducci, Paul Ketoff, Franco
Evangelisti, and Egisto Macchi, later to be joined by Ennio Morricone-
formed the studio R7 (Rom a 7) to improvise and compose for an ensemble of
Synkets. In March 1966, Jane Schoonover, an American performer living 111

Rome, played Synket at an evening's entertainment at the Taverna Margutta, a
Roman nightclub. There were a few other musicians who used the Synket, but
notvery many. Ketoff had not been interested in forming a business t~ Ol.anu-
factureand promote the Synket, and so it had never become a.commerclalltem.
Eatonremained its primary performer and principal evangelist.

Why? What was it about the Synket that Eaton found so appealing? For
Onething, as he points out, the Synket was structured ~s three semi-indepen-
dent component units (which Ketoff called sound-combmers), each controlled
bya separate keyboard. And why was this important? He contmues:

It encouraged me to think in terms of independent voices. It allowed for
the kind of music that preserved some traditional values. It allowed for
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counterpoint, for some focus of attention on more th.an t~e .mai~ lineof
the music. So much of electronic music then was so simplistic, with only
one line ...

For another thing, Eaton found it musically challenging. He continues:

I tried all kinds of different things. And if I found an interesting sound I'd
try to figure out how I could do it again. Of course, having a single instru-
ment that I could work with really helped rhat process because I could
spend hours practicing the pieces that I wrote. There was a lor of virtu-
osity required. I practiced as much as a concert pianist would, seven or
eight hours a day, because of all the fine motions involved and the tim-
ings of musical gestures and nuances. But I think that instruments should
be hard to play, It's very much been my aesthetic that music should be
accomplished by a composer mastering with his sensibility a certain range
of possibilities.

•
In 1963, at the San Francisco Tape Music Center on Divisidero Street, Morton
Subotnick and Ramon Sender had the three-track Ampex, a few old tape
recorders, and as Subotnick puts it, "a lot of telephone-type things." They were
also accumulating quite a bit of equipment, mostly from junkyards, telephone
company surplus, and some creative financing. Subotnick relates one example
of equipment acquisition:

We put an SOS out to a fire insurance company that dealt with hif stores,
and they called us and said that a store had burned down, and they had
all the inventory ... We didn't have any money, but we rented a truck to

get the equipment, and we gave them a bad check thinking that we'd find
the money before the check bounced. So we sold enough equipment from
the inventory, intercoms basically, also microphones, and we finally gar
enough money to cover the check we'd given them.

Donald Buchla, meanwhile, had been composing tape music at home
with a single-track Wollensak (a small, home-quality tape machine) when he
heard that the San Francisco Tape Music Center had, as he called it, "this glo-
rious three-track Ampex." He began to work there and observed, "It was a typ-
ical studio for those days, with equipment built for other purposes and adapt-
ed to music." At about the same time, Subornick and Sender decided, as
Subotnick put it, "that this idea of cutting and splicing was ridiculous," and
~hey came up ~ith some ideas and designs for new equipment, including the
Idea for an optically controlled "synthesizer."



II Buehla designed it and built it. As he recalls, "The first thing I built there
wasa device that analyzed the shape of a hand to create a waveshape-so that
asyoumoved your hand in an optical path and spread your fingers, you'd get
a harmonically rich waveshape, but if you kept YOUtfingers together, you'd get
a sinewave, and you could vary the pitch with a footpedal." And after build-
ingit) he said: "This is the wrong way to do it."

Buehla's idea was to build a voltage-controlled modular system. His con-
cept included the idea of a sequencer, an analog automation device that
alloweda composer to set and store a sequence of notes (or a sequence of
sounds,or loudnesses, or other musical information) and play it back auto-
marically.As he said, "My first idea was to reduce the labor in splicing tapes,
andthat was where the sequencer came from, so if I built a sixteen-stage
sequencer,I could eliminate sixteen splices." But his main focus was on per-
formance.His concept also included a pressure-sensitive keyboard, actually an
arrayof metallic strips that were sensitive to changes in the pressure with which
theywere rouched. As he explains, "I regarded things that you touch as being
averylegitimate input for musical instruments, but I also regarded electronics
asfreeingus from mechanical linkages so that, in my view, there was no need
to adapt a keyboard that was designed to throw hammers and strings."
Subotnickcontinues:
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But this was all on paper. We asked Don how much it would cost to build
it. He said, "$500." The Rockefeller Foundation gave us $500. With the
$500, suddenly everything got built and the studio became really com-
plete. With Don's absolute brilliance, it was an amazing machine.

Bil1Maginnis, the studio's technician, recalls that day in early 1965 when
Buchlabrought the first synthesizer into the studio:

I played with it until about 6 in the morning. I programmed the
sequencer to play the first eight notes of Yankee Doodle. When Pauline
[Oliveros] came in later, she turned the power on and It play~d the first
eight notes of Yankee Doodle, and she called me and asked, How do I
turn this damn thing off?"

Through 1965, Subotnick and Buchla worked together to refine their
ideas,and what became the Series] 00 took definitive shape. In 1966, Buchla
formed a company called Buchla and Associates and, through the San
Francisco Tape Music Center, marketed what he then called The Modular
ElectronicMusic System. David Tudor, who had bought an earlier sound-dis-
tributionsystem from Buchla, was quoted in a promotional brochure as say-
. " . for rnani I cing sound ... " In the nextmg, A most remarkable Instrument or rnarnpu a 1

years,as Buchla recalls, "I called it the Electric Music Box, but everybody else
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simply called it the 'Buchla Box." In 1969, Buchla sold to CBS the rights to
manufacture the Series 100. He tells it:

They thought they wanted to branch into musical instruments. There
were quite a few CBS systems sold. They really got into production. Bur
then they dropped the ball. 1t was too small a market and too narrow a
focus. Their Fender guitar business was booming and they wanted the
larger market that that represented, and it was clear to them thar elec-
rronic instruments were designed ro be on the fringe.

Meanwhile, in 1966, Subotnick went to New York University and took
with him a replica, with a couple of additions, of the first synthesizer that
Buchta had built. He set about learning how to use it. Subotnick:

My method was to go to work at about 8 A.M. and to work until 2 A.M.
the next morning, six days a week, and Ipurposefully did nor know what
results Iwas after. I believed that with this new instrument, we were in a
new period for composition, that the composer had the potential for
being a studio artist, being composer, performer and audience all at once,
conceiving the idea, creating and performing the idea, and then stepping
back and being critical of the results. I wanted to explore what kind of art
I would create in that new circumstance.

Subotnick explored. And beginning in 1966, he received a series of com-
missions from Nonesuch Records-for Silver Apples of the Moon (1967), The
Wild Bull (1968), and Touch (1969)-to compose directly for recordings. He
continues:

When J got the commission for Silver Apples, it intrigued me that it would
go from Iivjng room to living room and that someone listening would re-
create my experience for $1.69. I thought three things about the piece.
One, ir had to be conceived for rhe medium, without instruments. Two,
it had to be something that I really loved, that I'd want to hear again. And
three, that the experience had to be a kind of trip, because it was in the
living r00111.What a trip meant to me was that suddenly you'd be expe-
riencing one kind of world, then suddenly another, as if in the desert, and
around the bend you're in a jungle, or on the moon, withour knowing
how you got there, so there's no linearity,

But in thinking back on it, I felt I had not done service to the idea of
going to someone else's living room. So the vision changed in The Wild
Bull to become more personal. I found a book of Sumerian poerry, and
there was a female poet talking about the loss of her husband in a poem
called "The wild bull who was laying down ... " I decided that her feel-
ing of war and loss would be what the piece was about. I used the record-
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The Buchta Series 200
modular system, late 19605.
Photo courtesy Donald Bucbla.

ing of my son's voice as a moan. It became the basis of the opening sounds
of rhe piece, and then I decided that on one side of the record would be
the woman's feelings, and on the other side would be the man's feelings.

Bur after The Wild Bull, I felr still that I had not come to grips with rhe
living room music of the future and I realized that what I was missing was
rhe raw energy of electronics. I decided that space would become a criti-
cal aspecr of the gestural quality of the music, and rhat it had to be raw
energy somehow, and I would find a way to take the raw energy of per-
formance in my studio. In Touch, the idea was to touch something ...

In 1969, Subotnick left New York for California Institute of the Arts. His
nexr pieces included Sidewinder (1970), Four Butterflies (1971), and Until
Sprillg (1975), in which he continued to develop ideas of performance, energy,
control, and structure. His last early synthesizer composition was Sky of
CloudlessSulphur (1978), for eight loudspeakers, commissioned by ]BL for the
inaugurarion of a new ]BL loudspeaker factory in the San Fernando Valley.
And later, thinking back through that first group of pieces, he reflected upon
theright relationship between an instrument and the music that can be com-
posedwirh ir, and he acknowledged that Buchla had been conrinually respon-
siveand helpful. As he said it, "I was collaborating with Buchla ... "

•
WhileMoog, Ketoff, and Buchla were building the first round of synrhesizers,
Perer Zinovieff in London was deciding what he did not want to do. In his
words, "I couldn'r stand cutting up tape." By 1966, he had builr a sequencer,
boughr a house in rhe Putney area of London, overlooking the Thames, and
had a shed built in his garden to use as a studio. ... .

During the same period, David Cockerell was earning his living as a tech-
nician for rhe Ministry of Health and developing a strong interest m building
electronicmusic circuits. He remembers, "I'd been messtng about at home WIth
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•

voltage-controlled circuits-I'd read an arricle by Bob Moog in Radio
Electronics, in 1964, and 1 rhoughr it was a really interesting thing." Zinovieff
and Cockerell met through a mutual friend, and as Cockerell tells it, "I began
moonlighting for him, building gadgets, voltage-controlled 0 cillarors, filters,
and so on."

In 1967, Zinovieff called Tristram Cary and invited Cary to visit his
Putney studio. Cary was living in Fressingfield, in the countryside, bur he was
also coming to London on a regular basis to put together a studio at the Royal
College of Music. He accepted Zinovieff's invitation and observed, "He was
into the most complete sequencing you could do short of using a computer." In
fact, Cockerell and Zinovieff soon decided rhar Zinovieff' sequencing should
indeed be done with a computer. And Zinovieff moved quickly: "We got in
touch with DEC, we sold my wife's tiara, and we bought a POP-8 with 4k of
memory." Bur there were problems. As Zinovieff pur it, "The computer could-
n't really do anything but read paper tape." There were also solutions: "So J
wrote to a DEC instructor, '1'11give you a case of whisky if you show me how
to load a series of numbers and direct it to an output. '" Zinovieff began to pro-
gram. He recalls, "I began to take myself seriously as an experimental elec-
tronic musician."

Very seriously, indeed, because Zinovieff and Cary then, as Cary tells ir,
"planned London's first really big electronic music concert and booked Queen
Elizabeth Hall for a date in January 1968." Cockerell, meanwhile, was build-
ing peripheral equipment, including digitally controlled filters and oscillators,
for the computer. By the time of the concerr, enough programming had been
done and equipment built to perform the concert. All of the equipment was
taken to the hall. The program included Zinovieff's Partita for Computer. Cary
was delighted:

Believe it or not, we filled the house. We got school children plastering
London with little stickers, allover the underground, on the bus stops,
wherever the stickers would go, and we acwally filled the hall. We
claimed it was the first ever appearance of a live performing computer on
stage playing an electronic piece without tape.

By 1968, however, Zinovieff's Putney studio had become expensive. He
decided, as he put it, "that we should make something to sell." He formed EMS
Lrd. with himself, Cary, and Cockerell as founding directors.

The company's first product grew Out of a request by composer Don
Banks. As Cary remembers, "Don asked if David could put together a package
of useful electronic music devices for as little as £50, his budget limit, and this
produc~d the VCS-l, built in a standard grey rack-mounting box and contain-
mg various synthesizer modules." An expanded version soon followed. The
new model became the VCS-3, later called the Putney for the United States
market, and everyone had ideas about how it should be designed. Cary tells us
how it happened:
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........ ,
Peter Zinovief] at the SYllthi 100 in his London studio, about 1970.

Photo courtesy of Electra/lie Music Foundation.

Petersuggested using pin matrix patching. Having got rid of patchcords,
the whole design became elegant and compact. Somewhere along the line,
probably on a scrap of paper in a pub, the miniature desk shape seemed
a good idea, and having worked out suitable dimensions with David, I
took home a patch matrix and spent a weekend at Fressingfield making
the box for the prototype. I left the rop panel blank for David to drill the
holes for the knobs, and within a couple of days it was assembled and
working.

. Cockerell quit his job with the Ministry of Health to devote himself full
time to the new company, and commercial activities began in earnest. Zinovieff
decided what was to be designed. According to Cockerell, "He wasn't much
Interestedin tonal music, and neither was Tristram, so the first machines never
hada keyboard." The BBC bought one of the first VCS-3s. As Brian Hodgson
at the Radiophonic Workshop tells it, "The BBC had decided to buy a Moog,
butIsaid, 'This was madness, we ought to support the British industry,' and so
we bought our first synthesizer." The VCS-3 was followed by the DK-2 key-
board and the portable Synthi A (at first called the Portabel/a). In 1970, Peter
Grogono began working with Zinovieff as a programmer. Also in 1970, the
SYllthi 100, a large sequencer-based synthesizer in a console, became available.
Andagain, the BBC Radiophonic Workshop bought the first one. As Hodgson



152 Synthesizers

Tristram Cary working with
VCS-3 synthesizers in his studio
at Fressingfield, Suffolk, ill 1972.
Photo courtesy Tristram Cary.

recalls "It arrived with David Cockerell but with no manual-so David and I
sat up 'for several days and nights writing one." In 1971, the AKS, a portable
synthesizer in a case with a sequencer and touch-sensitive keyboard, was intro-
duced. In December 1971, Tim Orr joined the design group.

By early 1972, EMS was producing not only the YCS-3, the Synthi AKS,
the DK-2 keyboard, and the Synthi-l00, but also the 256 Sequencer, a Random
Voltage Generator, a Pitch-to- Voltage Converter, and an Octave Filter Bank.
In 1973, there was the Spectrum, a video synthesizer developed by Richard
Monkhouse, who worked under David Cockerell. Cary's job, in his words,
"was to raise money with the educational and serious end and write most of
the copy for handbooks-Peter insisted I take examples of most of the prod-
ucts down to Fressingfieid, and very often I could have personal modules done
to order." From Zinovieff's description of the manufacturing operation, how-
ever, his personal priorities were clear:

It was quite big. It employed up to forty people. I hated it. I found it
extremely dull. Bur on the other hand it was our lifeblood. Any money
left over went into the studio.

The studio was dedicated to experimentation, developing generally inter-
esting projects, testing ideas and products, creating music, and helping others.
As Zinovieff reflected, "That's my gift, as the French say, 'animareur," Delia
Derbyshire had begun to use the studio in 1963, and through the years, many
other composers worked there, among them Brian Hodgson, Don Banks, Justin
Connolly, David Lumsdaine, Alan Sutcliffe, Ron Grainer, Annea Lockwood,
Tristram Cary, and Jonathan Harvey. Hans Werner Henze did several pieces,
among them Glass Music (1970), Prison Song (1971), and Tristan (1973).
Zinovieff recounts working with Henze:
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Hedid Glass Music by telephone instruction from Italy. I made it and he
said, "T~at'sexactl,; what I wanted you ~o do," and people said, "That's
exactlylike Henze. He came to the studio and we'd record bits and ana-
lyzerhemwith the filter banks and then synthesize them. We did one piece
calledTristan. It was terrific. I could set these huge chords up with vari-
abledegrees of randomness. That was the time when I had this video cam-
era inrerface where you could point the camera at something and trans-
late the picture into sounds. I never went further with it, but it was a very
interesting idea. You could get even the most straightforward things-a
straight line was a glissando, red would be low-and they would make
very interesting sounds, and one could say, "Well, I'll work with that."

Harrison Birrwistle was consistently in the studio. His works included
POllr Interludes (1969), Medusa (1970), Signals (1970), Chronometer (1971),
Orphells (1976), and many other pieces and sketches. As Zinovieff recalls,
"Hewasn't interested in programming or in touching the equipment, but he
wasinterested in precise results and would write very specific scores without
knowingwhat the apparatus could do-Birtwistle and I worked on lots of
things... "

•
In1969,making and changing sounds, which involved turning a lot of knobs
andmaking connections between modules, was a major problem in perform-
ingwith a synthesizer. In Moog and Buchla systems, connections between mod-
ulesweremade with patchcords. But not only did patchcords often lead to an
Amazonnightmare of jungle-like visual confusion, it took time to reconnect
rhem,ro pull out each patchcord and insert it in a different place. In the EMS
synthesizers, connection were made by inserting tiny resistance pins some-
whereinto a grid of pinholes which connected outputs from the left and inputs
to the top. But the pins often broke or got lost on a tabletop, and in any case,
it rook time to decide where in the grid to insert them. These were not optimal
performance-oriented systems.

The MiHimoog, the first single-unit integrated synthesi~er, solved the
problemby allowing a musician to push a button or toucl~ a. switch to make a
moduleconnection. In 1969, the first prototype of the Minimoog, the Model
A, wasput together by William Hernsath. As Moog recalls, "H~ put standard
modulesin it with a little keyboard and hatdwited them 10 back. An Improved
ModelBwas built in 1970 as an integrated design, a single panel, With CltCUIt
boardsin the back. There was then a Model C and, finally, Model D, the pro-
ductionversion. In Moog's words:

Weall worked on it-myself, Bill Hemsath, Jim Scott, Chad Hunt-and
an industrial design firm decided how it would look. The Idea was that If
we built something that could be carried by one person, a certa.In number
of studio musicians in New York and Los Angeles would buy It.
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The Minimoog was firsr played in public by Dick Hyman ar rhe Easrman
School of Music in Rochesrer in June 1970. Ir was presenred ro a far larger pub.
lie at the AES convention in October in New York. Sales began, slowly at first.
Moog remembers, "We had very little luck in inreresting music dealers. 'All
those knobs?' they would say. 'Are you nuts?'" The large modular systems,
meanwhile, were still being manufactured. Moog continues:

By eatly 1970, there were a lot of very big systems for sale, and our orders
stopped-just like somebody pulled the plug. J 967 was $200k, J 968 was
twice that, 1969 was more. We projected more for 1970, and we had
ordered the parts. In 1970, we had thirty or forry people sitting there with
nothing to build.

During that same period, Wiltiam Waytena, a businessman in Buffalo, not
far from Trumansburg, had formed a company called Musonics and started to
produce a portable synthesizer called the Sonic 5. Moog continues:

Bill Waytena watched us slowly die. When we were desperate, he came
in-it was March 1971-and bought R. A. Moog Inc. for a promise to
payoff our debts. After an interim step of six months or so when the com-
pany was called Moog Musonics, he formed Moog Music. I went there
as president, but only nominally. I had no control. Waytena had no tide,
but he had all the power.

Meanwhile, differenr paths were converging. In 1970, Tom Rhea had
gone to Trumansburg to interview Moog for his doctoral dissertation on the
history of electronic musical instruments. Rhea remembers, "There was so lit-
tle room at that facility that Bob and I opened a window and crawled out onro
a roof of the first floor so we would have some privacy." In J 971 in Nashville,
Rhea met businessman David Van Koevering, and their interests coincided ro
the extent that they established Electronic Arts Foundation to acquire, pre-
serve, and display historical instruments. In 1972, Van Koevering went ro
Buffalo to become marketing manager for Moog Music and used Rhea as a
consultant to do some technical and educational writing. In 1973, Rhea was
hired as head of the studio systems division, which meant modular equipment,
and doubled its sales in six months. His Success initiated a major career direc-
tion. As he observed, "When you can sell stuff, the only thing people want you
to do is sell stuff." Then, during Rhea's first year, Moog Music was bought by
Norlin Music in Chicago, and Rhea became a Norlin employee. He recalls:

I worked for six or seven different marketing regimes at Norlin. The mar-
keting people mostly came from Quaker Oats, French's Mustard, fisher-
Price Toys, Gabriel Shock Absorbers, and Beatrice Foods. These men
were bright and capable but they had no gut feeling about the music
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industry.It was disastrous. The synthesizer industry was not mature. It
needed people who could fly by the seat of their pants. And that general-
lywas not the leadership at Norlin.

The Minimoog became successful largely through the efforts and energy
ofDavidVan Koevering. As Rhea reflected, "Salespeople can affect history."
Buttherewas also some luck. In 1969, shortly after Switched 0" Bach came
out,Keith Emerson in London bought a small modular system and played a
majorsynthesizer solo with ir. The song was Lucky Man. The album was
EmersonLake & Palmer. Lucky Man got to the top of the charts, and as Moog
teltsit, "We began hearing things such as, 'You can't get a job as a keyboard
playerif you don't have a Minimoog,' and once that happened we were selling
fifty to 100 every month and by 1973 it got as high as 300 a month." Emerson
boughta Minimoog. Stevie Wonder, Blood Swear and Tears, Morhers of
Invention,Todd Rundgren, Yes, Pink Floyd, and numerous other performers
andbands in the rock world also bought Minimoogs. Jan Hammer, John
McLaughlin,Billy Cobham, Herbie Hancock, and many other performers in
rhejazz world also bought Minimoogs. As Chick Corea put it, "The only sound
Icouldever find thar I felt comfortable blowing on was the Minimoog." By the
timesales declined in the late 1970s and production stopped in 1980, over
12,000had been sold. Moog had not foreseen that number back in 1970. As
hesaid,"1 thought we could sell 100 of them."

•
Bythe late 1960s, synthesizers were beginning to be used in all forms of com-
mercialmusic. Eric Siday in New York City used a Moog synthesizer to do the
CBSsound logo and many other commercials for television. Pink Floyd used
theYeS-3 in Dark Side of the Moo". Roxy Music and Brian Eno used the YCS-
3. And as other musicians and groups began to play synthesizers, a~d as elec-
tronicsound became increasingly familiar and commercially desi ra ble, the
market grew.

Andas the market grew new companies were formed and new synthe-
, " . k '1 1969 ARPSllerswere developed and improved In q urc succession. n ,
Instrumentswas established near Boston by Alan R. Pearlman. In 1970, ARP
introducedthe modular Model 2500, and soon after came the porrable Model
2600, PrO-Soloist, Odyssey, Axxe, and Ornni .

•
Th M' , I . monophonic insrru-e Jnlmoog and the portable ARP syntleslzers were

. AI I gh they were success-menu, ableto generate only one sound at a time. t lOU d f I df I h ' . gly urgent nee e t ur-
U,t ey were also limited and there was an mcreaslO . Id
' , honi tI eSlzer that couIngtheearly 1970s for the development of a polyp orne syn 1 I d t
g I David Luce ra gone 0enerateseveral different sounds simultaneous y.
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Moog Music to design what eventually became the Polymoog,and other engj.
neers at other companies were working on polyphonic synthesizers.

The Four Voice, engineered by Tom Oberheim at Oberheim Electronics,
emerged as the first market success. Oberheim had started in the late 1960,
building ring modulators and other devices which were marketed by Norlin
Music with a Maestro brand name. Then he saw an ARl' 2600 in]anuary 1971
at the NAMM (National Association of Music Merchants) show, one of the
important trade shows in the field, and said, "I learned what a synthesizer was
all about." He became an ARP dealer in Los Angeles. In 1972, drawing upon
his experience as a computer engineer, he designed the D5-2, a 144-note digi-
tal sequencer which sold for $25. But, as he points out, "All the synths at the
time were monophonic-if you hooked your sequencer up to a synthesizer, you
didn't have anything to play." So he designed a Synthesizer Expander Module,
an SEM as he called it, which could be played by the digital sequencer at the
same time that a musician was playing a keyboard. In 1975, he licensed a key-
board design from E-mu Systems, modified it a bit, and combined it with four
SEMs, producing the Four Voice. Oberheim-

At first, it was a kind of curiosity to a lot of people. But then it started
catching on. It was a bear to use. The four voices were completely inde-
pendent so if you wanted to change the sound you had to patch each SEM
separately.

The Four Voice, as Oberheim soon realized, was too complicated. He also
realized that the problem of operational complexity could be solved through
programmability. In 1976, he designed a synthesizer programmer which, by
allowing for the storage of control-voltage parameters, made the SEMs easier to
use. In 1977, he produced the OB-1, a programmable monophonic synthesizer.
Then in 1978, Dave Smith, at Sequential Circuits, designed the Prophet-S,

Dave Smith had begun with an electrical engineering profession and a
music hobby. In 1972, he had been working in Silicon Valley and, in his words,
"not liking it too much, when a friend called and said he'd seen a synthesizer
in a music store." Smith bought it. It was a Minimoog, in his words, "right up
my alley-technology and music." He then built an analog sequencer and, in
1974, with the thought that other people might want to buy it, formed
Sequential Circuits. He sold four sequencers. But, he reasoned, he was work-
ing part time.

In 1975, he built a digital sequencer and started getting serious. As he
remembers, "Keyboard Magazine was just starting up about a half mile from
my house-they put in a product announcement and] ended up selling a few
hundred of those things." In early 1977, he designed a programmer unit that
allo:ed som~one to. pr?gram sounds on the Minimoog and Arp 2600, "the big
two (as Smith put It) 111 the market. He began to work full time ar Sequential
Circuits, at that time with one or two employees. In midsummer 1977, Smith
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gorrhe idea for the Prophet-S and made an important decision: "I decided to
rakea chance and go for the kill and build a real synthesizer."

The Prophet-S, as Smith called it, was more than a real synthesizer. It was
fullyprogrammable and polyphonic. It featured microprocessor-based auto-
tuning.And it was developed in record time. The first versions were demon-
stratedar the NAMM show in January 1978. As Smith recalls, "It barely
worked,bur we gor lors of orders-and 1got lucky because most people liked
rhesounda whole lot." The first one was shipped in March 1978. Smith con-
tinues:

Wehad all kinds of problems, but we had to start shipping what we had
or wewould have gone out of business. We had trouble getting parts. The
synthesizer chips were unreliable. 1was trying to get all the bugs out of
the instrument. All during the year, we were fighting with bugs and sup-
pliers and listening to musicians and stores yelling at us.

In 1979, the Prophet-S was redesigned internally, its reliability was sig-
nificantlyimproved, and in the next few years, more than 8,000 units were
sold.Although Moog, ARP, and Oberheim were dominant forces in the mar-
ketplace, and although other interesting synthesizers appeared, such as
Crumar'sOrchestrator in 1974 and Yamaha's CS-80 in 1976, the Prophet-S
wasrhe hit of the late 1970s.

•
Tuning,in general, was a significant problem with analog technology. Analog
Synthesizers were neither precise nor impervious to temperature change.
Referringto the analog components in the GROOVE system at Bell Labs, F.
RichardMoore recalls, "A typical musical evening consisted of sitting down
andtuningthe equipment for about an hour-then r could use it for a half hour
beforeI had to rune it again."

The solution was digital technology. In 1965 at the University of Toronto,
GustavCiamaga and doctoral candidate James Gabura began work on what
theycalledPiper, a hybrid system in which a digital computer was used to con-
trolthe operations of an analog synthesizer. Piper 0, an initial concept-venft-
cationstage,was followed by Piper 1, a working system in the computer labo-
ratoryof the department of electrical engineering at the Llniverstty of Toronto.
Therewere, of course, problems. Gabura wrote:

Theproblems associated wirh Piper 1 were primarily of a physical nature.
It was necessary to disassemble certain key portions of the Electrol1lc
Music Studio, and to rransport the several pieces of heavy and bulky
equipment across campus by cab to the Computer Laboratory: .. the
reverseprocedure had to be followed at the end of each computll1g ses-
sion. Yet the need to move equipment was a comparatively rrunor hard-
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ship. Unprotected by its equipment rack, and consisting.of many individ.
ual units, the apparatus proved extremely vulnerable. High and [cw-volr-
age power supply connections ...

There was yet another problem of a physical narure. As Ciamaga remem-
bers, "We were using computers where the room still had no air conditioner-
the room was hot and it contributed ro the timing instability of the veos."
And there was yet another innovation in Piper 1: a tuning program for the
unstable analog oscillators which, as Ciamaga explains, "would scan through
the oscillators and write a new tuning table."

Piper 2 solved the problems of Piper]. And as Piper 2 was developed dur-
ing the next few years, the situation of the computer laboratory itself improved.
The analog equipment could be left with rhe computer and the room was air-
conditioned. The room was, in fact, too cool. As Ciamaga said, "I remember
wearing a coat in the middJe of summer." The computer's output was enlarged
from one voice to four. And in 1973, after IBM had taken away the computer,
thereby ending the project, Gabura could reflect, "What the 'hybrid computer'
method of eJecrronic sound generation does offer electronic composers is an
unrivalled combination of control flexibility and immediacy, facilitating the
efficient production of electronic music ... "

•
At Bell Labs, Music V was a hard acr to follow, bur it was followed. In late
]967, Max Mathews and F. Richard Moore began to develop GROOVE
(Generated Realtime Operations on Voltage-Controlled Equipment). Its
authors described it as follows:

GROOVE is a hybrid system that interposes a digital computer between
a human composer-performer and an electronic sound synthesizer. All of
the manual actions of the human being (playing a keyboard, twisting a
knob, and so forth) are monitored by the computer and stored in its disk
memory ...

The "manual actions of the human being" were stored all disk and then
selectively output to control the variables of a modular analog sound synthe-
sizer, such as pitch, loudness, and timbre. The computer used in GROOVE was
a Honeywell DDP224, newly acquired at the time by Bell Labs and dedicated
to work in sound. The computer was connected to the analog synthesizer via
fourteen independent control lines through which information was updated
every hundredth of a second. The analog synthesizer contained a large number
of devices, in Mathews' words, "components that I could lay my hands on at
build." It also contained a sophisticated patching system consisting of patch-
boards that plugged into a holder, the effect of which was that users could
change connections rapidly. As Moore remembers, "We programmed the



Mathews used GROOVE primarily to develop the first version of his
ConductorProgram. Moore used GROOVE to compose and develop algo- •l,l)ilJj

rithms, InMoore's words: ' I:~:
.:~'

d I 1.'·,1Life in those days was great. I was an applications programmer an &,

worked mostly on speech and coding theory. I did music at Bell in the !.;,~JII
evenings and on the weekends, which was the case for everybody there.
On a typical night of working on music, my time was divided between
improving the GROOVE program itself and writing music with it.

Composers visited. Vladimir Ussachevsky kept in touch and visited from
timeto time. Pierre Boulez and Gerard Schwartz, as Mathews recalls, "did a
littlework." Emmanuel Ghent was the most dedicated visiting composer.

Ghent in fact had needed GROOVE even before it existed. He had
reacheda t~rning p~int in his own work in ] 963. In his Entelechy, f,or viola
andpiano, the rhythms, as he described them, "were so complex t~at If 1 ~er;
togo on from there, 1needed some kind of external polyrempo cueing devl~e.
Hebuiltwhat he called the Polyl1ome, by which ptearranged tempo relation-
shipswere coordinated through mechanical gears. He used the Pol~no,~eal,so
inTriality (1964), for violin, trumpet, bassoon, and (as he called It) special
equipment."The Polynome, however, was limited to the tempos that were rep-

resentedin its gears. f
Ghent wanted something more general, a device that would be c~pable 0

representingany rhythmic and tempo relationships. In 1964, he designed the
Coordi/'lome, a punched paper tape reader in which holes could represent any
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patcherby inserting jumper cables into a board, and then dropping the board
mroa holder that effectively interconnected all of the analog devices--each of
ushad a personal patchboard or two." GROOVE also had a display system
whichshowed any subset of the fourteen lines of control information as a cur-
sorswept across the monitor's screen, something like a cursor moving across
thepageof a musical score. Moore: "It provided a control paradigm of con-
tinuous control of parameters, rather than event-based control-and that
meantthat things that were hard to represent, such as a slightly varying vibra-
to that a violinist might use, could be represented in a very straightforward
way,as something varying in time." Laurie Spiegel worked extensively with
GROOVE from 1973 to 1978. She describes it:

In principle, GROOVE was the ultimate hybrid modular synthesizer. It
allowed the arbitrary interconnection, via user-programmed logic, of
analog and digital input, output, hardware, and software modules,
including ever-accumulating numbers of library-resident code modules
written by users over the years, and increasing numbers of gizmos built
mostlyby Max Mathews.
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rhythmic relationships, and had it built. As Ghent recalls, "When Bob Moog
saw it, he said, 'Oh my Lord, we could encode the paper tape digitally and then
use it to control my equipment up at the Trumansburg srudio.:" Lncomposing
his Hex (1966), for instruments, tape, and "special equipment," Ghent used
the Coordinome not only to control Moog's equipment but also, in perfor-
mance, to coordinate performers with each other and with the electronically
generated tape.

In 1967, Ghent felt that his logical next step was to work at Bell Labs.He
went to Max Mathews, showed him what he had done, and pointed out that if
so much could be done with an eight-track paper tape, imagine what could be
done with a computer. Mathews replied, "Well, we had the same idea."

Ghent began to work at Bell Labs just as GROOVE, under Mathews'
direction, was moving from conception to realization. From late 1967, Ghent
worked extensively with F. Richard Moore, who was writing the GROOVE
software. As Ghent recalls, "Dick was writing an endless array of new subrou-
tines for every new idea that came along." Ghent continues:

The computer was used for speech synthesis during the day. I would come
in two or three times a week, usually at 6 or 7 in the evening, and stay
there minimum until midnight or 1 A.M. and sometimes much much later,
I tried to avoid the morning rush hour into New York City, so if was
urgent to get to the highway before 5 A.M.

Emmanuel Ghent in the GROOVE analog room at Bell Labs
in the early 19705. Photo courtesy Emmanuel Ghent.
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Laurie Spiegel ill the GROOVE alia log
room at Bell Labs in the early 1970s.
Photo courtesy Emmanuel Ghent.

Ghent's work in those first few years with GROOVE was prolific. His
composicions include Battery Park (1969), Molly Bloom's Lament (1969), an
electronic realization of Ben Johnston's Knocking Piece (1969), Danger-High
Voltage(1969), Helices (1969), [nnerness (1970), Fusion (1970), Supernova
(1970), Phosphones (1971), and many other pieces. Phosphones was especial-
ly interesting for two reasons. First, it was used by the Mimi Garrard Dance
Companyas music and, in conjunction with a custom lighting board designed
by James Seawright, as a time base for synchronized theatrical lighting. Second,
[hesounds in Pbosphones were made primarily with special resonator circuits
designedand dubbed Resons by Max Mathews. And there were other pieces by
Ghent for the Mimi Garracd Dance Company, among them Dualities (1972)
andBrazen (1975), in which music, lighting, strobes, projections, and dance
were coordinated by digital signals encoded on magnetic tape. In 1972, he used
algorithmic methods to compose Computer Brass (1972); Divertimento for
Electronic Violin and Computer Brass (1973); and Lustrum (1974), for elec-
tronicstring quartet, brass quintet and tape. And he often used performance
devices,such as a keyboard, a three-dimensiona.l wand, a~d a variety of swi~ch-
es and other controls to interact with the algOrithms while he was composmg.

He describes it:

By changing a number here or there, or flipping a switch, I could produce
lines of pitches where the voice-leading was at times astonishing and fas-
cinating in its unexpectedness ... 1 would create in real time and then
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select what I wanted. 1 remember many occasions working with Laurie all
night at this and thinking what the computer was doing was incredible.
It would produce lines that were musically so interesting, but who ever
would have thought of writing a musical line like that? We had the sense
that here we had hired the computer as a musical assistant and it was pro-
ducing something that we never would have dreamed of.

Laurie Spiegel started to work with GROOVE in 1973, focusing, in her
words, "on developing my ideas in compositional logic and realtime interactive
processes." Spiegel had met Ghent and Mathews at a concert series at the
Kitchen in New York City in 1971. In her words, "J was extremely excited to

see what they were doing ... I called Mannie and asked if I could study with
him ... we worked out an arrangement where I was sort of his apprentice."
She continues:

It was incredibly liberating and exciting, a wonderful breakthrough. I had
been working with analog synthesis and tape techniques where extreme
limitations were imposed by the technology, so going from hardware to
software was a whole new world for me. In contrast to modular hard-
ware systems, GROOVE allowed me to create any number of control
modules of any design by simply writing software subroutines and
reusing them as 1 wished. I could define much more complex and abstract
musical processes and variables, and hear and see and interact with rheir
output in real rime by assigning software variables to physical input
devices such as knobs and switches. I could just improvise on and on with
more high level musical control than had been possible previously. I also
made quite a few fixed form pieces ...

In those years, she composed Appalachian Grove (1974), Patchwork
(1974), a ballet calJed Waves (1975), The Expanding Universe (1975), Drums
(1975), Clockworks (1975), A Voyage (1976), and many other compositions.
What was it like to work with GROOVE on an everyday basis? She answers:

We were allowed to use the computers only when they weren't in use for
genuine phone company business, so we tended to have access from the
late afternoons on. Fridays and Saturdays were best because we could
stay all night. I probably spent twenty to thirty hours a week there,
always at night, weekends and holidays.

It was noisy. There were loud ventilation sounds that you had to learn
to ignore. And it was always freezing in the computer room, so we ofren
wore parkas. A lot of time went into a zillion trips back and forth
between the analog and digital parts of the system, which were down a
very long hall from each other and connected by 300-foot trunk cables.
We used to kid about wanting roller skates.
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There was a wonderful synergy among GROOVE's users who were all
both extremely intelligent and doing what they were doing for love of the
art. That whole lab complex which Max Mathews tan was full of fasci-
nating projects and people.
Every week, usually on Wednesday or Thursday afternoons, Max and

various other scientists would gather in the conference room with their
instruments and read string quartets. There was a lot of real love for
music in those labs, the kind unfortunately often commoner in amateurs
thanpros, a very pleasing contrast to the atmosphere of qualification and
caution I'd found in academic music and some new music circles.

In 1977, as Ghent's algorithmic thinking progressed, he began a series of
twenty-nine studies, from two to twenty-seven minutes each, collectively called
Program Music. As he said, "They were all studies for what was to come,
which was the use of this mode of interaction in such a way that I could create
awholepiece ... " But it was nor to be. On November 22, 1978, Bell Labs noti-
ficationMH-1228-PBD-mm was circulated. It was addressed to DDP224 users
andsaid, in part, "At the end of January we plan to remove from service the
DDP224computet ... " The GROOVE project, in fact, was terminated at the
endof December 1978. Thinking back, Ghent reflects, "It opened opportuni-
tiesthat had been unthinkable-it enabled me to try all kinds of ideas, listen to
themin real time, modify them in real time, and thereby get a chance to exper-
imentin ways that would be prohibitive using standard methods like paper and
penciland human musicians."

•
DonaldBuchla's systems of the 1970s reflected the trend toward digital tech-
nology.In 1971, he developed the Series 200, a pre-computer system WIth dig-
italoscillators. The Series 500, which appeared soon after, was as he descnbed
it,"avery large and quite elaborate hybrid system, with sixteen OSCillators and
a gating matrix with which we could interconnect everything ... " 1n.1972, .he
built the Series 300, a computer-based controller that interfaced With Se~les
200 modules. The Music Easel, which followed in 1973, was 1I1 hIS words, an
instrumentas opposed to a system-it used a touch keyboard ~nd It was pret-
tysmall." In 1978 the Buchla 400, a computet-based system, mcluded a com-

, . I M·d s 1I! CHOPS and Patch
purerscreenand three programmmg anguages- 1 a, ' .
VI . d and sequences and defme
-which allowed composers to program soun s
f

.. . I I d I softwate? What were the
perormer mteracnons. Why did Buc 1 a eve op
importantsoftware issues? He answers:

. . I· I I sy in the way the user is
I find commercial syntheSizers re ative y c urn . d. . I I t" nships Assumptions are rna e
given access to important musica re a 10 . " " d d 'r
that are based on the maintenance of the status quo In mUSICan on
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The first Bucbla Series 500 hybrid system as installed at California Institute
of the Arts in the early 19705. Note that the computer sits 011 a table next to
the synthesizer and the computer terminal is built into the synthesizer frame.

Photo by Joel Chadabe.

allow anyone to deviate very far from the established norms. A user inter-
face includes knobs, push buttons and displays, but it also includes the
software-and I build software to be general and unassumptive about
musical structure to allow myself the freedom to make any relationships
between gesture and musical response.

Buchta's software was also easy to learn and use. As he said, "1 often hear
the comment from users of my systems that they hardly need the instruction
manual ... "

•
By 1970, Zinovieff's studio in London contained two PDP-Bs joined together,
a 32K hard disk, a DECtape drive, several input/output peripherals, a Synthi
100, various other synthesizers, and a large group of amplifiers, oscillators,
envelope generators, filters, switches, clocks, DACs and ADCs, zero-crossing
detectors, and a few percussion devices. There were also certain items speci-
fied by Zinovieff and built by David Cockerell, among them the so-called
Digital Oscillator Bank, in fact a sampler to which waveforms were down-
loaded from the computet; a general-purpose knob, called the Spinwheel, with
a pushbutton panel to select what the knob was controlling; and a pressure-
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sensitivekeyboard called Squeeze-Me-in Cockerell's words "old h t
ld

' f· d hi 1· . ' a now,
~urone,cou ''.t In anrt: IO~ lk,e I.t then," It was a lot of equipment, some of
It ,veryinnovative, and Zinovieff s Idea was to control his analog equipment
with the computers.

By 1970, he and Peter Grogono had finished MUSYS-3 a language for
controlling analog synthesis equipment with a PDP-8 computer, MUSYS-3
functionedas a sequencer to record, store, vary, and play back information that
hadbeenplayed into it. It was used as a scheduler to coordinate the operations
of rhemany devices in the studio. And it generated random numbers. As
Zinovieffrecalls, "We used it to control the 100 or 200 devices that were avail-
able... it was really a very good language, because you could introduce any
degreeof randomness."

Zinovieff's primary interest, however, was in a sixty-four channel filter
bankthat Cockerell had designed and built in 1969. As he said, "My goal was
to analyze intelligently any signal and be able to play it back." He used it in
workingwith Harrison Birrwisrle to compose Birtwisrle's Chronometer (1971).
Inhiswords:

Itepitomized the way I wanted to work. We went to Big Ben and we went
in the clock mechanisms to record the chimes with contact and real
microphones. And then I analysed those sounds through the filter bank
and made a software archive. Harry wrote a score, a very detailed score,
using those sounds but doing transpositions, not very much manipula-
tion, but just putting them together in different pitches and loudnesses on
sixteen tracks. And then it was all composed by one program which col-
lected and assembled those sounds and played them. And then varied
them. It was a wonderful project. And what came out was a wonderful
structured piece made of concrete sounds without a single bit of tape
splicing. And without a single touch on any button by Harry. So the score
looked like a mixture of graphics and symbols, with pitch notations and

written instructions.

As early as 1968, Zinovieff had experimented with digital audio. At a
showcalled Cybernetic Serendipity at the Institute for the Contemporary Arts
inLondon,in his words, "People were invited to whistle into a ,microphone ~nd
thecomputer would decode it and play it back with variatIOns, perCUSSIOn
accompaniment,and so on-and it was clever enough to anticipate a few tUIl.es

,

so ifsomeone sang the national anthem it would stop and play the whole thing

beforethey finished." . .
And so it was a logical next step to develop a digital version of the filter

bank. In 1971, Zinovieff hired Peter Easrry, a digital deSigner. By 1973, the pro-
jectWas called VOCOM (VOice COMmunication) and the digital filter bank
wasused to analyze voice sounds, store the analysis in data-r,educed for~l,and
thenresynthesize the sounds on demand. It certainly had musical uses: Tristrarn
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Cary used it for voice transformation in composing his T~e PilK:im3s Progress
(1972) and for transforming the sounds of Olivetti typew~lters, slxt~en ~Jngers,
and jazz drummer in his Divertimento (1973). But the business application was
speech compression and transmission. As Cockerell recalls, "We thought we
might be able to sell this frequency domain technology for the purpose of corn-
pressing speech ... we found that if you analyzed signals by this filter bank, you
could re-create them by playing discrete sine waves, and it was intelligible."

YOCOM represented a big idea with potential major impact. By 1973,
however, EMS Ltd. was heavily in debt, and Zinovieff, who had developed
more interesting technology than he could sell in the synthesizer market, was
looking for a solution to his financial problems in the larger markets addressed
by YOCOM. He tells it:

One of EMS' endeavors was to go public with a speech synthesis project
called YOCOM. This was, I think, the beginning of EMS' downfall. The

....nti>- I development costs, the cost of people, became very expensive. In the early~. f

....)1
1 days, you could do a week's work and finish a new ring modulator, or

~: example. But, later, with digital things, every piece of new machinery
If" would involve a lot of manpower.Z~
.' Manpower. And capital, Zinovieff might have added. Attempts to raise~)'
...; capital were unsuccessful. EMS was eventually sold and the studio dismantled.2-;I:: And another wonderfully creative enterprise eventually came to an end. As
~~: Cockerell reflects, "I enjoyed those years, yes, indeed ... II

~~ .c::;
C'~ In 1964, when Karl Birger Blomdahl was invited to become music director of
,;:: rhe Swedish Broadcasting Corporation (the Swedish Radio), he made it one ofPo... h d....... is con itions for acceptance that the Swedish Radio finance the building of all.,,,-
~d, electronic music studio. As Lars-Cunnar Bodin recalls, "It was almost an ulti-
~~ matum-'I'll take the job if you establish an electronic music studio,' and thea~ financial situation of the Radio was pretty strong so they said, 'Sure, we need
,~l to have a cutting edge." At the same time, Fylkingen, a new music organiza-

tion in Stockholm, had developed a disrinctly cutting-edge philosophy-the
word fylkingen, in Swedish, refers to the arrowhead formation in which the
Viking warriors fought-and Knur Wiggen, Fylkingen's chairman, was inter-
ested in the design problems of a second generation of electronic music studios.
Wiggen was appointed director of the studio project.

The following year, in 1965, Wiggen opened the Sound Workshop, a
small, interim tape studio where Lars-Gunnar Bodin composed Toccata (1969)
and Traces [ (1970), Sten Hanson composed Che (1968) and How Are You
(l9.6~), and many other composers finished numerous pieces. But his primary
actIvIty. was the design and building of a fully automated analog studio. In
1970, finally, EMS (Elektronmusikstudion / Electronic Music Studio) opened
Its doors.
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Why did it take si~ years' Technical difficulties, the sheet magnitude of
theproject,a.ndWiggen s refusal to compromise on technical and audio qual i-
rywerecertall1ly factors. EMS had purchased twenty-four Schlumberger oscil-
lators) for example, and then redesigned them to achieve greater stability and
a better signal-to-noise ratio. Extensive simulations and tests with the comput-
erat Upsala Universiry had taken considerable time.

Organizational issues and politics also caused delays. In 1968, Blomdahl
died.In 1969, Blomdahl's successor at the Swedish Radio thought the money
beingused for EMS would be better placed with the orchestra. Wiggen, still
Fylkingen's chairman, responded to the crisis with maneuvers that resulted in
a newfoundation whose trustees included the president of the Swedish Radio
and the president of the Royal Academy of Music. Ownership of the studio's
equipmentwas transferred from the Swedish Radio to the new foundation.

At EMS' startup, the analog oscillators were controlled by two digital tape
recorderson which control information was recorded via a difficult and cum-
bersomecontrol panel. In fact, the only composer sufficiently courageous to
completea piece with that system was Jon Appleton, who used it to compose
Killg's Road #8 (1970). Later in 1970, EMS acquired a PDP-IS computer, and
workon a first round of software was begun. Lars-Gunnar Bodin began to use
thestudio in 1971.. As he recalls, "it was very complicated." He elaborates:

The software was poor. It was complicated and painstaking to program
the thing. You had to sit and write on a teletype machine and the code
was coming on punched tape which you had to feed into the computer.
You could be sure you'd get hundreds of error messages. There wasn't
any good editing program, so you had to try and write another punched
tape ...

It was so complicated, in fact, that many Swedish composers worke~ else-
where,either in the EMS tape studio or at locations other than EMS. Bodin, for
example, though maintaining close contact with EMS, joined the faculty at the
StateCollege of Music in 1972, established a studio, and through 1976, devel-
opedthat studio and in it composed Clouds (1976), a major multimedia work
involvingelectronic sounds, projections, singers, and dancers.

Meanwhile, in 1970, Tamas Ungvary was working as an orchestral co~-
ductor in Boden a small town in northern Sweden. He tells the story of his,
beginningsin electronic music:

The Swedish Waterfall Company had built a new dam with electrical tur-
bines, and for the opening festivities, when the turbine was started, they
wanted the orchestra to play marches and the usual stuff. 1 had heard

b
.. d d tI e director to play elecuomc

a out electronic music an I suggeste to 1
. . . h h d he approved So we borrowedmusic instead of usmg t e orc esrra, an .

a M
hesi I h gilt "What the hell is that?" but there were

oog synt esizer. t ou , d . S f t. h h d we figure It out. a my Irs
Some young people Il1 t e ore estra an
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composition, which sounded like water dropping, was calle~ \Vat~r
Drops. Then I decided to make a one-day open house for electronic rnustc
in this little town. Rikskonserrer, a Swedish music orgaruzauon, sent me
some material and I chose a couple of pieces. Almost nobody came. BurI
heard two pieces-they were Morrhesson's Neutron Star and Norgaard's
Solitaire-which affected and impressed me as much as traditional music
could do. I thought, "Ah, it's possible to make music with electronics."

Spurred by his new interest, Ungvary visited Miklos Maros, a composer
working at the time at EMS. Maros showed the studios to Ungvary and, as
Ungvary recalls, "I realized that although I had been working more than twen-
ty years as a music professional, I didn't have any idea of what sound was."
Ungvary began to work at EMS in 1971. As he put it, "It was some kind of
drug for me." Then Seul (1972), his first composition, was played at the ISCM
World Music Days in Iceland and reviewed by a Swedish critic as a Nordic
piece. And that review really got him going. He explained, "1 was Hungarian,
not Nordic, and I had to make my music which reflected my rernperarnenr."

Ungvary was also frustrated by the difficulties: "There was no real com-
puter music course at EMS at that time-EMS-O, the basic software, was
under development and there was little documentation and 1 didn't under-
stand a word, so I took teletype papers from the wastebasket and tried to fig-
ure out what they were." Luckily, Gary Lee Nelson, composer at Oberlin
College, was visiting EMS and helped Ungvary learn programming. In facr,
Ungvary soon became proficient enough to write the first manual for the com-
puter studio.

Other people also made improvements. Erik Nyberg got the system to
function in real time, Michael Hinton wrote IMPACT, a realtime control pro-
gram, and Thomas Sjoland and Ungvary optimized the realtime system. As the
software became more accessible, the hardware also became more suitable.
Several new input devices were installed, among them joysticks, tablets, and a
pen. Ungvary's creative work during the 1970s and into the 1980s developed
in parallel with his technical work. Following Seul, his computer compositions
included Basic Barrier (1973), Traum des Einsamen (1975), Les Mouvements
Mousseux (1979), lte, Missa Est (1982), and L'Aube des Flammes (1984). But
working creatively put him in another frame of mind: "I could not mix techni-
cal work with music." He continues:

When I was composing, I couldn't think about technicalities for one
moment. I had to develop a stable and sophisticated enough software
package beforehand. I always asked myself, "What would you wish for
when you're sitting there making music?" So after perhaps three or four
years of software development, I said, "Stop, forget the whole thing," and
Iw~~tback and made a piece and everything I wished for during the com-
positional process had to be there and had to function. And I needed real
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time so that I could find the tensions and relaxations in an immediate
response to my emotions.

In 1975, in a turn of generations, Knut Wiggen resigned, Per-Olof
Strombetgwas appointed temporary director, and Jon Appleton was invited to
becomedirector. In 1976, Appleton moved to Stockholm and found, to his
unpleasantsurprise, that EMS was undergoing a governmental evaluation and
fundswere frozen. In 1977, he left in frustration, and Lars-Gunnar Bodin
becametemporary director. In 1978, Bodin became director, just in time to deal
withanother crisis and, eventually, an opportunity. In his words:

Whenthe evaluation report was finished, it recommended a c1osedown of
EMS.Many people objected, so we started a campaign and we were pret-
ty successful. I remember a protest meeting which was very well attend-
ed. All the important people in music life were there, It was a strong
showing for keeping EMS, or restarting it, and since there was such an
overwhelming response to keep EMS, the government said, "Thank you
for the report," and put it in a drawer and it was forgotten. Then EMS
was restarted with new money.

In 1979, EMS acquired a twenty-four-ttack tape recorder and mixer. As
Bodinrecalls, "For the next year it went day and night, New Year's Eve and
ChristmasEve-it was wonderful to be the director at that time; it was like
openinga waterfall."

•
In 1961,Stan Tempelaars, a physics student working in the Studio for Elec-
rronic Music at the University of Utrecht, was about to launch a .proJect to
investigatethe loudness and timbral shapes of musical tones and to find a tech-
nicalsolution for synthesizing them. Tempelaars recalls, "I soon ~iscovered
thattherewas no systematic shape to be discovered-the only solution was to
builda generator that could generate any shape ... " By 1964, Tempelaars had
builta fifty-step Variable Function Generator, as he called It, sirni lar In Its
structureand operation to the analog sequencer developed at about the same
timeby Donald Buchla in California. .. .

In 1964, Gottfried Michael Koenig was invited to become artistic direc-
tat of the Utrecht studio. In his words, "Quite naturally, I thought this po~;
wouldgive me more freedom, more possibilities for developmg my Ideas ...

Hecontinues:

I
. hI· d My commission was to make

t was a rather small stud 10 w en arrive . S I
it into an international studio. And there was money and supportd' 0

" A d then when we ha two
could say, "Well, we need more room. n ,
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rooms, I could say, "We need to fill the rooms with equipment." And then,
with the equipment there, I could say, "We need people to operate it."

Koenig thought of using the Variable Function Generator as an oscillator.
He remembers asking, "Why don't we speed it up a little bit and scan it more
quickly, so we can make sounds with it?" Ternpelaars then built a larger 100·
step version which Koenig described as "a very general device that could be
used from one step-per-second to 10,000 per second." And Tempelaars later
reflected, "Composers often use your equipment in a different way, often more
fanciful, than you imagined in the beginning." Konrad Boehmer used the
Variable Function Generator to compose Aspekte (1965). Koenig used it to
compose his Funktionen series of compositions: Funhtion Griin (1967),
Funktion Gelb (1968), Funktion Orange (1968), Funktion Rot (1968),
Funktion Blau (1969), Funktion Indigo (1969), Funktion Violett (1969), and
Punktion Grau (1969).

I The Utrecht studio grew. Tempelaars joined the faculty. In October 1967,
~; there was a meeting of the studio personnel. According to Tempelaars, "The
~. group thought that the name 'Studio for Electronic Music' should be more seri-
~; ous, reflecting the idea of research as well as production." Phonology was men-
!: tioned, but it was rejected because it referred to the study of speech. Sonology
L.} was proposed, but it was noted that it was "a combination of Greek and
2~ Latin." And in the end, perspective prevailed over erudition and the Studio for
~, Electronic Music was renamed the Institute of Sonology. "And eight years
~:::' later," Tempelaars points out, '''Sonology' was defined in a Dutch dictionary
,..... as 'the science of electronic music."
C~ By the late 1960s, the composers at the Institute of Sonology needed a
1':"- computer dedicated to music. Koenig states the problem: "In those days you
3::i had to punch in your data with punched tape and take it to the computer cen-
,,:I: ter to read in the tapes ... " Tempelaars continues:....
101",'1
~~ This was the rich time of the university. Money was no problem. We got
:iii!5i a commitment for a PDP-1S, the money was given in 1970-250,000
~id guilders-and the computet itself came in 1971. It was exceptional that

we had our own computer just for music, not to be shared with other
departments. We suddenJy had a device which was at that moment so new
that it was difficult to imagine the possibilities. We simulated analog tech-
niques. We used it to control analog equipment. I used it for spectral
analysis.

Werner Kaegi, composer and researcher, used the computer to develop a
particularly promising voice-simulation approach to sound synthesis. As
Ternpelaars remembers, "After the first sounds, it was clear that with a small
number of .cOl:trols you had an enormous range of possibilities-speechlike
sounds, noiselike sounds." He worked with Kaegi, and by 1973, he had fin-
ished a software version of what they called VOSLM (VOice SIMulation).
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Between1975 and 1980, several VOSIM synthesizers were built and tested. By
1980,the system was fully functional, many composers were using it and
Kaegiwas trying to commercialize it. But VOSIM never became a commercial
product, in large part because it was difficult to understand. As Tempelaars
comments,"The weakness of VOSIM, like many other techniques for sound
synthesis,was that the relationship between the control parameters and the
effeetol1the sound was not straightforward ... "

Asthe Institute of Sonology grew through the 1970s, it became an impor-
tantcenter for software development and general experimentation. VOSIM,
ultimatelyunsuccessful commercially, was nonetheless an exceptional research
effort.And there were many projects in progress concurrently. Barry Truax
developedhis POD software. Otto Laske formulated theories of music as a
dynamicprocess. The analog studio, directed by Frits Weiland, composer, and
jaapVink,technician, became the center of a circle of composers and musical
activity. In general, composers and students came to Utrecht from around the
worldandworked on their own projects, many of which turned out to be inno-
vativeand influential. And there was a continual flow of visitors. Koenig looks
back:"We got the feeling that there was a large family around the world of
peoplewho understood each other, all based on the challenge of using the com-
puterto make music. It was a wonderful time. It was exciting."

•
WilliamBuxton arrived in Utrecht in 1973, just as Barry Truax was about to
leave.Truax had been working on probability-based composing software that
he called POD (POisson Distribution). He demonstrated rhe software for
Buxton,who thought, as he later said, "that this was pretty cool." Buxton soon
made the important observation that the doors at the institute were .Iocked
everyevening at 8 P.M., an unacceptable condition for someone who l~k~dto
workat night. In what was for him an early example of computer-musIC mge-
nuiry, he approached Koenig and said, "I'm a computer programmer and I'~e
donecomputer music, and I know Barry Truax is gone, and you've got this
wonderfulpackage here, so why don't I teach a course on POD, on computer
music?" And Koenig's enthusiastic acceptance of the offer encouraged Bu~ton
to say,"Well, I guess you're going to have to give me a key so I can come In at
nightand learn t.he program." .

Buxton wrote the manual for POD, and with jaap Vink, he began ~~lt-
. . . A B id "Wntmgmga manual for the studio. It was a good begmnll1g. s uxton sal, ..
manualsand teaching, both in analog and computer stuff, really sensItlzed,me
to h . d .. I I h f t t way to find weaknesses 10 a

t e ina equacies In the tee 1110 ogy-:-r e as es .
designis to write a manual." By 1975, he had developed some clear ideas as to
howcomputer systems should feel and operate. He tells It:

I
'd I . Toronto among them Leslie
been corresponding with some peop e In '. S di. . h I of Cybernetlc eren IPlfY

Mezie. I had seen Mezie's work In t e cata og
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and the problems that he was dealing with in computer graphics were
similar to what 1 was struggling with in music composition. He invitedme
to Toronto and said I could have the run of the laboratory. And so I came
back into this really rich milieu of extremely supportive, brilliant people
who said, "Well, if you want to do something, do it." They helped make
the resources available.

The laboratory was run by Leslie Mezie, K. C. Smith, and Ron Baecker.
Buxton continues:

They asked, "Well, how do you rhink ... ?" I told rhem how I thought
computer music should work. They said, "Well, budd it. There's an elec-
trical engineer." They pointed to K. C. Smith and said, "He'll help you
learn what you need to know." There were a few engineers and students
that K. C. introduced me to, and they said, "Here are the computers, here
are syllabi, write a proposal to make this music system and we'll put our
names on it ... "

In the grant proposal, the project was called the Structured Sound Syn-
thesis Project. As Buxton reflects, "It always struck me as an appropriately pseu-
do-scientific term for music-it looked good in the proposal." He continues:

It turned out it was exactly the right place. We had UNIX on a PDP-ll/45
and the guys at the lab enabled us to have a really high-resolution, very
fast graphics display. It was all set up for interaction. I had a really good
programming environment with a state-of-the-art environment for
designing graphic user interfaces. So I built a score editor and at the same
time started to design a digital synthesizer that we could hook up to that
computer.

The synthesizer, which was functioning by 1978, generated sound in sev-
eral different ways. It could do FM synthesis, waveshaping, additive synthesis,
and fixed-waveform synthesis. It was multitimbral. As Buxton remembers,
"Every time it played a note, the note object had the synthesis technique
embodied in it." He continues:

The problem was that music is realtime and UNlX is time sharing, so how
could we do realtime music on a timesharing minicomputer? The solution
was that we got an LSI-ll stuck between the PDP-ll/45 and the synthe-
sizer. So UNIX talked to the LSI-ll and the LSI-ll was dedicated to
music-it was a mothership arrangement. When you were hooked up to
the big computer, you could do composition, authoring scores, and
designing timbres. And then we had Conduct, a completely separate envi-
ronment which was optimized for performing. The main thing about this
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was rhar we could take the LSI-11 away when we went on tours. We had
a touch tablet, a piano keyboard, slider boxes, four joysticks. We could
change articulation, transpose, adjust dynamics. We built a sound distri-
bution system of sixteen channels of computer-controlled mixing. The
problem in performances was that we always had trouble setting up. So
we built thi thing where the computer, synthesizer and everything could
stay backstage, and Guy Fedorkow built a multiplexer that put all the
control lines in a single coaxial cable that would run down the stage into
which everything could plug in-the slider box, the keyboard, and so on.

It was an unusually elegant solution to performance problems. Indeed,
rheSSSPeffort was unusual in three ways. First, Buxton's system embodied a
holistic,three-way view of a musical process as scores, timbre, performance:

I figured there were three activities that went into doing music. One of
themwas writing your score-and for that we had a project doing score
editors. The second was sculpting your sound palette-and that's the
object editor. It let you sculpt sounds while hearing the music in context,
so you could playa score within the timbre editor and hear the sound in
the score. And the third was the performance software.

Second,the interface predated the Macintosh interface:

Everything was graphical except for the performance program, and it
was, well, sort of graphical. We used a puck and a graphics tablet. The
puck looked like a mouse. For editing scores and sounds, we had graph-
ical editors.

Third,there was exceptional teamwork:

I had a strong group of professional musicians to give me feedback, and
what I got from them had a major influence on the design and the quali-
ty of the final product. In the lab, the computer people and engmeers were
really enthusiastic to see what these musicians were doing. They went to
the concerts. They were really responsive to improving the system .

•
In 1967, Jon Appleton joined the Dartmouth College faculty and established
an electronic music studio. In 1969, Gerald Bregman, a graduate of Dart-
mouth, made a substantial gift to the studio, and the newly named Bregman
Studioacquired a large Moog modular system and various other equrpment In
1972,Appleton met Sydney Alonso, at that time faculty at the Thayer School
f E - - d C J s at that time a student mo ngmeenng at Dartmouth, an arneron one, II-_ . h d he got an idea for contro mg

music and computer SCience at Dartmout ,an
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the Moog synthesizer with a computer. As he recalls? '~The q~estion was how
we could change patching instantly." He discussed his Idea with Alonso, who,
as Appleton remembers, "made a number of suggestions, one of which was to
ignore the Moog synthesizer ... " As AJonso recalls, "I offered the opinion that
we'd be better off starting to build something digital in the first place." Alonso
continues:

We had a little bomemade computer in the lab, and so I hooked up a lit-
tle digital square-wave organ and programmed up some Bach two-parr
inventions. Then we showed it to John Kemeny, who was President of
Dartmouth at that time and a great computer pioneer, having invented
Basic, and he said, "Well, if you get rid of that paper tape, I can get you
some money to pursue this," by which he meant that we should hook it
up to Dartmouth time-sharing.

The next step was Computer-Assisted Instruction (CAl). Alonso tells the story:

We were aware that we had to do some CAl stuff to get funding, and so
we made some files and called them up to a little mini-computer, and we
had a system that would give ear-training lessons. Jon wrote a language,
a schema of instruction, where kids were given a palette of sound events.
At first, they were allowed only to sequence them, then to control more
and more, loudness and duration, then the pitch, and so forth. It served
one student at a time, and it was always jam-packed. Students loved it. So
we said, "Let's apply to the Sloan Foundation for a grant to improve upon
this," by which we meant that we should make it independent of time-
sharing and available to more than one student at once. And so we built
the Dartmouth Digital Synthesizer. We hooked it up to some compiler-
type languages which allowed people to get at the synthesizer and pro-
gram their own sounds and make music, sort of similar to Music V, labo-
rious but satisfying.

Appleton adds, "The idea was that we would have ear training during the
day and composing at night." How did composers use the Dartmouth Digital
Synthesizer? Cameron Jones wrote two composing languages called KLANG
and SING. As Appleton describes them, "They were line numbered files with
fields into which one entered envelope, FM ratio, pitch, vibrato, etc.-they
were easy to use and since it was the first time I had worked with numbers, it
led to some unusual runings ... " Among Appleton's pieces were Georganna's
Farewell (1975) and In Medias Res (1978). Other composers also worked with
the system, as summarized in a 1976 recording called The Dartmouth Digital
Synthesizer, which contained Georganna's Farewell, Lars-Gunnar Bodin's
Bilder (images), Russell Pinkston's Emergence, and William Brunson's
Tapestry T.
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Meanwhile, in 1973, as Alonso tells it, "Kemeny met with Norton
Stevens,the head of orlin Music, and Kemeny said, 'There's something you've
gorrosee." K,emenywa~ re~erring to the Moog synthesizer. And Stevens, appar-
ently,was quire enthusiastic because, according to Alonso, "The next week,
Norlin bought the Moog company." In 1975, Alonso and Jones formed New
EnglandDigital Corporation to develop marketing prototypes of the Dart-
mouthDigital Synthesizer, which, by that time, was controlled with a NOVA
minicomputer.Alonso continues:

Partof the conditions of the Sloan grant was that if it were successful, it
should be made accessible. So we said, "Well, why don't we sell this to
Norlin?" In spring 1976, we started negotiating with Norlin. It took to
about August 1976 till we had a contract.

Expensive and somewhat difficult to operate, however, the Dartmouth
DigitalSynthesizer was not immediately successful, and Norlin, like many large
companiesthen and now, did not exhibit patience in pursuit of profits. Alonso:

In April 1977, we got a letter from Norlin saying they were opting for the
flameout clause in the contract, that they were no longer interested. But
by that rime, New England Digital had developed a little very fast 16-bit
computer that we called the ABLE, and Cameron Jones had written a
compiler for it. So we had a question: Should we go back to Dartmouth,
or should we keep trying to sell this technology, or none of the above?
Because of our new little computer, we decided to go ahead and make a
small synthesizer, and then we added a musical keyboard and a little plas-
tic box which had a zero-seeking knob. By pressing a button on the plas-
tic box, you would say, "I want to control this feature." Then, as you
turned the knob to the right a value would increase, to the left ir would
decrease. When you let it go, the value would stay where you left It. ThIS
design is in all commercial synthesizers. I wish we had patented It, but we
didn't have any money.

No money, perhaps, but they did have the computer, the synthesi~er, the
keyboard, and rhe control panel. In other words, they had the Synclavler. Jon
Appleton had been in Sweden during 1976. When he returned in 1977, he
resumedworking with Alonso and Jones. Appleton continues:

My input was that we should have an instrument fa: live ~erformance
and that the functions of an analog studio and of certain music languages
should be hardwired in the form of buttons and knobs on a control panel.
So the questions were: How do you specify envelope~ How do you sp.ec-
ify tracks? Vibrato? What terms do you use? And finally, one question
was: What kinds of sounds are acceptable? What techniques of synthesis
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are most useful to creative musicians? I discussed these things with Syd
and Cameron and J tried to interest other people in what we were doing.
I was a kind of publicist for the instrument. I constructed musical exam-
ples. And I demonstrated it everywhere-Sweden, Finland, France, Italy,
New Zealand, all over rhe United States. I did a combination of lecture
and demonstration and played one or two of the pieces that I'd written.

As Alonso recalls, with some chagrin, "Our first musical sale was to Joel
Chadabe who would have none of the control panel or keyboard and insisted
on writing his own programs using the XPL compiler." Then, with resignation
at the quirks of the particular fate that had delivered a first customer with no
regard whatsoever for the hours and months of development time that had
gone into the keyboard and control panel, Alonso adds, wirh a philosophical
shrug of the shoulders, "Va bene." In fact, I had been looking for a sixteen-bit
digital synthesizer system with floppy disc storage. I had visired New England
Digital in Norwich, Vermont, in September 1977, saw some demonstrations,
had a brief discussion with Appleton, and ordered a Synclavier, as Alonso said,
in a special configuration without the keyboard and control panel.

The next sale, and the first sale of a system with the keyboard, control
panel, and sofrware, was in December 1977 to Michel Redolfi for GMEM
(Groupe de Musique Experimenta!e de Marseille). Redolfi had earlier worked
at the Dartmouth College studio and met the Synclavier developers. He was
familiar with the Synclavier and knew what he wanted to do. His first finished
piece with the Synclavier was Pacific Tubular Waves (1979), which he
described in terms of imagery: "The flux of the waves, the dance of sea plants,
the peace of the depths, all the sound pictures originate from spectral mixes
made directly on the instrument-I felt like a painter of sound." He continues:

I was fascinated by the possibilities of creating complex FM sounds that
were full and evocative and far from the coldness of most digital timbres
of that time. I could make long, organic, and harmonic sounds that were
not like the note-by-note instrumental music of electronic keyboards.
And one of the most powerful features of the Synclavier was that you
could change values from the infinitely fine to the infinitely large by turn-
ing a single big knob. It was a new idea and it remained unique for a long
time. There was no patching, no unreadable algorithms. And thanks to
this knob, the Synciavier could be thought of not as a super-keyboard but
as a machine to create and direct sound.

During the next year, fifteen Synclaviers were sold and work toward a
Synclavier H was begun. As Alonso tells it, "A fellow by the name of Denny
Jaeger appeared on our doorstep one day and said, 'Look, the Synclavier is nice
but you really left some stuff out, and I think if you put the stuff that I tell you
111 there, you should be able to sell millions of them, and it would be really a



Thephoto on the top
showsSydney Alonso

(left) and Jail
Appletoll (right) ill
the offices of New
England Digital
Corporation in

Norwich, Vermont
ill 1977. The phot~
On the bottom shows
)0" Appletoll playing
the Synclavier ill

1978, with Cameron
Jones standing by.
Photos by Joel
Chadabe.

Synthesizers 177

hotthing'-and so he talked us into letting him be the product designer." And

b
in1979,while the Synclavier Il was in a design stage, Appleton pulled back a
It. Hesaid:

I guessthey asked me some questions, but 1 was only marginally involved
fromthat point on. It was already clear that if they were going to make a
business of this they were going to have to appeal to the commercial
musicworld and I didn't know that music. 1 didn't know what kinds of
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sounds would appeal to rock groups. So my involvement became increas-
ingly less and after a year or so I resi~ned all finan~ial inte~est in the
Synclavier. I felt I had nothing more to give. But I remained a friend, both
for reasons of self-interest and loyalty. I wanted the Synclavier to become
a more sophisticated performance instrument. They kept my tuning
option. They did try to make a compromise between the interests of an
music and commercial music in the design of the instrument. But there
were a thousand systems out there at the end, and of those there were no
more than fifty that were used in the art music tradition. It had become a
different animal.

Appleton did many compositions for live performance with the Syn-
clavier, among them Kapingarnarangi (1979), Sashasonjon (1981), and Brusb
Canyon (1986), but eventually he stopped using it to perform. He explains,
"The instrument had become so large that it became too expensive for me {Q

accept the kind of concert engagements that art musicians are offered, so I
would go on a tout and I'd spend every penny that I had earned on shipping
the instrument around-and when I started to lose money, I just couldn't afford
to do that anymore."

•
By 1977, the Alles Synthesizer, designed and built by Hal Alles at Bell Labs, was
up and running. Laurie Spiegel describes it:

It had a glutton's heaven of physical controllers. There were so many slid-
ers and switches and joysticks that you could create as many realtime
interactive input parameters as you wanted. I used lots and lots of them,
as options and overrides. In addition to all my pitch-time algorithmic
variables, I was even able to put the amplitude of each partial of each FM
oscillator pair on its own slider and I still had dozens of unused slider pots
left over. This was enough to unleash creative mania after four years con-
strained to GROOVE's bottleneck of just fourteen DAC control channels.
I may never see the likes of that hardware interface again!

Bell Labs, having played a part in developing the sync sound process for
cinema, was invited to participate in a fiftieth-anniversary celebration of talk-
ing pictures, to take place in October 1977 at the Palladium in Hollywood. The
Alles Synthesizer was programmed for the occasion to perform several old
sounds, including a few words as sung by AI Jolson in his first sound film. And
Spiegel was invited by Bell Labs to compose Concerto for Self-Accompanying
Digital Synthesizer (1977), an interactive process in which whatever was
played on the keyboard was continuously recycled into a continually changing
accompaniment for what was played next.
. ,There we~e difficulties in the preparation. As Spiegel describes the rou-
nne, We had SIX weeks, barely enough time, so we worked around the clock,



Synthesizers 179

withHal working 5 A.M. to 5 P.M. and me working 5 P.M. to 5 A.M., plus
someoverlapping worktirne-s-I had to switch from FORTRAN on a dedicated
computerto working on a UNIX network, writing in C, which was in itself
beingrewrittenand changed constantly while I tried to learn it, and it was hard
to tellwhat were software bugs, compiler changes, or hardware problems or
changes."There were difficulries in moving the synthesizer from Bell Labs in
MurrayHill, New Jersey, to California. Spiegel recalls, "When we got the thing
outof the cargo hold of the plane, all the circuit boards were wet with con-
densation.so we were backstage using hair dryers on the boards. hoping they'd
dryout in time." And as Spiegel tells it, there were difficulties in the perfor-
mancesetup: "The Palladium crew put it on a revolving platform, all glitzy
Hollywoodstyle, and when it started turning, the cables began winding up
aroundthe platform's base-they caught it just in the nick of time and reversed
the directionof the rotation."

•
Bythe mid-1970s, GRM in Paris was in process of recasting the idea of
musiqueconcrete in new technologies. Following GRM's acquisition of a PDP-
11/60computer, Benedict Mailliard had begun to develop sound-processing
softwaremodules, collectively called the 123 Programs after the room (Studio
123)inwhich they were developed, while in parallel, jean-Francois Allouis had
begunto develop SYTER (S'Ysterne TEmps Reel I Realtime System), a hybrid
systemconsistiog of a digital synthesizer controlled by the PDP-11/60. Various
prototypesof SYTER were demonstrated during the late 1970s, a first com-
plete version of the system was finished in 1982, and the definitive system was
readyin 1984. Its functions included realtime sound transformation and syn-
thesis,direct-to-disk recording, and hard-disk editing, all of it controlled with
a graphicalscreen interface and mouse. Further, SYTER was extensible In that
ausercould program software modules and incorporate them to operate seam-
lesslywithin the system.

SYTERwas commercialized in 1985 several systems were sold, and, RM
improvementswere made through the late 1980s. In 1988, Allouis left G
tobecometechnical director at IRCAM and Hugues Vinet artived ar GRM to
COntinueAllouis' work. Vinet continued to work on SYTER into 1989,. at
whichtime he adapted the SYTER software to the Macintosh, rhereby creating
thefirstversion of what became GRM Tools, an ensemble of digital Signal pro-
cessingmodules including additive synthesis. filters, delays, time stretching,
equalization,and Doppler shifts. Following further development, GRM Tools
wascommercialized in 1993. ln 1994, Emmanuel Favreau began to work at
GRM and developed a version of GRM Tools comparible wirh Power PC-based
Macintoshcomputers. By rhe early 1990s, ir had become clear that rhe record-
i d urocesci . d d d s a well-understood andngan processing of acoustically-pro uce soun s wa . 1
acceptedapproach. Indeed, musique concrete had entered the commerCIa
mainstream.
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•
In Italy in the mid-I960s, Giuseppe Di Giugno was teaching physics at the
University of Naples and conducting nuclear research at the acceleraror la~o"
ratory in Frascati, near Rome. Music, for Di Giugno, was a hobby. As he said,
"I played guitar like a dilettante, I had studied a bit of theory, 1 could read a
classical score." One evening in 1969, at the home of some friends, he heard
Switched on Bach. He recalls, "I was impressed by this as a curiosity-I didn't
know how it had been made." In 1971, he attended a physics conference at
Cornell University at which Robert Moog gave a lecture. Di Giugno met Moog:
"I talked with him after his lecture and he invited me ro his workshop at
Trumansburg-he was very charming, molto simpatico." Di Giugno continues:

At that time, at Frascati, we were using our experiment-control computer
to make sounds, for fun, as a divertimento, as a hobby. And as a hobby, I
made a voltage-controlled synthesizer. During that period-1971, 1972-
I met many Italian musicians and showed them what I'd done. There was
always a problem with tuning because the oscillators weren't stable. You
could do something today and it wouldn't be there romorrow. And I began
ro wonder if ir was possible to produce sound digitally, ro make digital
oscillarors. I didn't know that Max Mathews had already done it. But I
had the use of a PDP-IS minicomputer and I did it in real rime.

In 1973, Di Giugno founded an electronic music group, rhe Gruppo
Electroacustica di Napoli and, as he put it, "got to know the contemporary
electronic music scene." And the contemporary electronic music scene got to
know him. In November 1974, Luciano Berio telephoned him and said, "I'd
like to meet you." Di Giugno and Berio met, and after much conversation dur-
ing the following weeks, Berio proposed to Di Giugno that rhey collaborare in
building a digital synthesizer. In Berio's words, "We had had only nine oscilla-
tors in Milano, so in a kind of humorous way I said to him, eWe need 1,000
oscillators, not nine." And in early 1975, Berio invited Di Giugno to a meet-
ing with Max Mathews at the Rome airport. Di Giugno remembers:

He had stopped in Rome ro meet with me because Luciano had proposed
that I come ro IRCAM. There had been a proposal for a studio with 1,000
oscillators. So Max asked me, 'What do you think of this project, 1,000
oscillators?' and we began to talk about a future system, and we talked
about collaborating at !RCAM in 1976.

During 1975, Di Giugno began building what became known as the 4A
digital synthesizer. He finished it in early 1976 and, in June, went to Paris to
begin work at IRCAM. Using the 4A, as David Wessel's Antony (1977) demon-
strates, a composer could add together many waveforms to make a complex
sound. But the 4A's software oscillators could not be made to interact with each
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other.A~that point, Di Giugno met Hal Alles and Alles said, as Di Giugno
recalls, We can do this In another way." By 1977, Di Giugno and Alles had
finishedbuilding the 4B, which had sixty-four interconnected oscillators. Di
Giugnocontinues:

Synthesizers should be made for musicians, not for the people that make
them.The 4B was used by very few composers because at that time com-
posers were beginning to have ideas of live performance, with micro-
phones and reverberation. So in 1978, I began to plan the 4C, which was
more programmable, the most important concept in my ideology. The 4A
wasonly oscillators, the 48 was oscillators with interconnections, and the
4C didn't have concepts of oscillators but rather of objects with particu-
lar algorithms that could be linked. It was much more general and it was
used by many composers.

The 4C, finished in 1979, was used by Tad Machover in Light (1979) and
So~Moming, City! (1980), among other composers. But the 4C was limited.
AsDiGiugno explains, "There were many things that were impossible to do
withit, and at a certain point I got tired of it because every year there was
anothermachine for something else a musician wanted to do." He continues:

Arthar point, after some reflection, I decided we had to do something that
was general enough to be independent of any specific composer's needs.
I began to study all the things that musicians wanted. I thought of a uni-
versal machine that would let every musician construct any particular
machine within it. And so I got the idea for the 4X, actually the first dig-
ital signal ~rocessor ever made.

The 4X, in a semifinal state of completion, was first used in public at the
DonaueschingenFestival in 1981. The occasion was an early performance of
PierreBoulez' Repons, for twenty-four musicians and six soloists, in ~hich
soundsplayed by the six soloists (piano, synthesizer, harp, cimbalom, Vibra-
phone,and xylophone) were independently rransformed and routed through
differentloudspeakers placed around the hall.

Evenconsidered retrospectively, Repons was the most elaborate compo-
sitionto utilize the 4X. But it was by no means the only one. The 4X was used
hy Luciano Berio, Philippe Manoury, Pierre Henry, Prancers Bayle, Jean-
BaptisteBarriere, Robert Rowe, Arnaud Petit, Denis L~rram, George
Benjamin,Thierry Lancino, and Marco Stroppa, to mention but ~ .f~w.
ComposersMarc Battier and Cart Lippe functioned as tutors ro help VISiting
composetsuse the technology, and of course, they used the technology them-
selvesin theirOwn compositions. Marc Battier's Encre sur.Polye~ter (.1984), for
example,involved the processing of brass sounds by continual filtering and by
m' . I d si I sly by many oscillators.Icrotumngone sound which was p aye simu taneou .
AsBattierrecalls, "I've never seen another machine that could give as much
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Luciano Berio in his JRCAM
workspace ;n1978.

Photo by Joel Chadabe.

power and complexity ... I could do amazing things just by changing a few
faders." By 1985, there were four 4X workstations in operation, each consist-
ing of a SUN computer, a VME 68000 computer (developed at IRCAM, based
on the Motorola 68000 microprocessor), and a 4X synthesizer. The 4X was, as
they say in the American business world, a home run. Di Giugno continues:

And so in 1983, we thought of commercializing it. The 4X was extreme-
ly expensive-it cost approximately $100,000-so it wasn't really acces-
sible to many musicians or conservatories. IRCAM had made four of
these machines, and we wanted to sell them to organizations dealing with
audio, the military, and other large companies. But at that time, the
University of Padua, particularly Luigi Nona and Alvise Vidolin, wanted
something. Alvise said, "I want one of these machines."

The 4X was eventually commercialized. Oi Giugno responded to Vido-
lin's reguest by making a single-module 4X called the 41 (I for Italy) for the
University of Padua. And he reasoned that the cost of the 4X could be reduced
only through miniaturization and integration. He remembers, "So I said to

Boulez, 'We have to go towards microeJectronics.'" But IRCAM did not have
the necessary funds. Di Giugno did some research at MIT and, in his words,
"studied various architectures, various modes of designing, and I thought of a
SA OSP system with floating point mathematics ... " Then, in 1986, he got a
telephone call from Paolo Buonrempi in Rome.

Buontempi, a large Italian toy company, had bought Farfisa, an Italian
synthesizer company, and Paolo Buontempi made a Faustian proposal. As Di
Giugno tells it, "He said, 'For two years, do your research, then you do instru-
ments for me.'" Di Giugno accepted Buontempi's invitation because, in his
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words,'Citlet ~e continue my research in new technology." In May 1987, Di
Giugnoleft Pans for Rome.

•
In1985,while Di Giugno was still in Paris, Miller Puckette arrived at [ReAM
andbegan to work on 4X-telated software with Philippe Manoury. Manoury
hadearliercomposed Zeit/auf (1980), for instruments, voices, and tape, in
which the instruments and voices were transformed with a Buchla synthesizer,
andatthetime that Puckerte arrived in Paris, he was working with flutist Larry
Beauregardon Jupiter. Manoury's idea for Jupiter, finished in 1987, was that
rheflure'ssound would be transformed in the 4X, pitches played by the flutist
woulddetermine how the flute's sounds would be transformed, and at the same
time, theflutistwould trigger other electronic sounds. The main software prob-
lem washow to time musical events independently of one another, measure by
measureand beat by beat, so that the 4X could follow the flutist. It wasn't an
easy workingenvironment because the computer in the 4X workstation at that
rimewas a POP-ll controlled with a clumsy RS-232 teletype. But Puckette
solvedthe timing problem by writing a realtime scheduler. He said, "I used
ideasthat I had learned from Max Mathews and so 1 ended up calling the pro-
gram MAX." Manoury continues:

The idea was to give the flutist the liberty of changing tempo, as against
playingwith a tape where the player has to follow the tempo of the tape.
Thatfor me is something fundamental in music, that flexibility in tempo
isfundamental to interpretation. And it became possible with this syste~.
Each time that the flutist played a note, the processing would change 111

somerelation to the note played by the flute. The result was that the spec-
tralevolutions of the electronic sounds were synchronized to the flute In

pitchand rimbral quality. My idea was to establish a connection between
a soloist and a virtual orchestra but the orchestra would keep the char-
acteristicsof the soloist. Consequently, perhaps seventy percent of the
soundsof the piece were flute sounds. In our experiments with the so~n~s
forthis piece, we used frequency shifting, harmonizers, and other kin s
of transformations.

Puckerrecontinues:

. . . h do to make the processIn spnng 1987 I started thmklllg about w at to 1
a littleeasier. Imoved the whole program to the Macint~~h because .was
. d I . e philippe was agltat-
Sickof the POP-ll and the teletype. An t ieu, smc d i t
. . I d id d to pull a fast one an JUSmg to get starred on his next piece, eCI e . A f that
hook a Macintosh up to the 4X with a MIDI line. Duong hUgust Of· ra-

. hi ' f ce because t e con IgU
year,I figured that we'd need a grap ICS inter a, fil A d with-. I· d . lize 111 a text I e. n so,
nonswere getting too comp reate to vrsua I. h I lied the

k d h ics interface t at caOutreally meaning to, I coo e up a grap I
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Patcher which I thought of as a kind of utility, And pretty soon thecart
was pulling the horse. It turned out that the graphics interface becamea
bigger project than the realtime scheduler that I called MAX. So some-
how between September 1987 and July 1988, we got a working version
of MAX together on the Macinrosh and Philippe wrote a thirty-five-
minute piece with it.

Manoury's next compositions were Pluton (1988) and Partition du Ciel
et de l'Enfer (1989, Separation of Heaven and Hell). Of Pluton, for piano and
the 4X, Manoury recalls, "It had been hard and long to do what we'd done
with Jupiter, mainly because of working wirh the teletype terminal, and thesys-
tem in general wasn't very responsive or interactive-so the idea of this piece
was to do more easily what we had done with Jupiter." He continues:

In August 1988, Miller and I went to Bordeaux on vacarion with our fam-
ilies and we worked for about two weeks, while I put together a lot of
ideas for the piece. There was a reciprocal influence while Miller solved
my problems and my problems gave Miller ideas for how to make the
program easier for musicians to use. So following our experience with
Jupiter, Miller rewrote the program for the Macintosh with a graphic
interface called Parcher. It was more interactive, with sliders, for exam-
ple, that allowed me to test the elements that I was working with. Forme,
the graphic interface made a conceptual change in my ways of working
because it gave me a way to do more easily what J had done with great
difficulty before. This was very important, because with rhe jupiter sys-
tem, which was not interactive, I had to formalize every thought in pro-
gramming terms, and that was not intuitive for me, or for any musician.

The ease with which someone can conceptualize and analyze a problem
is an important factor in solving that problem. And conceptual clarity is an
important factor in creativity. As MAX's graphic interface was developed, and
as MAX therefore became conceptually easier to use, Manoury was able to
solve problems more efficiently and, further, think more freely of new dirnen-
sions to his ideas. As Manoury said: "What was so good about the new MAX
was that it aLlowed me to think intuitively about my music."

Manoury's thought brings Buchla's words to mind: "A user interface ...
also includes the software." Indeed, software-perhaps even more than the
knobs, buttons, displays, and other aspects of a synthesizer's hardware inter-
f~ce-plays an essential role in determining how easy it is to operate a synthe-
SIzer.

• • •



CHAPTER SEVEN

THEMIDI WORLD

The first synthesizers appeared in the 1960s. The market grew during the
1970s.By the end of the 1970s and into the 1980s, the market was wide open
andexciting, even chaotic. Kraftwerk, Led Zeppelin, Frank Zappa, Herbie
Hancock,Moody Blues, Roxy Music, the Beatles, Thomas Dolby, Brian Eno,
Depeche Mode, and innumerable other musicians and groups were using tech-
nology.Many of the ideas developed at universities and in research centers sur-
facedin commercial synthesizers. Anda wide variety of new synthesizers, key-
boards, drum machines, and computer-based systems were becoming
commerciallyavailable, among them Roland's jupiter-A, the Chroma and PPC
Wavesynthesizers, the Con Brio synthesizer, Crumar's Performer, Rhodes'
MarkTIl Electronic Piano, the Casiotone 301 key boa cd, Simmons' SDS-S
ElectronicDrum System, and the afphaSyntauri computer-based music pro-
ductionsystem.

•
TheFairlightCMf (Computer Music Instrument), the first of the so-called sam-
plers, sold for about $25 000 when it was introduced in 1980. It was expenstve.
Likemost other new digital systems at the time, it was aimed at a professional
market.And it was successful because ir applied digital technology to the well-
understoodidea of keyboard-controlled tape playback. In the 1950s, thece had
beenHugh Le Caine's Multi-Track Tape Recorder. In the early 1960s, there had
beenthe Chamberlin. And in the mid-1960s, rhe commercially successful
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Mellotron was introduced. A 1975 advertisement listed Larry Fast and Synergy,
King Crimson, Is30 Tomita, Peter Gabriel and Genesis, and other musicians and
groups as Mellotron users. The ad stated: "Only the Mellotron duplicates the
real sound of any voice or instrument by means of a series of controlled tape
machines--each tela ted to a key on the Mellotron keyboard ... if you've been
wondering how Paul McCartney, Todd Rundgren, The Srrawbs, Yes, and many
other groups have achieved their distinctive sounds, now you know ... "

In 1971, Kim Ryrie in Sydney, Australia, was working for Electronics
Today when the magazine published an article on how to build an analog syn-
thesizer. It set Ryrie thinking that the design of a synthesizer could benefit from
a microprocessor. He contacted Peter Vogel, an old school friend, with the pro-
posal that they start a company to build a computer-based instrument. Vogel
agreed. In 1973, they were working on a computer-controlled analog synthe-
sizer in the basement of Ryrie's grandmother's house when Vogel's sister, who
was working for the Australia Council, pur them in touch with Anthony Furse
in Canberra. Furse had received an Australia Council grant to build the Qasar
II, a hybrid synthesizer. Ryrie and Vogel were enthusiastic. They licensed
Furse's technology and formed Fairlight Instruments (after the name of a
Sydney harbor ferry) to build a computer-based synthesizer. In facr, they ended
with a sampler rather than the hybrid system that Furse had developed. And it
had the benefits of a graphic light-pen-based interface to edit at create sounds,
automatic sequencing, and keyboard control. By 1979, the Fairlight CMI was
ready for production.

•
Meanwhile, the Synclavier Jl, which at first was based on FM synthesis tech-
nology, was beginning to sell. Sydney Alonso recalls, "We sold the first one in
July 1979, and between July and December we sold $1 million of them, which
for a little company like us made LIS take notice." Yamaha also noticed.
Yamaha had licensed FM technology from Stanford University, and as Alonso
tells it, "A couple of austere businessmen-scientists from Yamaha came to us
and they gave us some sake and we gave them some maple syrup and they said,
'Why don't you license FM?' and we said, 'Okay.'"

As the Fairlight CMf became successful, however, Alonso began to think
along different lines. As he remembers, "They would show up at AES shows,
and they'd say, 'Well, let's draw a picture of a Volkswagen on the screen and
then we'll play that wave,' and 10 and behold, the public bought it, so all of a
sudden the idea was that we want to do sampling-and this was a very strong
market force, so we were forced to develop the sampling unit." Forced or not,
the sampling unit was a great success for New England Digital Corporation.
Alonso contin ues:

We were a corporation, we had stockholders, we were getting nibbles
~rommore and more investors, and we kept making a profit and grow-
mg. The system was getting larger and larger. The prices were going up
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and.userswere ,being found for very big and expensive systems, for exam-
ple 111 the movies. Demand caused us to build a sample-to-disk option
that was integrated with the sample-to-RAM. It could do the whole film
~core, sou,~d.effects and music score and you could slip in dialog, making
It worth millions of dollars to people who had a need to do that in a hurry .

•
Crumar's General Development System was also expensive. By the mid-1970s,
Crumar, an Italian company known for electronic pianos and keyboards such
as the Compac and Orchestrator, had established close ties with Music
TechnologyInc. (MTI) in New York. In 1975, through MTI, they acquired Hal
Alles'synthesizer technology from Bell Labs and began to design the General
Development System. The CDS, as it came to be called, appeared in 1979.
Marketed by Digital Keyboards, Inc., an MTI subsidiary, it was described in a
1983 advertisement:

The General Development System (CDS) was completely developed from
digital technology, the result of years of research at Bell Labs and contin-
ued by Digital Keyboards, Inc. A $30,000 musical system, the purpose of
the GDS is to formulate & pioneer many kinds of digital synthesis tech-
niques, create a library of sounds, and aid musicians in the design of
instruments and significant features ... lncluded among the GDS users
are Wendy Carlos, Klaus Schultz, Billy Cobham, Kansas State University,
the University of Oklahoma, Jefferson Research, Leo's Music ...

•
In 1971, Dave Rossurn was a graduate student at the University of California
at Santa Cruz when the physics department acquired a Moog synthesizer.
Rossumfigured out how to use it and then, with several friends, built an ana-
logsynrhesizer called the E-m" 25.

In 1972, Rossum and Scort Wedge formed E-mu Systems. They did con-
sulting and built modules. Eventually, they built modular systems used by,
amongothers, Frank Zappa and Herbie Hancock. They also built digital scan-
ningkeyboards which were licensed by Tom Oberheim, Sequential ClrcUl~s,
andothers. And they designed integrated circuits, among them the analog chip
licensedby Sequential Circuits for the Prophet-5.

In 1979, they built an oddity called the Audity, As Marco Alpert, later E-
muSystems' vice president of marketing, recalls, "We got.a comunssion from
PeterBaumann, who had just left Tangerine Dream, to design a co.mputer-con-
trolled synthesizer board-so we designed a board that was a single analog
voicethat was completely computer controllable, .and we decided to ~se It In a
synthesizer." In May 1980, they enthusiastically mtroduced an Audity proto-
typeat an AES show. Public interest was somewhat moderated by Its pr,oJected
priceof around $70 000 and as Alpert mentioned, "We figured It wasn t going
t b . ' .'. " b t at that same show Rossum ando e a commercially Viable instrurnent, U '
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E-mu Systems' Emulator, about 1982. Photo courtesy £-mu Systems.

Alpert got their first look at the Fairlight CMI. And it occurred to Rossum that
there was an easier way to do sampling.

In January 1981, at the NAMM show, they presented a prototype of the
Emulator I, a sampler, priced at about $10,000. As Alpert said, "We caused a
bit of a stir." The stir was due in part to Stevie Wonder who, as Rossum wit-
nessed, "sort of hugged it to get the feel of it, and then started playing ir."
Wonder ordered an Emulator. Serial number 001 was shipped to him in May.
And in 1982, with the additional features of a sequencer, new sounds, and mul-
tisampling, and a lower price of about $8,000, sales of the Emulator I took off.
Alpert declared: "That was really the start of sampling." Then, in 1983, Ecrnu
introduced the Drumulator which, in Alpert's words, "kicked off the afford-
able drum machine market." And in 1984, E-mu introduced the Emulator 11,
with improved sound quality, longer sampling times, full analog processor,
hard drive, and in 1985, a CD-ROM drive. Alpert recalls, "It was a phenome-
non, it became the instrument to have, everyone understood sampling .. ."

•
More and more companies understood that prices had to come down if they
were going to be successful in addressing a growing market. The following
words are from a 1983 ad:

At Digital Keyboards, we realized that very few musicians were in a posi-
tion to spend $30,000 for a CDS. However, our long years of R&D
opened several new doors, allowing us to create a keyboard that offered
the most demanding sonic aspects of the CDS-at a fraction of the cost.
That keyboard? The Synergy ...

The Synergy sold for about $6,000. And many other new instruments
were developed to sell at affordable prices. The story of the Linn Drum, for
example, began in the late 1970s while Roger Linn was working as a free-lance
musician-with-a-computer in Los Angeles. He tells the story:

I was writing a drum machine program and this guy Moffitt had some
money. So in 1979 we started Linn and Moffitt Electronics and that was
the origin of the LM-l. Before too long, Moffitt parted and I was running
out of money. So some of my musician friends got me appointments at the
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studios. I had a cardboard box cur out with a bunch of wirewrap boards
and Itold them that if they gave me half the money up front I'd finish the
product in three months. And I told them the price would b~ $5,000. 50 1
got a lot of deposits for $2,500, and that helped fund the company and
sometime in early 1980 I shipped the first machines. The first machine
went to Leon Russell, a songwriter. The second went to Stevie Wonder ,
who was very excited about it. Then lots of others ... Anyway, 1delivered
themachines not in three months, but in eight months, and the first ones
had some hardware problems because they were assembled at my house
by unemployed musician friends. Altogether, I must have sold eighty-five
units. But the LM-1 was the talk of the town, so we were beautifully posi-
tioned for the Linn Drum, which came out in 1982-a better machine at
$3,000. It had cymbals and three dynamic levels for the snare drum
instead of [WO and better buttons. Oberheim was showing a prototype of
the DM-X at shows, and it had a very nice button that I didn't know exist-
ed. So I found a source for the button, put the button in my Linn Drum
and then beat Oberheim to market and sold a total of about 5,000 units.

Tom Oberheim was adept at dealing with competition. In 1979, he
responded to the Prophet-S's success by developing the OB-X, a completely
programmable, microprocessor-controlled synthesizer which expanded to
eightvoices. In 1980, the OB-X was improved and became the OB-XA. In
1981, he designed the DS-X (digital sequencer) and the DM-X (drum machine)
andmade it possible to synchronize them in what became the Oberheim sys-
tem.As he said, "It was very crude and expensive, but it worked." But expen-
siveis a relative term. Oberheim's products, in general, were in the few-thou-
sand-dollar range.

•
Thebreakthrough technologies and growing market of the 1970s attracted
manyexceptional entrepreneurs, among them Felix Visser in Holland. Aro~nd
1970, Visser was working as a free-lance musician when he read an article
aboutEMS (London) in Tape Recorder magazine. He remembers, ."1wrote to
EMS and they followed up with one of those floppy Vinyl recordmgs---:-l stili
haveit-and that completely blew my mind." Visser bought a Synthi A, tn fact
the first in Holland, but as he recalls, "After three days the damn machl~e
brokedown." Luckily, EMS had given him, t~e circurt dlagr~;s, and as i:
repairedit he thought, "Why did they do rhis instead of that? And then h f
rhoughtstook a dangerous turn. As he put it, "1 worked myself Into a state a
belieVingthat I could do a better job." d d

V'· . I f m a bank an starte a com-isser did the normal thing. He got a oan ro hi k d
party, He established Synton on January 1, 1973. And the plot Saban tiCk ene I'
As hetells it, "Three months in those days, unhindered as I was y an
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filters, ADSRs, a ring modulator, noise, random voltage source, everything." So
he hired two engineers. The three months flew past and, as he recalls, "of
course, still no Syrinx, and then the bank wanted me to make payments."
Pressed financially, he went into overdrive. He started to sell a phase shifter, a
voltage-controlled filter, somewhat later a mixing console, and various other
modules. As Visser said, "We were just beginning to starr." He continues:

We were happily selling our phaser to recording srudios when The
Golden Earring, a Dutch rock group, brought an Evenride phaser back
from a USA tour, We were jusr trying to close a deal with one of the lead-
ing recording studios. All of a sudden they turned around and said,
"Sorry, but this thing from the USA sounds a lot berter." I spent three sec-
onds sweating. Then J said, "Suppose that by tomorrow we deliver one
which is better, Would you buy it or would you be too much of a snob
and still go for rhe Eventide from rhe USA?" Since the guys didn't want
to be snobs, or maybe out of compassion for me, they said that they
would buy mine. They probably thought rhar I'd gone out of my mind,
But I spent the whole evening and night building one. Basically, it was
eight phase shifters of the type we had, cascaded, crammed into a one-
unit nineteen-inch rack, with a front panel done on a 3M photographic
aluminum sheet. It had a different model number and it stated the name
of rhe studio. It looked great. They rook it. I wenr to bed.

Visser produced many new devices and systems through rhe 1970s. A
Synton modular series was developed. There were projects done for music con-
servatories and universit.ies. And there was the Synton hybrid system, a studio
driven by a PDP 11103. Bur even rho ugh rhe acriviry increased, Synron
remained small, four or five people. And as Visser remembers, they were hav-
ing a very good time:

We didn't make a whole lot of money, but it was sufficient and we were
having a ball. It was so relaxed that visitors WQuJdthink we were just hav-
ing coffee or tea the whole day. It was true. We were enjoying every
minute of it. We would just dream something up and then design and
build it and we would always find Someone to buy it.

The 1970s, however, soon became the 1980s. Visser gar tough: "1
announced to my Synton pals that we would no longer just do products for fun,
but rhat we would marker the hell out of them." The first highly visible prod-
ucr was a vocoder called the Syntovox 221, which was exhibired at AES con-
ventions, NAMM shows, the Frankfurt Musik Messe, and as he remembers,
"about a ziJlion of little local things. l> He was one of the first European entre-
preneurs to understand the importance of the NAMM show in Anaheim each
]anu~ry. In his words, "It marked the beginning of a period in which I started
to budd a strong worldwide network."
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Iralso marked rhe beginning of a period when Symon became a distribu-
toraswell as a manufacturer. As Visser recalls, U In the early 19805 the music
industryrook its first serious dip and we had to compensate for a slack in sales
ofourown products-so I started to scout for interesting other products."
Symonrookon products from E-mu, Fairlight, and Linn and expanded its sales
territoryinto Belgium. During the same period, other important distributors
anddealers were opening up in Europe, among them Syco in London and
Syncromin Rome. Symon, Syco, and Syncrom kept in such close touch that
theywere somerimes called "The S-Ociation."

Syco began wirh Peter Gabriel's interesr in the Fairlight CM!. Stephen
Painehad worked in stores in London for a year or so selling synthesizers, and
then,as he tells it, "My cousin Peter invited me down to Ashcombe Studios in
Bath ro work on his third album, but when [ say work, I mean look at Larry
Fasrworking-e-l rhink that ham sandwiches mighr have been my minor contri-
butionsro that album." Coincidenrally, Peter Vogel, one of rhe founders of
Fairlighr,was in England ar rhe time ro promote the Fairlight CMI I!. He
approachedGabriel as a potentia I customer. Paine continues:

Peterwas blown away with this thing. So a combination of factors-he
wanted ro use it, he felt that there would be a lot of interest from other
artists, he wanted to be involved with bringing it to the UK, he could buy
it less expensively, he felr rhat he could make some money if other people
bought it) and he's always tried to justify his artistic whims with some
commercial motivation-led him to persuade me to start a company to
sell it.

Gabriel named the company Syco. Operations began in a farmhouse. in
Bath.Paine made a few sales. And rhen, after a year or so, Gabnel and Paine
decidedto move Syco to London. Their concept was to do something v~ry spe-
cial.As Paine said l<We were determined that it would be entirely different
fromthe sort of normal outfir that sells synthesizers."

In 1982, Syco, located toward the end of an alleyway next to Paddingron
Station,opened its doors in London. Opening a single large ~o?den door, In
fact,one entered a large foyer, bare except for beautiful p~mtmg~, Char.les
RennieMackintosh furniture, and a wooden table off to one side behind which

. . . stairs ("by appOintmentsata recepnorusr. There were demonstration areas uP. .
onlYlof course") and there was a large cafe downstairs, with resident cook and
waiter, for staff and customers. In an adjacent building, there was a garage t?

hi h .. d eners so they could pn-w IC selected customers were given automatic oar oP. r
vatelyparktheir cars. Paine's logic is not unrypical of the cre~tlveel1~r~prel1~~t
when he reflects "We didn't always make corporately sensible dec.lsJOns,
h d' , d . t all " He contInues:
a we been accountants we wouldn t have one It a .

. d I 1 gy in a private, comforr-
You could buy innovative curnng e ge tee 1110 0 d k
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in so the natural assumption was that if we wanted to work there cus-
tomers would want to come there. And they did. It was immensely suc-
cessful. It was like nothing before it and probably like nothing ever will
be again.

Syco's peak was in 1985 and 1986, with a staff of about thirty people and
an expanded product line that included the Emulator, Synclavier, Linn Drum,
and PPG Wave synthesizers. The floors were separated, as Paine described it,
"into the expensive stuff on the top and the less expensive sruff down below."
Syco also sold Fazioli pianos, in Paine's words, "the only handmade pianos in
the world, with a purity and depth of sound that no other pianos had-it lent
a unique combination of flavors, presentation and ambience, and after all, we
were in the business of supplying technology that made beautiful sounds.'

Not only supplying technology, Paine also developed technology. Carl
Scofield, who had joined Syco in 1984, designed and built several interesting
devices, among them the Sycologic analog-to-MIDI converter, the PSP
(Percussion Synthesizer Programmer), and a MIDI patch bay called the M-16.
Scofield and Paine also developed a digital recording and editing system called
The Tablet. Paine describes it:

It was based on transputer technology, which was quite revolutionary in
those days. But the interface was the most important element. We want-
ed to create an interface which would present the user with a set of famil-
iar tools-after all, we were trying to replace tape recorders-but our
goal was also to design a reconfigurable interface that would let us
change functionality without making things more complex for the user.
Like Syco itself, we seemed to have cracked the way to presenr a radical
technology to people who felt they couldn't cope with screens and key-
boards. And again, as we designed Syco as a place that we wanted to

work in, so we designed The Tablet as a device that we wanted to use. I
can't tell you the excitement it caused. We had the BRC Research
Department working with us. And there was 110 lack of orders. We had
an order for a quarter-million pounds from the BRe. But the research and
development timescale stretched and stretched and stretched, and we
weren't able to bring a product to market before the money ran out.

Sync rom began in 1983. At Crumar for several years, Rene Rochat had
marketed the General Development System and Synergy, among other prod-
ucts, and then, bit by the entrepreneurial bug in 1981, he had started MIM
(Musical Instrument Manufacturers) as a company to distribute the CDS,
Synergy, and all E-mu products for Europe. MIM ended in 1982. But the fun
began when Rochat started Syncrom, which he referred to as "the first high-
tech professional ourler in Italy." Syncrom's opening, with Visser and Paine
attending, was in September 1983 in Rome. As Rochat tells it "We were show-
ing professional performers a completely different way of making music-it
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wasgreat, there was grea: enthusiasm for innovative technology." Then, in
1987,Rochat got another Idea. He formed Spye. His style was dazzling:

Spyewas located outside of Rome in a villa with four bedrooms and a stu-
dio. It was decorated in old Roman Empire decor. I had a painter do a
trompe l'oeil scene of fallen pillars. And all the tables were glass and the
legswere like Roman columns. We had special chairs built with the bases
built like a V-form, like a Roman throne, and covered by soft black
leathercushions. I did most of the cooking. There were musicians there a
lot. It gave people the opportunity to learn the instruments at their own
leisure.Nobody was pressured for time. We selected the musicians. We'd
have people who came through for one day, and they'd sometimes stay
the night so we had late-night sessions.

Itwas definitely a silver lining. Rochat continues:

I had such a lot of fun during rhose years rhat it's hard for me ro think of
doing anyrhing else. 1 don't rhink that great fortunes can be made in the
industry, but once you've entered into the fun part of it, it's very difficult
to get out. The business aspect of it was always a secondary considera-
tion. We created a lot of friendships based on good times, and we were
more concerned with having a good time than with anything else. We
used to go and meet at trade shows, for example in Paris, and good food
was so important that we could think only of going to Lyons on the fast
train to have lunch at Paul Bocuse. 300 miles for lunch!

But every silver lining has its cloud. As Rochat recalls, "Spye wasn't real-
lyfinancially viable-we blew a lot of money." Specifically, it wasn't financial-
lyviable because one high-end product that Rochat had intended to sell was
late in deliveries, and another technology in which he invested never came to
market. Generally, it wasn't financially viable because the industry had
changed from the exciting breakthrough products of the 1970s to the mass
market products of the 1980s. Even as early as the summer of 1984, Visser and
MichaelKelly, from Syco, had walked the aisles of the Chicago NAMM show.
Visserremem bers:

We couldn't find anything of interest..J List rehashes, more of the same. No
more thrill. Michael looked at me and said, "If we don't see anyrhmg
interesting, there is nothing interesting. Have we reached the end of this

industry?"
Not the end of the industry, but the end of an era. The end of adventure,

perhaps, and the beginning of practicaliry .

•
During the 1960s Japan had come to represent an important mus,ic n:arket,
d
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ments. One of those companies was Roland. lkuraro Kakehashi, Roland's
founder and president, tells his story:

I liked classical music, especially Baroque music. I bought many records
and I wanted to play myself. I thought that the organ was the besr insrru-
ment for Baroque music, bur in Japan there was no hisrory of the organ,
And at that time, no organs. So someone I knew imported a verysimple
electronic organ from the USA. It was made with tubes. It broke and he
asked me to fix it. I was operating a TV store, so I fixed the organ andI
liked the sound very much. Then I changed direction, from TV to music.
And in 1958, I made an organ.
But then I understood that in Japan there were no organists. So J

changed to small keyboards-they were monophonic melody instru-
ments-and in 1959 I started Ace Electronics Industrial Corporation,a
company in Osaka. In June 1964, I demonstrated the melody instrument
at NAMM. But there were no sales, so I decided to move from melody to
rhythm. We developed a rhythm machine called the R1, a small attach-
ment for a home organ, and we found that many organ companies were
very interested in a rhythm section. Then we developed the Rhythm Ace,
which was an automatic rhythm machine, and Hammond got interested
in it. In 1968, we made the rhythm machine as an OEM product and
Hammond built my rhythm machine into their organs. We also starredco
import Hammond organs into Japan and, at the same time, we designed
three or four Hammond models for the export marker. Also, we worked
together with Hammond's engjneers to develop the Piper, which was the
first single keyboard with rhythm accompaniment. During this growing
process, [ accepted investment from outside, but after a while I disagreed
with the investors, so I sold my shares and, in April 1972, I starred
Roland ... My plan was to concentrate in the electronic music area.

In 1973, Roland developed the SH-IOOO, a monophonic synthesizer,
which was followed by the SH-2000, both of which had significant sales in the
United Stares. From 1973 to 1983, Roland grew quickly rhrough a succession
of innovative products and joint ventures in Australia, North America, and
Europe. The products included the System-700 in 1976, a complete analogsyn-
rhesizer sysrem; the GR-SOO in 1977, the first commercially-available guitar
synthesizer. the MC-8 in 1977, a stand-alone sequencer and the first musical
device containing a microprocessor; the TR-808 in 1980, a programmable
rhythm machine; the Jupiter-8 in 1980, an eight-voice polyphonic keyboard
synthesizer; and the MC-4 in 1981, a descendant of the MC-8.

By 1981, Kakehashi saw the need for an industry standard. As he put it,
".It'swasted energy if people can't communicate, so in the digital era, the ques-
non was how to share data, and not to have a standard was not possible."
~tandards eXist~d in the computer market, where virtually everything, includ-
mg modems, printers, disks, cables, could be used with everything else regard-
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lessof ma~llfacturer. If t~e .n~usic market were to grow, it needed a standard. It
neededuniversal compatibility. "The theory behind MIDI" as Tom Ob heiid U' h I k ., ' er elm
sal, ISI at you Can 100 anything Into anything." Kakehashi initiated dis-
cussions with American companies:

I discussed the necessity of a standard with Tom Oberheim. Dave Smith
was working in that direction, so we communicated also with him. We
discussed what kind of data format to use, what kind of socket, and other
issues. \YJegot input from many companies. Yamaha, Korg, and others
agreed later, so at the beginning it was mainly the three of us: Roland,
Oberheim, and Sequential Circuits. At the beginning, Oberheirn wanted
it to be a parallel interface. And Tom had a point-the parallel interface
was berrer for a high-end professional market. But I was looking at a con-
sumer market, and a serial interface was fast enough for consumers, even
for most professionals.

DaveSmith, as president of Sequential Circuits, played a crucial tole. He tells it:

The very first contact I had with the idea of an interface was when Tom
Oberheim approached me at a NAMM show, which must have been in
june of 1981. He was approached by Kakehashi from Roland about the
possibility of getting a standard digital interface ... In what must have
been Ocrober 1981 we had a meeting between the four japanese
Companies-Roland, Yamaha, Korg, and Kawai-Oberheim, and
Sequential Circuits. That was just to talk about the idea. We didn't get roo
specific. The next thing that happened is that I gave a talk in November
'81 at the AES convention in New York. r made a proposal for something
called the USI (Universal Synthesizer lnterface), and described exactly
what it would be-a high-speed serial interface. There was some vague
interest after that. Next, we called a meeting at the january 1982 NAMM
show. We had about ten or fifteen companies come-Oberheim, E-mu, all
the japanese companies, Moog, Fairlight, GDS (Digital Keyboards), just
to name a few that come to mind ... What we found was that nobody
really followed up on the ideas except the japanese, who contacted us
later.So we started working with them. They shared the desire to bring
out something reasonable ... No one in the States seemed to be interest-
ed anymore, and we lost interest in trying to round everyone u~, so we
worked with the japanese companies. At that point we started gomg back
and forth. The japanese made a lot of suggestions. r think that Roland did
most of the work. They did most of the coordinating in japan We had
starred with US] but decided we didn't like the way it sounded Roland
came up with UMll, which stood for Universal Music~1 Instrument
Interface or something like that. You were supposed to call It you-me. We
came back with Musical Instrument Digital Interface, because that
seemed the closest description to what it was ... By the end of '82 and
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beginning of '83, we had a working spec, and Roland and Sequential both
brought out instruments with MIDI on them. That's when the fun start-
ed ... at the January '83 NAMM show, when Roland brought down a
JP-6 and hooked it to a Prophet 600, and they talked ro each other. You
could play the keyboard on one and the other would play right aloog wirh
it. That was the first time you could do that with off-the-shelf products.

We immediately found that there were a lot of subtle differences ... So
we started realizing some of the problems that were going to come up.
That was when we sat down with the five companies-Roland, Yamaha,
Korg, Kawai and Sequential-and came up with whar we called the 1.0
spec. This was in Japan in August 1983. That's the version that we
released.

•
Not anyone's idea of perfection, however, MlDI was a multiple compromise
between cost, performance, market preferences, and the many different things
that many different people wanted ro do. As Dave Smith said, "We knew from
the start that the interface had to be a compromise." Slower serial communi-
cation was chosen instead of faster parallel communication because the neces-
sary hardware was less expensive. MIDI's general keyboard orientation reflect-
ed the market's general familiarity wirh keyboards. Hardly a year later, in 1984,
Tom Rhea, at that time director of marketing for Moog Music & Electronics,
said, "I think that MIDI has been brought on because of market pressures, not
because the de facto standard is technically exquisite ... "

One problem with any de facto standard is that it forces conformity.
Manufacturers who disagree with the standard are likely to feel pressured to
acquiesce against their better judgment. Carmine Bonanno, for example, then
president of Octave-Plateau Electronics, saw MIDI as contrary to his cus-
tomers' interests. He was lyrical:

The only thing I won't give in on is this stupid S-pin DIN plug thing. I
can't stand it. To force people to go out and buy a piece of shit connector
that they can't use for anything else in their whole rig is insane. It's just
totally insane.

Well, maybe the five-pin DIN-connector was an insanity, and maybe there
were other insanities, but MIDI solved too many problems and embodied too
many benefits to be totally insane. The primary benefit, as intended, was that
any number of devices, regardless of their manufacturers could be linked in a
sing.le.s'yst~m to be controlled and synchronized by a single performer, and this
flexibility in syst~m design aJlowed composers to build up systems incremental-
ly, gradually adding or exchanging components according to their pocketbooks
and musical needs. Further, the availability of universally compatible compo-
nents led to a larger and more diverse international market into which any corn-
ponent of the instrument, whether hardware or software, whether made by a
large or small company, whether conventional or radical, could be sold.
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Organizations were fo~med ro promote MIDI. The Japan MIDI Society
~ommm.ee functioned, ~s Kakehashi explained, "to exchange ideas, collect
mformanon, form working groups, check future possibilities, keep the stan-
dard." In rhe United States, rhe IMA (International MIDI Association) was
formed ro disseminate information, and the MMA (MIDI Manufacturers'
Association) was formed to solve technical problems. In 1984, the MMA and
theJapan MIDl Society Committee began to develop the MIDI 1.0 Detailed
SpecificatiOll,which was published in 1985.

Because of their quick agreement on the MIDI standard, the Japanese
manufacturer had an immediate advantage. In June 1983, Yamaha introduced
theDX-7, the first MIDI hit, at less than $2,000. As Dominic Milano wrote at
the time in Keyboard Magazine, "The price is even more remarkable when you
consider that the DX-7 has a keyboard that is both velocity- and pressure-sen-
sitive, will produce 16 notes simultaneously, and will store 32 programs
[sounds] in its internal memory ... " Roland developed a line of successful
MlDl products, among them the ]UNO-106 in 1984 and the D-50 in 1987.
The D-50, in particular, gave birth ro several offspring. By 1990, the D-series
deviceshad sold in excess of 300,000 units, a substantial number for the elec-
tronicmusic market.

•
Inhardware development, changes are made from one product to the next
product.And because a product design-and-manufacture cycle is so costly, a
hardwaremanufacturer needs to have very good market research or very sen-
sitiveintuition to ensure that the product will be welcomed when it arrives in
thestores. Manufacture, in particular, is capital intensive. Dave Smith reflects,
"AtSequential, we weren't very good at manufacturing and there was always
a reliability problem-be it Moog, Arp, whoever, part of it was that they've
beenreal small companies and haven't had the resources to get things right."
Andeveryone makes mistakes. The survival question is whether a company has
enough capital to try again. Many companies, not unlike Roland, and not
unlikeother companies around the world, were started. by .ent~epreneurs, often
hrilliant engineers with wonderful and potentially W1I1n1I1gIdeas, who took
risks.As Roger Linn puts it:

What turns me on is innovation, the cutting edge. Guys like me, Tom
Oberheim Dave Smith we all got in because we wanted to make amaz-
ing products. And the NAMM show was fun. Everyone was hungry for
new ideas and products, so the demand was looking for the supply. And
one crazy guy could do something wonderful.

D S· h lik f the entrepreneurs had financed Sequentialave mit, I e many 0 .'. . .
Circuits'new products from revenues, and often WIth g~eat dlfflc~lty and dIS-
advantage. As he explains, "Because we were underfIna~ced, If a froduct
could 'r h ld i Id have to drop it because we Just couldn t affordn a ItSown, we wou duci h
keen nurri . d I' that wasn't pro ucmg-w ere-to eep putting development into a pro uct me
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as if we had had capital, we could have used the first one as a learningcurve
and developed the next one based on what we learned."

In 1982, Smith developed the Prophet 600, the first MJDI keyboard. In
May 1983, he developed the Prophet-T8, also MIDI, with a sevenry-six-nore
wooden keyboard with velocity and polyphonic pressure. He recalls,
"Synclavier bought keyboards from us." In 1984, the company's biggest year,
Sequential Circuits introduced the 6-Track, the first mulri-timbral synthesizer
with a built-in sequencer, and the Drum Track, a digital drum machine. Then
came the mistake. In 1984, in an effort to enter the personal computer marker,
Smith began to design sound cards for the Commodore 64 and Apple Il. He
tells the story:
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We knew we were taking a chance, but we decided [Q take the chance.It
nailed us. The marker wasn'r ready. We started going downhill quickly in
1985. We were spending too many resources trying to get into the com-
puter market. We made a mad dash co get back inro synthesizers. Wedid
the Prophet 2000 in 1985 and shortly afterwards the Prophet VS. Burwe
couldn't adequately market them and we couldn't get parts from our sup-
pliers. There was also the Studio 440, a sampling drum machine with a
built-in sequencer. The lasr product was the Prophet 3000, which was a
stereo sampler. That was when we dropped out of sight.

It was towards the end of 1987. We were not having luck finding cap-
ital. Then one day Yamaha walked in. We basically cold them they could
buy the company for nothing. They just had to work things out with our
creditors in the next two or three months. And so, in January 1988, we
were owned by Yamaha. Well, for the next year and a half, they managed
to butcher everything. Nobody quite knew what to do with us and, final-
ly, after a year and a half, they decided ro close us down. Everybody was
starting to leave when, all of a sudden, in May 1989, Korg called us and
said, "We want to get the group together." I said, "WeI!, you better do it
real quick."

Korg did do it quickly. Smith helped Korg start a new division called Korg
R&D and then continued to work for Korg as a general consultant. He
observes:

Japanese companies are usually comfortable with long-term thinking, so
if the first version doesn't set the world on fire, maybe the next one will.
That's what Yamaha did with the DX-7. It was their third FM synthesiz-
er, and they thought they would sell 5,000 of them. It sold a couple hun-
dred thousand.

Following the success of his Linn Drum, Roger Linn also made a mistake.
As he remembers, «~elJ, then Iwanted to make something bigger, better, stu-
pendous, so I got the Idea for the Linn 9000 and hired Some other engineers-
Iwanted to make the most exciting product Icould." But he didn't notice the
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business-mistakealarm lighting up. And he neglected to calculate the equation
of hlgh~~expens~s + longer th.an. anticipated development time + increasing
compenrton causing sales of exisnng products to slump = pressure to ship new
products before they're ready. He continues:

1raised my expenses a lot as sales of the Linn Drum dropped off. We
shipped the Linn 9000 in 1984, but it had hardware problems. And it had
software problems. And although people were very excited about its fea-
tures, it had reliability problems. So a great buzz at first went down very
quickly. We decided to make a redesign of the 9000, so we started on the
Linn Drum MIDI Studio. And basically the company closed down before
we could ship. Well, I like creating, designing. So I struck a good agree-
ment wirh Akai in mid-1986. And in a sense the Linn Drum MIDI Studio
did eventually come out-in the form of the Akai MPC-60. There was lit-
tle similarity except for the product concept. But it felt very good to ship
it. It was worked out.

Tom Oberheim also faced a crisis and found a solution. In 1983, Oberheim
begandevelopment of the six-voice Oberheirn Xpander; which, as he described
it, "combineda lot of MJDI implementation with a complete analog synthesiz-
ervoice." In 1985, he finished the Matrix-12, which was two Xpanders with a
pressure-sensitive keyboard, and began the Matrix-6. When development costs
exceededsales revenues, he faced a financial crunch, something less than a total
crisis.In May 1985, following bad legal advice, the ownership of Oberheirn
Electronics was transferred to a company called OberheimiECC, which was
ownedby Oberheim's lawyer. As Oberheirn said, "My involvement went from
beingpresident to being nothing." He worked at Oberheim/ECC for two years.
Thenhis lawyer sold the Oberheim name to Gibson Guitar. Oberheim filed a
lawsuit against his lawyer for legal malpractice.

In 1987, Oberheim formed a new company called Marion Systems. From
1987 to 1991, he worked on various products and consulted for Roland and
Akai.ln 1991, he began the development of the MSR-2, a new synthesizer sys-
temwith new concepts of modularity at the synthesizer level and with a cen-
tralizedcontrol of all synthesizer functions .

•
By the mid-1980s hardware successes were based as much on price, consumer
design,and crearive marketing as on technology innov~tion. At .the summer
NAMM show in 1984, Felix Visser ~a.me into contact with Ensol1l~ and h.ear~
th,tthey were about to produce a dIgItal sampler for $1,295. Was It possible!
Visserwas interested: "I bought a ticket and flew to PhIladelphia and I me;,the
Ensoniq people and saw the instrument, which was called the MIrage., In
]985, with the consent of Ensoniq, with Rene Rochat a~a partner, and With a
distribution deal for the United Kingdom with Syco, Visser formed a compa-
nycalled Ensoniq Europe in Brussels. He then began a marketmg campaign
which included spectacular booths at the Frankfurt Messe, Europe's largest

~·"'l'"
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music trade show. In 1987, he commissioned Pier Jan Blauw, a well-known
European techno-sculptor, to design a number of headphones resembling
wigs, hats, and helmets, all of which hung from an overhead grid, allowing
people to pur them on and listen to live demonstration. As Visser said, "'We
wanted to achieve visibility, we wanted to demonstrate [0 a lot of people, we
wanted to do something playful because I thought thar all the usual presenta-
tions were boring ... so we came up with the headphones and we rook
Polaroid pictures and sent them to people with a card afterwards saying,
'Thank you for coming to the Ensoniq booth."

It was very creative marketing. And, in fact, it was recognized: Visser's
Ensoniq booth won a press prize from Backstage, a prestigious music maga-
zine, for "best product presentation." But as the electronic music market
increasingly came to resemble normal big business, the early entrepreneurs,
who had been motivated both by the challenge of developing breakthrough
products and the enthusiasm of the early users, became a bit discouraged. As
Visser put it, "When I was designing booths for our rrade shows, 1 was think-
ing that people would understand rhat we were all together in this to find new
ways to experiment, to do unorthodox things, but most of the people who vis-
ired our booths just came to push buttons."

And the fewer the buttons, he might have added, the more successful the
product. E-mu's Proteus, in fact, had a few knobs as well as a few buttons, bur
it offered 256 ready-made sounds with a very easy-to-use interface. As Marco
Alpert recalls, "We thought, 'Why not take the sounds that most people want
and have a band in a box?'" It was a great idea. Alpert had a winner on his
hands: "We showed it at the NAMM show in 1989-it was clearly the tight
thing at the right time and within days after the show, we had a backlog of
5,000 units ordered, orders of magnitude greater than any other product we
had made."

Eonu Systems' Proteus in 1989.
Photo courtesy E-111U Systems.
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Hardware was onlyyart of the story. As personal computers developed inro the
1980s, a new rnusrc software industry began to form. To be sure, digital
se~ue.ncers, far more precise than their analog predecessors, were sometimes
built ~nto keyboard synthesizers to allow a player to record a performance and
play It back on demand. But software sequencers, modeled after multitrack
tape recorders, allowed for serious editing.
. The software developers, like their hardware colleagues, came into the
field because they enjoyed it, not because they were businesspeople. Dave
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Oppenheim, for example, later a founder of Opcode Systems, srarted in 1977
bybuilding rhe computer section ro a hybrid system for a friend at the Bosron
Srhoolof Electronic Music. The idea was to have an 1MSAl, one of the origi-
nalpersonal computers, control a Moog modular synthesizer. The hardware
engineeringwas easy, bur there was no real precedent for the software. As
Oppenheim recalls, "I gOt this board working, and then I asked, 'Well, what
arewe going to do for software?'" The question was soon answered. He con-
tinues:"So in November 1977, we went to the International Computer Music
Conference in San Diego and heard Chadabe's talk on PLAY, and that became
the basic language-it was fairly simple but seemed pretty powerful." The
PLAYProgram, as we called it, was a hybrid-system software sequencer that
RogerMeyers and I had written during the previous summer.

Afterward, back at Stanford to complere a degree in electrical engineer-
ing, Oppenheim did other projects, mosrly with Oberheim equipment. He
recalls,"I boughr some Oberheim modules and built my own power supply,
and it seemed like I was spending lots of time fixing stuff. Then a friend of mine
goranOberheim OB-XA and said, 'Wow, this is interesting, we could make a
sequencerfor this/ so 1 made a sequencer ... " And then:

r turned thirty and decided it was time to do my own thing, and writing
sequencers and being able to record and play stuff on synthesizers was a
lot of fun. It was November 1984, and MIDI had been out for almost a
year. The DX-7 had come out. 1 looked at the Macintosh. It was hard to
get through to Apple, but I did finally, and I established with Apple that
the serial POtts could go at the MIDI rate. So the Macintosh could do
MlDI, and I was impressed by its level of integration and reliability. I
didn't realize at that time that the best reason for choosing a Macintosh
was that it was so easy for musicians to use.
I built a little MIDI interface and wrote the first version of the

Sequencer program. In February 1985, l came lip with the name of
Opcode Systems and went to the first Macworld Expo With xeroxed
pieces of paper. Then, a few months later, there was MacFest at Stanfor?,
and I set up a little table with synthesizers and Sequencer, and DaVId
Zicarelli saw me and came over to my house a week or two later and
bought an interface. We went to the NAMM show in June 1985 in New
Orleans the first NAMM show that had anything for the Macrntosh.
About" week before we went to the N AMM show, Da vid showed me a
beta copy of his DX-7 editor, and said, "Sure, you can show It at the
NAMMshow."
That NAMM show, in June 1985, was the first congregation of the first

round of MIDI software developers, among them Mark of the Unicorn,
S h ... D· d Dr T's MUSIC Software.OUt worth Digidesign Passport esrgns, an· h d ', '. . h d J . I'I antOppenheimremembers his reacnon to seeing the at er ev~ opers: . .
knowo that other people were working in the field-it was like the beginning
of it all." He continues:
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We shipped the first stuff around the last day of July. By that time, there
were about six people working at my house. We worked at my house in
downtown Palo Alto until December 1985. There was a little bit of
investment, from me and from some friends, but basically everything was
financed through sales and the usual getting people to work for as little
as we could get away with.

There may be a beginning, but there is no end to software. Software is
continually developed in small incremental changes, to be periodically
relaunched in the market when there are a sufficient number of small incre-
mental changes to merit being called a new version. New versions of Sequencer
trickled out through the next months and years with new features, mostly pro-
viding more tracks and greater compatibility with other manufacturers' pro-
grams. Other programs were developed. Zicarelli's DX-7 editor allowed users
of the DX-7 to store, change, and create their own sounds in the easy-to-use
graphic programming environment of the Macintosh. Other sound editors
were developed. Specific patch librarians, which allowed for the storage of
sounds, were created for specific synthesizers. Vision, essentially a new pro-
gram, was released in 1989 as a major upgrade to Sequencer, and Vision was
in turn upgraded with new editing features, compatibility with other programs,
notation features, and so on.

Dr. T's Music Software began in 1984. Emile Tobenfeld, in Boston, adver-
tised his software in Keyboard Magazine, and AI Hospers, who at the time was
working at Alex Music in New York Ciry, saw an ad. As Hospers recalls, "1
called him up and we hit it off-but the software was unusable by a normal
humanoid, so I started giving him ideas for an interface ... " Hospers began to
sell the software. He continues, "It was an eye-opener because next thing I
knew, I was selling everywhere, and making commissions-amazing!" In 1985,
Hospers moved to Boston to start a company with Tobenfeld. Hospers remem-
bers:

There was no music software industry, MIDI had just been invented, and
musicians and composers were chomping at the bit. No one had done any
software for the truly creative musician yet. There were instruments like
the Yamaha DX-7 and Casio CZ-101 that just screamed to be controlled
by software. Emile couldn't play, but he had ideas. I could play bass and
guitar, but not really keyboards. So we wrote software that would let us
do things that we were not able to do on our own. It was a revelation. And
as ~e got k~own, other programmers approached us with things they had
written, or Ideas. I jumped into the entrepreneurial swing of things, and by
1990 w~ ~er~ fifteen people, twenty plus products on six platforms, and
three million In sales. It was a great time, a terrific ride ...

In 1982, Karl Steinberg was working as a sound engineer at Delta Studio
n,ear Ham?urg, Germany, and Manfred Rurup was working as a studio musi-
cian. As Rurup recalls, "Karl was fiddling around with a small computer, learn-
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iog, to program, and he wrote a sequencer." In 1983, calling themselves
Stem berg Research, Rurup showed the program to a few dealers in music
~tores.As he remembe,fs, "The feedback was completely lousy-they weren't
interested, they couldn t see a home computer becoming a musical instrument."
Therewas, however, positive response form Los Angeles: "A company called
~usic Dat~ got the idea that music data, whatever that means, would be very
unportanr m the future-so they bought the program with a one-time pay-
ment."Steinberg then wrote Pro-16, the first of their professional programs. In
Rurup's words:

The funny thing is that because he wasn't a trained programmer, he
couldn't do the multiple-page approach that was common, so he pnt it all
on one page. And the one-page graphical interface, which nobody else
hadat that time, was a breakthrough. So we formed a company. We were
funded by the Music Data sale and a credit line at a bank for 5,000 DM,
at that time about $2,000. There was enough of a market so that by 1985
we had just enough income to make a living.

In 1986, Steinberg Research introduced the Pro-24 for the newly intro-
ducedAtari 520ST computer, and it soon became normal for music dealers to
sellsoftware. As Riirup recalls, "They all had Araris in their shops, and Dire
Straightsbecame our first endorser, so things got bigger and bigger-e-we start-
edwritingsound editors and librarians, and making hardware interfaces." In
1989, Cubase, a new sequencer, was released for both Atari and Macintosh,
and a marketing company called Steinberg/Jones was formed in the United
States.In 1992, a PC version of Cubase was released and diversification began
towardprofessional and entry-level versions and toward versions with audio
editingand notation. Ri..irupobserves:

People often have good musical ideas. But to learn an instrument can be
really hard and after you've gone through that process, you've some~imes
lost your ideas. With sequencers, people who aren't really professional
musicians can do their stuff and put it into a good musical form. And not
only amateurs. There were all these groups that couldn't play, and
sequencers allowed them to do anything .

•
Not only for MIDI, but personal computer software also became available for
editingdigital audio. In 1983, Peter Gotcher and Evan Brooks were playing
togetherin a band in the San Francisco area. Gotcher bought a Drumularor, As
hetells it, «I was interested in tablas, so Evan opened up this.drum mach~e and
we developeda number of alternative sounds, including African and Latin per-
C • • d "1 N mber they demonstrated whatussion and some electronic rums. nove ,
th 'd d d G h II "They loved the sounds-ey one at E-mu Systems an as ore er reca s,
theycalled Manny's and Sam Ash and got us our first orders on the spot, and
b f . ." Th b . s was Digidesign and Gotcher

e Ore we knew It we had a husiness. e usme s ,
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and Brooks, according ro Gotcher, "went on ro sell 60,000 drum chips for Linn,
Oberheim Simmons, E-mu-we were sraying up all nighr working on themon
a horne-brew digiral audio ediring sysrem that Evan had designed and built .. ."

In 1985, when the Macinrosh became available, rhey developed Sound
Designer, the first commercial digital audio ediror. In ] 988, as Gorcher recalls,
"We saw the convergence of a lot of technologies, large hard disks, digital-to-
analog converters, Macs with slots, and we saw the opportunity to mak~ a
hard-disk recording system for the Mac ar fairly low cost." The hard-disk
recording system was Sound Tools, which sold 8,000 unirs, and it was the
beginning of a new and large market. In the following years, Digidesign devel-
oped several professional digital audio editing and recording producrs, among
them Audiomedia, Pro Tools, and Session 8, and the company's products
became, by the early 1990s, an industry standard. Gotcher makes his point:
"Editing is a really amazing creative tool ... "

•
By ]985, David Wessel at IRCAM was beginning to feel that [RCAM should
become more relevant in a world that was increasingly oriented toward per-
sonal computers. As he said, "George Lewis was a big force in this direction
because he had come ro IRCAM in 1984 and he was already doing interesting
things along these lines ... " At Wessel's instigation, Yamaha donated a MIDI
studio, Apple donated six Macintosh computers, and as Wessel recalls, "It
quickly became clear that people were interested ... " He continues:

My concept was that although equipment and facilities might move into
the hands of individual composers, places like JRCAM could provide a
meeting ground for experts. I saw it in a social context where free trade
could occur between musicians, software developers, and scientists. I saw
IRCAM as an institute that facilitated interchange .

In 1986, a new department of personal systems was formed with David
Wessel as its director. Its goal was to make available, on small, affordable sys-
tems, the expertise developed at [RCAM. And thar expertise was considerable.
CHANT and FORMES were mainframe examples from the 1970s, but into the
1980s, there was also software written for Macintosh and other personal com-
puters. Some of the software, such as Adrian Freed's MacMix, was straight-
forward and practical. Some of it, such as MIDI LISP, was aimed at musical
experimentation. Wessel begins the story:

I started the MIDI LISP project with the idea of providing some high level
software for a smaJl computer. And the key was that Le LISP was avail-
able on the Macintosh. The idea was to show that you could do really
serious work on these machines. LISP seemed like a particularly good
wa~ to describe musical data structures because it was a programming
environment that allowed for a high degree of abstraction. And I wanted
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to m.arryth~s language with realtime performance. I was interested in
making mu IC that had an algorithmic character to it but where the algo-
rithms were guided during performance.

Le LISP, at that time the major version of LISP for the Macintosh was
publishedby AGf lnforrnatique in Paris. The goal for MIDI LISP was to pro-
vide a.front-end music language that would allow a composer to write a pro-
gramin Le LISP ro control a MIDI synthesizer. The principal IRCAM develop-
erswere Wessel and Lee Boynton, soon to be joined by Pierre Lavoie as a
representative of AGf Informarique.

In 1984, Camilio Rueda started work on the first MIDI drivers. In the early
springof 1985, Yann Orlarey, working at Grame, a music research organization
in Lyons, finished a program called MIDI LOGO. Why LOGO? Orlarey ex-
plains,"LOGO was used quite a bit in France to make programming accessible
10 children and I thought it would make a good base for composers to begin ro
program." Orlarey demonstrated MIDI LOGO at IRCAM, and as a result of
thatpresentation, Wessel, Boynton, and Lavoie invited him to join them in the
developmentof MIDI LISP. As Orlarey recalls, "We had many discussions about
what we should or shouldn't put in the software-David, for example, didn't like
rheconcepr of nores, Lee wanted ro use a LISP-based scheduler ... " In May
1985,Wessel gave a presentation of MIDI LISP at MacWorid Expo in Paris.

Boynton, meanwhile, developed PreFORME, a collection of sofrware
objects-ob;ects, in this context, are software constructs that send messages to
and receive messages from other objects-written in Le LISP. A PreFORME
objectcould be a player that sent messages ro anorher player or a conductor that
sentmessages to players. Further, PreFORME offered realtime interaction in
that the message-passing mechanism had a scheduler that could say, for exam-
ple,"Sendthis message at a particular time" or "When this happens, do that."

In February 1986, IRCAM formed a joint venture with ACT Infor-
matique to commercialize MIDI LISP. In Lavoie's words, "We wanted to do
thingswith music outside of the traditional boundaries, and it so happens that
,11 computer literature which has to do with language and inrelligence was at
thetime roared in LISP and much of it still is-we had, on a very small scale,

, I "averyinteresting laborarory with a Macintosh and MID .... .
In 1988 Intelligent Music got into the act, so ro speak. Inrelligent MusIC,, .. hACT

a software company in upstate New York, entered into an agreement ":It .
Inform'tique ro prepare MIDI LISP for publication and then to publish It for
themusicworld. As Lavoie assessed the situation, "It was a good Idea, but to
getit off rhe ground we needed ro sell Le LISP to the people who wanted MIDI
LISP,andLe LISP was a big environment and most musicians didn't k~ow how
t . . " There were as It turnedo useIt-so the effort of persuasion was enormous. '.

. . be i d I as president of Intelligent
OUt, market realities that could not e Ignore. w f h
Musicat the time and after about a year, we reluctantly dropped out ate
project.MIDI LISP was never commercialized.
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•
Yann Orlarey's work with MIDI LISP led him to another significant software
project. In 1987, he began work with Herve Lequay on what they called Atelier
Musical (Music Workshop), a software system that, as he pur it, "was so corn-
plete that it could respond to the diverse needs of all composers." Their idea,
as it quickly evolved, was to write a modular system and make the connections
between modules in software. Messages, in other words, would be sent
between different programs running simultaneously in a multitasking environ-
ment. When the first version, called MAK (MIDI Application Kernel), was fin-
ished in June 1988, it was obvious to them that the approach was useful for all
MIDI software environments, and MAK was then developed to function in a
standard MIDI environment.

The new software was called MidiShare. It met a need. There were many
specialized programs in the market, among them sequencers (to record music),
patch editors and librarians (to create, alter, and store sounds), and notation
programs (to see the music in standard notation). Wouldn't it be great, people
thought, if these different types of programs could be used simultaneously, if
a composer could change a sound, for example, while hearing and seeing the
music?

The problem, however, was that the same idea had occurred co other peo-
ple as well, including software developers at Apple Computer. While Orlarey
and Lequay were developing MidiShare, Apple was developing what it called
MIDI Manager. Both MidiShare and MIDI Manager were published, and in the
opinion of many professionals, MidiShare was superior to MIDI Manager in
performance, dependability, and flexibility. But unfortunately for MidiShare's
immediate market success, Apple's market clout and commitment to music at
the time put MIDI Manager in a favored position. In software development,
one might reflect, small organizations can compete with large companies.
Marketing, however, is another matter .

•
In 1984, Jean-Baptiste Barriere became director of music research at IRCAM.
His goal was the development of software tools for composers, even those not
actively engaged in electronic music. He wanted to learn, as he put it, "how
using a computer could provoke their imaginations." And because most com-
posers wrote for traditional instruments, the problem was, as he stated it,
"How to solve instrumental writing problems with computer techniques." The
first solution was CRIME in 1985, a series of LISP functions that allowed a
composer to manipulate abstract musical data and present it in musical nota-
tion. "It was an experiment," as Barriere described it, "not an IReAM-spon-
sored research and development project." And it was not oriented exclusively
toward notation. He explains:

Our concern was to provide conceptual rules about musical structures. It
was also to find ways of unifying instrumental writing and synthesis. In
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otherwords, w~wanted to make a tool that was comprehensive enough
to control clara 10 ways that were not idiomatic and specific to a particu-
lar technology, There was rhe implicit conviction that if we were linked
to a specific ynrhesizer or technology or compositional style, we would
neverbe able to unify the worlds of instrumental writing and synthesis.

By 1988, a team of developers, including Barriere, Pierre-Era nco is
Baisnie,Marc-Andre Dalbavie, Magnus Lindberg, Kaija Saaria ho, Jacques
Duthen, and Yves Petard, had finished Esquisse, a new program written in Le
LISPon a Macintosh Plus. Using Esquisse, however, proved to be difficult for
composerswho did not themselves program. Mikael Laurson took the next
step in devising a graphical interface called Patchwork. As Barriere described
it, "Youmighr have considered it as a graphical LISP."

Patchwork developed through the years as a series of contributions by
differentcomposer at different times, among them Barriere, Laurson, Jacques
Duthen,Carnilio Rueda, Andrew Gerzso, Pierre-Francois Baisnee, Yves Potard,
MagnusLindberg, Marc-Andre Dalbavie, Tristan Murail, Xavier Chabot,
KaijaSaariaho, and Lee Boynton. By the early 1990s, it had become a sub-
sranrialand complex program. In 1992, it became an official IRCAM project.
In 1993, Version 2 was finished as a collaboration between Camilio Rueda,
MikhailMalt, Tristan Murail, Xavier Chabot, Gerard Assayag, and Antoine
Bonner. Barrierede cribes it:

It'san aid-to-composition system, written in Common LISP and Clos on
the Macintosh. It provides you with about twenty libraries of functio~s-
you have libraries of stochastic functions, libraries of spectral functions
whichuse analysis of natural models to build structu:al models, some ser-
ial functions and all kinds of libraries describing various personal worlds
of composition. And there are all kinds of editotS for editing traditional
musicnotation. It's a fully graphical language. A composercan work at a
graphical level without knowing that he's doing programmmg. And there
are all kind of filters that allow you to con vert data to MIDI files, or send
data to synthesizers, or to other software such as Finale, Csound,
CHANT, MAX ...

•
B 1988· . d bli I d ral unconventional programs,Y lntelligenr MusIC ha pu rsne seve . .d
amongthem M and Jam Factory, both of which had been wnrren bl1
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lectures Miller Puckette invited him for a drink at l'Excelsior, a nearby cafe,
and asked him how he thought MAX could be commercialized. Zicarelli was
interested. As he reflected, "Miller solved the problem of collaborating with a
composer brilliantly ... " . .

As the basic elements-Puckette's desire to commercialize MAX,
Zicarelli's interest, and the beginning of a professional rapport between them-
fell inro place, I began discussions with jean-Francois Allouis, then technical
direcror at IRCAM. In July 1989, as president of Intelligent Music, I signed an
agreement with IRCAM whereby Intelligent Music would publish MAX.
Zicarelli began work. He remembers, "My interest in actually furthering
MAX's development technically arose out of my role with Intelligent Music
which had made an agreement with IRCAM ro publish the program."

What did Zicarelli actually do ro turn MAX from a program inro a prod-
uct? First, in his words, "I took a program which was being used in a situation
in which the programmer was always there to a situation in which the pro-
grammer did not have to be there." He continues:

It was also necessary to modify the scheduler so that we could have the
program play music while the user was doing other things [Q the com-
puter's interface. Seeing the need for this came directly out of my experi-
ence with M and Jam Factory, where it was an essential requirement that
music play smoothly while a person operated the interface to change
what was going on.

Zicarelli also extended MAX: "Over the last five years, I believe I've writ-
ten about seventy-five objects, some very elaborate." He wrote software that
made it possible for others to write objects. He also introduced some practical
professional functions: "There's also a set of five objects I worked on to dupli-
cate the functions of an Opcode style patch librarian and editor system so that
people could construct editors for their MIDI synthesizers."

In early 1990, however, while MAX was still in preparation for publica-
tion, Intelligent Music faced a financial crisis. A considerable investment in
software development had been made during the previous few years. The com-
pany's products, in addition to the Macintosh M and Jam Factory, included:
Upbeat, a rhythm-oriented sequencer, developed for the Macintosh by John
Offenharrz; M ported to the Atari by Eric Ameres and ro the Amiga by
Darrienn Fitzgerald; RealTime, an enlargement of UpBeat, developed by Eric
Ameres for the Atari; MidiDraw, a drawing-input music program, developed
by Frank Balde for the Atari; and OvalTune, an algorithmic graphics-and-
music program written by Zicarelli for the Macintosh. Further, the Axxess
Mapper, a hardware device that converted any MIDI message into any other
MIDI message, was distributed by Intelligent Music for a brief time, and
Cartographer, a software editor for the Mapper, was developed by Mark
Brown for the Atari. Ameres and Brown had also developed MIDI multitask-
ing software for the Arari. Other experiments, upgrades, and software ideas
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hadbeen developed and discussed. It had been a lot to do. In fact, it had been
tOO much.

It was noted, first, that unconventional software could be better sustained
withinthe framework of a company thar was publishing a wider range of soft-
wareand, second, that David Asher, Intelligent Music's hardware engineer, was
ar rhe time developing a rouch-and-pressure-sensitive control device that was
applicablero consumer markets. Following further discussions within the com-
panyand with other companies, it was decided, in March 1990, to sell most of
themajorsoftware products to Dr. T's Music Software and to concentrate on
thedevelopment of the control device. It was agreed with Zicarelli that Opcode
Systemswould be the best alternative to support his preparation of MAX and
itseventual publication. In May 1990, I went to Paris to facilitate an agreement
between IRCAM and Opcode Systems whereby Opcode would publish MAX.

MAX was published in late 1990 and quickly became an almost univer-
salsolution for problems that required customized software. As Carter Scholz
purit in Keyboard Magazine, "MAX is simply the most exciting MIDI tech-
nologyI'veseen this year-or any other." Christopher Dobrian, who wrote the
operatingmanual, observed that MAX was "accessible to a lot of people who
might not otherwise have had access to computer music programming ... "
MAXalso let composers work at a musically meaningful level of objects and
actions.AB Zicarelli put it, "There's a sharp conceptual division between the
MAXlevel and the Cleve!." In summary, MAX provided relatively easy-to-
learn, high-level, and efficient access to writing software. As Richard Zvonar,
composer,consultant, and programmer, wrote:

My work includes editing and control software for signal processors and
MLDIrone modules ... I have done custom house effects and stage mon-
itor control sofrware for Ultra Sound (the Grateful Dead's sound cornpa-
ny}, interactive sound installation control software for sound artist Max
Neuhaus (mostly built around a neural net object custom made for us by
David Roach and Frank Kurzawa), and with Steve Ellison have co-
designed the Yamaha DMP-7 automated mixer control software and the
MediaBand sequencer. I find MAX easy to work with ..... An especially
useful feature is the capacity to edit a patch w.hlle It IS runrnng ...
Extensibility is another strong point. Even if one IS not a C programmer
one can accumulate a personal library of subpatchers, or one can down-
load from several ftp sites any of the libraries created by a global com-
munity of MAX developers ...

In 1992 Anton Widoff worked with U2 at the Zoo TV Outside
B d ' Y . A h lls i "They were runrung VISIOnroa cast in Hershey Pennsylvania- s e te Sit,, . d they had a bunch of samplers
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An example MAX program by Chris Dobrian. He explains: "In the upper portion of
the program, input from a MatteI Pourer Glove game controller attached to the

Macintosh computer's ADB port is polled every fifty milliseconds, and position data
from the glove is used to play notes on a MJDI sampler. The horizontal and vertical
coordinates of the glove are used to provide pitch and velocity data, and the distance
of the glove from the computer screen is used to determine the duration and inter-

onset interval of the notes ... In the lower portion of the program, note, [ootstoitcb,
and program change messages from a MID! keyboard are used to control playback

of an audio compact disc player and a video laser disc player."

that there wouldn't have to be a guy anticipating when Edge would start a
song." He wrote a program in MAX to solve the problem. He continues:

One of the other things I did was to reorganize their MIDI system so that
the backup system was always on line. Their method of switching from
computer A to computer B was to take the large multi-bin connectors for
system A, disconnect them, and reconnect them into system B. I just
redesigned it so it wasn't necessary to change hardware connections, so
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thar if A went down you could simply switch over to B b callin u the
appropriate MAX patch. y g p

Widoffworked with U2 again in 1993 in Ireland, where the basic prob-
lemwas to be able to control a laser disc player from a software sequence A
heexplained,."Theyhad romake sure that Lou Reed starts singing at the right
timeIn rhemiddle of Satellite of Love." He wrote a short program with MAX
to conrrol rhe laser disc. He then continued with U2 for a few weeks in
Holland.He describe the concerts:

They're stadium shows. You're talking about audiences of up to 50,000
people a night. The stage is a huge steel girder construction on which are
mounted three huge projection screens. There are four video walls on the
stage itself, and then scattered about the stage are roughly ten to twenty
television monitors. Each song has recorded and live video material that's
thrown about from screen to screen in various manipulations, and there's
a handheld camera which Bono throws around and uses on himself and
orher band members. There's a satellite dish that they lug around from
show to show, and there's a part of the show where BOll0 has a remote
control and he switches channels to whatever he can pick up on the satel-
liredisk. Basically, he flips through them quickly and rejects each pro-
gram as being ridiculous in some way or another. Sometimes he'll say
somerhing like, "Did you people come all the way out here and pay $50
to watch television?" And the audience will scream. There's a runway to

the B-stage in the middle of the audience, and there's a camera on a dolly
that goes up and down that stage. There's the mixing tower which stands
about a third of the way into the stadium, which is the location from
which the whole show is mixed and the video portion is directed. Each of
the band members has his own separate monitor mix. Underneath the
stage, which is where most of the equipment is, there are four different
mixing consoles which provide different mixes for each of the band mem-
bers, and all the band members have onstage monitors and, in addition,
have wireless monitors. The wireless monitors have earplugs formed to
the contours of their ears, which enable the band to perform on the B-
stage. If they didn't have these monitors, the distance between the band
andthe house PA system would make it impossible to play because of the
delaytime involved.

•
By theearly1990s, everyone needed technology. And technology was available
toeveryone. A wide range of synthesizers, samplers, ef~ects generators, con-
trollers,and other hardware items were available at prtces roughly ~etween
$500 and $5,000. In 1991, for example, the new names that appeared 111 mag-
azineads included the Akai 51100, Alesis Quadraverb, Cheetah MS6, Ensoniq
SQ-l1,KawaiK4, Korg 01lW, Korg Wavestation, Kurzwed K2000, Oberheim
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Matrix-12, Peavey DPM 3, Roland D-70, Waldorf Microwave, YamahaSY99,
and Zeta MIDi Guitar. A new vocabulary-as in "Just gor an SQ-II," "My
D-50's berrer rhan your SY99," "The K2000's cool, bur rhe Marrix-12 is
baaad"-was one of rhe posirive lirerary byproducrs of rhe growing market.
And software-mostly sequencers such as Opcade's Vision, Mark of the
Unicorn's Performer, Steinberg's Cubase, C-Lab~s Noraror, Passport Design's
Master Tracks Pro, Voyetyra's Sequencer Plus, and Twelve Tone Systems'
Cakewalk-was widely used to record and edir sounds and music. With per-
haps a few exceptions here and there, every musician and every performing
group used electronics, every film was scored with electronics, every television
jingle was done with electronics. In fact, virtually all new music, except for
music in the classical chamber music and orchestral tradition, used electronics
in one way or another. As Robert Ashley said, "Electronic music is all over the
place, it's ubiquitous-what do you hear that isn't electronic music?"

• • •



CHAPTER EIGHT

INPUTS AND
CONTROLS

lannisXenakis, as early as 1953, had devised a notation hased on graphic
des~gnsrather than conventional musical symbols. As he tells it, "I was doing
designsfor Metastasis and Pithoprakta because it was easier for me to control
lar~enumbersof events by designing them instead of by writing them on staves,
which was cumbersome, so I linked one pitch with another pitch through lines,
andI thought, 'Why should 1 write them as notes instead of as these lines?'-
weareused to seeing things in visual shapes, it's natural." In 1972, he formed
CEMAMu (Centre d'Etudes de Mathematiques et Automatiques Musicales I
Center for tudies in Mathematics and Automated Music) in Issy les
Moulineaux, just outside Paris. Within a few years he had sufficient funding,
largely from the French Ministry of Culture, to purchase equipment and hire
technicians and programmers, and he began to develop UPIC (Unite
Polyagogique Informatique du CEMAMu), a computer-based system which
allowed him to draw a shape on a tablet and interpret the shape as a control
forsome aspect of sound or music. He used it to compose parts of the sound
~aterial for La Legende d'Eer (1977) and Mycenae-Alpha (1978). As he said,
Howwould you relate probabilities to shapes? Well, look at the clouds."

Other composers also worked with UPIC in those early days, among
th:mPierreBarbaud, a pioneer in algorithmic composition, Fran\=ois-Bernard
Mache,Cornelia Colyer, and Jean-Claude Eloy. In 1978, UPIC was shown to
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the public at a UNESCO-sponsored show on art and technology in Paris.
Shortly thereafter, demonstrations were organized throughout France, in
Holland, Germany, Portugal, Greece, and japan, and schoolchildren were
invited to make music with it. Xenakis said:

Anybody, even myself or you, or children, can draw lines or graphics with
an electromagnetic ballpoint, and they are transformed by computer
directly into sound ... You can compose or do any training or pedagogy
for the ear or for writing, because the writing is not the usual musical
writing. It's a much more universal one, because it is with lines. For
instance, a note that is held is just a horizontal line ... The vertical aspect
is for the pitches, exactly like when you write for an instrument: when
you go up it's higher; when you go down, it's a lower sound ..
Polyphony, yes of course. Hundreds of lines at the same time ... The
interesting thing is that you can design, listen, and then start again ...
correct or throwaway what you don't want ... it's like a game. I noticed
with children of five or six, they have imagination, but they have no mile-
stones, structures on their mind, in order to organize things ... In the
beginning they try to do designs, nice designs ... the imagery of houses,
or cats, or suns. But then they have this immediate response from the
machine and they start listening more carefully to what they design ...

A production model was then developed by CEMAMu engineers jean-
Michel Raczinski and Gerard Marino. In the new UPIC, a graphic shape, called
an arc, could represent virtually any aspect of a musical sound; up to 4,000 arcs
could be drawn on the same page; and a page could be played back in any
direction, backward, forward, and with any changes in speed, including abrupt
motions. In 1985, Les Ateliers UPIC (UPIC Workshops) was formed in Massy,
just south of Paris, to house the new UPIC and to function as a CEMAMu satel-
lite for pedagogy and production. In 1991, Gerard Pape became director. As he
reflected, "Composing with a graphic score, using graphic notation, seems to
open doors to new possibilities ... " And Les Ateliers UPIC opened its doors to
many composers, among them Bernard Parrnegia ni, Jean-Claude Eloy,
Francois-Bernard Mache, Julio Estrada, Cart Lippe, Jean-Claude Risser, and
joji Yuasa.

Yuasa, in particular, had composed graphic scores before working at Les
Ateliers UPIC. He had earlier worked at IRCAM, where he had composed Nine
Levels by Ze-Ami (1988), for computer-generated quadraphonic tape and
chamber ensemble; and in the process of its composition, he had drawn a
graphic score with frequency indicated on an up-and-down axis, time indicat-
ed from left to right, and loudness shown as a graph on the bottom of each
page. Marc Battier had assisted Yuasa in realizing the score with IRCAM's
technology. As Yuasa remembers, "I didn't find it a problem to work through
someone else, but I started with very basic things, using band-limited white
noise, and it took time." He contin ues:
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Icould imagine what would happen. I had a lot of experience with graph-
IC scores. All the shapes, the character of the shapes are changing through
r~epI~ce.Many of t~e lines are curves, smooth gradual curves, with
diverging and converging bandwidths. I designed all the frequencies quite
precisely, as well a some bands where there's a random distribution of
fragment .

So when Yuasa composed Eye on Genesis I (1991) at Les Ateliers UPIC
ir was a natural step. He continues: '

It was easy for me because 1 was so acquainted with working on graphic
compo itions that I knew what shapes would produce which sounds. At
UPIC, however, the approach was a little different because the graphics
weren't just graphic road maps through a piece. They were sketches,
drawings, freehand graphics that were then interpreted as music. The
graphic fragments were made independently and then mixed in any order.
In designing the sounds, I used several voices of different timbres as well
a various envelope shapes that I could orchestrate by combining differ-
ent timbre at the same time. For example, I made a bright timbre and
then, like a shadow, a soft timbre remaining on the same pitch.

Yuasa'swords-'Csketches, drawings, freehand graphics"-pose a ques-
tion:Can UPIC translate the graphic beauty of the Mona Lisa, for example,
intomusic?And Pape's answer is sobering: "'Sometimes the pages that are the
mostattractive visually don't sound well-beauty on a visual level does not
necessarilycorrespond to interest on a sonic or musical level."

Yet the idea of composing by drawing (remember Xenakis' words,
"Anybodycan draw ... ") was seductive. In April 1993, at the Universite de
ParisVIII a Saint-Denis, with Giuseppe Englert's encouragement, Vincent
Lesbros began to work on Phonogramme. As Lesbros explained, "I tried to
findan input structure that would produce both image and sound so I could
importpictures and use the visual information to make music ... " Marc Battier
usedPhonogramme in composing Toea (1993), for marimba and tape. He
beganwith the idea of deriving sounds, as he tells it, "from ,:ooden be.lls that
Ihadoriginal1yrecorded twenty years earlier in a monastery 111 Romama-the
bellswere descendents from a very old Central Asian music and the rhythm was
formevery haunting." He first analyzed the bell sounds, then used the shapes
resultingfrom his analysis to draw a melodic line for the ma.nmba, and then
drewthemelodic line into Phonograrnrne to specify the electric sounds .

•
Anelectronicmusical instrument can look like modules in a rack, or like a com-
puter,or like a lot of little gray boxes on a table, or like a violin, or for t.hat
matter,like virtually anything. But whatever .its size, shape, ~r other phySICal
attributes,an electronic musical instrument, like any mUSlcallllstrument, con-
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tains a performance device, a sound generator, and a link between them. The
performance device is what a player touches or manipulates to control the
sound, for example the strings and bow of a violin. The sound generator, for
example the body of a violin, produces the sound. And the link connects the
performance device to the sound generator, as does the bridge on a violin.

In a violin, as in all acoustic instruments, the sound generator colorizes
and projects the sound initiated by the performance device. The sound of a
Stradivarius violin, for example, starts with the vibrating string, bur its tone
quality and projection result from the resonant qualities of the materials,
shape, and size of its body. Further, because the performance device of an
acoustic instrument initiates the sound of the instrument, the performance
device is an intrinsic part of the instrument to which it is attached.

In a typical electronic musical instrument, on the other hand, the perfor-
mance device does not initiate a sound and it is not, consequently, an intrinsic
part of the instrument to which it is attached. Because it triggers or controls the
sound of the instrument, as against initiating the sound, any electronic perfor-
mance device-as Max Mathews put it, "from traditional keys and knobs to

microphones, breath-pressure sensors, eye trackers, TV cameras, and even EEG
electrodes"---ean be attached to any instrument. And an electronic sound gen-
erator can produce any sound in response to any performance device. An elec-
tronic keyboard, for example, can be used to playa trumpet sound. Or a duck
sound. Or the sound of 42nd Street at noon.

How, then, does a performer choose a device? The answer is: according
to the musical context and the musical role the performer wants to play.
Playing a keyboard, for example, with one's fingers is musically different from
playing a theremin and moving one's arms and hands through the air. And
because making a particular physical gesture will cause a performer to feel in a
particular way about the music that's being performed, certain devices are more
appropriate than others to certain musical situations. Morron Subornick
agrees:

I can imagine a number of different kinds of input devices for different
kinds of pieces. For instance, for a piano piece I'd want to use my fingers,
to some extent my wrists and arms. For other kinds of music, for things
that were timbrally rich, I'd want to sculpt the air with my palms, shoul-
ders, my head. I could imagine, if I were a different person, tap-dancing
a piece, shuffling my feet across the floor ...

Further, because a performance device is connected to the rest of the
instrument via software, it can be used to control any aspect of the music as well
as any sound. Playing a note on a MIDI keyboard, for example, can trigger a
~equence of. n?tes as easily as it can trigger a single note. Consequently, if an
instrument IS intended for public performance, the performer needs to be sure
that the connection between a performance gesture and its musical effects will
be evident to the audience. Composer and performer Neil Rolnick elaborates:
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One extr~me is ~ushing a button and having the whole piece come out,
the orher IS playing all the notes individually-the real problem is to find
the right middle ground. When working with an ensemble, I need the
flexibility of playing from the keyboard to be able to adjust tempi and
coordinate the music with other players. In a solo or improvisational sit-
uation, I can make more thorough use of the power of the computer as a
controller.
But there has to be some correlation between a performer's physical

movement and the sound. In one piece, I trigger sequences from the key-
board bur rhe sequences are so fast that each rriggering of a sequence
becomes an arpeggiated individual note, and I can be seen playing it. In
otherpieces, I t.ry to use a sequencer actively, to perform with it, to make
the process visible. For example, I change the sequence in real time and
reactto it. In a recent performance, I was using the sequencer to build a
hugeorchestral sound with lots of movement, something clearly beyond
the capability of ten fingers to play. I was bringing in rracks of sequences,
altering the sounds, altering the combinations, the pitch levels, all of this
in real rime, and the reactions that Igot from the public included people
listening and being impressed that I sounded like the orchestra and peo-
ple who watched and were disrurbed by the lack of virtuoso keyboard
work ...

•
Traditionalinstruments are traditional precisely because people have played
themthrough the ages. 50, as many composers have rhought, why throwaway
thetradition?Why not use traditional instruments to control electronics and,
thereby,combine traditional virtuosity with imaginative sounds? And further,
wh)' not integrate electronic music into the context and performance pracnces
oftraditionalmusic?

In his orchestral pieces Two Butterflies (1974) and Before the Butterfly
(1975), Morton Subotnick used muted violins to control electronic devices. [0
his so-called "ghost" pieces he used the sound of a "ghost" instrument, record-
edOntape but not itself present, to control electronics. In After the Butterfly
(19791, as he explains, "I was the ghost-l encoded my VOice as a ghost per-
formerandput it onto a tape which was serrt to the performer With a ghost box
wh'h . if I f d ri ht panner and a voltage-con-

IC contained a frequency shi rer, e t an ng . ". li-
trolledamplifier for volume" He composed Ascent into AIr (1981), for amp
Redinstrument ensemble, ar IRCAM, and he used two immured and audible
cellosas controls for Di Giugno's 4C synthesizer. ," hni were becommg com-By the early 1980s however 5ubotmck s tee lliquesr " ib d i "We had twenty contactPleated,In fact too complicated. As he descn e It, " H'k' , I f llowers . . . e con-
Inl es all over the stage with wires to the enve ope 0 . .cI d ",' . b ut this" He got serious
u ed, Idecided it was time for me to get senous a 0 . ld

i 1 II ' "I thoughr we cou ger a
n 984. He did a residency at MIT. As he te s It,



218 Inputs and Controls

computer to respond properly as if it were a musician following a conductor,
so I went to MIT, I played a bit with Barry Vercoe's program ... »

In facr, Barry Vercoe had been serious for some rime. In 1982, he had
gone to !RCAM on the first of several vis irs to develop techniques for syn-
chronizing a computer-generated accompaniment with a performer playingan
acoustic instrument. By 1984, he could report that he had the computer "able
to listen to 'a flute performance of a Handel flute sonata, say, or the Boulez
Sonatine, and synchronize a realtime accompaniment to what it was hearing"
and that the system had "a high degree of sensitivity to tempo, so rhar the play-
er could speed up and slow down at will and the computer accompaniment was
always with him."

Although Subotnick and Vercoe were both serious abour deriving control
information from an acoustic instrument, they approached the problem in dif-
ferent ways. Vercoe had concentrated on what he called score [ollcioing.
Subotnick focused on relating events, as in "if an instrument does this, thenthe
electronics do that," and during the next few years, he composed several pieces
in which a computer tracked a performer's actions and controlled something
accordingly. By the rime of his Hungers (1986), an electronic opera done in col-
laboration with video artist Ed Emshwiller, Subornick was working with Mark
Coniglio to develop Inreractor, a new program developed specifically to track
a performer's actions, or several performers' actions, and control all aspects of
a performance as certain things happened. As Subornick explains, "For exam-
ple, when the players are at measure 72 on the third beat and when Joan moves
her right hand down, the lighrs are going ro go off when rhe keyboard player
releases the longest chord." In jacob's Room (1993), a chamber opera for live
soprano, recorded baritone voice, live solo cello, video projections by Woody
and Steina Vasulka, and loudspeakers placed around the performance space,
Subornick used Interactor to follow the soprano's and cellist's performances
and control video laser discs (start time, frame number, speed, direction for-
ward or backward, and duration) accordingly.

In her Events in the Elsewhere (1990), a music-theater-video piece
inspired by Stephen Hawking, Joan La Barbara used Interacror to track her
voice and control video imagery. She describes it:

I was imagining that if one were trapped in a minimally functioning body,
one might imagine life in another reality. In my piece, unlike Hawking, I
allowed my character to make vocal sounds, and the character was con-
trolling certain elements of the environment by the voice, And so using a
pitch follower and a program that Mark Coniglio and Mort Subornick
had developed, I was using the voice to control video imagery. I was also
controlling the movement of a camera which had 360-degree pan, tilt,
and rotation, and so I could use the voice to control the directionality and
speed of movement of the robot camera.

Tod.~achover at MIT was also interested in deriving information from
an acoustic Instrument. In 1986 and 1987 at IRCAM, he had composed Valis,
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anopera based on Philip K. Dick's science fiction novel, and he had used Di
Giu,gno's4X sys~em}oprocess th~ voices. In the spirit of practicality, he had
decided,as he said, to score the piece for just two players, keyboard and per-
CUSSion, and to figure out a way to extend their performance into many layers
ofsounds.and complexity." It foreshadowed his concept of the hyperinstru-
merit, which, he explains, "means taking more and more sophisticated mea-
surements-of the cello, for instance, we know a lot about the bowing and
aboutthewrist movements, but for me what's important are all the extra things
rhar the performer's purring into the performance." The idea was to get a com-
plerepictureof what a performer was doing and use that knowledge to control
somemusical result. Machover continues:

Youneed to ger detailed information, but the problem with details is that
it'svery hard to have them add up to the total picture again. There's a real
danger of measuring every little tick on the instrument and losing the
sense of the instrument. So the best thing I know how to do right now is
to measure the details while always trying to put them back into the larg-
er picture of whatever it is we call "expression."

Machover's Begin Again Again ... (1991), composed for Yo-Yo Ma, is
fora hypercello, which is to say a cello-based system with sensors and com-
puter.Wrist measurements, bow pressure-and-position sensors, left-hand fin-
gering-position indicators, and direct sound analysis enabled the computer to

measure,evaluate, and respond to what the cellist did, and then to affect the
soundsdirectly, and sometimes to affect the way the cellist affected the sounds.
Hecontinues:

In Begin Again Again ... , instead of measuring bo~ position and sen~-
ing that out as a parameter, 1 measured types of bowmg-pressure, pos~-
rion of the bow how much bow is being used, how often the bow IS
changing direction-s-which is a collection of a bunch of variables togeth-
er.If you can measure type or style of bowing, that's already much closer
to what a musician can feel than if you say, "Play at this part of the bow
to trigger such and such an event." . .
What I measure has a lot to do with what the music IS, If there are

times where the music is particularly complex, Iwould just as soon have
the performer think in the most general terms, like a kind of scal~ of ten-
sion from one to ten. Since my music has a variety of layers, I quite often
change the layer of detail that I have the performer working at. It's all
built into my compositions. In fact, 111 Begin Agam Again ... , the per-
formeracts more and more like a conductor as the piece goes along, deal-
inglesswith details than with large structural or timbral shapes.
I've often thought about the model of the one-man band on stage and

beena bit scared of that as a comic image. But It should be possible to
. f . f a single player on a singleextract that amount of In ormatIOn rom

Instrument.
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•
Traditional instruments-pianos, violins, clarinets, drums, and so on-have
indeed become traditional Jargely because they are enjoyable to play, because
they are musically rewarding extensions of our physical selves. Keyboards, for
example, extend our hands and fingers. Violin bows and drumsticks extend our
arms. A clarinet extends its player's voice. Traditional instruments, conse-
quently, have been widely imitated in electronic instruments.

Electronic keyboards, in particular, have been popular. Virrually every
manufacturer has made them, and some manufacturers have gone to great
lengths to make them feel like their acoustic progenitors. Kurzweil, for exam-
ple, developed a wooden-key keyboard for its Model 250. On the other hand,
some performers have looked for ways to extend their keyboard skills by devel-
oping new functionality in keyboard designs. As John Chowning said, "It
would be silly to throwaway the keyboard simply because it's related to an
older music-you can apply people's keyboard facility in new and different
ways." And rhat was exactly what John Eaton had in mind.

Eaton's experience with the Synker had led him to think about how the
functionality of electronic keyboards might be improved. The Synket, for one
thing, had not been entirely stable. As Eaton said, "I'd take a trip and some-
thing would jiggle loose ... " But Eaton's ideas went further: "I also wanted to
make the instrument more sensitive to slight inflections of touch-my ideal
became to localize the control in the fingertips as much as possible ... " Later
in 1967, he began to discuss those issues with Roberr Moog:

So Bob and I started talking and [ asked him to have on the keyboard the
sensitivity that it should be able to read out the precise degree to which
the key is depressed, so that if it were applied to volume you could make
crescendos or diminuendos. J also asked for the sensitivity of the front-
back position and the side-to-side position at which the key is touched. I
also asked for applying hard pressure to a completely depressed key. And
I asked that each one of these sensitivities could be applied to any aspect
of the music that you could control through a synthesizer or a sound-gen-
erating program on a computer. And then Bob, at one point, discovered
that you could read out the amount of area that your finger would cover.

Eaton joined the faculty of the University of Indiana and, in 1972,
received a grant to commission Moog to build the Multiple· Touch-Sensitive
Keyboard. In 1977, Moog left Buffalo, moved to North Carolina, built a
house, and started Big Briar, a new company specializing in unusual conrrollers
such as touchplares, theremins, ribbon controllers, and ultrasonic sensors, and
one of his first projects was Eaton's keyboard. As he said, "It was just so com-
plicated-but it's general enough so you can learn a great deal from it and
t~ere's so much you can do with it, compared to ordinary keyboards, that a guy
like !o~n will significantly expand our notion of what performance on elec-
tromc Instruments can be."
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RobertMoog (left) and John Eaton (right) at the first public
showing of the Multlple- Touch-Sensitive Keyboard at the

University of Chicago in 1992. Photo by Renee Moog .

. Gregory Kramer also ordered a keyboard. After graduating from
California Institute of the Arts in 1972, Kramer was living outside of Los
~ngeles)performing with a few groups and scoring a few films, when he felt an
Impulseto invent things. He formed Electron Farm, a manufacturing company
forsynthesizers and controllers. He tells it:

I went to CBS because I heard rhey had some Buchla 100s on the shelf and
I bought the whole inventory, faceplates, parts, schematics, circuit
boards. So I had synthesizers in my home and I started getting people to
build synthesizers in exchange for synthesizers. We sold a number of syn-
thesizers to universities, but what 1 really got out of it was technicians to
build stuff for me. I would customize modules, add features, I would get
new modules designed, and I could try all kinds of weird things. At rhat
time, if you wanted a new sound, you had to make the ability to create
that sound. Or if you wanred a new way of controlling things, you had to

make rhar.

Kramer moved to New York in 1975 with much of the Electron Farm
parts inventory. In 1977, he founded PASS (Public Access Synthesizer Studio).
PASSeventually grew into Harvestworks, an organization that supported PASS
andtheElectronic Art Ensemble as well as recording and residency programs.
In1981, he formed Clarity, through which he developed technologies that were
licensedto Lexicon and other companies. In general, Kramer was interested in
humancontrol issues: "1 was looking for that link with electronics where the
veryfeel and nature of my physical gestures would come through the sound."
Andso, in 1982, he went to visit Moog. He saw the Multiple-Touch-SenSltlve
Keyboardas an extension of a piano into the electronic world. As Kramer put



222 Inputs and Controls

it "I could control the signal processing on the keyboard, not even triking
notes, just massaging different dimensions-I saw it as a hybrid instrument th~t
would be analog, digital and electro-acoustic, that would let me playa rnusrc
that would be a hybrid of pure sound and rhythms and pitches."

The building of the Multiple-Touch-Sensitive Keyboard was interrupted
by the professional demands of Moog's positions at Kurzweil Music Systemsin
Boston from 1984 to 1989 and then at the University of North Carolina in
Asheville. But finally, it was finished. In 1991, Eaton received the first one. He
used it to compose Genesis (1992). And he found that it was more sensitive
than MIDI sound generators could handle:

I was very excited about it. But I also felt like someone threshing wheat
with a surgeon's scalpel-because the keyboard was so sensitive while the
commercial synthesizers were so crude in the way that a performer could
really affect the sound. The next thing that needed to be done was a dif-
ferent kind of sound production apparatus ...

•
Not only keyboards, but virtually all traditional instruments, including saxo-
phones, guitars, drums, wind instruments, violins, even the harp, have been
reconceived as electronic instruments. In general, these "traditional" electron-
ic instruments appeal to musicians who have instrumental skills. They are com-
fortable and familiar, Ard because they typically offer an expanded range of
sounds, they are often fun. Dorothy Martirauo, for example, plays a Zeta
MIDI violin. Asked what she thinks about hearing a nonviolin sound coming
out, she answers, "Well, it's exciting-I like doing it. l'

Marrin Hurni reconceived the saxophone. In 1974 in Berne, Switzerland,
he began to build things, as he said, "because commercial equipment was so
expensive, and at the same time I was actively playing the saxophone-so J

decided to combine the saxophone world with electronic music production and
build an electronic saxophone that I could play." In 1978, he built a small
wooden controller with simple keys on it and an approximate Boehm finger-
ing, bur as he said, "The more I looked for an optimized key positioning, the
closer I got to the real saxophone-so my next logical step was in experiment-
ing with an alto saxophone and putting microswitches under each key." In
1981, he disassembled a saxophone, inserted sensors and microprocessor hard-
ware, equipped the mouthpiece with sensors for lip and breath pressure, and
thereby finished a prototype Synthophone, as he called it. In 1984, he played it
at Ars Electronica, and he recalls, "Bob Moog gave me the idea of making the
Synthophone accessible to others, so 1 concentrated on making the instrument
manufacturable ... " In 1986, he finished the first commercial model. In 1987,
h~we.or to the Frankfurt Music Messe, distributed pamphlets at the Sequential
ClrcUl,tsbooth and, encouraged by people's interest, formed a company called
Sofrwind Instruments and began to make Synthophones.
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Peter Beyls playing the LRwiolin in Brussels, 1987,
Photo courtesy Peter Beyls.

Peter Beyls reconceived a violin. In ] 990, at the artificial intelligence lab-
~rarory at Brussels University in Belgium, he turned a normal violin into an
infrared~iolin-anl R-violin, as he called it-by fitting each string and the bow
WIthan infrared transmitter and receiver. As each string and/or the bow was
pressed,the distance between its transmitter and receiver changed, and conse-
~UentlYI the intensity of its infrared light changed, and the intensity inforrna-
nonwas then used to control sound.

Nicolas Collins mounted an optical sensor in the crook of a trombone,
anda keypad on the slide, and he used what he called his trombone-propelled
electronics to control a digital signal-processing system. He said, "It was my
entrypoint to the world of improvised music-l made instantaneous transfor-
mationsof other players' sounds." His pieces included Real Electronic Music
119861,Tobabo Fonio (1986), and 100 of the World's Most Beautiful Melodies
(1989). He observed: "to the uninitiated there is something baffling about a
movemenr that changes pitch at one time and loudness the next ' ..
Nonetheless, the apparently quixotic relationship between physical action and
sonicresponse fascinates, . ."

Paul DeMarinis did it in reverse. Rather than start with a traditional
instrument and turn it into an electronic performance device, he started w.ith
an electronic performance device and evolved it toward a traditional instru-
menr.In 1978, he made a sort-of guitar, actually a touch-sensitive device with
sensorsinstead of frets. In 1980, he added a microprocessor which made it pos-
Sibleto start something with one fret, for example, then hold that and play
another fret, and then capture that with the microprocessor and move to
anotherarea of the fret-board to do something else. He then made a proposal
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Nicolas Collins performing with his trombone-propelled electronics in
the late 19805. Photo courtesy Nicolas Collins.

to the Exploratoriurn in San Francisco for an installation in 1981 and 1982
that would involve people playing together on several of his "guitars. II He tells
the story:

The process of making interactive art needs to be interactive. When
you're making an interactive piece, you have to test it out, to continu-
ously interact with the people who'll be using it interactively. And the
process of doing the piece at the Exploratorium was, for me, learning
about how technology socializes, and how sociology technologizes, and
about the human dimension that makes interaction. And how slight
changes will totally change the interaction. I started out as Mister Weirdo
with people on the staff telling me that my sricks didn'r look like guirars.
Then I met someone on the staff who had previously worked for
Alembic-they did guitars for The Grateful Dead-and he agreed to
make guitar-style bodies for my electronics, patterned after standard elec-
tric guitar types. There were five guitars, one was a Gibson, one a
Stratocaster, one a FJying V, and so on, all standard styles, and it was
amazing how they played into everyone's musical fantasies. The reality of
the guitar, the weight, the finish, the leather straps, the smell of the leather
straps, all of these were intangible but socially meaningful qualities that
affected the way people played together. Suddenly, everybody knew rhey
were making music, and their actions were reinforced by the actual expe-
rience they were having. The fantasy of the rock-and-roll guitarist, that
was music making. Holding these objects meant music to them.
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•
Somecomposers built electronic controllers that were not traditional instru-
mentsbut resembled traditional instruments in the way they were played. In
themid-I960s, for example, Gary Lee Nelson was a tuba player in the
NetherlandsPhilharmonic in Amsterdam. Curiosity led him to attend Gottfried
MichaelKoenig's course at the Institute of Sonology, and it launched him in a
directionthat eventually took him through graduate school and two teaching
positionsand ultimately, in 1974, to join the faculty at Oberlin College in
Ohio.Being in Ohio clearly made a difference. As he put it: "Got rid of the
tuba. Did mostly mainframe software synthesis and tape composition." In
1983,however, he began again, in his words, "to feel the need for using my
brassplayer's chops." So he talked with John Talbert, engineer, about making
anelectronicwind instrument. In two months, Talbert had finished a proto-
type.As Nelson recalls, "It was pretty smooth, easier to play than a tuba."

The MIDI Hom, as Nelson called it, contained controls for pitch and
soundchanges, a breath-pressure sensor, and a slider operated with his thumb.
In1986, he began performing with it and developing software that connected
irsoutputs to a musical result. Some of it was straightforward. As he put it,
"Whatthe audience saw was a fairly traditional kind of soloist in the middle
ofthestage, playing in an engaging way." But some of it was a more-than-
meets-the-eyealgorithmic approach: "I'd playa note with the pedal down and
thecomputerwould generate a sequence from a pitch-generating algorithm-
orthepitchand velocity of a single note would determine the tune or lick th~t
wasplayed." In hi Fractal Mountains (1988), for example, the accomparu-

GaryLee Nelson playing his
MIDI Horn in the 11Iid~1980s.

Photo courtesy Gary Lee Nelson.
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Above: Dexter Morrill in 1990 and his MIDI
Trumpet with pitch detection software by

Perry Cook. Photo courtesy Dexter Morrill.

Left: Chris Chafe playing his Celletto in the
late 1980s. Photo courtesy Chris Chafe.

ment figures were generated by fractal interpolation between the time, key, and
velocity of the the first note and the time, key, and velocity of the second nore.

In 1987, Chris Chafe built the Celletto, as he called it, a bodiless cello
designed to send audio signals to a pitch-ro-MIDI converter. He describes it:

It's a single block of maple, as long as the length of the strings, as rhin as
the fingerboard, and as deep as a cello is deep. The intent was to make it
feel like a cello, There are some extensions that are screwed onto it for my
knees and chest so that all the points of contact for my body are in the
right place. I use a normal cello bow. The bridge was designed by Max
Mathews in a new idea that he had just had about a specific type of trans-
ducer called the piezo ceramic bi-morph transducer. So in the bridge
there's a transducer aligned with each of the four strings. It's a wooden
bridge with saw cuts that eliminate the crosstalk between strings. You can
look at it as four fingers supporting the strings, each with a separate out-
put. It's heavy enough but not as heavy as a standard instrument. It col-
lapses into a case about like a trombone case.
I've spent some time trying to put a transducer in the bow to read bow

speed and pressure. The first time out was a combination of accelerome-
ter and strain gauge to measure the flex in the bow. The second time was
the Lightning used to track position-the transmitter is on my wrist and
the receiver directly in front. The Celletto is an unfinished project. It's
going to keep evolving.



Inputs and Controls 227

Ir'slikely to keep evolving, in fact, in two different directions simultane-
,"sly.Chafe is interested in controlling sound: "I'd like to apply the string play-
er'snatural control parameters to bowed string synthesis in real time." He is also
interestedin higher level compositional COntrol. In El Zarro (1991), for exam-
ple,hecalled for a Lightning ro be attached to the bell of Dexter Morrill's trum-
pet: "When he blows a note, he moves-so I gave him a kind of steering wheel
to steeran algorithm through a performance." And he is using the Celletta to
expandthat approach: "I want to get our of this division between accompanist
andsoloistand create an improvisation environment for myself ... "

•
In themid-1980s, Donald Buchla designed the last of his synthesizers. As he
tellsit, "I assumed that with a MIDI standard there would be a proliferation of
interestingcontrollers, so I designed the 700 with three MIDI inputs thinking
tharsomeonecould have several kinds of MIDI controllers playing rhis one sys-
tem,and that isn't what happened ... all one could buy for controllers were
theusualorgan keyboards and very crude imitations of guitars with MIDI out-
puts,and that was it-so after I designed the 700, I thought, 'Well, I guess it's
mineto design some new conrrollers.:"

In 1990, Buchla finished Thunder, a tactile surface broken up into several
areasarrangedin the shape of a hand. The areas functioned something like non-
mechanicalkeys, with each key sensitive to impact, pressure, and position.
BrunoSpoerri,among many others, has performed extensively with Thunder. As

Donald Buchta playing Thunder
at.Stanford University in 1991.

Photo by Renee Moog.
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he describes it, "It has twenty-five keys of different sizes and shapes that can be
used for different MIDI functions and the keys are oriented In such a way that
you don't have to move your arms-your hands basically stay in the same place. 7>

How does it feel to use it? Spoerri answers: "It feels good-it's a way of playing
that is very near to my idea of how to playa keyboard instrument."

In 1991, Buchla finished Lightning which, as he put it, "allows you to
create instruments in space." A performer moves a wand or a ring in the air}
which acts as a transmitter. A distant receiver translates the movement into
MIDI information and knows whether a particular gesture was made by the
performer's left or right hand. Warren Burt, Bruno Spoerri, Chris Chafe, Dexter
Morrill, and many other composers and performers have used Lightning. And
Buchla has used it in two of his own compositions. In Ell Plein Vol (1991), a
percussionist uses Lightning to play percussion instruments, even after two
onstage thieves have removed them, and the audience, of course, conrinues to

hear sound. In his Trajectories (1992), two jugglers are juggling six clubs which
are, in fact, Lightning transmitters. As Buchla explains, "When the clubs flip}
the sound flips."

•
Michel Waisvisz in Amsterdam, Holland, explained, «It's not that I like tech-
nology so much-my work has been trying to bring back a unity between
physical and mental activities." By physical activities, Waisvisz meant the
effort of working with an instrument in performance. As he said, "I'm afraid
it's true one has to suffer a bit while playing; the physical effort you make is
what is perceived by listeners as the cause and manifestation of the musical
tension ... " By mental activities, he meant formal structure: "Once one takes
formal structure as a synonym for the beauty of patterns, cold reasoning} a
law-abiding mind, and dogmatic thinking, and One interprets physicality as
wild emotion ... The composer who can handle these extremities is bound to
create a lively piece of music."

Waisvisz' Hands, built first at STElM by Johan den Biggelaar in J 984,
then further developed by Wim Rijnsburger, are two aluminum plates, formed
to be comfortably strapped under his hands. The plates contain keys that
respond to finger touch and sensors that respond to thumb pressure, tilt, and
the relative distance between the Hands. Waisvisz, for example, can hold his
arms out sideways and play the keys, simultaneollsly tilting the Hands while
moving a potentiometer with his thumb, and then move his arms closer to each
other so that the Hands sense their increasing proximity. As Waisvisz describes
his feelings during a performance, "There is a kind of physical excitemenr-I
make moves that I just feel like making and, you know, for example, moving
my hands apart is definitely showing that things are going bigger and wilder."
Waisvisz' compositions for the Hands include Beat Concert (1984), Touch
Monkeys (1987), Archaic Symphony (1989), The Scream Lines (1990), Songs
from the Hands (1991), and Faustos Schrei (1994). As he said, "It really
became my instrument."
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•
MatteiToys developed the Power Glove during the mid-1980s as a videogarne
conrroller.It was not a su~c~ss:;llproduct, but it did interest many musicians,
amongthem Paul DeManms: I got a Power Glove in ] 989, I cut off every-
thingbut the finger-flex sensors-e-rr looked like a gardening glove." DeMarinis
conrmues:

I used rhe recorded text of a new-age hypnotist and resynthesized it with
changes. In performance, using the glove, I could change the pitch of the
voicewith one finger. With a gesture of a combination of fingers, I could
stop the speech or start it, and there were many pauses in the speech. It
was kind of slow and hypnotic, and wirh the other fingers I could change
rheorchestration of the accompanying music. And then, with a thumb
gesture, I could "take a snapshot" and freeze it. So with a series of hand
gestures, I could manipulate the speech and the glove was the image of
manipulation, the hand of authority.

In 1991, Laetitia Sonami performed with DeMarinis and got an idea. As
shetellsit, "In my part of the piece, I used rubber kitchen gloves with magnet-
ic sensors to trigger things-one glove had the sensors in the fingertips and the
otherhad a magnet on top of the hand." In May 1992, for her Story Road, she
designeda glove with five microswitches and the magnet in the thumb, so that
shehad a complete controller for her left hand and she could use her right hand
forrurningknobs. Then, in Amsterdam during that summer, she went to a con-
cert withJoel Ryan and heard an lndian singer. The singer was using his hands
forcounting and keeping the beat. She recalls, "There was a beauty of expres-
sionin the way he was using his hands-it was very appealing, and I thought
rharit would really fit my way of performing, so I turned to Joel and said,
'Wouldn'tit be nice to control electronic music with the same kind of subtleties
thathewas expressing in the singing."

She then composed What Happened II and, at STEIM, built a new vet-
sianof what she called the Lady's Glove. It was an arm-length glove made of
softcloth. The fingertips contained microswitches, wh.ich wer~ the only vlsl?le
comrols.Flex sensors responded to bending in the wrtst and 111 the thr~e mid-
dlefingers.Each of the finger sensors reported two values, one for bending the
lowerand one for bending the upper finger joints. In~,de the fingertips, there
weremagnetic sensors with the magnet in the oPPOSll1g thumb, so that they
respondedto the distance of each fingertip from the thumb. There was a pres-
surepad between index finger and thumb, so that the thumb could press
againstthe inside of the index finger. There was an ultrasound errutter In the
palmwith a receiver in the belt and in the shoe. d .

The idea was to allow a performer to control music by f~nger an W~lSt
b di I . di t the rhumb-rip by touchingen 109,by moving fingers at re anve Istances 0 '. .
h h f I . d f er and by acnvatmg the

t e t umb to the upper joint 0 t re m ex mg , . . di. . . . hil . g the hand m relative 15-mlcroswitcheson top of the Fingertips W ue movm
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Laetitia Sonami showing the sensors and
wiring in the Lady's Glove. Photo by Andre

Hoekzema. Courtesy Laetitia Sonami.

tanee from the body as measured by the ultrasound. As Sonami said, "This is
for me the ultimate instrument in dealing with expressiviry in electronic
music-if you move one finger, everything else moves. It's multiple controls to
multiple variables in the sound ... " After she had built it wirh all of the sen-
sors hidden within the glove, STEIM commissioned Bert Bongers, an electron-
ic music instrument builder in The Hague, to copy the design and improve it.
He did. And he added an accelerometer .

•
Max Mathews said: "One has to think of overall systems to get a musically use-
ful thing-you can't really develop a sensor without relating it to the programs
that you're going to use it with." Mathews' Radio Baton grew out of his
Conductor Program, begun in 1976 while he was at Bell Labs and GROOVE
was up and running and when Pierre Boulez, at that time music director of the
New York Philharmonic, made a request. Mathews tells it:

By that time there were a lot of pieces for tape and live instruments, and
they were always unpleasant for the performers because they were
unyielding, and the performer carried the burden for the ensemble.
Boulez wanted to conduct the tape. I never did figure out how to conduct
a tape because speeding and slowing produces unpleasant effects on the
sound, but it did lead me to think about a synthesizer, and that led me to
write the Conductor Program.

The Conductor Program functioned in three stages. First, in the score-
entry stage, notes were input to the computer's memory. Second, in the
rehearsal stage, phrasing, accents, and other articulation were added to each
voice. Third, in the performance stage, all of the voices were played back
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togerher.Different devices were used to "conduct" different aspects of the
musicduring rhe performance stage. There was a joystick, built by Michael
Nollat BellLabs, large enough that a performer could use full arm motions ro
controlcontinuous variables such as dynamics and balance. There was a key-
boardwhich had some special keys that could be tapped. And there was a
mechanicaldrum with strain gauges built into it to measure the hardness and
point of impact. Paul Zukofsky, violinist and conductor, and Gerard Schwartz,
uumperist and conductor, were invited to conduct parts of Ravel's String
Quartet to demonstrate, quite successfully as it turned out, that the program
allowedfor expressive individuality.

The Radio Baron grew out of those performance devices. The first ver-
sion,called the Sequencia I Drum, was developed at /ReAM in 1980 as a sur-
face with a gridwork of wires and a contact microphone underneath. When the
surfacewas hit with a mallet, the gridwork sensed where the surface had been
hir,and the microphone sensed how hard it had been hit. The mechanical
design}however, was problematic. As Mathews remembers, "The wires were
alwaysbreaking-it was a completely impractical instrument." A subsequent-
ly improvedversion of the Sequential Drum used strain gauges, which were
morereliable than the wires. But the problem remained that the device could
not register continuous motion and, consequently, could not be used as the con-
trollerfor the Conductor Program. Mathews said: "I needed continuous infor-
mationforexpressive controls."

In 1987, Robert Boie at Bell Labs solved Mathews' problem by building
theRadioBaton, essentially two wands that are waved over a surface about the
sizeof a breakfast tray. The wands contain low-frequency radio-signal trans- I
miners.The surface contains the receivers. The Radio Baton has attracted the II I
attentionof a number of composers, among them Jon Appleto~, Larry. Austin,
JoanneCary, Amy Radunskaya, Sergio Marin, Dexter Morrill, David Jaffe,
Richard Boulanger, and Andrew Schloss.

Max Mathews with the Radio Baton in 1992.
Photo by Patte Wood.
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Richard Boulanger was one of the first people to compose for the Radio
Baton. In 1985, Mathews had showed up ar UCSD to do a demonstration, and
Boulanger was impressed by the performance possibiJi[i~s. He said, IIMax',I'd
love to write a piece for your Baton." And the opporrurury came the following
year. In November 1986, with a commitment to perform at the MIT Media Lab
in February 1987, Boulanger went to Bell Labs and began to compose. He
recalls:

I'd spend pretty much every weekend there and sray around the clock, fig-
uring out the Baton, writing for it, entering scores, asking for changes,
asking questions. Can it do this? Can it do that? Max was incredibly
responsive to my needs. It was wonderful.

Since 1986, Boulanger has used the Radio Baton in solo works) improvi-
sational works) duets for acoustic instruments and baton, chamber music,
vocal music, as a solo insr.rument with symphony orchestra, and on several
occasions he and Mathews performed together. His works include Sbadoios
(1987), for electronic violin and Radio Baton; J Know of No Geometry (1990),
for Radio Baton; Concerto for Virtual Orchestra (1991), fat two Radio Batons;
Solemn Song for Evening (1992), for voice and Radio Baton; Yirtua!
Encounters (1992), for chamber ensemble and Radio Baton; Three Symphonic
States (1993), for orchestra, Radio Baton, and PowerGlove; The Dark Willd
(1994), for bass clarinet and Radio Baton; and OutCries (1995), for voice and
Radio Baton.

Andrew Schloss, because of the way he used it, called it the Radio Drum.
In 1973, he was studying electronic music and percussion ar Bennington
College. He rook a leave of absence to join rhe Peter Brook Centre for
International Theatre Research in France. As he recalls, "Brook forbade me to

do anything with electronics, so 1played drums a lot." After a year, he returned
to Bennington to finish his degree, following which he studied ethnomusicolo-
gy and mathematics at the University of Washington. In 1978, he began work
in computer music at CCRMA) where he composed The Towers of Hanoi
(1980). Also in 1980, during a visit to Cuba, he became interested in Afro-
Cuban music. In 1986, he went to Bell Telephone Laboratories-"I heard that
they had some sort of Radio Drum and 1was hoping to merge Cuban and com-
puter music"-and he convinced Mathews and Boie to lend him a Radio
Baton. In 1988, he went to LRCAM and met Miller Pucketre. Puckerre wrote a
MAX objecr that allowed Schloss to use his Radio Baton with a Macintosh.
Then Schloss met Jeff Gardner, an American pianist who was living in Paris.
Gardner was interested in Brazilian and Cuban music, and during the next few
years, Schloss and Gardner played several concerts together. As Schloss recalls,
IIJstarred to think of the Radio Drum as a really serious instrument."

Meanwhile, in 1986, David Jaffe, with Julius Sm ith at CCRMA, began
to design a sound and music system for the NeXT computer. The result was
Music Kit, a superset of tools which, in Jaffe's words, "combined the flexibil-
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itfof rhe Music V approach wirh the realrime interactivity of MIDI." Jaffe,
alsoa graduate of Benningron College, and Schloss decided to combine their
skillsin a collaborative improvisation. They worked together for two weeks.
Jaffedescribes it:

Andy had been working with the Radio Drum and an early version of
MAX, and he had a NeXT machine. I brought a Zeta MIDI violin with
an IVL pitch derecror, We hooked things up in series. The Drum and vio-
lininfo wenr into a Macintosh which did various mappings in MAX, and
thenit went into the NeXT machine, running Michael McNabb's version
of the Music Kit applicarion called Ensemble. On the NeXT, we had frac-
tal music generators and other higher-level algorithms that were listening
to the pitches and materials. We started improvising. Our goal was to
write a more or less improvised piece with a shape that had some simi-
larityfrom performance to performance. We experimented.

The resulr was called Wildlife (1992), completely improvised, with the
musicresulting from shared control. A pirch played by the violin, for example,
wouldtrigger a chord, but which chord and in which regisrer would be deter-
minedby the positioning of the mallets on the Radio Baton. Jaffe's next piece,
Terra NOll Firma (1992), for four cellos and Radio Baton, was completely
noraredusing Max Mathews' Conductor Program. How did it work? Well,
howdoes an orchestra interpret a conductor's gestures in playing the first four
nores,for example, of Beethoven's Fifth Symphony? To answer the second
questionfirst, there is a visual link, taught to the orchestra by the conductor in
rehearsal,between the conductor's gesture and the way that every player is
expectedto respond to it. In the Conductor Program, there is a software link,
"taught"to the program in "rehearsal," that interprets a performer's gestures
as controls for the music. Jaffe, in using the Conductor Program, create? a
SCOrethat said in effect "when this is done with a baton, then the musical
resultis ... " As Jaffe said, "I found it responded very quickly, so I built the
piecearound the idea of constantly and abruptly changing tempos, suggestmg
thecaraclysmic changes of an earthquake."

Jaffe's third and largest Radio Baton piece was The Seven Wonders of the
Anciellt \'(/orld (1995) a seven-movement, seventy-mlI1ute c~ncerto wlt.h
improvisationfor Radio-Baton-controlled Disklavier grand pl~no., harp.sI-
chord,harp mandolin guitar bass, harmonium, and two perCUSSIOnIsts,WIth
theRadio Baton part ~ompo~ed for Schloss. As Jaffe describes it, "The cou-
plingof the piano with the Radio Drum [Jaffe calls It the Radio Drum when

f . ]' I Iy exciting-sometimesreerrmg to Schloss' performances was pa rtrcu a r . . .
'd f . . d d h ou make a slight modi fica-you eel like you're banging on mu ,an t en y

tionandsuddenly it becomes like Paganini." . h Rd'
. f . d on developlllg tea 10Meanwhile Schloss' primary DCUS rernatne . . d

B ' I h f t phySICal experrence an ,atcn as a drum: "We need control ers t at re er 0 .. ,
b bl to do things that you can tyeS,1 Wantto make a drum, bur r want to e a e

, I
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do with a physical drum." Schloss' aim was to ext.end wh~t can be done wirh
a drum, particularly in modifying sounds. He differentiated, for example,
between hitting rhe surface of the Radio Baton and moving a mallet continuo
ously through space, which he called whack mode and continuous mode,
respectively, and he used one mode to modify the other, "like a generalization
of a hand drum where one hand hits the drum and the other modifies it." His
approach represented an unlikely combination of cultural traditions. He
reflected, "What's great for me is that the different threads in my music, Cuban
music and computer music, have merged."

•
Many technologies have been developed to sense a performer's movements in
space. Gordon Mumma, for example, used accelerometers in his Antbiuex
(1971). As he describes it, "I played solo cornet with live modification-I was
wired with accelerometers and every move I made triggered sound modifica-
tions." He made similar accelerometer circuits for his Telepos (1972), a com-
mission for Merce Cunningham's dance TV Rerun (1972):

I made a set of accelerometer belts that measured changes in the dancers'
acceleration as they moved through the performance space. Those mea-
surements were converted into frequency-modulated signals. Each belt
had an FM oscillator made from a common Signerics integrared-circuir
function generator used for touch-tone telephones. The changes in pitch
from the PM oscillators were transmitted by miniature UHF radios on
each belt to receivers in the orchestra pit. I mixed and distributed the
received FM signals through loudspeakers around the audience.

My original idea was that each of the eight dancers would have a belt,
but the expense was too great-each belt COStbetween $500 and $1,000.
The dancers didn't get paid enough to justify such extravagance. So I
made only three belts, and designed them so that each belt produced a dif-
ferent set of pitches when worn upside down. The dancers exchanged and
inverted belts when they were offstage between their exits and entrances.
The accelerometers were little glass things. Just a few weeks before the
premiere, when the belts were being sewn, I thought, "What if these
things break?" But the dancers were always in the air and we never broke
an accelerometer.

In 1989, Mark Coniglio designed MidiDancer, a set of sensors that mon-
itored the movements of a dancer's body and transmitted that information via
wireless link to a computer. The computer interpreted the information and sent
commands to a synthesizer. Coniglio recalls, "I had been writing a lot of dance
music, and had simultaneously become very interested in live interaction-the
combination of these two interests resulted in my desire to have the dancers
directly generating music from their movement ... "

Neil Rolnick played air drums in performances of his Macedonian Air
Drumming (1990) and The Persistence of the Clave (1992). The air drums,
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builtby PalmTree Instruments in San Diego, were two "claves," each of which
containedthree mercury switches, one to sense pitch, one to sense roll, and one
to senseyaw. A performer held one in each hand and moved them in the air.
Rolnickdescribes it: "You have two hands, each with three switches and two
directionsfor each switch, so you have basically twelve MIDI signals that can
be sentat anyone time-getting up there and waving your arms around and
gettingmusic to happen is perfectly natural, and the really interesting part of
composingfor something like this is to figure out ways of moving that will
somehowmake sense with the music."

•
Asa spacesensor, the rherernin, invented in 1920, was elegant, even magical,
becausethe performer did not need to hold any object, and it was playable in
awiderange of musical contexts. Lenin could play it as an amateur in his
office. Clara Rockmore could play it as a virtuoso in a concert hal1. John Cage
usedtheremins to sense Mcree Cunningham's dancers' movements in
Variatiolts V (1965). And many other performers and composers have used
thereminsin different ways. In 1992 at Big Briar, Robert Moog resumed mak-
ingtheremins according to Theremin's design principles, which means, in
Moog'swords, "what waveform is produced and what the responses of the
antennasare-as a violin maker would shape the neck, I shape the response of
theantennas." On August 14, 1994, Moog hosted a celebration for the open-
ingofa new Big Briar facility in Asheville, with Marylee DiLorenzo banishing
evilspirits by performing a smudging ceremony based on North and South
AmericanIndian ceremonial traditions. 1t was an unusual approach to the
beginningofabusiness venture. But appropriate, one might reflect, because the
thereminrepresents such an unusual approach ro musical performance.

Paul DeMarinis also developed an unusual approach, so ro speak, in The
PigmyGame/an (1973). In 1969, encouraged by David Behrman, David Tl\d~,r,
andGordon Mumma DeMarinis had started to build circuits. As he said, I
reallytook it on, maybe more than other people, really building pieces-:-it
occurredto me that instead of building a synthesizer, it was more eoonomica]
toactually build the piece that I wanted." He observed further, "We were the
firstgeneration of artists who learned electronics from artists-at that POlll~,
technologybecame a real tool of artists." The Pigmy Game/an was among his
first pieces.He describes it:

Itwas like an untuned radio that was hooked up to a music synthesizer-
it was a small box with loudspeakers playing very softly ... It ran by
itself, but it was influenced by people coming close ro It. People could
move around it, touch it. They disturbed the electrical field around It. It
was based on an automatic circuit that produces agreeable changes

l
III

sound. It was making people aware that they're electrical creat~res, t rat
1 • •• •• h II h dio stations and microwavewe re swirnmmg III electricity, t at ate ra 1. h 11 h

stations in the world are making signals that are gOing throug us ate
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time. The collapse of a distant galaxy produces electromagnetic waves
that pass through us. We're in an electrical world.

In 1972, Codfried-Willem Raes in Belgium began ro work with ultra-
sound technology. In 1983, Raes and Moniek Darge, known together as the
Logos Duo, finished Holosound, a concert piece where Darge's movements in
a three-dimensional space were sensed by ultrasound devices and used to con-
trol aspects of sound and music. Raes continued to develop and improve his
ultrasound technology, and in 1992, he finished rhe first version of A Book of
Moves, an evening-length group of multimedia compositions wherein each
composition is based on a unique relationship between movement and sound.
Raes thought of each situation as an "instrument." The idea was, as he pur it,
"to design a series of very different, yet invisible, musical instruments" where
specific types of movements would be used as controllers for different aspects
of a musical activity. In Tempi, a simple example, movements are used to con-
trol the tempos of three independent voices. In Topol, a more complex exam-
ple, movements are used to feed a simple neural network that attempts ro map
relations between a topological analysis of the performer's moving body and
the structures of chords.

David Rokeby in Toronto was also interested in developing an instrument
that allowed for a programmable relationship berween a performer's physical
motion in space and a particular musical result. He developed the Very
Nervous System, an electronic system that analyzes images from a video earn-
era to track a performer's movements and translate them into musical controls.
When Bruno Spoerri saw the system in 1989 in Brussels, he was immediately
interested. As he recalls, "It was the first movement-driven system that I had
seen that had a musical flair, so I invited Rokeby to Zurich, to the Ericsson
Gallery where I was organizing some workshop evenings, and he did an instal-
lation that stayed there for two months or so-and at the end of the exhibition
I urged him to sell the system to me instead of taking it back." Spoerri tried [Q

work with dancers, but as he reflects, "They had the impression that they could
do a pas de deux and Tchaikovsky would come out-they weren't used to mak-
ing music themselves." He continues:

There's always a performer in front of the camera, and the performer's
gestures trigger or control an existing musical process, like conducting.
They influence the system. The system senses motion, not absolute posi-
tion, so the nature of the performer's motions is what matters. And since
the space can be divided into regions, control motions can be very COI11-

plex. You can move one way in a high region, for example, to do one
thing, and another way in a low region to do another.

Spoerri's first piece with the Very Nervous System was In and Out (1991).
As he described it, "With big movements you can bring out very heavy masses
?f sound t~1at ~tay until you stop them with new movements, so the performer
IS performing In two separate ways, by playing his instrument and by moving



Inputs and Controls 237

BrunoSpoerri (seated) with a dancer controlling a MIDI system through David
Rockeby's Very Nervous System in 199'1. Photo courtesy Bruno Spoerri.

hisbody, , ." His next piece was Shake, Shuttle, and Blou/ (1991), which he
describedas "a kind of drum duo where I'm playing by moving," Then there
~asDidYOIi Do? (1993), in which a singer's motions control the accompany-
mgsounds,And Spoerri programmed Spiegelei (1992) so that, as he put it, "the
smallerthemovement, the more excited the system becomes." But large move-
mentsin large spaces, he might have added, were more problematic. The Very
Nervousysrern required that a performer's movements were made relative to
a single camera which, not so incidentally, could not be very far from the per-
former.

In the early 1980s, Simon Veitch in Melbourne, Australia, developed a
multicamera video-based control system which allowed for large-area mot jon
detectionfrom afar, 3DIS (3 Dimensional Interactive Space), as it was called,
consistedof one to twelve video cameras, a video monitor, a computer, and
electronics.A user could draw rectangles on the computer's screen to define
contiguous, overlapping, or separate spatial zones which were watched by the
vIdeo cameras. When the system saw a significant change within a defined
zone,itsent a control signal to an external device, such as a synthesizer. Warren
Bun used 3DIS in Expo '88 in Brisbane. He describes the situations:

Itwas a fairground installation, definitely general public ... There was a
series of fountains, for example, triggered to spray water a~ people
passed, And there was a sonic fun park, When people put their hands
through an empty window frame, they would heat the sound of breakll1g
glass.And there was an optical illusion which made a telephone see~ to
be where it wasn't, As people approached the telephone, It would ring.

And as they reached for it, it would disappeat ' . ,

Burt's next 3DIS project, in Melbourne in March 1989, was Hear the
Dance,See the Music!, a collaboration with composer Res Bandt and dancers

",
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Sylvia Sraehli, Shona Innes, and Jane Refshauge, in which rhe dancers triggered
words or danced notes from a musical scale, or affected the sratistical iikeli-
hood that more or fewer notes would appear. He used 3DIS in [azzmaze, at a
show called Les Images en Folie in Martigny, Switzerland, May through
October 1991. As he recalls, "One guy said, 'It's very nice bur I don't like
jazz." And he used 3DIS in other shows, exhibitions, and installations, among
them a show at the Technorama in Winterthur, Switzerland, celebrating the
150th anniversary of the Laufen Ceramics Company. As Burr describes it, "An
outer ring of spaces triggered the sounds of smashing ceramics ... the children,
of course, would be running around the outer ring playing bulls in a china shop
and having a wonderful time, as if it were magic." But after working with 3DIS
for several years, as he reflects, "I never found it magical because I knew how
the technology worked ... when I saw looks of utter amazement and magical
delight on people's faces, I was bewildered-l asked myself, 'Why are they
looking at this in amazement?"

In 1993, at the third Australian Sculpture Triennial in Melbourne, Burr
deployed 3DIS in Joan Brassil's Sine Waves, Harbour Waves. It was a large
installation with wooden beams, piles, seaweed, and plexiglass constructions,
with a video monitor playing scenes of the waves in Sydney harbor which were
reflected in the molded plexiglass. Necessarily for the video, there was low
ambient light, so infrared cameras were used. The movement of the public trig-
gered sounds of water and of sine waves played with tuning forks, which
seemed to emanate softly from random locations within the space. As Burt
said, "I wanted to be fascinated and, finally, I think 1 achieved it."

•
Designers and/or musicians who view electronic music as developing seamless-
ly from past musical practice into the future are likely to build or play instru-
ments that call for traditional skills. As Neil Rolnick puts it, "as musicians we've
spent years and years developing finely-tuned reflexes and skills in playing
instruments, and those skills, which Our minds and bodies relate to music and
how we make music, provide access to electronic as well as traditional instru-
ments." On the other hand, designers and/or musicians who view electronic
music as radically different from the past are likely ro call for new types of phys-
ical movements and skills. Again, Rolnick: "If you're dealing with a new para-
digm for making sounds, you'd want to have something that doesn't tie you to
old kinds of gestures, something which kind of unfetters you from traditional
ways of thinking so that you can take a more exploratory approach." It is the
designer's and/or musician's understanding of music, in other words, that drives
the design of an electronic performance device. For Peter Otto and Michel
Wai~visz, who viewed electronic music as radically different from the past, the
mUSICalproblem was how to control complexity.

In 1988, as the audio indust.ry was compJeting its conversion to digital
technology, Otto designed what he called Contact. In his view, "What was lost
in digital technology was the gestural, tactile immediacy of the analog world,
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sohereyou were with this incredible computing power and just a mouse to
controlit with." Contact is a desktop control surface containing ninety-one
knobs,swi.tches,.andfaders, each of which can be assigned to control any musi-
caloraudio variable, or group of variables, in any system to which it is con-
rerred. Otto'ssolution, in other words, was a large number of independent per-
formancecontrols rhar could be flexibly applied to a large number of musical
variables.

In 1976, Michel Waisvisz had designed the Crackle Box, a hand-size
woodenbox containing electronics, loudspeaker, and touch-sensitive metal
strips,which "crackled" as one touched it. As he described it, "You just
touched the technology, the instrument went wild, and you learned to control
it."' Yearslater,Waisvisz had a related idea: "1 thought, 'How could I, with a
singlefingermovement, create an incredible amount of coordinated and relat-
edchangesin an electronic system?" And one morning in 1989, he looked out
ofawindow,and as he tells it, "I saw a spider web, and 1realized that if each
thread in the web were related to a variable in a system, touching the web at
someplacewould creare related changes everywhere-so I imagined that grab-
bingseveralstrands of the web would change an incredible number of things."

•
XavierChabot in Paris understood the depth of the problem-of relating rhe old
tothenew,relating acquired skills to skills yet to be acquired, relating the body-
lesscomplexity of software to the physicality of human movement-and he
searchedfor a solution. He began by exploring the connection of physical ges-
tureswith sound in the context of musical and theatrical performance: "I was 'I
never a dancer:bur at the same time I'd done some sport, some judo ... " Chabot II
Went to SanDiego in 1984. He reflects, "California was an e~orn~ous influence,
an openingof ideas-the nature, and Harry Partch, and Kiva, It was all very
importantfor me." Kiva was an improvisational performance group ,formed by
percussionist-composer Jean-Charles Francois, trombonist John SIlber, both
facultyat the University of California at San Diego, and Keith Humble, vistrmg
professorfrom Australia. Chabot played with the group. He tells It:

In the context of Kiva, I began to use electronics because electronics
allowed me to deal with the problems of finding a rapport between mak-
. . d F" - it was instrumental gestures. Img a gesture and hearing a souno. II SC, I . d
. , ' dirional playmg mode antried to find the gestures that were not In a tra 1 1. .

h m ied II orts of things. We expert-t at produced new sounds ... we me as. h
menredwith fuzzy logic. We used electronic instruments. I used my pltc
detector for the flute and saxophone. We used Jam Factory. d1twas a cdom,-
I de distance an we use r rep ex development. We used ultrasoun to sens .' 1 di d t c
, d . th ings for us me U 109 a e e -

air drum. Pat Downes develope vanous I '. I
k I ether it was horizonra or ver-

tor that I attached to my arm to now w " h d I did Futurity
. I h foot and m my an. Inca . 1 ad an accelerometer on my '/d left/right ...
withjoji Yuasa where I was using space, movIng up own,
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In 1989, Chabot went ro Japan for two years.

I went to Japan specifically to study Noh music. I played also with a
Gagaku ensemble. Why? The problem was relating the body, the voice,
and the space and the sound, and Noh music was a very particular and
effective solution ... Zearni, the founder of Noh in the 14th cenrury,said
the sound comes before the gesture. So I ask: how can J control all elec-
tronic process?

In Robert Moog's words, "It's long-term research."

• • •



"M~P"as Bruno Spoerri said, "At the moment, it's the only way to live."
EvenIf, as he might have added, it's not the best of all possible worlds.

In the MJDI protocol, notes are specified by one group of numbers, loud-
nessbyanother, vibrato by another, and so on. MIDI sound is divided into sep-
arareandindependently controllable parameters. When someone plays middle-
C on a MIDI keyboard, a note-on message is sent from the keyboard to a
synthesizersaying, for example, "Play note number 60 with a loudness value
of77Onchannel 12. " And to bend the pitch a little bit, the player turns a pitch-
wheel,located at the side of the keyboard. As Joel Ryan, composer and pro-
grammer,purs it:

Engineersare interested in keeping parameters separated, keeping them
frominfluencing each other. For example, if an engineer were going to
designa saxophone, he would try to separate all the influences, say, that
embouchurehas on the sound. It wouldn't occur to an engineer that they
wouldbe interdependent. Engineers are not attracted to ambiguity.

Ryan had started at Mills College in the late 1970s and then worked at
IReAM,STEIM, and the Institute of Sonology in the 19805. In his words, "I
~gantorealize that logic was not the basis for making mustc, so I was trying to
findwaysto make the computer act as if it were a physical thing, with the com-
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plexity of a physical object rather than the simplicity of a logical one." En-
gineers, according to Ryan, see things dlff~renrly th~n n:uslclans. As he putsIt,
"The rules of thumb of engineering are basically antithetical to the development
of instruments." Engineers, for one thing, are concerned with simpliciry and
what they call "elegant" design. But simplicity, in Ryan's view, "eliminates allthe
contingencies of the real world that make musical in~trumems int~resting.ll

Sound, in other words, is complex-for one thing because different levels
of change and control are interrelated in so many different ways. Stan
Tempelaars, faculty ar rhe Instirure for Sonology, purs ir well:

Nature gave us vocal chords which vibrate fast enough so that we can
communicate acoustically. But we shape words by controlling changesin
the sounds produced by those vibrarions. We modulate the sounds we
make. Speech is a modulated signal. So are musical sounds.

To modulate a sound is to control the way it changes. And the way a
sound is made to change is what conveys the information, whether musicalor
verbal, carried by that sound. Tempelaars disringuishe between global modu-
lation, which affects aspects of the entire sound, such as pitch and general loud-
ness, and micro-modulation, which causes change instant by instant. Further,
Tempelaars distinguishes between internally generated micro-modulation,
which results from the properties of the instrument itself, and externally gen-
erated micro-modulation, which results from a performer's input. Micro-mod-
ulation, as TempeJaars calls it, is essential to an interesting sound. Without
internal complexity and without instantaneous sensitiviry to a performer's con-
trols, an instrument is crude and unmusical. Tempelaars said: "We need an
intelligent sound generator, intelligent in the sense that it simulates truly com-
plex physical systems like musical instruments so that we can produce new
sounds with the same degree of complexity as the sounds of traditional instru-
ments-we can learn a Jot from traditional instruments."

In fact, in 1978 in Grenoble, France, Claude Cadoz, Annie Luciani, and
Jean-Loup Florens founded ACROE (Associ arion pour la Creation er Ia
Recherche sur les Outils d'Expression I Association for the Creation of and
Research into Tools for Expression) to study traditional instruments, and their
work led to what they called the Cordis-Anima environmenr for the modeling
of physical systems. The concept behind Cordis-Anima was that all isolated
analysis of sound structure yields meaningless acoustic information because
acoustic information is meaningful to a musician only in the context of playing
an instrument. Their procedure, consequently, was to analyze the types of phys-
ical gestures required of a performer in playing traditional instruments, to
relate that analysis to the way the instrument responds, and to derive a defini-
tion of timbre as everything in the sound that the instrument thereby produces.
Their questions were: What does the performer do? What does the instrument
do? What do they both do? Their immediate purpose was, in their words, "to
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researchthe equilibrium between what, in a sound event, proceeds from the
gesru~eand w,ha,tproceeds from ~he instrument ... " and, in so doing, to be able
to build~o~htsncate~ ~~d meamn~ful ,electronic instruments. Their long-term
purposeIS the possibility of creating innovative and unheard-of sound struc-
ruresloadedwith meaning ... "

•
Wecan also learn a lot from the human voice. With its expressivity and its com-
plexityof sound modulation in changing from vowels to fricatives to sibilants
and in [he immediacy of its translating human intentions into actual sound, the
humanvoice has been viewed by many as the model for an ideal synthesizer.
XavierRodet's CHANT sofrware, developed ar IRCAM, and Perry Cook's
Spasmsoftware, developed at CCRMA, used rhe human vocal tract as a model
forelectronically-produced sound. As poer Chris Mann pur ir, "Speech is
portablesynthesis." In Anticredos (1980), Trevor Wisharr used the human
voiceto produce primarily nonverbal sounds. As he said, "Before writing the
piece,I spent four years exploring rhe possibilities of rhe voice for producing
sounds.n

Joan La Barbara, soprano and composer, had the same goal: "1 was
alwaysveryinterested in using my voice as an instrument, not just to deliver a
text... "Thiswas not, however, an easy matter. In the mid-1970s in New York,
sheworked with the New Wilderness Preservation Band, musicians, poets, and
writers,improvising soundscapes. She set up exercises with other musicians: "I
askedthe musicians to play long tones and I thought about the timbre and
abounnesound coming out of me and adjusted the timbre each time Imade a
newsound in imitation of the instrumental sound." She created performance
situations-for example, a performance piece called Hear What I Feel-that
extendedher own vocal awareness. And she set lip exercises for herself: "In
worksessions, 1 would tape all the time, because sometimes 1 found I w?uld
emita sound and I didn't know how [ had done it, and I would have to listen
tothetape and figure out how I made the sounds, so I could do it again." She
Continues:

I found that you could extend rhe voice without damaging 1[. I made it a
kind of manifesto that I could do very weird things and still come back
and"sing" in the traditional sense. When you sing as a western classical-
ly-trainedsinger, you tend to blend resonance areas. There's a triangle of
resonanceareas that includes the nose and the mouth, and you marnpu-
lateit to produce what's called in bel canto "the golden tone," and wh~t
I found fascinating was to isolate the resonance areas so that you b~g1D

. . b .n to explore what mighttoexplore the beautiful IT1 strangeness, you egi imbre th '
b . I . CI' e opera the timbre t at se, say, more strident. For exarnp e, 111 .lll1eS , , , r
considered beautiful is harsh, brittle, stndent to OUf ears. It s a highe
placement, at rhe bridge of the nose.
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As an instrumentalist becomes familiar with an instrument, so La Barba.
points out, "You become very familiar with the inside of the front of your fac
as a singer." She continues:

There are so many factors and qualities involved in making a scum
human. You have breath, the flucruarions of breath, you have a myriar
of resonance cavities and minute fluctuations of how the voice sounds ir
those resonating cavities. And to move from one pitch to another, some
times you adjust the pitch or the speed and distance of a vibrato becaus:
you want to give more or less tension to the linear movement. Or if yOt
want the line to be a comfortable, lyrical line, or if you want to createa
certain anxiety, you adjust the breath flow or the pitch to accomplish it.
And to synthesize all of that is so very complex, so complicated. You'd
have to instruct a computer how to think about how to make a musical
phrase and how to accomplish that musical phrase according to what you
want to do.

•
Human voices and acoustic instruments offer controllability and complexity as
well as a reasonable variety of sound. But a voice is limited to what a voicecan
do. A violin sounds like a violin. And most vocal and instrumental sounds are
familiar. So some musicians have thought that, well, if a human voice sounds
like a human voice and a violin sounds like a violin, then perhaps the sound of
a voice or a violin, or for that matter, any instrument or object, could be
extended with electronics, thereby giving a composer or performer the com-
bined benefits of controllability, complexity, and an expanded range of sounds.

Ivan Tcherepnin, for example, based his Santur Opera (1976) on the idea
of expanding the sound of an acoustic instrument. In 1971, just before return-
ing home, an Iranian student at Stanford University presented Tcherepnin with
a sa ntur; an Iranian lute. Moved by the generosity in the gesture, and at the
same time interested in the sound of the santur, Tcherepnin began to write
Santur Opera. As he tells it, "My vision of a very romantic plot became a series
of pieces that linked to each other ... " He began by using filters and modula-
tors designed by Serge Tcherepnin, his brother and well-known equipment
designer, to transform the sound of the santur. He describes it:

The whole box was a resonating chamber so it was a wonderful sound
source for processing. That was one factor, the acoustic signal being
picked up, and there, as a performer, I simply played the santur. But the
other aspect of it was that I was using the sound also as a control. I detect-
ed the envelope of each attack, and there was some frequency following.
I set it up so I could be like a janitor in the sense that I could adjust the
temperature, the knobs. If something started to go wrong, I knew where
the shutoff valve was. Basically, it was as automated as it could be, but
there was always a large human component of adjustment.
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Ivan Tcberepnin performing his Santur Opera at State University
of New York ~tAlbany in 1979. He is using a Serge modular

system to modify the sounds of the santur. Note the complexity
of the patchcord connections. Photo by Joel Chadabe.

Andwhy use the santur for controls as well as sound?

Iwas trying to use the santur like a miraculous producer of everything
and give the feeling that it was all integrated. It's unsatisfying for some-
bodywho's thinking holistically to say that the controls are here and the
instrument there. I wanted [0 think that everything was connected and
integrated, that it was one whole, one organism.

In 1976, Simon Emmerson joined the faculty of City University in
londonand established a studio. He had earlier worked with Roger Smalley
andTim Souster in Inrerrnodulation, an electronics performance group in
Cambridge,and so the City University studio was, as he described it, "a seam-
lesstransition to similar equipment." And his interests remained in perfor-
mance.In Ophelia's Dream II (1979), he transformed singers' vocal sounds to
createan inner world of dreamlike unreality. When the studio acquired a
FairlighteMI in the early 1980s, he carried tapes to concerts, but his ideas
remainedthe same: "Iwas interested in extending the timbral world of live per-
formers'voices and their acoustic instruments." For Time Past IV (1984), he
use,dtransformedvocal sounds, on tape, as echoes of a soprano's voice: ",Itwas
a differentSOrt of live music ... " In 1987, when the studio acquired Macintosh
co~puters, samplers, and a new generation of portable MIDI equipment, he
:gammoved equipment into the concert hall and developed ao approach based
nwhat he called the second performer, someone seated In the hall to manip-
ulatetheelectronics while hearing the sounds from the audience's perspectIve.
InhisSentences (1990), for soprano and live electronics, the second performer
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plays an active role in processing the soprano's voice and di rriburing rhe sour
to loudspeakers around the hall.

In 1963, while Alcides Lanza was working ar the newly formed CLAU
Bruno Maderna visited Buenos Aires. A he recall J "Maderna menrioned ij,

there were more than 5,000 tape music cornpo irian in the world, andh
thought that was too many, , ." In 1965, Lanza went to ew York, studie
with Vladimir Ussachevsky, and experimented wirh way of exrending th
human voice with electronics, In Ekphonesis II (1968), as he describes it, "
was using a Putney synthesizer to do realtime modifications on the voice-
there were two, actually three levels, one frozen on rape, One done in realrim
on the stage, and the 'influence' of electronics in having performers makl
unusual sounds," In 1971, he joined the faculty at McGill University ir
Montreal and finished Trilogy, a composite voice/theater composition made Uf
of Ekphonesis V (1979), Penetrations VII (1972), and Ehphonesis VI (1988),
Based on multilingual texts and invented languages, Trilogy was composedas
a full-evening solo opera for singer/acttess Meg Sheppard, who also chosesome
of the texts. As Lanza said, "My main intention in writing this vocal piecewas
to be able to create a situation where the singer will be accompanied onlyby
the tape and digital signal processing, , ." He used the digital signal process-
ing, what he calls the electronic extensions, to grade the comprehensibility of
the text between clear semantic meaning and abstract sound. As he reflects,"f
always saw that I wanted an electric voice."

•
In the mid-1960s, Pauline Oliveros conceived of the Expanded Ins/millen!
System, the EIS as she calls it, as an extension of her improvisations and per-
formances with accordion. Developed further with Panaiotis in [he late '19805
and yet further with David Gamper in the 19905, the EIS allows improvising
m~sicians to play acoustic instruments and, by manipulating foot pedals and
switches to control various digital signal-processing devices, to enhance and
transform th.eir sounds. In Oliveros' Deep Listening Band, for example, she
plays accordion, Camper plays keyboards and other instruments, and Stuart
Dempster plays trombone and didjeridoo, and they all play the EIS, sometimes
Independently, sometimes by combining their sounds and controlling aspectsof
each other's processing.

_For his video opera Perfect Lives (1977-1983), Robert Ashley needed a
special pl~no sQu.nd. The music for Perfect Lives consists of several rhythmic
and quaSI-melodic tracks, same of them done with electronic sounds with
Ashley speaking and "Blue" Gene Tyranny playing the piano througho'ut, So
how did he do the piano sound? Ashley answers:

1 couldn't find an electronic piano that I could afford with the sound
resources, that were necessary for the character of Buddy, the world's
greatest plano player, to develop over a COurseof three and a half hours.



Making Sound 247

ld

I,
Il

.e

TheDeep Lsstemng Band per{ormmg in J 996 in Kingston, upstate New York.
From le{l to "ght, Dauui amper (keyboard), Pauline Oliveros (accordion),
S'uart Dempster {trombone}, Joe Giardulto (soprano saxophone), and

Thomas Buckner (voice). Photo by Joel Chadabe.

If It did exist, I didn't have the money for it. So finally, Blue and I decid-
edtogether that it had to be an acoustic piano because that's all there was.
We used contact microphones, PZMs, we used those tiny little AKGs
which we kept buried in the piano, we used three or four different kinds
of microphone techniques. We transformed the piano into an electronic
instrument. And when we finally recorded it, we rented a piano from
Stclnway,we brought it lip to my studio, and we just totally buried it in
acoustic blanket and mattresses so there's no acoustic presence to the
piano at all. It s unds like a synthesizer. But it's got all the attack quali-
tiesof a piano, which arc generally very hard to get in a synthesizer.

. .According to Antony Wid off, UZ's lead guitarist has a particular and dis-
~nqlvesound: "Edge's guitar sound is certainly one of the best gUlta: sounds
In therock and roll business-he has an exciting timbral palette, a mixture of
high-and low-end technology. n How does he do it? Widoff describes it:

TheSource signal is a magnetic pickup producing waveforms from a
metallicstring. Then there's vasr processing through an extremely com-
plicaredmatrix of signal routing. He's got some of his o~~ custom eff~cts
devices and a wide range of both high- and low-end digital processmg.
Then he has at least a half dozen vintage tube amplifiers. You have these
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Robert Ashley (center) performing Perfect Lives in London, 1983.
Photo by Barbara Mayfield. Courtesy Performing Artservices.

3D-year-old rube amplifiers that are receiving signals from devices invenr-
ed yesterday.

Performing with distinctive and original sounds was the reason that
Karlheinz Stockhausen used ring modulators, that Pierre BouJez used Di
Giugno's 4X synthesizer, that countless composers and performers have used
modulators, frequency shifters, harmonizers, filters, equalizers, Hangers, delay
lines, reverberation units, digital signal processors, and all manner of other
equipment and techniques to transform sound. Referring to his String Quartet
No.1: In Memoriam ... (1993), Stephen Montague said:

Now, with electronics, for the first time in a century, there are new arches-
rration possibifjrjes. It's like creating some kind of super instrument. But
I mean "super" in the sense of beyond, not big, but beyond what the
instruments could normally do. The simplest effect is amplification so
that you can hear sounds that would be ordinarily inaudible to anyone
but the fiddle player-for example, sui ponticello right on top of the
bridge, as in the very opening of the string quartet. 1£ that weren't ampli-
fied, you couldn't hear it. At a later point in the quartet, I add a prere-
corded tape of white noise sounds which are perceived as emanating from
the strings. I like this kind of sleight-of-hand. Is this the strings? What is
the string sound and what is the electronic sound?

As Joan La Barbara puts it, referring to her Vocal Exteusia"s (1975):
"Without the electronics, I had only my voice, and the sound I could make
depended upon what I could physically do-but with electronics, I could
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extendthis ... " In Autumn Signal (1978), La Barbara used Buchla equipment
toprocessher vocal so~nds a,nd move them in space. In composing 73 Poems
(1993),she worked with Michael Hoenig in Los Angeles to transform the
soundsof her voice to delineate the structure in Kenneth Goldsmith's poems
which,as she explains, "are actually double texts, a light one and a dark one
superimposed." She remembers, "1 thought about the kind of electronic treat:
ment that I wanted to use to differentiate these rexts-I would come up with
verbaldescriptions of what I wanted a particular line to sound like, and we'd
try outdifferent electronic devices and treatments until we got the sound we
wanted. "

As Kaija Saariaho said, "I use the computer to extend my instrumental
writing-s-when I do sound synthesis, it's to realize certain ideas that I cannot
realizewith rhe instruments alone." She had begun at IReAM in 1982 by using
CHANTro generate sounds for Vers le Blanc (1982) and Jardin Secret J (1984).
Andshe composed Stilleben (1988) at the Finnish Radio Experimental Studio
inHelsinki by transforming, as she called them, "environmental and singing
andorchestral sounds." She describes it:

I processed the sounds with a variety of tools and I rransformed the
instrumental sounds into environmental sounds-well, the piece was
aboutcommunication, so I used different travelling tools, like trains and
airplanes, and different means of communication like typewriters and
telephones. So an instrumental sound evolved, for example, into a train
which passes by. It was really interesting working with these noises in a
musical way, while at the same time being conscious of the associations
they were giving to people and being aware of rhe point at which you
don't recognize their origins.

Bur her focus was on extending instrumental sounds. In composing
Nymphea (1987), for string quarter and electronics, she processed indepen-
dentlyand differently the sound of each insrrument and then used the resulting
electronicsounds as the basis of the harmonic structure of the cornposinon.
Her Amers (1992) calls for an electronically rransformed solo cello, synthesiz-
e~sampler,various amplified acoustic instruments, and prerecorded electronic
sounds. For the solo cello sound, she places four microphones on or near the
cello,one for each string, and transforms the sound of each string separately
fromthe others. In composing 10 (1987), for chamber ensemble and electron-
icsounds,she used an analysis of a double-bass sou~d a.s a starting point ..As
she said) "I was interested in the contrabass playing 1I1 different tn.anners, lI~e
increasingthe bow pressure so that the pitched sound becomes inharmonic
noise., .)'J

•
We f d h ds of existing instruments,nereas most composers trans 'or me r e soun h h
HughDavies, in 1968 in London, built an instrument specifically so t at e
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could transform its sounds. It was, as he tells it, "built berween the covers
an encyclopedia volume from which the pages had been torn oll[-I happen:
to use a final volume covering word that began with SHO-ZYG, and for lac
of any other tirle ... " Shozyg contained small objects that were amplified wit
contact microphones.

Davies continued to develop the idea by experimenting with mechanic:
sound generators and magnetic pickups: "I began ro use small coiled springsa
the basis for an instrument that used these magnetic pickups ... " In 1972, h
finished the first version of Concert Aeolian Harp, made of amplified jigsav
blades which were struck, bowed, plucked, and blown: "Typically for m~
microsome world, bowing is done with a feather, blowing by the humar
breath, and so on ... " And during the next years, he built different versions
improvements, and expansions. By 1986, its components included springsand
wires, steel balls of various sizes mounted above ball bearings, wire rods of dif
ferent lengths and thicknesses fixed at one end in a row, a plastic wheel that can
be spun, a cut from a forty-five-rpm disc, a section of "rainbow" computer
cable, and microphones and pickups, all mounted on a wooden board with
wires running underneath. It was a universe of sound on a tabletop, animated
by a single performer with feathers, superball mallets, paintbrushes of various
sizes, a toothbrush, lengths of nylon wire, hairs from a violin bow, and plastic
straws and tubes for blowing air, all of it extended with electronics. It reflect-
ed, as Davies said, "many of my ideas about sound, not only delicate and beau-
tiful sounds, but also gutsy ugly sounds, sounds that have strong personalities."
And he adds, "1 get totally absorbed in ir ... "

•
Yasuhiko Mori, an engineer at Korg in Japan, also had the idea for an instru-
ment built specifically to be processed with electronics. As Dave Smith tells it,
"Korg had started a new engineering division to look into future technologies
... they looked at the SynthKit, a Macintosh-based sofrware algorithm devel-
opment system which we developed here ... and came up with the idea of the
Wavedrum." In 1995, the Wavedrum, as it was called, became commercially
available. It was basically an acoustic hand drum with its sounds extended and
transformed by an internal digital signal-processing system. As Greg Rule
wrote in Keyboard Magazine, "What makes this instrument so impressive is
the accurate and sensitive way that it captures the player's performance, and
how its internal synth engine responds to that information ... "

•
A violinist does not need to know that sound is variation in air pressure,
graphed as a waveform; that congruent and anticongruent soundwaves pro-
duced by multiple Sources, such as instruments in an orchestra mix in the air
with each other and with themselves as they bounce off walls, that soundwaves
are analyzed as spectrums, which are collections of partials that add together
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artheir respect.ive and continually changing amplitudes and frequencies to give
usa sense of timbre; or that we recognize sounds largely by their onset rran-
sents,such as the noise of putting a bow on a string, which give us clues as to
howthe sound is made. A violinist needs to know how to play Tchaikovsky.

On the other hand, a musician playing a DX-7 or SY-99, or any other
Yamahasynthesizer developed between 1983 and 1995, would be well advised
to Jearnsomething about frequency modulation. Here is a brief explanation:

In [requencymodulation, the instantaneous frequency of one waveform,
called the carrier, is varied by another waveform, called the modulator.
The extent to which the carrier frequency varies, called peak deviation, is
determined by the amplitude of the modulator. The rate at which the car-
rier frequency varies is determined by the frequency of the modulator.
When carrier and modulator a re at audio frequencies, audible extra

partials, called sidebands, appear in the carrier spectrum. These side-
bands are located symmetrically above and below the carrier at intervals
equal to the modulator frequency. If, as an example, a carrier at 100Hz is
modulated by a 100Hz modulator, the first four sidebands in a positive
direction will be 200Hz, 300Hz, 400Hz, and 500Hz, and the first four
sidebands in a negative direction will be OHz, -100Hz, -200Hz, and -
300Hz. The negative frequencies are phase-reversed in relation to their
complements in the positive domain.
The series of sidebands extends in theory to infinity, but in practice the

sidebands can be at such infinitesimal amplitudes as to be insignificant.
The number of sidebands wirh significanr amplitude is determined by the
modulation index, which is the ratio between the peak deviation and the
modulator frequency (index = peak deviation / modulator frequency). As
the modulation index increases, energy is diverted from the earner an?
distributed among an increasing number of sidebands. Because the a.mplI-
rudes of the individual sidebands are, however, different for every Index
(they are determined by Bessel functions of the first kind and nth order),
various degrees of phase cancellation occur betwe~n the negative and pos-
itive frequencies, and energy is distributed nonlinearly throughout the
spectrum.

In summary, there are two important variables in fre~uenc~ modula-
. . d I . II d the c.m ratio which deter-[Ion: (1) the carrier/rno u ator rano, ca e . , .
mines the placement of the sidebands in the .modulated carrier spectrum,
and (2) the modulation index, which determll1es the number of Sidebands
with significant amplitude.

I . I iring musician might ask,Confronted with such an exp anatto'n, t re asp . h
"D f hi I I gy'" And rhe old pro rrug to Ireally need ro understand allot IS tee 1110 a . ." ddi

d . h Y a ha syntheSizers a II1ganswer"Yes if you want to create soun s Wit am ,
ft I , t "But don't worry rooa erward, softly, to offer comfort and encouragemen ,
muchabout the Bessel functions."
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The point is that playing an instrument is more intuitive than creatinga
sound. In the heat of performance, a musician should be thinking only about
playing the music, and that means playing an instrument intuitively, naturally,
without conscious thought. As Julius Smith, professor at CCRMA, points OUt,
"Most people that play have a lifetime of rehearsal in their bones and they real-
Iy understand instruments and know how to make music with them-aJI you
need to say is that it's a piano, for example, and you've said a lor becausepeo-
ple know what to do with it." By contrast, even after understanding the theo-
ry of frequency modulation. the problem, he continues, "is understanding how
to do what you want to do."

Smith's idea, consequently, is to design an electronic instrument as a
model of a familiar instrument and let it evolve. And software, which is inher-
ently more malJeable than hardware, wilJ evolve faster and more easily than
hardware. A traditional wood-and-metal piano, for example, is heavy, expen-
sive, difficult to keep in perfect adjustment, sensitive to climate, and relatively
inflexible in its tuning, sound generation, and mode of performance, whereasa
software piano has none of those problems. Smith and his students have been
building a software piano:

Ultimately, we'll build a high-quality physical device, an instrument, that
feels exactly right to the performer. And I can give my best performance
on it because it feels just right, and the fact that the sounds are generated
in twenty-four bits by an algorithm should not be of concern to the per-
former.

Smith adds, "And when you lift the hood, there are no strings." It brings
to mind the episode of a popular 1950s teJevision show in which a car without
an engine is propelled by crouching pushers, unseen by the attendant, into a gas
station. The woman sitting in the driver's seat says, "Check the oil, please," and
Candid Camera records the attendant's expression as he opens the hood and
exclaims, "There's no engine here!"

Smith's point, however, goes beyond mechanical advantages. He is saying
that a Software piano is a more flexible instrument than a hardware piano. He
continues:

There are no limits as to how you can change that instrument. You can
~sea different scale. You can, in the blink of an eye, change it to any other
Instrument, and you don't have to file or hammer or hack-you just
change a line or two of code and it's done. You're not restricted by the
real world any more, not by the physical construction, not by physics.
You can do anythjng that you can conceive of. It's a little like movie car-
toons in the 1950s, where you can stretch a character's neck to fourteen
fee~,or you can hit a guitar Over someone's head and have it wrap around
~helr.hea.ds fourteen times and still be ready to play. It's whatever your
imagmanon wants.
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,"Whatever," ho~ever, is hyperbole. "Whatever," in this reference to the
physlca,lmod,elof a .plan?, ~leans that one can change string length and mass
to physICally Impossible limits. One can make a "piano" with lOa-foot strings,
for example. Burone cannor make a clariner sound using the physical model of
a piano.

•
ComposerDavid Jaffe agrees with Smith. He reflects: "How do you create a
soundyou've never heard before? You could come up with a mathematical for-
mularhar will produce an unknown effect, and you're intrigued, it has poten-
tial,andyou're basically surprised ... but another possibility is to start wirh
the known and rhen extend it in some direction." For Jaffe, starting with the
knownand extending it seemed a natural approach. In 1981 at CCRMA, he
wasinpursuitof a computer-generated guitar sound to use in his May All Your
ChildrenBe Acrobats, for eight guitars, soprano, and tape. At a string quartet
readingone evening, he happened to mention his research problems to Alex
Strong,a graduate student in computer science at Stanford University and fel-
lowstring quartet reader. As Jaffe recalls:

Hegot real excited and said that he'd just discovered a new way to do a
guitarsound. So I went to the computer science building and, after sign-
inga nondisclosure agreement, he showed me the technique. I thought it
was pretty good but I immediately came up against roadblocks. For
example, ir was hard to tune, although Alex's partner Kevin Karplus had
come up with a probabilistic method to work around this limitation, and
it had no effective dynamics control. In any case, I was very interested. I
started working on the technique with Julius Smith and we explored it
from every angle.

Jaffe and Smith developed what became known as the Extended Karplus-
StrongAlgorithm. Jaffe went on to compose Silicon ValleyBreakdown (1982),
whichexpiated a wide range of computer-generated plucked string sounds. As
hesaid, "I liked the possibilities, like changing the size of the body of a virtual
instrument,the thickness of the string ... " And Smith went on to formulate
thewaveguide approach to physicall11odelling.

A sound as Gertrude Stein might have said, is a sound. A sound al!50-
.' f' d Ph sicalmh1l1, such as physical modeling, is a method or genera~mg, sou~ . , y
modeling(more specifically waveguide synthesis, as Smith IS doing It), fre-
quencymodulation, additive synthesis, and granular syntheSIS are a f~w ofhthe
S d . . '1 bl . I 1990s And every algorithm as,Oun -generanng algorithms avai a e 10 t te .
Itsadvantages and disadvantages. d I did t

I . I dig as a octora can I a ePerryCook began to work on p 'YSICa mo e In. . h
S f .. .. d that modelmg the VOIce, as e

at tan ord University HIS adviser suggeste d f . hi
reralls,"would ptobably be the path of least resistance towar s mls

d
mgda

d . ' "A h 11e time he develope mo -egree, so I went in the voice direction- t t e sal ,
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els for trombone, flute, and clarinet, in his words, "as fun hacks for class
demonstrations." He discovered something from those models:

It was one of the first revealing things about these three instrument mod-
els to realize that they're differentiated by very small things. There's a
minute difference between a clarinet and a flute, and a minute difference
between a trombone and a clarinet. There are many ambiguous cases
where a clarinet can sound like a flute, where one of these instruments
can sound like another. So I tried to make a meta model that includes all
of them.

Cook's metamodel-which embodied lip (trombone), jet (flute), and reed
(clarinet) excitation, and in which pitch was controllable by simulations of tube
length, embouchure, register hole, and jet length-was appropriately called
Whirlwind; and he went further to develop rhe HIRN (German for "brain")
Meta-Wind Instrument ControlJer, which sensed bite and breath pressure and
contained control keys, a linear slide, and different rotation controls for vary-
ing a player's blowing angle. The meta model, however, worked within the same
family of wind instruments.

The problem with physical modeling is in bridging berween different fam-
ilies of instruments where the physical systems that generate the sounds are
based on different principles. Cook explains:

What physical models do is let you go from a big-bodied cello to a little-
bodied cello to a viola da gamba to a double bass because you're playing
around within the family. I've made a flute that turns into a Charlie
Sullivan rock-and-roll guitar with complete continuity, but it's not com-
pletely generic. There is no generic model for interpolating between phys-
ical models yet, and I'm not sure that we'll ever have one. There are some
bridges over wh ich we can't walk .

•
David Wessel at CNMAT (Center for New Music and Audio Technology) ar
the University of California at Berkeley disagtees with the physical modeling
approach. He asks: "Why tie yourself to the physical world?-arr is about
making artifacts, it's about the new." And Jean-Claude Risser agrees:

The point of physical systems, it seems to me, is that they create a world
of sound that is virtual and illusory, but where the parameters of control
are the parameters of the physical world. But they are nor acoustic para-
meters and it's very hard to do things like paradoxes or illusions, because
these are things that do not exist in the physical world. You can't explore
the whole world of sound with physical models.

Wessel views additive synthesis as rhe SOlution to electronic sound:
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Tryingro speak more directly to the ear is a sensible way to go. Even with
a good model of a clar-inet or a generalized wind instrument, it's usually
very hard ro make that model adapt to some other sound fantasy. You
work with one class of sound material and it's difficult to move to anoth-
ersound domain. I often have fantasies about sounds that are quite dif-
ferent from what is plausibly produced by physical systems. The real bot-
tom line is that with spectral modelling, with the proper structures for
control, one can implement the kinds of behavior that you find in physi-
cal models and yet achieve complete freedom in the actual sounds you
produce.

Complete freedom? Effectively, yes. The basic component of a sound is a
partial, a single sine wave, sometimes called an overtone. Additive synthesis
controlsthe way every partial changes in time and then adds them together to
makerhe total sound. The problem is rhat there's a lot of detail to control. If,
forexample,a sound is made up of twenty partials (a modest number) and each
partial is changed ten times each second (also modest), then for every second
ofsound a performer will need to specify 200 items of control information.
That'sa lor for a human performer with fingers, toes, and a nose.

The solution lies in defining a meaningful control system. A variable is a
pan ofa system that changes. A control tells a variable how to change. If a sys-
temhasbur one variable, it can be controlled only in that one respect. As the
numberof variables in a system increases, the number of ways in which the sys-
rem canbe controlled increases. A system with a large number of variables is
clearlymore malleable than a system with a few variables. Yet as the number
ofvariablesincreases, the system becomes harder to steer because each contr~l
affectsa smaller part of the whole. If a system contains 200 independent van-
ables,for example, then each control will affect only 1I200th of the whole. The
questionis:What is a meaningful control? Julius Smith states the problem well:

So here I give you 200 inputs and J say, "Play!" You're lost. If you pick
upa signal processing algorithm at random and hook up ro Its posslb,le
inputs, the probability is that you'll be lost in that parameter space. You II
haveno idea where to go or what to do in that space.

Th " I' I" ble electronic musical instru-e solution IS to conceptua rze a mu nvana
bl ' I that has say 200 controlmenr as an extremely maneuvera e airp a ne, one ". I

f 'I h 'lots call a fly-by-wzre controsuraces,and to play that instrument Wit 1 W at pi .
system.F. Richard Moore, also a pilot, explains: "In f1y-by-wlre systems, thhe
'I ' h ompurer mterprets what t epiors controls are connected to a computer-t e c . h
il 'I ' d then manipulates t e con-piorwants to do by sensing the pi at s gestures, an . d Ad'
trol surfaces of the airplane." In a group effart with Xavier Ro et, lrhe
F I d fl b wire system to contra t ereed,and Marc Goldstein Wesse create a y- y-, I k

, '. ifi II I defrned a neura nerwor tovariablesof additive synthesis. Spec! rca y, re
functionas an adaptive system. He explains:
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An adaptive system somehow adjusts itself by some kind of optimization
algorithm to stay within the boundaries specified by a.control problemor
to produce an appropriate input-output relationship. In other words,
we're faced with a control problem when we want to speak a word, for
example the word "music. "We have an intention. And then we have[0

send a rather complex sequence of commands to the different pans of Our
vocal tract to make that word come out. We adapt in the Courseof speak-
ing by adjusting the controllers of our vocal tract to march the output,
which is to say the word, that we would like ro produce. If the Output is
somehow erroneous, we adjust the way our controllers operate to do a
better job ...

The adaptive-system control model applies ro the problem of controlling
musical sound. Given knowledge of a performer's intention to make a particu-
lar sound, Wessel's software generates and coordinates controls and applies
them appropriately to the variables of additive synthesis. Bur how does Wessel
know how to coordinate the controls? Or what the values are? He answers,
"We analyze sounds and observe correlations ... "

•
Gottfried Michael Koenig s'*!: "I'm very annoyed with composers ... trying
to imitate existing instruments." Around 1970 at the Institute for Sonoiogy,
Koenig developed a sound-generating program at first called CSP (Computer
Sound Program), later called SSP (Sound Synthesis Program). The program
functioned, as he described it, "not referring to a given acoustic model bur
rather describing the waveform in terms of amplitude values and rime values
... My first intention was to go away from the classical instrurnenral defini-
tions of sound ... " He continues:

You could generate with it not only a more or less aleatoric waveform bur
practicalJy all steps between stationary and random-controlled wave-
forms. We did it in reaJ rime with the PDP-15. This came from the idea of
making sounds that don't imitate other sounds. The computer should be
an instrument, like a violin which doesn't make a sound like any orher
instrument.

In 1972, Herbert Brun at the University of Illinois began a series of explo-
rations collectively called Sawdust. It was an approach to generating sound
that, as Brun said, "allows me to work with the smallest parts of waveforms,
to link them and to mingle or merge them with one another ... " The pieces
composed with Sawdust began to appear in 1976, among them Dust (1976),
More Dust (1977), More Dust with Percussion (1977), Dustiny (1978), A
Mere Ripple (1979), U-Turn-To (1980), and I toLD YOU so! (1981). Brun's
results were rich, granular sounds, difficult to produce with other techniques,
controllable with probabilistic "handles" that let him vary waveform shapes
anywhere from randomness to periodicity. His idea was to make sounds not
modeled on existing sounds.
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•
in1963 in Musiques Formelles, lannis Xenakis wrote: "All sound is an inte-
grationof grains, of elementary sonic particles, of sonic quanta ... All sound
evenall continuous sonic ~a[iation, is conceived as an assemblage of a large
numberof elementary grams adequately disposed in time ... " Xenakis pro-
posed,In other words, what came to be called granular synthesis. But he did
nordevelop it further in a significant way.

Although Curtis Roads and others subsequently worked with granular
methods, it was Barry Truax who most consistently developed granular tech-
niquesinro a sound-generating algorithm. The grains, for Truax, were small
quanta, tiny waveform fragments that were connected one after the other to
definethe shape of a waveform. In his words, "the grains did for my sounds
whatpixels do for graphics: they were building blocks." The number of grains
perunit time, their individual shapes, their uniformity, and their distribution
wereall facrors in determ-ining the nature of a resultant sound.

In1973, Truax returned to Vancouver from Utrecht to join the faculty at
SimonFraser University, His compositions through the 1970s and into the
1980sincluded Sonic Landscape No.3 (1977), Androgyny (1978), and Arras
11980),and through that period, as he tells ir, "One of my goals was to inte-
gratetimbre inca the piece itself, which eventually led to the granulation idea
wheresound and structure were no longer separate." In 1982, Simon Fraser
Universityacquired a DMX-1000 digital signal-processing sysrem, and by
1983,Truax had turned his POD software, which he had begun earlier in
Utrecht,into the realtime PODX software, optimized for composing sound
withthe DMX-1 000. \\'lave Edge (1983) and Solar Ellipse (1985) were his first
compositionswith it, and Solar Ellipse was, as he called it, "a landmark piece
whichwould have been impossible without POD ... " Riuerrun (1986) was
donein real time entirely with granular synthesis techniques. As he said, "I had
thewonderful experience of breaking into a new territory." And ~iverrunwas
basedon a suitable poetic idea, as he put it, "on the flow .of a nve~ fran: ~he
smallest droplets or grains, to the magnificence, particularly In British
Columbia,of rivers ... "

He then applied granulation techniques to recorded sounds. In compos-
ingTheWillgsof Nike (1987), based on phoneme sequences spoken by a man
anda woman, and Pacific (1990), based on Pacific sounds such as seagulls an~
a ChineseNew Year dragon dance, he used granulation techl1lques to chang
thetime scales of the sounds. As he explains, "You can repeat o~ magnify
instantsand slowly move through the sound because you're dealing at the
microlevel of the grains ... "

•
Al h I· I sical models spectrum-

tough the basic approaches to sound synt -iests-r-tp ry . .' if
b ,'I ble In different speer IC
asedsynthesis, and waveform techniques-are aV31 a . Id . h

if h . t synthesizers are so Wit amam esrarions in commercial synt eSlzers, rnos
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collection of easily accessed ready-made sound, colloquially called "factory
sounds" which are created (the process is called voicing) by a synthesizer Com-
pany's experts, The advantages of ready-made sounds are obvious. As Julius
Smith said, "If you have a good orchestra on the shelf, you can pull It out and
create music very efficiently." Indeed, rhe commercial rrend through the 1990,
has been toward continually easier access to greater numbers of ready-made
sounds. The success of E-mu's Proteus-series synthesizers, for example, has
been due not only to rhe simplicity of its interface (a few knobs, clear menus)
but also to the number (256) of excellenr sounds available at the turn of one of
its knobs. Dave Smith, consultant to Korg, puts it very clearly:

In general, nobody programs synthesizers. I noticed in machines coming
back for servicing that nobody had changed the sounds. Other companies
noticed that too. And as synthesizers become more complex, it's even
harder to change the sounds. Korg has a team of voicing experts to make
sounds for the new instruments and someone who buys a synthesizer is
better off, in a sense, using the factory-provided sounds. Obviously,
there's a group of computer musicians who will get in there and change
things, and we try to provide a top-level macro control surface for them,
but to think that somebody that buys this rhing will sit down and pro-
gram it is a faUacy.

Further, most people do not want distinctive sounds. Dave Smith continues:

We've determined that what people have always wanted in a synthesizer
is an emulative sound capability. They want to be able to play standard
instruments-pianos, saxophones, drums, brass instruments-from a
keyboard. The abiliry to come up with new sounds is not all that impor-
tant to the average player. So if we came out with a new sound, we'd be
limited to 20,000 people in the world who would want to buy that as
opposed to the 200,000 people who would buy a familiar sound.

Yet one of the historical dreams of electronic music has been to compose
sound as well as music. Edgard Varese said it in 1939: " I need an entirely new
medium of expression: a sound-producing machine (not a sound-reproducing
one)." Other composers, at different times and in different contexts, have con-
curred. As Jean-Claude Risset observes, "The easier a system is to lise, the more
limited are its possibilities." Barry Truax said, "I've never used any software
except my own, but nowadays, I suspect, most people are the opposite, that
they'll never use their own-I don't think that most people are aware of how
commercial software colors their musical process and causes standardization."
As Paul Lanksy puts it, "The most interesting music is generally going to be by
people who have taken the design of their instruments into their own hands."
And Robert Ashley states: "If we're composers, we've got to be serious about
the idea of sound." Risser continues:
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With electronic sound, we're in a completely new era f . El .
d . '. . . 0 musIc. ectroruc

soun IS completely different In Its nature from instrumental sound. I
know that there are many pc.oplc that are just asking for a computer to

d
ma~enhorkmahlsounds. Bur with all rhe possibilities of crafting things, I
on.rt In [at normal so.unds arc the most exciting parr of it. With elec-

rroruc sound, you can navigate from island to island and in between. Yo
have very few intrinsic constraints. U

So if, as Ashley puts it, we've got to be serious about the idea of sound
thequestionbecomes one of time and expertise. At what level does a compos-
erneedto invent a sound? Are factory sounds acceptable? Can they be cus-
tomized?Ashley speaks to the issue:

I love factory sounds. I actually change them a little bit, but [love them. It's
like hiring a wonderful cia riner player in the old days, or like hiring a won-
derful piano player. Those factory sounds are not to be sneered at. The only
problem that [ have with factory sounds is that so many of them are made
in the abstract by guys who are making up sounds at 4 A.M. on the twen-
ty-fifth cup of coffee. So it's not exactly as if they're making a sound specif-
ically for me. When you playa pop record, you hear extremely expensive
invented sounds, like the rirnshot in the second verse of a Michael Jackson
song. A bunch of guys worked on that, and they made this beautiful
rirnshor. That's a tailored sound; it's an expensive tailored sound. When
you listen to pop music, the best pop music, you hear very expensive
sounds, like designer sounds, Gucci sounds. But for guys like me, I'm oper-
ating at the off-the-rack level, so [like factory sounds. I would love to just
be able to plug in a factory sound and use it, but for the most part it does-
n'tquite fit because the guy who made it was not making it for me. He was
jusr making it, and he expects me to do something to make it useful.

Making a sound u eful means customizing the sound. And customizing a
soundis not very far from making a sound. To be sure, most commercial syn-
thesizersoffer capabilities in designing sounds, but the range of any single algo-
rithmis obviously limited to what can be done within the constraints of that
algorithm.Is it possible to design a system that is truly flexible and easy to use,
andthatany composer can use to make any sound?

The current wisdom is that generality requires a system that off~rsaccess
toa variety of different sound algorithms. And although it was the baSIS of Tom
Oberheim'snew modular approach at Marion Systems, for most c?l11posers
generalityusually means software. Larry Austin, for example, uses hIS pers~n-
at computeras a synthesizer and creates his sounds in softw~re. As he said,
"Theonly constraints that affect my work are those that I define-e-I have sev-
eralvery powerful software synthesis packages, including Csound and Cmix
and severalprocessing and editing packages ... "

I . f h M . N ams to personal cornpur-n ]985, as a translation 0 t e USIC- progr "Csound
e B . . . . f C d He comments Csounrs, arryVercoe finished the first version 0 sounc. ,
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started as a non-realtime synthesis medium but now desktop machinesarefasr
enough to do Csound in real rime-once sofrware synthesis gets into realtime,
you've got all the control you want, and realtime interactions ... " Composer
Richard Karpen is a Csound user. In his words:

I had previously used Moog modular synthesizers, so I immediatelysaw
Music 1 I in terms of inputs and outputs as with the Moog. I couldsee
how things like oscillators and filters were patched together. I thenused
Music 360 in Padua, Italy, at the Centro di Sonologia Compuraziomle
where I spent a year in the early 1980s. Music 360 was identical inmany
ways to Music 11, at least on the surface, so it wasn't like learninganew
system. Afrer leaving Italy, I spent four years at Stanford using th,
Samson Box. I spent nearly a year at IRCAM and then went back to
Stanford. When I left Stanford in 1989 and got a NeXT computet,I
immediately made a porr of Csound for it and since then it's beenmy pri-
mary sound synthesis and sound processing tool.

There are not many things that can't be done using Csound. Butsup-
pose there is some process that Csound doesn't contain. A personwith
only moderate C programming skills can very easily learn how to add
their own processing routines into Csound. I have dooe this on a number
of occasions and it has recently become a very common thing forCsound
users to do. Once one starts to add their own functionality to Csound, the
only limit to what it can do is one's imagination. $0 it's easily extensible,
which to me is an essential ingredient of any composer's tools.

Other composers and programmers have also contributed to theavailable
software resources, some of it free, some of it shareware, some for sale.Paul
Lansky, for example, wrote Cmix in ] 986 in his words "as a toolkitwhichk . ,)
rna ~s It easy to design instruments," and Lansky and Kenneth Sreiglitzwrore
EIN In 1991, a "scratchpad " for filter design and general digital signal pro'
cessmg. In 1991, Tom Erbe began work on Sound Hack, a general digitalsig-
rial-processing sound-transformation program. Is software synthesis the
future? Dave Smith thinks so:

The .ideal is for everything to be soft so you're nor fixed on anyone syn·
thesis method. The problem in the past has been that synthesizers have
been limited to one synthesis technology. It was a necessity in thepast
because spe . I' . . I . har'cia tza trorr IS C reaper; but, in the future, in a machine [ ars
software based, a person will be able to starr by implementing any ofthe
h~sto~1C previous synthesis methods, like FM or waveguide, in anycom-
bination that they want. And as synthesis methods are discoveredin[he
future they can be i I d ., f All.. '. e Imp ernenre on the same system because I[Sso r.
VOICIngWill be upwards compatible in the future. There'll be continuity.

Dave Smith is speak' f h . . fac-mg rom t e perspective of a syntheSIzermanu
tut'er when he conclud "I ' h' . . h s

b des, t SWat s gomg to happen' it has to be done-It'
to e one because it's th I I ib ' "eon y p ausr Ie way for the industry to go .. ,
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•
Asmicroprocess~rs b~come faster through the next several years, increasing
levelsof complexity will become achievable in real time. One can foresee that
eventually both controls and audio will be able to function in the same hard-
wareenvironment, which means that a composer will need nothing more to
controland process sound than a single computer. Meanwhile however a com-
puteris typically used to generate and process controls, and a synthesizer or
digitalsignal processor (DSP) is typically used to generate or process audio, and
both computer and DSP are typically used together in functional symbiosis to
comprisean electronic music system.

By way of illustrating the concept of the two-device system, the first ver-
sionof Adrian Freed's MacMix, written in 1985 at IRCAM, was entirely soft-
ware,burit required two computers. As Freed said, "The best tool at that time
forthegraphical user interface was the Macintosh; the best tool for sound edit-
ingwas !RCAM's VAX 11/780." He rells the story:

My intention was to work on a user interface for a sound editor. David
Wessel suggested that editing is just parr of a musically more interesting
process: mixing. I studied the features of Robert Gross's batch mode
UNIX mixing program and queried !RCAM musicians about how they
used such tools. The important thing I learned was that you can do inter-
esting things musically by mixing at all time scales, from microsurgery at
the microseconds scale, musique concrete at the seconds scale, and com-
posing and ordering at the minutes scale.

The major goal of MacMix was to smoothly integrate mixing at al1
these time scales and leverage the use of disk storage to allow for efficient
mixing of an arbitrary number of channels (David routinely used hun-
dreds for layering). The major innovations in MacMix to achieve this
include multiresolution sound representation for rapid display at all time
scales, event logging by timing mouse clicks relative to played back audio,
disk access and CPU optimal mix scheduling. An interesting feature of the
optimized scheduling is that editing operations were optimized to the
point that they operated in real time since sound playback operated from
play lists. Cross-fade edits were almost realtime since only the fades need-
ed to be computed.

In 1986 Freed rewrote MacMix and commissioned IMS, a small compa-
ny,to build aspecialized hardware device to replace the VAX 11/780 and con-
nectto the Macintosh so that MacMix could run as a Macintosh-based system
witha peripheral signal processor and disk-based recorder. The system was called
Dyaxsis.lt was successful. LMS was subsequently bought by Studer and renamed
Studer Editech. Dyaxsis eventually became Dyaxsis II, still a Macintosh-based
systemwith a peripheral signal processor and disk-based recorder. ., .

And, incidentally, how would a composer work WIth Dyaxs.ls. Curtis
Roadsused it to compose Clang-tint (1995), which encompassed a WIde palette
of recordedsounds, including musical instruments at the museum of Kunitachi
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College of Music in Tokyo, industrial noises, sounds from nature, and Com-
puter-generated sounds. He describes his approach:

Some sampled sounds trigger semantic associations. When the timbre is
beautiful in itself one has the choice of using it in a "neutral" way-for
its color alone, removed from associations-or more directly,associa-
tions and all. There are various techniques for neutralizing associations.
One method is to introduce such materials in bursts with other semanti-
cally loaded sounds. All of these associarions are triggered so fast that
they cancel each other out. You hear them as expressive timbres rather
than as "animal cry" followed by "human sigh." Other rimes I usesuch
sounds more directly to evoke a mood. For example, there is one moment
in Clang-tint where I insert a texture from a recording of whales in the
ocean. Due to the way it is cut, the original source is obscured. Burthere
remains an evocative sense of depth and space in that sample.

Clang-tint is in several sections. How are the sounds organized? He continues:

I did not conceive the sections in terms of the resultant forms but rather
in terms of their materials and the strategies I used to organize the mare-
rials. In the section called Purity, for example, I was interested in very
simple sinusoidal waveforms and harmonic relationships in pure ratios,
Whereas in the section called Filth, the emphasis is on "dirty" sounds:
distortions, inharmonic clusters, stochastic globules, and exploding
grains. In the section Organic, I began with an expres ive way of playing
a synthesizer. This is spliced into phrases with animal and insect cries,
bird calls, and whale samples. The secrion called Robotic starts froma
recording I made in Tokyo of a nineteenth-century mechanical musical
instrument, which I controlled manually rather than having it play auto-
matically. In the studio I interpolated the sounds of other machines .. ,

•
James Dashow had gone to Rome in 1969 and, as he pur ir, "just decidedto
stay-I had gotten Involved in the musical life." At about that time, Giovanni
De Poli and Alvise Vidolin, engineering students at the University of Padua,
began working with composer Teresa Rampazzi in her private electronic music
studio. Through the next few years, rhey gradually formed what eventually
became CSC (Centro di Sonologia Computazionale / Center for Computer
Sonology) at the University of Padua .

. In 1974, Dashow met Graziano Tisaro and together they implemented
~USIC N-BF on the CSC computer. Dashow began to work there, unofficially
ut regularly. As CSC developed through the years it grew to include not only

De Poll Vidohn T t d D h '.M ' .' rsa 0, an as ow, but also Roberto Doari Marco Srroppa,

h
auro Graziani, Sylviane Sapir, and others. In 1984 CSC a~quired a 41 syn"

t esizer from IRCAM. '

B
" LJIMB (Laboratorio permanente per l'Inforrnatica Musicale della
ienna e d. Venezia / Co M' , I )mpurer USlC Laboratory of the Venice Blennae J
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directedby Alvise Vidal in, grew Out of CSC's activities to provide a vehicle for
organizingmajor events. In 1982, LIMB organized the International Computer
MusicConference. In 1986, in conjunction with the Venice Biennale, LIMB
organizedNuoua Atla ntide (New Atlantis), a major exhibition of electronic
musictechnology. LlMB organized workshops, commissions of musical works,
concerts,the publication of a newsletter, and festivals that focused on the inter-
actionbetween traditional instruments and electronics. As Vidolin tells it, "The
importantthing was that whereas computer music had always been heard in
concertsfor specialists, in these events it was presented to the public in festi-
vals."esc, in short, became a lively center for a wide range of research, pro-
duction,and outreach initiatives.

It also provided a starting point from which Dashow could design and
builda personal DSP system. In 1988, he set up a studio at Poggio San Lorenzo
andbegan work on Music 30 for the 320-C30 Texas Instruments DSP chip.
Thechip was available, mounted on the Spirit 30 circuit board from Sonitech,
acompanylocated near Boston, and his hardware system consisted of two
Sonitechboards and a computer. He used it to compose, among other pieces,
Reconstructions (1992), for harp and computer, and Morfologie (1993), for
trumpetand computer. Throughout the process, Sonitech had been very help-
ful.AsDashow reports, "In 1990, they made a technician available to me for
severaldays ro help do some basic development ... " But why take the time?
Why not use a commercial synthesizer? Because, he answers, "My software
wasmore flexible-for example, [ could have rhe clarinetist play in a different
hallfor every note."

•
In1988, jean-Francois Allouis became technical director ar [RCAM, and Eric
Lindemannarrived from the United States to design a successor to the 4X syn-
thesizer.Miller Puckerre rells the story:

Severalof us got together as a group-there was me, Eric? Bennett Smith,
Patrick Potascek, Michel Starkier-and we starred planning. We were all
inagreement that we were going to do a DSP solution and :ve were look-
ing for a suitable host computer. We chose NeXT because ir had a back-
planethat we could put a synthesiz~r on, it was more ~xtenslble to add;
serious amount of hardware, and It was also attractive th~t the NeX
people were ralking a lot about music. We thought very seriously about
thesoftware structure before we designed the hardware, and that told us
what the hardware capabilities had to be. Well, the hardware came off
exactly as planned, and the software came out totally different. Whar we
ended up with was a machine that ran MAX.

The [SPW (!RCAM Signal Processing Workstation), as ir was called, was
I· insid N XT urer It was used rn manyane ectrorucs board that ran msi e a e.. cort'P " for

COmpositionsar [RCAM, among them KaIJa Saanaho s NoaNoa (1991), ,
ISPWandflute; Saariaho's Pres (1992), for ISPW and cello; Philippe Manoury s
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En Echo (1994), for ISPW and soprano solo; and Pierre Boulez' ...explosante-
fixe ... (1994), for ISPW, flute solos, and instrument ens~m,ble. Many other com-
posers also used it, among them Jose Camp~na, Fredenc. DU~leux, Josh.ua
Fineberg, Philippe Hurel, Alessandro Melchiorre, Francois Nicolas, Ichiro
Ncdaira, and Zack Settel. Peter Orto and Rick Bidlack, in rhe United States,
used it as the hardware platform for MixNer, an integrated audio recording,
synthesis, and processing environment. Corr Lippe, who was working at
IRCAM during the development period, tested early prototypes, ported most
of the 4X repertory to the ISPW, used the ISPW in many compositions, among
them his Music for Clarinet and ISPW (1992), and continued to use a proto-
type ISPW even after he left IRCAM in 1994_ He said: "It was everything I was
looking for ... "

In fact, it was everything many people were looking for, bur unfortunate-
ly, it never became available. Shortly after rhe ISPW was finished, NeXT
stopped making computers.

•
Soon after Giuseppe Di Giugno left !RCAM in 1987, Paolo Buonrempi found-
ed IRIS {Isriruto di Ricerca per l'Industria della Spertacolo / Research Institute
for the Entertainment Industry) on rhe grounds of a park for exoric birds in a
small town just south of Rome. With flamingos and ostriches fluttering in the
background, Di Giugno began to form an electronics design center:

I invited everyone 1 knew-among collaborators, students, and others that
I had met and knew of-that was expert in the relevant fields. I assembled
an interdisciplinary group. We had two years to advance wirh my ideas for
the new machine. We took a 4X and began to simplify it. And then we con-
ceived a completely new machine. We made a fairly large chip-400,OOO
transistors-and we began to develop the MARS workstation.

In 1979, Sylviane Sapir was working at the CNRS Laborarory in
Marseilles toward a doctorate in solid state physics, specifically wave propaga-
tion in rubber, when jean-Claude Risser returned to Marseilles from Paris.
Risser's lab, happily as it turned out, was next to hers. She had studied music.
She became interested in his sounds, and as she put it, "1 left rubber for corn-
purer music." She finished her thesis with Risset. She then received a grant to
continue her work in Toronto. But before leaving for Toronto, she went to

Venice to attend the International Computer Music Conference. It changed
everything. As she said, "I fell in love with Venice. l) And she requested a change
in her grant, as she put it, "to go to Venice by train instead of Toronto by plane."

Actually, she worked in Padua, near Venice. She developed particular
skills in realtime software. She assisted musicians, collaborated with LIMBand
the Biennale di Venezia, and taught a course in computer music for engineers
at the University of Padua. When IRIS was created, Di Giugno invited her to
join the group, and she Soon became manager of the software development
team for the MARS (Musical Audio Research Station) project.
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Thinkingof the project, she said, "There's an enormous distance between
thebitsand the musician." And she meant two things. First, that there is a con-
ceptualdistance ro be covered in software by developing an interface that will
allowa musi~ian to use the system intuitively. Second, that software develop-
menrrakes time. To keep rhe MA RS project on schedule, rhe software was
developedas the chip was designed, There were problems, of Course. The chip
andthesofrware were continually modified. But in general, the process worked
sowell rhar the ofrware was ready before the chip was produced by the
foundry,And 10 and behold, as she said wirh rightful pride, "When the chip
arrived,the software worked."

When the system was finished, she reports, "We gave examples of the
MARSro Tempo Reale and the University of Padua-it worked well, and it
wasused right away by several composers." Karlheinz Stockhausen in
Germanyand Thomas Kessler in Swirzerland used it. Salvatore Sciarrino used
itinPerseoe/ Andromeda, an opera. Andre Richard used it in Glidif, for con-
trabass,clarinet, and electronics. Luciano Berio used it in Ofanim because, in
hisword ,"1 wanted to have a hybridization of things-a voice becomes a clar-
inet)a clarinet becomes a voice. _ ."

•
Alvis<Vidolin at Tempo Reale saw in rhe MARS workstation rhe solution for
a generic elecrronic music problem. As he explains, "The problem is to perform
withthe machines of today rhe music that was conceived for the machines of
yesrerday,and there' a problem of transcription, for example from analog
machinesro digital machines." He had earlier worked with Luigi Nono 011

Nono' live electronics pieces. He reflected, "Our work together in the 1980s,
withliveelectronic, was a collaborative friendship ... " Vidolin decided to re-
createrhose pieces, He explains:

In the 19 Os, ono worked in live electronics at the Experimentalsrudio
der Heinrich trobel Stiftung des Sudwestfunks in Freiburg. There was a
hybridsystem at that studio at the time, with an~log so~nd processors
andvarious digital connection and sound-distribution de~rces and,delays.
Therewere a lot of specialized machines. F~~ ex~mple, In Nona s sc?re
forPost-prae Ludium Donau, there are speCifICatIOns f~r. delays, spatial-
ization reverberation rime, filtering, and pitch transposltlons for. ha~mo-I
,'. if II I r we could realize It almzer effects, and since the score speer res a r 13 , .

Onthe MARS, . , I thought of transcribing to the MARS rhe many things
thar Nono had done at Freiburg.

•
A ' ' fill' ' t Urbana in the lare 1970s,s agraduatestudent at the University 0 1I10rsa . "What
CarlaScaletti worked with Buchla and Moog syntheSizers, She recaills, irh I

di b working direct y wit t tewasso much fun about the analog stu 10 was to e , ' IV BF d
s d i If' " SI I worked With MUSIC - anoun itse In such a concrete wa y. re a so h . . f I
Music360, She remembers, "When I started doing software synt eSIS, It e t
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almost like a step backwards, because it was less direct and it wasn't real rime.
On the other hand, the computet let me do algorithmic things and build struc-
tures in a way that I could not do in the analog studio."

In 1980, while a student in Chicago, Kurt Hebel heard about CERL
(Computer-based Education Research Laboratory] at the University of Illinois
at Urbana. He rransferred to Urbana, and as he tells it, "I just showed up ar
CERL and started programming ... and after about three weeks, they hired
me." In 1981, with others, he began ro work on the IMS (Interactive Music
System). As Scaletti remembers it, "They had microprocessors in the terminals
that would actually control the synthesizers and put music notation graphics
up on the screen." Hebel continues:

CERL was a unique situation because it was run completely by under-
graduate students. We had a budget, and we could build things. There was
never any central control. Itwas a fun place because you could do anything
you wanted. There was always an underlying goal but it was never explic-
it. We never really knew what we were working together towards, burir
ended up as the lMS for synthesis, timbre design and performance. CERL
was sort of like a clubhouse, and people would bring the things that were
important with them, like aquariums, gerbils, lizards, hamsters ...

Scaletti and Hebel met at CERL in 198J. ScaJerri describes it:

Nobody took the CERL group very seriously because it was a bunch of
undergraduate engineers who looked as though they were just playing
around. But 1 saw things there that were better than the "official" state-
of-the-art, Also it was the atmosphere. People were comfortable with
computers. It was a little chaotic, but things were happening fast. Kurt
got interested in what I was working on in software synthesis and said,
"You don't have to wait. You can do this in real time."

Scaletti was working at the time with the Synclavier at the university. But
she was a bit troubled because, in her words, "It was difficult to get in and con-
trol the low-level sound synthesis and sound design." Hebel saw the opportu-
nity and made his move. She tells it:

One night Kurt showed up at Studio D, where the Synclavier was. I was
mildly annoyed that someone was interrupting my studio time (scarce
resources at that time) but Kurt insisted that he had an idea of how to

control the hardware directly, without the note language. He started typ-
ing in hex, trying to poke around and see if he could stumble upon some
real ~achine instructions. Suddenly the disks all starred spinning and the
term mal started beeping like mad and my entire disk was wiped out. So
there was nothing left to do but go next door to Treno's and have a drink.

Well, it must have been a very good drink because many good things fol-
lowed, among them the Platypus, marriage, and a company. In 1984, Hebel
and Lippold Haken built the Platypus, a RAM-based microprogram mabie dig-
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CarlaScaleni (left) and Kurt
Hebel(right) in 1995 in front of
theCabybara, the hardware

campcnent of the Kyma System.
Photocourtesy Symbolic Sound.

italsignal processor. Scalerri finished her doctorate and began to teach classes
in computer mu ie. A she tells it, "I was teaching people how to use the pro-
gramsrhar exi ted and I started to feel I wanted to learn more about how to
makeprograms rather than just lise them, so I went back to school and 1got a
mastersdegree in computer science, and I had an assistantship in CERL
becauseIwanted to work on this Platypus-l wanted to write software for it."

In 1985, she began to work on whar she called Kyma, after the Greek
wordfor "wave." "At that time," she remembers, "Kyrna was completely soft-
waresynrhesison a Mac Plus-it took five minutes to compute a sine wave."
Alsoat that time, funding for music hardware at CERL dried up, causing
Scaletti and Hebel to fund their work personally. As she remembers, "We
boughtthe omponent and a sembled our own Platypus, and by May 1987 we
hadaversionof Kyma that was using our Platypus to do synthesis in real time."

In 1987, Apple gave her a grant to design a graphical interface for Kyma.
In 1988, caletti and Hebel formed a company called Kymatics whose princi-
palbusiness location was a spare bedroom in their apartment. She adds, "And
that'swhen we redid the interface to show the hierarchy as a tree graph, and
whenvariables were added, and core language, and user defined classes."
Then,on June 6, 1989, the day after defending a doctoral dissertation on dig-
ital filtering, Hebel started to design the Capybara (named after a South
Americanaquatic rodent that looks like a large guinea pig), which became the
hatdwarecomponent of what became the Kyma System. Hebel remembers,
"Thedesign took from June to August ... we first had Kyma making sounds
On ew Years' eve that year, although it was around midnight so the first
soundswere probably made in the first minutes of 1990." .

In March 1990 Scalerri and Hebel incorporated Symbolic Sound. Their
firstorder which carne in the fall of 1990 from Richard Robinson in Atlanta
andFrancesco Guerra, a physicist at the University of Rome, were shipped in
January1991. Scaletti thinks back:

yrna was born out of a kind of greediness. I wanted the immediacy of
workingwith tape of working with sound in a concrete way, ,and 1 liked
the voltage-control idea that some signals could be controlling others,
andthe software synthesis idea of composing timbre. as well as events. But
I was greedy enough to want to do all of it in real time.- • • •



CHAPTER TEN

AUTOMATA

In 1644 in France, Salomon de Calls described an organ in which a pegged cylin-
der, turned by a water wheel, activated levers which triggered bellows to force
air through pipes. In the 1780s, a certain Mr. Merlin in London advertised
"Morning and Evening Amusements," including a "Mechanical Garden"; a
barrel harpsichord, "similar to a Hand-Organ, which plays seven tunes"; a bar-
rel organ "which plays eight runes by clockwork"; and "A Curious Hand-
Organ, which plays eight tunes for the Ladies and Gentlemen to dance by,
accompanied by a Kettle-Drum." In early nineteenth-century England, Charles
Babbage developed an "Analytical Engine," essentially a mechanical computer,
and Ada Lovelace, mathematician, speculated that it could be used for music:
"Supposing, for instance, that the fundamental relations of pitched sound in the
signs of harmony and of musical composition were susceptible of such expres-
sion and adaptations, the engine might compose elaborate and scientific pieces
of music of any degree of complexity or extent." In early nineteenth-century
Germany, Johann Maelzel invented the metronome and, among numerous
other automata, built the Panharmonicon, an orchestra of forty-two robot
musicians for which Beethoven composed WellingtonJs Victory.

Musical automata, in short, have been with us for quite a while. Indeed,
innumerable water organs, music boxes, musical clocks, and barrel organs of
all shapes and sizes were built through the eighteenth and nineteenth centuries.
These early automata generally behaved in predictable ways. But the idea of an
unpredictable automaton seems also to have had a certain charm, at least in the
following passage from a story by E.T.A. Hoffmann:

268
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!he Talkin~Turk was artr,acting universal attention, and setting the town
mcornrnonon ... It was, III fact, a very remarkable automaton ... "You
must have put an extraordinary question," Lewis answered ... "Chance
Ishould imagine, has educed something which by accident is appropriate
(Q your question ... "

•
Theuse of chan e and randomness in the arts had an eighteenth-century prece-
dent in Mozart's MusiGtlI Dice Game. And there were a few early twentieth-
centuryprecedents. Marcel Duchamp's The Bride Stripped Bare by Her
Bachelors.Even. Mllsical Erratum, 1913, for example, calls for a vase (with a
funnel, we a ume), a toy train with open cars, and lots of little balls, the exact
numberto be determined by the range of the instrument that will play the
music. Eachball ha a number, representing a note, printed on it. The balls are
purinthe va e uch that they fall (through the funnel) into the toy train pass-
ingbelow, from which the balls are taken by the musicians and played.
Ducharnp's description of this is, in part, as follows:

Vasecontaining the 89 notes (or more: 1/4 tone) figures among numbers
on each ball pening A letting the balls drop into a series of little wagons
B, C, D, E, F, etc. Wagons B, D, E, F, going at a variable speed, each one
receivingone or everal balls ... can be performed by a designated instru-
ment ... (to be developed).

In making his ollage with Squares Arranged According to the Laws of
Chullce(J917),Hans Arp let pieces of colored paper fall randomly to the floor
to suggest pattern. Tri tan Tzara cut single words out of a newspaper, shook
themin a bag, and took them out one by one ro write a poem"

But it was John age, in about 1950, who first began t? u,se challce,pr~-
cedureswith consistency. His focus was discovery. A.s h~ said In .19~2, It IS

thuspossiblero make a musical composition the contmuity of which is free ~f
individualtaste and memory (psychology) and also of the literature and 'tradl,;
nons' of the art ... n In freeing himself from "individual taste and memory,
chancemade possible the discovery of new combinations of things, new events
thatwould not have occurred had he relied on what he already knew, had
alreadyexperienced and already found pleasing. The composer, for Cage, was
properlyan explore~ an inventor and the proper questions for the composeldr

~, I fi d I that I wou'0 askwere: How can I get beyond myself? How can In tnmgs h d
Otberwisenot have thought of? Further, Cage found that chance mer 0 s
changedhis awarene of what was pleasing. In 1961, he said:

h hi I appened that were nor inWhat actually happened was that w en r mgs 1 " d h hr Id b leasing I discovere t at r ey
me with my views as to what wou e P "' hi hi did 't think
alteredmy awareness. That is to say, I saw that rhings w l~ I n d \I

I· d so my views gra ua ywould be pleasing were in fact p easing, an
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changed from particular ideas as ro whar would be pleasing, toward no
ideas as to what would be pleasing.

In the eyes of many, however, Cage's methods raised a few questions. One
of them had to do with the composer's responsibility. Was Cage abdicating that
responsibility? Was he, further, abandoning his talent, expertise, and control by
throwing coins that, after all, anyone could throw? One might have asked
Cage, "If all you do is throw coins, could I be a composer as important as
you?" And Cage, exercising both his mischievousness and his good-natured
inclination to encourage, might have and occasionally did answer, "Yes." It
was a provocative answer.

But it was the wrong quest.ion. It's obvious that Cage was bringing a lor
to the table. His music could not have been composed by anyone else. The
question should have been: "How, exactly, do you use random numbers?" And
the answer is in the way that Cage composed. In 1972, for example, Cage com-
posed Birdcage in the electronic music studio at the State University of New
York at Albany. r worked with him. Here is my account of it;

Cage arrived in Albany on a Monday night with Hans Helms, a German
music critic and film director, and a film and audio crew of three people
from the WDR. Hans had been commissioned to do a film of John com-
posing the piece. John also brought three groups of prerecorded tapes:
Group "A," we'll call it, was of singing birds that he had recorded in
aviaries during the previous two weeks. Group UB" was recordings of
John singing his own Mureau (an earlier piece based on Thoreau's writ-
ings) in a chanting voice (as he observed: "It makes the birds seem less
ridiculous"). And Group "C" was environmental sounds (rhe "wild-
track," as filmmakers call it).

On Tuesday, we put the tapes in piles-AI, A2, A3 ... and BJ, 82, 83
... and so on-and set up eight source tape recorders, continually play-
ing, routed through a mixer to one destination tape recorder. John was sit-
ting in the center of the studio, looking at the studio's digital clock.
According to a timing chart that he had prepared Monday evening, he
would say, for example, at a particular time: "Put tape C3 on tape recorder
7," and we would do it; and he would say, for example, at a particular
time: "Now switch to tape recorder 5," and we would get ready, he would
give a hand signal at the very instant that this was to be done, and we
would at that signal change the settings on the mixer so that whatever
sound was at that moment being played on tape recorder 5 was routed to
the destination tape recorder. At different rimes throughout the day,
according to his instructions, we would change the tapes being played on
the source tape recorders; and at random time intervals measured in sec-
onds-an interval of approximately five seconds, for example, might be
followed by an interval of seventy-two seconds-we would change the set-
tings on the mixer to route a new sound group to the destination tape



Automata 271

recorder, In this \ ay. all of the Group A, Band C tapes were sampled, in
random order and III random durations, onto what turned out to be
twelve. ingle rapes. Those tapes functioned as "submasrers." They were
jer subjecr ro another serie of operations, scheduled for the following day.

~ edne day, however, was wasted because of misunderstandings
between my elf and John as to what was technically possible in the stu-
dioand what we needed to do. After a frustrating work session, everyone
came to my home for a dinner party, which was jovial and funny. I
thought to my elf, "What happens when we have a good day?"

On Thursday we proce sed rhe sounds from the submasrers. The tapes
were in turn played back through filters, ring modulators, and other
audio proce ing devices, according ro a time chart rhar John had pre-
paredafter dinner the previous night. We set up a routing system such
that each ubrna ter rape, played back on one source rape recorder, could
be routed by witching rhrough any of the various processing devices to
a ingle de rination tape recorder. One after anorher we played rhe sub-
master and proces ed them. Again, John was sitting in the center of the
srudio, watching rhe digital clock as he followed his rime chart, this rime
calling out, f r e ample," ow, ring modulation," and we would switch
fromwhatever prace sing device was currently being used to the ring
modulator. ince the audio proees ing and the amount of time that each
rype of audio processing wa used were determined by chance, the pro-
ce sing was omplerely independent of rhe sounds rhar were being
proces ed. We had n idea as co results unril we heard them. Somerimes
John would ay something like, "That's absurd." Somerimes we would all
laugh. omenmes we were delighred.

In summary, the art of age's composing was, first, in the sounds of the
Piece-whoelse would have thought of combining birds wirh Mureau?-and,
srcond,in the formulation of the questions that determined how the pIece
wouldbe composed. Who else would have asked: Which sound should be on
whichsubmasrerand for whar duration? Which type of processing will be used
andforwhat duration? age could not and did not use ral1doml1es~ in ~ com-
pl,telyunconstrained free-far-all where anything was possible anytime 111 any
composition.Indeed, if he had, if anything had been possible anytime, then
'vetyromposition would have been the same as every other. Cage differentiat-
ed anddefined his compositions by the questions he asked. For each compost-
f h d c . f d d edures He rhen used ran-lon, e ellned a uruque array 0 soun s an proc .
domnumbers to select from those a rra ys. d

F h .' Iy through ran 0111 num-urt er Cage explored mderermmacy not on " I" .
be H ' . . b d nderlymg camp exrttesrs. e also set up performance situations ase all U f
th od I R . for example an event irstatpr uced seemingly random resu ts. eunson, '1 d b
performedin Toronto in J 968 was a five-hour series of chess games

d
P ayde

b
I~

Ca • ' L II Cross had designe an UIgeagatnstMarcel and Teeny Duchamp. owe " d b
a I . . hi hi" al contacts were rna e yneectronlcally wired chessboard 111 W rc e ecrrrc
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the movements of the chess pieces. Whenever a contact was made, music pro-
duced by any of Cross, David Tudor, David Behrman, or Gordon Mumma was
gated through to the loudspeakers.

•
Cage opened the door in the early] 950s, and others walked through, not
always with the same methods but certainly with the same delight at the sur-
prising and unpredictable. Larry Austin's Accidents (]967), for example, came
about while Austin was working with David Tudor in 1967 at the University
of California at Davis, performing pieces for live electronics. Austin tells it:

One evening, he fixed a meal for me-it was Indian food-and he said,
"Larry, write a piece for me." I said, "David, bur you don't play the piano
any more." And he said, "Oh, you'll think of something ... " So I corn-
posed a piece where David would not play the piano on purpose, but only
accidentally.

Tamas Ungvary worked at EMS in Stockholm in 1972, just as the EMS
hybrid system began to function. Were the oscillators stable? Ungvary answers:

Yes and no. Yes, they were made in 1968 and they were extremely stable
for their time. No, they were not really stable by later standards. But it's
fantastic if they are not stable. It's fantastic if at a certain time one of them
gets crazy, because those are the creative moments and possibilities in
your life, the surprise, something which you would never do, which you
would never think of. Life was giving you some random result-if you
were not a creative person you wouldn't see possibilities in that, but if you
were, you would thank God who gave you a new idea. I got some very
very good suggestions from those oscillators.

And Charles Dodge must have gotten some very good suggestions from
the Kp indices for earth's magnetic field from January] to March 4, 196], as
depicted in a chart in "Bulletin No. 18" of the International Association for
Geomagnetism and Aeronomy, because he based the pitches and rhythms of
Earth's Magnetic Field (1970) on them. In 1969, Dodge had received a call
from the Goddard Institute for Space Studies at Columbia University:

The geophysicists at Goddard had a way of recording the effects of the
radiation of the sun on the magnetic field that resembled, in its notation,
music. They wanted to try playing it because they had some ideas that it
might be interesting. They had tried doing such things-one of them
played the flute, I believe-and it sounded pleasant ...

Even the reticent may be open to suggestions. Michel Waisvisz' physical-
ity in performance requires that he remain in control of a musical process.
Consequently, he does not use computer programs that compose-in his
words, "The logic stuff, 1 hate it"~but he does use algorithms to explore:
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They p~odu e a hell of a lot of nonsense and sometimes they just produce
a lirrle [ewel of notes or ounds. 1 use these programs to produce things
that I might nor otherwise have thought of. I can't use the programs in
performance, but I ometimes lise some of the results.

In 1972, age and David Tudor performed together in a concert tour in
Europe. There were two programs. One consisted of simultaneous perfor-
mancesof Cage's M,neau with Tudor's Rainforest Ill. Tudor recalls:

The last performance was in Spain, in Pamplona. It was outdoors, poor
John that was the very last performance on that tour ... Our last part-
ing shor wa ro d rhe other collaboration which was John singing his
Mesost,,, Re Merce Cunningham together with my work called Untitled.
That wa actually one of the high points of my electronic career, that

piececalled Untitled. Even for me it was unimaginably wild. Untitled was
an electronic hookup designed in uch a way that it had no beginning, no
point in my thinking where the sound originated. The manner of making
the hookup wa to connect the end of every chain to the beginning in a
complete feedback loop. But highly involved. There were ... 1 counted
them at one time, there were sixty feedback loops in the electronic
hookup ... 0 it really Came out wild. Ir was so unpredictable, it was just
wonderful. It' the kind of rhing that couldn't be done again .

•
In19 5 at the University of Illinois at Urbana, Lejaren Hiller and Leonard
Isaacson began a serie of experiments toward using a computer to automate
musicalcomposition. Their work culminated in 1957 in the Illiac Suite for
String Quartet which was, in Hiller's words, "the first substantial piece of
music produced with a computer. II He explains the idea:

I had been working in the Chemistry Department of the University of
Illinoison some problems in statistical mechanics that Involved the solu-
tion of what we call "restricted random walks." A very crude example of
sucha walk would arise if I were to walk through a city and flip a COin at
eachcorner to teil me whether to turn right or left. Since it is a cumber-
some proces to obtain solutions to these problems whenever they are at
II d II' I hit Since I had also beena subtle or complex we u c I lac to e p ou .

. .' d h if we could program a com-composmg rnusrc for years, I observe t at I
h di y space we could alsopurerto simulate a "walk" rhroug , say, or uta r '.

" . f d e it musica I elementsSimulatea "walk" through a grid de me to repres I d
. ., d . b hoices Leonar Isaacsonsuch as pitch, rhythmic durations, an tim re c 1 .. .

d h h mareri I form the Illiac SUite ...an I [ us a sembled enoug materia to '
" . I Large quan-Hiller'smethod was based on a generate-and-test pnncrp e. d d

" d h umber was teste antitles of random numbers were generated, an eac n
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accepted or rejected according to specific criteria. The numbers representing
pitches, for example, could produce no tritones, the melody had to start and
end on middle-C, and the range of the melody from its lowesr to its highest note
could not exceed one octave. Once a number was accepted, it was placed in a
note list that was eventually printed out and converted by hand into musical
notation to be played by acoustic instruments.

The generate part of the generate-and-test method, as Hiller saw it, pro-
duced the richness of possibiliries that flows from chance. The test parr extract-
ed coherence and inrelligibility from those possibilities. Hiller's handle on
chance was Information Theory, which relates the information content of a
sequence of symbols, such as words or musical notes, to the number of differ-
enr symbols thar could possibly appear in the sequence. As the logic goes, the
number of different words, for example, that could possibly appear in a mes-
sage is evidenced in the predictability with which word follows word; the less
predictably word follows word, the greater, it is assumed, are the possibilities,
and consequently, the more informative the message. As Norbert Wiener put it)
"Messages are themselves a form of pattern and organization ... the more
probable the message, the less information it gives. Cliches, for example, are
less illuminating than great poems."

Randomness, the logic continues, because of its complete unpredictabili-
ty, represents the highest level of information content and is consequently asso-
ciated with qualities such as newness and originality-and incoherence.
Repetition, at the opposite extreme, because it is completely predictable, rep-
resents the lowest level of information content and is consequently associated
with qualities such as banality and boredom-and intelligibility The idea, of
course, is to strike somewhere within the range between utter chaos and falling
asleep. Meaning is somewhere within that range; but after all, the idea of infor-
mation, as discussed in the theory, is not so much in what you say as in what
you could possibly say.

Information Theory's association of randomness with originality provid-
ed common ground between Cage's and Hiller's work, and retrospectively, it
seems almost inevitable that Cage and Hiller should have eventually collabo-
rated. Following the l/liac Suite, Hiller finished, among many compositions,
Computer Cantata (a collaboration with Robert Baker, 1963) and All
Avalanche for Pitchman, Prima Donna, Player Piano, Percussionist and
Prerecorded Tape (based on a script by Frank Parman, 1968). His collabora-
tion with Cage was HPSCHD, begun in the fall of 1967 and finished in early
1969. As Cage said, "Jerry Hiller called me from Urbana and said he could
arrange for me to do a piece using computer facilities ... and, since he's had so
much experience in the field, the piece has become a collaboration between us
... " Cage described his concept for the piece:

The original idea came from a notion I had about Mozart's music and
how it differed from Bach's music. In the case of Bach, if one looked at a
few measures and at the different voices, they would all be observing
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moreor less the same calar movement Whereas in the fM. . . , case 0 ozart
. one woul~ see the chromatic scale, the diatonic scale, and a use of

chords melodically, .. I thought to extend this "moving-aw -f _
'" d " d ay romuruty an movmg-towar s-mulripliciry" ...

The name HP CHD (HarPSiCHorD, written in upper-case letters as was
normalat {he rime for a computer file name) came about through a commis-
si,onro Cage from Antoinec:e Vis~her in Switzerland to write a harpsichord
pIece. It was merely the tarring poinr, however, as the piece grew to something
larbeyonda harpsichord composition. Cage confessed:

Imust admit I've never particularly liked the instrument. It sounded to me
like a sewing machine ... We have tried-Jerry Hiller and I-to give a
quality of fine divi ion nor only to the pitches but to the durations and
also to the timbre, which will be, in general, imitative of harpsichord
sound ...

Incomposing the piece, Hiller started by writing a subroutine called ICH-
lNG,which generated random numbers between 1 and 64 according to the
rulesin the J Ching. He then wrote three programs. The first was called
D1CEGAME,which called for random numbers to be generated by ICHING
andwhichwas u cd to produce seven harpsichord scores, or "versions." He
explainsthe process of composing the first five versions:

Thesimplest-"Version I "-is Mozart's Musical Dice Game ... Then
thereare four versions in which a number of bars of the music were
replaced. " ince the Musical Dice Game is 64 bars long-a neat coin-
cidence-we used the I HING values to designate those bars of the dice
gamewhich were to be replaced by other music. For this we selected two
setsof compositions. One set provides replacement of Mozart by Mozart.
Theseare passages from sections of his piano sonatas. John went through
Oneof the regular editions of the Mozart piano sonatas and used the J
Chillg to choose which sonata and which movement, .. The two
"Mozarr versions" differ only in that, in one case, both treble and ~ass
clefsare replaced simultaneously. This is our "hands-together" version.
Inthe more complex version the hands are treated independently, so that
it is highly probable ... that the right hand will be required to playa pas-
sagefrom a different composition than the left hand. Finally, there are the
h"· diff I . h r one is "hands-together"fWO istorical versions. These I er a so In t a ,
d h h . ind d " Tb i ti me we replace Mozart san t e or er IS "hands-in epen enr. IS , .

Musical Dice Game with music that originates more, and n~ore rec~ntly In

h' " . h nd 111 a piece which IS aIstory.This nme, the process piles up at r e e., . d I
combination of age and Hiller. John picked his Wmter MUSIC, an. h

. k 'f' We end up Witpic ed a passage Out of an old plano sonata 0 I11l1le... . I ' I
roughlya 50150 mixture of the twO composirions plus residua mCaltena
f . ta Sonata' the -iopmromearlier pieces ... Beethoven's the Appassrona ,
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Prelude in D minor, Op. 28, No. 24; Schumann's Reconnaissance from
Carnival; Gottschalk's Banjo; lves' Three-Page Sonata; Schonberg's Op.
11, No.1 ...

The second program was called HPSCHD, which incorporated subrou-
tines Hiller had devised for Computer Cantata and Algorithms I, still in
progress as of the time he was working on HPSCHD. The program HPSCHD
was used to define equal-tempered scales of from five to fifty-six notes per
octave, then choose pitches and durations in those scales, and then produce the
sounds for fifty-one audio tapes, each of twenty minutes' duration, which were
to be played back simultaneously, in all or in part, in performance. One of these
scales was the normal twelve-note scale which was used once for a tape and
then that tape was transcribed for keyboard as Version 6. Version 7 consisted
of the instruction to the performer: "Play anything you desire for 20 minutes."

A performance of HPSCHD is the ultimate discotheque. It's not just that
any or all of the seven keyboard parts are played simultaneously with as many
of the fifty-one tapes as is manageable. It's also the visuals. A performance
includes projections of over 5,000 slides of spaceship and rocket technology
and abstract designs and films of space technology. The whole thing comes
together as an ongoing process with no sections, no structured beginning, and
no structured end, as Cage put it, "like the weather." Performances have been
typically in the four-hour range, with the musicians and tapes overlapping,

Leiaren Hiller (front, seated) and John Cage (standing between
the computer racks, ready to push a button on the tape recorder)
composing HPSCHD at the University of Illinois at Urbana ill

1968. Photo courtesy The]ohn Cage Trust.
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withcontinual visual, and with members of the public coming in stay'" . b k . , mgawhile,gOing OUt, orrung ac ,and so on, with the performance decisions
madeby the performer themselves. Hiller wrote:

Eachrape, once it is starred, must run through to its end. Meanwhile,
other tape might be started. Each keyboard performer should select and
play through one of the seven versions for keyboard to the end ... Then
he can ger up, go OUt, smoke a cigarette, have a drink-whatever he
want -and, if he feels like ir, come back and play the same version again
or play another ...

HPSCHD was fir r performed in the Assembly Hall at the University of
lIIinoiat Urbana on May 16, 1969, with all seven harpsichord solos, all fifty-
onecomputer-generated tapes, eighty slide projectors, seven film projectors,
and9,000 people in attendance. A twenty-minute version was then recorded
andbecameavailable commercially, and Hiller's third program, called KNOBS,
supplieddirecrions to the listener as to how to manipulate the balance and vol-
umecontrols of the Ii tener' stereo sysrem. As Hiller said, "It's rhe first piece
thatI know of where the home listener's hif set is integral to the composition."
Cage,ingeneral, endor cd the idea of performer collaboration:

Whenyou get right down to it, a composer is simply someone who tells
other people what ro do. I find rhis an unattractive way of getting things
done. I'd like Our a tivitie to be more social and anarchically so ...

•
HerbertBrun began to work wirh electronics in the 1950s. He composed
Aneplgrapb. (1958) at the WDR in Cologne and Klange unterioegs (1962,
Wayfaringounds) at the iernens srudio in Munich. In 1962, he lectured
lhroughour the United tares, visiting universities. At his last lecture, ~t MIT,
bemersome executives from IBM who rook him to rhe Playboy Club in New
York, as he put it, "entertaining a suspicious character." They. asked him to
WTltethema letter describing his ideas for using compu.rel's to assist c?mp~sers.
HecompJied.They forwarded the letter to Lejaren Hiller at rhe University of
IIImois.Hiller had jusr received a granr from the National SCience Foundation.
HeinvitedBrun to come as a research associate during 1963. . ' HII

As Brun recall, "When I arrived at the University of 111111015, . h er
alreadyhad a oftware package for the J BM 7094 which offered a:gon\ ms
lbataccordingto Hiller were the daily fare of thinking composers-a gor,~rTmhs
f itch . d ercenrages of events. eor pirc es durarions timbres propornons an P 'II' f

k' , , . «I rrernely mte igent, arpacagewas MUSICOMP. Brun continues, r was ex hi d
be Id lv ir to roday's mac mesan, rondthe technology of the time-you cou . app y I . )' till a member
IIwouldnot be boring, so Igor stuck and thirty years larer m s
oftheUniversityof Illinois."
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Brun composed Futility 1964, for rape, in the electronic music studio, and
he composed many pieces with MUS/CaMP, among them Sonoriferous Loops
(1964) and Non Sequitur VI (1966), both for instruments and electronic
sounds on tape. Of Sonoriferous Loops, he said:

My desire was to prove to myself and to Hiller and to other colleagues
that I could program a computer with their software so they would rec-
ognize it as a piece by Brun. It was a polemic. The idea was in response
to rumors that personality can't get through, that you can't compose with
a machine. J wanted to show that that's bullshit.

In 1967 and 1968, he studied FORTRAN, experimented in program-
ming, and began to work with the I1liac II computer, built at the University of
Illinois. The Illiac II was meant as a transitional device between the I1IiacI,
which was basically an imitation of the IBM, and the I1liac rn, which as he puts
it, "could recognize patterns before they happened." He tells it:

Due to the preoccupation of the engineering department with the liliac
III, we had fuJI use of the I1liac JI. And then we joined forces with Gary
Grossman, a graduate student in computer science and mathematics and
a clarinetist in the music department. I could design something on a piece
of paper, and he went home and three days later he came back with a pro-
gram. 1 can tell you we had a brilliant yeac together. Itwas a festivity. That
was for me the first time r practically approached my goal. In(raudibles
are the traces left by a well-considered universe that J could construct and
in which I could connect beginning states to end states without having to
specify the in-berweens,

1968 was the beginning of lnfraudibles in music and Mutatis Mutalldis
in graphics. Infraudibles means "infra-audibles," but also "infraudulenr,"
and Mutatis Mutandis is considered a pattern for anybody who would like
to use it as a pattern for a composition in whatever medium.

Both lnfraudibles (1968) and Mutatis Mutandis (1968) focus on the
process of making music rather than a particular musical result. Of In(raudibles
Brun writes, "Instead of approaching again the aesthetic question: 'Which
process wiJl generate the desired audible event and thus music?' it attempts to

deal with the political question: 'What audible events would be generated by
desirable processes, and thus music?" Of Mutatis Mutandis he writes:

A FORTRAN program written by the composer and run on an IBM 7094
generates instructions for the Calcomp plotter to draw various sets of fig-
ures. The program simulates a process by which different shapes, each
created independently and randomly somewhere on the page, appear to
be mutations of one another ... The graphic displays turn into scores as
soon as an interpreter translates their structural characteristics ... and
foHowing the translation re-creates the simulated process by analogy.
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Thinking of the 1960s, Brun reflects, "It may be well to remind people
todayrhar storage was cumbersome, and you had to punch cards a d th

f I·· f ., n esecards were: requent VI nms 0 rnurilarion, and before you corrected a mistake
)"OU had ro find rhe ard, and [his rook enormous amounts of time-but it also
ga\!eoccasionro think 3. lor."

•
In 1956, lannis Xenakis coined rhe term stochastic music to describe music
basedon the law of probabilities and the laws of large numbers. In his orches-
",Icompo irion Acborripsis (J 957), the OCcurrences and characters of musical
elemen su h a timbre, pitch, loudness, and duration were scattered through-
eut rhecompo irion a ording to a Poisson distribution. He wrote:

The laws of the calculus of probabilities entered composition through
musical necessity. Bur other parhs also led to the same stochastic cross-
toads-fir t of all, natural events such as the collision of hail and rain
with hard urfa es or the ong of cicadas in a summer field. These sonic
events are made out of thousands of isolated sounds; this multitude of
sound I een as a rotaliry, is a new sonic event. This mass event is articu-
lated and forms a plasri mold of time, which itself follows aleatory and
stochastic laws.

Xenakis' examples of "the collision of hail and rain with hard surfaces,
Orthe song of cicadas in a urnrner field" depict situations in which there is
sucha complexity of underlying causalities thar our ability to track and ana-
lyzeindividual causalities IS overwhelmed and our only recourse is to under-
Slande\'ems10 terms of likelihoods and distributions within a statistical whole.
ForXenakis, the "calculus of probabilities" was a tool for controlling a com-
pbiry of musical event. B)T specifying a certain distribution, for example, he
oouldcauseany number of events ro fall into place.

In 1961, through friend; in Paris, he made contact with IBM-F,;ance,
~·hJchgave him a place and the tools to continue his work. A~ he said, 1 ~as
Jnferesled In automating what I had done before, rnass events like Metast~sIS-
soIsaw the computer a a too), a machine that coul~ make easier t1:e thl,~gs I
Wasworking with, and I rhoughr perhaps I could discover new things. He
"'TOte:

I .. I I' I persuasion which isn most human relations I[ IS rare y pure ogica ..
. id . . lMterrallJ1terest. NowImportant· u ually the paramount cons: eranon IS I . d h
in Ihis ca:e it was not logic much less self-interest, that arrant ge

d
t e

be '. - 'ake Yet me oorstrorhal but purely experiment for experiment s s . . . d h d
' fda half of contacts an arwereopened and ar the end 0 a year an, I . . I

' . db I frill or by trus m ustcawork "the most unusual event wirnesse Y t re I I h d rers of
24 M 1962 at rne ea quatseason lin Paris]" took place on ay

IBM-France.
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The "most unusual event" was a concert, performed by the Ensemble de
Musique Contemporaine de Paris and conducted by Konsranrin Simonovic
("brilliantly," according to Xenakis), of the music that Xenakis had composed
at IBM-France. Among his computer-generated compositions of that period
were ST/48-1,240162 (1962), for forty-eight instruments; Amorsima-Morsima
(1962), for ten instruments; and Atrees (1962), for ten instruments. And was it
necessary to use a computer? Xenakis answers:

Freed from tedious calculations the composer is able to devote himself to
the general problems that the new musical form poses and to explore the
nooks and crannies of this form while modifying the values of rhe input
data. For example, he may test all instrumental combinations from
soloists to chamber orchestras, to large orchestras. With the aid of elec-
tronic computers the composer becomes a SOrt of pilot: he presses the bur-
tons, introduces coordinates, and supervises the cont.rols of a cosmic ves-
sel sailing in the space of sound, across sonic constellations and galaxies
that he could formerly glimpse only as a distant dream. Now he can
explore them all at his ease, seated in an armchair .

•
In the early 1960s, while working at the WDR studio in Cologne, Gottfried
Michael Koenig began to study computer progranuning. He starred to write
PR1 (Project 1) because, in his words, "I needed to make a program, and so I
thought it would be good to do it in music." When he moved to Utrecht in
1964, he brought the software with him. He recalls:

I worked on it continuously. By 1967, PR1 was finished in its first version
and could be used. I had invented a structure which I could have wrirren
out as a piece of music. For me, PR1 was a composition, a structure,
based on rules-but where the rules could be used to create another piece.
In fact, l realized that I could write at the same time many other pieces.

In fact, Koenig used PR1 to compose instrumental solos and chamber
music as well as electronic music, including a large orchestra piece called
Beitrag (1986, Contribution). Meanwhile, in 1968, he began to work all a sec-
ond program called PR2 (Project 2). He describes it:

ActuaJly ... this was a testing environment, not a composing machine,
but of course I could only test it by composing music with it. I did about
three pieces with PR2. But I made most of my pieces with PR1, because
PR2 was a long complicated program and PR1 was easier to use.

PR1 grew out of serialist ideas. As Koenig said, "The model was intended
to carryon from serial technique, based on my own experience as a composer
... " Serial ism was based on a parametric description of sound, where a para-
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meterwas an attribute f sound such as pitch, loudness, duration, or timbr~.
Koenigbegan ro de ign PRJ by idenrifying the parameters with which he want-
"'[Dwork. As he said, "I rook only the most basic elementary parameters like
somethingabour the instrument, the pitch, the Octave position of the pitch' the
loudness, and rime, and restricted myself to the time between the attacks of
notes, what I called entry delay." In other words, the aspects of a musical
processthatwere of con ern to him were timbre ("something about the instru-
ment"),pitch (chosen from the twelve pitches), the Octave in which the pitch
was played, the loudness with which rhe pitch was played, and the timings
betweenthe beginnings of the notes ("what I called entry delay") which derer-
minedrhythm. Rhythm did not include the durations of notes. If a note was
longerthan an entry delay, it overlapped the following sounds, forming a chord.

He rhen began to devi e methods for changing the parameters' values
duringthecourse of 3 ompo ition. In seriaiism, each parameter's value at any
poinr in time wa determined by the series 011 which the composition was
based.Koenig continues:

PRJ wa meant to replace the very strict idea of a series, a preset order
of mu ical value, by a space in which the potential of any parameter was
to hange in any way. uppose I wanted to fill the space of an octave with
notes. I could have done it with a preset series-and I realized that any
seriescould be read III any rder-but I discarded the idea of one series
because I realized that what comes first is not necessarily the cause of
that which follows. And I realized I could replace a series with random
number.

Koenig's problem, then, was defining a general principle for organizing
values, He began to think in terms of regular and irregular patterns. Regular

.. A h id "Ipatternswere repetitive. Irregular patterns were non repetitive "". s e sal , "
maderegularity and irregularity as extremes with five steps .11l between.
Koemg,in other words, devised a pattern scale based 011 ascending degrees of
unpredictability.Step 1 was nonreperitive and unpredictable. Step 7 was repet-
1t1".Step4was in the middle. As he said, "In step 4, I Invented a kind of bridg-
Jngfunctionwhich broughr it together, so there's a balanced nuxture betwlee~
leg. ularand irregular events." Regular and irregular patterns could be app re

d . I d· "You could have ansimultaneouslyto different parameters an inrerc lange .
I .. I . .n rhythm so each was com-trreguarstrucrure 10 pitch and a regu ar srrucrure I ,

pletely,"terchangeable." if d I As an output
Insummary Koenig defined parameters and speer re ru es. d . f

&' . I . t that conrame a series 0omthe program he received a numenca prmto u d Ii d
'I' h I ted the patterns an app reva ues for each of the parameters, He r en eva ua . he ri e
h ., I 5 working on at t e tim,[em to the specific musical composition re wa
Whetherelectronic or in trumenral. went through

Through the late 1960s and into the 19;Os, ~~~s p:,~g~;~ned it up more
"nouschanges and developments. In Koenig s w ,
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and more to give the composer more influence in the input data, and to give
room for the way parameter values are selected before they're pur into that
score." In 1978, Koenig extended the program so that it could be used in con-
junction with the VOSIM oscillators, at which point the output was sound. The
extended program was called PR1X. Then, following a composers' workshop
in the summer of 1978, he made further modifications resulting in PR1XM,
finished in 1979. He used PR1XM and VOSIM to compose Output (1979)
which, in fact, grew directly from his experiments. He explains:

Although I was not trying to compose a piece of music, I was intrigued by
a particular result [eoutput). I rook a closer look at it, adjusting the input
data slightly and finally arrived at a sonic structure which was both typo
ical and aesthetically satisfying .

•
In 1970 at Koenig's invitation, Otto Laske went to work in Utrecht. He began
by working with PR1 and using the analog studio. At that time, there were
no rules, no customs, no textbooks, no guidelines for linking sounds, and cer-
tain questions occurred to him. Are there rules that apply to linking sounds?
How do these new musical tools affect the way we think about music? Laske
continues:

I started being interested in generative grammars for music. Pierre
Schaeffer had investigated how sound was structured by and in itself and
suggested a taxonomy of objets sonores. He also said that what really was
needed was a treatise on how musical objects are linked to one another.
That's what I wanted to do. I wanted to investigate linkages between
sounds by investigation into the musical process, because that's where the
linkage occurred.

For me, then, there were three notions that took on equal relevance:
competence, performance, and task environment. Competence is knowl-
edge of musical grammar, a knowledge of sound linkages. Performance is
doing, it's observable activity, the expression of competence. The task
environment is the environment in which performance is done. It struc-
tures our thinking, Our doing. We are interacting with it so we cannot
help but be inspired by it, constrained by it. In electronic music, it is some-
thing that can be designed to a composer's liking. When I choose a pro-
gram to work with, I'm designing my task environment. The electronic
music studio's relevance is not in its physical configuration but in the fact
that it was an environment that one could redesign and choose and be
aware of as a set of constraints that informed one's work.

As Laske developed his theory through the 19705 and 1980s, in experi-
ments, articles, and papers, he focused increasingly on enlarging his concept of
performance to include what he called biography, by which he meant the
wide range of experiential influences that cause a composer to make a par-
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lICularsctof musical decision. His work is distinctive beca s it. .. u e I represents
tbe nrSt sub canna I rnvesnganon into the process of composing. As L k
S3ldin the mld-1990 , "\'(Iith hindsight, I realize that my main int t

as
e. . . eres was

1tW3)'S In creanvlty ... t'I

•
AsSarryTrua put it, referring to the beginning of his electronic music studies
'lth, University of Brirish olumbia, "I walked in as a refugee from physics
admath." According to Truax, electronic music was not yet a well-established
fitldofendl!3\'or in we rern Canada, and as he added, "It wasn't that obvious
lhaq'ou could be mrere red in music and science and technology and not be a
candidatefor a psy hiarri r's couch." He finished a graduate degree and, in
19i1,went ro Urre hr for furrher rudy, He arrived just when the PDP-IS
urived,He describe the environment:

It wa a wonderful opportunity. Koenig was teaching us programming
almostas fa t as he wa learning ir himself. And there was the concept of
realtime, the idea that you could it at a clunky old teletype and program
a ingle-user system where in menu fashion you'd be asked a series of
question, you'd provide orne data, and you could try some algorithmic
approaches.

Atthe time, orrfricd Michael Koenig was teaching programming and
compositionaltheory, [311 Ternpelaars was teaching psychoacoustics, Frits
Weilandand jaap Vink were reaching analog studio techniques, and Otto
Laskewas developing a theory of music as a dynamic creative process. Laske's
work was particularly influential. As Truax said, "Laske was seeing music as
anactivity,as something rhar people did, and he was saying that we should be
studyingmusical behavior, a against musical artifacts."

Truaxbegan to develop the POD (POisson Distribution) programs. As he
re~alls,"The original printouts were tiny little subrollti.nes where} used
POisson distributions to create two-dimensional frequency-time scores. Then,
in19i3,john Chowning visited Utr-echt. He played Turenas, vi~ited the com,;
puterfacilityand said as Truax recalls "There's a better way-It s called FM.
Andthat en 'ounter led Truax to introduce dynamically changing sou~ds mto
rhePODsystem.As he recall "A couple of months later, I had a realtime ver-
S10nof FM worked out" Du;ing thar period he finished She, a Solo (1973),
lormezzo-soprano and' tape in the analog s;udio, and Gilgamesh (1974), a
rna k i ' . nents and twelve tapes,lorwor involving ingers, chorus, narrator, mstr ut ,

One of whichwa done with the POD system. . T
A. .' singly clear to ruax
os the POD programs developed, It became morea f d t

thattheyoffered the distinctive advanrage of powerful controls. He re erre 0

ltas" dtop own" composing:
. . f e uenc range," and

Icould say, "I want five sounds per second 111 this r q Y Id ddenly
I if y event I cou Sllcould do that without having ro speer y ever .
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create somerhing from the top down. And this is one of the beauties of
algorithmic composition. After all, if you get out only what you put in,
why do it? Why bother with the computer if it just produces the specifi-
cation that you've given it?

Indeed, algorithmic composition, as computer-automated composition
came to be called, was a process- rather than result-oriented way to compose.
A composer specified an algorithm and the algorithm composed the piece, and
it was a reasonable expectation that the result would exceed what the com-
poser could have done without the computer .

•
Algorithmic approaches to composition were in the air. And algorithms, in the
sense of procedures that automatically generate information, were not always
written in software. Hugh Le Caine's Serial Structure Sound Generator,
designed in collaboration with Gustav Ciamaga and built in 1968, was as
Ciamaga describes it, "a huge collection of sequencers and associated custom-
designed modules for pitch, amplitude, filtering, speed, modulation, control of
the multi-track tape recorder, control of any analog sound source, sound rota-
tion in space-the concept was to link an entire studio to one variable time
structure through several clocks." The concept was also that the modules

The Serial Structure Sound Generator, built by Hugh Le Caine with Gustav
Ciamaga's collaboration in 1968. as installed at the University of
Toronto Electronic Music Studio. Photo courtesy Gustav Ciamaga.
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coul~be ~nterconnected in any, parricular way, forming thereby an "analog
algonthm that would automatically generate information.

LarryAustin, along with many other composers at the time, had similar
thoughts.He remembers:

Through rhe late 1960s, I was fascinated by process. The process itself
wasmore irnporranr than the compositional content. These were unend-
109form, automaton , unending music, music without a beginning and
musicwithout an end, and music without a denouement, music that was
of the moment ...

In 1969, Austin bought a Buchla synrhesizer and began to create a series
ofpieceswhich in orporared automated analog synthesizer processes. The
piecesincluded Quartet Three (J 971) and Primal Hybrid (1972), both of
whichwere performed onto tape and edited, and several performance and the-
arricalpieces in luding Wlalter(1971 ), for viola, viola d'arnore, tape, and films;
Prelude and Postlude to Plastic Surgery (1971), for keyboards, film, and tape;
andhnt Falltasyon lues' Universe Symphony-The Earth (1975), for double
bra quinter, narrator, and tape. Austin continues:

Imade rnusi that wa unpredictable in its event and timbral characteris-
tics. I used the sequencer, and interrupted it with the touch controller so
[hat the rate at which it was sequencing could be controlled by my per-
formance. I also u ed Buchla's pink noise generator at control frequen-
cies. I called the whole thing "the composing machine," although it was
actually an improvising machine. What [ wanted to do was to have a
wholebunch of equencer and automated processes going at once and at
different speed, and I wanted these to interact, s? that ~acl.l process
would interact with another process. My model was improvrsanon. I had
gotten the machine to improvise .

• • •



CHAPTER ELEVEN

INTERACTION

In 1966, I got an idea. I drew up a plan for a completely automated synthesiz-
er system, discussed its feasibility with Robert Moog, described it in all article
in Perspectives of New Music, and got the funding to have it built. That sys-
tem, which I called the CEMS (Coordinated Electronic Music Studio) System,
was ordered from Moog in 1967 and installed in the electronic music studio at
the State University of New York at Albany in December 1969. In addition to
an extended array of sound-generating and processing modules, an automated
matrix mixer, and a digital clock, the system contained a bank of eight analog
sequencers with customized logic hardware for running them synchronously,
asynchronously, in succession, or in any combination. A distinction of sons, it
was the world's largest concentration of Moog sequencers under a single roof,
and after a few months, I was able to program a pseudo-random process suffi-
ciently complex to automate an entire composition. In Drift (1970), for exam-
ple, icy electronic sounds swooped automatical1y through a virtual space with-
out my intervention or control. It was the realtime equivalent of algorithmic
composition. I simply listened while the system was producing sound and while
it was deciding what sounds to produce.

In a performance of Ideas of Movemem at Bolton Landing (1971) a few
months later, I was using joysticks to control oscillators, filters, modulators,
amplifiers, and several sequencers. The sequencers, configured to generate
pseudo-random patterns, were also controlling the oscillators, filters, modula-
tors, and amplifiers. And I was also controlling the sequencers. It was a com-
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JoelChadabe,U?rk;,~gwith the CEMS [Coordinated Electronic Music Studio) System
at State University of New York at Albany in 1970. Photo by Carl Howard.

plexnetwork of modular interconnections which, as intended, caused a certain
balanceberween predictability and surprise. Because I was sharing control of
themusic with the sequencers, I was only partially controlling the music, and
themu ic, con equently, contained surprising as well as predictable elements.
Thesurprising elements made me react. The predictable elements made me feel
that I was exerting some control. It was like conversing with a clever friend
whowas never boring but always responsive. I was) in effect) conversing with
a mu ical instrument that seemed ro have its own interesting personality.

Echoes (1972) was a different specific instance of the same general
approach. In a performance of Echoes, sounds played by an instrumentalisr-e-
at different times percussionist Jan Williams, violinist Paul Zukofsky, cellist
DavidGibson, and trombonist James Fulkerson-were delayed for a few sec-
onds in a tape delay system, then randomly transformed through electronic
processing,and then randomly routed to four loudspeakers around the perfor-
mancespace. Williams) for example, would play something, and a few seconds
later,a transformed echo from somewhere in the space would provide him with
a cue for how to play the next sound. What was it like to perform Echoes?
Williamsdescribes it:

It demanded a new performance technique, attaching the microphone to
a stick and holding the stick under my arm so I had both hands free. And
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it was a whole new thing, a whole new way of thinking about what I was
going to play. I wasn't sure what was actually going to come back to me
in the performance. So ir wasn't a kind of rhing I could really rehearse. I
remember that we developed strategies for a performance, rather than
specific musical results. And it came naturally, deciding which sounds to
play next. It was deciding on the spot what I was going to do. Sometimes
I got in trouble and sometimes something didn't happen so I tried some.
thing else. It was a very dynamic performance situation.

In the following few years, the hardware systems I used in performance
became smaller and more portable thanks in large part to Daisy, a compact
pseudo-random signal generator built for me in 1972 by visual artist and elec-
tronics designer John Roy. We carried Daisy instead of the sequencers to con.
certs. In 1976, the srudio acquired a small PDP-II computer, and Roger
Meyers, a student in electronic music, joined me as a partner in developing soft--
ware. Meyers and I set up a hybrid system, and in the summer of 1977, we
wrote the PLAY Program, basicaJJy a software sequencer that we could run on
the PDP-ll to control the analog synthesizer.

Meanwhile, years earlier and at my request, soprano Irene Oliver had
recorded a rape of spirituals. I played her tape rhrough the compurer system.
Meyers wrote software that tracked rhe pitches that she sang. I configured the
equipment so that the software would control the analog equipment in trans-
forming the vocal sounds to produce, if not exactly an accompaniment, per-
haps, a setting. The result, which I called Settings for Spirituals (1977), was an
unusual combination of tradition and technology.

In traditional composition, music is typically composed before it is per-
formed. Drift, Ideas of Movement at Bolton Landing, Echoes, and Settings for
Spirituals grew out of a very untraditional approach to using technology. They
were different examples of what I referred to at the time as a design-then-do
process. The design stage was the specification of the system that would pro-
duce the music, which included a definition of the nature of the performer's
interactions. Working with the CEMS System, the design stage was a matter of
configuring module settings and interconnections and deciding what a per-
former would do. The do stage was the functioning of the system to compose
and simultaneously perform the music .

•
Meanwhile, in the mid-1960s at the University of lIIinois, Salvatore Martirano
was building his Own instruments, first because there was so much electronic
building and designing going on in Urbana and, second, because in his words,
"My father was a builder of public buildings, so building was part of my grow-
ing up-building instruments was a normal idea for me." Martirano had built
a spatialization system to use in Underworld (1965), for actors, instruments,
and tape. During that same period in 1964 and 1965, he had also been work-
ing with a piano technician at the University of ll1inois to build a piano-harp in
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whichea h string would have a dedicated magnetic pickup. The harp was ver-
l1c~1so rhar ir could be played on the piano keys or plucked on the strings from
asl~,"gpo mon, As ~artlra~~ explained, "I always thought that the pianist's
be~,"dfrom a standing p~sltlon leaning over a normal grand to pluck the
stnngswas rnosr unarrracnve and distracting for the listener-the idea behind
this insrrume.nrwas, once. we had the string sound electronically amplified, to
gothrough Signal processing of some kind."

At the same time that Martirano was beginning to build instruments his
sense of musical structure was evolving. As he put it, "Serialisrn was in the air:
itwa all around," and his early interest in serialism had evolved, by the time
ofCocktail Music (1962), for solo piano, into a system of underlying patterns
and permutation . Martirano explains:

There's the pre entation of an idea and then the complement of that idea.
ornerime the complement is presented later, and at a certain point the
complement is implied and not presented at all. So the question comes up
of how far )'OU are going co be able co trace the pattern. It's almost like a
test.

In 1966, he saw a demonstration of the Heathkit Analog/Digital
Designer, a device designed to help someone learn digital logic. He read
Malmsradr and Enke's Digital Electronics for Scientists. In 1967, he built The
Malmstadt Enke Blues, an in trument based on algorithms and pattern manip-
ulationand, with video artist Steve Beck, performed several concerts. He then
gotin touch with James Divilbi s, principal engineer for the IIIiac II, a parallel-
processingcomputer built at the University of Illinois. Divilbiss, who was at the
timedeveloping a computerized machine co punch holes in player piano rolls,
had a strong interest in music.

In 1968 Martirano and Divilbiss built the Marvil Construction, a real-,
rimeperformance instrument, a sketch of what was ro come. In 1969, they
beganwork on the SalMar Construction, One of Marrirano's concerns was
howit would be played. He discussed the issue with Divilbiss: "I was talking
with him and said 'You know it'd be really good to have a touch-sensitive,) . .
switch.'> Divilbi s developed a touch-sensitive switch, and as Mart~rano
recalls,"the interesting thing was that it could be both manually and logically
driven-that was very important because it placed the performer 111 the loop
allowing user-machine interaction." .

Divilbiss then recommended thar they expand the collaboration to
includeSergio Franco, who eventually based his PhD dissertation on it. The
teamquickly grew to become Martirano, Divilbiss, Franco, RlCh.a:d Borovec
(whohad been chief engineer for the IIliac II), and JayBarr [technician for B~I
Telephone). Everyone made contributions. DIVIlblss deSigned,. sketche ,
d d . f a computer fire at thecnate salvaged electronic components rom . .' he
Universityof Illinois digital com purer lab, and had the SWitches bUl)thln dt

Computershop. Franco designed the analog cards. Barr wire-wrapped t e Ig-
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ital logic boards. Martirano designed the data-generating circuits. And
Borovec designed the multiplexer for the distribution of sound through rwen-
ty-four loudspeakers. Eventually Josef Sekon and Terry Mohn, both com.
posers, came into the project.

All of the circuits of the SalMar Construction were mounted in a large two-
section metal frame. The lower section was a control console that contained a
large plasterboard surface of touch-sensitive switches, lights which indicated
whether the switches were on or off, and digital control circuits. Marrirano
describes the logical process: "A data base, consisting of a programmable-width
shift register whose parallel output fed a programmable-width Exclusive Or
gate, whose output fed the serial input of the shift register, produced number
sequences-this was organized such that sequences controlled sequences in a
tree from macro to micro," The top section contained the analog cards (oscilla-
tors, filters, amplifiers) for sound generation and shaping, and there was a patch-
ing matrix which connected the digital control circuits on the bottom to the
sound-generating electronics on top. Emanating outward from the body of the
instrument were audio connections to twenty-four polyplanar loudspeakers-
thin and light, typically hanging from the ceiling of the performance space about
fifteen feet apart-and four large loudspeakers to boost the bass.

The SalMar Construction was finished in 1972. In performance,
Martirano stood or sat in front of the control console and moved a finger over
the switches. There were 291 switches multiplexed to control four concurrent-
ly running programs. The programs controlled the four voices in any of four

This photo of the Sa/Mar
Construction was taken in Salvatore

Martirano's studio in Urbana, Illinois,
in 1977. Note the complexity of

patch cord connections between the
performance panel and the synthesizer
circuit boards in the top racks. Photo

by Joel Chadabe.
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differenttuning m~dcs. orne switches were dedicated to cause change in all
fourprograms, while others affected change in only one program depending
uponrhe level of control Martirano had selected. The control system had a
"zoom-lens" characteristic in that Marrirano could move from level to level
throughout the control hierarchy, from macrostructure to microstructure. "In
~rforma~ce," he said,. "I can change my relationship to the sound by zooming
inon a mrcropro ess, fiddle around, change the process or not, remain there OJ
rum my attention to another process ... '" And the sounds whizzed through the
network of loudspeakers in four simultaneous paths. How did it feel to per-
form?He an wers:

It was too complex to analyze. But it was possible to predict what sound
would re ulr, and this caused me ro lightly rouch or slam a switch as if
this had an effect. Control was an illusion. But Iwas in the loop. [ was
trading swaps with the logic. Ienabled paths. Or better, I steered. It was
like driving a bu .

•
TheCEM ystern and the SalMar Construction were the first interactive com-
posinginstrument, which is to say that they made musical decisions, or at least
seemed to make musical decisions, as they produced sound and as they
responded to a performer. The e instruments were interactive in the sense that
performerand instrument were mutually influential. The performer was influ-
encedby the music produced by the instrument, and the instrument was influ-
encedby the performer's COil trois. These instruments introduced the concept of
shared,symbioric control of a musical process wherein the instrument's gener-
ationof ideas and the performer's musical judgment worked together to shape
the overall now of the music.

The CEMS ystern wa a general-purpose system of modules that was
configured into a pecific instrument for a specific composition .. -:he SalM~r
Construction was always a specific instrument producing a ~peclflc com~osl-
non, But rhe idea was the same. When an instrument is configured or built to
play Onecomposition, however the details of that com'p0.si~ion mi~ht change
from performance to performance, and when that music IS interactively com-
posedwhile it is being performed, distinctions fade betw~en mstrument ao.d
music,composer and performer. The instrument is the music. The composer IS

the performer. The thought brings ro mind the words from a Yeats poem:
"How can we know the dancer from the dance?"

•
InNovember 1977 I drove ro New England Digital Corporation in Norwich,
" ' . I . It as not however a normalvermont, and drove away With a Sync avter; w .' , I
5 I . hesi te 11 which allowed for deve -yncavter; It was a computer-and-synt esizer SYS I d .
. . id . ty of performance evrces.OPingoriginal software and connecting a WI e vane f h fI ibl d

Inearly1978, Roger Meyers designed a softwate structure or t e eXI e an
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interactive scheduling of musical events. I began to compose Solo (1978),
which meant writing a specific program within Meyers' structure. Here is my
description of the way it worked:

My software automatically composed the notes of a melody. The melod-
ic concept was based on a clarinet improvisation by J. D. Parran thar J
had heard in New York, notes scurrying through wide register and tempo
changes. In Solo, eight electronic voices-two clarinet sounds, two flute
sounds, and four vibraphone sounds--converged and diverged around
the melody.

I performed with two proximity-sensitive antennas, actually rherernins
modified to communicate with the computer without themselves making
sounds. The first antennas, built for me by Robert Moog, were about five
feet in height and a half inch in diameter. Later, 1 used Volkswagen car
antennas, which could be collapsed into an equipment case for carrying
to concerts. In a performance, the antennas were placed on the stage
about three feet apart. As I moved my right hand towards at away from
the right antenna, I controlled tempo by increasing or decreasing the
duration of each note. As I moved my left hand towards at away front the
left antenna, I controlled timbre by bringing in or fading out the different
sounds. The gestures of moving my arms in the air to control tempo and
cue instruments in or out reinforced the performance metaphor of con-
ducting an orchestra. It was, in fact, an "improvising" orchestra. f would
cue two "clarinets" to play slowly, for example, but I could not foresee
what chord they would play. 1 was always performing the next note on
the basis of the last note. And because I could not predict the instrument's
contribution, I could not completely predict the result, so I would be

Joel Chadabe performing
Solo (1978) i,,1979al The
Kitchen in New York City.
The antennas were modified

therernins made for
Chadabe by Robert Moog,
and Chadabe is using them
to "conduct" the musical
processes generated by the
Synclauier system on the

table behind him. Photo by
Carlo Carnevali.
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reactingto what I heard in deciding how to perform yet the next event. It
was like a conversation with a clever friend.

I did several other compositions with the Synclavier system, among them
Playthings(1978), an interactive installation where the public was invited to
playwith the antennas; Scenes from Stevens (1979), a reference to Wallace
Srevens'poetry; Several Views of an Elusive Lady (1985), for soprano and tape;
andBarMusic (1985), played on a keyboard with some of the keys used as con-
trolkeys. I worked extensively in performance with Jan Williams, percussion-
ist,inRhythms (1980) and Follow Me Softly (1984). But it was Solo that most
closelyfollowed from the interactive concepts of the earlier Ideas of Movement
atBolton Landing and Echoes. It was Solo, consequently, that best represent-
edrhe ideaof interactive composing. In 1981, I was invited to deliver a keynote
addressat the International Music and Technology Conference in Melbourne,
Australia.In preparing for that conference, I coined the term interactive com-
posing to describe a performance process wherein a performer shares control
of themusic by interacting with a musical instrument.

•
GAIV (Groupe Arts et inforrnatique de Vincennes / Computer Arts Group of
Vincennes)was founded in 1969 by Patrick Greussay, composer, and Herve
Huirric,painter, at the Universire de Paris VIII a Vincennes. They were soon
joinedby several other, among them painters, poets, a filmmaker, and musi-
cians,and GAIV became a loose association of several people linked by their
interestin using computers in the arts. The members of GAIV produced events,
exchangedideas, and in general worked together. Giuseppe Englert joined in
thespringof 1974. As he remembers, "The equipment was terribly primitive-
theonly output was a line printer, so the painters made graphs which were later
paintedby hand and the musicians printed schemes for improvisation."

In 1974, GAJV was given an Intel 8008, one of the early small. comput-
ers,It was programmed at first by toggling switches to input machine code.
Thenan old teletype was acquired, and Patrick Greussay wrote an assembly
languagecalled Intelgreu (Intel + the beginning of Greussay). DACS were built
so that the system could be used to control analog synthesizers. As Englert
recalls,"We had four or five VCS-3s, and we could hook them together and
Controlrhem with rhe Intel, which allowed us to travel and do live perfor-
mances-we did group concerts in France, Italy, Germany, and SWltz~r1and
from1974 to 1977." Englert had bought a VCS-3 as early as 1970 and 111 col-
laborationwith his students at the university had composed several pieces,
amongthem Exemple (1970 Example) and Experience pour Como (1970,
E . '.., h other GAIV composers-'penmenr for Como). And hIS collaborations wrt
whichby the mid- 1970s included, in addition to Englert and Greussay, Jadcqh"es
A . d Didier Roncin-e-move irnrv"ller Marc Batrier Gilbert Dalmasso, an I I' .
I, , . d II b rive systems cu mmaung

C usertoward automated inreractive, an co a ora I , . . P .
. , 1978 h Porte de la SUisse 111 arts,tnagroup performance on January 10, at t e... (S
IId . d 'llm-ordmateurs... evenca e Sept heuresd'actiuites contmues autour e n
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hours of continuous activity involving mini-computers ... ) to which Englert
contributed Girolles et Autres Cbampignons (1978, Girolles and Other
Mushrooms). Englert's pieces during this period were largely based on ideas
developed in four programs---<:alled Melanzane, Fragola, Basil 2, and Girolle,
referring respectively to eggplant and strawberry in Italian and basil and a type
of mushroom in French-doubtless finished and named late at night after a
dinnerless evening and/or, as Englert points out, named according to his sense
of "time definition referring to the season's fruits or mushrooms."

There was a major advance in 1978. As Englert tells it, "I bought a
Synclavier and put it at the disposition of the group, and, of course, that stim-
ulated the activity of the group enormously, both in the quality and quantity of
the compositions done-there have been periods that the Synclavier was work-
ing twenty-four hours a day, seven days a week, including Christmas Eve and
New Year's Eve, and for some of my colleagues, this opened up a new world of
possibility for them to express their musical thoughts." Didier Roncin then
built a sixteen-channel control device consisting of two joysticks and twelve
sliders, which was, as Englert described it, "the ideal tool for realtime perfor-
mance for all members of GAIY." Englert wrote his own software for the
Synclavier, which allowed him great freedom in making unusual sounds: "I
could invent even sounds that could not exist in nature, sounds that live, that
are never static, that are constantly moving-I wanted to hear sounds that 1had
never heard before and that did not imitate any sound that I had heard before."

But he had equal concerns for performance interaction: "When I wrote
software for electronic music, I reserved the necessary space for realtime inter-
action because r knew that I would be the performer of the composition."
Englert, in other words, saw a composition as an interactive system. He said:
"We can, then, describe composition as the realization of a network of inter-
active processes that engender other, equally interactive processes such that the
musician is just a link in the chain of processes." In performing his Juralpyroc
(1981), the software made choices for sound contours, durations, timbre struc-
tures, and pitches according to probabilistic algorithms, and Englert, perform-
ing at a computer terminal, interactively weighted the probabilities, causing the
program to produce more probably certain specific results. He continues:

They are neither musical sequences nor sound events that I formulate in
my computer programs. I program algorithms, criteria for decision, scales
of priorities in case of conflict, choices within a determined field of pos-
sibilities. The computer can act autonomously to compose my music, bur
only up to a point. At that point, I intervene ...

And as time went 011, Englert's thoughts and music evolved. His electronic
compositions during the period included Quatuor 'S' (1979), Les Dits d'Arnen-
botep XIX (1980), Suite Ocre (1984), and Model'S' (1984). He continues:

Pretty soon I had the feeling that manual intervention from my side cor-
responded to a weak point in the program. In other words, that I was nee-
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essaryto opti~lize the program's decisions and operations. If the program
were perfect, It should be capable of making all decisions during a per-
formance without me being there. A utopia, of Course. But my ultimate
goal was uropian. It was to write the perfect program. I am the benefi-
c.iaryof a we~tern music e~ucation to such an extent that the feeling of
right propornons concernmg density, time and sound in a musical dis-
course has become parr of my being. Now, if I want to write the perfect
program, I have to be able to formulate what I have almost unconscious-
ly inside me as rules that the computer can follow.

In Englert's reasoning, a computer can follow those rules to their logical
endsand think of things that the composer has not thought of or remembered
orexperienced. He concludes: "The perfect program will think as I think but it
willbe more original because it will not be constrained by the limitations
imposedon me by my memory."

•
Meanwhile,at Mills College in the mid-1970s, the League of Automatic Music
Composers,and then The Hub, developed ideas of interacriviry in the context
ofnetworkedcomputers. The League, as it was often called, came together at
firstthrough the mutual interests of Jim Horton, John Bischoff, and Rich Gold,
allof whom had been graduate students at Mills during the early 1970s.
Hortonwas the ringleader. His firsr public appearance with a K1M-1 com put-
er was inOctober 1976 at the Explorarorium in San Francisco. Jim Horton and
JohnBischoff tell the story:

]H: Ihad seen an ad in an electronics magazine for a computer on a board for
$250. I borrowed the money and sent off for it, with a coupon. And, sure
enough, UPS hawed up with this little computer.

]B: I remember seeing Jim's computer on his table. It was like science fiction.
fH: It was like an underground frenzy. There was a huge number of people

interested in this kind of music, and it all seemed to fit in With the Mills
scene. So in 1977 Rich Gold had his system set up and I had my system
set up, and we started hooking them up together. And then, within a cou-
ple of months, John Bischoff and I had interconnected computers. .

fB: I'd gotten my K1M-1 through my contact with Jim, and I made a piece
making sounds and pitches based on random numbers. It was all auto-

matic. did'
JH: When John wasn't playing, my system would play just-intone me ales,

and then when I received something from John's system, [ would use thadt
h . f h . A -id then we'd steer It arounas r e tome roue for a system 0 armomes.. I .. II

a little bit with the keyboards, trying to trick the system into being we
behaved ...

In early 1978 Horton and Bischoff played a concert at SaintLJohn's
Churchin Berkeley. 'In May 1978, they played separately at the Blmd em on,
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The League of Automatic Music Composers in concert at Fort Mason,
San Francisco, 1980. Left to right: Tim Perkis,jim Horton.Lohn
Bischoff Photo by Peter Abramowitsch. Courtesy john Bischoff

an old blues place in Berkeley that had been turned into a new music spot. On
July 2, 1978, Horton, Bischoff, and Rich Gold played a concert together and
for the first time called themselves the League of Automatic Music Composers.
In February 1979, they began to present concerts every other Sunday afternoon
at the Finnish Hall in Berkeley. As Horton describes it, "They used to have
communist party meetings in the back of the hall, but they were elderly com-
munists-they were doing posters on how bad the health care system was, and
so on, so we would set our equipment up on a table, and people would come
in and sit around, and we'd talk, and we'd demonstrate what we were doing."
Rich Gold dropped out after the first few weeks, and Tim Perkis, a video artist,
joined the group.

During the period 1979 to 1983, the League concertized extensively in
the Bay Area. One memorable concert was at the New Music America Festival
in 1981 at Japan Center in San Francisco. Perkis begins the tale of woe: "We
went out on stage and turned up the volume and nothing happened-the guy
in the sound booth couldn't believe that it was what he should be hearing, so
he refused to turn up the sound." And Horton continues, "He just couldn't
believe that anyone would play music like this, so he thought he was helping
us-oh, what a disaster!"

The group ended its activities in 1983, partly because Jim Horton
dropped out for reasons of health and partly because, as Bischoff reflects,
"We'd played for quite a while, and it was time to move on." Perkis observes,
"It had just run its course." In 1982, shortly before the group disbanded, Chris
Brown was driving up Franklin Street in San Francisco listening to the League
play on KPFA. "It just knocked me out," he said later, "it was electronic, but it
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hadthisfeeling of i~pro.vised mu ic, that everyone was talking at the same time
3n.d)~=eryonewas II re~m~ at the sa.me time, a~d.I thought, 'How did they do
[hIS. They had done It, In fact, with great difficulty. Connecting their com-
purer together for a concert had been a wire-by-wire matter. As Perkis remern-
hers,"lr rook hours to set up."

The idea of c.om~uter-n~twork music, however, remained so compelling
""n after the official dissolution of the League that they all continued to think
abouthow ro make connectivity easier. And then Perkis got an idea. In 1984,
heand Bi hoff built a connecting box and called it The Hub. They used it in
aconcerrin August 1985 at The Lab in San Francisco. And it gave rise to a new
group, also called The Hub, formed by Tim Perk is, John Bischoff, Scot
Gresham-Lancaster, Phil tone, Chris Brown, and Mark Trayle,

A a matter of normal procedure, each member of The Hub would design
a piece that would be played cooperatively by everyone. In Phil Stone's Is It
Borrowingor tealingi (1987), each player played a melody of his own choos-
ingand elecrroni ally reported to the group what he was playing, whereupon
theother players were free to borrow or steal this melodic information and use
irinsome way. In Tim Perkis' The Minister of Pitch (1988), one player was
responsiblefor making rhythmic decisions, another for pitch relationships, and
yet another for different aspects of the timbre. As Bischoff sums it up, "The
emphasiswa on the network being a shared instrument. II Brown adds, "Pieces
doneby The Hub defined ways of interacting." And Gresham-Lancaster
devisedaMIDI interface system that served to coordinate the group's cornmu-
rueations,allowing everyone in the group to write his own software and use his
OWncomputer and synthesizer.

The group's interactions, in short, were modeled not on a normal music
improvisationgroup but on a shared, interactive network. It was a particular-
lyappealing idea that metaphorically suggested a global-village method for
bringingindividuals, even individuals with different personalities and ways of
working, together in an active collaboration .

•
In 1975, the Merce unningham Dance Company commissioned David
Ilehrmanto compose Voice with Melody-Driven Electronics. Behrman had
beena rouring musician with the company since 1970 and, like DaVId Tudor,
hadbeendesigning and building his own instruments. For VOIce WIth Melody-
D' £1 . . f . h that controlled special err-rIVen earontcs he built an array a puc sensors
cuitswhich switched chords from one preset tuning to another, so th~t w~en

. .., . h h hords would change III pitchan instrumentalistor mger hit a preset prtc ,t e c .
a dI d . "V . I mini ma] music.' There weren au ness. As Behrman put It, cry simp e, . .
rh . . .. ". -th Melody-DrIVen Elearonics,re<spetlflCpieces based on this Idea: vorce WI .. id Gibson'
forJoanLa Barbara' Cello with Melody-Driven Electrolllcs, for Davi ,

d' . f G don Mumma. Mercean Trumpet with Melody-Driven Etectronics, or or 11
C . hi .. s As Behrman reca s,unnmgham incidentally supported IS mUSICIan. d d b
"0') , . . Id ive concerts pro uce yccaSlOnally, the Cunningham mUSICians wou gI
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the company in conjunction with a tout-I remember in early 1975 they flew
David Gibson out to Chicago to perform cello in a performance of my Cello
with Melody-Driven Electronics."

Then Behrman started to work with a computer. As he tells it, "I went to
work ar Mills College in 1975, and in 1976 these little computer kits came out
and you could actually buy one and experiment with it-the Bay Area atmos-
phere was very supportive of the idea of using small, inexpensive new micro-

The photo on the left shows
David Behrman in his studio
in 1977 with a KIM-!

computer and his system of
sound modules.

The photo below is a closer
view of the sound modules.
Photos by Joel Chadabe.
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computer,and there were people around who knew about them, like Paul
DeMarinis,Jim Horron, John Bishoff, Bob Gonsalves, and Frankie Mann, and
soIgot a KIM-I compurer and srarred learning how ro program it."

The benefir of the KIM-l was greater musical flexibility and ease in try-
ingthingsour. As Behrman said, "I had a strong interest in the changing states
of nerworks of logic gates and overlapping events-my musical interest was in
harmonicchanges rhar were made partially by willful actions and partly by
automaticcircuits, so now I could easily change in software the processes that
I'ddeveloped in earlier pieces in hardware, like melody-driven electronics." His
Ollihe Other Ocean (1977), for computer, six pitch sensors, homemade syn-
thesizer,flute, and bassoon, was a full-fledged example of interactive compos-
ing. The computer interpreted the order and timing of pitches played by the
instrumentalistsand, in response to certain patterns, chose which sound to gen-
eratefrom a wide range of chords. As he later wrote, "The relationship
betweenrhe two mu icians and the computer is an interactive one, with the
computerchanging the electronically-produced harmonies in response to what
themusiciansplay, and the musicians being influenced in their improvising by
whatthecomputer does."

•
In1976,George Lewis, trombonist and composer, visited Mills College, and so
tospeak,the small-computer bug bit him as well. As he said, "It was the first
rimeI aw compo ers working with small computers." He continues:

Thedeciding moment was at David Behrman's house, and there was th~s
network going on with KIM-Is, and they had them all hooked up, and It

sounded like improvisors. Ihad no idea you could get computers to do any-
thing like that. Behrman and the others were encouraging. It's really irnpor-
ramto encourage people. I remember that my experience with technology
was very di couraging until I met these people, and so I got a KIM-? and
Startedto learn how to program it. David Behrman was my mentor. I d ca!1
him up and ask him these stupid questions. I looked at the programmer s
manual. My first question was, "Why do I have to read this book?" It was
frustrating tediou. 0 [ got something to work. I typed 111 a sample pro-

~ . d I k d "Well what have Igramand It gave me the fight answer, an as e " .
done?"Then I asked, '"Well, how do you make music with it?" It was like
I . . b I· II rd what I remember wasearrung how to represent things sym a lea y, at
. . I I ent all my rent moneytrying to figure out how to get It to P ay notes. sp .. the

Onthis KIM-J computer. I had to figure things our about tlmll1t. fro";,ollt
programming book I aid "Look, I don't understand a damn t II1ga d
thisb k." dD··d ·d'" I had to read it eight times." So I develope a

00 ,an aVI sal , .. . h d and Iwas
personal technology. I realized that there was this Idea 1I1 my ea
t: . . I·k . re paper or whatever.IIgunngour how to represent It, I e sea

. I d I tronics among them Trio byMany of Lewis' compositions Il1VO ve e ec , . bles:Ca (1977) f r electtolllc ensem ,ndlelight(1977) and Chicago Slow Dance , 0
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Atlantic (1978), for amplified rrombones with resonant filters; and The
Imaginary Suite (1978), for tape and instruments. His first piece with a com-
puter was The KIM and I (1979), for microcomputer, synthesizer, and impro-
vising musician. As he recalls, "It was a simple bass player, like a jazz bass play-
er, and it would concatenate little melodic cells-no notion of making
melodies, just little sequences switched around, and I just played around with
that." In The KIM and I, the computer did not react to him. It just played and
he played along with it. But by that time, David Behrman had finished On the
Other Ocean. As Lewis remembers, "He had made pieces that were listening,
and I started to think about how to get that to work."

Lewis' electronic compositions during the next few years included
Chamber Music for Humans and Non-Humans (1980), for computers and
improvising musicians; Minds in Flux (1980), fat tape; A Friend (1980), for
dance and tape; Homage to Charles Parker (1980), for electronics and instru-
ments; and Unison (1978, revised 1982), for soloist and score-following inter-
active computer program. In 1984, he finished Rainbow Family, an interactive
composition for computer with pitch sensor, synthesizer, and acoustic melody
instrument, in which the computer listened and improvised. He described the
basis for his idea:

In performance, musical decision-making is much more immediate than
it is in traditional composing. Many snap judgements are made. Some
kind of context control is necessary, and I'm trying to help my machines
understand musical context. Since good improvisors can't listen to every-
thing, they have to keep track of the context in which they place the
sounds they're making and hearing. You have to find the structure in
what you've just played and heard or, if necessary, posit it or another
structure as a point of departure. Improvisors often work in terms of
rather loosely defined "shapes," which can be defined in terms of char-
acteristics such as volume direction, pitch direction, duration, rhythm
regularity, pitch or duration transposition, time between major changes
in output or input, pattern-finding, and frequency of silence. You don't
need or want an exha ustive transcription, but instead a fast, general
analysis of what's happening at any given moment and what's been hap-
pening. This requires massive, but musically important, data reductions.

He carried the idea of an improvising computer further in Voyager (1987),
for soloist and, as he put it, "interactive computer music composer-listener."
The software for Voyager analyzes aspects of the soloist's performance while the
soloist is playing and decides accordingly what music it will generate. The result
is two independent musical streams of activity, one played by the soloist, one
played by the computer, each influencing the other. Lewis explains:

When you're playing with someone else, you're finding out what they
know about music and where they're going. Some players ask, "What
happens if I do this?" and if the machine doesn't respond the way it's sup-
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posed to, they war.ry ",It's supposed ro be instantaneous response to the
do-what-l-rnean principle, But if everything is going along with the per-
formerall the time, It can get boring, because the performer is then com-
pletely respon ible for everything that's happening. So I try to get the
compurerto do its Own thing as well as follow a performer. And as soon
as the computer generates something independent, a performer can react
ro that and go with it.
The idea is to get the machine to pay attention to the performer as it

compose. So there's an analysis of what's going on, and the analysis
informsthe composition. Let'S say it's the pitch you have to analyze first.
First you're looking for low and high. Then you map it onto the MIDI
space, by register or by ocrave. Then you get a second pitch and you map
(hat to intervals, averaging the pitches over time, so there's an idea of
where someone i playing. Then the whole thing is mapped to stability
overtime, to see if it changes much or doesn't. Then we get to intervals.
Whar' the average interval, the instantaneous interval? Then it's time, the
duration between onsets. It's like the accumulation of a lot of derails,
My big thing is averages. So we're talking about analyzing basics like

high-low, fast-slow, dense-sparse, oft-loud. We're talking about pitch,
whichgoes into register or octave. Then volume, then average volume or
range. And interval width, average width, and a notion of stability in
interval width. Then you can map all of that to the output .

•
In 1979, David Rosenboom joined the faculty at Mills College. But his work
hadbegun in the mid-J960s in New York. He describes the starting point:

I felt that we needed more broadly applicable theoretical models for
music.The well-developed theories were so limited in their stylistic focus,
andthere were so few theories, that it seemed interesting to me to st~rt by
looking inside the brain and work outward toward musical experience.
What this led me to wa an exploration of ways in which we could look
3( brainactivity in relation to musical experience and try t~ c?l11e up With
somemodels that we could use to create algorithms to put 111 Instruments.

In 1968 Rosenboom began to work in the lab of Les Fehmi, a biofeed-
ba k h' ., f N Y k at Stony Brook. In 1970, hec researc er at State University a ew or. f h Sk! (1970)
wentto work at York University in Toronto. HIS Ecology 0 t e In h
Was basedon the idea that a listener's psychological state, as reflected bY

j
alp a-

h hm Id be used to contra music.r Yt brain waves detected by EEG sensors, cou II" hi h
H li Id by contro 109 IS or ere soon developed a situation where a isrener cou , . "I
P h I db k es steer the mustc: was'yc 0 ogical state through biofee ac process , " I
I ki . h h human nervous system. n
00 mgforan extended musical interface WIt tel' Y k HI's next
1972 h f E " t I Aest lWCS at or ., e formed the Laboratory a xpetlmen a , S (1972) where
Works-among them Portable Gold and Philosophers tones ,
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the sound was controlled by brain waves, galvanic skin response, and body
temperature; and Chilean Drought (1972), where the performer's state of mind
was affected by the emorionally charged content of the piece-were based on
biofeedback. As he said, "It was very stimulating because the cybernetic feed-
back model provided a means to stabilize or develop control over inrernal
processes, and I was interested in investigating those processes."

The most elaborate of Rosenboom's feedback pieces was 01'1 Being
Invisible (1977), a music-theater composition first finished in the mid-1970s
and then revised as 01'1 Being Invisible lJ (1995). In On Being Invisible, the
underlying feedback process was based on detecting ERPs (Event-Related
Potentials), very "soft," difficult-to-sense transient brain waves that are relat-
ed to very specific perceptual and information-processing events. As
Rosenboom explains, "Evoked responses are very tiny, and in order to extract
them from background information, you need to use a lot of complex signal-
processing techniques, and you can't tell the computer when to start these
processes unless you know where and when to look. l) He continues:

The computer generates some starting musical structure. Embedded in
the computer software is a partial model of perception with which the
computer is analyzing its own output, the purpose of which is to allow
the computer to make predictions about which events or changes in the
sound are likely to be perceived by an attentive listener as perceptually or
structurally significant.

His computer model, in other words, was based upon his assumptions
regarding, first, the ways in which musical events are parsed (divided into
groupings like phrases, gestures, patterns) and, second, which of the musical
events would be perceived by an attentive listener as landmarks in this process.
If his assumptions were correct, then what the computer perceived as an impor-
tant change in the music would probably match what the attentive listener per-
ceived as well, and the computer would then know when to search for ERPs in
the listener's response. He continues:

So to predict when to look, the computer analyzes its own output and
then records a performer's reaction and, provided the performer is paying
attention, it looks to see if ERPs are present. If they are, the computer
says, "Yes, my prediction was correct. That moment was structurally sig-
nificant." Then the composition algorithms take over and decide how to
make the music evolve in relation to this feedback. So what happens is
that from any starting point, the music will organize itself and evolve
according to its feedback. When the computer analyzes higher-level pat-
tern groupings, it says, "Given what's happened in recent history, what's
the mosr likely thing that will happen next?" It looks for evoked respons-
es when new things like surprises or anomalies in the patterns occur. And
if it fails, it tries again.
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And are there any special qualifications for a performer of this music?
Rosenboomanswers:

I look for performers who can control their attention. It's harder than it
mayseem. Performers of this music have to ride a fine line that divides
the tWOStates of volitional control and passive involvement. They have
to findways to gain control of their intentional focus and then make sub-
tle shifts in their attention. They have to make careful decisions about
when to be an initiator of acrion and when to remain part of a larger,
ongoing process. It's very tricky and it's sometimes hard for them to know
when they've been successful. It's a very interesting state of mind for a
performer to be in. And, in fact, not so unrelated to improvisation. I've
found many useful spin-offs of this work in non-feed back-based music .

•
In 1979,shortly after arriving at Mills College, Rosenboom began work with
DonaldBuchla on Buchla' Touche synthesizer. As Rosenboom recalls, "First
wedesigned the from panel, which meant deciding what someone would want
to doandhow someone would want to interact with it, and then Don designed
thecircuirs and I designed the software." Rosenboom developed a language
tbathecalled FOIL (Far Out Instrument Language).1n 1981, he became direc-
torof the Center for Contemporary Music (CCM) and set a direction: "It
seemedto me we were best equipped to work on input devices and algorithmic
approacheto composition and performance-J wanted to design a language
that was based on a cognitive modeling approach to musical structures, and so
1calledLarry Polansky to see if he'd be interested in getting started on what
becameHMSL." Polansky was indeed interested, and he agreed with
Rosenboomthat CCM was the place to do it. As Polansky said, "There was a
Strong sense at CeM that one of its missions was to develop and be in the fore-
front of live interactive ideas."

HMSL (Hierarchical Music Specificarion Language) is an extensible
object-<lriemedprogramming language that had its roots in the 1970s m dis-
Cussionsbetween Rosenboom, Polansky, and James Tenney in Toronto. Both
Polanskyand Rosenboom were interested in moving their ideas from the 1970s
to the increased power and speed of the new chips of the .1980s, and as
Polanskyremembers, UWe were also interested in the aesrherics of wcmng a
language."When Polansky showed up at Mitis College, as Rosenboom recalls,
~Westarredworking on the idea and scoped out an archit.ecrure for It."

In 1979 Polansky and Rosenboom began to discuss Ideas. By 1980, they
d . .' . . . 98 h f sion of HMSL was upwereeSlgmng and writing code. By 1 'l , [ e irst ver "

, d . . CCM P lansky later wrote: Non running On a horne-built com purer at . 0 . d d b
musitalidea is deemed too outlandish, strange, or peculiar to be prec!u e ibl y
H"S" d . . . I I been 'Evetythmg IS POSSI e,'VI LS estgn, Our unofficial motto las a ways ' .
b ·1 B k b to work on the project",some things may not be easy." Phi ur e egan . rom The
shonlyafter it began, and in 1985, when the group received a grant f
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Inter-University Consortium on Educational Computing, Burke was able to
join in as a full-time software developer. He transformed HMSL into an object-
oriented language and rewrote it for Macintosh and Amiga computers.

The development of HMSL had been and continued to be an immense
effort. Yet the three developers remained consistently noncommercial in their
orientation. Their goal was more to encourage a community for experimenta-
tion than to develop a commercial package. As Polansky put it, "Often your
software will influence other people's work and that synergy is very interest-
ing." He elaborates:

I don't distinguish between the idea and the piece. It's part of the same
synergy to me. The sound of the piece is not simply confined to the par-
ticular things that hit my ear at a particular time. The sound of the piece
includes the interaction of the programmers working with HMSL, the
intent, the sincerity, the place in the experimental tradition, the goals of
the piece, and the process by which the composer and performer worked,
and the new doors that are opened up or new ideas that are explored. I
love to collapse the distinctions between the idea, the software, the hard-
ware. That was clearly a part of the community process of HMSL. We
encouraged as many forms of activity as we could, from pure research to
making a piece for MIDI instruments. It all seems to me to be part of the
same process, and we felt, the three of us, that we had some kind of col-
laborative role in the big piece where everyone's working.

Rosenboom used an early version of HMSL (and FOIL) in his Zones of
Influence (1986), for percussion soloist and the Touche, in which a percus-
sionist's sounds and performance patterns were analyzed and transformed. As
MIDI became ubiquitous, he designed a program called HFG (Hierarchical
Form Generator), written in HMSL, that listens to MIDI input from a per-
former. He describes it:

Using ideas about musical perception from On Being Invisible, it identi-
fies and captures musical phrases and stores them in memory. It rhen
remaps these phrases onto the MIDI input device, so ] can call them back
and use them with a library of transformat.ion routines. It captures spon-
taneously generated material and J can push it in different directions to
make musical structures, just by how I play. I've been really excited by it
because it's the first improvising program I've made that really sounds
like me when I'm playing with it.

Polansky used HMSL extensively. In his B'rey'sheet (1984, subsequently
revised, the title transliterated from the Hebrew for In the Beginning), based on
eleventh- and twelfth-century cantillarion melodies for singing the Torah, the
tropes were sung unadorned by a singer whose pitches were captured by HMSL
and transformed. 17 Simple Melodies (1987) was an HMSL program defined
only by its fundamental structure and given to a performer with an invitation
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tacollaborare by specifying the derails. Simple Actions (1987) gave a single
performerat a ingle computer controls for modifying automatic and chaotic
processes.As Polansky explains, "There are hundreds of possible simple inter-
actingprocesses, or 'critters,' and it is often nearly impossible to tell what is
causingcertai~eff~cts-the performer often becomes an observer, trying to fig-
ureour whar 1 gOing on and how to shape it toward something else." He car-
ried the idea further in Cocks craw, dogs bark, this all men know, but even the
wisest,cannot tell, why cocks crow, dogs bark, when they do (1988). As he
explain,"The ritle is from a Thomas Merrin translation of a Chang Tzu poem.
Irdescribesmy intent in the piece: things happen, and they happen for some
reason,bur there i really no way to predict or know when or why they hap-
pen."Cocks crow ... also contains a complex schema for shared control of a
centralprocess by three improvisors, somewhar along the lines of The Hub's
networkmodel, but guaranteeing unfathomable results.

There were other Polansky HMSL pieces as well, among them Horn
(1990),3Studies (1990), There is more headroom, but one's feet are forced into
slippersof steel (1991), and The World's Longest Melody (1993). There were
notablecollaborarion : The Birth of Peace (1989), with Chris Mann, Alistair
Riddell,Simon Veirch, and orher , a live goldfish-controlled HMSL system wirh
texts and other materials, at the Australian Center for Contemporary Art,
Melbourne;and Dear John (J 986), with Pauline Oliveros for a John Cage birth-
daycelebrarionat the West erman Radio in Cologne. And there were many
Otherpieces by many orher composers, among them David Rosenboom, John
Bischoff,Chris Bobrowski, Phil Burk, Philip Corner, Nick Didkovsky, Ann
laBerge,David Mahler, Robert Marsanyi, Jeane Parson, Carter Scholz, Phil
Stone,Peter Yadlowsky, and Peter Beyls, who used HMSL to create Oscar .

•
PeterBeylsbrought r gether many elemenrs of a varied background. At differ-
mttimesthrough the 1970s and into the 1980s, he had studied electrical engi-
neering,music history, computer science, computer graphics, and music co~n-
position.His cornpo irions included Tea for Two (1975), for two electronics
performers;Heartbeat (1976), which used electrocardiogram SIgnals from a
performer'sbody; Crosstalk (1980), for live electronics; and The Hollow Man
11980),Pail/tedIVords (1981), and Heading into the Storm (1985), all perfor-
manceswith a com purer. In the mid-1980s, at the artificial intelligence labora-
taryarBrusselsUniversity in Belgium, Beyls began to focus on Is~ues l~volvlllg
, . I . "I made musical discoveryInteraCtiveand intelligent systems. As re put It, . . ,
machineS_Iu ed computers as vehicles for what 1 call 'conceptual naviganon,
the I . . . id " H' ark led him to the developmentexporation of the potential in I eas. IS w f II d
ofaknOWledge-based model, which he personified in 1985 as so tware ca e
Oscar lOscillar r artist). He describes rhe project:

. . li erformance to listen to aOscar was de igned to be a compamon In rve Ph' This
' . sically co erent way.smgle human performer and react In a mu
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research is specifically performance oriented-the audience is a witness of
the behavior of borh the human (myself) and rhe digital performer
(Oscar) and how they interact and exchange musical ideas. It is important
to note that responsibilities are shared and shifting back and forth
between man and machine ...

To understand how Oscar works, one might imagine a simple if-then
input-output relationship: if Oscar perceives (input) that something happens,
then it responds (output) by doing something. One might also imagine greater
complexity and ask: Can Oscar's inputs have filters? In other words, can Oscar
have culture, or knowledge, or memory that might supply a context for an
understanding of what it hears? Can Oscar generate new information? To what
extent can Oscar express its own identity in its response? To what extent can
Oscar be social and sensitive to others? Can Oscar be bored if its inputs are not
sufficiently varied? Can it become overly excited by too much variation in input?

The answer is yes. Beyls' anthropomorphic explanation that "Oscar want-
ed to express its personality while at the same time it wanted to integrate itself
into a larger, social whole," translates into a range of software responses from
a close relationship between input and output to no relationship. Oscar was
social in the sense that it remembered the melodic intervals and patterns that it
heard, and it expressed its personality by transforming them. When input was
slow, Oscar was bored and produced very little output. When input was fast,
Oscar became arbitrary and agitated, producing disjointed ideas. Oscar's func-
tioning, in short, simulated human characteristics such as ego, social instinct,
and emotional reactions to the outside world. Further, as Beyls continued to
work on Oscar, and as Oscar "grew up" to become more complex, Beyls noted
that the relationship between Oscar's inputs and outputs became harder to
understand. As Beyls observed in August 1995, "Oscar is approaching the corn-
plexity barrier, so it becomes very difficult to debug its behavior." Beyls also
observed, however, that as Oscar approaches the complexity barrier, it becomes
more independent, more original, and more interesting .

•
Felix Hess in Holland wrote his dissertation between 1975 and 1979 while he
was working at Adelaide University in Australia. His subject was the aerody-
namics of boomerangs. But his attention was turned in another direction. He
tells it:

I lived in the hills just outside Adelaide. I was immediately struck by the
sound of frogs. They were in my backyard, in my garden. There was a lit-
tle creek in the garden, very beautiful, and each night 1 would hear mag-
nificent concerts which people told me were the sounds of frogs. Well, I
couldn't believe it at first, because these were very different from Dutch
frogs. They sounded like insects to me, but 1 spent many hours in the
nights listening. There were perhaps hundreds or thousands of little frogs
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working rogerher in such a way that the sound seemed to move in waves.
I really found it wonderful.
I scarred to record them. I heard some frogs in the distance, so I went

rhere to Set up the microphones. But then I found that the frogs were fat-
rher away than I thought and I had to walk more, and then suddenly I
heard them behind me. The frogs were everywhere in the area, I realized,
and they would Stop calling whenever they heard me. But once I sat down
and didn't move and made no sound whatsoever, just silent, then the frogs
starred ro call. First the ones further away, then the ones closer. It was an
incoming wave of sound. I learned to sit still and listen to three-dimen-
sional ound patterns. This is exactly what the frogs do. They listen to
each other and they call on the basis of what they heat. Each individual
frog may react in a very simplistic manner, yet all of them together pro-
duce something that's very complex.
Back in Holland, I played the recordings. But then I thought j should

make live concerts myself using machines that react more or less to
sound the way frogs do. For me it was a synthetic model of animal com-
munication. Other people told me it was art.

In 1983, at STELM in Amsterdam, Hess finished building his first group
offony machines. He called them Electronic Sound Creatures. As he described
them,"Each machine had a microphone to listen, a little speaker to call, a bat-
tery for food, so to peak, and some electronics." They were packaged in little
aluminumboxes and hung from the ceiling over the audience. What did they
do~Heanswers, "The machines listened, and when they heard another ma~hlOe
calling,they recognized the sound so they tended to answer." It was an inter-
estingidea, but as he recalls, "that was a rough design, it didn't work very well. >l

Felix Hess' Moving Sound Creatures in the late '19805.
Photo by John Stoel. Courtesy Felix Hess.

----,
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In 1986, he finished a second generation of Electronic Sound Creatures.
He said, "I'm interested in machines which communicate with each other."
Then in 1987, he made twenty-four Moving Sound Creatures, each abour nine
inches high and about five inches across, with two wheels, a little bumper,and
two microphones on a shaft coming out of the top like a little head. They were,
well, cute. Hess continues:

I gave these machines stereo hearing so they would know from which
direction another machine caJled. And I gave rhem wheels so rhey could
move on a floor and try to find each other. They give a live concert corn-
bined wirh a very simple kind of live dance. The machines have two calIs.
One means "come here." The other, which they use when they get stuck
somewhere, means "go away."

He did not always use sound as the vehicle for communication. Air Flows
(1989) was a group of fifteen machines that communicared through wind,
turning their fans on and off as rhey sensed air currenrs. Parrots (1990) were
machines that copied, without understanding, what they heard. Kazebotaru
(1991, Wind Fireflies), created for a fesrival in Japan, consisted of many little
lights that were sensitive to the wind. As Hess said, "They're very silent but to
me this multitude of very small lights seemed to be like a silent concert."

•
Roger Dannenberg started ro work on score-foJlowing programs in 1983. As
he explained, "Playing with ensembles taught me that it's very important to lis-
ten to other players and synchronize with them, so 1 made the computer into
another player." But to actually use that computer in performance meant, in
those pre-Macintosh days, buiJding a realtime portable music system. So
Dannenberg built a system. In his words, "The sound was very crude but it was
adequate and the whole thing fit into a little case that fit under an airline sear."

Storing it under his airline seat, Dannenberg took his computer to Paris
in 1984, where he demonstrated the first version of his score-following pro-
gram at the Internat.ional Computer Music Conference. As he recalls, "It real-
ly did a good job." The computer could follow a soloist while keeping rhe
soloist synchronized with a score, something like a conductor following a
soloist while conducting an orchestral accompaniment. The system, in fact,
anticipated the soloist to eliminate delays, and it made musically appropriate
rempo adjustments. In 1985, Dannenberg and Josh Bloch implemented a new
system that incorporated additional rules for musical behavior and handled
polyphonic keyboard input. And at abour that time, composer Georges Bloch
(no relarion ro Josh) heard Dannenberg's demonstrations and reflected:

The problem was what to do with the accompaniment idea. What were
the musical implications? And I came to a concept which I called "com.
posing improvisation." The thing about a computer, compared to normal
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improvjsatiol~, is tha~ the computer has memory, and so the computer can
usewhat the ImprOVIS?r has done to create in real time a new variety of
f?rm'.The c mpurer II tens to what the instrumentalist is playing, and
mce It can remember what was played, and analyze what was done, it

cancreate a form in electronic sounds that has some dependence on the
marerial thar wa played.

In 1985, George Bloch and Dannenberg began work on Bloch's Jimmy
DuranteBoulevard. In Dannenberg's words, "OUf idea was to use a compur-
erasa compo er' agent to lead improvisors into more structured, composed
performance." Jimmy Durante Boulevard was a composition involving three
improvisers(in this case Bloch playing keyboard, Dannenberg playing trurn-
per,and Xavier Chabot playing flute), each of whom would control a differ-
emaspecr of the musi . The first performance was at STEIM in Amsterdam,
in1986. Purring ir together had involved exceptional teamwork considering
that the three musician lived far aparr: Bloch in Paris, Dannenberg in
Pittsburgh (Penn ylvania), and Chabot in San Diego (California). As
Dannenberg recall, "We pur the firsr concerr together by email." Georges
Blochdescribes the performance:

Melodic material was analyzed from rhe rrumper parr rhrough a pirch
trackerwhenever Roger pushed a pedal-it was an interesting part of the
system that a musician could decide when what he was playing was ana-
lyzed-and the analy is decided which elecrronic sounds would play. We
used the texture of the keyboard part to analyze and set some order into
the electronic sounds. And there was a sort of overall form, which was
breaking things into piece and getting towards a climax, either w.ith
things getting shorter or longer. You could also have several forms gomg
on, some going in one direction and some going in anothe: dlrect~on. The
system wa pretty complex. Bur we had a pretty good feeling for It, so we
knew what to do and we did performances which worked out fine. What
was great about it wa that what came our of the loudspeakers really had
a lot to do with what was just played .

•
RichardTeitelbaum had been working with MEV in Rome. In 1966, he
rerurnedto New York to build a synthesizer and study biofeedback techniques.
He assembled his synrhesizer partly from modules he built (wirh DaVId
Behrman'shelp) and partly from modules he bought from Moog. It had no key-
board.So how did he perform? He answers: "I used to twirl knobs and change
patchcords " .

. II ." ki 19 in rhe brainHestayed in New York for one year, as he te Sit, wor II .

wavelab at Queens College, learning how ro attach electrodes an~ e~rnl~g
enoughmoney to buy a used Moog synthesizer." But still Without a ey oar.
,m'l . 5 L to work on an lInprOVlsa-wru e 10 New York he was invited by teve acy,
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tiona I setting of Lao Tzu's The Way. He spent most of the summer of 191
rehearsing with Lacy and vocalist Irene Aebi. As he remembers, "Itwas thefir
extensive improvising with a synthesizer that I'd done." In the fall of 1967, f
returned to Rome to rejoin MEV. He describes his performance techniques:'
used to play my synthesizer with my toes, using spring-loaded rocker switche
to trigger the envelope generators so I could keep my hands free ro twir
knobs. "

He also continued his experiments in biofeedback music. In 1968, he per
formed Organ Music, in which he used Lacy's brain waves and Aebi's heart
beats while he controlled the synthesizer and mixer. Later that year, he crearec
In Tune, in which Barbara Mayfield's brain waves controlled the synthesizer
while her heartbeat and breath sounds were processed electronically. Into the
1970s, his pieces included Alpha Bean Lima Brain (1971), done with Serge
Tcherepnin's considerable technical assistance, in which brain waves were
transmitted via telephone lines from California Institute of the Arts near Los
Angeles to make a solenoid-driven pot of beans jump at Charlotte Moorman's
Avant Garde Festival in New York. And he did Tai Chi Alpha Tala (1974) using
brain waves transmitted by radio from a Tai Chi performer to control a raga-
playing sequencer accompanied by a live Indian drummer.

He eventually got a keyboard for his synthesizer and, through the
1970s, played it in concerts with a number of musicians, first with Anthony
Braxton, later with George Lewis, Roscoe Mitchell, Leo Smith, Andrew
Cyri1Je, Carlos Zingaro, and others. Braxton and Teitelbaum had first met
during the Actuel Festival at Amougies, Belgium, in 1969. Given the technol-
ogy of that time, it was a most unlikely idea to combine saxophones and syn-
thesizer. Yet they played many wonderful improvisations, among them Cpen
Aspects (Duo) (1974) and Time Zones (1976). How did they work together'
Teitelbaum tells us:

Sometimes I tried to match and approximate his sound, and sometimes
what I did was very different. I was more like an accompanist, a drum-
mer, not in the sense that I imitated standard drum sounds, but I made
more noise, my sounds were Jess pitched. He could do noise things on his
horn, so we did matching and not marching. We both go for rhe broadest
possible inclusiveness and range of expressive extremes, very loud/very
soft, very smooth/very harsh, peaceful/aggressive, pitch/noise, space/den-
sity, unity/contrast, and have a similar sense of form.

Teitelbaum went to Japan in 1977, where he studied traditional Japanese
music and composed Blends, for shakuhachi, percussion, and synthesizers, per-
formed in Tokyo by Teitelbaum, shakuhachi master Katsuya Yokoyama, com-
poser Toshi 1chiyanagi, and percussionist Michael Ranta. At about that time in
the late 1970s, he added a microcomputer to process control voltages to make
delays, loops, and other more quirky transformations, all of which led to his
"Colorless Green Ideas Sleep Furiously" (1979), the title being a sentence that
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NoamChoms~y made up to demonstrate that grammar did not necessarily
generatemeaning.

He was, during this period, developing an increasingly powerful impro-
visational instrument. He asks, "How is an electronic instrument different
froman acoustic instrument?" and answers: "You don't have the subtlety of
responseyou can get from an acoustic instrument but on the other hand you
canmake much more complex musical structures." Given that thought, it is
norsurprising that his next project, begun in 1980, was the computer control
ofan acousric instrument. As he tells it, "I wanted to do something in which
thesoundwas acoustic but the control possibilities went beyond what normal
humancapabilities could be."

By chance, he saw a Marantz Pianocorder in Baldwin's showroom in
NewYork.As he recalls, "I'd already been very much inspired by Nancarrow's
stuff,so I immediately had the idea that if [ replaced the cassette player on the
Pianocorder wirh a computer rhar could respond to what I played on another
pianokeyboard, transform it and play it back all in real time, I could make a
sort-of'live Nancarrow.'" The Vorsetzer version of the Pianocorder was a
devicewith an array of solenoid-controlled mechanical "fingers," metal rods
withfelr tips that fit over the keys of the piano in such a way rhat each mechan-
ical finger could depress a note when instructed electronically to do so.
Teitelbaumconvinced Marantz to lend him a Pianocorder Vorsetzer on a long-
termbasis. He attached it to a piano. He eventually added another Pianocorder
ro a second piano. He installed velocity sensor switches under the keys of yet
anotherpiano and began work on his computer-extended piano system. He
wrote:

The computer functions as an extension of the pianist-composer's body
and mind-affording him, for example, direct control over as many as
eighty "fingers" per piano, and the ability to program an infinite variety
of insrantaneou musical responses and transformations of what he plays,
as he plays ir.

Teitelbaum developed-at first with engineer Mark Bernard in
Woodstockin upstate New York and later with Stefan Tiedje In Berlm-what
hecalled the Patch Control Language (PCL). PCL was an object-oriented lan-
guagemade up of some thirty software modules performing a vane~y of arith-
metic, logical, and musical functions that could be patched together 111 any. con-
figuration. Teitelbaum's first PCL composition was Solo for Three Planas
(1982).He explained how the software worked:

. f d . layed live by the pianist onAsmy system IS presently con rgure ,musIC p
. . d d i I ead into computer memoryone plano keyboard IS sense an mstanr yr.

. I d did transposed inverted, ran-where It can be stored over aye, e aye , ' h
d ' . I d b f . being passed on to the ot erornized and otherwise marupu ate e 01 e . d
two pianos for playback at the performer's behesr. This may be one
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either simultaneously, or at a selectable delay time, or stored for future
recall. Any section of material may also be looped to form an ostinato,
foot pedals controlling the power to the solenoids for each of the remote
pianos allow the performer to balance and fade them in or out ...

The largest PCL composition was Concerto Grosso (1985), combining
the three-piano system with MIDI synthesizers and samplers. It was performed
by Teitelbaum playing the "master" acoustic piano and an electronic keyboard
with Anthony Braxton playing wind instruments and George Lewis playing
trombone, both sharing control of various synthesizers and two Pianocorders
with Teitelbaum. It was a complex network of conrrols and audio signals, rich,
exuberant, and wild in its sounds. Teitelbaum describes it:

We did five days of soldering and programming in the Grosser Sendesaal
WDR in Cologne and we finally got it to work. The human-played
acoustic instruments-one piano, wind instruments, and trombone-
were the concertino, the small solo group, and the synthesizers and the
two slave pianos were like the orchestra. My software was doing various
kinds of delays, transpositions, switching between various instrumenral
voices and timbres, looping, retrogrades, inversions, etc., and George's
was performing different kinds of algorithmic processes, so there were
multiple logics and processes that I could switch between or let go on
simultaneously.

In its complexity of activities and relationships, Concerto Grosso was on
the borderline between order and chaos. At what point can a system be thought
of as out of control? Teitelbaum's series of compositions on the Go/em theme,
from Go/em J (1987) to Go/em: An Interactive Opera (1995), posed the ques-
tion by evoking a centuries-old legend. In Jewish folklore, the Golem was a
supernatural creature, imbued with life by Rabbi Loew in Prague. The Golem
was created to aid the community. But as the legend goes, it then became a
monster and had to be destroyed. Teirelbaum said, "I thought of a system that
gets out of control, that first obeys you and then becomes increasingly chaotic
and unpredictable."

And from that perspective, the question might be rephrased: At what
point can a system be thought of as so complex that the connection between
the composer's intention and the system's behavior becomes obscure? And
when is that bad? Well, there's only one sensible answer. It becomes bad when,
like Rabbi Loew's Golem, it makes bad music .

•
In 1986, following from his earlier work with the SalMar Construction,
Salvatore Martirano began work on the first version of his SAL (Sound And
Logic) software in Le LISP. Then David Tcheng, a graduate student, improved
the code, and as Martirano recalls, "it really worked well in 1987." Marrirano
describes it:
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Itwas a performance program. A three-voice canon in which voices 2 and
3 answered my performance. I seeded the program with a 320-byte
stream of improv. The program extracted and transformed phrases. One
of the criteria for extracting a phrase was to look for a two-second rest.
It would extract two to four phrases that were six to fifteen seconds in
length. It executed transformations, such as contour inversion, note skip-
ping, orchestration, retrograde, and t.ransposition, within a network of
probability ladders with min and max values. While it played back phras-
es, it prepared the current performance for the next playback.

SAL was the software basis of rhe YahaSALmaMAC Orchestra (1986), a
"realtimeanswering service" consisting of a Macintosh II computer, a variety
of synthesizers, and a drum machine. Marrirano performed with a MIDI key-
board.Dorothy Marrirano, his wife, performed with a Zeta violin.

By 1992, Marrirano had purchased a Kyma system, William Walker had
translated AL into SAL80 for use with the Kyma system, and SAL80 had
becomea collaborative project including Martirano, Walker, Kurt Hebel, and
CarlaScaleni, called lmprouisation Suilder, ImprovisationBuilder contained
threeactivity types: Listeners which extracted phrases from incoming music;
Players which took phrases from the Lisreners and transformed them; and
Realizerswhich played back the transformed phrases through the Kyma system
andMIDI synthesizers. These activities occurred at different levels, which cre-
atedfurthercomplexity. Marrirano continues:

There were fifteen orchestras. Each orchestra consisted of five MIDI
synrhs assigned to voice 2 and five MIDI synths assigned to voice 3.
Combos from one to five synths for each voice could change on a MIDI
event. Orche tration in real time was executed by dialing one of five
ranges from one to 233 MIDI events. This resulted in an explosion of tim-
brechange. When I played solo into the system, there were voices extract-
ed and the voice 2 orchestra played them back. Then, phrases were
extracted from the extracted phrases at a second level and voice 3 orches-
tra got those. Voice 3 orchestra was dependent upon the voice 2 orches-
tra for its marerial. When Dorothy and I played together, we'd have to
depend upon our heads connecting. Phrases extracted from my stream
Went to one orchestra and phrases extracted from her stream were sent to
the second orchestra.

The players' sensitivities had to be extended in e:ery directio~ as they
interactedwith each other and with the software, and It was sometimes true
that the software was not the most intelligent improvising partner. As
Martiranoand others later reflected, "Musicality emerges ,:hep the human
performerlearns to ada t [0 an improvisation partner who JTlterrupts rather

f . . ts 0 t e uman's per or-o ten an Sometimes focuses on Inslgl1l Icant par
--0-..m~
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•
In 1987, Robert Rowe began work on Cypher, a listening program. Rowe's
idea was to create an interactive instrument that understood what it heard and,
based on what it heard, produced an interesting response. He personified [he
basic functions of the program as Listener and Player. As he described it, "The
Listener was sensing a MIDI information stream, analyzing it, then sending
messages over to the Player saying, 'this is what I think is going on in the
music.'" The Player then generated its response. The need for such a program
had become evident to Rowe earlier, at IRCAM in Paris, when his Hall of
Mirrors (1986) was played by Harry Spaarney, bass clarinetist. Rowe explains:

Spaarney could hear what the computer was doing and react to it. But it
became apparent that the only musical intelligence was his own. He was
deciding, based upon what the computer was doing, what he'd do next-
but the computer was always doing the same thing. It made me want to
write a program that behaved more on the same level as a human player,
making decisions based on musical criteria.

Consequently, Rowe focused primarily on the Listener because in his
view the Listener presented the central musical problem: "I was trying to make
a model of certain ideas about music cognition because the more a program
knows about music, the better a program it will be."

But how, one might ask, could the software learn about music? Cypher's
Listener paid attention to register, dynamics, vertical density, horizontal densi-
ty, and articulation, and analyzed their characteristics. When it was listening to
register, it decided what was high and what was low. When it was listening to
dynamics, it decided whether the loudness value was over a threshold, which
was loud, or under a threshold, which was soft. Listening to vertical density, it
decided how many notes there were and whether the voicing was wide or nar-
row. Horizontal density was a measure of speed, looking at the number of
attacks that Occurred within a period of time. Articulation was a question of
whether the notes were short or long.

Once the basic inputs were analyzed, the Listener identified the begin-
nings and endings of pJlfases by noting discontinuities, for example, sudden
changes in register, loudness, and density. And once it decided where the phras-
es were, it decided to what extent the activity of the music within each phrase
was irregular or regular, with or without discontinuous elements. The Listener
also did a neural-network-based harmonic analysis to provide a picture of har-
monic COntext and key. As Rowe summed it up, "I programmed the Listener to
find out how the music is changing over time."

Once the Listener understood how the music changed in time, it passed
the information to the Player for action, and the Player could react to the infor-
mation in different ways. As Rowe explains, "For example, you could tell the
program, 'if you're hearing loud, fast single notes in a high register, 1 want you
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ro rake rhar material and invert it, and make chords out of it and add
ac~eJerando.'" The Player. consisted of many transformation type; linked in
serres ".A composer .could Instruct the Player, for example, to take the input,
invert It, then slow It down, then change its register ... Rowe continues:

I rook the approach of making a Listener because of my motivation to
base the program's responses on musical concepts. If the software did
indeed embody the same musical concepts that underlie human music
cognition, then what it was doing should have been comprehensible to
both performers working with it and an audience. I've used the program
a lot with improvisors like Steve Coleman, Muhal Richard Abrams, and
Roscoe Mitchell, and it's been exciting to see how they interact with the
program.

Actually, the program has two Listeners, one that's analyzing what's
coming in from the outside world, the other that's analyzing what the
Player is about to play. I call that second one the Critic. You can program
rhe system's personality directly. For instance, you could have the Critic
looking at what's about to be played and have a rule, like "if I'm about
to play twenty dense chords in the low register, I don't want to do that
... -" then give it some combination of processes to move it to a higher
register.

Rowe used Cypher in Flood Gate (1989), Sun and Ice (1990), Banff
Skelches (1991), Maritime (1992), and Shells (1993). Through these composi-
tions, Cypher wa a working model of an idea continually in development-as
Rowe puts it) "a working model of my ideas"-and after Maritime, Rowe went
on ro develop the idea of the Listener in other contexts. He developed specific
Listenersfor specific pieces of music, as in Not About Waler (1994), for vari-
ous instruments and interactive computer system, and A Flock of Words
(1995), for instruments, animation, video, holography, and interactive com-
purersystem, in which the player was controlling the animat!on and, lig~ting
along with the musical environment. Rowe also developed Improvisational
environments: "We wanted it to look at more than one Player at once, for
example one Listener for each Player and a super-Listener looking at the com-
binarion,so that Cypher would become part of an ensemble."

•
In 1983, I thought that the idea of an interactive musical instrument w~s an
ideawhose time had come. In November, Thomas E. Bezanson, a musically
· . d f I legal work and together weVISiOnaryattorney arrange or t re necessary, f
· , . 0" as the development 0 anSIgned Intelligent Music into existence. u r rmssron w

interactive instrument for the home entertainment marker. ..
. b I I d f its time and capital mten-But as it rurned our the Idea was or 1 a lea 0 . d

· , J' M· s founded wah abun antSlve,and like many companies Intel rgcnt usic wa .'
visionand no capital. A few software models of an interactive instrument were
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developed during 1984 and 1985, mostly with the 5ynclavier II at Bennington
College. Progress was minimal. In 1985, however, rhings began to happen,
although in an unexpected direction. Here is the story of M:

I was working with Tony Widoff and John Offenharrz during the summer
in the Bennington College electronic music studio. David Zicarelii, who
had recently graduated from Bennington, was teaching electronic music
in the college's summer program. He came by to see what we were doing
and showed us the DX-? editor he'd written for Opcode. David then
offered ro help me transport my software from the 5ynclavier to the
Macintosh.

Writing software for the 5ynclavier had become frustrating for me. I
would program an algorithm, then have to run the program to hear its
result. This required going through a compile cycle. I would push the red
button and wait thirty seconds or so before I could hear what I'd done.
What I needed was a realtime environment where I could change the vari-
ables and hear the results immediately, without compiling. I also needed
a lighter system. [ was traveling a lot and I thought I should take advan-
tage of smaller and lighter equipment becoming available. [ accepted
David's offer.

On New Year's Day, 1986, David arrived in Albany to begin work. His
first question was: "What do you want to do?" Well, I'd bought a
Macintosh about a year earlier. I'd also bought a flight simulator for my
son in which the plane's joystick was controlled with the mouse. Since I
had often conceptualized the realtime control of an interactive instrument
as flying a plane through a musical space, I said, "I want to fly a plane
through a musical space." 50 David designed a joystick in the form of a
conductor's hand, controllable with the mouse. And to define what the
conductor's hand was conducting, we began to incorporate some of the
algorithms I'd been using in my Synclavier software. After a day or two,
two things became clear to me. I was not going to be a Macintosh pro-
grammer. And we were, in fact, creating a program that other composers
might want to use.

During the next few months, Tony and John came into the project with
many ideas. David divided his time between his responsibilities at
Stanford-he was a graduate student and teaching assistant-and writing
software. In addition to the program we had begun together, he was
developing another idea, based on transit jon tables, which became Jam
Factory. In April, we decided that Intelligent Music would temporarily
become a software company and publish these programs.

The names M and Jam Factory were the result of a brainstorming session
with Curtis Roads and Christopher Yavelow during the summer of 1986. The
first version of M was finished on New Year's Eve, 1986-its initial develop-
ment from start to finish had taken exactly one year-and Jam Factory was fin-
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The main scree~,of Intelligent Music's M as configured by Joel Chadabe for
,,"!any~ormn{:s. Many Moods (1989). The screen, designed by David

Zicarelli, [unctions as a realtime control panel for musical performance.

ishedat about the same time. Jam Factory consisted of four Players, each of
whichindependently transformed rhe musical marerial that had been recorded
into it.

M was a collection of algorithms, portrayed graphically on the computer
screenand manipulated with particular graphic controls-range bars, numeri-
cals,grids, sliders, and of course, the conductor's hand-designed by Zicarelli
withmusicians in mind. A composer could record some basic material through
aMIDI keyboard, for example, and then use the graphic controls to transform
thepitches, rhythms, and timbres of that material in a wide variety of ways.
Anycombination of cyclic, random, and performed change, applied to virtual-
Iyanyaspect of the music, was possible. And a composer would hear the results
immediately.The goal had been to provide an environment in which composers
could create interactive compositions quickly and effortlessly, In 1989,
Zicarelli extended his interactive concepts in a graphics-and-music program
calledOvalTune. In short, he was interested in computer-based interactive
processes. In his words:

Most computer tools are rendering tools. By drawing mo.re prec.isely than
you could with a pencil and paper, you're able to realize an ldea: The
interesting thing in M and Jam Factory, and particularly Oval'Tune, IS t~e
idea of tools which affect the process of creativity. You can start With lit-
tle or no concept-and with immediate feedback you can decide In v:hat
direction to go next. This seems to me ro be one of the most novel things
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that computers offer to the field of music. Certainly they can make new
and unusual sounds and play more nares than any human being could
within a certain space or rime, bur somehow those things are not as excit-
ing to me as the possibility of aiding the process of musical creativity.

Antony Widoff puts M in the context of the professional music market:

M suggests a way of working with musical material that's outside of the
mainstream. Music has become a business and that business is either writ-
ing songs, or writing music for some other medium such as film, or TV,
and there's a prevailing form in commercial music which M does not real-
ly address. But that's where the money is. And professionals may buy
things that don't reasonably lead to making money, and they may say,
"Well, that's really cool," but they put them on a shelf.

I found M to be excellent, however, at creating interactive compositions.
Between 1987 and 1994, I used M to compose After Sante Songs, a group of
short improvisational pieces based primarily on jazz classics. I thought of the
group as a solo concert for percussionist Jan Williams, in which his playing
would be enlarged and extended by electronic sounds which so closely resembled
the acoustic percussion sounds that it would seem as if he were playing a larger-
than-life instrument. I described the performance process in the liner notes:

The electronic sounds also function as a kind of interactive accompani-
ment. In performance, I'm sitting at a computer, manipulating screen con-
trols, while the computer is generating variations on the basic material
and controlling a synthesizer. Jan plays along with what he hears. At the
same time, I'm following what he does. It's as if I'm conducting an impro-
vising orchestra which is accompanying an improvising soloist. We're fol-
lowing each other in performance, matching sounds and gestures, letting
the music unfold as the result of that mutually influential process .

•
In 1979, Carl Stone had an equipment problem. "The only resources I had
available to me," he explains, "were at the radio station where I worked, tape
recorders and so 011, and so the question was: How can 1 make my pieces with
this material?" The station was KPFK in Los Angeles, and the first piece he did,
with a phonograph and two stereo tape recorders, was Sukothai (1979), named
as were all of his pieces after Los Angeles restaurants, mostly Thai and Korean.
He describes his technique as "layering," which in this particular piece meant
taking a short instrumental interlude from a PurcelJ opera and building up mul-
tiple layers of it by bouncing it from tape channel to tape channel while mix-
ing it with playback from the phonograph. He noted that layering in this fash-
ion caused what began as recognizable sounds to become progressively more
abstract and unrecognizable. As he said, "1 became interested in the conrinu-



Interaction 319

oustrans~ormarioll of recognizable musical material, and especially in explor-
ingthemiddle states somewhere between the recognizable and the abstract."

In 19 0, feeling alienated from his audience, he adapted his ideas to per-
formance.At first he used multiple tape recorders and mixers. Then he used a
stereo Publison digital-delay harmonizer. As he recalls, "1 could freeze a
momenr of sound, then dynamically compress or expand the endpoints, and
Stillpreserve the whole sample." He began to develop a body of works, the first
ofwhich was Kuk II Kusan (198]), which he performed on tour in Europe dur-
ing the fall of ]981. As he rells it, "I would make urban recordings of the
soundscapeand incorporate them into the next performance." He also used
recordings, mainly of baroque or prebaroque classical music, Asian and
Africanmusic, and Motown: «Through practice, I turned it into pretty inter-
estingcollage work."

How did Stone perform these collages? In performing Dong fl jang
(1982), for example, he sar at a table on stage facing the audience. On the table
werethe Publison, a microphone, a phonograph, and a pile of records. He
beganby saying, "Testing one, two, three," and recorded that into the
Publison.He then played back a few milliseconds of his voice, gradually enlarg-
ingthe playback duration so that the audience would recognize that it was the
wordsthat he recorded at the beginning. During the rest of the performance,
heinserted material from the records, changed pitch, changed the playback
direction,and in general, created on-the-spot sound transformations. Then in
1985, he execured the well-known maneuver called "the upgrade-through-
insurance-reimbursement play." He tells it:

A day or two before Christmas, Illy Publison was stolen along with the
test of my tudio, allowing me to collect a jolly insurance check. 1 took a
look around and asked, "Do I want to turn this into another Publison, or
might not it be wiser to try something new?" So f bought a Prophet 2000
and a TX-8J 6. The software was the real problem. There were a couple
of sequencers On the market, but they weren't really very i~teresting as
live performance vehicles. So I was very glad when, on tour 1I1 late 19~6,
I chanced by Albany and was given a beta copy of M. It changed my life.

Stone became an 1\1 musician, composing and performing, among many
otherpiece Hop Ken (1987) Wall Me Do (1987), Amatersau (1988): [ang
Tab 1]988),'Nekai (] 988), and Gadberry's (] 989). As he put it, -r considered
M [0 be my in rrurnent."

•
G·· . h in J 986 d used it with his colleaguesluseppeEnglert bought a Macinros III an . , all of the
"GAiV. As he recalls "At first, we used Intelligent MUSIC s M-:-" I

b ' . . b . 0 we all used It. Eng ertrnemers of the group were enthusiastic a ~ut It, _s II b ' (1987) Basilica
composedmany pieces with M, among them Mus Est Sy a a. ,
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(1988), Dodeca (1989), and Plusieurs Multiples (1990). But he was also
inspired to go further into software development, especially given the presence
and interest in GAIV of Vincent Lesbros, an unusually gifted Macintosh pro-
grammer. Following Lesbros' suggestion and Englert's proposal of certain
musical algorithms, they began work on Metro 3. It was, as Englert put it,
"mostly an act of pride, because we had to have our own MIDI program-we
had been happy with M but we had to go further and make a program includ-
ing some algorithms that M did not offer." Metro 3 allowed a composer to
compose up to eight independent voices, with controls for each voice, ranging
from deterministic to random, for timbre, tempo, rhythm, loudness, and
melody patterns. Englert used Metro 3 to compose Sopra la Girolmeta (1991).

•
By the mid-1980s, Francisco Kropf in Argentina was beginning to move away
from fixed structures to processes based on transformations and interactions.
His Mutation II (1985), for example, was about interactions. As he explains,
"I wanted three different sound characters to confront each other as if they
were characters in a play, and I imagined those sounds in their evolutions and
confrontations. "

In 1990, Kropfl's ideas on transformation were recast into realtime soft-
ware by Miguel Calzan as AREM (Algoritmos para la Reinterpretacion de
Estructuras Musicales / Algorithms for the Reinterpretation of Musical
Structures), written with MAX. AREM took an input such as what someone
might play on a keyboard, analyzed it in terms of pitch and rhythmic charac-
teristics to decide the probabilities with which one characteristic followed
another, and then used those probabilities to cause transformations in the play-
back. In his incursions ill the Arem (1993), what Kropf plays on a keyboard
is played back along with the transformations, giving the impression of a key-
board instrument with its own personality responding to its performer .

•
Bruno Spoerri's musical ideas were congruent with Intelligent Music's soft-
ware. He said, "I was very happy when control software began to appear in
1987, like Intelligent Music's M and lam Factory, thar did something more
than sequencers or score programs or note lists." Spoerri, a professional jazz
saxophone player and composer based in Zurich, Switzerland, had been since
the 1960s interested in improvisation with electronics. Like most improvisors,
he welcomed serendipity. He tells a short story: "From the beginning, I was
interested in using electronics in live, improvisational situations and I wel-
comed the accidents, so one of my best performances was in the days of ana-
Jog synthesizers, in the 1970s, when I played on a hot afternoon in open air at
the Montreux Jazz Festival and one of my synthesizers started to make strange
sounds that it never made before-it was great!"
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Spoerri began CO use small computers in performance in the early 19805.
Heremember :

Ididn't see any way to do anything important with a computer. Until, that
is, I heard Hans Deyssenroth in, I think, 1981. Hans was a member of the
electronic progressive band Brainticket. He was working with a tiny
KIM-1 computer and he wrote a program that controlled a Moog syn-
thesizer. His program improvised. It sounded almost like Weather Report.
Then computer began to interest me, so we got together and he did a
program for me for a Commodore 64, a little computer. That program
was a sort of echo and looping device, and I did some concerts with it.

Spoerriwa interested in using a computer as a controller, not as a sound
generator,and he wanted to learn more about it. He became one of the ring-
leadersof the Swiss Society for Computer Music because, as he said, "I found
thar ir was impos ible for someone to buy the necessary equipment out of pri-
vatemoney, so I thought the only way to do something interesting was through
anorganization." In fact, the Swiss Society for Computer Music, conceived by
Bruno poerri and Tonino Greco, was founded in 1982 at a table in Spoerri's
gardennear Zurich. poerri and Greco were soon joined by Gerald Bennett and
RainerBoe ch as the core group. Their first public event, in February 1983,
was a two-day conference at Radio Studio Zurich, with guests Max Mathews
andjean-Claude Ris et and a concert by Brainricket.

The next step occurred in 1984, when Spoetri, Greco, Boesch, and
Bennenfounded the Swiss Center for Computer Music. (The founders repre-
sented all of the linguistic regions of Switzerland plus Bennett's native
English-as Greco aid, "We have a German Swiss, an Italian Swiss, a French
Swiss,and an American Swiss.") Fortune had it that 1984 was the so-called
"Yearof Music" in Switzerland, and the Swiss government was parric.ularly
interested in funding musical projects. The newly formed cent~r. received a
gram,basic equipment was purchased, including a DMX~1000 digital synthe-
sizer,and activities began. In 1985, there was a cour~e 111 pr?grammmg the
DMX-1000' in 1986 there were MIDI courses and an international workshop
inmusicno~ation bY'computer; and in 1988, David Zicar~Hi did a workshop
called"An Introduction to MIDI Programming." Meanwhile Bennett used the
centerto work in software synthesis, and Greco and Boesch developed a pr.o-
gramcalled Musicologo for musical education. Further, Boesch and Daniel
Weissconceived and built a DSP board made to fir inside the Apple II. Boesch
performedwith it in concerts until the Apple II became obsolete '.

Spoerri developed a personal and portable performance-onented systen
k
,

d . ... esses In Controlled RISan used It to program dynamic mreractrve proc. ..
(198 I f db k it ation He describes It:6), for example, he set up a MID ee ac SI u .

I used a pitch-to-MIDI converter from the saxophone and fed back1the
. h . h MIDI converter agatn. n aoutpur of the synthesizer Into t e puc -ro- -
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way, it's a controlled use of mistakes. There's an inherent delay, about
twenty milliseconds, enough to trigger a new note. Then there were mis-
takes in pitch detection, mostly at a fifth or octave. The result was that as
soon as it didn't get a new note from the saxophone, it started spreading
out the pitches it caused to be played and it even did some rhythmic things
that I can't explain. And the result was that it reminded me of some early
Chris McGregor and Brotherhood of Breath pieces, where they played
almost in unison, then they spread out and came together again. The
point was to use the mistakes of the machine as a sort of controlled ran-
domness. 1was never interested in letting the synthesizers do exactly what
I wanted because 1always used them as improvising partners, to augmenr
my playing and give me further cues for what to play next.

Spoen-i's next pieces were Drum Song (1986), for which he used lam
Factory, and Rue du Cherche-MIDI (1987), for which he used M. In both
pieces, he played notes that were played back as transformed pitch and rhythm
patterns while he continued to play, and he used the notes he played to control
the way the software transformed what he played. He continues:

The important thing for me was to have a partner in the computer who
threw balls at me, who gave me a reason to react in a certain way, bur
who would react in a logical way. I didn't know exactly what the software
would do, but I knew about what it would do, and so the action of the
program is half foreseeable and half not predictable. Which was great.
The foreseeable part made me feel that it was part of my performance; the
unpredictable part gave me cues for doing something.

Then Spoerri began to use MAX (a prerelease version), which in his
words, "let me expand my ideas." In a performance of A Digit for Dr.
Diamond (1989), his relationship with the computer went through different
states. First, the computer reacted to certain pitches with simple accompanying
notes, then it began to echo phrases and transpose them with a delay, then it
played arpeggios where the intervals and the range of the arpeggios were
changed according to the loudness with which he played, and then it became
more active, composing its own notes. In his words:

The main idea of it is that leadership goes from me gradualJy over to the
computer and 1have to follow the computer towards the end of the piece,
rather than it following me. At the end of the piece, it doesn't react to me
at all. I just react to it. The benefit for me, in improvising especially in free
jazz, is that the formal aspects of music very often get lost, and here I'm
using the controlling force of the computer to bring me into a formal
framework for my improvising.
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•
In summary, during the 1970s and 1980s many composers and performers
gainedexperience in creating and working with realtime interactive processes.
By the mid-1990s, a substantial body of knowledge had been formed and the
ideahad become credible. And people began to say that there were two reasons
to useelectronics in making music. One was access to sound. The other was
interacrion.

• • •



CHAPTER TWELVE

WHERE ARE
WE GOING?

As Bruce Pennycook said, "The players that we see on a day to day basis alit
there making music are the players of traditional instruments-I'd like to have
my pieces played live in the kind of venues that attract music lovers as those

,) .;::venues have for hundreds of years." Pennycook's concern, accordingly, ~
~ 1'1;; onl to tend the concert tradition but also to extend traditional instrume.Q.ts
. ~ and to do it in a way t at is practical. In his view, "We need to build insrru-
.(> menrs that are inexpensive, highly portable, simple to use, and that performers

will enjoy using-l'm thinking also of ~!!tomared mixing, in-hall acoustic feed-
back systems that do aurornajic adjustments, and small, self-powered high
fidelity loudspeakers that can be put in the milieu of the performers so that
from the audience's viewpoint the sound seems to come from the players."

Taking it yet a step further, particularly in his Praescio compositions, he
has explored ways in which chamber music performers can trigger and control
electronically generated accompaniments. In Praescio-I (1986), for example, a
saxophone player presses a MIDI footpedal. In Praescio-Ll Amnesia (1988), for
soprano, flute, violin, cello, and keyboard synthesizer, the keyboard player trig-
gers sequences of notes and effects. In Praescio-Ill The Desert Speaks (1988),
for harpsichord and electronics, the different registers of the harpsichord are
used to trigger different accompaniment events in a precomposed Jist. Praescio-
V Frontline (1990), for trumpet, saxophone, and computer-MIDI system, writ-

324
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renfor himself and D~xt~r Morrill for a European tour; uses special software
railedMIDI-LNE which IScontrolled by Switches installed on the trumpet and
saxophone.As Pennycook describes it, "Numerous tightly coordinated events
weretriggered in rapid succession by the saxophone and trumpet to produce a
rapid reparree of gestures." Praescio-Lv (1990), completed shortly after
Praescio- V, use special keys on a clarinet to trigger electronic events. As he
remarks,referring to Praescio-IV, "Players that have never encountered elec-
tronicmusic before are so excited about having truly responsive control over the
computer,compared ro playing with tape, that they can't stop talking about it."

•
In 1981, for the first performance of his Sonic Waters,Michel Redolfi delight-
ed swimmers by launching underwater loudspeakers from the coast of
California into the Pacific Ocean. Quickly concluding, however, that swim-
mingpools were musically superior to the ocean, his subsequent performances
have been in public pools, where audiences have happily floated and dived
whilelistening to his underwater concerts. Sonic Waters, performed with a
Syndavier, was soon followed by Sonic Waters [J (1983-1989), performed
with a Synclavier II. Other underwater pieces included L'ecume de la Nuit
(1984,Waves of the Night), composed for the Roman baths in Strasbourg, and
Crysallis (1992), an underwater opera composed for the Olympic pool in
Grenoble.And why? Why do concerrs underwater? He answers: "It's a high-
techexperience in a very sensual environment ... "

But a swimming pool, as verily it is said, is not a concert haJJ. And
Redoln'sswimming-pool compositions comprise but one example of depar-
turesfromthe traditional. Many composers of electronic m.Y&ie;-a-r-leastin par- k,c..oIi,.,("
tkularprojects, have stepped aside from the co radition to create unusu- ,c,o«1 to
a types0 presentation. e, It seems as if electronic music in its many and ~ft" 11
vanousmanit atlons as enr itself extremely well to a wide variety of venues,
includingthe concert hall but also including extravagant environm~nts, art-
and-technology, interactive installations, CD-ROM, and the WorldWIde Web.

There was the Philips Pavilion at the Brussels World's Fair In 1958,
amongthe first of the extravagant environments, for which Ia,nms Xenakis
designedthe building. There was the Pepsi Pavilion at Expo '70 in japan, per-
hapsthemost ambitious of the extravagant environments, WIth artificial fog~ a
giganticspherical mirror, robots, a lighting system designed by Tony Marrin,
lasersby Lowell Cross, and music by David Tudor, Gordon Mumma, and oth-
ers.Therewere speeracles with sound and light, la~ers, images, and ~Ir"eworks
createdand produced by Christian Clozier in the mld-1980s,at the Piazza San
Marco in Venice at the Chateau de Chambord in the LOire VaJley, at the
Ch-' h d J d t many other locationsateau de Versailles at the Bourges Cat e ra, an a .. .
h ' I' ecific As Francoiset roughout Europe. Clozier's specrac es were site sp . . d d

B', "E h how is carefully conceive anarnerc,one of his partners, wrote: ac s
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minutely thought out in order to celebrate the place or the monument in front
of which it happens, making use of its architecture, its environment, its cultur-
aI aura ... "

And there were~akis' rob-topes, as he called them, multimedia spec-
tacles of light and sound. There was the Polytope de Montreal (1967) at the
French Pavilion ar Montreal Expo, which included rapes of orchestral sounds
and 1,200 strobe lights mounted on a structure of sreel cables. There was the
polytope at Persepolis in Iran (1971), with an eight-rrack rape of rransforrned
instrumental sounds, with flashlights, fires, and projections. As Xenakis

... describes it, "They asked me to do a show with music on the mountain dorni-
-!; nating Persepolis, in Iran-J did it with school children bearing elecrric torch-
'£ bes, going to the top of the mountain and coming down, and with projecrors
U~~making shapes on the mountain." There was rhe Polytope!!:.. Cluny (]972),
~ k.,t }rich cornp!Jte(:fQntrolled strobe lights. lasers. and rape. One entered rhe T-

,,~ shaped hall of the Roman Barhs ar Cluny, at rhe intersection of the Boulevard
~ Saint-Michel and the Boulevard Saint-Germain in Paris, sat againsr a wall, and

watched and listened. There was the Polytope o(MYcenae (1978), a spectacle
of lighrs, movement, and music surro~nding the.Mycenae Acropolis in Gre~e.
And there was the Diatope (1978), with ],600 pinpoinr lights, four lasers, 400-------
Ianrus Xenakis' Diatope, as installed outside the Centre Pompidou in Paris ill 1978.
The public entered the tent and sat on a plexiglass floor, lit (rom below. Eachshow

was about twenty minutes' duration and consisted o( computer-controlled lasers,pin-
point lights, and sound. Photo by Joel Chadabe.
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~!rrors, diverse optical effects, ~n~-a-s-music, [a L6.g£11de d'Eer (J 977), com-
mlsSionedoyand composed principally at the WPR studio in Cologne. The
Diatope, exhibited first at the Centre Pompidou in Paris and then shown at
otherloca.le~in Europe, was housed in a large, red, steel-supported tent, its
shapererrnruscenr of the 1958 Philips Pavilion. One entered the tent and sat on
a translucent plexiglass floor with soft colored lights below. Each shnw was
(0.'!Y-sixminutes. PinJ;'9iruLoLlights in varying patterns flashed through the
space lasers formed and ref d cd' s of sha es above, and
soundscame rom all around. The music and Ii hts were not synchronized. As
Xenakis . « . n't have to be connected to t e lights-we have
earsand eyes. II

•
Woodyand Steina Vasulka, video artists and more, active through the 1980s
and 1990s in all manner of combining musical technology with visuals and
othertechnologies, had begun as early as 1970 to combine electronic music
withvideo imagery. From their perspective, the electronic arts, Including music,
wereabout process, and the different electronic arts, including music and
video,were simply different ways to display the same core process. In 1970 in
NewYork, they bought a Buchla synthesizer through an ad in the Village Voice,
and they collaborated with Rhys Chatham on a first attempt to control video
withaudio signals. In their words:

Ourbasic interest was combining electronic music and video. In fact, from
ourpoint of view, there was no division between electronic music and elec-
tronic video. In New York, there was not much that we would call unas-
signed video, not many people that would think of video as a subject of its
Owninvestigation. Video was mostly considered a continuation, of film, or
had a political or social agenda, but our approach had no SOCial agenda.
Wewere curious about this new material, and t.he closest cousin was the
latestproducts of electronic music and the synthesizers. So we immediate-
ly used audio synthesizers to generate patterns on the screen and ~:
learned that it was the same material, differently displayed. Ahv~v.

.i , -1,' e. re'• -1A:"',"c J +,,A.S
-? S1'

InWell (1969), Tony Martin used vibratin merc lU'nd various trans~ucers
tosensethe movements of eo Ie's hands and control Qunds and Images. In
SuiiSPDiS(1 liz Phillips used rherernin-type devices to deject the moze-
memof people i~;J gallery space and control sound accordingly. In Talkshow
(1988) I'll k . hi d "let speech become the activator of rhyth-

I au ans y, In IS war s, - II A dt k
micandspeech templates witR the sOllPds made by synthesizers., n ,ans y
adds-:<'Thebest time I h~d with it was when I set it up as an mstallatl~d to
i ' , . b ki d of automaton-It wou gomprovlseWithirs QWR 6tJtl3t1:t.so It ecame a III , d
onlOrfive or ten minutes andthen quiet down and someone would go III an
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~ Tony Martin's Well (1969) as seen at the Howard Wise Gallery. New
~ York City, in October 1969. Photo courtesy Tony Martin.~
~
Ii
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Liz Phillips' Sunspots I & II (1979-1981) as it appeared in 1981 at Soundings, an
exhibition at the Neuberger Museum, State University of New York at Purchase. The
screen on the left and the copper tubing on the right act as tberernins, responding to
the proximity of people and allowing spectators to influence the music produced by

the synthesizer in the cabinet at the rear left. Photo by Joel Chadabe.
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PaulDetvtarinis' Jch ouch Berlin(er) (199]), an example
of electronic music as 0 gallery installation.

Photo by Patrick Sumner. Courtesy Paul DeMarinis.

clapor shour and it would go again ... " Pau I DeMarinis describes his lch auch
Berlilller)(1993), a gallery installation:

A tribute to the Berlin(er) brothers, Emil, Irving, and John Fitzgerald. A
gelatin dichromate hologram of a 78 rpm record of the 'Beer Barrel
Polka' is rotated On a transparent turntable and played by a green laser.
Once I realized that only light reflections were needed to make the record-
ed grooves audible, it became apparent that a hologram (the memory of
Iighr reflecting from a surface) would suffice to play music. Here, sans
needle, san groove, the band plays on.

1/ Giardino di Babele (1990), an installation composed by Ron Kuivila
f?rthe SOccer World Cup in Florence, consisted of three elements: a trompe
loedblue moon on the top floor of the tower in the piazza Poggi; a garden 111

wh,chthe alarms and chimes of 500 watches started sounding at nightfall and
Continuedin staggered fashion throughout the next hour; and a playing field in
whichpeople's movements affected sounds. In Kuivila's Der Schnueffelstaat
(1991) at the Technorama in Winterthur, Switzerland, images in a video pro-
Jectionchanged from "smart bomb" crosshairs to rectangular Swiss flags when
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a video sensing system detected motion i!J.-the-room. For Singing Shadous
(1994) at the New York Hall of Science, Kuivila programmed a video sensing
system to scan shadows on a panel and control musical processes according to

their changing shapes.
For In Thin Air (1995), David Behrman's idea was to .:e-create.0 a gallery

~~ installation the types of interactive performing situations that he'd worked
~ wrth m hIS earlier pieces. As he said, "I wanted to give those expe~ience~,ro any
~ interested person, ~Gm€ene who knows notlimg about mUSIC. .. So he
t assembled an input system of footpedals, burtons, and an array of light-beam
(;-o~ sensors designed by James Lo and placed them around the installation so that

~ members of the public would feel invited to use them. He explains.'\
You explore. And you may be surprised, and that's parr if it. It's not
always a one-to-one relationship between a gesture and a musical result
because the algorithm is in between you and the music. There's an inter-
play between knowing what will happen and being surptised .

•
Barton and Priscilla McLean have earned their living with interactive installa-
tions. They came into electronics through university work. They had worked
with Iannis Xenakis at Indiana University, and Barron McLean subsequently
directed studios at Indiana University at South Bend and at the University of
Texas at Austin. But they came into their own after leaving the university envi-
ronment and touring as The McLean Mix. Two threads developed through
their work: nature and interactivity. Priscilla McLean's Beneath the Horizon 1
(1978) included a tape of whale sounds. And in a performance of In Wilderness
Is the Preservation of the World (1985), which included projections and envi-
ronmental and animal sounds, as she said, "The audience was performing with
us ... "

Interactivity was the generating idea in their collaborative Rainforest. For
one thing, they nad been exploring the idea of large mixtures of musical and
visual, and human and environmental, elements. For Rainforest Images (1993),
for example, the McLeans recorded sounds in the Peruvian Amazon, Australia,
and other far-flung places; they recorded humans improvising with didiendoos,
voices, and other instruments at their concerts and installations; they recorded
sounds in studios at the Canberra School of the Arts, University of Wyoming,
and elsewhere; and they processed their sounds in collaboration with Panaioris,
using the Expanded Instrument System at the Oliveros Foundation studio in
Kingston, New York. After four years of collecting material, they put if togeth-
er in a forry-eight-minute organic mix of human, nature, and electronic sounds.
It took a year, as Barton McLean said, "all without a marriage counsellor." He
subsequently composed a videotape of Rain orest Images with ima es he had
shot on a trip to the Peruvian Amazon and then 11lJxe an edited with video
artist Hasnul J. Saidon at iEAR Studios ill Troy, New York.
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For another thing, as Barron McLean said," ver the last ten years or so
I'vefound that audiences are increasingly disinclined to want to SIt sti I ana lis-
ten to a u concert. T e cLeans egan to develop Rainforest through
~fSifi'""loca venues at which they invited the public to improvise with
equipment that they'd set up beforehand. Then they went to el Yunque, a
national park in Puerto Rico. As Barton McLean recalls, "We were there at
nightwalking from the top of the mountain down to the bottom and we heard
variousstrata of sounds depending upon the altitude, and each stratum was
totallydifferent-as we went downward, we could hear them blending into one
anotheras in a huge electronic composition."

And so Rajlt{grest-t-BGk-.shape.a.nd-name.-l.ILan.instal.lauon,..a taped drone
oLrecmded and synthesized sounds an continu illS-f}f-eje€t-iQlls_O . f;;est
~ provide an atmosphere in which meJl1bers»Ltho.-pu.eli€-il -se...in.yjg.!.Lto
perlow on electronic and acouSt!0nst.I:ument . Does it work? The McLeans
answer:

Barton:

Priscilla:

Barton:

Priscilla:

Barton:

Priscilla:

We've learned to adapt our presentation to the level of sophis-
tication of the audience. We're as at home with an audience
with no prior experience as with an audience that's techno-
logica lly-oriented.
We're going on the premise that our work will be satisfying to
our host ...
What we do is nor a part of ordinary experience, so there's
usually some apprehension when we arrive. We try to allay
their fears and assure them that the large commitment they've
made to hire us is not going to be a disaster.
At the Nature Sound Society at the Oakland Museum, the
audience came lip on stage en masse and performed for a half-
hour.
In Stamford, Connecticut, on New Year's Eve 19~2, we had
over 1,000 participants in the Rainforest installation-s-of all
types, adults, children and in between. It was cold out and
they came with their mittens on. And there were masses of
people trying to get at the equipment to .make sounds ...
In Se rernber 1990, at the Canberra Institute of the Arts, peo-

p . . I d 9 A M and the art studentspie were wamng at t re oor at ... '.. .
were playing the didjeridoo, slap sticks, smgmg, and Impro-
vising with the Rainforest sounds .

•
sperson I _ became normal consumer items in3he

a com ut . . h arne a common
1990s the idea of artistic inreractlvlty at. 0 h ~I·-Wi;;reas a

tho"nLrh f h d h ght of It muc ear rer.~ome people, 0 course, ao rnou . . Max Mathews
CO di .. h II . ito one's living room,mpacr ISCmighr bring a concert a II II I one conduct:
hadreasoned that an interactive approach would actua y er some
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~ "The Radio Baton and Conductor Program," as he explained, "may create
'"'It"tanother way of experiencing music, where instead of p,assively sit~ing and lis-

C if tening to a compact disc, you could buy the score to a piece of mUSICon a flop-
~ (\ py disk and conduct your own i~terpretation of the music." And the .initial g~al
{) of Intelligent Music, founded m 1983, had been to develop an inreracnve
~v'9strument for the home entertainment market. The following words are
?" excerpted from an early Intelligent Music business plan:

-'"'.;;
~'\ The definitive characteristic of Intelligent Music's interactive instrument

is that it generates musical information by itself as it plays. It shares con-
t.rol of the music with a user, thus compensating for the user's lack of pre-
viously acquired skill. It allows anyone to participate in a sophisticated
musical process through performing, conducting, improvising, compos-
ing, interacting with the instrument in any other way ...

Interactivity at home means t an amateur, perhaps without talent or
skill, Can participate i wardin wa in a mUSlca process. Is it POSSI Ie?
Yes, because the aspect of musical performance whic requires skill, namely
playing the notes, can be eliminated from the performer's tasks. Is it good? Yes,

lbecause it allows people to participate in musical processes at a meanjngful
, artistic level whether or not they have previously studied a niusical i~;aunenr,
() Laurie Spiegel, in 1987, said ir well:

This is a very exciting time for music. With the advent of computers,
many of music's past restrictions can begin to fall away, so that it becomes
possible for more people to make more satisfying music, more enjoyably
and easily, regardless of physical coordination or theoretical study, of
keyboard skills or fluency with notation. This doesn't imply a dilution of
musical quality. On the contrary, it frees us to 0 further and raises the
base-level at which music making begms. It lets us focus more clear 011

aesthetic content, on feeling and movement io SQlwd on the density or
direction of experien~eus.ualit.x. structure, and shape-so that ';e
can concentrate better on what each of us loves in music that lies beyond
the low level of how to make notes, at which music making far too often
bogs down.

•
Mor IIM Hummin birds Have Alibis (1993), the firsr musi-
cal composition created specifically as a multime ra CD- ~M, allows a lis-
tener at home to select the orderin of sections and choose which visuals are
seen score, pictures, or wor s-as the music plays. It was published by The
Vorager Comp;;my under the direction of Jane Wheeler. In her words, «We're
interested in artists, authors and composers creating works for this medium,
we're trying to do new things~ more like a research grou"p'"than a stan-
dard commercial venture ... " She continues:
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?ne of t~e thi~gs we ask ourselves ~he~ we u~de[[ake something is:
Does this co e be done with mteractlve media?" One thing

rhar was really important to Mort's work is that the m~ was based on
the Max Ernst collage novels. What we're able to do is to combine the
images that inspired the work and the notation and the ballet section
where he turned the images themselves into a visual ballet. And this is not

11
\ possible in any other medium. Com osets hav.~ to com ose. mOte than the
m SIC element; they have to start workIn wltE visual artists an think-

!fCC ing 0 t e visua. ~I t combination of visual imagery an musi~can
nave a teemeD DUS impact. ere are certain t ings t at ave een one
on stage, and I think the same can be true of the computer, as a new cham-
ber art medium. It's the intimacy of it, it's you and it, and the relationship
is very close.

Peter Gabriel's XPlora 1 allows a listener at home to use a mouse to posi-
tionthe faders of a een mixer. Todd Rundgren's No World Order Invites
a listener at home to function something like the conductor of an orchestra,
manipulatinga variety of on-screen controls to affect various aspects (Rundgren
callsthem "flavor ") of the music. The following is from his liner nores:

~/

c, Standard mu ic CDs are like amusement park cars that run on tracks. No
World Order removes the track; you can drive wherever you want in the
park. You control the tempo, the mood, the mix, and the freedonl. with
which musical events are selecred. Speed up the tempo. Reverse the order.
Change the mix. verthrow conventional expectations and create some-
thing entirely new.

I (I Is the level of inreracrion in rhese CD-ROMs interesting enough to war-
L rantthe rrouble? Well, it's a beginning. Bur Subornick offers a better answer:

~ S'Jf a piece does not need new vision and new experience or new express.lve
qualities, then you don't need a performer." And ho~. then: do you br~ng
vision,experience, and expressive qualities to a erforman~e w,~thout bnngmg
t e notes an oun s? By per orrrung, as Subotnick explains, such t mgs as
loliCriiesstempo pacing between notes, crescendos, pedalling, the nuances-, , I "Mthemusician is to the music what a conductor is to any ore 1est~a. a,x
Mathews, in fact, had been thinking along the same lines. Referr-ing to his
ConductorProgram, Marhews said:

I . ould serve in live perfor-wondered what useful function computers c ,

~
.A mance. Ir seemed to me that there were many rhings rhar I did not wahnt
, h . . { wrth or contrIbute to t e'1" t e computer to do-like ro Innlt or mter ere _
cf e~lve arts of the riusic because those are the domam 01 tlie per-

~~ - f .
- ':::- . h mber of aspects 0 musIC
Bur it also seemed to me that r ere were a nUf hoi Th sequence of

where the performer didn'r need any freedom 0 c 101ce. e
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notes to be played, for example, was an area in which the computer could
legitimately help a performer in making it easier to do things correctly,
And this led to the concept of the expressive sequencer, where the prede-
termined parts of the music were in the computer memory as a sequence
of notes or chords or events, but where the performer was controlling
everything about the way those notes got played ...

•
Gabriel, Rundgren, Subornick, and Mathews view the listener at horne as a per-
former. But Laurie Spiegel's idea was to turn the listener at home into a com-
poser. She began to work with personal computers in the late ] 970s following
her work with GROOVE ar Bell Labs. She tells ir:

In 1978, jef Raskin, one of the original crew at ~ and also a fine
musician, showed up at my loft with a prototype 48k Apple II as a pre-
sent. He said, "I'm going to take a nap in your back room and by the time
Iwake up I want you to have written a program for it." And by the time
he woke up, I had written a program ...

In 1979, she worked as a codeveloper of the Apple II-based alphaSynt'"u
music system, which she used to compose Nomads (1981) and A Harmonic
Algorithm (1981). In 198], she worked with the MeLeyvier, a hybrid system
named after its designer David McLey, extending its operating system into
what she called IMP (Interactive Music Processor). Although the McLeyvier

~ never got to market, Spiegel used It for several compositions, among them
"f~ Three Modal Pieces: A Cosmos, A Legend, A Myth (1983), Harmonic

Rhythms (1983), and Immersion (]983). And she said: "1 found most won-
derful its lingu.istic interface and the fact that it was extremely realtjme savXY
in design-it could play without the slightest glitch i~d...while loading file,
lfJ:om-aisk, dispfaying and updating music notation on the screen, and expand-
ing disk-based macro commands in its music language."

In ]985, she finished Music Mouse. Earlier, at Bell Labs in about ]973,
-~ she andMax Mathews had coined the term intelligent musical instrument to

~:fJo~\;describean instrument that first s~sed its performer's intent by the type ~nd
'\::~ context of the performer~ctions and then extended the performer's controls

&.1 toexecute the music automatically. She adds, "Intelligent instruments let peo-
'\W ple play music on a compositional level."

Music Mouse is an intelligent musical instrument realized as software for
Macintosh, Amiga, and Atari computers. How does it work? Vertical and hor-
izontal keyboards are shown graphically on the computer's screen. A performer
moves a mouse through an on-Screen grid of vertical and horizontal lines that
simultaneously intersect both keyboards, thereby aJigning the mouse, at every
moment, with a note on each keyboard, thereby causing two notes to play
simultaneously. The software automatically generates additional musical mate-
rial. The type of material, whether additional comrapuntallines, for example,
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ormelodic ornamenration or chordal harmony, is determined by which keys
arepressed on rhe compurer's alphanumeric keyboard. And rhe resulr is rhar
rh!performer gers back far more rhan was plaY,ed. Spiegel cominues:

\ The §gfrware inrerprcts the player's actions and outputs music which can
& be thoughr of and experienced as a transformation of rhe player's physi-
cal movemenr. The actual music produced will vary with an action's con-
text, history and position in what can be thought of as a multidimen-
sional musical space.

Spiegel used Mu ic Mouse to compose Cauis Muris (1986) and mosr of
hercompact di c Unseen Worlds (] 987-1990). She conrinues:

Incoding Music Mouse, I tried to minimize violations of musicality while
allowing maximal variety of output. I used constrain,ts, logical tests, fil-
tration, transformation, a loosely enforced bias toward continuity in all
dimensions, and very careful specification of non-user-serrable constants
for harmonic progression a thmrdrrlation. The touchiesr parr of rhis rask
was in the area of transitions between scales, modes, or contrapuntal
voicings when rhey are swirched from rhe ASCII keyboard during perfor-
man e. For me, the most interesting material tends to happen when

A screenshot of Lourie Spiegel's Music Mouse. A performer moves the mouse th~ough
Ihegridon the nght. thereby selecting and playing simultaneously two notes pointed
10 by the "polyplJomc cursor" along the vertical and horizontal keyboard.s. The s~ft-
wareaddstwo notes to produce [our-voice harmony. according to the uarrous settmgs

shown in the parameter table on the left.

Yoiors I 23 4 MI>l ChM1 1 2 3 4

tWmon'io Hodto; Oot.tonic
Trut.rnMt Chord
TrwposiUon -10
Intwv.1 of TrM'lSp 5
P.tttrn: 4 '"' OFF
t1oYs:, Movf'mHlt; Contr.ry
P.tt ...nMoYfmtnt Par-.ll.l
Ar"tkulJUon' H.lf-Ltq.to
tbudn.ss:; 100
~, 99
V,1o<:itl,i 100
-., a
ar..,thControl 64
Footcontrol. 64
AfltrTouch: 64
PortilTlfflto. 0
DUp1iVin9: OutpYt

GrOl4l. l:J"F TtmpOl '"' 100
HDIOutput ON Ttrnpo2 600
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Music Manse is played with only minimal mOIlSe movemen~ut with lots
ofuse of the gwerty keyboard t~ ~bange the compositjooal, orchestra-
tio~a other interpretive Yari;l~es. Music Mouse is like a traditional
instrument in that e same Sf uenee of actions b the erformer will
always produce the same musical [esu ts and all IS In irect
rewnm@4Q player action. Nothing is random. The player is in coo:rol.

Warren Burt was also in control, with the help of Donald Buehla's
Lightning, in a performance of his Sound Effects Improvisation at the Perth
Institute of Contemporary Art in 1993. He explains:

I know the range of pitches that I want, but I actually don't care whieh
one of those pitches is happening ... A few small changes in range set-
tings and I can generate a lot of music. If I were using a seque.t:l.ce.r,..[Q have
to specify a lot of detail which in this particular piece is actually super-
fluous because really what I'm looking for is a statistical character ro the
music. I'pl!Eying to genemte controllable clouds of sound. So I feel relief
at not having to spe,ify the detail.

In summary, the software that animates Music Mouse and Sound Effects
Improvisation automates the musical detail, allowing tbe performe;[o make
brQliaer gestures, to compose while performing, to pilot the music through
time, as if using a fly-by-wire system to fly die music through a musical space.
Iannis Xenakis' words come to mind: "With the aid of eJectronic computers the
c mposer become "

LIt I t 1e performer is com asio what has the composer done? n the
tw s age process 0 esign-then-do, the composer as gne the instrument
and its sounds so that the performer can do the music. And as part of the
deslgn,!he composer has defined the connections between the performer's co...n-
trois and the musical "able The c etermined, in other w ' s,
what appens when the performer does.rhis Qf that The software-generated
ornamentations in Music Mouse follow the performer's Jead as if they were
kindred airborne objects flying in formation. In Sound Effects Improvisation,
sound objects realign and regroup in various designs and distributions as if the
act of flying through the musical space caused turbulance.

~~U~) .
~~f..he intelli ent musical instrument may also b~rogrammed to produce l.Inpre-

.dictabJe elements to whic t e listener at home can react. Remember what
" George Lewis said: ".¥s SOon as the computer generates something independent._a a performrr; Ca.n..Le~f and:go wltb jl .. Reinember how Bruno Spoerri

put it: "The important thing for me was to have a partner in the computer who
-threw balls at me, who gave me a reason to react in a certain way ... >l

Remember the whole history of interactive composing instruments.
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New musical idea generated in the software, perhaps as interpretations
ofwhat a performer has jusr played, perhaps as completely new informarion
providecues for a performer's ongoing actions. The software does something
to whichthe erforrner reacts the erformer does something to whicfitFiesoft-
warereacts, an the music takes its form throu h that u . t1a and

~ responsiveinteraction. In su h a situation, the listener at home is an interactive
composer, in other words, an improviser.

\ lyre! 1\ ",,\- , \
• ./J ~ 50<-\"'-

Thetrad.irional music~1 roles of ...eerformer com oser, and impr.2.:'iser can be
rea1iU:dIn a wide vaneey of ways. Remember also that music can be ~al
activity,that people can come together to play chamber music, to improvise, to

o sillg.1tmay be, for example, given likely improvements in Internet technology,
that a listener ar home in the near future will be able ro play anyone of these
roles as a participant in a large group, cg,o.tributing to a holistic com~sition
whilesocializing with man.r...orher lisrene.rs at home around the world; and it
may be that the matenals of the com osition will include ima es and text as
w£1Ias music. Thin mg ate War Wide Web, one might question w et er
interactivemusic will be separable from interactive multimedia.
'In Seprember 1995;- Cada Scal\ili i ","..mcei'l~ic Organ: An

111~ Networked Oltnd Justa/latjO" simultaneously o~ t e World Wide
Weband at the International Computer Music Conference in Banff, Canada.
Shedescribes it:

[

A som~imes-humorous-sometjl11es-seriou~ comn.,en:ary on ~he Internet,
PubJj, Organ invites-paLtietp8Ats TO expenence lInkIng, lurkJ,ng, loopmg
and collecriye thinking through interaction wi ever day objects: a tele-
vision, a radio, a telephone, a spray can, a camera, and a 00 .

"-

As composer, Scaletti defined the process by which pa[[ici~ants int.era~t-
ed. Linking, lurking, and looping meant exchanging in,formatlOn, taklOg 10

l!JJormation,and going through old jnformation. She defmed the performan.ce
devices("everyday objects ... ") that parricipants used and she allowed partiC-
ipantsto IIltroduce their own material. As she said, "Web partrcipants ,,:dl be
ablero conttibure graffiti and images of themselves that will be instantly incor-
porated into the installation." She described the musIC that the Instrument
played:"They will also be able ro view images and hear sounds from the" h s-
. '{..;.. d sta anon participants. Andlealinstallation as well as see an ta to ot ler m
she--~h lyingCOi ept that while we act as ii'@iVi1IiTIilsweartlCUlalCu r e un e cone - A4F "ell'. a
participate in a total world-by quoting a passag~ from 1he Lwes of a C ,
COlrecrionof essays by biomedical researcher LewIS Thomas:

[

The human brain is the mosr public organ on the face of the earthh'~hen
\: thin We pass t aug rs

to everything, sending our messages to 0:;, ~... _
I.l. (){(. (ct'<'R-< a
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aroun , m ulsively and with such speed that the
brains of mankind often appear. functiona y, to un ergomg usion .

•
There is no conclusion. The electronic musical instrument of the mid-]990s,
like the electronic technology from which it is made, is still at a formative stage.
There is no general understanding as to the best types of performance devices,
or sound generators, or software. And nothing quite seems to work really welt.
As composer Terry Fryer put it, "It's like early automobiles-at the turn of the
century you had to carry a mechanic to keep things going ... ))

Yet it will all eventually come together: interactive media, interactive
composing, intelligent musical instruments, multimedia; listeners at home as
performers, conductors, composers, improvisers, and participants; more
ergonomic and sensitive performance devices; more expressive and powerful
sound generators; more sophisticated, flexible, and creative software; and, of
course, supersensitive extended-functionality improvements of traditional
instruments for the concert hall.

~

nd perhaps, as we better understand the human rocess a making
music nd as we become re aware 0 the n he relations i s etween
p~ e al!f!. th musicalnnstruments they play our understan ings will lead us
towj!.rd lIsing technology more wisely iQ.designing instruments that will be
o timall benet i man creativity. As that happens, the electronic rnusi-
cal instrument, in its myriad mani estations, is likely to become the most
ergonomic, sensitive, expressive, powerful, sophisticated, flexible, ~,
socially beneficial, altogether ,/Urgr:diRg instrument ever developed. And as w~
learn how to make it, we'll learn how to play it and the other way around.

• • •
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Althoughmuch of the music mentioned in this book is available on compact disc, it is not easily found
throughnormal stores. For access to materiels, contact Electronic Music Foundation, a not-for-profit
crganuanon formed specifically to dissernmare information on the history and current development of
elecrroncmusic

Electromc MUSIC Foundation (5J 8) 434-4110 Voice
116 North Lake Avenue (518) 434-0308 Fax
Albany NY 12206 EMF@emf.org
U A hrrp://www.emf.org

Inwmmg thrs book, I relied largely on my own experience in the field during the last thirty years as
v.'tllas personal familiarity with most of the places and events described. I also conducted more than 150
l11lttv1tws with composers, researchers, and entrepreneurs between the summer of 1993 and ehe spring
of1996,most of them in person, a few of them by telephone, fax, and e-mail. I did extensive followup to
am interview,as appropriate, to verify Iacrual information and correlate what had been said with infer-
mancnmarncles, the annual reports of various organizations, concert programs, conference proceedings,
and so on. The first few interviews were conducted by taping the conversations. It soon became clear,
oowc\'er, because of the nme required to transcribe the rapes, that it would take a few decades rather than
~fe"':le~rsto fimsh wnnng this book. Consequently, [changed my technique to taking dictation by ryp-
IOgdlTrctly mto a computer while people were speaking. In some cases, when the person interviewed was
speakingFrench or Irah311, 1 did a simultaneous rranslarion. 1 edited each interview to put it in the form
of a concise and readable statement and then verified each edited statement by sending it to the person
interviewedfor approval or corrections.

In the fcllcwmg notes, listed by page numbers, the full name of the person interviewed is cited for the
firsl time In each chapter that an interview is quoted. Only the last name is cited for all subsequent q.uo-
13tlonsfrom the same interview within the same chapter. Printed sources and general references are CIted
In theirCOntexts. Recommendations (or further reading, hopefully to be found in libraries when they are
OIJIof print, can be: found at the beginning of the notes for each chapte.r. [ have ~ept these recomtnend~-
nons ro a simple minimum, consistent with the overview character of chis book. For those who seek addi-
tlonalSOurces,extensive bibliographies can be found in many of the recommended books.

Preface
\11 "And now, in this the twentieth century". John Philip Sousa, "The Menace of Mechanical Music,"

reprinted In eomlmter Music Journal, 1993, 18: I, pp. 14-15. .'
"PUI another nickel in"; Lyrics to Music Music Musid, a popular song by Stephen WeIss and Bernie
Baum, 1950.

viii "We also need new instruments": Edgard Varese, "The E.lcctr~nic Medium," a lecture at yale
University, 1962. Reprinted in "The Liberation of Sound," 111 Elliott Schwar~ and Barney ~hdds,
eds., ContemporaryComposers Ofl Camemporary Music (New York: Holt, Rinehart and Wlllsron,
1967), p. 207, . . M ,~". D' R 'h
"Elecrrcnic music exists only on tape": Herbert Eirnerr, "What Is Electronic USIC. 111 se ei e

Vol. 1 (Philadelphia: Theodore Presser, 1958), p. 2. _ . . , d .
"I think that the electronic tape piece": Interview with L~Clano Berro 111 Barry Shrader, Intra JlCtlO1I

to Ilearo-Acouulc Mrlsic (Englewood Cliffs, NJ; Prentice Hall, 1982), p. 183. . hvsi d".Co . . .". Harry F Olson MUSIC P YSICS annvenncnal instruments produce various nOlSC9 . . , ,
Engineeri1zg (New York: Dover Publications, 1967), p. 415.
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ix "These effects": Quoted in David H. Paetkau, The Growth of Instruments and Instrumental Mllsic
{New York: Vantage Press, 1962}, p. 342.

xi "Composers who rival Cage": Alexander Fried, San Francisco Examiner, March 28, 1964.
"We ask ourselves": From a review of the Conference on Electronic and Concrete Music, broadcast
on Radio Basel, Switzerland, in May '1955. Quoted in Otto Luening, "Origins," in jon H. Appleton
and Ronald C. Perera, eds., The Development and Practice of Electronic Music (Englewood Cliffs,
NJ: Prentice Hall, 1975), p. '15.
"The actual musical input": John Rockwell, The New York Times, March 6, 1986.

One: The Early Instruments

For general information on early electronic instruments, see Hugh Davies' articles in Stanley Sadie, ed.,
The New Grove Dictionary of Musical Instruments (New York: Grove's Dictionaries, 1984). See also
Thomas Rhea, The Evolution of Electronic Musical Instruments in the United States (PhD dissertation,
George Peabody College, 1972); Richard Schmidt James, Expansion of Sound Resources in France,
1913-1940, and Tts Relationship to Electronic Music (PhD dissertation, University of Michigan, 1981);
and Albert Glinsky, The Tberemin and the Emergence of Electronic Music (PhD dissertation, New York
University, 1992). See Reynold Weidenaar, Magic Music from the Telharmcnium (Metuchen, NJ:
Scarecrow Press, 1995) for a superb account of the srory of the Telharmonium. For a description of Hugh
Le Caine's work, see Gayle Young, The Sackbvt Blues (Ottawa: National Museum of Science and
Technology, 1989).
1 "setting the clavier stool": Harry Partch, Genesis of a Music (New York: DaCapo Press, 1974), p.

384.
"Any musical innovation": Plaro, The Republic.

2 '''Exactly,' said Lewis": E. T. A. Hoffmann, "Automata," in The Best Tales of Hoffmann, rtnns.
Alexander Ewing (New York: Dover Publications, 1967), pp. 96-97.
Ether: See definition of "Inaudible Music" in Nicolas Slonimsky, Music Since 1900 (New York:
Charles Scribner's Sons, 1971), p. 1458.
"Dear Balilta Prarella, great Futurist composer": Quoted in Futurismo (New York: Abbeville Press,
1986), pp. 560-562.

6 "ft did run perfectly in tune with itself": Reynold Weidenaar, Magic Music from the Telharmcnium
(Metuchen, NJ: Scarecrow Press, ]995), p. ]86.

7 "I conceived of an instrument": Quoted in Robert Moog, "Out of Thin Air," Keyboard Magazine,
February 1992.

8 "to carry out Lenin's dictum": Nicolas Slonimsky, in his article on the theremin, Music Since /900
(New York: Charles Scribner's Sons, 197"1).

9 "they dropped it like a hot potato": From Robert Moog, "Controller Oddities," Keyboard
Magazine, March 1993.
"none of the dancers who tried it": Quoted in Robert Moog, liner notes to The Art of the Theremin,
Delos CD 1014.

'10 "Ms. Rockmore actually uses fingering patterns": Ibid.
11 "In the Soviet Union at that time": Robert Moog, "Out of Thin Air," Keyboard Magazine,

February 1992.
12 "attracts us like a message": Obllkhov dossier at the Bibliorbeque Narionaie, Paris, quoted in

Richard Schmidt James, Expansion of Sound Resources in France, 1913-/940, and Its Relationship
to Electronic Music (PhD dissertation, University of Michigan, ] 981), p. 38.
"Sala is convinced of the necessity": Lejaren Hiller, "Technical Report #4," University of Illinois
Experimental Music Studio, June -1962.

13 "He was making the instruments one by one". Jean-Claude Eloy, personal communication.
"The keyboard facilitates rapid execution": Personal communication to David H. Paerkau, quoted
in David H. Paerkau, The Growth of Instruments and Instrumental Music (New York: Vantage
Press, 1962), p. 342.

15 "They were ecstatic reports": Milton Babbitt, personal communication.
"I didn't want to splice rape": Babbitt.
"the possibility of entirely new tone complexes": Harry F. Olson, Music, Physics and Engineering
(New York: Dover Publications, 1967), p. 415.
"a 750-vacuu~-tube affair": Richard Boulanger, "Interview with Roger Reynolds, Joji Yuasa, and
Charles Wuonnen," Computer Music Journal, 1984, 8:4, p. 48.

16 "I talked to Harry Olson": Babbitt.
"Vladimir and I": Babbitt.
"Then came a great two years": Babbitt.

17 "1 realized [hat there was a tremendous discrepancy": Babbitt.
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18 ~Iwrote a mil": Babbitt.
"ln the notation ": Babbitt.
"ln a nutshell": Babbitt.
"Ibe norion": Babbitt.
"stoleeverything that was stealable". Babbin.
"The composer of the future": Quoted in Reynold Weidenaar, op. cit. p. 215.

19 M.\lUSICISan an not yer g.ro~n up": From 3 sraremenr by Percy Grainger on Free Music, December
6,1938, srored In an exhibmon case ar rhe Grainger Museum, Universiry of Melbourne, Australia.
Repnnred In Recorded Sound: [onrnai of the British Institute of Recorded Sound, January-April
1972, p. 16.
MGrningerwanted a composer's machine". Burnett Cross, "Grainger Free Music Machine"
Recorded Sound: )olm,af of the British Institute of Recorded SOImd January-April 1972 pp.
17-21. "

20 "Kangaroo Pouch": Ihid.

Two: The Greer Opening Up of Music to All Sounds

Fcrgenerelbackground to John Cage's early work, see Richard Kosrelanera, ed., john Cage (New York:
Praeger, 1970). See also John Cage's writings: Silence [Middletown, CT: Wesleyan University Press,
1.961)iAYl'ar fro."' Monday (Middlerown, Cf: Wesleyan University Press, 1963); and M (Middletown,
CT:WeslryanUniversiry Press, 1973).

For the history of the phonograph, see Roland Celarr, The Fabulous Phonograph, 1877-1977 (New
York:Macmillan, 1977). For further informarion on early magnetic recording, see Marvin Camras,
Magnet,c Recording Ha1Jdbook ( ew York: Van Nostrand Reinhold, (988).

Lowell Cross' "Electronic Music 1948·1953," in Perspectives of New Music, 1968, 7:1, pp. 32-65,
presents an msighrful overview of the first rape studios. See also Pierre Schaeffer, A 10 Recherche d'une
!t11U"lue Co,.critl! (Pans: Editions du Seud, 1952) and Traite des Cbiets Mtlsicoux (Paris: Editions du
Mud,1966). For the history of rhe Cologne studio, see Marietta Morawska-Bungter, Scbwingende
Eltktronen; E.me DoJwmentat,o" iiber das Studio fiir f.lektronische Musik des Westdelltschw Rnndfunks
III Kat", 1951-1986 (Cologne: P. J. Tanger, 1988). For furrher insight into the Cologne studio, see
KarlhtinzStockhausen's articles in Die Reihe Volume I, V, and VI (Bryn Mawr, PA: Theodore Presser,
19591.
Varesr'lecrurts are collected 10 "The Liberarion of Sound," in Elliorr Schwartz and Barney Childs,

eds., Contemporary Composers Ott Contemporary Mllsic (New York: Holt, Rinehart and Winston,
19671,See also Chou Wen Chung, "A Varese Chronology," in Ben Borerz and Edward Cone, eds.,
l'l'tspl'CtltJes on Amcm:arr Composers (New York: WI.W. Narron, 1971), and Louise Varese, Varese; A
Lookmg·GfassDIary (New York: W.W. Norron, 1972).
21 ~AbsolUle, True, and Mathematical Time": Quored in Max Born, Einstein's Theory of Relatil/ity

(New York: Dover Publications, 1962), p. 57. .
12 Lllnd; Rue Omst",c was firsr published m Soirees de Paris, II: 19, '1913. The French text IS:

TrOISbu,s de gaz oUIU/lds
LA Patron"e est po,trmatre
Qua"d tu auras {;111 "OllS ;OllerOllS ,me IJartie de ;ocquet
Un c.hef d'orchestre qui a mal a 10 gorge
Qlland tu Vlendras Ii Tllnis Ie te (erai ftlmer du kie(
Co a "air de rimer . " .

~We musllhrow Wide the window": Claude Debussy, "Monsieur Croche the Dilettante Hater, III

ThreeClassia ttl the Aesthetit;S of Mllsic (New York: Dover Publicatior~s, .1962) ..
"MuSIC was OOm h-ce", Ferruocio Busoni, A Sk"d, o( a New A",be'" m M,m, (Ncw YOlk, G.

SchIrmer, 1911). N Y k
2J ~Sirand Dear Friend": Quoted in \'Villiall1 W. Austin, Music in the TWel/tieth Century ( ew or':

W. W. Nonon, 1966), p. 165. R I . 1'0 d (P t's'
MThescore of Parade": Jean Cocreau, <OLe Coq cr l'Arlequin," in Le aptJe a r re a I .
Librairie StOCk, 1926), pp. 32, 58. f ...
"A h'l h d be' . ". E.z P ld "George Anrheil and the Theory 0 Harmony, wnt·nr el as ma e a gmnmg. ra OUI '.. 4 h d (N Y k· Charles Scribner's
ten in 1927, quOted in Nicolas Slonimsky, MUSICSince 1900, r e. ew or .
Sons, 1971) p.434. Sh' d M I

24 ~Now Mr. Mutt's fountain": Quoted in Anne d'Harnoncourr93nd Kynasroll Me lIlC, e 5., arce
Duchamp (New York: Museum of Modern Art, 1975), p. 28 .
~acombination readymade": Ibid. u· . P S5 19731 P 32.

2S "S- h heM (~l"ddl n CT' Wesleyan lllverslry rc, "lnte or er men": Jo n age, ' I crow, . d M'" in Silellce (Middletown, CT:
~S[ructure in music": John Cage, "Forerunners of Mo ern USlC,

WesleyanUnive.rsity Press, 1961), p. 62.
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28

"I felt the need": John Cage, liner notes to The 25- Year Retrospective Concert of the MII,sic?f John
Cage, produced by George Avakian. The concert rook place May 15, 1958 at Town Hall In New
York. The quote was reprinted in "[On Earlier Pieces]" in Richard Kosrelenerz, ed., John Cage
(New York: Praeger Publishers, 1970), p. 127. .
"the structure": John Cage, "Music as Process," in Silence (Middletown, CT Wesleyan University
Press, 1961), pp. 19-22.
"I believe that the use of noise"; John Cage, "The Future of Music: Credo," in Silence (Middletown,
CT: Wesleyan University Press, 1961), pp. 3-6.
"wherever we are": Ibid.
"Certainly the idea": Pierre Schaeffer, A la Recherche d'nne Musique Concrete (Paris: Editions du
Scuil, 1952), pp. 18-19.
"Here I am": Ibid.
"This determination": Ibid. p. 22.
"At that point": Pierre Henry, personal communication.
"I found my voice": Henry.
"A lot of the Symphonie": Henry.
"There being nowadays": Oberlin Smith, "Some Possible Forms of Phonograph," The Electrical
War/d, September 8,1888.
"risk of instantly decapitating anyone": Desmond Briscoe and Roy Curtis-Bramwell, The BBC
Radiopbonic Workshop (London: BBC, J983), pp. 11-12.
"thrashed ungovernably about": [bid.
"The center of the Magnerophone production": Quoted in Mark Mooney, Jr., "The History of
Magnetic Recording," Hi-Fi Tape Recording. From a reprint of the article that does not identify the
issue of the magazine in which it was originally printed.
"Bing Crosby started transcription broadcasting": Ibid.
"There was a riot": Henry.
"Le Voile d'Grphee existed within the larger Orphee", Henry.
"It was the Symphonie", Henry.
"It gave me a taste": Henry.
"I left because he wanted me to leave": Henry.
"It was a question of recording a door": Henry.
"The idea of musique concrete": lannis Xenakis, personal communication.
"At that time": Xenakis.
"I was not paid": Xeuakis.
"It's interesting for me": Xenakis.
"I did Bohor": Xenakis.
"Musique concrete wasn't at all a music of noises": Francois Bayle, personal communication.
"to follow the process suggested by Dr. Meyer-Eppler": Quoted in Otto Luening, "Origins," in Jon
H. Appleton and Ronald C. Perera, eds., The Development and Practice of Electronic Music
(Englewood Cliffs, NJ: Prentice Hall, 1975), p. 13. Luening received the information directly from
Meyer-Eppler.
"Musica Sit Due Dimensicni", Ibid.
"1, in turn, assert": Pierre Bouler, "Eventually ... ," originally published in Revue Musicale, '1952.
Reprinted in Pierre Boulea, Notes of all Apprenticeship, trans. Herbert Weinstock (New York:
Alfred A. Knopf, '1968), p. 148. Weinstock's translation reads "the dodecaphonic language" instead
of "serialism," but since the terms are equivalent in this context, 1 used "serialism" for consistency.
"Goethe's primeval plant": From a lecture by Anton Webern, February 19, 1932. Subsequently
reprinted in Willi Reich, ed., The Path to the New Music, trans. Leo Black (Bryn Mawr, PA:
Theodore Presser, 1963), p. 53.
"It is certain": Herbert Eirnerr, "What Is Electronic Music," in Die Reihe, Vol. '(Bryn Mawr, PA:
Theodore Presser, 1959), pp. 6-9.
"a sine-wave is recorded": Karlheinz Stockhausen, "Two Lectures," in Die Reihe, Vol. V (Bryn
Mawr, PA: Theodore Presser, 1961), p. 61.
"When I went to Cologne": GOttfried Michael Koenig, personal communication.
"Wherein lies the difference": Karl heinz Stockhausen, "Two Lectures," in Die Reihe, Vol. V (Bryn
Mawr, PA: Theodore Presser, 1961), p. 59.
"The Jines and words": Karlheinz Stockhausen, "Music and Speech," a lecture given at Darmstadt
in 1959. Reprinred in Die Reihe, Vol. VI (Bryn Mawr, PA: Theodore Presser, 1961), pp- 57-58. For
further discussion of the use of the text, see Karlheinz Stockhausen, "Actuaha," Die Reihe, Vol. I,
pp.45-51.
"In the composition": Karlheinz Stockhausen, "Music and Speech," a lecture given at Darmstadt in
1959. Reprinted in Die Reihe, Vol. VI (Bryn Mawr, PA: Theodore Presser, 1961), pp. 57-58.

25

26

27

29

30

32
33

34

35
36

37

38

39



Notes 011 Sources and Materials 343

51
52

4lJ "ln myCtsang dcr Jiil,gUnge": Karlbeinz Stockhausen, "Two Lectures," in Die Reihe, Vol. V (Bryn
Mawr,PA:Theodore Presser, 1961), p. 68.

41 "fromthe Imperial Japanese Court": Karlheinz Stockhausen liner notes to Deutsche Grammophon
LP 137012. '

42 "Today,only rhree years larer ": Ibid.
"National anthems": Karlheina Stockhausen, liner notes to Deutsche Grammophon LP 139422.

43 "lt was an experimental time in Tokyo": Joji Yuasa, personal communication.
"but there was of course no electronic studio": Toshi lchiyanagi, personal communication.
"It was very lively": Ichiyanagi.
"Iwas more or less known": Yuasa.
"I tried to compose": Joji Yuasa, "The Shadow of Tape Music on Instrumental Music," in
Contemporary MIISIC Review, 1987,1:2, p. 65.

44 "Samename as Mayuzumi's piece": Yuasa.
"\('ewish him well": QUOted in Orro Luening, op. cit. p. 15.
"We transported our equipment": Ibid.

45 "Theresult": Ibid.
"Wewere mel": Ibid.
"Did not seem to detract." Ibid.
"We wrote a report". Ibid.
"In 1955": Ibid.

46 "I assisted him": Mario Davidovsky, personal communication.
"Ufe at that rime": Devidcvsky,

47 "From 1960 to 1970"': One Luening, op. cit. p. 21.
"My major goal": Davidcvsky. .
"The sound was very new for me": Luciano Bene, personal communication.
~Afew weeks later": Berio.

48 "radio had come 10 be seen": Alvise Vidolin, ..Avevamo nove oscillarori ... " ("We had nine oscil-
lators ... "), a talk given at the Civica Scuola di Musics, Milan, November 16, 1989.
"the idea of a radlophonic art": Luciano Berio, "Prospective nella Musica," Elettranica, 1956.
"Bruno and I immcdiately agreed": Berio.
'The idea of the studio": Berio.

49 "The musician may have a clear idea": Alfredo Lierri, "Gli Impianti Tecnici della Studio di
Fonologia Musicale di Radio Milano, ~ Etettrovica, 1956. ,
~Whall emphasized": From "Interview with Luciano Berio," in Barry Shrader, irurcduction to
Electro-Acoustic Mlls;c (Englewood Cliffs, NJ: Prentice Hall, 1982), pp. 179-183.

50 ~Iattempted to establish": Luciano Berio, "Poesia e Musica-un' esperienza," tncontri Musicali lI/,
1958.
~AI that rime": Shrader, op. cit.
"to experimene": Henri Pousseur.Hner notes to BVHAAST CD 9010.
~purelya radio-program work": Luciano Berio, liner notes to Turnabo.ut ~p 4046.
~We all knew aboul tape recordcrs": Tristram Cary, personal communiCation.
"Three of them replied": c.·uy.
~Iwas using recorded sound": Cary.
~Itreally put my studio"': Cary.
"Meanwhile, at about this timc": Cary.
~Idecorated the whole place": Cary.
"It seemed perfectly obvious": Cary.
"It's pretty primitive"': Cary.
~In those days": wry.
"Compared to the carly ones": Cary. . .
"It was John's idea": David Tudor, personal commUll1catlon.
"I worked closely with John": Tudor. .
"I lived in Ihe Village": E.,rle Brown, personal commUlllcatlon.
"Wesimultaneously CUIand spliced": Brown.
"Having finished \Villiams Mix": Brown.
"Wehad eight mono Magnacorders": Brown.
"I don't remember why it stopped": Brown. . . 20:It was like hearing an echo": Quoted i~ O~to ~~en~~g, °6ii~;1t~:ill Nutida Music (Stockholm), Fall
Moreclearly":John Cage, "Edgard varese, Qngllla Yluw I University Press 1961), p. 84.
[958. Reprinted in John Cage, Silence {Middletown .. C h: Ses.e~an I '/1 Art (New Yo'rk: Wittenborn,
"colQrsare not uscd": Wassily Kandinsky, COllcemmg t e Inri Ita ,
1972). Originally published in Germany in 1912.
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58 "The role of color": Edgard Varese, "New Instruments and New Music," a lecture at Mary Austin
House, Santa Fe, 1936. Reprinted in a collection of Verese' lectures called "The Liberation of
Sound," in Elliott Schwanz and Barney Childs, eds., Contemporary Composers on COl/tempomry
Music (New York: Holt, Rinehart and Winston, 1967), p. 196.
"nonelectronic synthesis": Milton Babbitt, "Edgard Varese: A Few Observations of His Music," in
Benjamin Borerz and Edward T. Cone, eds., Perspectives 011 American Composers (New York: W.
W. Norton, 1971), p. 46.
"I have always felt the need": Edgard Varese, "The Electronic Medium," a lecture at Yale
University, 1962. Reprinted in Schwartz and Childs, op. cit. p. 207.
"Our musical alphabet": Quoted in The New York Telegraph, 1916. Reprinted in Chou Wen-
Chung, "Open Rather than Bounded," in Borerz and Cone, p. 49.
"The acoustical work": Quoted in Peter Manning, Electronic & Computer Music (Oxford:
Clarendon Press, 1985), p. 9.
"I was a civil engineer": Xenakis.
"I got to Le Corbusier through an acquaintance": Xenakis.
"I will make you a poeme eiectroniqne". Le Corbusier, Le Pceme Electronique (Paris: Editions de
Minuit, 1958), p. 23.
"They asked Le Ccrbusier to design something": Xenakis.
"a spectacle": Edgard Varese, "Spatial Music," a lecture at Sarah Lawrence College, 1959.
Reprinted in Schwartz and Childs, op. cit. pp. 206-207.
"There is an idea ": Edgard Varese, "Rhythm, Form and Content," a lecture at Princeton University,
1959. Reprinted in Schwanz and Childs, op. cit. p. 203.

Three: Expansion of the Tape Music Idea
"In exchange for time and space": Francisco Kropfl, personal communication.
"about ninety cubic meters": Kropfl.
"quite critical of the military government": Kropfl.
"conceivable only by a Latin American": Kropfl.
"When I came in": Gustav Ciamaga, personal communication.
"Becken's script was remarkable": Desmond Briscoe and Roy Curtis Bramwell, The BBC
Radiophonic Workshop (London: SBC, 1983), p. 18.
"applied electronic music": Brian Hodgson, personal communication.
"ln those days": Hodgson.
"Delia took the manuscript": Hodgson.
"No whooshes": Hodgson.
"reduced to a kind of characteristic inarticulate utterance": Bengr Emil Johnson, liner notes to The
Pioneers, Phone Suecia PSCD 63.
"to 'freeze' the words": Lars-Gunner Bodin, liner notes to The Pioneers, Phone Suecia PSCD 63.
"all the rexruallayers": Bodin.
"I did everything": Sten Hanson, personal communication.
"The placement of loudspeakers": Francois Bayle, "A Propos de l'Acousmonium," in Recherche
Musicale all GRM (Paris: La Revue Musicale, 1986), pp. 144-146.
"The morpho-concept": Francois Bayle, personal communication.
"The proposition of Synchronisms": Mario Davidovsky, personal communication.
"With a live instrumentalist": Davidovsky.
"I went in": Jacob Druckman, personal communication.
"I very quickly discovered": Druckman.
"to exaggerate"; Druckman.
"Like looking in a mirror": Druckman.
"Despite the rhythmic aspect": Davidovsky.
"It was always possible": Jan Williams, personal Communication.
"As usual, 1wanted instruments involved": Earle Brown, personal communication.
"They had a machine": Brown.
"Suffering from the 1960s tangle": Salvatore Martirano, personal communication.
"In Underworld": Martirano.
"I was against the war": Mareirano.
"It was played on a Magnavox": Martirano.
"a music that would happen by itself": Lukas Foss, personal communication.
"The answer perhaps": Lukas Foss, "A Mini-History," program notes for a performance of MAP
at the Brooklyn Academy of Music, March 2, 1979.
"Another friend": Jean-Claude Eloy, personal communication.
"Visiting him at his home in Cologne": Eloy.
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73 "Iusedto tntel her m japan": Eloy.
74 't toed to have: rlus one: proJ~t": John Cage, MOn Roararorjo," his acceptance speech for the Karl

Sauka Prue for the: best radio poerry composinon of the year, given at the Donaueschigen Music
F~tlValln 1979. panted In a booklet With Mode CD 28/29.
-My first Idta": Ibid.
·1 hOJ)(' that someday": Ibid,

is "Tapesam be used": John Cage, personal communication.
·1am sunng in a room": Alvin LUCier and Douglas Simon, Chambers (Middletown, CT: Wesleyan
UnlHorsllYPress, 1980), pp. 30-34.
"Record your voice on cape": Ibid.

i6 "Ididn't choose to use tape": Ibid.
"'Iwas fascinated": Ehane Radigue, personal communication.
~\Thenyou make three tapes": Radigue.
"Witha symhe:siztr": Radrgue.

n 'The audeoce was bathed in sound": Radigue.
"I uSC'tape because": Redigue.
"Thevoice belongs 10M

: reve Reich, hner notes to Elekrra/Nonesuch CD 979 169-2.
78 "I wanted to bypass edmng": From "Interview with Pauline Oliveros," in Barry Shrader,

Introducllon to Elearo-Acoesnc MUSIC (Englewood Cliffs, NJ: Prentice Hall, 1982), pp. 184-187.
"about a total of seven months": Eloy.
"fromabstract to concrete": Eloy.
"What are Japanese sounds?": Eloy.
"I had to go very far": E1oy.
"I transformed the sounds": Eloy.

79 "The focus": Maggi Payne, personal communication.
"I took a word": Payne.
"Oh, man": Payne.
"I have a great affillltyM: Payne.
·Contro'''; Payne.
"I'm lookmg at the movement of people": phil! Niblock, personal communication.
"Wewent eo a srudrc": iblock.

80 'The sound": Annea Lockwood, personal communication.
"I view the whole world": Lockwood.

Four: Out of the Studios
Forfunher mfcrmanon on Alvin Lucier's work, sec Alvin Lucier, Reflectiolls (Cologne, Germany:
,\{U5IkTtxte, 1995). .
81 "tomake electronic music live": John Cage. -j Carrridge Music]" in Richard Kostelanerz, ed., John

Cage (New York: Praeger Publishers. 1970), p. 144.
"The title Cartridge Musu:": Ibid. . M' d

82 "Cage decided to find out": Merce Cunningham, ..A Collaborative Process Between usrc -irk:
Dance," In Peter Gena, Jonathan Brent, and Don Gillespie, eds., A [ohn Cage Reader (New Yor .
C. F. Peters Corporation, 1982),pp.114-115. .
"I did wonder about our fect stepping on the wires": Ibid.
"The general principle". Ibid. . S LP 32110044

83 "I undertook an experiment": Karlheinz Stockhausen, liner 110r~sto CB 7 -J.? 105
8S "Recently I worked four days": "Conversation," SO/lr~e ~agazme, July 196 •. ~, p. .

"hIther and yon": Pauline Oliveros, personal commUniCatIon.
"really a loose association of individuals'": Oliveros.

86 "I had a variable speed machine": Oliveros.
"I would record acoustic sounds"; Oliveros. b R Sender
"Certain areas on the SIdes of the tank": Concert program nores y .am?n .
"One of us had found a tape"; Morton Subornick, personal communlCatiOll.

87 "The house was going to be torn down": Subotnick.
~Atthat point": Subotnick.

88 "It was five or six feet tall": Subotllick.
"He would borrow pieces": Subornick. . .
gIl was an era of happenings": Ramon Sender, personal communiCatiOn.
~Weused the city environment": Sendcr.
"Everything gOt reviewed": Subomick.

89 "I was back there saying goodbye": Sender.
~Itwas quite a show": Sender.
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89
90

96

"That was a major event for us": Oliveros.
"I started burning out": Sender.
"In order for us to receive the money": Oliveros.
"I wanted the studio": Oliveros.
"if the Tape Center": Subornick.
"It was a very amazing time": Oliveros.
"Before the Rockefeller Foundation grant": Subornick.
"were often like those we played live": Gordon Mumma, personal communication.
"a type of envelope generator": Mumma.
"The performers were isolated": Mumma.
"Only Ashley and 1were musicians": Mumma.
"Music has to be about something": Robert Ashley, "Groups," Source Magazine, January 1968,
2:1, p. 21.
"I think thar over the last twenty years": Robert Ashley, personal communication.
"I projected hands at the piano": Tony Martin, personal communication.
"We didn't hear anything": Subornick.
"All the wax in my ears melted": Pauline Oliveros, "Some Sound Observations," Source Magazine,
January 1968,2:1, p. 78.
"sinister nightclub vocalist": Robert Ashley, "Wolfman," Source Magazille, July ]968,2:2, p. 5.
"The technical notion": Ashley.
"The performer no longer": Will Johnson, "First Festival of Live-Electronic Music 1967," Source
Magazille, January 1968, 2:1, p. 51.
"A musical instrument": Mumma.
"The soloist seats himself comfortably": Gordon Mumma, "Alvin Lucier's Music for Solo
Performer 1965," Source Magazine, July 1967, 1:2, p. 69.
"I had made the acquaintance": Alvin Lucier and Douglas Simon, Chambers (Middletown, CT:
Wesleyan University Press, 1980), pp. 70-73.
"Most of the time": AJvin Lucier, personal communication.
"I use technology for acoustical testing": Lucier.
"I often draw a geometric form": Lucier.
"I've got to reduce the music language": Lucier.
"They just don't appeal to me": Lucier.
"It's a simple use of technology": Lucier.
"Flexibility, portability": David Tudor, personal communication.
"The microphones": Tudor.
"Get some friends together": Joel Chadabe, Reports and Reflections, unpublished manuscript.
"Electronic resources": Mumma.
"A few months later": Mumma.
"Duchamp came up": David Behrman, personal communication.
"It was Gordon": Behrman.
"Alvin Lucier had a concert": Ashley.
"The variety of those pieces": Mumma.
"We went everywhere": Lucier.
"Then Sonic Arts Union": Ashley.
"original results": Frederic Rzewski, "A Short History of MEV," January 1991, unpublished man-
uscript.
"Form for a music": Frederic Rzewski, "Plan for Spacecraft," Source Magazine, January 1968,2: I,
p.67.

"MEV was just a bunch of friends": Frederic Rzewski and Richard Teitelbaum, personal cornmc-
nication.
"This was to be the first": Billy Kluver, "9 Evenings: Theatre and Engineering, A Description of the
Artists' Use of Sound," 1980, unpublished manuscript.
"only those sounds": John Cage, program notes to 9 Evenings: Theatre and Engineering.
"So according to the pitches": Tudor.
"I had established discrete switching": Tudor.
"The silence was deafening": Tudor.
"And there's more": Tudor.
"There was a lot to take care of": Tudor.
"I was Kluver's boss": John Pierce, personal communication.
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Five: Computer Music

Foran mrrcduction to the fundamentals of computer music and a detailed description of the operations
ofMll51C V, see Ml1 V. Mathews, The Technology of Computer Music (Cambridge, MA: MIT Press
19691.For a further descripncn of the technology, see also Charles Dodge and Thomas A. jerse,
Comp"ter MuSIC {Ne.....York: hirmer Books, 1985), and F. Richard Moore, Elements of Computer
Mlt.lir(Engk....rood hffs, J: Prennce Hall, 1990). The definitive source for the development of the tech-
noIog)' isCums Roads, Tlte eo"'puur MIISIC Tutorial (Cambridge, MA: MIT Press, 1996).

For anthologies of articles from eompllur Mus;c JOHmnJ, see Curtis Roads and John Strawn, eds.,
fotmdJlioruofCompllti!r' Aimlc (Cambridge, MA: MIT Press, 1985) and Curris Roads, ed., The Music
MlJdnne(Clmbridge,MA: ~tJT Press, 19891.
108'turned out to be..: Max Mathews, personal communication.

-If was Immediately apparent": Mathews.
-I was Execunve Director": john Pierce, personal communication.
~hwas terrible". Mathews.

109 "To me, It sounded awful": john R. Pierce, My Career as an Engineer (Tokyo: University of Tokyo
_.19 81.p. 107.
"It was the first": Mathew.
"The program was also remble": Mathews.
"whtn things really came together": Mathews.
~Theimphcanons arc dizzying": Liner notes to Wergo CD 2033-2.
"Hew can we meroduce": Gerald Strang, "The Problem of Imperfection in Compurer Music," in
Heinz\'00 Former and james W. Beauchamp, cds., Mllsic by Computers (New York: John Wiley
& Sons, 19691.pp. 133-139.
"Dear computer": Parte \"(food, "Recollections with John Robinson Pierce," Compllter Music
jOllmal, 1991,15:4, pp. 17-28.
"had bUilta number": Ibid.
-allegedly ro do psych aCOUS(ICS": Ibid. .

110 "an exhausnng, nerve-racking experience.": James Tenney, "Computer MusIC Experiences:
1961-1964," Elearomc M"sic Reports # 1 (Utrecht: Institute of Sonology, 1969).
"One !by Ifound myself hSle"",gM: Ibid.
"acurious hlSIOryof renunciations": Ibid.
'There are no theoretical lirnuanons": Max Mathews, "The Digital Computer as a Musical
Instrument," Sc,ence, November 1963. . .

III '" decided I warned 10 do music": jean-Claude Risser, personal commurucanon.
~Iwas :lmned when Igot rhere": Rlssct. .'
~M.axhad 5e\'eral ide:u": jean~Claude Risser, "Compurer MUSICExpenmellts 1964- .. ," Compl/ter
MUSICjOfmwl, 1985.9: 1, p. 11.
"The palenc of computcr sound": Ibid.
"I r«:ordcd trumpet samplesM: Ibid.
~Icamc III at about 10 A.M. n: Rlsset. . .

112 "Wt used to send the Music V program": F. Richard Moore, personal commUlllcatlon.
liJ "Peoplefrom Princeton": Moorc. . .
~Wt.....trc continually dnving": Barry Vercoc, personal communication.. .
'A p. b k· 969" J h H rvey personal coml11UllIcatlon.
~ I rtnccton,way ac tnl : ona.r an. a '[ D d, "ComputerMus;cjOlinlal,1995,
Idrovc·: Ed M. Thlcberger, "An Imen'lew with Char es 0 ge,
19,I.pp.II-24.
"Operating under those condItions": Moore.

1]4 "Management tolerated music": M"rhews.
"Bell Laboratories was III those days": Pierce.
~Walttr Branam Stopped me in the hall": Pierce.
"JgOton the bandwagon n: Wood, op. cit.
~Iwould typically spend the day": Mathews. .'

liS "Max's articlc": john Chowning, personal comllllllllcatlOI1.
~Ihtrc Iwas": Chowning.
~Thesounds wc could n13kc": Chowning. I unication

116 ~Wt'd have:ll least four hours": Larry Austin, persona COIllI11 ' .

"IWas trying 10 produce bell-Jike soun~s": C!lOwn~ng. . h ] h Chowning. Originally printed in
li7 -It means that you get contro\": Jim Aiken, Intcr~le; w;t ..0 nand Computers (Milwaukee, WI:

K~board Magaz;ne, September 1978. Rcprinrcd 111 YIlt Jeslzers
Hal Leonard, 1985), pp. 10-14.
~Petehad this design": Chowning.
~Itwas an amazing machine": Chowning.
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117 "ro have some basis": Chowning.
118 "It was a scientific lab": Risser.

"Although' had just settled in Marseilles": Jean-Claude Risser, "Computer Music Experiment's
1964- ...," Computer Music [ournal, 1985, 9:1, pp. 11-t 8.
"I felt personally engaged": Gerald Bennett, personal communication.
"In summer 1972": Chowning.

119 "I would go to Paris": Mathews.
"In the initial period": Risser.

t20 "It's largely a question of exploration": Risser.
121 "I went back to work with Godfrey": Vercoe.

"During that time": Vereoe.
"By that time": vercoe.

122 "Instead of having one big single mainframe": Vercoe.
"Now we had our own computer": vercoe.
"essentially a viola concerto": Vercoe.
"I was having a problem": Vereoe.
"The question that interested me": Moore.

123 "At one time": Moore.
"It's like asking how much music": Moore.
"If you were rhere late at night": Moore.

124 "What Max and I agreed": Thieberger, op. cit.
"I asked him if he had any texts": Ibid.
"The first stage": Charles Dodge, personal communication.
"a different kettle of fish": Dodge.

125 "I surrounded Caruso's voice": Dodge.
"I got so interested": Dodge.
"One day in 1977": Bennett.
"That was a revelation": Xavier Roder, personal communication.
"After a few years": Roder.
"You just gave a few symbols": Roder.
"What interested me in CHANT": Bennett.

126 "We were able to make any sound": Roder.
"Because CHANT was a physical model": Roder.
"We cannot go on": Roder.

·127 "Generality": Chowning.
"There was no limit": Moore.
"The process of thinking carefully about a problem": Chowning.
"I experimented with sounds moving in space": Chowning.
"the piece that 1consider the best": Chowning.
"It was an exhilarating experience": Chowning.
"in composing sounds": Risser.

128 "1 built the sounds component by component": Risser.
"I like the idea that a musical score": Risser.
"Sometimes by mistake": Risser.
"l Hke many natural sounds": Risser.
"John Grey, a researcher": Johannes Goebel, personal communication.
"over the next ten years": Goebel.

129 "I was interested": Goebel.
"From the digital domain I rook ideas back": Goebel.
"We are questioning": Goebel.
"one can generate": Goebel.
"the perfect insrrumenr": Goebel.
"Before the microscope": Harvey.
"It's a haunting sound": Harvey.
"was superhuman": Harvey.
"the boy is the vivos": Harvey.

130 "All my work": Harvey.
"Computer synthesis": Harvey.
"I simulated an Indian oboe": Harvey.
"I was in the marvelous position": Harvey.
"The timbral combinations": Harvey.
"to make new sonic discoveries": Denis Smalley, personal communication.
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130-Mymusicalrdeas come OUf of the sounds": Smalley.
131 -The-first Story has sounds": Annea Lockwood, personal communication

-Overa period of years": Smalley. .
132 "\\1IS based on the Idea ": Francois Bayle, personal communication.
. "11t13de 11 demonstration of RM techniques": Bayle.

"whichworked out": Bayle.
_ "Ihe Idea was to make a form In the air": Bayle.
13J -Thesccnd world IS mfimre": Curtis Roads, personal communication.

~Younught ask a pamrer". Roads.
-I r«end}' had a chance": Roads.
"I'vedone a lor of tape: Pieces": Paul Lansky, personal communication.
"The surface of the Piece": Lansky.

134 "I like-10 prOltct": Lansky.
al scmenmes use the computer as a camera": Lansky.
'The piece": Lansky,
"Sttlt 1im~was conceived": Paul Lansky, liner notes co CRI CO 683.

135"Thehuman voice". Dexter Mcmll, personal communication.
"I wassImply bowled over": Morrill.
-I tlunk Joe felt sorry for me": Morrill.
-mycomputer musrc career began": Morrill.
aJohn,Lee, and John Grey": Morrill.
"TheStanford group": Morrill.
"I carried the work "cry far": Morrill.

136 "Ir'sgreat": MOrtlll.
al met tan Gea": Momll.
"The slightly angry": Trevor Wishart, personal communication.
"Youcan now treat sound": Wishart.
"l'd figured out a. methodology": Wishart.
"I wanted to create a myth"; Wishart.

137 "a lourney into an alternative world": Trevor Wishart, liner notes to Red Bird, October Music CD.
"rbenmster Fly": Trevor Wishart. notes m the score [Q Red Bird.
"I was lucky enough": Trevor Wishart, liner notes ro Red Bird, October Music CD.
"Therewert all those composers": Wishart.
"a daunnng task". Richard Orton, "A Bncf. Informal History of the COP," in Yearbook 1989
(York,Unned Kingdom: Composers' Desktop Project Lcd.}.

138 'The computer science crowd": lbrd.
"Wedidn't have any capital". Wishart.
"Weall began to see In the protect ": Orton. op. cit.
"out of a passion": Quoted In an e-mail message from Richard Orton, 199,5... "
"We-gradually became aware": Tom Endnch, "The Organisation and Adminisrranon of the COP,
InYtarbook 19891York, United Kmgdorn. Composers· Desktop Project Lrd.).
"W~believe very strongly": Ibid.
"Wehave been very encouraged": Orton. op. cit.

139 "Now an Arari Falcon": Orroo, op. en.
"I like programnung ": Wishart.
"Youcan now do almost anything": Wishart.
"It rums out": Austm.
"It's BIllyKluver's idea ": Pierce.

Six: Synthesizers
F d . I hesb s see Joel Chadabe, "The Voltage-
or a e5Cnption of the workings of the early ana cg synr estzer , The Deveto ment arid Practice of
ControlledSynrbesuer," in JOI1 Appleton and Ronald Perera, eds~1 .' Pd the technical details
EIu/ronic Music (Englewood Cliffs, NJ: Prentice Hall, 1975). For eS~[Ip[l~ns ~~ 'ller Freeman 1993).
~fmanyspecificsynthesizus, sec Mark Vail. Vb/tage SYl1tf1eslzer~ (~al~. ran;IISt~~'siz:rs see Allen Strange,
oradcflnitiveoverview of analog technology applied in muSIC. Inc u Ing s C' B "1983)
Elect . M . . del (0 buque lAo Wm. . rown, .I rOme USlc.: Systems, Techmqut!s. all olltro s ~ " R' b . Moog personal communication.
40 "I found myself designing bigger and berter thcrellltTls: 0 crt ,

"a bIg, fat color picture": Moog,
141 ~Andalong comes Herb Deutsch": Moog. f . (Sherman Oaks, CA: Alfred

"We talked for about an hour": Herbert A. Deutsch, Synt Jes/s
Publishing, 19851. pp. 19-20.
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141

15J

"He invited me to a concert": Moog.
"I spent about eight hours a day": Deutsch, op. cit.
"And then it was my turn": Moog.
"$0 there 1was": Moog.
"It kept us busy": Moog.
"It was in our 1967 catalog": Moog.
"In 1967, I got a call from Paul Beaver": Moog.
"Chris Swanson started": Moog.
"It was in The New York Times": Moog.
"I made a recording": Larry Austin, personal communication.
"I started practicing on it": John Eaton, personal communication.
"Iwanted the keyboard": Eaton.
"You hear the difference": Eaton.
"Over more than a ten year period": Eaton.
"It encouraged me": Eaton.
"I tried all kinds of different things": Eaton.
"a lot of telephone-type things": Morton Subornick, personal communication.
"We put an SOS out": Subotnick.
"this glorious three-track Ampex": Donald Buchla, personal communication.
"It was a typical studio": Buchla.
"that this idea of cutting and splicing": Subotnick.
"The first thing I built there": Buchta.
"This is the wrong way": Subornick.
"my first idea": Buchta.
"I regarded things that you touch": Buchla.
"Bur this was all on paper": Subornick.
"1 played with it": Bill Maginnis, personal communication.
"I called it the Electric Music Box": Buchla.
"They thought they wanted": Buchla.
"My method": Subomick.
"When 1got the commission": Subotnick.
"1 was collaborating with Buchla": Subomick.
"I couldn't stand cutting up tape": Peter Zinovieff, personal communication.
"I'd been messing about": Zinovieff
"I began moonlighting": David Cockerell, personal communication.
"He was into the most complete sequencing": Tristram Cary, personal communication.
"We got in touch with DEC": Zinovieff
"The computer couldn't really do anything": Zinovieff.
"So Iwrote to a DEC instructor"; Zinovieff.
"I began to take myself seriously": Zinovieff.
"planned London's first": Cary.
"Believe it or nor": Cary.
"that we should make something to sell": Zinovieff.
"Don asked if David": Cary.
"Peter suggested": Cary.
"He wasn't much interested in tonal music": Cockerell.
"The BBC had decided to buy a Moog": Brian Hodgson, personal communication.
"It arrived with David Cockerell": Hodgson.
"was to raise money": Cary.
"It was quite big": Zinovieff.
"That's my gift": Zinovieff.
"He did Glass Music": Zinovieff.
"He wasn't interested in programming": Zinovieff.
"He put standard modules in it": Moog.
"We all worked on it": Moog.
"We had very little luck": Moog.
"By early 1970": Moog.
"Bill Waycena watched us slowly die": Moog.
"There was so little room": Tom Rhea, personal communication.
"When you call sell stuff": Rhea.
"I worked for six or seven different marketing regimes": Rhea.
"Salespeople can affect hisrcry". Rhea.
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'Wt began heanng thmgs": Moog.
155"Theonly sound I ould ever find": quoted in Jim Aiken, "Plug It In, Crank It Up," Keyboard

MagJullt,Januliry 1995, p. 33.
"'rhought we could sell 100": Moog.

156"llt1rned what II synrhesuer was all about": Tom Obcrheim, personal communication.
. "Allthe synth lU Ike time"; Oberbeim.

"At fim,ll was II kind of CUriOSIf)''' : Oberberrn.
"nothking it tOO much": Dave Smith, personal communication.
"right up my alley"; Dave Smith.
"KeyboardMagalmC'''; Dave Srmrh.

157-l decided to rake a chan COl; Dave Smith.
"h bartl)' worked": Dave rnuh.
·Wehad all kmds of problems": D3\'(' Smith.
"Al)"p101musical evening": F. Richard Moore, personal communication.
"Theproblems a sociered with PIper I ": Andrew James Gabura, An Analog/Hybrid Instrument for
E.ltetrotllC: MusIC: S)'ntl1eslS (University of Toronto: PhD dissertation, 1973), p. 31.

158 "Wewere usmg computers": GUStav Ciamaga, personal communication.
"wouldscan through the cscillarors". Ciamaga.
"Whatrhe 'hybnd computer' rnerhod ": Andrew James Gabura, op. cit. p. 34.
"GROOVE is a hybrid sy tern": M. V. Mathews, F. R. Moore, and J. C. Risset, "Computers and
FutureMusic, It Sc.lt!nu, January 25, 1974, 183: 4122, pp. 263-268.
'components thai 1 could la)' my hands on ": Max Mathews, personal communication.
"Weprogrammed the parcher": Moore.

15' "It provided a control": Moore.
"In pnnople, GR VE was the ulnmare": Laune Spiegel, personal communication.
"wfr tn those da)'s·; Moore.
"dId a hnle work": Mathews.
'wee so complex": Emmanuel Ghent, personal communication.

160 "When Bob Moog saw It": Ghent.
"Wrl~we had the same: idea ": Ghent,
"Dickwas wnnng": Ghent,
"Thecomputer .....as used"; Ghent.

161 "8ychanginga number": Ghent.
162 "on developmg my Ideas": Spiegel.

"I was extremely excited"; prcgel.
"It was meredlbly hberaung". Spiegel.
"We were allowed to use the computers": Spiegel.

163 "They were all studIes": Ghent.
"It opened opportumnes". Ghent.
"a verylarge and qutte elaborate hybrid system ": Bcchla.
"an Instrument": Buchta.
-I find commercial synthesizers": Buchla.

16~ "I often hear the comment": Buchla.
165 "old hat now": Cockerell.

·We used it to conercl the tOO or 200 devices": Zinovieff.
"My goal": Zmovieff.
"It epitcnuzed the way' wanted to work": Zinovieff.
"PeopleWert mvired to whistle": Zinovieff.

166 "Wtthought we rmght be able to sell this": Cockerell.
"One of EMS' endeavors": Zinovieff.
"I enjoyed those years": Cockerell. I mmunication
"It w as almost an ultimatum": L...'1rs-Gunnar Bodin, persona co .

167 "it was very complicated": Bodin.
"The software .....as poor"; Bodin. I comlllunication.
"The Swedish Waterfall Company": Tamas Ungvary, persona

168 "I reaI.7.ed":Ungvary.
"It ......as some kind of drug": Ungvary .
•, had to make my music": Ungvary.
"There was no real computer music course": Ungvary.
"I could not mix technical work": Ungvary.
"When I was composing": Ungvary. .

169 "When the evaluation report was finished"': BodIn.
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169

179

"For the next year": Bodin.
"I soon discovered": Stan Tempelaars, personal communication.
"Quite narurally": Gottfried Michael Koenig, personal communication.
"It was a rather small studio": Koenig.
"Why don't we speed it up": Koenig.
"It was a very general device": Koenig.
"Composers often use your equipment"; Tempelaars.
"The group thought" ; Tempelaars.
"a combination of Greek and Latin": Tempelaars.
"And eight years later": Tempelaars.
"In those days you had to punch in your data": Koenig.
"This was the rich time of the universiry"; Tempelaars.
"After the first sounds": Tempelaars.
"The weakness of VOSIM": Tempelaars.
"We got the feeling": Koenig.
"this was pretty cool"; William Buxton, personal communication.
"I'm a computer programmer": Buxton.
"Well, I guess you're going to": Buxton.
"Writing manuals and teaching": Buxron.
"I'd been corresponding with some people": Buxton.
"They asked": BUXton.
"It always struck me"; Buxton.
"It turned our": Buxton.
"Every time it played a nore". Buxron.
"The problem was": Buxton.
"I figured there were three activities": Buxton.
"Everything was graphical": Buxton.
"I had a strong group": Buxton.
"The question was": Jon Appleton, 21st-Century Musical/ustruments: Hardware and Software
(New York: Brooklyn College ISAM Monograph Number 29, 1989), p. 22.
"made a number of suggestions": Ibid.
"1 offered the opinion": Sydney Alonso, personal communication.
"We had a little homemade computer": Alonso.
"We were aware": Alonso.
"The idea was": Jon Appleton, personal communication.
"They were line numbered files": Appleton.
"Kemeny met with Norton Stevens": Alonso.
"The next week": Alonso.
"Part of the conditions": Alonso.
"In April 1977": Alonso.
"My input was": Appleton.
"Our first musical sale"; Alonso.
"The flux of the waves"; Michel Redotfi, personal communication.
"I was fascinated": Redolfi.
"A fellow by the name of": Alonso.
"I guess [hey asked me some questions": Appleton.
"The instrument had become so large": Appleton.
"It had a glutton's heaven": Spiegel.
"We had six weeks": Spiegel.
"When we got the thing out": Spiegel.
"The Palladium crew": Spiegel.
"I played guitar like a dilettante": Giuseppe Di Giugno, personal Communication.
"I was impressed by this as a curiosity": Oi Gillgno.
"I talked with him after his lecture": Di Giugno.
"At that time, at Prascari": Oi Giugno.
"got to know rite contemporary elecrronic music scene": Di Giugno.
"I'd like to meet you": Di Giugno.
"We had had only nine oscillators": Luciano Berio, personal communication.
"He had stopped in Rome": Di Giugno.
"We can do this": Di Giugno.
"Synthesizers should be made for musicians": Di Giugno.
"There were many things that were impossible": Di Giugno.
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IU -AImat polnt, after some: reflection": 01 Giugno.
. -tve eever seen Ilnorher.m3chlne": Marc Barner, personal communication
IU -and scm 1983": 01 Glugno. .

"So I s.ud 10 8oultl": 01 rugno.
·srudltdvarious arcbnecrures": Ol Grugno.
-He Rid. 'For rwo -ears'": Ol Giugno.

183 ·11 In tnt connnue": 01 rugeo.
'"Iused IdeaS·: Mrller Pcckene, personal communication.
'The Idea 'o\'1U to give the [lunst": Philippe Ma.noury, personal communication.
-Inspnng J987": Pu kent.

1$4 -u had been h:ltd and long": Manoury.
"ln August 1988": MQnoury.
-WhalWil 50 good about the new MAX": Manoury.

even: The MIDI World
For further mformanon on MIDI, see Gareth Loy, "Musicians Make a Standard: The MIDI
Pbenomenon," and Chnseophee 'ravelow, U Music and Microprocessors: MIDI and the State of the Art,"
mCumsRoads,ed., The MUSIC Machme (Cambridge, MA: MIT Press, 1989). See also Craig Anderton,
ItUDlfor Mu,s,Oa'tS ( ew York: Amsco Publications, 1986), and Jeff Rona, MIDI: The Ins, Outs &
ThnlsIMllwiluL:.rr,WI: Hal Leonard, 1987).
186 "OnlythC'Mellouoo ": Advertisement in Contemporary Keyboard, September/October 1975.

·Wesold the first one": Sydney Alonso, personal communicarion.
·A couple of austere businessmen-scientists": Alonso .
•They would how up at AES shows": Alonso.
·Wewere a corporation": Alonso.

W "The General Develcpmeru System ": Back-cover ad, Keyboard Magazille, October 1983.
·WegOl a commission from Peter Baumnnn ": Marco Alpert, personal communication.
·Wefigured": Alpert.

18S ·WecaUSl:dabnofa tlr":Alpert. .'
"sen of hugged It": Dave Rossum. "E-l1lu Emulator," in Mark Vail, ed., vintage Synthesizers (San
FtilIICIsco:GPI Books, 1993), p. 201.
-ThaI was really the cart of sampling": Alpert.
-kICked off the affordable drum machine market": Alpert.
"[t was a phenomenon". Alpert.
·At Dlgnal Keyboards": Back-cover ad. Keyboard Magazine, October 19~3 ..
"I waswnnng a drum machine program": Roger Linn, personal com~unlcatJon.

189"h was very crude and expensive": Tom Oberhcim, personal commUlllCatlon.
·1 Wtote10 E.M "; Fdlx Visser. personal COnUlllll11Cation.
-Aher three days": Visser,
"Whydid they do this": Visser.
"I workcd myself inro a state": Visser.
"Three months": Visser.

190 ·And, of course, still no Synnx-: Vi~er.
"WeweI'('lUst beginning 10 slart": Visser.
"We were happily seiling our phaser": Visser.
·Wedidn't makc a whole lot of money": Visser,
"I annOunced": Visser.
"abom a lillion": Visscr.
·It markcd the beglnlllng": Visser.

191 "In the early 1980$": Visser. . .
"My COUSin Peter": Stephen Paine, personal comJl1111l1C3non.
·Peter was blown away": Paine.
:Wewere determmed": Paine. ,"". Paine
Wedldn'l always make corporately senSible deCISIons . .
'"Youcould buy": Paine.

192 ·mto the expensIve stuff": Paine .
•the only handmade pianos": Paine.
-h was based on transpuler te<:hnology": Paine I communication,
-the firSthigh.rtt.h professional outlet": Rene Rochat, persona
"Wewerc showing": Rochal.

1~3-Spyewas located outside of Rome": Rochat.
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193 "I had such a lot of fun": Rochat.
"Spyc wasn't really financially viable": Rochat.
"We couldn't find anything of interest": Visser.
"I liked classical music": lkuraro Kakehasbi, personal communication.
"It's wasted energy": Kakehashi.
"The theory behind MIDI": Tom Oberheim, "Tmmoil in MIDI+Land," a compilation of interviews
by Dominic Milano for Keyboard Magazine,June 1984. Reprinted in Synthesizers and Computers
(Milwaukee, WI: Hal Leonard, 1985), pp. 81-89.
"I discussed the necessity of a standard": Kakehashi.
"The very first contact": Dave Smith, "Turmoil in MIDI+Land," a compilation of interviews by
Dominic Milano for Keyboard Magazine, June 1984. Reprinted in Synthesizers and Compute-s
(Milwaukee, WI: Hal Leonard, 1985), pp. 81-89.
"We knew from the starr": Smith, op. cit.
"I think that MIDI has been brought on": Oberheim, op. cit.
"The only thing I won't give in on": Carmine Bonanno, "Turmoil in MIDI-Land," a compilation of
interviews by Dominic Milano for Keyboard Magazine, June 1984. Reprinted in Synthesizers and
Computers (Milwaukee, WI: Hal Leonard, 1985), pp. 81-89.
"to exchange ideas": Kakehashi.
"the price is even more remarkable:" Dominic Milano, "Keyboard Report," Keyboard Magazine,
Ocrober 1983, p. 80.
"At Sequential": Dave Smith, personal communication.
"What turns me on is innovation": Linn.
"Because we were underfinanced": Dave Smith.
"Synclavier bought keyboards from us": Dave Smith.
"We knew we were taking a chance": Dave Smith.
"Japanese companies": Dave Smith.
"Well, then I wanted to make something": Linn.
"I raised my expenses": Linn.
"combined a lot of MIDI implementation": Oberheim.
"My involvement": Oberheim.
"I bought a ticket": Visser.
"We wanted to achieve visibility": Visser.
"When I was designing booths": Visser.
"We thought": Alpert.
"We showed it at the NAMM show": Alpert.
"I got this board working": Dave Oppenheim, personal communication.
"I bought some Oberheim modules": Oppenheim.
"I turned thirty": Oppenheim.
"I hadn't known": Oppenheim.
"We shipped the first stuff": Oppenheim.
"I called him up": AI Hospers, personal communication.
"It was an eye-opener": Hospers.
"There was no music software industry": Hospers.
"Karl was fiddling around". Manfred Rtirup, personal communication.
"The feedback was completely lousy": Riirup.
"A company called Music Data": Riirup.
"The funny thing": Rilrup.
"They all had Ataris". Rump.
"People often have good musical ideas": Riirup.
'" was interested in tablas": Peter Gotcher, personal conununication.
"They loved the sounds": Gotcher.
"went on to sell 60,000 drum chips": Gotcher.
"We saw the convergence": Gotcher.
"Editing": Gotcher.
"George Lewis": David Wessel, personal communication.
"It quickly became clear": Wessel.
"My concept": Wessel.
"I started the MIDI LISP project": Wessel.
"LOGO was used quite a bit in France": Yann Orlarey, personal communication.
"We had many discussions": Orlarey.
"We wanted to do things with music": Pierre Lavoie, personal communication.
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!05 -hwas a good Idea": laVOIC.
106 ~"'3Ho(ompltre": rlarey.

~howusmg 11 computer": jean-Bapnsre Barriere, personal communication
"How to solve": BafflC:rt'. .
." WItS an txpetuntnt": Barriere.
-Ourconcffn": Bamere.

107-YouflUshl ha~e considered u ..: Bamere.
"It's,n nd-ro-ccmposmcn system": Barriere.
"11seeeed dearl supenor'": David Zicarelh. personal communication.

108 -Mllltr 501\"t'dthe: problem": Zicarelh.
"My lntc:rtSt''': Lc:attlh.
-I rook• program": Zlcare.lIl.
~h ..';l also n«eual')' to modlf). the: scheduler": Zicarellr.
"Over W lut five )'ears": Zicardh.
-Thtte's also I St1 of five objects": Zrcarelh.

209 "MAX 15 simply the most excmog MIDI technology": Carter Scholz, "Opcode Max," Keyboard
M.1gaWf~, Apnl 1991.
~attt$Slbleto a 101or people"- Chnstopher Dobrian, personal communication.
'There's a sharp conceplual drvrsrcn": Zicarelh.
~My work ecludes edumg and coorrol software": Richard Zvonar, personal communication.
-Thty were runnmg I ron": Antony Widoff, personal communication,

110 ~~ of the oeber rhmgs I did": Widoff.
111 -They Iud to make sure ": Widoff.

-They'rt stadium shows": Widoff.
212-EJmromc mu rc IS all over the place": Robert Ashley, personal communication.

Eight: Inputs and Controls

1IJ "I Vt'JSdomg dalgnsw
: taurus Xenakis, personal communication.

'Hew would )'ou relate probabrlmes to shapes?": Xcnakis.
214 -An)'body,even myself or you": Richard Dufallo. "Interview with lannis Xenakis," in Traclungs

INtw York: Odord Umverslry Press, 1989). pp. 171-174.
-Composu~ with a gr:aphlC score"': Getard Pape. personal communication,
-I didn't find II a problem~: Jail Yuasa, personal communication,

115 -I could unagme wh;lt would hapJ>C'n": Yuasa.
kit w;u ~S}' for me~: Yuua.
-Somttunc:s the poIges": Papc. . ,
Mj tnc:d to find an mput structure": Vincent Lesbros, personal commUnlcatlon.

- -from wooden bells": Marc Battler. personal communication. .
116 -from tr3duIOn,l! keys and knobs": Max MathewS ... Foreword" ~o Curtis Roads and John Strawn,

nis., The FOlllldotlotJJ of Computer Music (Camlmdgc. MA: MI r Press, 1985).
· -I can lltlilgIOC": Morton SubotlllCk, personal communication.
117 "One utTeme": (II Rollllck, personal communication.

"I was the ghost": Subotmck.
·1'e~d twc::nrycontact nukes": Subotlllck.
-I decided II was time": ubotnick.
-I thought we could get a computer": Subomick. , .

118 ",ble 10 lmen to:;t flute performance": Barry Vcrcoc, personal commulllCation.
-Fortxample, when the players": Subotnick. .'
:' Was imagll1lng": joan La Barbara, personal comlllll~lca~lon,m to SCOrt the piece": Toe! Machover, personal cOlllmulllcatlOll•

· -l!'It;lns uking more": Machover.
· kYouneed to gel detalied information": Machover.
- -In Begm Again Agom ... "': Machover. . . inalJ printed in Keyboard
110 -It would be silly": Jim Aiken, an interview with Jo~n ChO~ll~g, 0ptl~ers (Milwaukee WI: Hal

Magnllne, Sc::ptembcr 1978. Reprinted in S)'1Ithesl'4crs all om II. ,

Lco""d, 1985), pp. 10-14. .
~J'dtake a trip": John Eaton personal cOlnmunic3non.
"J alsowanted to make the I~sttumcnt more sensitive"; Eaton.
-So Boband I started talking": EatOIl. . fo 1
-11was jusr SQ complicared": Robert Moog, pcrsonal.co~munlca I r.

211 -, went to CBS": Gregory Kramer, personal communlCatlOll,
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221
222

231

'1 was looking for that link": Kramer.
"I could control the signal processing": Kramer.
"I was very excited about it": Eaton. . .
"Well, it's exciting": Dorothy Marrirano, perso~lal comm~nlcat1o~. . .
"because commercial equipment was so expensive": Martin Hurni, personal communication.
"The mere.llooked". Hurni.
"Bob Moog gave me the idea": Rumi: . .
"It was my entry point": Nicolas Collins, personal comrnumcanon ..
"to the uninitiated": Nicolas Collins, "Low Brass. The Evolution of Trombone-Propelle
Electronics," Leonardo MlIsicJolimal, 1991, 1:1, pp. 41-44. . .
"The process of making interactive art": Paul DeMarinis, personal commurucanon.
"Got rid of the ruba ": Gary Lee Nelson, personal communication.
"to feel the need": Nelson.
"It was pretty smooth": Nelson.
"What the audience saw": Nelson.
"I'd playa note": Nelson.
"It's a single block of maple": Chris Chafa.perscnal communication.
"I'd like to apply": Chafe.
"When he blows a note, he moves": Chafe.
"I wane to get out of this": Chafe.
"I assumed that with a MIDI standard": Donald Buchla, personal communication.
"It has twenty-five keys": Bruno Spoerri, personal communication.
"Tr feels good": Spoerri.
"allows you to create instruments in space": Buchla.
"When the dubs flip": Buchla.
"It's not that' like technology": Michel Waisvisz:, personal communication.
"I'm afraid it's true one has to suffer": Volker Krefeld, "The Hand in the Web: An Interviewwith
Michel Waisvisz," Computer MlIsicjournal, 1990, 14:2, pp. 28-33.
"Once one takes formal structure as a synonym": Ibid.
"There is a kind of physical excitement": Waisvisz.
"It really became my instrument": Waisvisz.
"I got a Power Glove": DeMarinis.
"I used the recorded text": DeMarinis.
"In my part of the piece": Laetitia Sonami, personal communication.
"There was a beauty of expression ": Sonarni.
"This is for me the ultimate instrument": Sonami.
"One has to think of overall systems": Max Mathews, personal communication.
"By that time there were a lot of pieces for tape": Mathews.
"The wires were always breaking": Mathews.
"I needed continuous information": Mathews.
"I'd spend pretty much every weekend there": Richard Boulanger, personal communication.
"Brook forbade me": Andrew Schloss, personal communication.
"I heard that they had some SOrtof Radio Drum": Schloss.
"I started to think of the Radio Drum": Schloss.
"combined the flexibiliry of the Music V approach": David Jaffe, personal communication.
"Andy had been working": Jaffe.
"I found it responded very quickly": Jaffe.
"The coupling of the piano": Jaffe.
"We need controllers": Schloss.
"like a generalization of a hand drum": Schloss.
"What's great for me": Schloss.
"I played solo cornet": Gordon Mumma, personal communication.
"I made a set of accelerometer belts": Mumma.
"I had been writing a lot of dance music": Mark Coniglio, personal communication.
"You have two hands": Rolnick.
"what waveform is produced": Moog.
"I really took it 011": DeMarinis.
"We were the first generation": DeMarinis.
"It was like an untuned radio": DeMarinis.
"to design a series": GodfIied-Willem Raes, "A Book of Moves," unpublished article, 1993.
"It was the first movement-driven system": Spoem.
"They had the impression": Spoerri.
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"There's always a performer": Spoerri.
"with big movements": Spoerri.
"a kind of drum duo": Spoerri.
"the smaller rhe movement": Spoerri.
"It was a fairground installation": Warren Burt, personal communication.
"One guy said": Burt.
"An outer ring of spaces": Burt.
"I never found it magical": Burt.
"I wanted to be fascinated": Burr.
"as musicians we've spenr years": Rolnick.
"If you're dealing with a new paradigm": Rolnick.
"What was lost": Peter Orro, personal communication.
"You just touched the technology": Waisvisz.
"I thought, 'How could I"': Waisvisz.
"I saw a spider web": Waisvisz.
"I was never a dancer": Xavier Chabot, personal communication.
"California was an enormous influence": Chebor.
"In the context of Kiva": Chabot.
"I went to Japan": Chabor.
"It's long-term research": Moog.

238

239

240

Nine: Making Sound
John R. Pierce, The Science of Musical Sound (New York: Freeman and Company, 1992) provides a gen-
eral background on sound. For a focus on hearing, see juan G. Roederer, Introduction to the Physics and
Psyc1JOphysics of Music (London: Springer- Verlag, 1973). See also John R. Pierce and Edward E. David,
Jr., Man's World of Sound (New York: Doubleday, 1958).
241 "MIDI?": Bruno Spoerri, personal communication.

"Engineers are interested": joel Ryan, personal communication.
~I began to realize": Ryan.

242 "The rules of thumb of engineering": Ryan.
"eliminates all the contingencies": Ryan.
"Nature gave us vocal chords": Stan Tempelaars, personal communication.
"We need an intelligent sound generator": Ternpelaars.
"to research the equilibrium": C. Cadoz, A. Luciani, and J. Florens, "Responsive Input Devices and
Sound Synthesis by Simulation of Instrumental Mechanisms: The Cordis System," in Curtis Roads,
ed., The Music Machine (Cambridge, MA: MlT Press, '1989), pp. 495-508.

243 "the possibility of creating": Ibid.
"Speech is portable synthesis": Chris Mann, personal communication.
"Before writing the piece": Trevor Wishart, personal communication.
"I was always very interested": joan La Barbara, personal communication.
"I asked the musicians": La Barbara.
"In work sessions": La Barbara.
'" found that you could extend the voice": La Barbara.

244 "You become very familiar": La Barbara.
"There are so many factors": La Barbara.
"My vision of a very romantic plot": Ivan Tcherepnin, personal communication.
"The whole box was a resonating chamber": Tcherepnin.

245 "I was trying to use the santur": Tchcrepnin. . .
"a seamless transition": Simon Emmerson, personal commumcanon.
"I was interested in extending the rimbra l world": Emmerson.
"It was a different sort of live music": Emmerson.

246 "Maderna mentioned": Alcides Lanza, personal communication.
"I was using a Putney synthesizer": Lanza. ,
"My main intention": Alcides Lanza, program notes ro a concert at Espace/Musique, Ottawa,
january 16, 1994.
"I always saw that I wanted an electric voice": Lanza. . .
"I couldn't find an electronic piano": Robert Ashley, personal comrnunrcanon.

247 "Edge's guitar sound". Antony Widoff, personal commulllcation.
"The source signal": Widoff. , .

248 "Now, with electronics": Stephen Montague, persona! commurucanon.
"Without the electronics": La Barbara.

249 "are actually double texts": La Barbara.



358 Notes on Sources and Materials

249 "I thought about"; La Barbara. . .
"I use the computer"; Kaija Saariaho, personal comrnumcanon.
"environmental and singing"; Saariaho.
"I processed the sounds": Saariaho.
"I was interested in the contrabass": Saariaho.

250 "builr between the covers": Hugh Davies, personal communication.
"I began to amplify": Davies.
"I began to use small coiled springs": Davies.
"Typically for my rnicrosonic world": Davies.
"many of my ideas"; Davies. , . .
"Korg had started a new engineering division": Dave Smith, personal commumcanon.
"What makes this instrument so impressive": Greg Rule, "Keyboard Reports," Keyboard
Magazine, March 1995.

252 "Most people that play": julius Smith, personal communication.
"is understanding how to do": julius Smith.
"Ultimately, we'll build a high-quality physical device": julius Smith.
"There are no limits"; Julius Smith.

253 "How do you create a sound": David Jaffe, personal communication.
"He got real excited": Jaffe.
"I liked the possibilities": Jaffe.
"would probably be the path of least resistance": Perry Cook, personal communication.

254 "as fun hacks": Cook.
"It was one of the first revealing dungs". Cook.
"What physical models do": Cook.
"Why tie yourself to the physical world?": David Wessel, personal communication.
"The point of physical systems": jean-Claude Risser, personal communication.

255 "Trying to speak more directly"; Wessel.
"So here 1 give you 200 inputs": julius Smith.
"In fly-by-wire systems": F. Richard Moore, personal communication.

256 "An adaptive system": Wessel.
"We analyze sounds"; Wessel.
"I'm very annoyed"; Gottfried Michael Koenig, personal communication.
"nor referring to a given acoustic model": Koenig.
"You could generate": Koenig.
"allows me to work": Herbert Brun, personal communication.

257 "All sound is an integration of grains": lannis Xenakis, Formalized MlI5ic [Stuyvesant, NY:
Pendragon Press, 1992), p. 43. First published as Musiques Pormeltee (Paris: Editions Richard-
Masse, 1963).
"One of my goals": Barry Truax, personal communication.
"a landmark piece": Truax.
"I had the wonderful experience"; Truax.
"on the flow of a river": Toru lwarake, "An Interview with Barry Truax," Computer Music journal,
1994, 18:3, pp. 17-24.
"You can repeat or magnify instants"; Ibid.

258 "If you have a good orchestra": julius Smith.
"In general, nobody programs synthesizers": Dave Smith.
"We've determined that what people have always wanted": Dave Smith.
"l need an entirely new medium": Edgard varese, "Music as an Art-Science," a lecture at the
University of Southern California, 1939. Reprinted in a collection of Varese' lectures collectively
called "The Liberation of Sound," in Elliott Schwartz and Barney Childs, eds., Contemporary
Composers 0/1 Contemporary Music (New York: Holt, Rinehart and Winston, 1967), p. 200.
"The easier a system is to use"; Risser.
"I've never used any software": Truax.
"The most interesting music": Paul Lansky, personal communication.
"If we're composers": Ashley.

259 "With electronic sound, we're in a completely new era": Risser.
"I love factory sounds": Ashley.
"The only constraints": Larry Austin, personal communication.
"Csound starred": Barry Vercoe, personal communication.

260 "I had previously used Moog": Richard Karpen, personal cOmmunjcatiOIl.
"as a toolkit": Lansky.
"The ideal": Dave Smith.
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"It's what's going to happen": Dave Smith.
"The besr 1001 at that time": Adrian Freed, personal communication
"My intention": Freed. .
"Some sampled sounds": Curtis Roads, personal communication
'" did not conceive the sections": Roads. .
"jusr decided to stay": James Dashow, personal communication
"The important thing": Alvise Vidolin personal communicarion
"In 1990": Dashow. • .
"My software was more flexible": Dashow.
:Severnl of us ~Ot together": Miller Puckerre, personal communication.
"It, w~s everything I was looking for": Corr Lippe, personal communication.
;;I invited eve~yone I.knew":. Guiseppe Di Giugno, personal communication.
I left rubber : Sylviane Sapir, personal communication.

"I fell in love with Venice": Sapir.
"to go to Venice": Sapir.
"There's an enormous distance": Sapir.
"When the chip arrived": Sapir.
"We gave examples": Sapir.:1 wanted to h~ve a hybridization": Luciano Berio, personal communication.
The problem IS to perform": Vidolin.
"Our work together in the 1980s": Vidolin.
"In the 1980s, Nono worked in live electronics": Vidolin.
"What was so much fun": Carla Scaleni, personal communication.
"I just showed up": Kurt Hebel, personal communication.
"They had microprocessors": Scaleni.
"CERL was a unique situation": Hebel.
"Nobody took the CERL group very seriously": Scaleni .
..It was difficult to get in": Scaleni.
"One night Kurt showed up": Scaleni.
"I was teaching": Scaleni.
"At that time": Scaleni.
"We bought the components": Scaleni.
"And that's when we redid the interface": Scaleni.
"The design took from June to August": Hebel.
"Kyma was born out of a kind of greediness": Scaleni.

Ten: Automata

For a history of using computers to compose music, see Lejaren Hiller, "Music Composed with
Compurers-A Historical Survey," in Harry B. Lincoln, ed., The Computer and Music (Ithaca, NY:
Cornell University Press, 1970). For the details of Hiller's first experiments, see Lejaren A. Hiller, Jr., and
Leonard M.lsaacson, Experimental Music (New York: McGraw-Hill Book Company, Inc., 1959).
268 "Morning and Evening Amusements": Arthur W.J.G. Ord-Hume, Barrel Organ (New York: A.S.

Barnes and Company, 1978), p. 75.
"Supposing, for instance": Quoted in Edmund A. Bowles, "Musicke's Handmaiden," in Harry B.
Lincoln, ed., The Computer and Music (Ithaca, NY: Cornell University Press, 1970), pp. 3-20, with
the footnote: R. Taylor, Scientific Memoirs, III, London, 1843, p. 694.

269 "The Talking Turk": E. T. A. Hoffmann, "Automata," in Alexander Ewing, trans., The Best Tales
of Hoffmalllf (New York: Dover Publications, 1967), pp- 96-97.
"Vase containing the 89 notes": Marcel Duchamp, "The Bride Stripped Bare by Her Bachelors,
Even. Musical Erratum, 1913." As reprinted in Anne D'Harnoncourt and Kynasron McShine,
Marcel Dllcbamp (New York and Philadelphia: Museum of Modern Art and Philadelphia Museum
of An, 1973), p. 264.
"It is thus possible": John Cage, "Composition," in Silence (Middletown, CT: Wesleyan University
Press, 1961), p. 59.
"Whar actually happened": John Cage, "Interview with Roger Reynolds," in Elliott Schwartz and
Barney Childs, eds., Contemporary Composers 011 Contemporary Music (New York: Holt, Rinehart
and Winsron, 1967).

270 "Cage arrived in Albany": joel Chadabe, Reports and Reflections, unpublished manuscript.
272 "One evening, he fixed a meal": Larry Austin, personal communication.

"Yes and no": Tamas Ungvary, personal communication.
"The geophysicists at Goddard": Ed M. Thieberger, "An Interview with Charles Dodge," Computer
MlIsicjoltrnal, '1995, 19:1, pp.11~24.
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272
273

281

"The logic stuff": Michel Waisvisz, personal communication.
"They produce a hell of a lot of nonsense": Waisvisz. . .
"The last performance was in Spain": David Tudor, personal communication.
"the first substantial piece of music": Lejaren Hiller, liner notes to Computer Music (rom n
University o( illinois, Heliodor LP 25053.
"I had been working": Ibid. .
"Messages are themselves a form of pattern ": Norbert Wiener, The Human Use of Human Hem!
(New York: Avon Books, 1973), p. 3l.
"Jerry Hiller called me": Larry Austin, "An Interview with John Cage and lejaren Hiller,
Computer Musicjoltmal, 1992, '16:4, pp. 15-29.
"The original idea": Ibid.
"I must admit": Ibid.
"The simplest": Ibid.
"Each rape, once it is started": Ibid.
"It's the first piece": Ibid.
"When you get right down to it": John Cage, "Foreword" to A Year from Monday (Middletown
CT: Wesleyan University Press, 1969).
"entertaining a suspicious character": Herbert Brun, personal communication.
"When 1arrived": Brun.
"It was extremely intelligent": Brun.
"My desire was to prove": Brun.
"could recognize patterns": Brun.
"Due to the preoccupation": Brun.
"Instead of approaching again the aesthetic question": Herbert Brun, program notes for Forand By
Herbert BrulI, a festival of lectures and concerts of Brun's music, May 5-8, 1988, at rhe University
of Illinois at Urbana.
"A FORTRAN program". Ibid.
"It may be well to remind people": Brun.
"The laws of the calculus of probabilities": Iannis Xenakis, Formalized Mu.sic (Stuyvesant, NY:
Pendragon Press, 1992), p. 8. First published as Musiques Pormettes (Paris: Editions Richard-Masse,
1963).

"I was interested in automating what I had done before": lannis Xenakis, personal communication.
"In most human relations": lannis Xenakis, op. cit. p. 134.
"Freed from tedious calculations": Ibid. p. 144.
"I needed to make a program"; Gottfried Michael Koenig, personal communication.
"I worked on it continuously": Koenig.
"Actually ... ": Koenig.
"The model": C.M. Koenig, "PRJ XM; Operating Manual" (Utrecht: Institute of Sonology, 1980).
"I took only the most basic elementary parameters": Koenig.
"PR-l was meant to replace the very strict idea of a series": Koenig.
"I made regularity and irregularity as extremes": Koenig.
"In step 4": Koenig.
"You could have an irregular structure": Koenig.
"I opened up PR-l more and more": Koenig.
"Although I was not trying to compose a piece of music": C.M. Koenig, liner notes to BVHAAST
CD 900J/2.
"I started being interested in generative grammars": Otto Laske, personal communication.
"With hindsight": Laske.
"I walked in as a refugee": Barry Truax, personal communication.
"It wasn't that obvious": Truax.
"It was a wonderful opporruniry". Truax.
"Laske was seeing music as an activity": Truax.
"The original printouts": Truax.
"There's a better way": Truax.
"A couple of months later": Truax.
"I could say, 'I want five sounds .. .''': Truax.
"a huge collection of sequencers": Gustav Ciamaga, personal communication.
"Through tbe late 1960s": Austin.
"I made music that was unpredictable": Austin.
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Eleven: Interaction

Fora ~ore complete e"rl.anatio'.l of interactive composing, see Joel Chadabe, "Interactive
Composing: An Overview, In Curtis Roads, ed., The Music Machine (Cambridge MA. MIT Press,
I~~I~~ , .

287 "lrdemanded a new performance technique": Jan Williams, personal communication.
2BS ~Myfarber was a builder": Salvaroee Martirano, personal communication.
189-I alwaysthought": Marrirano.

"Seriallsm was in the air": Marrimno.
"Ibere's the presencarioo of an idea": Mnrrirano.
"Iwastalking with him": Martirano.
"theinteresting thing was": Marrirunc,

190 "A data base": Marrirnno.
191"Inperformance": alvarore Marrirano, program notes to Horizons '84, a concert sponsored by rhe

NewYork Philharmonic, June 5, 1984.
"II was tOOcomplex to analyze". Marrirano.
"How can we know the dancer from the dance?": Yeats' "Among School Children" from The
TowD'.

191 ~Mysoftware automatically composed"; Joel Chadabe, Reports and Reflections, unpublished
manuscript.

193 "Theequipment was terribly primitive": Giuseppe Englert, personal communication.
"Wehad four or five VCS·3s": Englerr.

194 'time definition": Englert.
"I bought a Synclavier". Englert.
"the ideal rool for realtime performance": Englert.
-I could invent even sounds": Englert.
"Wh~nI wrcre software for electronic music": Englert.
"Wecan, then, describe composirlon us the realization of a l1etwork'~: Giuseppe G. Englert,
"Automated Composition and Composed Auromarion," in Roads, op. CIt., p. 132.
"They are neither musical sequences": Giuseppe Englert, liner notes ro [uratpvroc, GaJlo LP 30-380.

. "Prettysoon I had rhe feeling": Englert.
m "Theperfect program": Englert. . .

"I had seen an ad": Jim Horton and John Bischoff, personal commumcanon.
296 "Theyused to have communist parry meetings": Horton.

loWewent OUton stage": Tim Perk is, personal communication
"HeJUStcouldn't believe": Horton.
·We'dplayed for quitc awhile": Bischoff.
"It had Just run its course": Perkis.

. "It JUStknocked me our": Chris Brown, personal communication.
297 "It look hours": Perkis.

"Theemphasis": Bischoff.
"Piecesdone by The Hub defined ways of interacting"; Brown. . .
"VerySimple, minimal music": David Behrman, personal commumcanon.
"<kcasionally, the Cunningham musicians": Behrman.

298 "IWentto work at Mills": Behrman.
199"l had a strong interest in the changing states": Behrman.

"Therelationship". Behrman. , .
"It was the first time": George Lewis, personal communtCanOll.
"Thedeciding moment": Lewis .

.\(() "It was a simple bass player": Lewis. .
"Hehad made pieces that were listening"; LewIs., L . "'11 Curtis Roads, ed.,
·1 f ·"1· non with George eWIS, Ie pertormance". George LeWIS, mpr-ovrsa f 1985) PI' 75-87
Composersand the Computer {Los Altos, CAl William Kau mann, .,' .
"Whenyou're playing with someone else": Lewis. . .

301 "I felt that we needed": David Rosenboom, personal comlTIUllIcatJOll.
j "Iwaslooking for": Rosenboom.
02 "h wasvery stimulating": Rosenboom.
"Evokedresponses are very tiny"; Rosenboom. " Rosenboom.
"Thecomputer generates some starting musical structure :
"So to predict when 10 look": Rosenboom.

303 Qllookfor performers": Rosenboom.
"Firstwe designed the front panel": Rosenboom.
"It seemed to me": Rosenboom.
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311

"There was a strong sense": Larry Polansky, personal communication.
"We were also interested": Polansky.
"We started working on the idea": Rosenboom.
"No musical idea": Polansky.
"Often your software": Polansky.
"I don't distinguish between the idea and the piece": Polansky.
"Using ideas about musical perception": Rosenboom.
"There are hundreds of possible simple interacting processes": Polansky.
"The title": Larry Polansky, "Live Interactive Computer Music in HMSL, 1984-1992," Compl/ter
Musicjol/rnal, 1994, 18:2, pp. 59-77.
"I made musical discovery machines": Peter Beyls, persona! communication.
"Oscar was designed": Peter Beyls, "Introducing Oscar," in Proceedings of th~ InteTn~tio.nal
Computer Music Conference 1988 (San Francisco: International Computer MUSIC ASSOCIation,
1988).
"Oscar wanted to express its personality": Beyls.
"Oscar is approaching the complexity barrier": Beyls.
"I lived in the hills JUStoutside Adelaide": Felix Hess, personal communication.
"Each machine had a microphone": Hess.
"The machines listened": Hess.
"that was a rough design": Hess.
"I'm interested in machines which communicate": Hess.
"I gave these machines stereo hearing": Hess.
"They're very silent": Hess.
"Playing with ensembles": Roger Dannenberg, personal communication.
"The sound was very crude": Dannenberg.
"It really did a good job": Dannenberg.
"The problem was what to do": Georges Bloch, personal communication.
"Our idea": Dannenberg.
"We put the first concert together": Dannenberg.
"Melodic material was analyzed": Bloch.
"I used to twirl knobs": Richard Teitelbaum, personal communication.
"working in the brain wave lab": Teitelbaum.
"It was the first extensive improvising": Teitelbaum.
"I used to play my synthesizer with my toes": Teitelbaum.
"Sometimes I tried to match and approximate": Teitelbaum.
"How is an electronic instrument different": Teitelbaum.
"I wanted to do something": Teitelbaum.
"I'd already been very much inspired": Teitelbaum.
"The computer functions": Richard Teitelbaum, "Digital Piano Music," unpublished manuscript,
1982.
"As my system is presently configured": Ibid.
"We did five days of soldering": Teitelbaum.
"I thought of a system that gets out of control": Teitelbaum.
"it really worked well": Martirano.
"It was a performance program": Martirano.
"There were fifteen orchestras": Marrirnno.
"Musicality emerges": William Walker, Kurt Hebel, Salvatore Martirano, and Carla Scaleni,
"fmprovisationBuilder: Improvisation as Conversation," in Proceedings of the international
Computer Music Conference 1992 (San Francisco: International Computer Music Association,
1992), p. 192.
"The Listener was sensing": Robert Rowe, personal communication.
"Spaarney could hear what the computer was doing": Rowe.
"I was trying to make a model": Rowe.
"I programmed the Listener": Rowe.
"For example, you could tell the program": Rowe.
"I took the approach": Rowe.
"a working model of my ideas": Rowe.
"We wanted it to look at more than one player": Rowe.
"I was working with Tony Widoff": Joel Cbadabe, Reports and Reflections, unpublished manu.
script.
"Most computer tools are rendering tools": David Zicarelli, personal communication.
"M suggests a way of working": Antony Widoff, personal communication.
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318"Theelectronic sounds":Joel Cbndabe, Imer notes to After Some Song, D L· .-Th I I h d il hi .. rv : . , eep rstemng OLeo 001· eon y resources a avm a e : "-AId Stone, personal communication. .
·1bta.me unerested In the continuous transformation ": Stone.

319 "I couldfrttle a moment of sound": Stone.
-l wouldmake urban reccrdmgs". Stone.
"Throughpractice": tone.
"Adayor rwo before hrisrrnas": Stone.
"Icenndered M to be my msrrurnenr": Stone.

· "AIfirst,we used Intelligent Music's M"': Englert.
JIG "mostlyan act of pnde": Englert.

"Iwantedthree different sound characters": Francisco Kropfl, personal communication.
'" wasvery happy": Bruno Spoerri, personal communication.
"Fromthe beginning". Spoerri.

Jll "' didn'tStt any way": Spoerri.
"I foundthat It was impossible". Spoerri.
"'oX'ehave a German Swiss": Tenino Greco, personal communication.
"Iuseda pitch"ta-MIDI converter": Spoem.

III "Fheimpcreme thing for me": Spoem.
"let me expand my ideas": Spoerri.
"Themam idea of it": poerrl.

Twelve: Where Arc We Going?

314 "Theplayers that we see": Bruce Pennycook. personal communication.
~Wenttd to build instruments that are inexpensive": Pennycook.

Jll "Numerous nghtly coordinated events": Bruce Pennycook, "Machine Songs II: The PRAESCIO
Seie--Composrdcn-Drwen Interactive Software, -, Computer Music [ournai, 1991, 15:3, pp. 16-25.
"p1aye.rsthat have never encountered": Pennycook.
"It'sa hi-tech experience": Michel Redolfi. personal communication.
"Each show is carefully conceived": Francoise Barriere, personal communication.

316 -Theyasked me to do a show": lannis Xenakis, personal communication.
m "Themusic doesn'r have to be connected to the lights": Xenakis.

"Our basic interest": Woody and Sreina Vasulka, personal communication.
"letspeech become the activator": Paul Lansky, personal communication.
"Thebest time 1had with it..: Lansky,

319 "ATnbure": Notes to "The Edison Effect, ,. a show of Paul DeMarinis' work at the San Pmncisco
An Inserure, 1993.

330 "IWantedto give those experiences": David Behrman, personal communication.
"You nplore"': Behrman. . .
"Theaudience was performing with us": Priscilla McLean, personal con~rnu.nlcatJon.
"all without a marriage counsellor": Barton McLean, personal commUI11Catlon.

331 "Dver the last ten years or so": Barron Mct.ean.
·Wewere there at mghr ": Barton Mclean.
"We'velearned to adapt": Barton and Priscilla McLean. .

332 "The Radio Raton and Conductor Program ": Max Mathews, personal commutllcatlon.
"Thedefinitive characteristic": joel Chedabe, Intelligent Music business plan, Octo.berM20, 198{;
"Ihi . . L . S· I "I rroducrion "Operatmg anua ,orISIS a very exciting time for music': aU[le plege, 11" ,

MUSIC Mouse (1987). . .
:We're interested in artists": jane Wheeler, personal communicatlon.

3J3 Oneof tht things we ask ourselves": Wheeler. . A tS CO ROM
"Standardmusic CDs": Todd Rundgren.liner notes to No World Order, E'ec~rol~lc r - .
~[fa piecedoes not need new vision": Morton Subotnick, personal communication.
"sll(h things as loudness": Subotnick.:1wondered what useful function computers cOll1d serve.": ~athews.

334 }n 1978,jef Raskin": Laurie Spiegel, personal communlcatlon .
• 1 foundmost wonderful": Spiegel.

33 Imelligenrinstruments let people": Spiegel.
5 "Thesofrware interprets the player's actions'·: Spiegel.

· "Inco<l' M . M "S' I336~I II1g USIC ouse: plege. I conUllUnication
know the range of pitches that 1want": Warren Burt, pers?l1a. .

J37 &Asometimes.humorous-": Carla Scaleni, personal communIcation.
"Webparticipants": Scaleni. . .

338~'t'slike early automobiles": Terry Fryer, personal commull1catlon.



INDEX

Photos are indicated by all asterisk.

Acousmonium, 68, ""68, 13'1
ACROE, 242-243
additive synthesis, 255
AEG,29
aerherphone, see rheremin
air drums, 234-235, 239
Akai,199
algorithmic composition, definition, 284
Alles Synthesizer, 178-179
Alles, Hal, 178-179, 181, 187
AlJouis, jean-Francois, 179, 208, 263
Alonso, Sydney, 173-177, 0-177, 186-187
Alpert, Marco, 187-'188, 200
aJphaSynrauri,334
Amacher, Maryanne, 80
American Academy in Rome, 144
Ampex, 31, "87, 88, 144
Amheil, George, 23
Apple Computer, 204, 206, 334
Appleton, Jon, J67, 169, 173-175 and 177-178

(Syndavier), "J 77, 231
Arel, Bulent, 46, 47
ARP Instruments, 155, 157
Art of Noises, see Russolo
Arveiller, Jacques, 293
Asher, David, 209
Ashley, Robert, 91-93 (Once Group), 94

(Wolfman), 101-103 (Sonic Arts Union),
lO7, 212, 246-247 (Perfect Lives), 258,
259

Atkins, Martin, ] 37, 138
Austin, Larry, 107, 116, 139, 144, 231, 259, 272

(Accidel1ts), 285
automata, early history, 268

Babbitt, Milton, 15-18 (RCA Synthesizer), "17,
46,47,59, ]09

Ballet Mecaniqlle, 23
Banks, Don, lSD, 152
Barbaud, Pierre, 213
Barriere, Francoise, '132, 325-326
Barriere, Jean-Baptiste, 126, 181, 206-207
Barron, Louis and Bebe, 54-55, 56
Battier; Marc, 181-182, 214, 215, 293
Bayle, Francois, 35, 68 (Acousmonium), ""68, 131,

132 (Aeroformes), 181
BEAST,132
Behrman, David, 92, 94 (Players with Circuits),

101-lO3 (Sonic Arts Union), ]04, 107,

364

235, 272, 297·299 (interactive pieces),
"298,300,309,330

Bejart, Maurice, 33
Belar; Herbert, 15,45
Bell Labs, 59,106,108-115,116,117,118,121,

123,157,158-163, 178-179, 187,230,
231,232,334

Bell Telephone Laboratories, see Bell Labs
Bennett, Gerald, 118, 119, .125,321
Bentley, Andrew, 137, 138
Berio, Luciano, 47-51 (Studio di Fcnclogia

Musicale, early tape pieces), 70, 89, 119,
132,180,181, "182,265

Bernardini, Nicola, 132
Bernstein, Leonard, 109
Bertrand, Rene, 11,59
Beyer, Robert, 36
Beyls, Peter, 223, "223, 305+306
Bezanson, Thomas E., 315
Bidlack, Rick, 264
Big Briar, 220, 235
Birtwistle, Harrison, 153, 165
Bischoff, John, 295-297, "296, 299, 305
Bloch, Georges, 308-309
Blomdahl, Karl Birger, 166
Bode, Harald, 36, 38, '141
Bodin, Lars-Gunnar, 66-67 (text-sound), 124,

166-169 (EMSI,174
Boehmer, Konrad, 42, 170
Boesch, Rainer, 32]
Boie, Robert, 231, 232
Bonanno, Carmine, 196
Boucourechliev, Andre, 88
Boulanger, Richard, 231, 232
Bouler, Pierre, 12, 31, 36, 37, 57, 63, 74, J 18,

119, 159, '181, 182, 230, 248, 264
Boynton, Lee, 205, 207
Brainricket, 321
Braxton, Anthony, 310, 312
Brooks, Evan, 203
Brown, Chris, 296-297
Brown, Earle, 55-58, 70
Brun, Herbert, 42, 256 (Salt/dust), 277-279

(algorithmic composition)
Brunson, \X1iJliam, 174
Brussels World's Fair, 61, 325
Buchla, Donald, 146-149 (early synthesizers),

"149, 163-164 (hybrid systems), "164, 227-
228 (Thunder), "227,228 (Lighrning), 303

Burke, Phil, 303-304
Burt, Warren, 228, 237-238, 336
Busoni, Ferruccio, 22, 58
Buxton, WilJiam, 171-173



Udoz. (buck. 2H
f.4r.}ohn. 24·26lt.1oy \\otk 1." • 44, ,~I, 55-58

tProt«'t (orM\J$tC for ~bgnr n T:tpcl.58.
67.7F'4 (Ro.:m.rroflo" 75. ·75. 81·83
/(.JrmJtt AfuSlt. \'",.,.1II0"S \'l, -83. 89.
92, 100. I • 105, 107. 235, 269·272
(Bod'.8')' 174-2n IIlPSCIIO), '276.
JOS

UIoI, Tladdeus, 3· • I
URI., uz- Ill, 127
c.I>s, WOldy. IH, 144, I 7
c.-"Tnsmm,SI·H.66.ISO·IS1,165-166
CO~Stt 1\lllls Colltgt'
CCR.\IA, 117·\1 .121,11 ,207.232,243.152.

253.160
tDl,lJ
1l.\IAMu, m
1l.\155," em, 1 6-1 . 291
t4uo dl Sonologl.1 CompUlilZ.10nalc=. su Padua.

Um\-mll)' of
Canto 'Iempo R~k.1« TempoReale
1I!l.166
l1abor, XU1tr, lOi, 239-2"'0, 309
Cto4bt,Jod. r's. 201. 205. 208. 270. 286-288

{fim rmeracnve PICCt l, 292·293 (SoJo.
tnttf~l\"C:compmml) •• 292, J IS·) 18 (1\1.
A.~nSom~So"gdaw..Cbn. U6·227. '226. 228

Ownbcrtm. I 5
~, $t't In~mnlfl;,acy
lltA1IT. 115·126. 207. 243. 249
a.m.m, Rhy .327
Chowning,John. 89. I IS-I 18 (musical uses of

I-)U. 118·119. 127 (SIrlJ), 128. IH. 220.
183

~,Gus",. 64.142. 157·158.284
llC.\IAT.64
cu.~\l. 64. 246
OaYrOnEkanqut'.. 2
CJotx.r, Chnsll.1n. 132. 325
Cmu.IS9.26O_.12). 1J7
CNlJAT, 15.
CocktttU,David, 149·152, 164-166
~lI.Jean.lJ
CoIItns, NICOI.as.1l3, -224
CoIambl<l-Pnn«ton Electrornc Music Center, 16,

'4-47,69
Colnposm' lmktop Project, 138
ConductorProgram, The:. 159, 230·23 I. 21.3.

JJl·3.l4
~'Ii•.Mark, 218, 234
....,°<t,2J8·2J9
~ P"ry. 243. 253·254
1'__ nd,Aaron, 109
"-«da.Anlnla,242
r.....ChKk.1S5
~J. H,nry, 43. 44
Ct y,8mg,30, 31
OS$, BUrTlI:tt, 19
~~Lo"'dl. 106, 271, 325
:'-_""1olI, 157, 187,192
esc, stt! Padua, Umverslty of

Index 365

CSOUlld, 207, 259-260
Cunningham. Mcree, 74, 82 (Variatiol7S V), 98-

101,234.235.297
Curran, Alvin, 103
Cypher. 314-3 15

D-50, 197
D:usy, 288
Dannenberg, Roger, 308-309
Darge, Moniek, 236
Dartmouth Digital Synthesizer, The, 174-175
Dasbow, James, 262-263
Davidovsky, Mario, 46-47, 64, 69, 88
Davies, Hugh, 249-250
De Forest, Lee, 6, 7, 30
de La Borde, jean-Bapnste, 2
De I)oh, Giovanni. 262
Debussy, Claude, 22
Dccousr, Michel, 119
Deep Listening Band, 246, ·247
DeMnrinis , Paul, 223-224, 229, 235-236, 299,

329, ·329
Dempster. Swart, 89, 246, ·247
Derbyshire. Delia. 66, 152
Deutsch. Herb. 140-143
Devssenrcth, Hans, 32·1
01 Giugno. Giuseppe, 132, 180-183, 248, 264
Drgrdcsign. 20 I, 203-204
digital signal processors, 261-267
Drvilbiss, james, 289
Doari, Roberto, 262
Dobnan, Christopher, 209
Doctor Who, 53-54, 65-66
Dodge. Charles. 113, 114,121.123-125 (Speech

S01lgs),272
Dr. T's Music Software, 201,202,209
Druckman, jacob, 69
OSP. see digital signal processors
Duchamp, Marcel, 23, 24_25,101,269,271
Duddell, William, 3
DX~7, 197, 198,201,202
Dyaxsis, 261-262
Dynaphone, 11, 59

EAT,105
F....aron. John, 144-146 (Synke.r).' 220-222

(M ultiple-Touch-Senslt1vc Keyboard),
·221

Eimert, Herbert, 36-37, 38, 57
EIN.260
EIS, 246, ·247, 33.0 7
elekrronische Musik, 36, 37, 8 E k )
Eloy jean-Claude, 13,42,72-73 (Yo-In, r os,

• 78 (Gakll-l1o-Michi), 213, 214
Emerson, Keith, 144, 155
Emmerson, Simon, 245 '66 189
EMS (London),42. 150-152,1 ,
EMS (Stockholm), 166-169,272
Emu Systems, 187_188,200,203
Emulator, 42. 188, ·188
Endrich, Tom, 137-139



366 index

Engle~r, Giuseppe, 215, 293-295, 319-320
Enkel, Fritz, 36
Ensoniq, 199-200
Edrvos, Peter, 42
Erbe, Tom, 260
Estrada, Julio, 214
Esrudio de Fonologia Musical, 63, 64
Expanded Instrument System, 246, "247,330

Fahlsrrom, Oyvind, 66
Fairlight eMl, 185-186, 188, 191
Fast, Larry, 191
Favreau, Emmanuel, 179
Fedorkow, Guy, 173
Feldman, Monon, 55
Ferrari, Lue, 34, 42
Ferretti, Ercolino, 114
Plorens, jean-Loop, 242
FM, 115-117 (musical discovery], 135, 186, 251

(explanation), 283
FORMES, 126
Foss, Lukas, 71~72, 92
Four Voice, 156
4X synthesizer, 181-184,219,248,263
Franco, Sergio, 289
Francois, Jean-Charles, 239
Free Music Machine, 19-20
Freed, Adrian, 204, 255, 261
frequency modulation, see FM
Fritsch, Johannes, 42
Fryer, Terry, 338
Fulkerson, James, 287
Fullemann, John, 74
Fylkingen, 66-67, 166, 167

Gabriel, Peter, 191, 333, 334
Gabura, James, 157-158
GArV, 293-295, 319-320
Gamper, David, 246, "247
GDS, 187, 188
Gehlhaar, Rolf, 42
General Development System, see CDS
Gerzso, Andrew, 207
Getz, Stan, 136
Ghent, Emmanuel, 159-162, "160, 163
Gibson, David, 287, 297
GiveletlCoupleux Organ, 11
Globokar, Vinko, 119
GMEB,132
Gmebaphone, 132
Gnazzo, Anthony, 107, 142
Goebel, Johannes, 128
Cceyvaerrs, Karel, 36, 38
Gold, Rich, 295, 296
Goldstein, Marc, 255
Gonsalves, Bob, 299
Gotcher, Peter, 203-204
Grainer, Ron, 152
Grainger, Percy, 19-20, 28
Grame,205
granular synthesis, 257

Gray, Elisha, 3
Graziani, Mauro, 262
Gredinger, Paul, 38
Cresham-Lancasrer, SCOt, 297
Creussay, Patrick, 293
Grey, John, 117, 128
GRM, 34-35, 125, 130, ]79
Grogono, Peter, 151,165
GROOVE, 157, 158-163, 230, 334
Groupe de Recherches Musicales, see GRM

Heken, Lippold, 267
Hambraeus, Bengr, 42
Hammond organ, 13
Hanson, Sren, 66-67, 124, 166
Harrison, Jonry, 132
Harvesrworks, 221
Harvey, Jonathan, 113, 121, 129~130 (Mor/lIDs

Plango, Vivos voce}, 152
Hebel, Kurt, 266~267, "267, 313
Heinrich Strobel Studio, 265
Henry, Pierre, 27~28, 31-34, "32, 76, 181
Henze, Hans Werner, 152-153
Hess, Felix, 306-308, "307
Hiller, Lejaren, 12, 73, 109,142,273 (I/liacSuite),

274-277 (HPSCHD), ·276
Hindenurh, Paul, 12, 28
Hinton, Michael, 168
HMSL, 303-305
Hodgson, Brian, 65-66, 151, 152
Hoffmann, E. T. A., 2, 268-269
Holler, York, 42
Horton, Jim, 295-296, "296, 299
Hospers, AI, 202
Howe, Huberr, 110, 112, 121
Hub, The, 297
Humble, Keith, 239
Humi, Martin, 222

IBM, 112, 113, 121, 123,277,279
Icbiyanagi, Toshi, 43, 44, 89, 107,310
ICMA,139
Illinois, University of, "109, 1.42,265, 266,273,

277,288,289
indeterminacy, 269-272, 273
Information Theory, 274
Institute of Sonology, 72, 170, 241,242,256
Instiruro Di Teila, 64
Intelligent Music, 205, 207, 208, 3]5-316, 332
interactive composing, 293
Inreracror, 218
international Computer Music Association, 139
irttonarumori, see Russoio
fReAM, 1'18-120, "120, 121, 125, 132, 133, 204-

205,206-209,214,218,23-1,232,241,
243,249,260,26],262,263-264,314

fRCAM Signal Processing Workstation, 263-264
IRIS, 254
Isaacson, Leonard, 273
fSPW, 263-264
Ives, Charles, 22



Jaeger, Denny, 176
Jaffe, David, 117, 23"1, 232-233, 253
Jam Factory, 207, 3·16-317, 320, 322
jarre, Maurice, 12
Jenny, Georges, 12
Johnson, Bengr Emil, 66-67, 124
Jones, Cameron, '173, 174, 176, "177
Joyce, James, 48, 49-50, 74

Kaegi, Werner, t 70-1 71
Kagel, Mauricio, 42, 100
Kakehashi, lkutaro, 194-195
Kandinsky, Wassily, 58
Karpen, Richard, 260
Karplus-Strong algorithm, 253
Kawai, 195, 196
Kessler, Thomas, 42, 265
Keroff, Paul, 144-145
KiM-I computer, 295, 299, 321
Klebe, Giselher, 42
Kliiver, Billy, 105-106, 139
Koenig, Gottfried Michael, 36, 38, 42, 169·171,

225,256,280-282 (PRI and PR2l, 283
Korg, 195,196,198,250,258
Kosugi, Takehisa, 107
Konk, Pen, 42
Koronski, Wlodzimierz, 42
Kramer, Gregory, 221-222
Kropfl, Francisco, 63-64, 320
Kuivila, Ron, 329-330
Kyma, 267, "267, 313

La Barbara, Joan, 125, 218, 243-244, 248-249,
297

Lansky, Paul, '133·134 (Idle Chatter), 258,
327-328

Lanza, Alcides, 64, 246
Laske, Otto, 17-1, 282-283
Lavoie, Pierre, 205
Le Caine, Hugh, 13-15 (Electronic Sackbur], "14,

64,142,185,284, "284
Le Corbusier, 60-61
Le Service de la Recherche, 70
League of Automatic Music Composers, 295-297,

"296
Lequay, Herve, 206
Lesbros, Vincent, 215, 320
Lewis, George, 204, 299-301, 310, 312, 336
Lierri, Alfredo, 48, 49
Ligcti, Gyorgy, 42
Lightning, 228, 336
LIMB, 262-263, 264
Lindemann, Eric, 263
Linn Drum, 188-189
Linn, Roger, 188-189, 197, 198
Lippe, Con, 181, 214, 264
Lockwood, Annea, 80, '131, 152
Logos Duo, 236
Loy, Gareth, 1 '17
Luciani, Annie, 242
Lucier, Alvin, 75-76 ('-'I Am Sitting ill a Room"),

Index 367

89, 92, 96-98 (Music for Solo Performer),
*96,101-102,107

Luening, Dna, 16,44-46, "46,47,57,109,144

M, 207, 208, 316-318, *317 (screen shot), 319-
320,322

Mache, Francois-Bernard, 34, 213, 214
Machover; Tad, 181, 218-219
MacMix, 261
Maderna, Bruno, 36, 47, 48, 49, 51, 70, 246
Mager, jorg, 11
Maginnis, Bill, 147
magnetic recording, history, 28-31
Magnerophone, 30
Maigueshca, Mesias, 42
Malham, Dave, 137, 138
Mann, Chris, 243, 305
Manoury, Philippe, 181, 183-184, 263-264
Marinuzzi, Gino, 144
Marion Systems, see Oberheirn
Mark of the Unicorn, 201
Maroi, Mekoro, 43
MARS, 264-265
Martenot, Maurice, 12-13
Martin, Tony, 86, 88, 89, 93, 103, 325, 327, ""328
Martirano, Dorothy, 222, 313
Martirano, Salvatore, 70-71 (L's G.A.), 89, 107,

288-29"1 (SalMar Construction), 312-3'13
(SAL 1

Mathews, Max, 11, 17, 108-110 (to Music IV),
111,112 (Music V), 113-115, 117, 118,
119,121,124,158-163 (GROOVE), 180,
183, 216, 217-218, 230-233 (Radio
Baton), "231,321,331-332,333-334

Matsudaira, Yort-Aki, 107
Mauzey, Peter, 16,44,45
MAX, 183·184, 207-211, ""210,232,233,263,

320,322
Mayuzumi, Tosbirc, 43, 44
McLaren, Norman, 28
McLean, Barton and Priscilla, 330-331
Mcl.eyvier; 334
McNabb, Michael, 117
Mellorron, 186
Melochord, 36, 38
Mcree Cunningham Dance Company, see

Cunningham, Merce
Messiaen, Olivier, 12, 31, 38
Metro 3, 320
MEV, 103-105,309,310
Meyer-Eppler, Werner, 35-36
Meyers, Roger, 288, 291-292
MIDI LISP, 204-205
MIDI Manager, 206
MIDI, the start of, 195-197
MidiShare, 206
Milhaud, Darius, 12, 28, 32
Miller, Joan, 110, 112
Mills College, 77, 90-91, 102, 107, 241, 295, 298,

299,301,303
Minimoog,153-155
Mirage, 199



368 Index

MIT, 114, 121,217-218,232
Mixrurtrautonium, 12
Mizelle,John, ]07
Monochord, 38
Montague, Stephen, 248
Moog, Robert, 9-11, "10, 82, 140-144 (early syn-

thesizers), "143, 145, 150, 153-155
(Minimoog), 160, ISO, 220-222 (Multiple-
Touch-Sensitive Keyboard), 235, 240, 260,
286,292

Moore, F. Richard, 112, 113, 122-123, 127, 157,
158-160, 255

Moorer, James A" ] 17
Mori, Yasuhiko, 250
Morphophone,31
Morrill, Dexter, '134-136, 227, 228, 231, 325
Multi-Track Tape Recorder, 64, 185
Mumma, Gordon, 86, 91 (Once Group), 94-95

(Hornpipe), 100-103 (Mesa, Sonic Arts
Union), 107,234,235,272,297,325

Music Mouse, 334-336, ..335 (screen shot)
Musica Elettronica Viva, 103-105,309,310
musique concrete, 26-27, 31-35, 66, 87

Nelson, Gary Lee, 168,225-226, "225
New England Digital Corporation, 175, 186-187,

291
NeXT, 232-233, 260, 263, 264
NHK, 43, 67
Niblock, Phill, 79-80
Nilson, Bo, 42
Nono, Luigi, 51-52, 88, 182,265
Norlin Music, 154, 175
Nyberg, Erik, 168

Oberheim Elecrronics, see Oberheim, Tom
Oberheim, Tom, 156, 157, 187, 189, 195, 199,

259
Obukhov, Nikolay, 2,11-12
Offenharcz, John, 316
Oliveros, Pauline, 77-78 (I of IV), 85-86, 89, 93,

103,147,246, "247, 305
Olson, Harry, 15, 16,45
Once Festivals, see Once Group
Once Group, 9]-93, 100,101,103,107
Ondes Martenor, 12-13
Ondioline, 12
Opcode Systems, 201, 209
Oppenheim, Dave, 200-201
Orlarey, Yann, 205, 206
Orton, Richard, 137-139
Otro, Peter, 132,238-239, 264
Ova/Tune, 31 7

Padua, University of, 182,262,264, 265
Paine, Stephen, 1.9J-192
Pape, Gerard, 214
Parmegiani, Bernard, 214
Panch, Harry, 1, 101., LQ9
PASS, 221

Passport Designs, 201
Patchwork, 207
Payne, Maggi, 78-79
Pennycook, Bruce, 324-325
Perkis, Tim, 296-297, "296
Philippor, Michel, 31, 34
Phillips, Liz, 327, "328
Phonogene, 31, "33
Phonogramme, 215
Phonosynrh, 144
physical modeling, 253-254
Pierce, john, '106, 108-110,111,114, Il7, 118,

124, 139
Pinkston, Russell, 174
Piper, 157-158
Platypus, 266-267
PLAY Program, 201, 288
POD programs, 171, 257
Polansky, Larry, 303-305
Poole, David, 115
Porascek, Patrick, 263
PoulJin, jacques, 27, 31
Poulsen, Valdemar, 29
Pound, Ezra, 23-24
Pousseur; Henri, 38, 50 (Scambi), 88
Power Clove, 229
Princeron University, 16,46, 110, 112,113,121,

123
Project for Music for Magnetic Tape, 55-58
Prophet-S, 156-157, 187,189
Proteus, 200, "200,258
Puckene, Miller, 132, 183-184,208,232,263
pupitre d'espace, 31, "32,67

R7,145
Radigue, Eliane, 34, 76-77, 80
Radio Baron, 230-234
Radio Drum, 232-234
Radiophonic Workshop, 65-66,151-152
Raes, Codfried- Wil/em, 236
Rampazzi, Teresa, 262
Randall, jim, 'lID, 114
randomness, see indeterminacy
Ranger, Colonel Richard, 30-31, 56
RCA, 8-9, 15-18 (Mark II Electronic Music

Synthesizer),45-46
real time, 112-1]3
Redolfi, Michel, 176, 325
Reich, Steve, 77 (It's GO/ilia Rain), 89
Respighi, Otrorino, 23
Reynolds, Roger, 107
Rhea, Tom, 154"155, 196
Riedl, joseph, 42
Riley, Terry, 86, 89
Risser, Jean-Claude, '111-112 (Bell Labs), 1.14,

116,118,119-120 (JRCAM), ]25, 127-
128 (Inharmonique, Slid), U5, 214, 254,
258-259,264,321

Roads, Curtis, 133, 257, 261-262, 316
Rochat, Rene, 192-193, 199
Rochberg, George, 142
Rockefeller Foundation, 16,45,64,90-91,147



Rockmore, Clara, 9- '10, 11, 235
Roder, Xavier, 125-126, 243, 255
Rokeby, David, 236
Roland,194-196
Rolnick, Neil, 216-217, 234-235, 238
Rosenboom, David, 301-303, 304, 305
Rossum, Dave, 187-188
Rowe, Robert, 181, 314-315
Roy, John, 288
Rueda, Cernilio, 205, 207
Rundgren, Todd, 155, 333, 334
Rurup, Manfred, 202-203
Rush, Loren, 86, 89
Russolo, Luigi, 2-3
Ryan, Joel, 229, 241-242
Ryrie, Kim, 186
Rzewski, Frederic, 103-105

Saariahc, Kaija, 207, 249, 263
Sala, Oskar; 12
SalMar Construction, 289-291, -290
Samson Box, 117,260
San Francisco Tape Music Center, 86-91, 103,

146-147
Sapir, Sylviane, 254-255, 262
Sarie, Eric, 23

rScaleni, Carla, 265-267 (Kyma), -267, 313, 337-
I.l 338 (Public Organ)
Schaeffer, Myron, 141
Schaeffer, Pierre, 26-28, 31-35, "33,38,60,67,

87,282
Schillinger, Joseph, 8
Schloss, Andrew, 231, 232-234
Schoenberg, Arnold, 37, 58
Schoning, Klaus, 74
Scofield, Carl, 192
Seawright, James, 142, 161
Sekon, Josef, 289
Sender, Ramon, 85-90, "87, 93-94 (Desert

Ambulallce), 103, 146
Sequential Circuits, 156,187,195,196, '197
Sequential Drum, 231
serialism, 36-37, 280-281, 289
Setter, Zack, t 32, 264
Shibata, Mineo, 43
Sholpo, Yevgeny, 28
Shorrsraedr, Bill, 117
Siday, Eric, 142,155
Sjoland, Thomas, 168
Smalley, Denis, 130-131
Smimov, Andre, 10
Smith, Bennett, 263
Smith, Dave, 156-157, 195-196 (MIDI), 197, 250,

258,260
Smith, Julius, 232, 252, 253, 255, 258
Smith, Leland, l16, 135
Smith, William 0., 144
Sogersu Art Center, 44
Sonami, Laeriria, "100,229-230, "230
Sonic Arts Union, 101-'103, 107
Sonics, 85-86
Sound Hack, 260

Index 369

Sousrer; Tim, 42, 245
spariarizarion,131-133
Spbarophon, 11
Spiegel, Laurie, 159, "161, 162-163 (GROOVE),

178-] 79 (Alles synthesizer), 332, 334-336
(Musk Mouse)

Spoerri, Bruno, 227-228, 236~237, *237, 320-322
(interactive pieces), 336

Stanford University, see also CCRMA, 115-118,
135,187

Srarkier; Michel, 263
Sreiglirz., Kenneth, 260
STEIM, 228, 229-230, 241, 307, 309
Steinberg Research, 203
Sreinberg, Karl, 202-203
Stille, Kurt, 29
Stockhausen, Karlheinz, 31, 36, 37-42 (Gesang

der Jiillglillge, Kontake), *41, 57, 63, 67,
68,75 (Solo), 83~85 (Mikrophonie /), "83,
"84,87,248,265

Stokowski, Leopold, 44, 45
Stone, Carl, 318-319
Stone, Phil, 297, 305
Strang, Gerald, 109
Stravinsky, Igor, 22
Scroppa, Marco, 262
Structured Sound Synthesis Project, 172
Studio di Fonologia Musicale, 48-52, 63
Subotnick, Morton, 86-91 (San Francisco Tape

Music Center), "87, 93, 103, 146-149
(early synthesizer work), 216, 218, 332,
333,334

Sundberg, johan, 125
Swanson, Chris, "143
Swedish Broadcasting Corporation, see Swedish

Radio
Swedish Radio, 66-67, 166, 167
Swiss Center for Computer Music, 321
Symbolic Sound, 267
Synclavier,175-178, *177, 176-178, 186-187,

198,266,291,292, "292,294,316
Synergy, 188
Synker, 144-146, 220
Synchi, -lOO, 151
SynthKit, 250
Synrhophcne, 222
Symon, 189-190
SYTER, '179

Takernitsu, Toru, 42, ] 07
tape recorders, history, 28-31
Tcherepnin, Ivan, 244-245, *245
Tcherepnin, Serge, 310
Teitelbaum, Richard, 103-105 (MEV), 309-312

(interactive compositions)
Telharmonium, 3-8, ..5
Tempelaars, Stan, ]69-171,242,283
Tempo Reale, 132, 265
Tenney, James, 82, 86, 88, 109-110, Ill, t "14,303
Termen, Lev, see Theremin, Leon
Terpsitone, 9
text-sound cornposinon, 67



370 Index

rheremm, 8-11, "9, ·10, 235
Theremin Center (Moscow), 10
Thercmin, Leon, 8-11, '"9, ·10
3DIS System, 237-238, 305
Thunder, 227-228
Tisato, Graziano, 262
TobenfeJd, Emile, 202
Tach, Ernest, 28
Toronto, University of, 64, 77. 141, 157-158, 171
TRAILS, 132- '133
Trauroniurn, 12,38
Trautwein, Friedrich,12, 38
Trayle, Mark, 296-297
Truax, Barry, 171, 257 (granular synthesis), 258,

283-284 (POD Programs)
Tudor, David, 40, 44, 55, 73, 82, 89, 92, 98-101

(Rainforest), 105-107 (Bandoneon 1),147,
235,272,273 (Untitled), 325

Tyranny, "Blue" Gene, 246-247
Tzara, Tristan, 269

V2, 209-211, 247
Ungvary, Tamas, 167-169, 272
UrIC, 213-215
Ussachevsky, Vladimir, 16, 44-46, "'46, 47, 57,

109, 112, 142, 144, 159, 246

Van Koevering, David, 154-155
Varese, Edgard, 12, 16,32,58-62 (Poeme

Electronique), "60,67,108, 109,258
Vasulka, Woody and Steina, 327
VGS-3,150
Veitch, Simon, 237-238, 305
Vercoe, Barry, 113, 12]-122 (Music 360, Music

11),218,259-260 (Csound)
Very Nervous System, 236-237, "237
Vidolin, Alvise, 48, 182,262-263, 265
Vinet, Hugues, 179
Vink, jaap, 171, 283
Visser, Felix, 189-191, 192, 193, 199-200
Vogel, Peter, ] 86, 191
von Biel, Michael, 42
von Reichenbach, Fernando, 64
VOSIM, '170-171,282

Voyager Company, The, 332-333

Waisvisz, Michel, 228, 238, 239, 272-273
Wavedrulll, 250
waveguide synthesis, see physical modeling
\'(fDR, 36-42, 280
Webern, Amon, 37
Weiland, Frits, 171, 283
Wessel, David, 180,204-205,207,254-156,21
Westdeucscher Rundfunk, see WDR
Wheeler, Jane, 332-333
Widoff, Anrony, 209-211, 247-248, 316, ,31S
Wiener, Norbert, 274
Wiggen, Knur, 166-167, 169
Williams, Jan, 69, 287-288, 318
Wilson, George Balch, 144
Winham, Godfrey, 110, 112, 121, 123
Winsor, Phil, 86
Wishart, Trevor, 136-139 (Red Bird), 243
Wolff, Christian, 55, 57
Wonder, Stevie, 155, 188
Wuorinen, Charles, 15-"6,47

Xenakis, lannis, 34-35 (early rape cornposmon,
42,60-61,213,257, 279-280 /st(Xh~\f~
music), 325, 326-327 (polytopes), • W.
336

Yamaha, 1 17, 118, "157, 186, 195, 196, 198. ln4
251

Yavelow, Christopher, 316
Yuasa, Joji, 42-44, 67, "/07, 214-215 If w' , ..

Genesis 1 ), 239

Zicnrelh, David, 201, 202, 207-209 (J\'IAXI, W,
318 (M, Jam Factory), 321

Zimmermann, Bernd Alois, 42
Zinovieff, Peter, '149-153, °151, 164+166
ZKM,129
Zuccheri, Marino, 48, 51
Zvonar, Richard, 209

~~~~~~t~~~~b~~~tEHSNICINSTITUTE

~~111111rlnlll~~rl~lllllil~llllllllllllll10126256N



+

"


