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PREFACE

Electronic music has been in existence for more than a quarter of a
century. Its large and diverse repertory poses considerable obstacles
for those interested in studying composition. This book has been
developed as an aid for teachers and students in an attempt to
correlate historical developments with structural procedures within
the electronic medium.

In order to facilitate an understanding of the works presented,
only commercially recorded compositions are included'. I can
nevertheless present a comprehensive overview of our subject, be-
cause examples of all forms of electronic music have been Fc_:corded.

Because so many recordings of electronic compositions .hav'e

made, and since a good number of these are now out.—of-pnnt, it
has been impossible to include every recorded electronic composi-
tion within our text. Although every effort has been made to obtain
out-of-print recordings, a few pieces have been omitted; this should
not be considered a negative reflection of these works. In order to'be
a thorough as possible, I have included recordings releasc.:c'i during
the first quarter of 1976. In addition, since new compositions are
continuously being recorded and released, I project revised ednpons
of this text. Despite these problems, 1 will discuss well. over ninety
percent of all electronic compositions that are available as re-
cordings. . . .

The basic problem with an historical survey of electronic music is
how to categorize its diverse compositional styles. Without some
method of stylistic division, however, W€ cannot hope to understand
either its evolution or its compositional aesthetics. I have therefore

developed three general classifications: solo tape, performer with
xiii
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tape, and live electronics. I have divided these categories according
to the nature of sonorous elements and the type of transformations
employed. The consequences of this procedure are twofold: concen-
tration upon small groups of pieces is possible, and, therefore, struc-
tural relations between them become apparent. The resulting con-
tinuity should enable the reader to grasp the overall nature of this
topic.

Particular emphasis has been placed upon areas that have been
largely neglected until now: the use of electronics in jazz and rock
music, the appearance of voice in electronic works, and the composi-
tional aesthetics of early musique concrete and electronic compos-
ers. In addition, Part IV is devoted to some practical considerations
of compositional techniques. I have included both electronic pro-
cesses and formal structural designs, and illustrated the application
of these procedures and concepts within live performance.

[ have developed the materials in this text over the past two vears
for my courses and lectures on electronic music. 1 possess both
compositional and performance experience in this field, and I hope
that the discussions and explanations that follow are clear and read-
ily accessible to a general audience.

I want to thank a former student, Grant Harders, for typing this
manuscn'p't, and for his assisting in the research and procurement of
records. Thanks are also due to: \ Professor Lejaren Hiller, who
helped me to obtain an ()Ut—()‘f-])rI!]f recording of his music; the
gracuste facully of Rutgers University, especially Professors Hean

a y AVAE *Ker £ s p .
knowledge of music thc()rt is a‘-]f(i > :\ ‘frc.(l cxpmrgas “'h()?c cxtcns’n'c
< : : y 1s reflected in the Introduction; and Ken
Stuart, editor of this text, for his valuable guidance and suggesti
A special debt of gratitude is owed to I’r()fcw)r‘R()h " t ;I“‘flf-l“t"““-f
Rutgers, whose encouragement and critical evah sr. NICRVE Wiy O
this book possible. al evaluation have made

: D. Ernst
University of New York

York College, City




INTRODUCTION

LIKE OTHER ARTISTIC DEVELOPMENTS, electronic music has resulted
&om a number of transformations within different areas of a
single tradition. Music theory, composition and instrument design
stem from mathematical and physical laws, beginning with ancient
Greece, and they can be traced throughout the history of Western
music.

The study of music in ‘Greek antiquity was grounded in mathe-
matics, as we can see in the inclusion of music in the quadrivium
along with geometry, astronomy, and mathematics. Music theory
was also closely related to performance practice, for a variety of
tuning systems were derived from mathematical formulas. Both the
subdivision of the octave and the derivation of consonant intervals
were mathematically determined. Pythagoras formulated t.hese
concepts, which were based upon the characteristics of a single
vibrating string. He discovered the existence of a fundamental rela-
tionship between the length of a vibrating string and arithmetic
ratios. If a string is divided into two equal parts, the respltmg pitch
is one octave higher than the original pitch; the ratio is thus 2: B
The intervals of the fifth (2:3) and the fourth (3:4) were derived
from divisions of a string into three and four equal parts.

It was the interval of the fourth, or the diatesseron, that gener-
ated the Greek system of scales contained within the Gre;a_ter aqd
Lesser Perfect Systems. The diatesseron was also subfhwded in
three different ways to produce the diatonic, chromatic and en-
harmonic intervals. The last of these was particularly important in
instrument design in the sixteenth, late nineteenth.and twentieth
centuries, for the enharmonic type included the interval of the

Quarter-tone.
XV




INTRODUCTION

The significance of the quarter-tone is twofold. In Western
music the octave has traditionally been divided into twelve more or
less equal parts, but the quarter-tone produces twice as many divi-
sions, so that the distance between successive pitches is smaller.
The use of the quarter-tone scale was common among the ancient
Greeks, but gradually disappeared as Western music evolved, al-
though African and Asian cultures have maintained this subtle dis-
tinction between pitches to the present day. It was not until the
middle of the sixteenth century that the Italian composer and
theorist, Don Nicola Vincentino, attempted to revive the ancient
Greek musical tradition. His achievements were so vehemently at-
tacked by his contemporaries, however. that Vincentino’s use of
these concepts remains an isolated example in the history of West-
ern music to the Renaissance. '

Very little is known about ancient Greek music and its theory
becqu.se most of it was based upon an aural rather than a written
tradition. The extant writings of Pythagoras, Euclid, Aristotle, Aris-
toxenos, Ptolemy and Plato which contain discussions on music
were introduced to Medieval Western civilization by the Roman
philosopher and m.athcmatician Boethius (ca. 480-524) and his
Fonterpporary Ca‘ssuxioms (ca. 485-560). Mathematical concepts
involving proportions were perhaps
tant contribution to music, for the
music theory until the seventeenth c

portional relationships were applie
sonance), duration (rhythm), and tuning systems. Both the sym-

metry and logic inherent in m: ' d
athematical . i

7 d droce >S '

basic framework for Western music = AN RPN

The definition of a “musical”
tended to include all sounds. The
of the spheres ascribes pitches wj

fect Systems to individual pl: -
planets. The sun is identi i
2 s ntified with the
Ctl?:r:g:] \S:Stet}(lmes}?t - fhes'c Systems, and the rcvolutic(il “olft hcach
ﬁieas 3 o d (r)ll(l:fio to, i‘mt a particular scale of pitches. These
Jirm itchn: th 1 with mathematics, helped to relate the deriva-
o hze ¥ 0B € cosmic structure, These thcorief s ( l'c_ :d
in lreaD s i't otgthxus and other medieva) thcorists i
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Introduction xvii

The first category is analogous to the Greek harmony of the
spheres, and propounds the modern concept of sound waves. Both
the Pythagoreans and Boethius realized that movement produces
sound, for it was believed that the motion of the planets yielded
specific pitches. Furthermore, both believed that the extreme ve-
locity of the planets’ movements produced frequencies so high as to
be imperceptible to human ears.

Boethius’s division of instrumental music into percussion,
string, and wind sonorities, was adopted by his contemporary, Cas-
siodorus, and by Isidore of Seville (570-636), both of whom also
categorized music according to harmonic, rhythmic, and metric
principles. The writings of these theorists provided the basis for
early medieval musical thought, as exemplified in the mid-ninth
century treatise Musica disciplina by Aurelian de Réome, in which
entire chapters are derived from the aforementioned writers. The
late ninth century work, Musica enchiriadis, reaffirms the Aristote-
lian relationship between music and mathematics, while the work
of the tenth century theorist, Regino of Prim, refers to the “science
of music,” based upon arithmetic rules.

Like Boethius and the ancient Greek writers, Regino believed
that sound travelled in the form of waves, but he divided music into
two parts: natural and artificial. Artificial or instrumental music 1s
analogous to the musica instru mentalis of Boethius. Natural music
consists of the movement of the heavens, ot the harmony of the
spheres, in addition to vocal sounds that include animal noises. The
concept of the combination of musicd mundana and humana to
form natural music not only departs from Boethian procedures, but
the inchusion of animal sounds also exceeds the limits set by Boeth-
s of musica humana. Regino’s definition of natural music can
inchuide the Sirens mentioned in Homer’s Odyssey, as well as the
yells of the three-headed dog Cerberus and the shreiks of the Har-
pies which appear in “Purgatory” (VI, 13-14, 28-32; XIII, 10—}5,
22) of Dante’s Divine Comedy. The harmony of the spheres which
underlies Dante’s thought is directly referred to several times, be-
ginning with Canto XXVI of «paradise.” Francis Bacon's later The
N?W Atlantis (1627) contains “sound houses,” where all sounds
exist,

Once the definition of music was firmly established, later
theorists like Guido of Arezzo, Franco of Cologne, Anonymous IV,
and Johannes de Grocheo could concentrate on cpmposnhona]
procedures and notational problems. During this period, from the
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eleventh through the thirteenth centuries, proportions were
applied to pitch, tuning systems, and the determination of conson-
ant and dissonant intervals. By the early fourteenth century, how-
ever, the works of Marchetto da Padua and Philippe de Vitry dis-
play increased rhythmic complexity which is derived from duple
subdivisions of durational values, in addition to the more common
triple divisions. This era, referred to as the “Ars Nova,” was fol-
lowed by an extensive reliance upon proportional relations for the
derivation of rhythmic structures.

An important treatise from this period, Proportionale musices
(ca. 1475) by Johannes Tinctoris, provides principles of proportions
for composers and performers. Proportions of equality and inequal-
ity are applied to duration, and are accompanied by definitions and
notational procedures. The rhythmic relations within such a com-
position assume a complexity equal to some of the piano works of
Henry Cowell and such later serialists as Stockhausen and Boulez.
Some of the more complex proportions found in the Proportionale
are 5:4 (sesquiquarta), 6:5 (sesquiquinta), 9:8 (sesquioctava), 5:3
(superbipartiens tertias), 7: 4 (supertripartiens quartas), 7:3 (duple
sesquiteritia) and 13:5 (duple supertripartiens quintas). The Prac-
tica musicae (1497) of Franchinus Gafurius contains similar
theories, but the elements that had been used by Tinctoris were
generally restricted to academic exercises. The “Missa Pro-
lationum” of Johannes Ockeghem and the “Choralis Constantinus”
of Heinrich Issac, both Flemish composers, provide examples of
compositional use of proportions during the Renaissance.

Vincentino’s theoretical concepts, derived from the three Greek
genera, led him to design and construct a multi-keyboard instru-
ment, the “Archicembalo” (1555). This instrument was capable of
dividing the octave into thirty-one steps, and displayed a sense of
pitch awareness that had long been absent in Western music. The
“Archicembalo” was improved upon by Colonna’s “La Sambuca
lincea” (1618), and foreshadowed the emergence of a similar class
of new micro-tonal instruments that began to appear in the
eighteenth century. These instruments are an important aspect of
the concepts which eventually led

provided enharmonic equivalents, e.g_ EP-D#, Av_G#

Harmony of the World (1618), by the German scientist il
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Kepler, was one of the most comprehensive treatises to appear
since ancient Greek writings. It contains five separate books on
geometry, music, astrology, astronomy, and epistemology. The ra-
tionalization of consonance was derived from geometry, and
marked a departure from previous mathematical processes. Using
the sun as a reference point, Kepler determined harmonic conso-
nances by comparing the slowest and fastest motions of individual
planets to the stationary position of the sun. Early Pythagorean
theory had identified the sun with the central note, “mese,” of its
scale system; both methods associate music theory with ideas out-
side the discipline.

The mathematical theories of Greek antiquity remained opera-
tive until the first quarter of the seventeenth century, when the
science of acoustics began to supersede them. A long line of French
theorists, beginning with Marin Mersenne, developed revolu-
tionary theories following Descartes’s scientific method of 1618
based upon empiric procedures. Many physical properties of sound
became known and understood as a result of extensive exper-
imentation with a single vibrating string, or monochord, which.had
been the vehicle for this type of research since Pythagoras’s time.
The seventeenth century theorists began to incorporate aqoustlcal
laws, rather than purely mathematical ones, in their theories. The
difference between the old practice and the new is primarily the
gradual discovery of the overtone series, which was formulated in
its entirety by the French scientist Joseph Sauveur in 1701.

During the last third of the seventeenth century more French
theorists began to publish treatises involving acoustics. Among the
most important are those of Jacques Rouhault and Claude Perrault,
whose discoveries assume particular significance when we consxc_ier
electronic compositional techniques. Rouhault was concerned with
aural perception and its relationship to the brain, mamff:st by the
fesonant capacity of the ear. Perrault determinefl.that timbre .de-
Pends upon the presence of upper partials, in addition to subsidiary
noises associated with percussive, blown and bowed sounds. Be-
cause the amplitude of these elements is considerably less than that
of the fundamental tone, we only perceive timbral chapges.

The importance of Sauveur’s work cannot be overestimated, for

not only formulated new acoustical theories, but he also reﬁ_ned
Preexisting concepts of earlier French theorists. Sauveur clarlﬁed

lersenne’s measurement of consonance and dissonance by basing
his calculations upon beats that result from simultaneously sound-
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ing two pitches that are not in tune. He also defined the limits of
human aural pitch perception as being between 16 and 32,718 cy-
cles per second. Although the upper limit is actually approxi_mately
double that number, the lower is correct; this is an amazing ac-
complishment for the first quarter of the eighteenth century.

Sauveur also experimented with micro-tonal tunings and re-
lated tuning systems, which was an activity that had increasingly
occupied composers, theorists, and instrument builders since the
sixteenth century. This led Sauveur to do further work in the realm
of aural perception. He concluded that the ear could perceive 301
equal divisions in an octave, or 50 divisions within a whole-tone. It
seems rather unlikely that we possess such a refined sense of hear-
ing, but Sauveur did design an instrument, the “Echometer,” that
could measure the micro-intervals within an octave. Unquestiona-
bly, however, Sauveur’s most important discovery, which appeared
in his Systeme Général des Intervalles des Sons, et son application a
tous les Systemes et a tous les Instruments de Musique (1701), was
that of the overtone series.

The overtone series is a physical phenomenon that is expressed
as a fundamental pitch (frequency) that is always accompanied by
an infinite series of higher pitches (partials) of decreasing
amplitude. Since the frequency relationships between successive
partials and their fundamental exist in the ratios of 2: 1, 3:1, 4:1
etc., it should be apparent why the abstract application of propor-
tions gave way to empirical methods during the Age of Reason.
The discovery of the overtone series not only supported previous
mathematically based rationalizations of music theory, but also
provided a foundation for the subsequent attempts to control the
timbral characteristics of sound, which were begun at the end
of the nineteenth century by the German physicist Hermann von
Helmholtz.

For practically two centuries, the impact of Sauveur's work was
restricted to purely theoretical topics within the discipline of music.
The French theorist and composer Jean Phillipe Rameau (1683-
1764) employed Sauveur’s discoveries in his treatises on music
theory, but it was not until Helmholtz’s work appeared that these
new concepts actually influenced musical composition and the de-
sign of new instruments.

The first of Rameau’s nine works, Traite
a ses Principes naturels (1722), applied the
series only to the first six partials of a vibra

de 'Harmonie Réduite
concepts of the overtone
ting string. In his second
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volume, Nouveau Systeme de musique théorique (1726), Rameau

concluded that resonant bodies produce the same overtones as vi-

brating strings. He followed this with a discussion of sympathetic

vibration in Génération harmonique (1737). Rameau eventually ac-

cepted up to the forty-fifth partial to justify vertical sonorities in his

eighth book, Code de musique pratique (1760).
From the Middle Ages through the eighteenth century, the

formulation of theoretical concepts and their employment within

musical compositions were emphasized. The only instruments de-

signed during this time were Vincentino’s “Archicembalo” and

similar ones by his contemporaries Zarlino and Salinas. Through-

at the eighteenth and first part of the nineteenth centuries there

were many attempts in the area of new instrument design, the most

important of which was Benjamin Franklin’s Glass Harmonica,

which appeared in 1763. Both Mozart and Beethoven wrote com-

positions for it. The glass harmonica contained a series of revolving

glass discs which could be set in motion by a foot pedal; they were

l}ept wet by passing through a trough of water. The discs were of

increasing thickness, so that when the performer touched one of

their edges a specific pitch was produced. ;
From the beginning of the eighteenth century the design and

construction of new instruments flourished. One of the prime areas

of concentration was the division of the octave into more than th,e

traditional twelve semi-tones. These instruments took Vincentino's

octave divisions so far that it is questionable whether those inven-

fors could actually have heard the minute pitch differentiations

which their instruments produced. Sauveur, for instance, includ

twenty-five tuning systems in his Table générale des systemes tem-

bérés de musique (1701). Some of his octave divisions are 17, 43, 53,

67,74, 98, 105, 112, and 117. Other eighteenth century theorists

who divided the octave into more than 50 parts include Henfling

(1710), Mattheson (1722-25), Jackson (1726), and Romieu (1758).
Nineteenth century experiments in England, France e

many carried on this tradition. The most significant Were by Liston

(1812), Delezenne (1826- 27), Poole (1850), Oplet (1852), Drobisch

(1855), Helmholtz (1863), Bosanquet (1874-75), Koenig (1876) and kg

onaka (1890). The most radical instrument these men devgloped is 3!

eq(:xmlig,s “Tonametric,” which could divide four octaves into 670 }
al parts, or approximately 167 steps per octave.
The first expsrli)ments in g,lectronic music would never have oc-

@rred without previous technological a

P .

dvances in the area of ;
A
'
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sound reproduction and storage. Alexander Bell succeeded in
transmitting the voice by means of electricity in 1876, the same
year that Koenig’s “Tonametric” appeared. By the next year Emile
Berliner had perfected both a telephone receiver and a disc record.
Thomas Edison’s phonograph in 1878 was the next significant
technological advance to take place. Although this phonograph
eventually proved to be inadequate for the sophisticated sound ma-
nipulations associated with electronic music, it was employed ex-
tensively by a few French, German, and American composers from
the 1920’s through the next two decades.

During the final years of the nineteenth century three events
occurred to provide composers with both the theoretical and prac-
tical resources which would ultimately permit them to structure
sounds in a new way. First, in 1863 Helmholtz published his book
Sensations of Tone, a pioneering work in the field of acoustics that
delineated new compositional techniques for composers of future
generations. Helmholtz was the first to systematically explain
timbre to be a result of a fundamental tone and its harmonic con-
tent, a concept grounded in the works of Joseph Sauveur from
almost two centuries before.

Second, one of the first instraments whose design was based on
the theory of the overtone series appeared more than thirty years
after Helmholtz’s book. Thaddeus Cahill's “Sounding Staves”
(189_7) was involved with timbre control, which was regulated by
varying the number of upper partials, or the harmonic content of a
fundamental tone. The quality or timbre of a tone was altered by
the addition or elimination of upper partials. The aural effect was
analogous to a change of instruments in traditional music as, for
C.an.lp]e, switching from flute to clarinet, but differed in the pos-
sibilities afforded by the “Sounding Staves,” which exceeded the
number of conventional orchestral instruments. Cahill was there-
fore able to produce sounds whose quality did not necessarily re-
semble that of familiar instruments.

Pl ) SNt Yt Danih s Vi

C 1 graphone, ™ the first magnetic recording
n‘lachme, which was sometimes referred to as the wire recorder.
From a compositional point of view, Poulsen’s invention had far
greater potential than its predecessor, the pPhonograph. but its limi-
tation lay in the difficulty of working with the wifj 2 )11.}|.5‘} IH :
r'ecording was made. This problem was solved j lL UPOH. s ]. «
tion of the magnetic tape recorder. 1935 by the inven-
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The achievements of Helmholtz, Cahill, and Poulsen ushered
intwentieth century music. Although some musicians maintained
a interest in pure theory, the emphasis had shifted to the con-
fnction of new instraments and to musical composition. Early in
19% Cahill introduced his “Dynamophone,” which was capable of
gnerating sounds by means of a series of electronically driven
dynamos (electrical generators). Both his “Sounding Staves” and
Helmholtz's acoustical theories influenced many early twentieth
eentury composers, whose work manifested an acute awareness of
timbral relationships. Arnold Schoenberg’s use of Klangfarben-
melodie (tone-color-melody) in his “Funf Orchesterstiicke” (1909),
inwhich he distributed successive pitches of a melody among vari-
ous instrameents, is a clear indication of Schoenberg’s concern with
nstumental color. In his footnote to the third piece of this set,
“Summer Morning by a Lake,” Schoenberg specified that “only the
difference in color becomes noticeable.” Timbre was also given a
pominent role in the piano music of the American COMPOSET
chry Cowell. In 1911 Cowell employed tone clusters, Wh§Ch are
smultaneously sounding groups of adjacent pitches. His sub-
sequent compositions utilized a variety of sounds produced in the
interior of the piano including the strings themselves.

: Some of the most significant upheavals in musical thgught hav::
figinated in Italy, as we have seen in Vincentino’s “Achicembalo,
Ihn theories, and his compositions. The [talian Futurist rqoyement,
ianded by the playwright and poet Filippo Marinetti 1n 1929’
ncluded these three areas of concentration. Marinetti’s Founda-

tion and Manifesto of Futurism (1909) initiated a series of events

that would exert profound influence upon subsequent musique
tncréte composers, John Cage, and the recent compositions of
Karlheinz Stockhausen.
| Futurism includes painting, sculpture, poetry, drama, opera,
nee, music, and cinema, and its followers generally engaged n
more than one of these disciplines. Public readings of Futurist man-
festos and poetry in 1910 led in the next few years to productions
short, one-act plays that often employed nonsense speeﬁh 05
tramatic visual effects. The glorification of machines, of speed an
trength, and perhaps also the Futurists’ advocacy of the destn}llc-
tion of historical monuments, created a turbulent atmosphere that
¥as later exploited by Mussolini and the Fascists (1922). .
me primary correspondences between Futurism and Fascnsm_
arethe advocacy of war and opposition to the monarchy. Concern
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ing the former, Marinetti said: “War is the culminating and perfect-
ing synthesis of progress.” The Futurists demanded war against
Austria, and incited Italian university students against their pro-
German professors. Both Marinetti and Mussolini were arrested in
Rome at a pro-war demonstration in 1915, and many of the
Futurists enlisted in the army at the outbreak of the First World
War.

One reason that the Futurists opposed the monarchy in Italy
was because of its close association with the Catholic Church, 2
symbol of a meaningless past that obstructed according to thg
Futurists, political, economic, and social reforms. Mussolini in-
tially desired a “tendentially republican Fascism”; however, thf?
subsequent dictatorship established by Mussolini is an obvious di-
gression from this ideal, and bears no political relation to Futursm.

The growth of the Futurist movement was hindered by political
and economic unrest in Western Europe after the First World War.
I'herefore, the effects of Futurism upon music, for instance, were
not' significant until the middle of the century.

I'he major vehicles for the dissemination of Futurist ideology
are the manifestoes and the performance pieces. Manifestoes that
involve music were written by Francesco Pratella, Luigi Russolo,
and Filippo Marinetti. The spirit of Pratella’s The Technical Man-
‘z‘festo of Futurist Music (1911) is summarized in his statement

Young musicians, once and for all, will stop being vile imitators of
the past that no longer has a reason for existing and imitators of the
vena! flatterers of the public’s base taste.” Pratella advocated the use
of microtones, which he referred to as “enharmonic” pitches. He
empl}asxzed the need for experimentation with a “found object,”
that is, an “everyday” sound, as a new sonorous source. Finally,
Pratella rgferred to repetitive rhythm, as “the disgraceful umbrella
of all the impotents who teach in the conservatories.”

Although Pratella was A Mmusician, not all the manifestoes on
fmusic were written by musiciang. Luigi Russolo. for i was a
painter, but his Futurist Mapn; e i wveppinned

nifesto (1913) js concerned with musi-

ﬁ:l l:(e)ﬁ:e?édRE:]o’ge::t only criticized the stifling of harmony that
Greeks; he also POintedporuefltll);;?tsd‘ ¥ the theories of the ancient
m?ch'i]ne aie. Russolo cgnsider:éSe W:s Z:(t;‘l;lrl]y a g::]dl};t( ,%fv tl:)ef
Exor}’ypm:sniz ’to?;nt?lzyfg;d S rein Nineteenth angd twenl;ieth cen-
breaking away from to l';llnnﬁrs of “musica] noise.” He advocated

nall group of conventional musical in-
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stuments that had hitherto restricted musical sound, in favor of the
more interesting, and unlimited, noise sounds now available. Rus-
wlo's cryptic description of the concert hall, “a hospital for anemic
mu.nds," is evidence of the urgency of his ideas, for he strongly
believed that musical sounds must be expanded to include noises.
= Russolo applied his theories to his inventions, the “Into-
nanumori,” (1913) and the “Psofarmoni” (1926). The former are
mechanical “noise” instruments that produce hisses, grunts, pops,
etc., while the latter are keyboard instruments that imitate animal
and nature sounds. The sonorities produced by the “Psofarmoni”
not only encompass the medieval concept of “natural” music, but
the reappearance of this idea in Futurism suggests that the Western
definition of music was no longer adequate.
Russolo’s next manifesto was Enharmonic Notation for the
F utunst “Intonarumori” (1914), in which he devised the “line-
note,” a horizontal line to signify duration. This system is now
employed by many contemporary composers, including Stock-
-h"?“‘- Kagel, and Penderecki. The Futurist movement has not
Teceived the attention that it deserves; yet many of its ideas and
t“hf"’,QUCS. like the concept of “noise” as music, the “Intonaru-
moni,” and new notational systems are used by many contempo-
‘Tary musicians to whom Russolo and Pratella are unknown. It is
sstonishing to hear Pierre Schaeffer, the originator of musique con-
réte, say that he was unaware of Futurist experiments with noise.
_ Further references to music appear in some of Marinetti’s man-
'feitoes. The Variety Theatre (1913) suggested that Wagner's “Parsi-
fal"be reduced to forty minutes; this version was Jater performed in
don. Marinetti also recommended that a Beethoven symphony
be played backwards, beginning with the last note. The home-
made instraments employed in a composition by Francesco Can-
gullo in 1914 are described by Marinetti in the Dynamic and
Synoptic Declamation (1914). Fortunato Depero called for “com-
Posed noises” including the sounds of machines and engines, in
Notes on the Theatre (ca. 1916). The last manifesto of thls move-
ment, the Futurist Radiophonic Theatre (1933) by Marinetti and
Mo Masnata, is an extension of the “Intonarumori.” The authors
Scuss amplification of inaudible sounds (an idea John Cage later
opted and referred to as “small sounds”); they also mf"t“?n
a“’l’liﬁcéltion of “vibrations from living beings” (se€ the later “brain
%ave” music of Evangelisti, Lucier et al.).
Although the Futurists published these theore

tical justifications
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of their ideas, their greatest efforts lay in demonstrating thesecon
cepts in live performance. Futurism was more than a purely
academic movement, for it strove to combine all art forms in prac-
tice. In 1910, the initial Futurist efforts involved onI)'DOdW?"d'hc
theater, but Pratella’s opera “La Sina d'Vargéun” (1909), which was
based on a text written in free verse, indicates that these new con-
cepts were shared by other artistic disciplines as we!l. Pl’:.ltellﬂ
“Musica Futurista per Orchestra” (1912) uses conventional nstru-
ments, whereas his “Saggio di Orchestra mista” (1914) Comblne“
mixed (“mista”) orchestra composed of instruments, !"'0’
narumori,” and vocal shouts. Pratella used Russolo’s notational
method for the “] ntonarumori”. 3
The “Intonarumori” received their premier, under Russolo’s di-
rection, at the “Art of Noises” concert in Milan in 1913. Russolo
had composed six “Noise Networks” for a noise orchestra that con-
sisted of buzzers, bursters, thunderer, whistlers, rustlers, gll‘fgl“s'
shatterer, shriller, and snorter. Marinetti later used these instru-
ments for sound effects in his play, “Il Tamburo di Fuoco” (1922).
“Feu d'Artifice” (1917), by Giacomo Balla, is based upon
Stravinsky’s 1908 orchestral composition of the same title, and was
staged by Balla for Diaghilev. Lights were shined on an enlarged
reconstruction of g painting by Balla, so that continually changing
shapes emerged. In 1928, Enrico Prampolini combined the “Into-
narumori” with lighting effects in “Santa Velocita,” a theater piece
without actors. These works predate Vareése’s “Poeme Elec-
tronique” by more than thirty years. e
Shortly after the introduction of Russolo’s “Intonarumori,
Francesco Cangiullo derived sound effects from “Tofa,” a honle-
made wind instrument made from a large seashell; “Scetavaisse, a
saw from which rattles and pieces of tin were suspended; “Pitipu,” a
X covered with skin; and “Triccabballacche," a variant of the

were combined with vocal effects in Cangiullo’s “Piedigrotta”

Inspired by Russolo’s noise concepts, Fedele Azari exper-
imented with the sonorous possibilities of airplane engines in “Aer-

ial Theatre” (1918), for which Russolo designed g special hood and
exhaust to increase resonance and modify ¢

sequent manifesto, Futurist Aerial Theatre (1919)
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‘fying Intonarumori” in which each airplane was painted by a
Futursst painter.

.Sometimes familiar “musical” sonorities like percussion and
wice, satisfied the needs of Futurist theatrical performances.
Marinetti, for instanee. used the bass drum to represent bombs in
“Simultaneita di Guerra Volutta” (1921). Gun shots, screams, cries,
and laughter appear in “Sintesi delle Sintesi” by Guglielmo Jan nelli
ad Luciano Nicastro; and Balla’s “Macchina Tipografica” (1914)
uses the voice in a non-human context. In this piece, the sounds of
aprinting press are represented by phonetic and syllabic fragments:
:‘31313." “ta .. .sta...,” “ri6rio.” “scsc . . . SPSSPSSCSC . - -
fift,” and so on. The performers physically imitate the mechanical
OPCTab'o_n of gears and levers. The treatment of the voice in these
wmpositions extends its function beyond traditional literary, musi-
al, and syntactic ones, and foreshadows its use by Luciano Berio.

Most Futurist works appeared between 1910 and the mid-1920s,
and various artistic media were gradually fused to yield highly inte-
grated works. Speech, for example, was reduced to vocal sounds,
and resulted in an affinity with “musical noise.” All forms of move-
ment were defined in terms of rhythm, so that movement too was
asociated with music. Since sound and/or movement characterize

media of expression, it was easiest to combine various art forms
¥hen these elements were reduced to their purest and simplest
Yates. This reduction, however, resulted in increased abstraction,
9 that a universal interpretation of the meaning of sonorous Or
"Sual events became impossible. The phoneme “s,” for instance,
06 10t possess any intrinsic semantic value; it is a “pure’ soun

'ma}' assume “musical” connotations.
~ Music is particularly suited to illustrate t
5 by nature, the most abstract art form: it does not need to tran-
“eend visyal images and their associations. While literary and visual

it attempted to approach “pure” sound and rhythm, their ex-
Xtiments helped to extend the boundaries of music. Although Rus-
ly concerned with

spoke of “musical noises,” he was primarily ¢ 3
"vocal elements; but the literary and theatrical works o]
_amnetti, Balla, Jannelli, and Nicastro actually included voca
‘Morities in a musical context. These experiments, along WI:)II

performed at the Bauhaus, contributed signiﬁcantly to su
“Qen developments in the sphere of musique goncrete. .
Mar final Futurist works, a set of five short p1eces for rfq 31‘8 t g'
Yaninetti, appeared over a period of seven years: from

his concept because it
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1937. These examples of the Radiophonic Theatre foreshadow the
“Imaginary Landscapes” (1939) of John Cage and the musique
concrete repertory of Pierre Schaeffer and his associates. Marinetti
mixed discrete sounds with silence, thus elaborating on the con-
cept of the “found object” that had appeared in the manifestoes qf
Pratella and Russolo. Although Webern employed silence in his
instrumental music (1908), Marinetti extended those periods of si-
lence to as long as three minutes in some instances, which was
much beyond those employed by Webern. “Battaglia di Ritmi".
exemplifies this procedure. The silences in “I Silenzi Parlano fradi
Loro” range from eight to forty seconds in length, while sound
sources consist of isolated appearances by flute, trumpet, piano,
motor, a baby’s cry, and “Amazed 000000’s from an eleven-year-
old little girl.” An authentic musique concréte atmosphere pervades
“Un Paesaggio Udito,” in which the sound of “lapping” water re-
peatedly alternates with short segments of crackling fire, until the
whistle of a blackbird concludes the piece. In “Drama di Distanze,”
Marinetti included sounds from a boxing match. Some of Cage’s
tape collages, as well as Stockhausen’s “Telemusik” and “Hymnen”
are reminiscent of this piece.
~ More sophisticated electronic instruments began to appear dur-
ing the first quarter of the twentieth century with the formulation of
new electronic theories. In 191 5, Lee De Forest invented the oscil-
latqr, a device that produces electronically generated tones. The
oscillator is not only one of the principal sound sources in elec-
“ ‘t‘romc music, but is also the heart of the modern synthesizer. The
' “Theremin”, an extension of the oscillator, was devised in 1923 by
the.Russian scientist Leon Theremin. Although it consists of an
oscillator to generate electronjc tones, the Theremin eliminates the
'standard pitch and amplitude control dials found on an oscillator.
I'hese functions are controlled by the relative distance of the per-
forlner’s hand from an antenna that extends vertically from the
Theremin. An upward movement of the hand produces higher
pitches, and an increase of amplitude results from moving the hand
Sloser to the antenna. Three years later Theremin conceived the
El@ctnc Harmonium,” which was capable of producing pitch de-

compositional value of these scientific experiments was only
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wlized much later, most notably at the electronic music studio in
(ologne during the early 1950’s.

The phonograph was one of the first machines to receive wide-
qgmd attention by composers. Shortly after Russolo’s “Concert of
\aises” (1913), the French composer Darius Milhaud, along with
e German composers Paul Hindemith and Ernst Toch, began to
we vgriable speed phonographs to alter the characteristics of
meexisting sounds. Their enthusiasm for these new sonorous pos-
sbilities rapidly spread to the film medium, in which the technique
of fdrawn sound” was developed. Filmmakers derived sounds by
tgstering fingerprints, facial profiles, lettering, and geometric
fures directly on the film sound track. Sound was first combined
sith flm in Germany in 1928 by Walther Ruttmann, and this work
¥& continued at the Bauhaus by Paul Arma, Oskar Fischinger,
!45110 Moholy-Nagy, and Friedrich Trautwein. During the 1930’s
'"Ff{mce. sound tracks for motion pictures were manipulated by
Vaurice Jaubert, Arthur Hoéreé, and Arthur Honegger, who were

first French composers to employ this technique. _

During the First World War, many French and German artists

their homeland to neutral Switzerland, where Hugo Ball
Wened the Cabaret Voltaire in Zurich in 1916. The cabaret at-
tacted the artists Tristan Tzara, Hans Arp, Marcel Janco, and

h{*{d Huelsenbeck; they used the term Dada to identify their
iiities and published the first Dada Manifesto that same year.

.U"like Futurism, Dadaism is not an artistic movement. The
Pt of Dada was summarized by André Breton: “Dada is a state of
ﬂnq, .. Dada is artistic free-thinking . - - Dada gives itself to

ng . . .” Continual negation distinguishes Dada from other
Mtemporary trends, but it does contain associations with the
"h'm.ts and the Bauhaus artists. Tzara, for instance, was incon-
“with Marinetti; Ball had worked with Kandinsky in Munich,
"rto 1916, to establish an Expressionistic theatre; the aforemekr;
Cabaret Voltaire Exhibition of 1916 included thunst works;
oy ¢ and Kandinsky lectured in Zurich the following year, two
' Ebefom the Bauhaus was established.
Iy ielsenbeck prepared the first German

8 and Dad A .
- a was introduced in France by : ;
: 'r. Similar concepts also appear in New York during this penod,

E:eled in works of Marcel Duchamp, Man Ray _a"d] Ma:mEs;': s(t).
developments are subsequently reflected in the 1

Dada manifesto in
Tzara the following
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John Cage, particularly his adoption of collage and chance, or
aleatoric, procedures. ;
]k‘;)adais: ideas concerning music paralkl those of th§ FU'}'rmt;
In his third manifesto, Proclamation without Pwtmg&\l’rzg"
proclaims: “MUSICIANS SMASH YOUR IN"STRU]~ il
The last line of the poem, "lnf()rm.'ltinn‘Plcasc ”'qzd)’ i
Eluard, expresses similar. though less \'l()lcntr attitudes (;alll
music: “I do not like music, all this piano music TQbS meﬁ £
love.” When the Dadaists used traditional music, }f usual ‘ ‘;Ok\_
sisted of compositions by such composers as Satie, Stra‘lrl;\'ér;
Milhaud, Auric, and Schoenberg, or of popular t"'"esl' e
though they employed “noise music,” it was frequently rela
doetry or the theatre. ;

: The poetic transformations employed by t.hc Dadaists 'c‘ana:g
grouped in three categories: “sound,” “snnqltaneou's. o
“chance” poems. The first genre includes verse wnt'h_(llf““l;’f' H‘ugO'
for example, “gadji beri bimba” from “Flight frqm lime _.‘k &
Ball, and “Ursonata” (1924) by Kurt Schwitters. Unlike :
Futurists, both rely on sonorous characteristics rather thanﬂ\fm
semantics. Schwitters further distills poetry to a sin‘gle letter '"l el
(1924), which only phonemic distinctions of “w” are articula
during the erformance.

'I‘fara agoptcd the Futurist idea of simultaneity in b(_)th poeh't‘
and theatre. This resulted in multi-lingual poetic rccntahoPS in a‘
tempts to transform the nature of poetry. “Simultaneous ppt?I"1~
presented at the Cabaret Voltaire were accompanied by whistles,
drums, and bells. S

Tzara invented “chance” poems, which first appeared in L:tté’r-
ature in 1919, A newspaper article is cut up into separate wor ;\

hese are shaken in 4 bag, and then copied in the order in whic
they are removed from it. John Cage uses chance procedures in
his tape collages; Gyorgy Ligeti used this method as late as !973
in his tape composition, “Articulation,” in order to maintain a
homogeneous dlStl'lbuthﬂ of diverse sonorous e]ements.

The Dadaist writers’ interest in lan
when Hugo Ball declared: “We haye dev

word to a point which can hardly be g,
1950’s _th, '

compo

Cage, and Stockhausen applied analogous procedures to tape
compositions, and extended the plastici '

Kurt Schwitters was among t}
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Futurists’ presentation of stage works in which all the elements are
inseparable; and their use of “noise music.” One of his theatre
scores that displays these characteristics is Merz (1920): “Materials
for the score are all tones and noises capable of being produced by
violin, drum, trombone, sewing machine, grandfather clock,
stream of water, etc.” Schwitters goes on to say that “Materials for
the text are all experiences that provoke the intelligence and emo-
tions.” His broad definition of textual elements is comparable to
that of later musicians. Initially, musicians were not very concerned
with these processes because tape recorders, which were the means
to accomplish such transformations, were not yet available. Aside
from the Intonarumori, only nominal experiments with phono-
graphs were executed at this time.

The Bauhaus, founded in 1919 by the architect Walter Gropius,
was comparable in many respects to Futurism and Dadaism. It
included architecture, painting, photography, film, typography,
commercial art, and reflected-light composition, in addition to
workshops in stone sculpture, woodcarving, cabinetmaking, metal,
pottery, stained glass, wall-painting, weaving, bookbinding, print-
ing, interior design, and the stage. Since the Bauhaus was primarily
concerned with visual arts, there was less concen with linguistic
transformations. The sole exception is the theatre, in which some
syntactic and semantic modifications, in addition to musical and
noise sounds can be found.

The first stage workshops at the Bauhaus, in 1921, were directed
by Lothar Schreyer, but dissatisfaction with Schreyer led to his
replacement by Oskar Schlemmer two years later. Schlgmmcr's
“Gesture Dance” (1927) incorporates piano, gong, timpani, and a
fanfare played on a phonograph, but aside from the fanfare, no
precise directions are given to the musicians. Three actors, dressed
in yellow, red, and blue respectively, coordinate their actions, or
movements, with the musical sounds, so that the score includes a
description of a theatrical event.' ‘ -

The concept of form, which stems from ar_chltcctural princi-
ples, is an underlying factor in all Bauhaus creations. Schlemmer's
“The Two Solemn Tragedians” (1924), for example, bases
' Pri “G » Schlemmer, Liszlo Moholy-Nagy, and Farkas

Mcind comhibuted & st o tichaios book on the Bauhaus theatre, the
fourth in a projected series that included approximately fifty titles. The Theatre
of the Bauhaus (1924) is one of the fourteen books published. Gropius and
Moholy-Nagy were coeditors of the “Bauhaus Books™ series, which terminated
in 1930,
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amplitude relations upon proportions, and employs megaphones to
amplify voices according to the relative size of the stationary
figures. Moholy-Nagy, in “Theatre, Circus, Variety” (1924), makes
amplified voices correspond to visual magnification by mirrors. He
predicted the appearance of electro-mechanical acoustical equip-
ment, “speaking or singing clamps,” and new amplification sys-
tems, in addition to the placement of loudspeakers either under
seats or beneath of floor.

In “Man And Art Figure” (1924), Schlemmer explores further
possibilities of sonorous transformation: “Mechanical reproduction
by means of various kinds of technological equipment is now capa-
ble of replacing the sound of the musical instrument and the
human voice or of detaching it from its source, and can enlarge it
beyond its dimensional and temporal limitations.” Unfortunately,
the author does not specify the “technological equipment” that he
refers to, but he probably meant the Theremin, or devices that
produce sound from oscillators. Since the megaphone is used in
some of the theatre pieces of this period, its inclusion within this
catggory is also reasonable. The Intonarumori were a unique family
of instruments, and it is doubtful that they were either popular or
well known outside of Italy. The modern tape recorder was not
available until 1935. In all probability, he was describing phono-
graph speed transformations; a less likely possibility (due to its cum-
bersome manipulation of sonorous elements) is Poulsen’s wire
recorder.

Spatial relations between sound and movement are mentioned
by Molnir in his “U-Theatre” (1924). Four stages, one of which is
reserved for sound sources, are distributed within a large perfor-
mance area. Like Schlemmer, Molndr refers to “Mechanical music
apparatus, combinations of modern sound-effects instruments,
radnp. Again, there is no indication concerning the nature of this
equipment.

\'l()l]()l}'-Nflg)"s the “Mechanized Eccentric” (1924) offers a
Clczlre'r description of musical resources. Megaphones replace
i e bR e st et
tion is not specified in tl;e scort; lighqts ﬁ]l]'l‘{ oron ms.tmmentd-

. score, , s, odors, motion, color,

and\fonp are graphically indicated.
ol concpt of o e, inence Bauhous cretons
Hirschfeld-Mack in 1925. The ini 18t compositions of Ludwig
- Mack in - The initial experiments in this medium
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had been executed three years earlier by Joseph Hartwig and Kurt
Schwerdtfeger, and were followed by public performances in Berlin
and Vienna in 1924. Music, or sound, is used to reinforce the visual
perception of time sequences by means of simple rhythmic pat-
tems. According to Hirschfeld-Mack: “. . we endeavor to create
a fugue-like color composition that is strictly organized and each
time derived from some particular theme of color and form.” Un-
like the “Mechanized Eccentric,” the music for the reflected-light
compositions is precisely notated in the score, along with color and
light combinations.

The basis for much of this work is “The Creation of Living Form
through Color, Form and Sound” (1923) by the Bauhaus artist Ger-
tride Grunow. She attempted to determine fundamental relations
between sound and color by searching for a lawful order, the state
of equilibrium: “Every living force, and thus every color, corre-
sponds to a lawful order, to a sound.” Since equilibrium is related to
the ear, Grunow concludes that sound affects one’s state of equilib-
rium, and since colors are ordered to correspond to the chromatic
musical scale, color may produce similar effects through its associa-
tion with music.

Amidst these revolutionary, albeit sometimes scientifically in-
valid, experiments with sonorous transformation, the invention of
new instruments continued. In France, Maurice Martenot intro-
duced various methods for controlling timbre in 1928, and the
following year Laurens Hammond did so in America. Both the
“Ondes Martenot” and the “Hammond Organ” utilized principles
similar to Cahill's for timbral modifications. Composers Paul Bois-
selet, Frangois Bayle, and Edgard Varése, among others, have wn.t-
ten pieces for the “Ondes Martenot,” and both instruments are still
useful to composers.

A precursor to the modern synthesizer and computer also ap-
peared during this time. In 1929, two Frenchmen, A. Givelet and
E. E. Coupleux, devised a machine that consisted of four oscil-
lators controlled by punched paper rolls, thereby incorporating De
Forest's oscillator with the principles of the Pléyef piano. An
equally significant aspect of this prototypic synthesizer was the de-
gree of automation involved. The punched paper rolls activated the
oscillators in much the same manner that IBM cards are used to
program a computer. It is therefore not surprising to find computers
assuming an important role in the synthesis of electronic music

beginning with the late 1950’s.
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/ Even though electronically generated sounds and sonorous

| transformations via the phonograph were available in 1930, com-

\posers were still intrigued by the possibility of deriving new timbres
from conventional instruments. Henry Cowell had already liber-
ated the piano from its traditional tone color by clusters and play-
ing on the interior of the piano by 1911, but the piano alone could
not satisfy musicians searching for new timbral resources. In “lonisa-
tion” (1931), his composition for percussion ensemble, Edgard
Varése was the first to demonstrate the wide range of instrumental
color available from percussion instruments.

During the first few decades of the twentieth century, articles on
the “new” music increasingly appeared in periodicals in France,
[taly, Germany, and the United States. Contributions were made
by both composers and scientists, including the scientists Givelet
and Robert Beyer and the composers Ferruccio Busoni, Edgard
Varese, and Henry Cowell. Scientific advances had become so
numerous by this time that Joseph Schillinger compiled a survey of
them in 1931, and in the following year the conductor Leopold
Stokowski published a speech entitled “New Horizons in Music.”
Stokowski not only supported the new methods of controlling
timbre, but he called upon scientists and musicians to work to-
gether to investigate the emotional responses attributed to music.

By the 1930’s, virtually all the prerequisites for the realization of

: elc;ctronic music had been satisfied. Composers were beginning to
\ think in terms of timbral relations; oscillators and instruments ca-
| pable of controlling timbre had been perfected; and the means
for sound storage and reproduction were available. Both the
phonograph and the wire recorder, however, were inadequate for
sound manipulation except for the most basic transformations. The
appearance in 1935 of the “Magnetophone,” the first magnetic tape
recorder, completely changed this situation. It was now possible for
composers to play sounds backwards, to vary speed during
playback, to alternate between two or more sounds by splicing, and
to superpose any sounds or entire segments of a composition by
overdubl?mg. NOPC of these techniques is possible without the aid
e e R o vt e e
pproach in order to deal with these

sounds.

The visionary composer Edgard Varese i ’
compositional procedures. He discussed th(éol‘]ltci?:iglata(t)i(‘)):s)l?iepnlf:.
tween science and art, sound masses, timbre control, and the use of
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graphic scores which could be realized by machines. His ideas were
shared by the Mexican composer Carlos Chavez, who also advo-
cated the synthesis of all art forms via film. Chavez even spoke of
elaborate mixing panels, dubbing, and filtering for film sound
tracks, and of the necessity for musicians to learn about sound Bl
engineering if they were to work with film. 2
Carlos Chavez talked about film in 1937, but the combination ‘ I
of sound with film had already begun in Germany and France il
almost a decade earlier. By 1939 these European experiments had ]
influenced the Canadian filmmaker Norman McLaren, who was 4
living in New York. He extended the technique of “drawn sound” lf
to inchude the scratching of geometric patterns directly on film, so g '
that these shapes frequently corresponded to visual imagery. g
In Hollywood the following year, James and John Whitney ‘
developed a new approach for combining sound with film. Basing
their work upon abstract films produced at the Bauhaus, the Whit-
ney brothers used a series of manually activated pendulums whose i
movement controlled the amount of light passing through an aper- }
ture to which the pendulums were connected. An optical sound-
track was guided past the opening so that changing light patterns
' were registered on the film. Since the rate of the pendulums’
' movement was intrinsically slow, the optical sound track had to be
played back at a greater speed in order to avoid sub-audible sounds,
the frequencies below 16 Hz. Because they had been forced to work
at such slow speeds, the Whitneys were able to syn'chromze pre-
cisely the temporal relationship between sound and visual imagery.
In addition, they became aware of a timbral change when they
increased the playback speed. This technique was employed by 1
Karlheinz Stockhausen twenty years later in his electronic compo-
sition, “Kontakte.” B
Among those interested in the work of Henry Cowell af}d Ed- {
- gard Varése was the American composer John Cage, wh‘ose I_mag- I
' inary Landscapes” utilized a wide array of spunds. “Imaginary (it
' Landscape No. 17 (1939) was intended as a radio broadcast similar o
to Marinetti’s “Radiophonic Theatre.” Its sounc_l sources consisted it
of two RCA Victor test records played on a variable speed phono- i
graph, a large Chinese cymbal, and the interior of a piano. A per- k

| cussion quintet in combination with a coil of amplified wire consti- |

1
tuted the sound materials for “Imaginary Landscape No. 2" (1942). £ ‘

! His third “Imaginary Landscape” was completed in t_he same year,
and retained the percussion instruments and amplified wire, but ‘
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added tin cans, a buzzer, a muted gong, oscillators, frequen_cy telst
records played on a variable speed phon()graph., and a nmmpbu a
connected to a contact microphone. Cage’s choice of S?]lldS in this
last composition is reminiscent of Russolo’s (1913) “Noise Net-’
\works,” while his use of a variable speed phonograph rqcalls v.rorlx
carried out during the 1920°s by Milhaud, Toch, and H'mdelmth.

Following the appearance of the tape rccorder. in 1935, a
number of primitive synthesizers, based upon the p}'mmples of a
similar machine designed by Givelet and Coupleux in 1929, were
invented. The most significant were built in America by Percy
Grainger and Burnett Cross, and by J. M. Hanert between 1.944
and 1945. Grainger and Cross collaborated and employed eight
oscillators that could be accurately synchronized. Han.crt's synthe-
sizer operated on the principle of punched cards, Wh.ICh replaced
paper rolls of the earlier French machine. From this time onward,
it was chiefly the Americans who developed synthesizers for com-
mercial use. N

The compositions of the Parisian Paul Boisselet, beginning in
1944, clearly indicate the direction that many composers were tak'-
ing. Boisselet frequently combined instrumental ensembles of vari-
ous sizes with oscillators and the “Ondes Martenot,” to produc.c
music for radio, ballet, and the concert hall. Boisselet’s composi-
tions predate the current practice of combining musicians and elec-
tronic music in live performance. _

This brief survey explains the development of electronic music.
The evolution of this “new” music was not only logical, but it
satisfied a basic need on the part of composers to deal with sounds
themselves—with all sounds. It is not surprising to find ancient
Greek concepts present in contemporary electronic works; for the
Greeks” mathematical procedures, founded on proportions, illus-
trate a universal phenomenon: that human aural perception is
based upon proportional relations of the overtone series. Just as
important, the ancient Greek and medieval peoples’ awareness of
the existence of sound waves, indicates their understanding of the
nature of sound, even though their knowledge was a product of
deductive reasoning rather than scientific method.

These fundamental concepts, formulated more than two
thousand years ago, were kept alive and developed in theoretical
treatises throughout the intervening centuries, and remain the basis
of acoustical thought today. Sauveur was the first to scientifically
substantiate these ideas. Their relevance to the electronic medium
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reveals the “new” music to be a part of this tradition, for the appli-
cation of these scientific principles to music eventually produced
both electronic sound generators, or oscillators; and storage-
transformation devices, or the phonograph and the tape recorder.
By the twentieth century technology was so sophisticated that
these theoretical concepts could be applied to practical situations.
This permitted the development of a new medium, musique

concrete.

CHRONOLOGICAL LIST OF PRE-1948
EVENTS RELATED TO ELECTRONIC

MUSIC
Greek Antiquity Homer: De mensuris et discantu
Odyssey ca. 1300 Johannes de Grocheo:
Pythagoras: Theoria
Proportions, monochord, 1307 Dante:
quarter-tones Divine Comedy
Plato: 1318 Marchetto da Padua:
Ethical and political aims of music Pomerium artis musicae mensurabilis
Aristotle: ca. 1320 Philippe de Vitry:
Aesthetics, education, musical Ars Nova ; !
practice ca. 1475 Tinctoris:
Aristoxenos: Proportionale musices 3
Equal temperament N0 : Gafurius:
Ptolemy: Practica musicae . .
Just intonation 1552 \ Vincentino:
5th century Boethius: Archicembalo i
De institutione musica 1558 e rlino:
Cassiodorus: 19 divisions per octave 3
Institutiones musicae 1577 e Salinas:
7th century Isidore of Seville: 19 and 24 divisions per octave
Etymologiarum sive originum 1618 Descartes:
9th century Aurelian: Scientific method
Colonna:

Musica disciplina
Musica enchiriadis

La sambuca lincea

i 5 Kepler:

10th century Regino of Priim:
De harmonica institutione Harmony of the World St
I1th century Guido ot Arezzo: 1627 : :
Micrologus The New Atlantis :
ca. 1260 Franco of Cologne: 16}3{6 e s AU Mersenne:
Ars cantus mensurabilis armonie univ ;
ca. 1270-80 Anonymous IV: 1671 Rouhault:
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Traité de Physique

1680 Perrault:
Du Bruit and De la musique des

Anciens

1701 Sauveur:
Overtone series, tuning systems

1710 Henfling:

Specimen de novo suo systemate
musico; 50 divisions per octave

1722-25 Mattheson:
Critica musica; 55 divisions per

octave

1726 Jackson:

A Scheme Demonstrating the
Perfection and Harmony of Sounds; 55
divisions per octave
1722-60 Rameau:

System of harmony based on
overtone series
1758 Romieu:

Memoire théorique & pratique sur les
systémes de musique; 31, 43 and 55
divisions per octave

1763 Franklin:
Glass harmonica

1791 Mozart:
Music for glass harmonica

1812 Liston:

An Essay Upon Perfect Intonation;
59 divisions per octave

1814 Beethoven:
Music for glass harmonica
1826-27 Delezenne:

Mémoire sur les valeurs numériques
des notes de la gamme; 41 divisions per
octave

1850 Poole:
Enharmonic organ with 50 divisions

per octave

1852 Oplet:

Allgemeine Theorie der Musik; 22
and 43 divisions per octave
1855 Drobisch:
Uber musikalische Tonbestimmung
und Temperatur; 43 and 74 divisions per
octave

1863 Helmholtz:

INTRODUCTION

Sensations of Tone
1874-75 Bosanquet:
Generalized Keyboard with 53, 56
and 118 divisions per octave
1876 Koenig:
Tonametric with 670 divisions over 4
octaves

Bell:
Telephone
1877 Berliner:
Telephone receiver, disc record
1878 Edison:
Phonograph
1897 Cahill:
Sounding staves
1898 Poulsen:
Telegraphone
1906 Cahill:
Dynamophone
1909 Schoenberg:
“Fiinf Orchesterstiicke”
Marinetti:
Foundation and Manifesto of
Futurism
1911 Cowell:
Tone clusters
Pratella:

The Technical Manifesto of Futurist
Music
1912
: Translation of Marinetti’s manifesto
in Der Sturm

3 . : Pratella:
Musica Futurista per Orchestra”
1913 Russolo:
Intonarumori, Futurist Manifesto

: Marinetti:
quhe Variety Theatre
14 i
. Cangiullo:
“Piedigrotta” '
3 ‘ Balla:
Macchina Tipografica”
Russolo:

' Enh'amzonic Notation for the
Futurist “Intonarumori”

AR Pratella:
Saggio di Orchestra mista”
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Duchamp:

“Ready-mades”

1915 De Forest:
Oscillator

ca. 1916 Depero:
Notes on the Theatre

1916 Tzara:
Cabaret Voltaire

1916-17 Man Ray:
“Object Paintings”

1917 Balla:
Staging of Stravinsky's “Feu

d'Artifice”

1918 Huelsenbeck:
First German Dada manifesto

1919 Azari:
Futurist Aerial Theatre Manifesto

Bauhaus at Weimar
Tzara introduces Dada in France;
“chance poems” in Littérature

1920's  Milhaud, Hindemith, Toch:
Phonograph speed changes
1920 Schwitters:
Merz
1921 Richter:
“Rythmus 21"
Eggeling:
“Diagonal Symphony”
Eluard:
“Information Please”
1922 Marinetti:
“Il Tamburo di Fuoco”
Hartwig, Schwerdtfeger:
Reflected-light experiments
1923 Theremin:
Theremin
Grunow:

“The Creation of Living Form
Through Color, Form and Sound”

1924 Schlemmer:
“Man And Art Figure” and “Two
Solemn Tragedians”

First performance of reflected-light
compositions in Berlin and Vienna
Moholy-Nagy:
“Theatre, Circus, Variety” and
“Mechanized Eccentric”

XXXiX
Molnar:
“U-Theater”
Schwitters:
“Ursonata,” “W”
1925 Hirshfeld-Mack:
“Reflected-Light Compositions”
1926 Russolo:
Psofarmoni
Theremin:

Electric Harmonium with 1200
divisions per octave

1927 Schlemmer:
“Gesture Dance”
1928 Ruttman:
Drawn sound
Prampolini:
“Santa Velocita”
Martenot:
Ondes Martenot
1929 Hammond:
Electronic organ
Givelet, Coupleux:
Synthesizer
1930-37 Marinetti:
5 radiophonic works
1931 Bauhaus:
Drawn sound
Varese:
“Jonisation”
Schillinger:
“Electricity, a musical liberator”
1932 Stokowski:

“New Horizons In Music”
Bauhaus at Berlin
1933 Marinetti, Masnata:
Futurist Radiophonic Theatre
Manifesto
1933-37 Jaubert, Hoérée, Honegger:
Film sound tracks
1935 Allgemeine Elektrizitits

Gesellshaft:
Magnetophone
Duchamp:
“Rotoreliefs”
1937 Chavez:
Toward A New Music
1939 McLaren:
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Drawn sound

Cage:
“Imaginary Landscape No. 17
1940 Whitney:
Drawn sound
1942 Cage:
1942

“Imaginary Landscape Nos. 2 and 3”

[NTRODUCTION

1944 Boisselet:
Compositions with oscillators

Grainger, Cross:

Synthesizer
1945

Synthesizer

Hanert:



Part One

Music for Solo Tape

It is by ruler and compasses that the Greeks discovered geometry-musicidns

might do well to be inspired by their example.
Pierre Schaeffer, 1960







CHAPTER ONE

MUSIC FROM VOICE AND
INSTRUMENTS

The FiRsT MUSIC composed exclusively for either magnetic tape
or phonograph appeared in Paris in 1948. Pierre Schaeffer, at that
tlﬂ}c a broadcast engineer for the Radi()diffusion-'I‘é]évision Fran-
Gise (R.T.F.), presented a concert of his compositions involving
sound effects records and “everyday” sounds. This new music,
clled “musique concrete,” was “realized” by subjecting natural,
prerecorded sounds to any number of recording techniques, like
peed changes, playing the sounds backwards or tape reversal, and
overdubbing.
. The following year Schaeffer was joined by another young
mfemch composer, Pierre Henry, and together they estszllshed at
RT.F. the world’s first center for tape composition. These first
Musique concrete pieces will be discussed in subsequent chapters,
_but it should be noted that the basic sound sources for these works
mc.]“ded any sound that was not electronically produced, like
fains, wind, birds, footsteps, voice, piano, and so on. Our study of
lectronic music will begin with compositions realized from a single
sound source, the human voice. If we first treat familiar sounds, it
will be easier for us later to understand those works built upon
Sounds that are electronically generated by oscillators.
The first composition derived solely from the voice did not ap-
Pear until 1952. This work, realized by Pierre Henry at the R'.T.P.,
Was entitled “Vocalise.” It is approximately two and a half minutes
ong, and uses only a single syllable, “gh.” This extreme limitation

of basic sound material would have been unimaginable to a com-
3
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poser who did not use either mechanical or electronic modifica-
tions, but it quickly made apparent the tape recorder’s composi-
tional value.

Musique concréte and electronic composers did not totally
abandon the use of a theme and its development. The develop-
mental techniques employed in musique concrete primarily in-
volve the aforementioned tape manipulations. Those most fre-
quently employed by Henry in his “Vocalise” consisted of speed
changes or tape transposition (change of tape record and/or
playback speed), splicing, and overdubbing (superposition of
sounds).

“Vocalise” begins with a clearly recognizable statement of the
syllable “ah.” As the result of tape transpositions that involve first
playing the tape at a higher speed, and then playing the tape at a
slower speed, the timbre of the sounds is transformed to resemble
chirping birds, and the roar of a lion. Henry was able to produce
rhythmic patterns by splicing together various pieces of tape, and
the process of overdubbing enabled him to vary the texture be-
tween one and many voices.

Henry’s use of a single syllable allowed him to concentrate on
pure music, and eliminated any concern with language and mean-
ing. The Italian composer Luciano Berio, however, employed a
text from James Joyce’s Ulysses in his piece “Thema” (1958), which
he subtitled “Omaggio a Joyce.” Although it would seem that Berio
was attempting to incorporate language and meaning into the sonic
structure of this composition, he removed the words from their
context and treated them as independent “sound systems.”

Berio’s decision to deal with Joyce's text in this manner was
prompted by the sonorous nature of the text itself, which makes
extensive use of such onomatopoetic words as “smack,” “chips,”
“trilling,” and “hiss,” and of alliterative ones like “blew blue
bloom,” “jingle jingle jaunted jingling,” “clock clacked,” and
“Liszt’s rhapsodies.”

“Thema” is just under eight minutes long. Example 1 traces the
appearance of the text throughout the piece. Like “Vocalise,”
“Thema” begins with a statement of the basic material—in this
instance an unaltered reading of the complete text—which lasts
approximately one minute and fifty three seconds. The remaining
six minutes consists of a variety of tape manipulations and filtering
(suppression of selected overtones that results in a change of color
or timbre) applied to the original text. Berio’s desire to create new
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1:54
(Recitation of complete text)——D'ever. A sail, a sail, a sail.

0:00
A veil awave.

2:07
Throstle fluted.  The spiked winding cold, silent.  Hissss hissss ssss.

2:14 2:23

A sail lonely blooming.  Hissss hissss hissss sd s‘i’ sd ..
ar

I feel loose.
2:37
bl bl bloo bloo bloo blooming blooming

...........................

2:44 2:57 3:02 3:41
blooming.  D’ever wa{ Bronze, spiked thesss (unintelligible).  Tingle,
spike
3:44 3:47 3:49 4:21
tingle, frost (unintelligible). ~ So lonlely, lonely (untelligible). Hissss.
4:28 4:32 442 444 6:49 6:54
The v»i'aves. Rhapsody  Say yes (unintelligible). Soft words, alas.
sails
7:04
Listen.  Each and for other plash |[and silent roar. Pearls. ~ When
hissss  hissss  so sad hissss
7:20 7:22

she left word the roar.  Alas. Listen. Hissss (unintelligible). ~ War.

7:35 7:51
[Hissss Soft hissss....

War

EXAMPLE 1. Luciano Berio, “Thema”

types of sounds from preexisting ones resulted in a composition
that is his impression of Joyce’s passage.

Berio focused on the onomatopoetic and alliterative elements of
Joyce’s work. Two minutes and thirty-seven seconds into the piece,
Berio removed the “bl” from “blooming” and spliced a number of
these “bl” segments together to produce a stuttering effect. He then
lengthened this segment to include “bloo,” and then “bloom,” until
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finally the complete word “blooming” appears three times in suc-
cession. Such processes are very similar to those employed by
Pierre Henry in “Vocalise,” and reflects both composers’ concern
with aural effects of their music.

One of the predominating sounds in “Thema” is “s,” which not
only appears rather obviously in the word “hiss,” but also in more
subtle contexts, with vowels as in “sail” and “rose,” and conso-
nants, as in “steel,” “spiked,” and “stars.” The “s” is also found
adjacent to both vowels and consonants, as in the words “flushed,”
“husky,” and “listen.”

Example 2 illustrates the frequency of the “s” sound. An ex-
treme instance occurs throughout the last minute of “Thema,”
when the word “hiss” is superimposed on other words. The final
sequence of words—"hiss soft hiss hiss”—produces a cadential ef-
fect, with the “s” sound now more significant than the actual words.

In France, Michel Philippot’s “Ambiance I1,” derived from
Stephane Mallarmé’s poem “Toast Funebre,” appeared in the
same year as “I'hema.” Philippot was one of the first composers
after Pierre Henry to use the facilities at the R.T.F. regularly.

In many respects, “Ambiance II” is similar in design to
“T'hema.” A literary text is once again the basis for the composition.
Both composers employed essentially the same tape techniques:
tape transposition, tape reversal, and various imitations by means
of splicing. These two pieces do differ, however. in their overall
structural organization. Whereas Berio’s work is divided into two
distinct sections, statement and development, Philippot juxtaposes
Mallarmé’s poem, unaltered and in its entirety, with modifications
of the poem that result from his tape manipulations.

The only modification applied to the poem itself is the addition
of reverberation, which helps to separate the poem aurally from the
accompanying modifications. “Toast Funebre” may be easier for
the untrained listener to follow than “Thema,” because the intact
poem is used throughout the entire composition. As we will see,
composers can ofteen be distinguished by the structural plan of
their work. This type of understanding will enable the listener to
better appreciate a work of art.

So far, the compositions discussed here were realized either at
the R.T.F. in Paris or at the Italian electronic studio in Milan.
During the early 1950%s, there were at least three other major
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studios in Cologne, Toronto, and New York. They all encouraged
composers the world over to utilize their facilities. The Columbia
studio was founded by the composers Vladimir Ussachevsky and
Otto Luening in 1952; in 1959 it merged with Princeton University
as a result of a Rockefeller grant. It has been used by composers
from more than twenty countries. One of the most important of
these composers was Ilhan Mimaroglu, a native of Turkey.

In his composition “Le Tombeau d’Edgar Poe” (1964), based
upon a Mallarmé poem of the same title, Mimaroglu established a
highly sectional design as its structure. The poem is composed of
four stanzas to which Mimaroghi added an introduction, three
interludes and a postlude (Example 3).

As in the works previously discussed, the statements of the text
itself are complete and unmodified. They occur simultaneously
with a multitude of textual modifications that include tape transpo-
sition, filtering, and reverberation. It is clear in Example 3 that the
introduction is particularly long in relation to the other sections,
and it is one of the most complex segments in the piece. Mimarog-
s conscious sectional divisions become apparent when we note
the gradually shortening durations of succeeding verses. There is
very little durational difference between the four final segments,
whereas the introduction, first and second verses, and interludes
are characterized by rather large disparities of that kind. Therefore,
as “Le Tombeau” approaches its conclusion, a state of structural
equilibrium is reached. Well-proportioned sections characterize a
number of other pieces by Mimarogh as well.

EXAMPLE 3. Ilhan Mimaroglu, “Le Tombeau d’Edgar Poe”

0:00 2:45 3:25

Introduction 1st Verse 1st Interlude
4:08 4:35 5:48

2nd Verse 2nd Interlude 3rd Verse
6:10 6:36 6:57

3rd Interlude 4th Verse
6:57 7:08

Postlude
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During the 1960’s, the young Japanese composer Toru
Takemitsu realized a musique concrete work, “Vocalism Ai,” that
was reminiscent of Pierre Henry’s “Vocalise”. “Ai” is a Japanese
word meaning “love.” A man’s and a woman'’s voices were utilized
to record “ai,” and the usual tape manipulations were then
employed.

Takemitsu’s compositional handling of this extremely sparse
sound material primarily involved three aspects of speech. The first
was the manner in which the word “ai” was pronounced: it was
spoken, sung, whispered, screamed, and cried. The next was dif-
ferent pronunciations of “ai,” which sound in English like “eye”
and “ah-e.” Finally, Takemitsu varied the articulation of the word
by using such musical devices as staccato, legato, and portamento.
Between these operations and tape transposition, reverberation,
and overdubbing, the variety of shapes that “ai” could assume be-
comes staggering. Multiplying these possibilities by two (because
there are two timbral sources, the voices of the man and woman)
supplied Takemitsu with an almost unlimited repertory of closely
related sounds. “Vocalism Ai” is a fine example of an economical
choice of sound sources treated in such a manner that they are
never monotonous or boring.

Steve Reich’s composition “Come Out” (1966), derived from the
phrase “come out to show them,” is a similar instance. This piece is
a by-product of a riot in Harlem in the summer of 1964, in which a
black man, Daniel Hamm, was arrested for murder. When he ar-
rived at the precinct house, he was beaten by the police; and in
order to receive hospital treatment for his police-inflicted injuries,
Hamm said, “I had to, like, open the bruise up and let the bruise
blood come out to show them.”

This statement appears unaltered three times in succession dur-
ing the first twenty seconds of Reich’s piece (Example 4), after
which the final phrase “come out to show them” continuously re-
peats by means of tape loops for the remainder of the work, approx-
imately twelve minutes. A tape loop is made by cutting a piece of
recording tape to any length and splicing the loose ends together to
form a loop. This loop is then placed on a tape recorder so that
prerecorded sounds appear in a continuous series. Reich expertly
executes relatively simple tape manipulations to produce very sub-
tle aural effects throughout this section. This composition was
realized on two channels, in stereo; therefore, it requires two
loudspeakers for performance. Example 4 refers to the following
description of the piece.




mﬁCOu@m 9 ‘s9jnuIu y = uoneing]

ys ys ys ys :urapyed dnuyidys jueunwopal

P EES

‘a|qeysm3unsipul awodaq sajqe[jAs
I9Y3j0 [[e ‘I33de1RYd S)1 surejal ys, AjuO

prte=br | "

v+¥ (444

SPU03s ¢ ‘SaNUIW 7 = UOLRIN(]

wa yo we yo we yo yo ys 4
s Us
ceert gere T
Lm ys e Ou— e CJ PW Pw OJ
(r EE£r° =
ys ys Pew Pw OJ ys Pw ew CJ £|Q”C 82 |
ARTTAEE Il i

:suIdjje ] onuyAyy Suynsay

"1 [uueRYd JO peaye saAow Afjenpeid g [auueyo)

ANQO 2WoD),, ‘YOIIY 4S b T TdNVXH
SPU03s ¢ ‘SINUIW ¢ = uUoeIN(]

Yys ys ys ys Yys ys ys ys Yys Ys ys ys
EE LL 2 3B e 2 LAY
ys ys ys Yys ys ys ys ew 0y ew O}
fLf* FLES:  EELSL

:sutajye ] snuyiAyy Suymnsay

UORI3GIAAI [RDIIR 30npoid 03
UOISIIA J3AR[-§ Mau ulyjim suonear aseyd Arep

o= 0] =410 ©

. ¢+

SpuU0d3s 07 = uoneIn(]

L+1

SpuU0das O¢ = uoneIN(]

‘(Ys) sjueuLIO] Asiou
pue wydys ‘yoyid
aaladxad 03 udag

wayj moys 03 no awod

SSIRSLES 72 MOys 0) ano
3WOD poo[q asmnIq
ay3 JO IWos 33|

pue dn asiniq ayj
uado ‘a1 ‘01 pey [,

‘uosun
ur sjauueyd yiog

H ) bem— I




Music from Voice and Instruments 11

After the introductory statements, four main divisions occur as
a result of an increasingly close juxtaposition of materials. The first
of these A, may appear short in comparison to the remaining seg-
ments for it lasts only about thirty seconds. Both channels are in
unison, so that the same material comes through both loudspeak-
ers. Thirty seconds, however, is a relatively long time to hear noth-
ing but a constant repetition of “come out to show them.” This was
Reich’s intention, for by the end of this section the listener has
become aware of three elements: pitch, rhythm, and noise for-
mants. The pitches that gradually emerge are notated in Example 4
along with their appropriate rhythmic configuration. The noise
formants, harmonically complex regions within the frequency
spectrum, are produced by the “sh” of “show,” and are reminiscent
of a drum played with brushes.

Section B lasts approximately two minutes and three seconds,
and is characterized by the gradual temporal separation of the two
channels. Although both channels continue to possess the same
material, channel two begins to move ahead of channel one. This
technique is referred to as “phasing.” Even though the time lag
between the two channels is only a fraction of a second, many
changes occur within the text. The hard “¢” of “come” is
broadened, and since the “e” is silent, the “m” is elongated. The “t”
of “out” is not articulated, so that the words “come out” begin to
sound like “kom ou.” As the channels move increasingly out of
phase, the “ou” of “out” becomes “ah.” The various rhythmic pat-
terns based on “kom ah” are notated in Example 4.

The other predominant sound is the “sh” of “show.” First it is
extended, and subsequently appears in patterns of two as “sh sh.”
The “ow” of “show” combines with the “em” of “them” (the “t” is
not articulated) to yield the pattern “oh em”.

The textures become twice as dense in Section C. By now, both
channels of the previous section are out of phase, and are recorded
on each channel of this new section. Both channels one and two
contain the entire Section B. The interconnection of the tape re-
corders is depicted in Example 4. In order to create more complex
patterns, both channels of Section C are recorded out of phase to
result in some patterns which differ from those in Section B.

“Oh em” (numbers 6 and 7, Section B) occur in such close
proximity that they now sound like a trill between C# and D#
Furthermore, since the time lag is applied to essentially four chan-
nels, artificial reverberation is produced.

e

B
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Finally, recording procedures idential to those employed in
Section C are used throughout Section D to produce another
twofold multiplication of density. The accompanying phasing be-
tween the two channels creates such a complex sound mass that all
the.words become totally indistinguishable. Only “sh,” appearing
in the form of equally spaced pulses, retaing its character. Excessive
reverberation resulting from the time lags also contributes to the
incomprehensibility of the text and to the rather simple rhythmic
patterns.

Structurally, “Come Out” resembles “Thema” in that both
pieces start out with a completely comprehensible text which
gradually loses any literary meaning, and where the words exist
primarily as individual sounds. This happens to a greater extent in
Steve Reich’s piece because no meaning remains: a transformation
from logical speech to “pure” sound has occurred. Perhaps John
Cage was correct when he wrote in 1939 that “Tomorrow. with
electronic music in our ears, we will hear freedom.”

Extensive textual transformations characterize the work or Ar-
rigo Lora-Totino who, assisted by Enore Zaffii and Sandro de
Alexandris, established the “studio di informazione estetica” in
Turin in 1966. Lora-Totino’s “English Phonemes 1970” was com-
posed for the Fylkingen Festival in Stockholm and recorded at the
Sveriges Radio. It is derived from three short texts written by the
composer that contain mostly alliterative and onomatopoetic pas-
sages. The sonorous character of Lora-Totino’s text resembles the
one Berio used in “Thema.”

There are three timbral shades in “English Phonemes” (the
phoneme is the smallest unit of speech), the voices of a man. a
woman, and the combination thereof. The original texts are read
unaltcr.ed, and fml)icctcd to a series of syntactic and syllabic trans-
formations, which consist of the words grouped accor'ding to their
length, zm.d verbal segmentation into three-letter aggregates which
are C.()I.l]}.)l.n(‘(.] to form meaningless words. A progressive loss of
::::]-]}-':ﬁglll]:tg‘ is achieved by overdubbing, tape reversal, tape delay,

f_(olalld Kayn, a German composer who worked in Italy
realized “Cybernetics [1]” (1969) at the R.A.1. in Milan. Voi 1
animal sounds, subjected to extensive AP s I NS

. tape and electronic trans-
formations, constitute 2 VOO P IC trans

al continuium bounded by breath
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sounds and unintelligible speech. Selective filtering of the vocal
spectrum, in addition to ring modulation, tape transposition and
reversal, contribute to the dissolution of the semantic characteris-
tics of speech, while phonemes and accents are further trans-
formed by envelope contours superposed on them. Ring modula-
tion is an electronic process whereby all the frequency components
of two input signals are arithmetically added and subtracted to
vield a harmonically complex sound; both input signals are at-
tenuated at the output. The amplitude variation of a sound is re-
ferred to as an envelope; it is a graphic description of a sound with
respect to time, hence the term “envelope contour.” Since familiar
sounds are often recognized by their characteristic envelopes, en-
velope modification produces many degrees of variation. Rich tex-
tures comprised of vocal imitation of oscillator tones, gongs, metal,
wood, and short wave transmission, undergo smooth transitions,
vet display great timbral variety.

One of the most recent tape compositions derived exclusively
from the voice is “Bal Des Leurres” (Dance of the Decoys), realized
by IThan Mimaroglu at the Columbia-Princeton Electronic Music
Center. This short piece is the last of an eleven-movement work,
“Music for Jean Dubuffet’s Coucou Bazar” (1973), which was com-
posed for Dubuffet’s “Coucou Bazar”. The text is a poem written by
the painter. It is first recited, and then treated canonically by over-
dubbing and gives the impression of simultaneous conversations.
This is the only manipulation employed, so that a partially intelligi-
ble text results.

< AR WA EEah ~ - =
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Only a rather small number of tape compositions employing the
voice alone have been commercially recorded. This seems peculiar,
considering the number of such works that exist. However, quite a
few pieces that involve the voice with other sounds have been
recorded, and these will be treated in subsequent chapters.

The same problem arises in considering solo tape pieces derived
from conventional musical instruments. Once again, Pierre Schaef-
fer conducted the initial experiments. His “Etude au Piano I” (1948)
and “Etude au Piano 11" (1948) were derived from a series of chords
transformed by tape manipulations. The first étude, subtitled
“Etude violette,” is an imaginative transformation of piano
sonorities. Schaeffer’s splicing techniques include the dissection of
recorded piano sounds into autonomous components that fre-
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quently bear no resemblance to the original sound. Rhythmic pat-
terns are obtained from alternating between two diverse sonorities,
usually of short duration. Appropriate lengths of tape are measured
and spliced together. The superposition of these elements forms
complex textures. Schaeffer’s “Variations sur une fliite mexicaine”
(1949) involved similar timbral alterations resulting from tape
modifications.

Prior to the establishment of the Columbia-Princeton Elec-
tronic Music Center, Vladimir Ussachevsky and Otto Luening had
begun to realize musique concréte pieces derived from piano and
flute, the same instruments Pierre Schaeffer had employed a few
years earlier. The first works to emerge from this period were a set
of pieces, “Transposition,” “Reverberation,” “Composition,” and
“Experiment,” realized by Ussachevsky during 1951-52. Piano was
the sole source of sound for all these compositions.

As the title suggests, “Transposition” utilizes the technique of
changing speeds to produce different pitches and durations from a
single pitch, the low A on the piano. When the playback speed of
the prerecorded pitch is increased, its frequency becomes higher
while its duration is shortened. This strict limitation of sound mate-
rials forms a closely knit group of piano timbres.

The second piece extends the timbral spectrum by adding re-
verberation to “Transposition.” “Composition” employs additional
piano sounds. Special repeating devices with multiple playback
heads, reverberation, and overdubbing constitute the primary mod-
ifications of the piano sounds in “Experiment.” T he repetiti(')ns are
produced by passing the prerecorded tape across a series of tape
playback heads, similar to the “Echoplex” that is now commercially
available. Standard tape recorders possess only one playback head,
therefore Ussachevsky’s device may be considered an elaborate
tape playback system.

One of the most important of Ussachevsky’s early works is his
“Sonic Contours” (1952). It is derived from the pi;ano an(i in-
cludels adsho;_‘t lsegmentlof reverberated voices at high spe;:ds about
two-thirds of the way througl i / : . . .
tape transposition t;pe revgr;;lhigl':fl;rgtl}e g g oy o

- 2 ¢ 1on, filtering, and over-
dubbing or mixing. Although the results of overdubbing and mixi
are similar, the execution of these techniques diﬂ'ersgl)l Iy

" s s. Due to the
repeated recording of sounds, the former process entails t
amourgt of Fime, and the fidelity of the initially récorde(i :lmgl:f(;ls T:
often inferior to that of the final additio Since mixing is the
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simultaneous combination of sounds, there is no loss of fidelity.
Furthermore, amplitude controls for individual sources permit dis-
creet intensity changes during the recording process. Example 5
contains two instances of superimposed piano sonorities and illus-
trates Ussachevsky’s continual emphasis upon a highly concen-
trated repertory of motives.

Otto Luening derived four tape compositions from flute in 1952.
Artificial reverberation, an effect produced by means of adjacent
multiple playback heads, or by overdubbing a sound with itself
incorporating a short time delay, provides the majority of the flute
alterations. “Fantasy in Space” is built upon a simple melody (see
Example 6) which, with its accompanying juxtapositions, produces
an impressionistic effect. Luening’s other flute-derived tape compo-
sitions are “Invention in Twelve Tones,” “Moonflight,” and “Low
Speed.” This last employs tape transposition to obtain pitches be-
yond the normal range of the flute. One such example occurs at the
end of the piece, where two pitches are superimposed (Example 7).
The low B® produced by slowing down the speed of the tape is
beyond the range of the flute.

After listening to these compositions by Ussachevsky and Luen-
ing, we can see that both men were dealing with instrumental
sounds in a similar fashion. It is therefore not surprising to find
them collaborating on “Incantation” (1952). For the first time, they
increased the number of sound sources to include flute, clarinet,
voice, bell, and gong sounds, which undergo conventional tape
manipulations. Ussachevsky’s tendency to create larger sections
from individual motives is achieved by tape transposition. “Incan-
tation” continually subjects the woodwind instruments to changing
speeds, a generating motive that appears regularly throughout the
piece. The effect is easily distinguished because it is a glissando, and
its frequent presence serves as a structural basis for the composi-
tion. “Incantation” will be discussed in more detail in the third
chapter.

The French composer Francois Bayle, working at the R.'T.F. in
Paris, realized two pieces involving instrumental sounds. “Vapeur”
(1962) incorporates bass clarinet, string bass, harp, and cymbals. At
the beginning of this piece, the instrumental sounds are unaltered.
During the course of “Vapeur,” however, tape transformations
gradually modify those initial sounds and extend the instrumental
ranges and timbres.

Bayle made another attempt at producing new timbral combi-
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EXAMPLE 5. Vladimir Ussachevsky, “Sonic Contours”
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EXAMPLE 7. Otto Luening, “Low Speed”

nations in 1963, also at the R.T.F. studio. “I’Oiseau-Chanteur”
(The Songbird) utilizes French horn, oboe, and harpsichord, in
addition to electronically generated and other concreéte sources.
The novelty of this piece is that the instrumental sounds do not
undergo any modifications, but are combined with the electronic
and concrete sounds to derive new tonal shades.

Ussachevsky incorporated this idea in “Of Wood and Brass”
(1965) but unlike Bayle, he employed extensive modifications to the
trombone, trumpet, xylophone, and Korean gong. Each of these
instruments loses its characteristic timbre as a result of tape trans-
position and filtering. One such example, near the end of the com-
position, is partially derived from a trombone glissando. Even
though the glissando is quite discernible, its source is not always
obvious. The vast qQuantity of timbral changes among the in-
struments  distinguishes this piece from Ussachevsky’s earlier
works, in which the piano frequently retained its character.

While working at the Columbia-Princeton Center in 1966-67,
IThan Mimaroglu realized a set of préludes, three of which are
derived from conventional instruments. The first one, number 1, is
based on the interior piano sounds obtained by playing the strings,
cross-bars, and wood. Even though the keyboard is not played, the
piece retains a piano-like character, mainly because the modifica-
tions applied to the instrument were not extensive.

“Prelude No. VL,” employs guitar sounds, but contains some
passages which do not resemble the guitar at all. This effect was
obtained by modifying the natural guitar envelope by eliminating
or altering the attack and decay times. The envelope essentially
consists of attack, steady state and decay portions and with the
overtones, is instrumental in determining the timbre of any sound.
It is for this reason that each sound has its individual quality. The
attack is the initiation of any sound, during which the amplitude
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constant. The piano envelope, for instance, does not have a steady
state, whereas a bowed violin tone may contain a steady state of
considerable duration. The decay is characterized by either a
gradual or an abrupt decrease in amplitude. With respect to the
piano, a sustained tone exhibits a gradual decay, while a snare
drum stroke possesses an instantaneous decay. If any or all of the
envelope’s constituent parts are changed, or if the overtone struc-
ture is altered, a different timbre will result. By modifying the
guitar’s envelope, Mimaroglu was therefore able to obtain a wide
variety of new tonal colors.

In Mimaroglu’s ninth prélude, a clarinet is modified to resemble
a brass instrument. In addition, Mimarogh applied vibrato, called
frequency modulation, to the clarinet. This transformation is
clearly audible at the beginning of the piece when the clarinet plays
middle C. All three préludes contain frequent use of tape transposi-
tion and reversal, filtering, reverberation, and overdubbing.

These kinds of experiments were initiated in 1948 by Pierre
Schaeffer at the R.T.F. when he divided a prerecorded bell sound
into two parts. When the parts were played individually, the first
was recognizable as that of a bell, while the second sounded more
like an organ or wind instrament (Example 8). In 1957, Jacques
Poullin and Alain de Chambure (also at the R.T.F.) continued the
work Schaeffer had begun some years earlier. They removed the at-
tack portion of a prerecorded guitar, and discovered that the guitar
had lost its characteristic timbre and assumed that of a piano.

Schaeffer’s “Etude aux objets” (1959, revised 1966-67) illustrates
the compositional value of these new techniques. Schaeffer said of

EXAMPLE 8. Pierre Schaeffer, Experiment with
prerecorded bell
direction of tape

Bell Tape

2nd part 1st part

Organ/wind Bell sound
instrument
sound
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this work that he was primarily concemed with orchestral material,
the idea of theme and variation, and a structure composed of sepa-
rate movements. The five sections are: “Objets exposés” (exposed
objects), “Objets liés” (related). “Objets multipliés (multiplied),
“Objets étendus” (spread out) and “Objets assemblés (assembled)
ou strette” (stretto). Instruments supply all of the source materials,
while many tape manipulations, filterings and splicings provide
sonorous transformations in the form of variations. Instrumental
sonorities are clearly discernible in the opening section, and at
times resemble Klangfarbenmelodie. Many glissandi derived from
tape transposition characterize “Objets liés,” whereas rapid timbral
changes, reminiscent of the first movement, predominate in “Ob-
jets multipliés.” “Exposés” and “multipliés” are differentiated by
the treatment of timbral shifts as a function of rhythm in the latter
section. “Objets étendus” contains more complex sonorities, but its
relation to “exposés” is established by the appearance of easily dis-
cerned instrumental timbres. The final movement, as indicated by
its title, employs extensive superposition of previous material, so
that the structural plan embodies a logical culmination.

With his “Piano Music for Performer and Composer” (1966-7),
Mimaroglu explored other means of deriving basic sound materials
for a tape composition. Rather than treating the piano as a raw
source of sound from which an entire piece would then be realized,
Mimaroglu subdivided the compositional process into two stages.
His first step was to record a pianist improvising, the improvisation
being stimulated by aural and visual imagery supplied by the com-
poser. Mimaroglu then realized a tape piece derived from the re-
corded piano improvisation. He considered this dual process to be
similar to that of a film director who, after coaching the actors (in
this case, the pianist) in their performance, proceeds to edit the
film.

During the editing process Mimaroglu made use of standard
tape techniques in presenting both modified and natural piano
sounds. His refined control of timbre is in evidence near the work’s
conclusion; the unmodified piano is gradually subjected to filtering,
which results in an extremely smooth transition in which the natu-
ral piano sonorities eventually disappear.

The final composition to be discussed is also derived from a
combination of instrumental and electronically-genemted sounds.
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“Bozzetti” (“Sketches”) was realized by the Polish composer
Bohdan Mazurek in the Experimental Studio of the Polish Radio in
Warsaw in 1967. It is divided into four parts or sketches. The pri-
mary instrumental sound is the harp, which frequently appears in
transposed form: it is played back at higher speeds throughout the
beginning of the piece. The harp sounds are then contrasted
against electronically generated blocks of filtered noise. “Bozzetti’s”
conclusion is derived from the viola, and Mazurek again makes use
of the tape transposition by which he obtained patterns of glissandi
derived from a single chord.

A new concept of sound and its structural significance links all
the compositions discussed in this chapter. Whether the sonorous
material was vocal (with or without a text) or instrumental, the
main objective of these works has been to extract new sounds from
preexisting ones. In order to do so, composers have had to explore
timbral relationships based upon tape manipulations. The relation-
ship of timbre to structure will be particularly significant in the
works discussed in the next chapter, as these pieces encompass a
much wider range of sound sources than those we have explored
thus far.

Discography
BAYLE, FRANCOIS LORA-TOTINO, ARRIGO
L'Oiseau-Chanteur, Can. English Phonemes 1970
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CHAPTER TWO

MUSIC FROM ELECTRONIC
AND CONCRETE SOUNDS

ALTHOUGH MOST OF THE WORKS discussed in the previous chapter fall
into the category of musique concréte, they are not the earliest
examples in this medium. The term musique concréte was em-
ployed by Pierre Schaeffer prior to 1950 to describe a new approach
to the compositional process. Only three years after the atomic
bomb had been dropped over Hiroshima, Schaeffer appropriately
referred to this age as the “time of the atom and fusion.” The
concept of the atom, when applied to sounds, results in the disinte-
gration of individual sounds. What remains from the sonorous
macrocosms 1s the “found object,” an individual sound susceptible
to infinite modification. It is this concept of the isolated sound, or
“found object,” that predominates in Schaeffer's early musique
concrete pieces.

The titles of Schaeffer’s compositions from the period 1948 to
1949 actually describe the sound sources employed in each piece.
Sound effect recordings of locomotives were the sources for the
“Etude aux chemins de fer,” while “Etude aux tourniquets” em-
ployed a xylophone, bells, toy whistling tops and variable-speed
phonographs. Two of his works, “Etude au piano I” and “Etude au
piano I1,” were derived from piano sounds, but the greatest number
of sound sources is found in the “Etude aux casseroles,” which was
realized from pan covers (casseroles), canal boats, spoken and sung
sounds, and a piano. The choice of such a variety of sounds clearly
reflects Schaeffer's concept of an “ocean of sounds” which, to-
gether with the notion of the “found object,” generated an entirely
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new compositional approach for dealing with sounds and their
organization.

The techniques Schaeffer employed in his “noise études” have
influenced many composers associated with the Paris studio.
“Etude aux tourniquets,” for instance, articulates simple rhythmic
patterns by frequent timbral shifts and tape transposition, followed
by the introduction of melodic elements. All materials are then
combined to form a homogeneous texture. Tape loops using
locomotive noises produce rhythmic patterns in “Etude aux che-
mins de fer,” while train whistles supply contrasting melodic frag-
ments. The sound of spinning saucepan covers, rhythmically ex-
tended by tape loops and transposition, is accompanied by voices
and transposed piano sonorities in “Etude aux casseroles” (Etude
pathétique). The basis of these ¢tudes is the development of
rhythmic elements. Stockhausen adopted similar processes a few
years later in realizing his first electronic works. | ncidentally, Stock-
hausen entitled these “Studie,” the German equivalent of étude.
Whereas Schaeffer manipulated tape loops which he subjected to
transposition to produce rhythmic transformation, Stockhausen
used them to generate timbre.

Of the many composers who made their way to Paris in order to
work with Pierre Schaeffer, the first was Pierre Henry. The en-
gineer and the composer subsequently collaborated in the realiza-
tion of no less than eight works between 1950 and 1953. The “Sym-
phonie pour un homme seul” (1950), which will be discussed in the
following chapter, was the first composition to result from their
association. Another work from the same year is “L'Oiseau Rai,” in
which the techniques of speed changes and tape reversal amply
demonstrate the flexibility of the tape recorder.

Most of Pierre Henry’s work, however, was not the result of
collaboration with other composers. His ideas are particularly valu-
able because, unlike Schaeffer, Henry had been trained as a com-
poser. His traditional musical background is reflected in many of his
tape compositions. “Tam-Tam V" (1951) has a rhythmic style simi-
lar to that of the 195(7s jazz style; that is, it contains a well-defined
rhythmic pulse. Wooden, metallic, and piano sounds predominate,
with the piano being played both in the traditional manner and
directly on the strings.

~ Perhaps one of Henry’s most successful attempts to apply tradi-
tional compositional techniques to tape pieces is “Antiphonie”

(1952), whose sonorous materials consist of voices, orchestral



Music from Electronic and Concréte Sounds 25

music, and metallic sounds. After he had subjected these elements
to the usual tape manipulations, Henry distributed them among a
series of rhythmic durations, employing the then popular tech-
nique of rhythmic serialization. Extremely rapid successions of
sounds are produced, so that it is rather difficult to perceive individ-
ual pitches and timbres. This is another example of sonic fragmen-
tation, involving the concept of the atom as a generative force.

Henry’s preference for employing the piano, voice and percus-
sion instruments in combination with noninstrumental sounds be-
comes even more apparent in “Astrologie” (1952), in which he
includes wind, rain and storm segments. The whole gamut of tape
manipulations—tape transposition, tape reversal, splicing, over-
dubbing—once again enhances the sonorous resources. This
piece constitutes the first example of musique concréte used in a
commercial French film. The music was also used by Maurice Bé-
jart in choreographing his ballet “Arcane;” he subsequently
choreographed many other tape compositions by Pierre Henry, in
addition to Stockhausen’s “Stimmung” (1968).

One of the characteristics of the early musique concrete pieces
is their resemblance to conventional instramental music, especially
in the domains of pitch and rhythm. This was the result of com-
posers focusing their attention primarily on the timbral results of
their tape manipulations. The rhythmic construction of many of
these tape compositions is reminiscent of Anton Webern’s pointil-
listic treatment of sound and silence, which by the 1950s had be-
come the vogue among the young generation of serialist composers
like Pierre Boulez, Luciano Berio, and Karlheinz Stockhausen. An
example of such rhythmic designs is Michel Philippot’s “Etude 1”
(1952), in which silence is prominent. Continual changes of timbre
are delineated by intermittent silences of varying durations, and the
temporal relationship between sound and silence influences the
degree of rhythmic complexity.

In contrast, in “Texte I1” (1953), André Boucourechliev jux-
taposed rhythmic activity against sustained sounds. Furthermore,
he extended the idea of rhythmic contrast by preparing two sepa-
rate tapes to be played on two tape recorders. The tapes were not
synchronized, and could begin at different times. This created a
multitude of sonorous possibilities. This procedure of arbitrarily
combining musical elements is referred to as “indeterminate,”
since the will of the composer is not operative at some point during
the compositional process, and the end result cannot be predeter-
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mined. This radical departure from the traditions of Western art
resulted from opposition to the strict serial procedures of the
aforementioned composers, and was developed by John Cage dur-
ing the 1950s.

Like Henry and Philippot, Boucourechliev structured his
“Texte I1” upon musical procedures which were not uniquely tape
compositional techniques, but he approached the problem of struc-
tural organization from the opposite direction. Both rhythmic rela-
tionships and all the sonorous elements appear in a somewhat inde-
terminate combination.

John Cage incorporated the technical procedures and editing
techniques used in musique concréte in his tape collage “Williams
Mix” (1952), but his compositional aesthetic was much different
from Schaeffer’s. Whereas Schaeffer dissected familiar sounds in
order to derive new, related sounds, Cage juxtaposed segments of
diverse categories of sounds: city, country, and wind-produced
sounds, electronic and small sounds requiring amplification, and
preexisting musical compositions. Rather than structuring this
piece on a predetermined progression of timbral transformations,
Cage employed chance operations and the I-Ching Book of
Changes in order to determine the succession of sounds.

“Williams Mix” was realized at Louis and Bebe Barron’s private
studio in New York. Its haphazard succession of sonic events, the
result of much splicing, produces a wide range of rhythmic and
timbral complexities. In extreme instances the sounds are so frag-
mented as to be beyond recognition. Generally, however. the dura-
tion of each event is just long enough that its i-dentity car; be estab-
lished. The listener feels bombarded by essentially unrelated
sounds, and must decide for him§elf what the relationships between
them are. A rather lengthy section consisting of appl h
and jeers concludes this work and adds b - 700

’ - y chance a new dimension
to the entire composition.

Pure electronic music was born in Ger :
It differs from musique concrete in that it err?;)r]lc};yl: etlzztfarl'y 19502
generators and modifiers rather than “natyra]” S(;unds iOIHC o
tions. In 1948, the same year that witnessed the first mn i
crete compositions of Pierre Schaeffer in Paris, Hor ug]uudel C?n;'
Bell Telephone Laboratories introduced the “V’OCOd’ne”r We) o
Meyer-Eppler, a physicist and the director of th:rlr:;)tituf;ng;
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Phonetics at Bonn University. The vocoder was a device capable
hoth of analyzing sound and simulating speech. It provided the
basis of Meyer-Eppler’s lecture “Developmental Possibilities ot
Sound,” which he presented the following year. Meyer-Eppler and
Robert Beyer delivered additional lectures on electronic music in

1950 at Darmstadt. At that time, Beyer was working at the North-——

west German Radio (WDR) in Cologne. In 1951 Meyer-Eppler
succeeded in synthesizing sounds electronically by using the
Melochord. Developed by the German engineer Harald Bode in
1949, the Melochord employed oscillators for the production of
tones. By 1952 the Cologne studio was in operation at the WDR,
and the following year Beyer collaborated with Herbert Eimert to
produce the first purely electronic compositions; excerpts of some
of these works are included in an album of recorded lectures, Elek-
tronische Musik, by Eimert.

In the first of these lectures, “Akustische und Theoretische
Grundbegriffe,” Eimert lists pitch, timbre, tone mixing, and noise
as the basic elements of electronic music. The process of mixing is
reduced to two types. The first is simply an acoustical addition of
tones, analogous to the way we hear an orchestra, which is that
individual tones are heard in combination. The second involves a
physical interaction among signals: the acoustical properties of
tones affect individual sonorous characteristics to generate new
timbres. Amplitude modulation, frequency modulation, and ring
modulation are electronic processes that produce this kind of mix-
ing; more will be said about these later in this chapter.

Next, Eimert explains that the electronically generated sine
tone is a new musical element which cannot be produced by in-
struments or the voice. It is the simplest musical sound, in that it
consists of a single frequency; no overtones are present. The tim-
bral significance of the overtone series (later extensively explored by
Stockhausen) is seen as both a means of composing and of fabricat-
ing new sounds. Atonality now is liberated from melodic and har-
monic functions; each member of the overtone series may corre-
spond to a pitch contained within a preconceived 12-tone row.
Transformation (inversion, retrograde, and retrograde-inversion)
and transposition applied to the overtone structures of a row yield
diverse timbres which, in addition to their melodic and harmonic
aspects, can be controlled by applying Schoenberg’s 12-tone theory
to them. Naistas

The record of “Zur Geschichte und zur Kompositionstechnik,”
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a lecture presented by Eimert and Meyer-Eppler, includes the only
commercially available recording of some early electronic com-
positions, including some by Eimert and Robert Beyer that were
performed at the International Music Festival in Cologne. This
recording includes two excerpts of unidentified pieces from this
period, possibly Eimert’s “Klangstudie I and IL.” Sine tones and
pitches with a rich harmonic content constitute the sound sources,
»;-'hi]e modulation and filtering yield timbral and textural variants of
them.

Eimert’s piece “Struktur 8” (1953-4) reflects the influence of
Webern in its use of the 12-tone row. Eimert employs only eight
melodically associated pitches, which he subjects to modulation,
filtering, and reverberation. Another composition of Eimert’s that
makes use of serial concepts is an electronic version of a 1924 string
quartet. Originally canonic and 12-tone, the quartet was modified
by tape transposition one octave lower, and by filtering; the elec-
tronic version was realized during 1955 and 1956.

Eimert and Meyer-Eppler together produced very intriguing
sounds. Their exploration of vocal timbres was based upon princi-
ples of acoustics, phonetics, and information theory. Meyer-Eppler
suggests the fol lowing techniques of vocal transformation: tape re-
versal and transposition, filtering, the extraction of voiced im-
pulses, and the synchronized superposition of all of these. Tape
manipulation of speech had already been carried out by the R.T.F.
composers in Paris, but these additional techniques were more sys-
tematically investigated by their German counterparts.

Voiced impulses are the plosive elements of words. They possess
a sharp attack, and their duration is only a fraction of a second. The
following procedure may be employed to extract voiced impulses
from speech. Record spoken material at a fast speed, preferably 15
inches per second (15 ips), so that the impulses consume a few
inches of tape. (Slower recording speeds, as 7% or 3% ips, yield
extremely short pieces of tape per word, making impulse extraction
a_lmost impossible). After recording the basic sonorous material,
llsten. to it at a slower playback speed (7% or 3% ips) so that sudden
amplitude peaks are easily detectable. Mark off these segments with
a pencil, and remove them by splicing,

Degrees of filtering were set to correspond to vowel formants,

and speech (voiced) impulses were often filt : d.
Each vowel is characterized by particular f; o e

i requency and amplitude
relations among the fundamenta] tone and the aC‘Co)mpa nvinz 1
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tones; this distinction is referred to as a vowel formant. Syn-
chronized superposition, the final technique described by Meyer-
Eppler, consisted of recording the results of these procedures on
individual channels. Each channel was synchronized; that is, each
contained the same sequence of material. This synchronization
was frequently accomplished with a slight time delay, so that a
choral effect was produced. The execution of these processes, re-
ferred to as “Musik und Sprache,” enabled composers to derive
pitch, or music, from normal speech.

These techniques often appear in Eimert’s later compositions.
“Selektion I” (1959-60), for instance, is derived from four electroni-
cally generated and modified signals, and from noise found in any
vocal sound mixed with sine tones. The vocal material consists of
reading a text that describes the compositional processes and trans-
formations applied to that text. The text is divided into four jux-
taposed segments, each of which is assigned an individual channel
in which timbral differentiation is maintained by isolating vowel
sonorities. Channel one is composed of “a” (“Einsatzabstande,”
“Klange”); channel two is made up of “e” (“bestimmen,” “met-
rische”); channel three uses “i” (“ist,” “Haufigkeitsverteilung”);
and channel four includes both “0” and “u” (“Spur”). The resultant
textual disintegration mixed with sine tones produces an abstract
rhythmic and melodic correspondence to the original text. When
combined with these electronically generated elements, speech
loses its meaning and becomes music.

Other pieces by Eimert that display similar processes are “Zu
Ehren von Igor Stravinsky” (1960-62), in which intelligible speech
is replaced by melodic orientation; and “Epitaph fiir Aikichi
Kuboyama” (1960-62) in memory of a Japanese fisherman, which
alternates between ring modulated and normal speech. Serializa-
tion and vocal transformation were fundamental principles of the
early WDR studio, and they occupy a central position in the first
electronic works of Karlheinz Stockhausen.

While these events were taking place in Germany, Stockhausen
was at the R.'T.F. in Paris, where he was occupied with the acoustical
analysis of sounds. His work involved the study of timbre: Stock-
hausen was one of the first electronic composers to control timbre as
a function of pitch and rhythm. Even in Pierre Henry’s serial compo-
sitions, the constituent elements were not as structurally unified.
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Stockhausen’s timbral concepts were based on the electronic
realization of the overtone series. This enabled Stockhausen to
establish a continuum between a single pitch and white noise,
where all frequencies appear at rapidly fluctuating amplitudes. The
sine tone is the sole source in this process. At one extreme of the
continuum was the pure sine wave, totally devoid of upper partials,
or overtones. As overtones were systematically added in the form of
sine waves the sound became increasingly complex. The noise por-
tion of the continuum is comprised of what Stockhausen calls “note
mixtures,” a grouping of sine waves with harmonically unrelated
partials; these do not adhere to the arithmetic ratios that constitute
the overtone series. Example 9 is a graphic representation of Stock-
hausen’s timbre continuum.

Stockhausen’s “Studie I1” (1954) provides an excellent demon-
stration of the application of his theories to timbre control. This
piece, along with its immediate predecessor “Studie I” (1953), was
realized at the Cologne studio of which Stockhausen is currently
director.

A sine wave generator was the only sound source employed in
“Studie IL.” In combining pure sine tones, Stockhausen con-
structed a series of closely related timbres by additive synthesis.
Since timbral differentiation was his ultimate objective, Stock-
hausen treated pitch and amplitude variation, the envelope, as
functions of tlm.brg. His first step was to construct a pitch, or fre-
quency, scale within the range of 100 to 17,200 cycles per second
(cps), or Hertz (Hz). The intermediate pitches were determined by
multiplying each successive frequency by the constant V5 (ap-
proximately 1.07), whi.ch results in an 81'-degree frequency scale.
Stockhausen chose. thﬁs.corlstant because it yields minute pitch
successions where individual tones can still be heard. A smaller
constant would have produced frequencies so close together that

EXAMPLE 9. Karlheinz Stockhausen, Timbre continuum
LTV YY,

vy oy,
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discreet pitch perception would be unlikely, whereas a larger con-
stant would have destroyed Stockhausen’s plan to create smooth
timbral successions. Beginning with 100 Hz, the following series
results: 100, 107 (100 x 1.07), 114 (107 x 1.07), 121 (114 x 1.07)
. . . 17,200 Hz. An important feature of this series is that there are
no octave doublings. All pitches exist as nonharmonic frequency
ratios among one another; that is, they do not adhere to the arith-
metic ratios that constitute the overtone series. They tend to pro-
duce noise bands when grouped into note mixtures.

Stockhausen subdivided this series into segments or note mix-
tures of five pitches. The first was 100, 107, 114, 121, and 129 Hz.
The second note mixture was 107, 114, 121, 129, and 138 Hz. After
constructing the first five note mixtures in this way, Stockhausen
arrived at a second group of note mixtures, numbers six through
ten, by skipping one pitch between each two successive pitches.
Note mixture six was therefore 100, 114, 129, 147 and 167 Hz., and
mixture seven was 114, 129, 147, 167 and 178 Hz.

Three additional groups of note mixtures were constructed in a
similar fashion, numbers eleven through fifteen by skipping two
frequencies between successive pitches, numbers sixteen through
twenty by skipping three frequencies between successive pitches,
and numbers twenty-one through twenty-five by skipping four fre-
quencies between successive pitches. This entire process, encom-
passing twenty-five different note mixtures, was executed nine
times beginning with 100, 138, 190, 263, 362, 500, 690, 952, and
1310 Hz. respectively, and resulted in a total of 193 note mixtures.
Those that would have been exact repetitions of previous mixtures
were deleted; they account for the 32 missing note mixtures. Exam-
ple 10 illustrates the first twenty-five of these.

In order to treat this elaborate pitch scheme as a function of
timbre, Stockhausen first recorded each of the five frequencies of a
given note mixture. He then cut a short segment, approximately
/100 of a second, from each of these five frequencies. Next, he
spliced these five segments together, beginning with the lowest fre-
quency, and placed them on a blank tape loop. Since the five fre-
quencies were recorded at the same amplitude, and since the ear is
unable to perceive individual pitches that occur at the rate of
twenty per second, the timbre becomes readily apparent to the
listener. In order to emphasize the nonharmonic note mixtures
that create complex timbres approaching noise, Stockhausen re-
corded the mixtures with microphones in an echo chamber. The
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additional reverberation time allowed for a homogeneous mixing
of the nonharmonic pitches.

By studying Example 10 the structure of Stockhausen’s timbre
continuum becomes evident. Within each of the groups A-E, four
frequencies are common between successive note mixtures so that
if, for example, mixtures 1 through 5 were played in succession, the
pitch would gradually rise and the timbre would become brighter.
If. on the other hand, mixture 1 were immediately followed by
mixture 5, the pitch and timbral transitions would be more abrupt.

Because the frequencies of group A are rather closely spaced,
the transitions within this group will naturally be more smooth
than those within group B, for the latter not only eliminates every
other frequency, but it also encompasses a wider frequency range.
Compare the range of mixture 1 (100-129 Hz.) with that of note
mixture 6 (100-167 Hz.). Similarly, group B produces smoother
transitions than group C, group C more gradual transitions than
group D, and group E contains the most abrupt changes of pitch
and timbre.

In addition to treating pitch as a function of timbre in the form
of note mixtures, Stockhausen manually regulated the amplitude of
each note mixture, thereby producing various types of envelopes.
This procedure is analogous to Pierre Schaeffer’s experiments six
years earlier, when he separated the attack and decay portions of a
prerecorded bell sound by splicing. Stockhausen’s approach, how-
ever, is more sophisticated because he was able to construct what-
ever envelope he desired by manipulating the volume controls on a
tape recorder, thus eliminating the often tedious work involved
with tape editing. Example 11 illustrates some of the envelopes
employed in “Studie I1.”

EXAMPLE 11. Karlheinz Stockhausen, “Studie IT”
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Envelopes (a), (b), and (c) constitute the three forms from
which more elaborate envelopes may be derived. Envelope (d)§3
combination of (b) and (a); (e) is the result of (a), (c), and (a); (fisa
combination of (b), (a), (b), and (a); and (g) is an example of the
juxtaposition of five envelopes (a) of different durations. _

The importance of “Studie I1” should not be underest'lmatd‘
First, it was one of the first purely electronic compositions; in 3ddf
tion, Karlheinz Stockhausen emerged as one of the most Sk‘lued
composers within this medium. Stockhausen’s concept of pitch,
amplitude and timbre, as well as his reliance upon recording tech-
niques, are probably the result of his analytical work in Paris. It was
Stockhausen’s ability to transfer these ideas from the field of
musique concréte to electronic composition, however, that actually
suggested new directions for composers to take.

Following the work of the Cologne composers, three kindslof
tape pieces were composed: musique concrete, electronic music,
and a combination of the two. Unformnately, with the exceph@
of “Studie I1,” no electronic works realized at the Cologne studio in
1954-5 have been commercially recorded. Examples from this
period of musique concrete combined with electronic equipment
are available, however. “Dripsody” (1955) by Hugh Le Caine was
realized in Canada at the Elmus Lab, a division of the National
Research Council of Ottawa. Its sound source is a single drop of
water. Like the composers at the R.T.F., Le Caine employﬁd.a
variable speed tape recorder to alter the sound’s pitch so that it
encompassed a range from 45 to 8000 Hz.

Orson Welles’s production of § hakespeare’s “King Lear.” Like Pierre
Henry’s “Astrologie,” the “Suite from King Lear” is one of the first
examples of the yge of electronic music outside the concert hall.
The following year, Ussachevsky employed both concréte and
electronically generated sounds in his “Piece for Tape Recorder.”
The concrete sounds include gong, piano, cymbal, tympani, organ,
and jet; four sine tones and a tremolo created from a switch on a
tape recorder comprise the electronjc sources. Even though this
work encompasses a rather large variety of sonorous materials, Us-
sachevsky’s characteristic classical tape manipulations predomi-
nate. Two excerpts from his “Sonic Contours” appear in the “Piece

\
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for Tape Recorder,” from 1:37to 1: 53 and from 2:29to 2:43. New
timbres are sought by extracting the beginning, middle, and end of
a prerecorded gong sound by splicing, a technique which reflects
Schaeffer’s influence. Additional timbral transformations result
from tape transposition and reversal, filtering, and reverberation.
Although electronically generated sounds appear, the piece is dom-
inated by non-electronic materials.

This predisposition for concrete sounds, particularly musical in-
struments, characterizes Ussachevsky’s tape compositions. His
“Metamorphosis” (1957) is derived from prerecorded percussion
sounds, in addition to sine tones and rapid modulations of pitch,
which Ussachevsky refers to as “warble” tones. Even in his com-
puter music Ussachevsky electronically synthesizes instrumental
timbres, which is a common habit among electronic composers.

The compositions realized at the WDR studio in Germany dur-
ing the mid-1950’s made a lasting :mpression on other composers
involved with tape composition, particularly those working at the
famous R.T.F. studio, which had been known for its involvement
with musique concrete techniques. Eventually, the Paris studio in-
creased its facilities to include electronic sound generators and
modification devices; consequently, many of the composers work-
ing there began to combine elements from both media.

Stockhausen’s “Studie II” demonstrated many new ways of
dealing with pitch, but this did not necessarily mean that composers
always needed or wanted such a variety of approaches. Some works
from this period exhibit a rather conservative attitude toward pitch,
such as Henry Sauguet’s “Aspect Sentimental”, which was realized
at the R.T.F. in 1957. Like Luening’s flute pieces of 1952, simple
melodic patterns are superimposed to form masses of sound. The
beginning of Sauguet’s piece evolves from an arpeggiated minor
seventh chord (Example 12a), while the middle section is derived
from breathing patterns and a simple rhythmic motive (Example
12b) that undergoes tape transposition and reversal. Beginning at
about 4:48, a classical ABA structure is formed with the recapitula-
tion of the opening section.

EXAMPLE 12. Henry Sauguet, “Aspect Sentimental”
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1958 was an important year in the history of clectronic.muscm
France, for Pierre Henry left the R.T.F. and fou_nded his Studnq
Apsome, the first private studio in Europe. In addition, composer
engineer Pierre Schaeffer broke what had been a five year silence
(with the exception of two collaborations in 1957 with Henry and
Luc Ferrari for a film, and incidental music), with “Etude aux a-
lures” (1958) and “Etude aux sons animés” (1958).

These new works display Schaeffer’s changing attitudes fO}‘?fd
the treatment of sounds. He dclibcratel_\' chose sounds possessing
rich harmonic content for the “Etude aux allures,” which is charac-
terized by sustained sounds and silence. The piece moves slowly
enough for the listener to be able to distinguish each sonic event; he
can also make aural connections between the sounds, thus perceiv-
ing the composition’s overall structure. Schaeffer feels that con-
posers should concentrate on the building up of sounds rather than
upon their dissolution, which for him is a new approach to the
derivation of sonorous materials.

In order to understand this change in Pierre Schaeffer's funda-
mental concept of sound, the influence of Stockhausen and his

gration, whereby the composer extracts portions of CO"}P"""
sounds, is by nature negative. On the other hand, electroqlcallﬁ'
generated sounds provide the composer with the opportunity to
construct whatever sounds he desires, with no limitations. The
prophesies of Vareése, Cage, and other like-minded composers had
fmally come true. :
In spite of the attractions of the newly founded Cologne studio,
the R.T.F. continyed to attract composers living outside of France.
The Greek composer/architect Iannis Xenakis realized his
“Diamorphoses" in 1957 (revised in 1968) at the Paris studio. The
sound sources gre concrete, and include jets, earthquake shocks,
crashing railroad cars, .and small bells, which are transformed by
tape transposition and reversal, and filtering. Tape transposition of
the bell sonorities produces glissandi which appear as a timbral
contrast to the other “noisier” sounds. A sole concréte source, burn-
ing charcoal, provides the sonoroys Material for Xenakis's “Concret
P-H” (1958) (also revised in 1968); tape transposition and filtering
predominate. This work was transmitteq by three hundred fifty
loud speakers at the Philips Pavilion a4 the Brussels World Fair in
1958. The Philips Pavilion will be discussed in more detail when
the music of Varese is explored.
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Xenakis's conceptualization of sound hinges upon architectural
and mathematical principles by which sounds can be considered as
masses evolving through varying degrees of density. Xenakis uses
these concepts to build his overall structural forms. They also help
to determine the timbre of the ensuing sounds, although the timbre
often seems to be a by-product of the density relationships.

We have already observed the importance of rhythmic elements
in some of the early pieces of Pierre Henry. Luc Ferrari was also
working at the R.T.F.; he approached rhythm by relating it to
speed. In his “Etude aux accidents” (1958), Ferrari subjected a
metallic rhythmic pattern to a continual fluctuation of speed. Other
percussive sounds, such as drums, appear later, but are treated more
as embellishments than as principal events.

Ferrari's next work, “Etude aux sons tendus” (1958), is again
centered around rhythmic organization, but this time the timbres
are richer in texture, and yield more interesting sounds. His treat-
ment of repetitive rhythmic patterns is also more refined here.
Rather than constantly being present, these patterns appear and
disappear, sometimes abruptly. Both studies utilize tape transposi-
tions and reversal, splicing and overdubbing, but in the second
study their use is more closely related to the structural organization
of the piece as a whole.

In 1958, John Cage left New York to visit the Milan Studio di
Fonologia Musicale of the Radio Audizioni Italiane (RAI). The RAI
had been founded by Luciano Berio in 1955; he was joined at that
time by Bruno Maderna. Since both Italian composers had spent
some time at the Cologne studio prior to 1955, they constructed a
similar studio in Milan.

Cage produced three works at the Milan Studio. Two of
them—“Water Walk” (1959) and “Sounds of Venice” (1959)—were
for television. The third is “Fontana Mix” (1958), a tape collage
consisting of speaking, singing, instrumental music, electronically
generated sounds, environmental sounds, barking dogs, and many
other such sounds. Transposition and reversal frequently occur,
but splicing is the most heavily used technique. Tapes of the sound
sources were cut into a variety of lengths and painstakingly spliced
together, often resulting in rapid successions of diverse sounds,
complex rhythmic fragments, and quick timbral changes like those
previously encountered in the “Williams Mix.”
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The Belgian composer Henri Pousseur, who had been closely
associated with Stockhausen at the WDR, was also invited to unr.i
at the RAI studio. Here Pousseur produced his second electrml{c
composition, “Scambi” (1957), which is not a complete compos-
tion, but rather separate sequences that could either be ioined‘m
succession or juxtaposed. Although Pousseur included detailed in-
structions for the realization of “Scambi,” indeterminacy plays 2
prominent role in the piece. Pousseur and Berio each made two
versions of this piece, only one of which has been commercially
recorded.

Pousseur’s intention was to unify asymmetrical sonorous ele-
ments into a coherent sound structure. He restricted the SOU“.d
sources to a single element, “white” noise. White noise is electroni-
cally produced. It contains the entire spectrum of audible frequen-
cies, and is characterized by continual, non-periodic changes of
amplitude which result in a hissing sound. Narrower bands of “col-
ored” noise can be produced by filtering. As the noise bands are
filtered into separate and distinct parts, the most extreme limit§ of
pitch can be clearly heard. The narrowest band of filtered noise is 2
pure sine tone. These filtering processes are commonly referred to
as “subtractive synthesis;” they represent the antithesis of the addi-
tive process employed by Stockhausen a few years earlier. Pousseur
treated noise bands as individual elements, so that their interaction
produced moving masses of sound.

The Austrian-Hungarian composer Gyoérgy Ligeti spliced many
electronically generated sounds in “Artikulation” (1958), which he
realized at the Cologne studio. Structurally, this is one of the most
complex electronic compositions to date, for Ligeti combined both
an abstract idea and a definite musical structure. The abstract idea
is an imaginary conversation that leads to 2 particular arrangement
of the sonorous elements. Before he began working on this piece,
I.,igeti- did a great deal of research in the field of phonetics to estab-

Ligeti began by choosing forty-two basic sounds, including sine
tones, harmonic, subharmonic, and noise spectra—an array of fre-
quencies within the harmonic, subharmonic, and noise rénges—-
impulses, and glissandi forms. The harmonic spectra were con-
structed above a fundamenta) pitch, dividing the octave into
given number of equal parts, wheregs the subharmonic spectra
were formed below a fundamentg] pitch, also providing for an
equal division of the octave, Example 13 represents a harmonic
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Frequency: 440 503 566 629 691 754 817 880 Hz.
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+63 +63 +6 +63 +63 +63 +63 Hz.

Harmonic spectrum

Subharmonic spectrum

EXAMPLE 13. Gyorgy Ligeti, “Artikulation”

spectrum. If the frequencies are read in reverse order, a subhar-
monic spectrum is illustrated.

The forty-two sounds were then grouped into ten “texts,” or
categories based on general sonorous characteristics. The texts
were spliced together and subjected to conventional tape manipula-
tions (tape transposition, reversal, splicing, and overdubbing) to
form “words.” Additional tape transformations, and electronic
modifications such as reverberation, ring modulation, and en-
velope shaping were applied to the words, which resulted in
“languages.” These were spliced together to form “sentences,”
which underwent further tape and electronic modifications to
produce “Artikulation.” Example 14 contains a summary of these
procedures.

This work not only exhibits a close resemblance to Stock-
hausen’s employment of additive synthesis, particularly in Ligeti’s
derivation of the harmonic and subharmonic spectra; but it further
indicates electronic composers™ increasing awareness of the struc-
tural possibilities of language. These linguistic considerations were
noted in the previous chapter as well, particularly in the works of
Henry, Berio, Philippot, and Mimaroglu.

On the other hand, Ligeti’s procedure of ring modulating two
previously existing segments to produce a new but related sound—
in this case, “sentences” ring modulated to form “Artikulation”—
actually predates Stockhausen’s concept of intermodulation. This
technique will be examined in more detail later in this chapter
when Stockhausen’s “Telemusik” is discussed, but first it must be
understood.

A ring modulator is an electronic processing device that accepts
two input signals at once, and suppresses the original frequencies
while adding and subtracting them. The result is usually a harmon-
ically complex sound that ranges in quality from tremolo and bell-
like sounds to dense sonorous masses bordering on noise. For

e AN AN\ . .
CARRELALL SR DA AR AN VOA MRV TARSINAMN.




«HOHBIMYRIY,, ‘TPSIT 451049 4] A TdNVXT
‘SWLI0j opuessns

..mmm_:mm:_ Wbuo%m

3sIou ‘exydads

dluowrreygns

‘SIONILNIS ‘SAAOM SLXIL ‘SANNOS
JO suoyedjIpow "SIOVNONY] JO suonedyIpOw JO suonedyIpow WOl paALIap pue dowrey
01332 pue ade; o 1233803 unds  doayape pue ade;  doKdIP pue adey saLI03ajed uay 83U} auis
SIOVNONYT SAAOM SIX3L SANNOS

«NOLLVIMALLYYV,, =—S3IDNIIN3IS

40




Music from Electronic and Concréte Sounds 41

example, given input frequencies X and Y, the ring modulated
output would consist of the frequencies X + Y, and X — Y. The
increased number of frequencies, especially nonharmonic partials,
accounts for the prevalence of dense textures and harmonic
complexity.

Throughout the 1950s, the number of electronic music studios
in Europe steadily increased. Most were sponsored by national
radio stations. In the Netherlands, it was at the Nederlandsche
Radio Unie (NRU) at Hilversum that Henk Badings began prepar-
ing his tape pieces for radio in 1952. The NRU, however, did not
possess the facilities equal to those at the Cologne or Milan studios;
it remained essentially a radio broadcasting studio with a limited
x availability of electronic generators and modifiers. It was not until
1957 that a permanent, fully equipped electronic studio, a subdivi-
sion of the research laboratories of Philips Gloeilamperafabrieken
at Eindhoven, was established in the Netherlands. Once again,
Henk Badings was responsible for most of the works realized at this
studio.

Badings has not restricted himself to the electronic medium.
Many of his compositions display sectionalized, neo-classical for-
mal organization. “Evolutions” (1958) is a ballet choreographed by
Yvonne Georgi. Its six movements—Overture, Air, Ragtime, In-
termezzo, Waltz, and Finale—are reminiscent of the Baroque
suite. The Intermezzo contains an example of timbral transforma-
tion that varies the waveform of the opening pitch.

Badings’ “Genese” (1958), is divided into three movements: in-
troduction, slow, and finale. Five oscillators comprise the sound
sources. Although these compositions are purely electronic, their
neo-classic orientation spearates them from the works of such
composers as Stockhausen and Ligeti, who tend to establish struc-
tures that result directly from the sonorous materials rather than to
fit the sounds into preexisting forms.

At the Philips studio at Eindhaven, Edgard Varese realized his
“Poeme Electronique” (1958), which had been commissioned for
performance at the Philips Pavilion at the 1958 Brussels World Fair.
The pavilion was designed by Iannis Xenakis and the French ar-
chitect Le Corbusier. It was the site of a multi-media event at which
Le Corbusier used lighting effects and slide projections in conjunc-
tion with Varése’s tape.

AN AN M

ANCAN B DAMAAGALINCA davITSSamn




42 Music ror Sowo Tex

“Poéme” was composed of electronic and concréte.swn(!sthzt
were modified by tape manipulations and such electronic devices
filters and reverberation units. The sounds were recorded ona three
channel tape, of which two were reserved for reverberation al\q
stereo effects. The pavilion contained threg hundred fifty
loudspeakers, some of which were concealed behind the walls and
above the ceiling. The taped sounds were distributed by teliphom
relays among various combinations of loudspeakers. These “sound
paths” were determined by a fifteen channel control tape, each
track of which contained twelve spearate signals. Therefore, 180
(15 x 12) control signals were available to regulatf: the St{ll“d
routes, lighting effects and a variety of light sources which C0n51§t€d
of film projectors and projection lanterns, spotlights, ultrq violet
lamps, bulbs, and fluorescent lamps of various colors. The diagram
in Example 15 depicts the elaborate interconnections of the
equipment necessary for “Poéme.”

By the end of the 1950s, most European countries had at leas
one electronic music studio; it was often affiliated with a radio sta-
tion. This accounts for the substantial number of tape plCCC‘S.Com"
posed for radio at the studios in Paris and Hilversum. Surprisingly,
only one such tape was realized at the Cologne studio, and‘foul'é:it
the studio in Milan. The distinction between musique concreéte an

EXAMPLE 15, Edgard Varése, “Poeme Electronique”

Audio 20 — Telephone 350
Tape Amplifiers — elays | Loudspeakers
3 tracks
Control Lighting
Tape Effects
15 tracks
Light
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electronic music began to disappear at this time, and the individual
studios lost their reputations for specializing in one or the other.

In Paris, the close of the 1950s marked increasing attempts to
divide large works into a number of short sections, which were
often based on technical manipulations that led to the creation of
specific timbres for individual sections of a work. “Ambiance I”
(1959) by Michel Philippot centers around periodic timbral shifts
that result in a 17th century rondeaulike structure, while Luc Fer-
rari’s “Téte et queue du dragon” (1959-60) is in three continuous
sections, the last of which contains transformations of previously
stated material.

Even though both the Paris and Cologne composers were
deeply involved with timbre, there is a real distinction between the
works produced at these two studios, which involves the choice of
basic sonorous material. The Cologne composers were likely to
restrict themselves to the use of pure sine tones which by definition
do not contain any upper partials. The timbre of the source mate-
rial was always the same because it was devoid of any harmonic
content. While it is true that when sine tones are treated in an
additive manner, they give rise to an infinite number of timbres,
nonetheless, such a scientific approach often results in sonorities
that sound like they have been artificially produced. Many elec-
tronic composers began to use these solely sine generated frequen-
cies with extreme caution because of this. The use of the sawtooth
wave, with its rich harmonic content, eventually helped to solve
this problem. A sawtooth wave contains all harmonic partials
whose amplitude is the reciprocal of the partial number. Given a
fundamental frequency of 60 Hz., the third partial would be 180
(60 x 3) Hz.; this partial’s amplitude would be one-third that of the
fundamental.

The R.T.F. composers’ approach to timbre control was still
rooted in concréte sources at this time, so that they did not have
the problem of generating timbres electronically. Besides, the par-
ticular sounds they employed already possessed a specific timbre.
These composers had the flexibility of either removing some fre-
quencies from the harmonic content of a sound by filtering, or
subtractive synthesis; or of combining those sounds by overdubbing
or mixing in order to derive more complex timbral relationships.

Composers’ continual exposure to both methods of composition
allowed them to decide for themselves which procedures to follow;
often, they combined both techniques. This approach was fostered
at the RAI studio in Milan from its inception.
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Stockhausen’s technique of generating timbres by means of
note mixtures and tape loops in his “Studie II” was further
developed in “Kontakte” (1959-60). T'wo versions of this work exist
the first is for solo tape, and the second includes piano and percus-
sion instruments, and will be discussed in Chapter 5. In 1961, Stock-
hausen transformed the second version into a theatre piece,
“Originale.” The new version also contains an excerpt from the
composer’s orchestral piece, “Carré” (1959-60). Stockhausen’s pre-
dilection for juxtaposing segments of preexisting works becomes a
dominant characteristic in his later compositions.

The apparatus needed for the realization of “Kontakte” is more
elaborate than that of “Studie II.” It consists of an impulse
generator, sine and square wave generators, filters, a tunable indi-
cator amplifier, a ring modulator, a reverberation unit, tape re-
corders, and a rotation loudspeaker. The impulses’ durations, ad-
justable within the range of 900 to .1 milliseconds, encompass such
§hort durations that they are almost impossible to obtain by splic-
ing, which was the method employed in the “Studie”. The frequen-
cies obtainable from the impulse generator range from 16 to .06
Hz., frequencies so low that they are perceived as separate impulses
rather than as a continuous pitch.

The tunable indicator amplifier acts as a filter with adjustable
decay rates, and it may be switched manually to operate within
three overlapping frequency ranges: 45-400 Hz., 300-2200 Hz., and
1800-14000 Hz. The rotation loudspeaker was built at the WDR for
the production of sound-rotation. A loudspeaker was mounted on a
round table top whose shaft was attached to ball bearings, so that
the loudspeaker could be rotated manually; a tape of prerecorded
sounds was played through the loudspeaker. Four microphones
were Pl.aced a short distance from the loudspeaker, and their height
was adjusted parallel to the center of the loudspeaker cone. Each
microphone was equipped with two amplitude controls; the first of
each was connected to one channel of a four track tape recorder,
?nd thle second served as a modulation signal to the prerecorded
ape. In performance, the four track tape is played over four
loudspeakers located in separate corners. As the table is rotated the
prerecordqd sounds are rerecorded on each of four separate chan-
nels; but since the microphones are adjacent to one another, the

gnsping sounds appear to be moving among the four loudspeakers
uring performa’r’lc.:e. Common designations such as “left.” “quick,”
and “slow down” indicate the rate at which the table is turned
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Various timbres were produced by recording a series of impulses
which were then played back at a faster speed by using a variable
speed tape recorder. Because of the faster playback speed, some of
the frequencies of the impulses were extended into the audible
pitch range. By varying the duration and frequency of the impulse
generator, additional timbral changes were produced.

This procedure of constructing timbres from chains of impulses
was gradually implemented through the use of such modification
devices and techniques as filtering, reverberation, and feedback
loops. Example 16 illustrates some of the equipment interconnec-
tions that Stockhausen employed in the derivation of his basic
sound sources.

The increasing complexity of the modifications applied to the
impulses is immediately apparent from Example 16. After the orig-
inal idea (a), amplification, filtering, and a feedback loop were
added to produce new timbres (b). A feedback loop consists of
connecting the output of a tape recorder to its input. The aural
effects are regulated by volume controls, or potentiometers, and
range from a slight tape delay to a massive, howling sound.

By reversing the positions of the filter and tape recorder, the
configuration (¢) is obtained, while (d) is the result of eliminating
the feedback loop and incorporating three filters with individual
frequency responses. Figure (e) is simply the combination of the
three-way filtering with a feedback loop.

The most complex timbral structure is represented in figures
(f=(f,). Filtering is the sole modification of the first stage (f,),
which is subjected to reverberation (f.). This is sent through a feed-
back loop (f,), and finally is retransformed by additional reverbera-
tion and filtering (f,).

Stockhausen again developed a timbre continuum by a very
gradual increase of modifications to the impulse successions. In
“Studie I1,” a similar continuum was established by the pitch distri-
butions of the note mixtures, whereas “Kontakte” achieved these
gradations through electronic modifications and tape transposi-
tions. “Studie 11” and “Kontakte,” however, reveal a rigorous struc-
tural scheme based upon timbral relationships.

“Kontakte” ushered in the electronic music of the 1960s. In New
York, Richard Maxfield realized “Night Music” (1960) in his private
studio. It was derived from supersonic frequencies and subaudio
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EXAMPLE 16. Karlheinz Stockhausen, “Kontakte”
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pulses, which was an idea not too far removed from Stockhausen’
chain of subaudio impulses. Maxfield used the pulses to modula.tt
the supersonic sounds, rather than treating them as sources of di
ferent timbres. ,
Vladimir Ussachevsky's “Wireless Fa ntasy” also appeal’fd i
1960. Its principal sound sources consisted of wireless C_Ode signals
produced from the old spark generators used to transmit messages
in Morse Code. The sound sources included an_ excerpt f‘?‘“
Wagner’s opera “Parsifal,” which was the first musical composition
broadcast by Lee De Forest. Those who understand MOYS:? Code
will be able to discern coded abbreviations for “New York” (NY),
“end of message” (AR), “good night” (GN) and other phrases. .

Many of the purely electronic compositions realized at ¢
Columbia-Princeton Studio in New York during the early 1%05
were derived from the more traditional musical elements of pitch
and rhythm than were their counterparts produced in Cologne
This may have resulted from the influence of the early CQanCt;
works of Luening and Ussachevsky, in which rhythmic an
melodic elements predominate. o

Mario Davidovsky, an Argentinian, and Bulent Arel, a Turhs.
composer, were among the first, besides Luening and Ussache\'sk‘:-
to use the Columbia-Princeton facilities. Davidovsky’s "Elecﬁoﬂlf
Study No. 1”7 (1960) and Arel’s “Stereo Electronic Music No. I
(1960) both revolve around recurring motives. Timbral relations
exist within these pieces, but not to the extent that they appear It
the works of Stockhausen or Ligeti.

In Arel’s “Sacred Service: Prelude and Postlude” (1961), 5.""the;
sized gong and organ sounds are incorporated in the “Preludeii
while the “Postlude” is totally derived from sine tones. As in St(}C ;
hausen’s “Studie I1”, Arel employed extremely rapid successions
of sine frequencies so that timbre and sonorous masses, rather than
discrete pitches, are heard. The contrasting nature of these two
movements is counterbalanced by the presence of low-frequency
pedal tones in both sections which provides a structural link be-
tween the two. .

Milton Babbitt, the composer and mathematician from Prince-
ton University, is the codirector of the Columbia-Princeton Studio.
His “Composition for Synthesizer” (] 961) was also based upon pitch
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task was facilitated by the RCA Mark II Synthesizer which the New
York studio acquired in 1959.

The word synthesizer is often misused. In this text it denotes a
multi-function machine possessing sound generators, modifiers,
and mixers. Even though a synthesizer often duplicates similar
equipment found in a “classical” electronic studio, it has many
advantages over the latter. The individual modules are electroni-
cally compatible with one another; that is, each electronic circuit
operates on and produces voltages within a predetermined range.
This eliminates the need for additional circuits to compensate for a
disparity among them. Each module has a permanent physical lo-
cation, so that interconnections between modules are not prob-
lematic. An outstanding feature of the more recent synthesizers is
their small size and portability, unlike the original RCA synthe-
sizer. The Mark II occupies almost an entire wall at the Columbia
studio. Although it was one of the first synthesizers to be practical
for composers to use, it was sometimes difficult to operate.

Harry Olsen and Herbert Belar had completed their first synthe-
sizer, the RCA Mark I, by 1955. Columbia University’s newer
model possessed some improvements over the original version. A
typewriter-like keyboard was employed to punch holes in a moving
paper roll. Punched paper rolls had previously been used in the
rudimentary French synthesizer designed by Givelet and Coupleux
in 1929, but the Mark II functioned on a binary number system,
like a modern computer.

In a binary system there are only two numbers, 0 and 1. The
Mark II was designed so that the operation of each component
(sound sources and modifiers) was contingent upon specific binary
information including, among other things, frequency, amplitude,
and duration. Since composers numerically define these elements
in the decimal system, they must be assigned a binary code. The
encoded numbers are then punched in the paper roll, which is
divided into five paired columns; one column signifies 0, and the
other, 1. This information is conveyed to the appropriate circuits
via electronic relays that are activated when sets of brushes, paired
to correspond to the columns on the paper, pass over a punched
hole. Although the electronic theory behind Givelet's and Coup-
leux’s synthesizer foreshadows that of the Mark II, the former’s
application was restricted to control the pitch of eight oscillators.
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The RCA synthesizer is more flexible, in that it both produces and
modifies sounds.

The Mark II's sound sources included sawtooth and white noie
generators, and provided for processing external sources like m
rophones and tape recorders. Some of the available modificatio
devices included an amplitude modulator, filters, sixteen mixing
amplifiers, a frequency glider for the production of glissandi, and
resonators for amplifying or attentuating any of thirty frequency
bands of a harmonic spectrum. The Mark II was therefore capable
of controlling the frequency, envelope, harmonic spectum,
amplitude, duration, and temporal progression of sonic events; 2
formidable, though not ideal, system for the electronic production
and control of sounds. Some of the synthesizer’s disadvantages
were its extraordinary size, complexity of operation, and the noist
it made, which was partially the result of using tubes. Thanks to
advances in technology and an emphasis on the miniaturization of
equipment, these problems no longer exist.

The design of any synthesizer, including the types of modules
and means of controlling them, dictates to some extent the cha.mf'
ter of the music produced. Babbitt’s melodic and rhythmic motives,
for example, were quite easily obtainable from the Mark II. ﬁ}‘*
synthesizer could be programmed to automatically play a melodic
or thythmic series in various ways, including forward, backward,
faster, and slower. It would have taken a composer much more
time to accomplish these effects in a classical studio.

Another advantage of the Mark I was its ability to accurately
control envelope contours without splicing. This not only saved
time, but also afforded the composer a means of reconstructing the
envelopes of musical instruments. This is yet another way to ap

proach the timbral organization of g work, and has been used by
many involved with computer music.

The same year that the. Columbia-Princeton studio acquired ifs
RCA synthesizer, the University of Toronto established an elec-

tronic studio under the direction of Armnold Walter. “Summer Idyl”

(1960) by Walter, Harvey. Olnick, and Myron Schaeffer was the first

e R.T'F. studio during the early
Mmastery of musique concrete
posers generally seem to have

1960s demonstrate a remarkable
techniques. Furthermore, the com
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followed Pierre Schaeffer’s concepts in dealing with timbre, that is,
they produced new timbres by combining sounds of different qual-
ities. These procedures emphasize the element of density. During
this era many of the Paris composers devised structures contingent
upon timbral and density relationships.

In two by the Yugoslavian composer Ivo Malec, “Reflets” (1961)
and “Dahovi” (1961), the composer exercised great restraint in
choosing the time of entry of each new sound. This determines
density and timbral changes within each composition. The signifi-
cant time span separating the entrances of different sounds assures
their aural perception. Changes in density and timbre are rein-
forced by sustained and reverberated sounds, so that the piece’s
entire structure becomes clear to the listener. Although he used
different technical procedures, Malec’s formulation of musical
structures closely resembles Stockhausen’s, which articulate a con-
tinnum between two opposing poles.

A similar control of timbre by means of density relations is
found in Luc Ferrari’s “Tautologos I” (1961). The piece begins with
chords stated in complex rhythmic patterns followed by contrast-
ing new materials in the form of glissandi. The idea of contrasting
two elements is developed to a greater extent in “Tautologos IT”
(1961), in which Ferrari isolates high and low sounds. This piece
begins with predominately high sounds and much rhythmic activ-
ity, followed by a gradual transition to low, reverberated, and sus-
tained sounds. Both kinds of sonorous material are combined at the
end so that the outline of a high-low frequency continuum appears
as one of the work’s prime structuring principles.

Philippe Carson’s “Turmac” (1962) resembles Pierre Schaeffer’s
noise études in the use of machine noises from a Dutch cigarette
factory as sound sources. “Turmac” is divided into three sections.
The first contains machine noises within which definite pitches
were inserted. This was an ingenious method of adding timbral
differentiations to what might be considered monotonous sounds;
additional modifications were achieved by filtering.

Following a short pause, the second section commences with
increased rhythmic activity which is abruptly curtailed at the be-
ginning of the final section. At this point, isolated sounds are
gradually juxtaposed to form increasingly dense sonorous masses of
proportionally greater amplitude. Pierre Schaeffer has pointed to a
structural correspondence based on Carson’s control of amplitude
in the first and last sections, both of which are characterized by a
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gradual crescendo. When the middle section is considered in thi
light, the conclusion appears to be a recapitulation of the opening,
and reveals a structure founded upon amplitude relationships.

When the procedure of recapitulation is applied to short seg-
ments distributed throughout a composition, motivic repetitions
such as those found in the works of Babbitt, Ussachevsky, and Arel
result. Michel Philippot’s “Etude I11” (1962) evolves from a similar
recurrence of motivic ideas, and emphasizes the restricted sound
sources that characterized his first étude. In the third étude the
motives are primarily formed from extensively modulated chordal
statements, so that their timbre and pitch content become struc-
turally significant.

In “Bohor 1" (1962), Xenakis employed continuous repetition.
thereby carrying the concept of recapitulation to the extreme. Like
Carson’s “Turmac,” the sound sources reflect the first studies.Of
Pierre Schaeffer. Xenakis limited his choice of sounds to a Laotian
mouth organ and some Oriental jewelry. He was able to derive 2
variety of sounds by subjecting these sources to tape transposition.
Low sustained sounds resulted from slowing down the tape of the
mouth organ, while gong-like timbres were produced by applying
similar change of speed to the jewelry tape. When the sounds of the
jewelry were sped up, crisp, metallic sequences resulted.

“Bohor I” is quite different from the pieces of Carson, Malec
and other R.T.F. composers previously discussed. The hypnotic
repetitions force the listener to pay close attention to the ensuing
sounds. A similar situation occurred a few years later in Stev
Reich’s “Come Out.” Both pieces are rather lengthy, and consist 0
relatively slow transitions of timbre and density.

Pierre Henry superimposed several structural plans in “Le Voy
age” (1962), and produced another composition of formidable
length. This piece was choreographed by Henry’s friend and cok
league Maurice Béjart. It was based on the Tibetan Book of f_h"
Dead, which contains a description of death and subsequent rein-
carnation. The book divides this cycle, the “Wheel of Life,” inf0
three stages. It provided Henry with preliminary idea for his bas¢
fprmal pl.an,.which. was eventually expanded to include seven se¢-
hqns:: as m.dlcated in Ijlxa_mple 17. Henry enclosed the “Wheel of
Life” (sections 2-6) within Breath I and Breath II, with breath
symbolizing life. :

The composer formulated additional structural levels on the
original seven sections that mvolved timbre and duration. Breath!
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st 2nd 3rd
Stage s Stage —m———y ~ Stage—
Breath I | After After Peaceful | Wrathful | The Breath II
Death I | Death Il | Deities Deities | Coupling
Noise Noise
Oscillator| Osc. Osc. Osc. Osc. Osc. QOscillator
Short Long Short Long Short Long Short
(7:17) (9:49) (7:38) (9:25) (3:46) (6:54) (5:08)
L L o : ] 4]

EXAMPLE 17. Pierre Henry, “Le Voyage”

and Breath II remain isolated from the body of “Le Voyage” be-
cause of the inclusion in them of noise masses, so that the “Wheel
of Life” is articulated by timbre. On the other hand, Henry con-
nected all the sections by employing oscillators as the sole sound
source, so that within the timbral domain two other structural
levels were produced. Both timbre structures follow and support
the basic seven-section plan, but the organization of durations for
each section counterbalances the form. The durations are paired as
iambic, short-long, since there is no way to avoid the dissolution of
the three stages because of the odd number of sections. Had the
“coupling” been divided into two sections as the first two stages, the
duration structure would have corresponded to that of the basic
textural formal plan. Henry’s choice of durations suggests an arch
form. This was perhaps the best way he could symbolize the
“Wheel of Life.” The end (Breath II) is the beginning (Breath I), or
reincarnation.

Sectionalization also characterizes “La Reine Verte” (1963), a
tape composition in which Henry juxtaposed electronic and concrete
elements. This piece was also choreographed by Béjart. The com-
bination of instruments and voice with electronic sources, all en-
riched by textless vocal sonorities, produces timbral associations by
tape manipulation and filtering. Structural relations among the six-
teen sections result from the recurring timbres and thematic mate-
rial. Piano, voice, and percussion provide sonorous points of refer-
ence, while thematic variants appear throughout the piece. Both
timbral and thematic associations are especially evident in the
paired movements: sections two and four (“La premiére reine” and
“La deuxiéme reine”); sections three, five and twelve (“Les pre-
miers insectes,” “Les deuxiémes insectes,” and “Les troisi¢émes in-
sectes”); and sections eleven and thirteen (“Le premier funambule”
and “Le deuxieme funambule”).
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A more radical attempt to derive new timbres is found in
“Gesang de Maldoror” (1966) by Rainer Riehn. This work was
realized at the Studio for Electronic Music at Utrecht State Univer
sity in the Netherlands. It incorporates “technical interference fac-
tors” to produce richer sounds. Riehn does not define technfca]
interference, but we may assume that it consists of unwanted noises
like hum, hiss, and feedback distortion that result from unsatisfac
tory amplitude settings while mixing and recording; these proce:
dures, however, are intentional. The resultant distortion is remins-
cent of Cage’s tape collages because of rapidly changing timbres
and extreme rhythmic complexity. The frequent use of repeatel
patterns is typical of motivic structure in the works of Philippot and
Carson.

The Columbia-Princeton Center was one of the most ier“‘
tant studios in America during the 1960s. Milton Babbitt continued
to explore the possibilities of pitch, rhythmic and timbral controls
available from the RCA synthesizer there. His “Ensembles for Sy
thesizer” (1963) is, like the “Composition for Synthesizer,” an effort
to produce instrumental-like sounds existing in complex pitch a
rhythmic contexts not available from conventional musicd
instruments.

The Spanish composer Andrés Lewin-Richter, also working 3!
the Columbia Studio, followed Babbitt's approach to timbral or
ganization in his “Electronic Study No. 17 (1964). The ring mod-
ulation of two electronically generated pitches was the source o
bell sounds, while a sine wave oscillator with appropriate envelope
characteristics produced the effect of a pizzicato string bass. The
principal structuring agent is a continuum extending between ter-
sion and relaxation, the tension characterized by rhythmic and
timbral complexity, and the relaxation by more familiar sounds.

Rather than using electronic sources to produce instrumental
soqnds as Babbitt and Lewin-Richter had done, Ilhan Mimarogh
derived concréte-like sounds from electronic sources in his “Inter
mezz0” (1964) and “Agony” (1965), both of which were completed
at the Columbia-Princeton Center. “Intermezzo” is particularl_‘
reminiscent of Pierre Henry's early musique concrete pieces, for
Mimaroglu restricted electronic modification to ring modulation
and mixing. Tape transposition and reversal, in addition to a great

deal of splicing, provide additional correspondences between

T.F. composers:

Mimaroglu’s pieces and those of the pioneering R.
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Mario Davidovsky’s “Electronic Study No. 37 (1965) displays
the motivic structure that typifies his compositions. Rhythmic mo-
tives in the form of rapid pitch and noise sequences are contrasted
against slower sustained sounds. Instrumental timbres includ-
ing bell, woodwind, percussive, and string sounds, also appear.
Davidovsky frequently treats particular timbres in a similar, recur-
ring fashion so that not only the rhythmic, but also the timbral
motives function as structuring elements.

Contrasts like those discussed relative to the rhythmic organiza-
tion of Davidovsky’s third study are the key structuring devices
employed by Mel Powell in his “Second Electronic Setting” (1962).
This was one of the first pieces realized at the electronic music
studio established in 1962 at Yale University. The only sound
source is that of an oscillator. Powell incorporated contrasts of
register, timbre, density, and rhythm to separate individual parts or
voices and to determine the overall structural plan. Register was
divided into high and low frequencies, durations were defined as
either sustained or short, and densities varied between a single
pitch and chordal formations; timbral contrasts were achieved by
changing the oscillator waveforms. Additional timbral gradations
were obtained by filtering and modulation which yielded a complex
structural organization similar to the earlier Cologne compositions.

A very refreshing electronic piece is “Lemon Drops” (1965) by
Kenneth Gaburo. Realized at the Experimental Music Studio of
the University of Illinois, “Lemon Drops” was derived from an
electronic tone generator designed by Gaburo’s colleague James
Beauchamp. The tone generator’s usefulness results from its flexi-
bility of timbral control, and Gaburo was able to produce a variety
of keyboard-like sounds with it. The rhythmic flow of “Lemon
Drops” suggests jazz. This idea dates back to 1951 and Henry's
“Tam Tam I1.” Like Mel Powell, Gaburo was a jazz pianist. During
the late 1960s the use of electronics began to appear in jazz and
rock groups.

Many new electronic devices such as Beauchamp’s tone
generator were developed starting in the mid-1950s, most of them
in Germany and America. Harry Olson’s and Herbert Belar’s 1959
RCA synthesizer opened many new directions along these lines. In
1961, Harald Bode, the German engineer who had built equipment
for the Cologne studio, wrote an article in which he described a
new concept in equipment design, modular systems. The advan-
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tage of a modular system is that each electronic function, such a
oscillator or ring modulator, is self-contained, and as many mod-
ules as desired can be put together into a single case. This makes
custom design, a prime concern of most composers, possible.

Three years after the publication of Bode’s article a young con-
poser, Herbert Deutsch, asked Robert Moog, an engineer, to de-
sign and build some electronic equipment for him. Moog r¢
sponded by building a voltage controlled oscillator (VCO) and 2
voltage controlled amplifier (VCA) in 1964. The following yea
Moog completed a voltage controlled filter (VCF). The idea of
using control voltages to compose electronic music was a new o,
and was not appreciated by composers until 1967.

Prior to this, the operation of electronic devices was contrqlled
manually; a change in pitch or in amplitude, for instance, requir
the composer to turn appropriate dials, but this limits the speed
accuracy, and number of changes. A control voltage replace
manual control. Since an electrical voltage moves at a rate muc
beyond that of manual control, the speed of control voltages is 0
prime importance. Voltages can be accurately measured with
voltmeter; this degree of precision provides another advantage 0¥¢
manual control. Finally, any number of control voltages may
employed simultaneously to yield multiple changes. All of thes
factors save the composer an enormous amount of time in realizin
a composition.

There are many similarities between a modern synthesizer an
a “classical” electronic studio such as the WDR. Both contal
sound sources and sound modifiers. The former consists of 0scl
lators and noise generators, and the latter of ring modulators, filter
frequency shifters, envelope generators, and mixers. In the classic
studio of the 1950s, these functions would be manually controlléd
ghereas with a synthesizer, one has the option of voltage contro
e ety 1 pnhesizr re now poale,

Control voltage applirl:ation:) :; l‘\ 5 i l’).crfor.mances. : sgorie
active and passive. The former ¢ ot ided i ) JOWE CHPORE
trol individual modules; those Toresy of voltage sources that o

» those typically found in a synthesizer a

the keyboard : > -
key! » sequencer, and random voltage . In additior

audio signals can be converted to active e ey s gy ¢
of frequency and envelope follou. ‘ac ive control voltages by mear
pitch to a proportional voltage wers. A frequency follower conver
. ge, whereas an envelope follower do

the same to amplitude. If 4 composer wis oy e

control voltage for later use, this js a ol \”Sh'cs b i e e
» M8 IS accomplished with a sample ar
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hold device; it contains a memory circuit that releases a stored
voltage when it is triggered either electronically or manually. Fi-
nally, the direction of a control voltage is reversed by a voltage
inverter. The operation of passive voltage controlled modules de-
pends upon the aforementioned voltage sources, and they consist of
the VCO, VCA, and VCF.

Control voltage sources may be used to modulate, or transform,
a VCO's frequency or amplitude. Frequency modulation (FM) is a
periodic fluctuation of a tone’s pitch, whereas amplitude modulation
(AM) is a periodic fluctuation of a tone’s loudness. (When the mod-
ulation rate is slow, electronic composers and engineers sometimes
refer to FM as “vibrato,” and to AM as “tremolo,” although in
singing they are the same.) Amplitude modulation is achieved by
connecting an oscillator to a VCA and controlling the VCA by
another voltage source. The VCA is turned off when no control
voltage is present, because its amplitude is proportional to the
amount of voltage applied to it. Example 18 illustrates the con-
nections needed for the production of frequency and amplitude
modulation.

Sound travels through air in the form of waves, and the 7
waveform is a graphic representation of this movement. Oscillators 2
can provide a few different timbres because of the multiplicity of 0 (
available waveforms. Most oscillators produce five standard wave- 15
forms: sine, sawtooth, triangle, square, and pulse. In addition, a
ramp wave, whose extremes are the sawtooth and triangle, exists;
it is manually controlled only, and it differs from the sawtooth and
triangle waves in respect to timbre. A graphic representation of
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EXAMPLE 18. Frequency and amplitude modulation
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Sine Sawtooth Triangle Square Pulse

EXAMPLE 19. Basic oscillator waveforms

these waveforms is given in Example 19. The variety of wave
shapes is dependent upon the harmonic content and the resultant
amplitude relationships of the upper partials of a fundamental
tone. (For a more detailed discussion of this topic see Part IV.)’

Even before synthesizers became commercially available there
was a growing interest, chiefly in the U.S., in the application of
computers to musical composition. The operation of a computer
consists of three stages: data input, data processing, and data out
put. Three distinct approaches to the compositional process thaf
involve these computer operations have evolved.

The first such use of a computer occurred at the University of
[linois in 1957. Lejaren Hiller and Leonard Isaacson wrote a com-
puter program that produced tables of numbers from the logc
operations existing within the program. These numbers were then
applied to traditional musical elements including pitch, duration,
and orchestration to produce the “Illiac Suite for String Quartet
(1957). This composition is not electronic in the usual sense be-
cause a string quartet performs the piece. The computer’s sole
function was to produce the score itself, with the compositional
process defined within the computer program. :

This method of dealing with a computer was later followed it
Paris by Iannis Xenakis, who by 1959 had formulated compositional
processes upon statistics, probability theory, and the theory of
games. In this last instance, Xenakis states: “The musical composer
establishes a scheme or pattern which the conductor and the in-
strumentalists are called upon to follow more or less rigorousl.“-"
“Duel” (1958-9), for two conductors and two orchestras, 1s based o1
the theory of games. Although Xenakis was not using a computer
for his calculations at that time, in 1962 he produced seven compo-

! For those interested in a further discussion of i 3
CUus: synthesizers, I recommend Chap
ters 3, 4, and 5 of Hubert S. Howe's Electronic Muysic Synthesis.
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sitions in which the computer functioned in a manner similar to
that employed in the “Illiac Suite.” Two of these works are
“Amorsima-Morsima” and “Stratégie, Jeu pour deux orchestres”.
In 1964 “Eonta” for piano and five brass instruments appeared; this
too used the computer as a type of composing machine.

Similar work was carried out in Paris by film composer Pierre
Barbaud and choral conductor Roger Blanchard in 1960. Their
activities were based at the “Centre de Calcul Electronique de la
Compagnie des Machines Bull,” a computer manufacturing plant.
In England during the early 1960s it was D. J. Champernowne,
Stanley Gill and D. H. Papworth who pursued these objectives. In
the Netherlands, Gottfried Michael Kéenig developed computer
composing programs in 1964 at Utrecht State University which
resulted in his piece “Project I”.

The second approach to computer-aided composition is what
has become popularly known as computer music. In this medium
the computer actually produces the sounds by means of a digital-
to-analog converter (DAC). The input to the computer consists of
numbers arranged in a specific order, frequently encoded on a deck
of IBM cards, or sent directly to the computer via typewriter. The
numbers represent such elements as types of sound sources, mod-
ifications, pitch, duration, amplitude, wave shapes, and envelope
contour. It is then up to the computer to translate this numeric
input into a binary system where only two values exist, 0 and 1. The
principal advantage of the binary system, as opposed to the decimal
system, is speed, for the computer needs to differentiate only two
values, rather than ten. When the translation has been completed,
the computer performs whatever functions have been indicated
and transfers the results, still in binary form, to a magnetic digital
tape or disk. At this point the tape or disk is sent through the
digital-to-analog converter, where the binary (digital) information
is converted to a succession of voltages; the voltages are an elec-
tronic representation (analog) of the binary information, and are
recorded on a conventional tape recorder. The recorder’s playback
head translates the voltage fluctuations to audio signals.

Computer generated sounds were first produced at Bell Tele-
phone Laboratories in Murray Hill, New Jersey in 1957. Max
Mathews, director of the Behavioral Research Laboratory, was the
chief exponent of the new method of sound production and con-
trol. Composers who followed Mathews’s example were John
Pierce, James Tenney, Jean Claude Risset, and Frederick Moore.
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EXAMPLE 20. Double ring modulation

Ta
Recoﬁcr

A more sophisticated example of intermodulation could be o
tained either by replacing the oscillators of the previous examp‘f
with rhythmic patterns from other melodies, or by electronicall
generated rhythmic patterns. Whatever sonorous elements such 3“
pitch, thythm, and timbre, are intermodulated, the result, Stock
hausen maintains, is a higher unity. By developing the smalles
details of a piece in this manner, Stockhausen was able to construct
a macrocosmic structure. :

The first composition to employ this technique “-as'Stock'
hausen’s own “Telemusik” (1966), the first of two works reallz‘ed by
the composer at the Nippon Hoso Kyokai (NHK) radio in Tokyo
“Telemusik,” an attempt toward a universal music, is derived from
both folk music and electronically produced sounds. The folk ele-
ments were extracted from African, Amazon, Brazilian, Hung®
rian, Spanish, Russian, Chinese, Vietnamese, Balinese, and
Japanese cultures, and intermodulated among themselves and elec
tronic sources. Such processes produced results that retained cer
tain characteristics of the original folk music, so that the end prod-
uct established a continuum between the familiar and the
unknown.

In addition to sine and triangle oscillators, “Telemusik” incorpo”
rated an amplitude modulator, two ring modulators, three types
of filters, and four tape recorders. One of the tape recorders Wé*
supplied with a variable speed control, and another was a SP“C“’]
six-track recorder, a unique feature of the NHK studio.

“Telemusik” is divided into thirty-two sections, each of which
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commences at the sounding of a Japanese temple instrument. The
six temple instruments used are: Taku (high pitched wood block);
Bokusho (wood block); Mokugyo (Chinese temple block); Rin (high
pitched bell); Keisu (Buddhist metal chime); and four large temple
bells. Stockhausen treated the instruments as large scale structural
determinants, and the pitch of each instrument was associated with
a specific durational range for each respective section. This is illus-
trated in Example 21.

In addition to relating instruments of high pitch to short sec-
tions, Stockhausen proportionately distributed the instruments
among various sections based upon duration (Example 21). The
number of short sections is greater than of long sections, which
balances the total durations of all the sections: the shortest sections
total 177 seconds as compared to the longest section of 144 seconds.
The method of delineating sections by percussive strokes is charac-
teristic of the Japanese Noh drama. This is a further indication of
Stockhausen’s desire to incorporate elements of Oriental culture
into “Telemusik.”

The illustration of intermodulation contained in Example 20 is
basically what Stockhausen employed in “Telemusik.” Modifica-
tions such as filtering and amplitude modulation usually occur be-
tween the two ring modulators, at the input of the first ring mod-
ulator and the output of the second. This configuration is referred
to by Stockhausen as the “Gagaku-Schaltung”; more complex in-
termodulations are derived by ring modulation of the “Gagaku-
Schaltung” with amplitude-modulated sine chords.

As may be expected, double and triple ring modulation produce
extremely dense textures because of the multiplication of frequen-
cies. In fact, the textures become so complex that any resemblance
to the constituent folk melodies is lost. In order to alleviate this
problem Stockhausen separated the output signals from both ring
modulators. As Example 20 shows, the output from the first ring
modulator is simultaneously sent to the second modulator and the

EXAMPLE 21. Karlheinz Stockhausen, ‘“Telemusik”
Duration in seconds|13-14| 21-23 34-37 |55-57|89-91 |144

Instrument Taku | Bokusho|[Mokugyo| Rin |Keisu |Four temple bells
Number of

sections 13 8 5 3 2 1

Pitch High Low

VI SSAEN
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tape recorder so that the sound is continuous. On the other hand,
the second ring modulator’s output is manually controlled 50 that
its appearance is periodic, and is generally at a lower amplitude
level. Additional control of the texture is maintained b\ the use of
filters at appropriate points within this configuration. Since Stock-
hausen was working with a six-track tape recorder, the output
from each ring modulator could be assigned a separate channel
During a performance, the spatial distribution of the loudspeakers,
one for each track, would insure the desired separation bet\\ef‘ﬂ
both ring-modulated segments. The final version of “Telemusik” i
actually for only five tracks; the sixth channel was used solely dl}r-
ing the realization process. Unfortunately, Tokyo is the only city
where “Telemusik” may be heard in its original version, inasmugh
as five tracks are needed for playback. Although much of the spatia
effect is lost on a stereo recording, Stockhausen has made a special
two-channel version of this piece in an attempt to retain that effect
as much as possible. A

Example 22 illustrates an exquisite combination of electroni-
cally generated sounds, time delay, and intermodulation. Two sine
tones were recorded on each of six tracks, the whole rerecorded on
channel V with a time delay of approximately .3 seconds, produc-
ing a reverberated chordal mass. The output of channel V was then
recorded on channels I and IV with a .6-second time delay. Al
three outputs were ring modulated at B and recorded on channel
[II. At the same time, channel V’s output was also ring-modulate_d
at A, amplitude-modulated, and finally recorded on track II. This
section is only thirteen seconds long, beginning at 0:21 in the
composition. Within this short period Stockhausen had many timb-
ral variants at his disposal by simply regulating the amplitudes of
the oscillators and tape recorder.

“Hymnen” (1967), Stockhausen’s next tape composition, was
realized at the WDR. It is a work of epic proportions, prescn'tl)'
comprised of four Regions, and lasting just less than two hours. The
principal sound sources are national anthems from countries thg
world over, which brings “Hymnen” even closer than “Telemusik
to Stockhausen’s goal of a universal music.

Each of the four Regions has two, three or four Centers which
include the national anthems that undergo intermodulatory pro-
cesses similar to those in “Telemusik”. Like its predecessor, “Hym-
nen” is not a collage, for the degree

) of sonorous transformations
extends over a vast continuum.
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EXAMPLE 22. Karlheinz Stockhausen, ‘“Telemusik”

Timbral relationships account for one of the structural plans
Stockhausen formulated for “Hymnen”. Example 23 depicts these
relationships as they occur throughout the first Region. Stock- ]
hausen divided this Region into seven sections: Introduction, first hil
Center, second Center-Antecedent, second Center, second 1
Center-Consequent, Bridge, and Interlude. The progression be- |
tween successive Centers—the “Internationale” (United Nations) |
and the “Marseillaise” (France)—is continuous. To these are added
electronically generated sounds, short-wave receptions, Morse |
code signals, speech, children’s screams, flood sounds, and rolls on
a side drum. The electronic modifications of amplitude modula-
tion, frequency modulation, ring modulation, filtering, and re.v?rb-
eration are freely applied to all of the sound sources. In addition,
the national anthems are frequently fragmented, juxtaposed, or
transposed by a variable speed recorder, which often results in a
superficial resemblance to the tape collages of John Cage or the
intricate splicing pattems characteristic of the early works of the
R.T.F. composers. The national anthems were sung by mixed and
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male choruses, played by a military band and electronically
generated. .

The timbral structure of Region I can be seen in Example Z?,
with the gradual elimination of sound sources providing the' basic
plan. Stockhausen employed a similar technique in one of his firs
compositions, “Kontra Punkte” (1952). Ten instruments were
grouped in pairs based on timbral similarities, and the successive
elimination of each instrument established a structural level..

Each of the sections contained within the first Region is the
result of timbral changes that are smooth because similar sonorous
elements are retained between successive sections. Another aspect
of Stockhausen’s timbral organization is that of density. The initial
sections of Region I generally exhibit thicker textures than the
Interludes. A corresponding relationship also exists between the
Introduction/first Center and the Interlude in terms of their overal
durations, which are long-short.

Additional structural subtleties within the first Region, such a
Stockhausen’s insertion of a gambling casino episode, add to 1ts
dreamlike character. This particular digression occurs periodicall
within the Introduction and first Center, beginning with a croupier
saying “Faites votre jeux messieurs-dames s'il vous plait”. Each
time the croupier speaks, his voice is filtered, and appears to come
from a distance. A few minutes later the croupier speaks again,
followed by a play on the words “red,” “rouge,” “rot,” and “rojo,
treated in a 16th century polyphonic vocal style with a palfado.\'!-
cally medieval melodic contour. The four men’s voices in this
two-minute episode enhance the flashback to the tenth century, fo
they sound like monks performing Gregorian chant. The dream 1
over near the end of the first Center as the croupier announces
“Messieurs-dames, rien ne va plus.” The inclusion of such CI‘)ISOd(’S
makes the piece assume theatrical proportions. Perhaps this is what
Stockhausen was referring to in his program notes for the world
premier of this work: “Hymnen for radio, television, opera, ballet,
recording, concert hall, church, the open air . . .”

Another composition utilizing a wide variety of sound sources s
“Orient-Occident I11” (1968) by Xenakis. This work is a revision of
“Orient-Occident I” (1960), which initially existed in two versions.
The original tape from which a second version for concert perfor-
mance was derived was prepared for a film by Fulchignioni for
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UNESCO. The duration of the latter version was reducgd by a
most half. The sound sources for this group of pieces consist of the
results of a cello bow being drawn across cardboard boxes, metd
rods, and gongs. Electric signals from the ionosphqre were rec:
orded and transposed to produce low roars, high cries, and gls-
sandi, and a transformed excerpt from Xenakis's orchestral work
“Pithoprakta” (1956), played at a slower speed, are glso <?:llp|0}'¢?d~k
Luc Ferrari’s “Presque Rien No. 17 (1970), subtitled Da):brf:elf
on the Beach,” is an environmental piece that utilizes .the klnfi 0
sonorous elements found in John Cage’s work: voices, birds
motors, footsteps, waves, bells, and so on. These sound§ suggest 3
story. The chief difference between Ferrari and Cagt? 1 ﬂ_’C pro-
nounced absence of any electronic or tape modifications in Fer
rari’s composition. . e
“Presque Rien” evolves slowly. The gradual increase in .
number of voices, the sounds of children playing, and auton_wbnf
engines sounds like people arriving at the beach. About midwa)
through the piece, a continuous, noise-like sonorous mass eﬂti”
very softly. It gradually becomes louder, eventually masking the
other environmental sounds. ks
By the mid-1960s composers were devising elaborate networ
for sound modification much like those employed by Stockhausen.
The configuration of equipment used for the realization of Josef
Malovec’s “Orthogenesis” (1966) is shown in Example 24. Ths
work was originally intended for radio broadcast by the CzechQS;
lovak Radio, Bratislava, at whose electronic studio “Orthogenesis
was produced. Electronically generated and modified sounds were
recorded and played back on a special tape machine that contain
four record and four playback heads. The output from each of the
four heads was then individually modified by either filtering or feffd
back networks, after which it was reprocessed via a reverberation

EXAMPLE 24. Jozef Malovec, “Orthogenesis”
1

Electronic Ta 2 Tape
Sounds Rcco’:ser 3 Reverb Recorder l
e S

Filter and
Feedback

Networks
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unit, and recorded. Both the technical processes and Malovec’s
desire to create large structural units by means of small, singular
events reflect Stockhausen’s compositional ideas. These concepts
have come to pervade the works of many composers regardless of
the equipment they use.

Eugeniusz Rudnik’s “Dixi” (1967), realized at the Experimental
Studio of the Polish Radio in Warsaw, is derived from the combina-
tion of oscillator-produced frequencies to form sound-blocks. As
the timbre of these blocks is varied, a three-part formal plan is
revealed, with the last section a transformation of the first. This
transformation is achieved by means of tape and electronic modifi-
cations. The middle, and longest, segment is distinctly delineated
from its neighboring sections by prominent octaves and noise
bands, but the overlapping sections help to conceal the presence of
the classical ABA form.

Timbral transformations occur as a continual process in
Gottfried Michael Koenig's “Terminus II” (1967). An existing
sound structure was subjected to electronic and tape modification
processes in order to produce a variety of timbres, all of which are
interrelated due to their common source. Koenig employed a more
sophisticated method for controlling equipment in his “Funlfﬁon
Grin” (1967). Voltage-controlled sound generators and modifica-
tion devices were operated by a tape containing prerecorded con-
trol signals. Such methods not only provide greater accuracy, but
also free the composer from the need to manipulate the equipment
during the recording process. With the advent of hybrid systems in
1968, the control tape used in “Funktion Grin” could now be re-
placed by computer generated control signals, thereby adding
greater flexibility and precision to this highly automated system.

In New York, Mimaroglu continued his work with instrumental
sounds. His “Prelude No. II” (1967) employed an electronic organ
that was modified by electronic processing devices in much the same
manner as his other preludes. One of the many timbral changes
that occur results in the sound of an electric piano. This is obtained
by applying an appropriate envelope contour to the original organ
sounds. Mimaroglu’s more recent eleven-movement “Music for
Jean Dubuffet's Coucou Bazar” (1973) is purely electronic in its
derivation, aside from the last section, “Bal Des Leurres,” which
was discussed in the first chapter.

As I noted before, one of the prime interests of the composers at
the Columbia-Princeton Center has been either the modification
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or the electronic synthesis of instrumental sounds. Pril Smileys
“Eclipse” (1967) is made up of electronically-produced and prere-
corded percussion sounds, with both sound families undergoing ex-
tensive modifications. Timbre again serves as one of the princip
structural determinants; the majority of the sounds are electron:
cally generated.

The rise of electronic music studios in America was limited to2
few locations, most notably to New York. One of the first studios
Louis and Bebe Barron’s, was in operation as early as 1942. Ak
though it was a private studio, a few other composers such as John
Cage and Christian Wolff used these facilities during the eayl}
1950s. By 1951, Otto Luening and Vladimir Ussachevsky had init-
ated the Columbia University Center, and four years later ?hf
choreographer Alwin Nikolais had set up a studio for the realization
of tapes to accompany his dance company at the Henry Stret
Settlement Playhouse. Bell Telephone Laboratories in New Jersey:
under the direction of Max Mathews, had begun producing tap¢
pieces in 1957. By this time a small number of composers starth to
follow the Barrons” example by establishing private studios in New
York.

Aside from a few efforts on the part of the film industry 1"
California, there was essentially no successful attempt to establish
an electronic studio outside the New York area before 1948, whe?
two important centers arose in the mid-West, and one in Califor-
nia. The composers Gordon Mumma and Robert Ashley set
their private Cooperative Studio for Electronic Music (CSEM)
Ann Arbor, Michigan in 1958, and the University of Illinois Studi®
in Urbana was underway the following year under the direction of
Lejaren Hiller. That same year, 1959, Morton Subotnick a0
Ramon Sender helped to establish the San Francisco Tape Mus¢
Center.

During the early 1960s many American universities began
build electronic music studios. They were frequently maintained by
former fa‘?"lty and graduates from those schools already possessi™
:ECh studios. California has attracted quite a few musicians fro"

e mid-Western studios, including Ken Gaburo, Olly Wilson, aﬂd_
R_oger Reynolds. Gaburo’s tape piece “For H 1rr\-"’ ( 1966) was oneof
his last compositions to be realized atthe U P shois: he B
currently teaching at the Univers; Ry

versity of California at San Dieg
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“For Harry” was dedicated to the American composer and instru-
ment builder Harry Partch. Like most of Gaburo’s tape pieces, “For
Harry” is structured on rhythmic, timbral and pitch relationships.

Olly Wilson, presently teaching at the University of California
at Berkeley, was the winner of the First International Electronic
Music Competition at Dartmouth in 1968. His composition
“Cetus” (1967) derives its structure from the transformation of rela-
tively simple events into those of greater complexity, followed by a
return to the original simplicity. An amplitude-modulated sine
wave provides the basic melodic material, which is subsequently
modified by ring modulation and filtering, resulting in more com-
plex rhythms and timbres. This type of sectionalization based upon
timbral or rhythmic relationships is among the most common ways
of constructing an overall formal plan. It is easily employed regard-
less of the electronic devices used in the realization process.

Pauline Oliveros, a colleague of Ken Gaburo at the University
of California, was initially affiliated with Morton Subotnick and
Ramon Sender at the San Francisco Tape Center two years after its
inception. Although much of her recent work has involved live
electronics and theatre pieces, even her solo tape composition “I of
IV” (1966) could be realized in live performance since it does not
involve any tape editing or splicing. Her use of two tape recorders
for the production of feedback loops and time delays is especially
interesting. Its configuration is shown in Example 25.

Twelve oscillators were connected to a keyboard, amplified and
reverberated. The signal was sent to channel 1 of the first tape
recorder. The output of channel 1 was connected to the input of
channel 2, while the output of channel 2 was sent back to the input
of channel 1, thereby creating a double feedback loop with the first
recorder. The second tape recorder was set in the playback mode
while the recording tape was fed from the first recorder to the
second machine. The two machines were physically separated,

EXAMPLE 25. Pauline Oliveros, “I of IV”
J___‘——j [8 sec. delay]
12 1 1 1

‘ Osc
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producing an approximately eight-second delay between their re-
spective playback heads: 60 inches at 7% ips or 120 inches at 15 ips.
The outputs from channels 1 and 2 of the second recorder were
finally connected to the inputs of channels 1 and 2 on the fist
machine, producing an eight second time delay of the double feed-
back loops. These methods of controlling timbre by regu]ilting.the
resultant density of an initial sound via feedback loops and time
delay have come to be widely used by musicians involved in live
performance. Stockhausen, for example, employed a series of time
delays in conjunction with a live performer in his “Solo” (196).

In San Francisco during the early 1960s, Morton Subotnick and
Ramon Sender began to consult an electrical engineer, Donald
Buchla, about building some electronic equipment. It was just at
this time that Robert Moog was designing equipment for Herbert
Deutsch in Trumansberg, New York. The result of the West cost
experiments was the Buchla Electronic Music System. When St-
botnick temporarily moved to New York in 1966 to develop an In-
termedia Program at New York University, he constructed an elec-
tronic music studio around this synthesizer.

Shortly after his arrival in New York, Subotnick received E
commission from Nonesuch Records to produce an electroni
composition specifically for a record. The result was “Silver Apples
of the Moon,” which he realized entirely on the Buchla system. In
this piece, Subotnick frequently approaches the sounds of conver-
tional instruments in much the same way that Milton Babbitt had
done with the RCA Mark II synthesizer. Subotnick also deals with
melody, harmony, and rhythm in a rather traditional manner, but
because of the sequencer module in the Buchla synthesizer Subot
n1c!< was able to create a variety of rhythmic and melodic patterns
which would have been practically impossible to accurately pro-
duce without the aid of voltage controlled devices.

The sequencer is a control voltage source which may be used 10
r_egulate voltage-controlled oscillators, filters, amplifiers, and the
like. It consists of a number of points, or stages, at which voltages
that have been manually preset are present. When they are act-
vated, these stages run in the order in which they were set. The
speed of the sequence is also manually controlled. After it makes

one complete cycle, it can be Programmed to repeat continuously:

In order to produce a similar effect i g : :
e n a clas: studio,
tape loop containing individy sical electronic

al frequencies would have had 10
have been prepared, a very time-consuming task
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Subotnick’s next work, “The Wild Bull” (1968), was also a com-
mission from Nonesuch Records. The sequencer again plays an
important role, with one very inventive use of it illustrated in
Example 26. A sawtooth oscillator is the sole sound source in this
excerpt. It is connected to an octave filter bank, a filter that extracts
frequencies within a range of successive octaves, such as 100-200
Hz., 200-400 Hz., and so forth. The most valuable aspect of this
device is the inclusion of a separate output for each range, so that
distinct timbral characteristics of any sound may be independently
treated. In this piece, Subotnick selects four different segments of
the harmonic spectrum above the fundamental tone produced by
the source oscillator. These four frequency bands are then sent to a
voltage-controlled mixer which, like the voltage-controlled
amplifier, is turned off unless a voltage source is present. The
amount of voltage applied to the mixer therefore regulates the
amplitude of the audio signals.

Four envelope generators with individual settings for the attack,
steady state, and decay times supply the necessary control voltages
for the mixer. Each envelope generator controls one of the four
frequency bands emitted from the filter bank. The sequencer pro-

EXAMPLE 26. Morton Subotnick, “The Wild Bull”

V.C. Mixer

® J Filter |——-—————- L+ Audio Output
Bank T ¢ £

C.V.

Envelope
1 2 3 | 4 |Generators

c.v.

Sequencer
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duces four voltages which serve as timing pulses to trigger or act-
vate each of the envelope generators. If the speed of the sequence’s
set to its max#num, the four frequency bands appear to begin
simultaneously, but as the sequencer rate is slowed down four indi
vidual attacks can be heard.

The result of this rather complex configuration is a very refined
method for controlling the timbre of the original sawtooth frg-
quency. Since the sawtooth wave is particularly rich in harmoni
content, various segments of the harmonic spectrum may be sepi-
rately controlled by the envelope generators, resulting in numerous
possibilities for complex envelopes.

Although both the Moog and Buchla synthesizers enjoyed equal
popularity among composers during the latter part of the 1960s, i
was the Moog synthesizer that eventually exposed the record-
buying public to electronic music. Walter Carlos, who had been
using the facilities at the Columbia-Princeton Center in 1963, was
responsible for this exposure. His first commercially recorded com-
positions incorporated live performers with prerecorded tape, bt
he had also produced solo tape pieces. In 1966 Carlos set up 4
private studio where he made electronic arrangements of the popu-
lar songs, “What's New, Pussycat?” and “Cherish,” which he co-
pleted in 1967. The following year, Columbia Records released
what has become one of the most overrated albums of the decade,
Walter Carlos’s Switched on Bach. As its title implies, sele_Cffd
works of J. S. Bach have been realized on the Moog synthesizer
The sequel to this album, The Well-Tempered Synthesizer, contains
compositions by Handel, Monteverdi, and Scarlatti, in addition 0
Bach’s Brandenburg Concerto No. 4.

While Carlos’s expert craftmanship in working with the synthe-
sizer cannot be denied, nor his sensitivity toward timbre ignoer-
this does not qualify either album as an example of electronic
music. The implication that these albums were electronic music|
the general public to believe that this was so. In fact, however,
arrangements and musical composition are entirely different
Composition involves a process that usually treats all musical ele
ments, whereas the arranger is almost exclusively restricted
timbral considerations. The variety of ways in which electronic
composers have dealt with these ¢] "

P i i e vl ements stemmed from structur
relationships within individual compositions. It is this continudl
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process, including electronic considerations, that constitutes an
electronic composition.

One of Carlos’s best compositions, “Sonic Sea&nings” (1972),
again employs the Moog synthesizer. It is divided into four move-
ments representing the four seasons, a kind of formal structuring
also found in the works of Henk Badings and Pierre Henry. Carlos’s
ability to realistically synthesize the timbres of musical instruments
isundoubtedly one of the major accomplishments of this piece; for,
like Subotnick, Carlos favors a more traditional approach to the
other elements of melody, harmony and rhythm.

Isao Tomita, a Japanese composer who specializes in music for
television and film, followed in Carlos’s footsteps. His album,
Snowflakes Are Dancing (1974), contains arrangements of Debus-
sy's most popular compositions performed on the Moog synthe-
sizer. Pieces from the “Children’s Corner Suite,” “Suite Bergamas-
que,” “Estampes,” and the first book of “Preludes,” are included in
this album. Tomita’s technical mastery of the equipment has en-
abled him to produce beautiful arrangements of Debussy’s music,
but again, this album does not qualify as electronic music.

Another such attempt has been made by Joseph Byrd, formerly
of the United States of America group. His album, A Christmas Yet
To Come (1975), consists of synthesized arrangements of traditional
carols. The instrumental sonorities realized involve the original
instruments employed in the particular historical periods from
which the carols originate. These sounds are then used as a point of
departure for subsequent timbral variations. Like the arrangements
of Carlos and Tomita, Byrd restricts his modifications to tape de-
lay, equalization, envelope control, and mixing. An equalizer, like
the octave filter bank, is divided into successive frequency ranges,
but the equalizer includes separate amplitude controls for each
range. This permits both attenuation and amplification of selected
frequency ranges. b

These works are in a popular style in which harmopncally com-
plex modulations, or ring modulation, are absent. Entire composi-
tions from earlier periods are reproduced and often subjected
to slight timbral transformation. In contrast to this nondevelop-
mental process, Lou Reed, the former leader of the Velvet Ur_]der-
ground, juxtaposes excerpts from rock and classical music to
produce a formidable degree of distortion through modulation, fil-
tering, and reverberation in his “Metal Machine Music” (1975).

he sonorous content of this composition is reminiscent of
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“HPSCHD” by Cage and the concréte segments of Stockhausen’s
“Telemusik” and “Hymnen”; the resultant modulations possess
such harmoni@®complexity that the record grooves are wider than
usual to vyield a better frequency response.

Brian Eno is another rock star whose work has begun to extC_nd
beyond the boundaries of that medium. Educated in his native
Great Britain, Eno has studied with Christian Wolff, and worked
with Roxy Music, Robert Fripp of Yes, and the former Velvet Un-
derground members Nico and John Cale. His rock music will be
discussed in Chapter 9. :

A sensitive and intel ligent musician, Eno is not concerned with
electronic effects as an end in themselves, but rather as structural
determinants. Automated music is an extension of this idea. As Eno
stated: “. . . I have gravitated towards situations and systems.that.
once set into operation, could create music with little or no inter-
vention on my part.” He applied this principle in his solo tape piece
“Discreet Music” (1975), in which two melodic lines subjected to
equalization, echo, and time delay, are the sole sound sources.
Both melodies are slow and tonal; equalization creates instrumer-
tal sonorities; and the delay line permits textural variety, so that
intervals and chords are produced. Because of its length, half an
hour, “Discreet Music’s” melodically repetitive nature becomes 2
pedal point, like Steve Reich’s “Come Out.” Although there ar¢
some interesting timbral and textural transformations, they also
function as stationary reference points. :

The monotony that could result from these melodic, rhythmic,
timbral, and textural repetitions is offset by an extremely lov
playback volume. In discussing the low amplitude level, Eno
suggests that “Discreet Music” be played softly, “. . . even to thf
extent that it frequently falls below the threshold of audibility
This attitude reflects John Cage’s neo-Dada philosophy. The role
of the composer/performer in this piece is more passive than 1
Eno’s rock realizations, and the nature of the performance ared
directly influences the character of the work: a noisy environment
produces an entirely different effect than does a quiet concert hall
This aspect of “Discreet Music” js beyond compositional control-

Charles Wuorinen is another young composer who has used fhﬁ
Columbia-Princeton studio. His Nonesuch commission “Time’s

student there. In this two-movement work, the composer first de-
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rived his sound materials from the RCA synthesizer, processing
these sounds with a conventional analog synthesizer. Wuorinen
considers the initial section an exposition and the second move-
ment a development of the first. As Babbitt did with the Mark II
synthesizer, Wuorinen developed many instrumental-type timbres,
particularly the keyboardlike sounds of the piano, harpsichord, and
organ. The electronic synthesis of instrumental timbres was one
direction taken by composers working primarily with synthesizers.
The availability of voltage-controlled devices was certainly a de-
termining factor in this, for the computer made it possible due to
the precise control of the harmonic spectrum that it afforded the
composer.

It is not difficult to hear the timbral transformations in
Ussachevsky’s “Computer Piece No. 17 (1968), in which concrete
sources of a gong, an electronic organ and voice are used in combi-
nation with computer-generated sounds. The sound sources were
not modified by the computer, but in an analog studio, and con-
sisted of frequency shifting and reverberation. Frequency shifting is
a simplified version of ring modulation. Rather than producing
both sum and difference tones, a frequency shifter provides a sepa-
rate output for each. The mixture of the sum and difference outputs
results in ring modulation.

The “Computer Piece No. 1” follows a classical three-part for-
mal plan, beginning with sustained sounds of continually changing
timbres. In the second section these sounds are sped up, then fol-
lowed by a brief recapitulation of the initial sustained sounds. The
predictability of the ABA formal scheme is concealed by the inser-
tion of a long silence between the last two sections.

Ussachevsky emploved Max Mathews’s and F. Moore’s
GROOVE program in “Two Sketches for a Computer Piece”
(1971). Most of the sounds were produced on a keyboard connected
to the computer, allowing for the possibility of live performance.
The main purpose of the GROOVE program is to allow a synthe-
sizer to be controlled by a computer. Other sounds were computer
generated by a random function generator which, as its name 1m-
plies, supplies an indeterminate series of electronic signals. Con-
trary to the “Computer Piece No. 17, pitch and rhythmic elements
rather than timbre assume the most important structural functions.

J. K. Randall’s “Quartersines” (1969) was totally realized on a

A AN
Tk S

h
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computer, with the four sections of a sine wave providing a graphic
derivation of pitches. Glissando patterns result from various trans-
formations of a sine wave, shown in Example 27. This idea would
be perfectly suited to the use of the light pencil developed at
Bell Labs in 1968, the X-axis denoting duration and the Y-axis,
frequency.

New Zealander Barry Vercoe is both a computer programmer
and a composer. He is presently director of the Experimental }lusxc
Studio at M.L.T. His computer piece “Synthesism” (1969) s the
product of two methods of dealing with pitch. The first entgx]s the
division of the octave into sixteen equal parts, resulting in four
more pitches per octave than is customary in traditional Westem
music (although this procedure is not a new one). Such a sl'lghl
departure from Western tuning systems is not always easily au.dlble.
particularly in the higher registers, which give the impression of
being “out of tune.”

The second technique involving pitch perception is first 1}sed at
the beginning of “Synthesism,” where bands of filtered noise ar¢
mixed with specific pitches. The process of filtering merely StlggCStS
a frequency range, whereas the degree of pitch perception is de-
pendent upon the amplitude relationships between the noise and
the individual pitches. Even though timbral relationships result
from this process, it is Vercoe’s control of pitch that establishes the
primary structural levels. Amplitude and frequency modulations
must also be viewed from this perspective.

The last composer I will discuss in this chapter is Charles
Dodge, who began to use the computer facilities at Columbia Un-
versity in 1967. Dodge has recently received a grant from the Na-
tional Endowment for the Arts to compose an electronic opera for
radio, utilizing synthetic speech. Additionally, he has been com-
missioned to do an electronic realization of Samuel Beckett’s radio
play “Cascando.” Other composers associated ~with the

EXAMPLE 27. J. K. Randall, “Quartersines”

frequency

duration (a)

(b)
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Columbia-Princeton Center who have recently been recipients of
similar grants include Ussachevsky, Luening, Babbitt, and Arel.

Dodge’s “Changes” (1969) involves such an accurate simulation
of musical instraments that it appears to be instrumental rather
than computer-generated. It is for three instruments—keyboard,
horn or bass, and percussion, and sounds very much like a “free”
jazz improvisation. Subtle timbral changes provide the keyboard
sounds of electric piano, organ and harpsichord. Additional timbres
suggest a large array of percussion instruments as well as an altera-
tion between the sounds of horn and electric bass. All these trans-
formations result primarily from changes in filtering, envelope
contour, and basic waveshape. Varying degrees of rhythmic
complexity contribute to the overall structural design. The absence
of a “solo” increases the authenticity of “Changes” so that it z
sounds like an example of the “avant garde” jazz style of such
musicians as Cecil Taylor and Marion Brown. :

J. K. Randall's “Quartersines” has shown how th.e computer 1is
especially suited for the interpretation of geometric figures; the
shape of a sine wave performed the function of pitch determina-
tion. “Earth’s Magnetic Field” (1970) by Charles Dodge makes use
of the computer in a similar manner by employing graphs of .KP
indices. According to Dodge and Bruce Boller: “The designation
Kp is derived from an abbreviated form of the German.word. for
‘corpuscular.’ ” These depict the average level of magnetic activity
for Earth; in this piece, they determine pitch, register, dynamics,
and tempo. )

Graphs of the Kp indices were developed by ]“1“_‘5 Barte.ls,. o
German geophysicist. Bruce Boller, a solar-terrestrial physicist,
Carl Frederick, a physicist in infra-red astronomy, .and SFephen
Ungar, an astrophysicist, provided Dodge with techmf:al assistance
in the preparation of his graph. The Nonesuch recording for wblch
this piece was commissioned contains two different interpretations
of the 1961 Kp indices, one on each side of the album. Thc.: first
ndex was segmented to produce a diatonic succession of pitches
over a four octave range, in a monophonic presentation. .Dodge
avoided a rather dull interpretation of the graph by varyng the
wave forms of the pitches, assigning envelopes of diverse charac-
teristics to each pitch, and applying reverberation. The last two
Procedures contribute to a polyphonic texture resulting from the
overlapping envelopes and reverberation times.

The second side of the album is polyphonic, the standard twelve

3;!“. AN o
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divisions per octave replacing the previous diatonic o::gamzahm

“Sudden commencements,” or rapid changes of Earth's magnet
: : : o

field, provide another interpretation of the Kp indices.

In two decades, tape composition techniques have bm.ﬁ-
tended from basic tape recorder manipulations to include sophist-
cated computer sound generation and voltage-controlled synthe:
sizers. Because there have been so many technical advances, it s
easy to lose track of the specific compositional aesthetics of elec-
tronic composers. By 1953, with the establishment of the Colpgnf
Studio, the basic sonorous elements and modification techniques
employed in electronic music had been realized. Shortly thereafter,
the Italian studio at Milan was founded. France, Germany, 3'?d
Italy formed a nucleus about which electronic music revolved in
Western Europe.

The R.T.F. studio in Paris has exerted the greatest inﬂuqnw -
the works of Ussachevsky and Luening at the Columbia Unl"efs’r-‘]
Studio. In 1955, Americans made the first substantial technica
contributions to electronic music. The first departure from fﬁ
European electronic tradition was the RCA synthesizer, followe
by the application of computer technology to electronic comP"z"
tion at Bell Telephone Laboratories in New Jersey. By the mll-
1960’s the appearance of the Buchla and Moog synthesizers farmly
established the usefulness of control voltage applications in ths
medium. The convenience of synthesizers has exerted an enor
mous influence upon the practice of electronic music in Amen_Cfl;
The compact physical design, as well as the synthesizer’s relative
ease of operation, has stimulated many individuals and universities
to establish electronic studios. d

There are many advantages in working with a voltage controlle
synthesizer, especially those of speed and automation. On th‘;
other hand, it is often difficult to maintain a precise control 0
sonorous elements without using volt meters and frequency coun-
ters. A composer working with vol tage-controlled equipment often
tends to rely on his ear rather than to follow a predetermined plan
specifying exact envelope characteristics, filter frequencies, ampl-
tude levels, and so on.

The RCA Mark I1 synthesizer offers 4 solution to this problem
by providing an accurate means of controlling these functions.
Since there is only one in existence, however, the basic problem
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remains. Computers offer a more practical solution, particularly the

hybrid systems that maintain precision while allowing for the pro-

cessing of external sources.
Discography

AITKIN, ROBERT
“Noesis,” Folk.
FMS—33436
AREL, BULENT
“Electronic Music No. 1,”
Son—Nova 3

—_—

“Music for a Sacred Service,”

Son—Nova 3

——

“Stereo Electronic Music No.

1, Col. MS—6566
BABBITT, MILTON
“Composition for
Synthesizer,” Col.
MS—6566

—

“Ensembles for
Synthesizer,” Col.
MS—7051

BapiNGs, HENK

“Evolutions,”  Epic
BC—1118

“Genese,” Epic
BC—1118

Berio, Luciano

“Momenti,” Lime.

LS—86047
BoucourecHLIEY, ANDRE:

“Texte II,” BAM
LD—071

BYRD, JOSEPH
A Christmas Yet To Come,
Takoma C—1046

CAGE, JOHN
“Fontana Mix,” Turn.
TV—34046S

“Williams Mix,” Avakian
(@4 |
CARLOS, WALTER
“Sonic Seasonings,” Col.

KG—31234

Switched On Bach, Col.
MS—7194

The Well-Tempered
Synthesizer, Col.
MS—7286

CARSON, PHILIPPE
“Turmac,” BAM
LD—072

CzAJKOWSKI, MICHAEL
“people the Sky,” Van.
C—10069

DAVIDOVSKY, MARIO "
“Electronic Study No. 1,
Col. MS—6566

«Flectronic Study No. 2,”
Son—Nova 3
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“Electronic Study No. 3,”
Turn. TV—S—34487
DOCKSTADER, T'OD
“Eight Electronic Pieces,”
Folk. FM—3434
DODGE, CHARLES
“Changes,” None.

71245

“Earth’s Magnetic Field.”
None. 71250
DUFRENE, FRANCOIS AND JEAN
BARONNET
“U47,” Lime.
EIMERT, HERBERT
Elektronische Musik.,
Wergo WER 60006
ENO, BRIAN
“Discreet Music,”
Obscure 3
FERRARI, Luc
“Etude aux accidents,”

BAM LD—070

LS—86047

“Etude aux sons tendus,”

BAM LD—070

“Presque Rien No. 1,”
DGG—2543004

BAM

“Tautologos I,”

LD—072

“Tautologos I1,” BAM

LD—071

“Téte et queue du dragon,”
Can. 31025

Music For Soo Tax

“Visage V,” Lime.

L.S—86047
GABURO, KENNETH S
“Exit Music I: The Wasting of
Lucrecetzia,” None.
71199

“For Harry,” Hel.

HS—25047

Hel.

“Lemon Drops,”
HS—25047
HENRY, PIERRE
“Antiphonie,”

DUC-9

DUC-9

“Astrologie,”

“Entité,” Lime.
LS—86048

“La Reine Verte,” Philips

6332 015

“Le Voyage,” Lime.

LS—86049

puc—?

“Tam-Tam IV,”

“Variations on a Door and 3
Sigh,” Philips
836—898 DSY

KAGEL, MAURICIO

“Transicion 1,”

L.S—86048
KOENIG, GOTTFRIED MICHAEL
“Funktion Grun,”

DG—137001

Lime.
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“Terminus I1,”
DG—137001

Le CaiNg, HUGH
“Dripsody,”  Folk.
FMS—33436
LEWIN-RICHTER, ANDRES
“Electronic Study No. 1,”
Turmn. TV—34004S
LIGETI, GYORGY

“Artikulation,” Lime.
LS—86048

LUENING, OTTO AND VLADIMIR
USSACHEVSKY
“Suite from King Lear,”
CRI—112
MACHE, FRANGOIS-BERNARD
“Terre de feu,” BAM
LD—072 and Can.
31025
MADERNA, BRUNO
“Continuo,” Lime.
LS—86047
MaLkc, Ivo
“Dahovi,” Can. 31025

—

“Reflets,” BAM LD—072
MaLOVEC, JozZEF
“Orthogenesis,” Turn.
34301
MAXFIELD, RICHARD
“Night Music,” Odys.
32160 160
MIMAROGLU, TLHAN
“Agony,” Turn.
—34046S
“Bowery Bum,” Turn.

TV—34004S

“Intermezzo,” Turn.
TV—34004S

“Music for Jean Dubuffet’s
Coucou Bazar,” Finn.
SR—9003

“Prelude No. II,” Turn.
34177

“Prelude No. XI,” Turn.
34177

MummA, GORDON
“Music for the Venezia Space
Theatre,” Adv.
FGR—5
OLIVEROS, PAULINE
“l of 1IV,” QOdys.
32160160
PuiLippOT, MICHEL
“Ambiance I,” BAM
L.D—070

“Etude I,” DUC—9

“Etude III,” Can. 31025

PONGRACZ, Z.OLTAN
“Phonothese,”
DG—137011

PousSEUR, HENRI
“Seambi,” Lime.
1L.S—86048

PowgLL, MEL
“Flectronic Setting 1,”
Son—Nova 3

“Second Electronic
Setting,” CRI S—227

J aasicaissseiinihila s RRTVINETE
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RAAIMAKERS, Dick
“Contrasts,” Epic
BC—1118

RANDALL, J. K.
“Quartersines,”
71245

None.

“Quartet in Paris,” None.

71245
REED, Lou
“Metal Machine Music,”
RCA CLP2—1101

RIEHN, RAINER

“Gesang de Maldoror,”
DG—137011

Ross, J. D.
“Collage,” Folk.
FMS—33436
RUDIN, ANDREW
“Tragoedia,”
71198
RUDNIK, EUGENIUSZ
“Dixi,” Turn. 34301

SAHL, MICHAEL
“Tropes on the Salve
Regina,” Lyr.

LLST—7210
SALA, OSKAR
“Five Improvisations,”
West. 18962
SAUGUET, HENRI
“Aspect Sentimental,”
BAM LD—070
SCHAEFFER, MYRON
“Danse R 4 + C e
FMS—33436
SCHAEFFER, PIERRE
“Etude aux allures,”

None.

Folk.

BAM

Music ror Sowo Tux

LD—070 and Philips
6521 021

“Etude aux
casseroles,” DUC—S and

Philips 6521 021

“Etude aux chemins de .fg'r."
DUC—8 and Philips
6521 021

“Etude aux sons animés,”
BAM LD—070 and
Philips 6521 021

“Etude aux tourniquets..'.'
DUC—8 and Philips
6521 021

SCHAEFFER, PIERRE AND
PIERRE HENRY .
“L’Oiseau RAIL,” DUC—
SMILEY, PRIL

“Eclipse,” Turn.

TV—34301

2—CRI—268

“Kalyosa,”
STEPHEN, VAL
“Fireworks,” Folk.

FMS—33436

“The Orgasmic Opus,”
Folk. FMS—33436
STOCKHAUSEN, KARLHEINZ
“Hymnen,”
2—DG—2707039

“Kontakte” (tape version),
DGG—138811
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“Studie I,” DGG—16133 “Piece for Tape Recorder,”
TN CRI—112
“Studie I1,” e
- DGG—16133 “Two Sketches for a
» O Computer Piece,”
Telemusik,” DG—137012 2—CRI—268
SUBOTNICK, MORTON
“4 Butterflies,” Col. “Wireless Fantasy,”
M—-32741 CRI—227
_ VARESE, EDGARD
“Sidewinder,” Co. “Poeme Electronique,”
M—30683 Col. MS—6146
— VERCOE, BARRY g
“Silver Apples of the “Synthesism,” None. :
Moon,” None. 71174 71245
S WALTER, ARNOLD, HARVEY
“Touch,” Col. MS—7316 OLNICK AND MYRON
SCHAEFFER
. . “Summer Idyl,” Folk.
T_;llezt)\gld Bull,” None. FMS—33436
Tamms WiLsoN, OLLy
Yt N Toru “Cetus,” Turn. 34301
\qcsl_l;;l;:* B WUORINEN, CHARLES
| Al “Time’s Encomium,” -
..Lu‘;':i’;ﬁ,[m None. 71225 7
Tow e, Varese 81001 ywpyus, TANNIS #
MITA, ISAO “Bohor I,” None. 71246
Snowflakes Are Dancing,
RCA ARL 1—0488 “Concret P-H 11,”  None.
Us“s.«cmzvsnr, VLADIMIR 71246
Computer Piece No. 1,”
2—CRI—268 “Diamorphoses,” BAM
e, L.D—070
“Experi »
. None. 71246
\
“Metamorphosis,” “Orient-Occident I11,”

None. 71246




CHAPTER THREE

MUSIC FROM VOCAL,
ELECTRONIC, AND OTHER
CONCRETE SOURCES

THE WAY IN WHICH A COMPOSER formally organizes a tape piece 5
often dependent upon his choice of basic sonorous materials. I
these are predominantly electronic in origin, or if they pl'OC“cd
from “noise” sounds, it is likely that the structural design of the
composition will be based primarily upon the perceptibility for the
listener of particular elements and events like timbral transform
ti_ons and motivic repetitions. The compositions treated in the pr¢
vious chapter displayed these characteristics.

On the other hand, once the voice is included as a sound sourct;
entirely different structural possibilities arise, as has been demor
strated in the first chapter discussion of works totally derived from
the voice. The composer had the option of treating the voice solel
as another timbral source, as Henry did in “Vocalise”; of relying o
the meaning of the text, as in Philippot’s “Ambiance 117; or 0
working within a continuum encompassing meaning and pur
vocal sounds, as in Berio’s “Thema” and Reich’s “Come Out.” Thi
chapter will examine the situations that arise when both vocal and
non-vocal sound sources are used

“Symphoni? pour un homme seul” (1950) was the product of th_c
ﬁmt.collaboratlon between Schaeffer and Henry at the RTF
studio. It occupies a central position am :

4 ong the pieces produced at
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the R.T.F. for several reasons. After realizing relatively short études
for over a year, Schaeffer attempted to organize a work of major
proportions, the “Symphonie” being the second such attempt. Its
predecessor, a five movement “Suite pour 14 instruments,” was the
first piece to exceed a duration of twenty minutes. The “Sym-
phonie” contains eleven movements with individual durations of
between one and three minutes. It was the first musique concréte
piece to be choreographed by Maurice Béjart and Jean Laurent,
and was performed at the Théatre de I'Etoile in 1955.

An extremely wide range of vocal sounds including speech,
whistling, humming, shouting, laughter, and various types of
breathing, was employed. In the eighth movement, “Apostrophe,”
the word “absolument” undergoes complete fragmentation fol-
lowed by its reconstruction, a process which was to be evoked a few
years later by Stockhausen in his “Gesang der Jiinglinge”. It also
demonstrates the use of voiced timbral changes like those used in
Hfmry’s later composition “Vocalise”. Similarly, the fourth section,
“Erptica," contains breathing sequences and bursts of laughter,
anticipating Berio’s “Visage” by more than a decade.

These vocal materials were used in conjunction with prere-
corded excerpts of orchestral music, percussion instruments, and
prepared piano, in addition to the sounds of footsteps, knocking,
f“d pops. At times a Cageian collage results, while at other times

Symphonie” appears to be a slowly evolving environmental piece
that can be interpreted as the sonorous representation of one man’s
actions. Within this existential atmosphere brilliant flourishes, erra-
tic thythms played on the strings of the piano, the South Amgrican

ine thythmic pattern, footsteps, and all of the aforementioned
vocal sounds coexist, providing close motivic connections through-
out the entire composition. Most of the tape techniques employed
are transposition and editing. “Symphonie” is far removed from

Schaeffer’s “noise” études, for the techniques are no longer an end
i themselves.

The first collaboration between Luening and Ussachevsk}j, “In-
cantation” (1952), appeared immediately after the completion of
their individual tape pieces derived from flute and piano ‘sounds. In
ome respects this later piece resembles the “Symphonie pour un
omme seul,” especially in the use of a textless vocal part, conven-
tional musical instraments, and frequent tape transposition. The
Mstrumental sources were wind instruments and bells, usually ac-
Companied by the addition of much reverberation similar to Luen-
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ing's earlier flute pieces. Like Ussachevsky's and Luening’s initiz
tape compositions, “Incantation” contains many passages that are
played by the instruments and subsequently transformed by tape
transpositions. Continual changes of speed result in glmando pat-
terns, while amplitude modulation and reverberation coqtnbute to
the general unintelligibility of the vocal part, which is derived from
a male chorus.

An elaborate structural relation between literary text gnd .elefl
tronic sounds exists in Stockhausen’s “Gesang der )gnghnge
(1956), for which the “Apocrypha” to the Book of Daniel Sﬂw
as a basic text. Realized before “Kontakte” but after “Studie ”h
“Gesang der Jiinglinge” reveals an additive approach in de_almg\ﬂf‘
the basic sonorous elements, much like that employed in _the t“_‘?
other pieces. “Gesang der Jiinglinge,” however, applies ths
process to the carefully chosen text. ;

Since Stockhausen employed a biblical source he was dealxng
with general knowledge. Therefore, the reversal of word ordering
would not necessarily destroy the original meaning because llstel\';
ers would automatically focus their attention upon the content 0!
the word. This enabled the composer to recompose the text acco™
ing to preestablished compositional determinants without sacrific
ing the fundamental message of the text. The late nineteenth o
tury French poet Mallarmé had been the first to experiment \ntx:
syntax by changing the logical word orderings within his poems- }f
referred to this process as transposition. Stockhausen and _B"”“
were among the first electronic composers to utilize this techniq™®

Two levels of organization are operative within the test
sphere; they are based on timbre and speech. The formulatio” 3
relations among vowels and consonants was probably influence |
Stockhausen’s study of acoustics and phonetics with Wer™
Meyer-Eppler at Bonn University. Stockhausen established the 1
lowing timbre scales: vowels-consonants, dark vowels (u-Ig
vowels (i), and dark consonants (ch)-light consonants (s). Helr
holtz had already carried out extensive
Stockhausen's prgcedures reflect the physicist’s results. l’lCllllllQlf7
established the pitch of vowels by using tuning forks, determin’”

u” as a lower frcq_uency than “i.” This corresponds to Stoch
hausen’s vowel continuum. :

The speech continuum of

experiments with vov®

Gesang” displays various degrees'
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textmal comprehensibility which stem from Stockhausen’s work
with Meyer-Eppler in the area of information theory. Extremes of
the speech continuum are defined by the syntactical and timbral
treatment of words, the latter achieved by the division of individual
words into syllables and phonemes. This degenerative process is
followed either by the rearrangement of the constituent elements
or by the insertion of foreign sonorous elements into the syllables
and phonemes. Example 28 illustrates some of the possibilities af-
forded by this technique.
Both “Blitze” and “Scharen” occur in the text. The former can
be divided into two syllables with electronic sounds inserted be- |
tween them. “Scharen” is also comprised of two syllables, but the
first, “scha,” can be further subdivided into the unvoiced “Sc” and
the aspirate “ha” sounds, resulting in three individual elements
whose ordering can then be rearranged to produce synthetic words.
Electronically generated sounds could also be employed to separate
“Scharen” into three segments. The duration of these foreign
sounds affects the comprehensibility of the word: a rather long elec-
tronic segment may destroy the connection between the syllables,
thereby producing the illusion of two or more separate words.
Another method of deriving new words that is characteristic of
the German language is simply to connect two or more words to
form a longer word. By so doing Stockhausen was able to exercise
even greater control over the syntax of the original text, for. he
could join words of diverse meanings resulting in word conr_lectlons
that did not appear in the “Apocrypha.” Stockhausen has given the
following examples of this technique: “Sehneewind” (snowwind),
“Eisghut” (iceheat), and “Feuerreif” (firefrost).
g Finally, Stockhausen established a direct correlation between

 SLEY

. EXAMPLE 28. Karlheinz Stockhausen, “Gesang der

Jiinglinge”

: Blitze —— Blit ze — Blit__(electronic sounds)._.ze
: Sc —_— —— Screnha

e o A T haScren
V renScha
- harenSc

renhaSc

]
) Sc_(electronic sounds)_ha_{electronic sounds)_ren

Blitze = Lighting

Scharen = Hosts
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vocal and electronically produced sounds. Vowels were represented
by sine tones, consonants by noise bands, and plosives by impulses.
Plosives are phonemes that possess a sudden attack and reach
amplitude peak. In addition, these families of sound could b
intermingled to produce more complex relationships. This proce
dure is similar to Ligeti’'s method of determining linguistic functions
by means of various sized noise bands in his tape piect
“Artikulation.”

By treating speech as pure sound and electronic sounds
speech, Stockhausen’s basic sonorous elements not only becamt
totally interchangeable, but timbre and textual Comprehens}bll}‘}
served as functions of one another. In terms of structural sign'
cance, the composite elements were active determinants of the
formal organization. This accounts for Stockhausen’s need for ven
accurate means of controlling the basic sonorous materials, and for
this reason, Stockhausen always defines his sound sources and p
cesses of transformation prior to the actual realization of a comp”
sition. He begins with a single sonorous event from which an enfir
composition will follow. In order to facilitate further study of th_“
piece a sketch of the recorded performance has been included 9
Example 29, including intelligible textual excerpts and appro¥
mate timings

The same year that Stockhausen completed “Gesang qﬂ
Jiinglinge,” Otto Luening finished his “Theatre Piece No. 2"_‘ 19%
for tape, piano, soprano, narrator, percussion, and wind inst
ments. This was the first composition since 1952 that Luening ha
not realized in collaboration with Ussachevsky. Although t
“Theatre Piece” has not been commercially recorded in its entlreb;
the opening of the work, “In the Beginning,” illustrates yet anothe
method of treating the voice in the tape medium. :

“In the Beginning” is for solo tape comprised of electronicall
produced sounds, instramental sounds with tape manipulation®
a‘nd a textless soprano voice that is not subjected to any transform®
tions. Luening’s use of the voice revolved around timbral conside”
ations not only because of the absence of a text, but also becals
the voice appears only during the last third of the piece, articulating

a major structural division at its entry. The opening is characteriz
b.y slow successions of sustained sounds with some motivic repet’
tions. The vocal part is made up of long, ﬂo“,ihg melodies remin®



IS R T T

Music from Vocal, Electronic, and Other Concrete Sources 91 |
0:00 2:47
Preiset den Herrn Preiset den Herrn, Sonne und
ihr Scharen alle des Herrn Mond—preiset den Herrn,
Werke des Himmels Sterne.
ihn aller Regen und Tau
und den Herrn
uber preiset
alles alle Winde
440 5:15 6:40
Preiset Feurer und Sommers Regens Fall
lut—preiset den Frost und Eis

errn, kalte und
starrer Winter.

7:38 8:28 [ |
Preiset den Herrn, Reif Preiset
und Schnee-preiset Licht und Dunkel
Nachte und Tage Herrn
uber alles

Frost und Eis
ihr Scharen alle

EXAMPLE 29. Karlheinz Stockhausen, “Gesang der
Jinglinge”

cent of Luening’s flute pieces from the early 1950s, for it incorpo-
rates traditional musical elements such as tonal centers, triadic
formations, and scale passages.

Three extracts from Romuald Vandelle’s “Crucifixion” (1960),
realized at the R.T.F., also reflect a preference for instrumenta'! 2
! sounds in combination with voice. As in “Gesang der Jiinglinge, g
‘ the voice serves both as a vehicle for meaningless speech and' as a
! source of additional timbres. Each of the three sections contains a
Latin phrase, each one clearly articulated only once. Subsequent
vocal appearances are treated as functions of timbre.

“Trois visages de Liege” (1961) by Henri Pousseur is a three
movement work of which only the last two sections employ the
voice. The text is a selection of poems by the late Jean Séaux. Their
:ather clear presentation makes them comprehensible. Sectl‘on_l,

Lair et 'eau,” is the product of heavily modulated electronic sig-

nals, filtered noise bands, and many glissandi. Ring modulation
dccounts for bell and gong sounds, a method of processing that
ocaurs in each of the movements in order to provide a timbral
onnection among them.
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The second section, “Voix de la ville,” is derived from thf.' VOICE,
electronic sounds, and a pizzicato chord. It begins with the
amplitude modulation of this chord, followed by ring-modulated
sonorities and glissandi from the first movement. The voice is s
apart from the electronic and concréte sounds by the addnhon of
reverberation; the poems retain their intelligibility despite over-
dubbings in the form of tape loops and collage techniques.

“Forges,” the final movement, contains a predominance 0
modulated organ-like sounds; the voice is again reverberated. The
poems are comprehensible even though they are sometimes treated
in a collage style. The main function of the voice is not oriented
toward timbral transformations; but structural links among the
three movements are based upon timbral relationships among the
electronic sounds. The most obvious sound is that of ring modul-
tion. Glissandi patterns are also easily discernible although their
presence is not as frequent as the ring modulated sonorities. Re-
verberation and elementary tape manipulations of the voice pr-
vide a high level of timbral unification between the two final
movements.

As early as 1950, Schaeffer and Henry made use of vocal sounds
such as breathing and laughter in the “Symphonie pour un hommeé
seul.” Although actual speech was not employed, meaning coul
still be gleaned from the non-speech sounds. For example-
“Erotica” successfully conveys the feeling of sexuality that its title
implies without recourse to explicit words.

This primitive aspect of language is recognized and used by aﬂ
cultures. It was with this feature that Berio was concerned iI} his
composition “Visage” (1961), realized at the RAI studio in Milan.
The sound sources include voice, filtered noise bands, and 05?“'
lators frequently subjected to amplitude, frequency, and 1ng
modulation.

Berio began by constructing a language based upon phonemes
A E, O, U, D, G, K, R, S, and T combined to form syllables like
SA, DA, DE, STA, DT, ST, and KER. These syllables were joined
together to form meaningless words, and successions of words were
used to produce nonsense speech. In addition to these linguistic
elements’ individual appearances, Berio employed the vocal inflec-
tions of crying, laughing, breathing, and screaming. Only one ac-
tual word appears; it is “parole,” which means “words” in Italian.
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With such a large, meaningless vocabulary at his disposal, Berio
was able to portray the gamut of human emotions including pain,
joy, sorrow, sexual desire, and indifference.

The formal organization of “Visage” consists of an exposition
followed by four variations, as depicted in Example 30. The state-
ment of the words “parole” or “parol” articulate the division be-
tween the exposition and the first three variations. The third and
fourth variations are separated by an increasing density of texture

EXAMPLE 30. Luciano Berio, “Visage”

0:00 0:09 3:10 3:29

syllables, inflections cry—laugh “PAROLE”
s 5:45 5:50 5:54 !
nonsense speech “PAROL” laugh “PAROL”
6:04 7:19
syllables, inflections, laugh, wail— cry AH

<>

7:30 8:39 8:55 9:08
speech, inflections, laugh cry laugh speech
926 944 9:52 10:00
laugh “PAROLE” speech, laugh inflections, laugh
1005 10:17 10:37 10:42 10:50 4

inflections  inflections laugh inflections inflections

11:00 11:25 11:33 11:40 11:59
inflections  inflections  inflections inflections speech

12:30 13:07 14:43
inflections, speech Duet—sTrio
[E, OH, AHI
1509 15:36 15:50 20:20
Vocal Solo + Speech— Vocal Solo — Chorus
[E, AH, OH, UJ [AH OHI
<> R

| e e e R T T
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achieved by overdubbing the voice to produce duet, trio, and
choral segments. Whereas the oscillator sounds occur throughout
the composition, only the exposition and variations 11 and I1I con-
tain the filtered noise bands, so that their absence reinforqes the
sectional divisions on a purely timbral basis. This secondary timbral
structure is in turn supported by the individual durations of each
section; the exposition and first three variations last between two
and a half and three and a half minutes. Variation IV, hf)\\‘t‘\ﬂ‘
goes on for seven minutes, twice that of any of the preceding sec-
tions. This longer duration reinforces the increasingly dense tex
tures that appear in the last variation. The complex net\\'(v)rkg Qf
structural relationships are therefore based primarily upon linguss-
tic elements, accompanied by the secondary structural levels of
timbre, density, and duration.

In contrast to Berio’s process of developing a new language, the
Egyptian composer Halim El-Dabh used the ancient Arabic ode
“Majnum Leiyla” as the basis for the text of “Leiyla and the Poct
(1961). Two characters, a madman and a poet, try to convinc
Leiyla to follow two opposing paths. The sound sources employed
in this piece include the two men’s voices, an oscillator, and ex-
cerpts of mid-Eastern music performed on flute, percussion, an
string instruments. As in “Visage,” the prime structural level in-
volves the text, with the poet’s voice differentiated from that of t_h“
madman through the addition of reverberation. This distinctio?
between the two characters also exists in the text, for the vocal)l.llil'
ries and verb tenses used by the madman and the poet are distinct
from one another.

The madman’s text contains eight references to himself, usu.all}
in the form of the possessive adjective “my,” accompanied by C‘_ght
references to Leiyla. This provides an equal balance between him-
self and Leiyla. The text of the poet, however, contains fifteen
references to himself, all involving the word “my,” and thirty-thre¢
allusions to Leiyla. Eleven of these are statements of her name
while the others are more poetic descriptions such as love, light,
sight, desires, heart, and woman. The poet’s text is not as self-
centered as the madman’s, nor are his feelings toward Leiyla &
possessive.

The verbs in the madman’s text, “shall succumb” and “wil
love,” also support his possessiveness, whereas the poet always
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speaks in the present tense, employing only the verbs “free” and
“love.” Both texts begin with the statement of Leiyla’s name. The
madman ends with the phrase “my Leiyla,” while the poet con-
cludes by alluding to Leiyla as “a vision there yonder,” putting her
out of his reach. The self-centered and possessive character of the
madman is epitomized by the manner in which he speaks Leiyla’s
name; an ominous glissando is inserted between the two syllables,
as LeiyAla.

El-Dabh incorporated this basic structure within a large, sec-
tional formal plan as outlined in Example 31. The oscillator is
present throughout most of the piece, but the statements of the
nitial oscillator melody are reserved for the beginning and conclu-
sion. With the exception of the initial and final sections, mid-
Eastern instruments also appear throughout the composition, pro-
d“Ci."g simple thematic and timbral relationships among the nine
sections.

The first entrance of the madman and the poet (0: 18) contains
unintelligible speech, a characteristic later applied predominantely
tothemadman. The madman also appears more frequently than the
poet; this too emphasizes his possessive nature. Structurally, the
entire composition revolves around the contrasting of two charac-
ters, chiefly on a linguistic level. Although sound sources other thgn
the voice appear throughout the entire work, they do little to rein-
force the vocal structure, but serve more to embellish the main
material. The only exception to this is the reliance upon the 95011-
lator melody to signify the beginning and end of the composition.

Not all composers dealing with the voice became involved with
linguage and levels of comprehensibility, but the use of these ?16-
Ments as compositional determinants has become increasxr_lgl'y m-
portant in many recent tape compositions. Nonetheless, 1t 15 pot
Surprising to find Bernard Parmegiani’s “Danse” (1962) reflecting
the vocal techniques and modifications of the earlier French com-
posers like Pierre Henry. Parmegiani began working at the R.T.F.
n 1959, after having spent five years as a television sound engineer.
Most of his works are for television and film, his later compositions
involving the combination of jazz ensembles with prerecordefi
tapes. “Danse” employs a textless voice modified by tape transpost-

tion ang filtering, accompanied by sounds from conventional in-
Struments,
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Mel Powell’s “Events” (1963), for three prerecorded voices and
electronic sounds, is another example of a composition based upon
aliterary text; in this case, Hart Crane’s poem “Legend.” “Events”
was one of the first works realized at the Yale University Electronic
Studio which Powell had established the previous year.

In dealing with Crane’s poem Powell did not dissect individual
words as Stockhausen had done in “Gesang der Jiinglinge.” He did
change the ordering of the words, however, placing them out of
their original context, thereby producing new meanings and a
novel interpretation of “Legend.” Powell followed to some extent
the progression of verses as they occur in the poem, but he em-
phasized the following words by frequent repetitions: “realities
punge,” “silence,” “kisses,” “twice,” “perfect cry,” “relentless
caper,” “legend,” and “silent,” which is the concluding sound. %
These words often appear out of their original context, so that the
overall effect is that of a collage. Reverberation is usually applied to
the voices, causing the individual words to overlap. Overdubbing
the vocal parts produces the sound of a massive crowd, and a total
loss of intelligibility results.

In“Legend,” there is a close relationship between the vocal and
electronic sounds. Sometimes it takes the form of a dialogue be-
tween the two sources; at others, the filtered, reverberated oscil!’ator
frequencies assume a quasi-vocal character. Whereas “Thema” re-
volves primarily around timbral relationships based on the passage

om Joyce, “Events” derives its structural plan from semantic

elationships. i ,
S?m"tics is of prime importance in Herbert B'n'in.’s “Futility 4
%4,” produced at the University of Illinois. Briin did his first work pat

inthe electronic medium at the Cologne Studio from 1956 to 1958.
¢ moved from there to the newer studio at Munich, and finally
dccepted a position at the University of Illinois in 1963. .

_ Aprerecorded voice reading the composer’s poem, 1S combmgd
vith electronic sounds. Since textual comprehension was a major
concemn, Briin did not juxtapose electronic sounds with the recita-
on of the poem. Instead, he alternated each line of text with
clectronic segments. The composer thereby established two struc-
ural levels based upon the linguistic structure of the poem and the
fecurring electronic motives. The isolation of both sound sources
' sured textual intelligibility, which permitted slight vocal modifi-

Cations. The addition of reverberation to the voice not only pro-
Vided a timbral link with the electronic sounds, many of which were

| e oo i radn NN ey T
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reverberated, but also allowed the final vocal fragments to overlap
with the beginning of the electronic segments, producing a con-
tinuous texture.

A text concerned with the “futility” of verbally explaining the
meaning of the accompanying electronic sounds dictat.ed th{
choice of a dual structural plan in John Cage’s “Indeterminacy.
The text for this piece consists of Zen parables and personal anec-
dotes. “Futility 1964” combines two entities, a poem and an elec
tronic composition. Their interaction, although not as extensive &
Stockhausen’s method of intermodulation, produces a higher de-
gree of intelligibility than does intermodulation. Even though both
procedures result in widely differentiated levels of complexity, ?hf
trend during the 1960s was to explore possibilities of interaction
among sonorous elements.

The influence of Henry and Luening is again evident in \OC
alise” (1964) by the Israeli composer Tzvi Avni. He realized this
piece at the Columbia-Princeton Center, and also worked at the
electronic studio at the University of Toronto during that same
year. “Vocalise” not only shares the same title as Henry’s compos-
tion from 1952, but both pieces were derived from a textless voice
articulating the syllable “ah.” Luening’s influence can be found in
Avni’s preference for long melodic vocal lines. Since there is no test
Avni’s piece is centered around timbral relationships that result
from the combination of vocal and electronic sounds. A timbral
continuum is established between these two sound sources so that
the application of filtering, modulation, and reverberation to_thC
electronic sounds result in varying degrees of vocal simulation-
Reverberation is the only electronic modification used in the voict
part, but a choral effect is achieved by multiple overdubs of the SOlf’
voice. Both the electronic and vocal parts contain motivic repet-
tions, a unifying technique frequently employed by composers a
the Columbia Studio. »

J. K. Randall's “Mudgett: Monologues by a Mass Murderer
(1965) was the first computer composition realized at Princeton
University in conjunction with the Columbia-Princeton Center. In
addition to computer-generated sounds with their accompanying
transformations, a prerecorded voice free from any electronic mod-
ifications is employed. Juxtaposition of the vocal parts is the only
vocal alteration. At times, this contributes to a mild collage effect.
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Only the first two movements of “Mudgett” have been com-
pleted, “Electronic Prelude,” and “Toronto.” The first one contains
only computer generated sounds. Randall refers to the text as a
“Collage of literary documents unconnected with the events which
they have been compounded to narrate . . .” Herman Webster
Mudgett was in fact a mass murderer whose real name was Dr. H.
H. Holmes. He was executed in 1896.

The vocal part of “Toronto” contains long melodic lines, and
when a second voice is superposed, it is differentiated from the
previous voice by the combined use of speaking and singing: one
voice speaks while the other sings. The character of the vocal parts
creates an Expressionistic atmosphere reminiscent of Arnold
Schoenberg’s music in the 1930s. The treatment of the voice and
electronic sounds is unexpectedly traditional, with the computer
accompanying the vocal materials. This accompaniment not only
assumes a periodic rhythmic design, but the resultant chordal com-
binations are sometimes quite tonal, and reflect the harmonic vo-
cabulary of the early twentieth century. The computer actually
(hplicates the pitches of the voice to create an even closer relation-
ship between those two parts.

_ Kenneth Gaburo incorporated jazz elements in some of his tape
pieces realized at the University of Illinois. “Lemon Drops” is one
such_ example. Another is “Exit Music II: Fat Millie’s Lament’
(193). Both these pieces were completed in the same year. The use
of voice in the latter work is strongly suggestive of the rhythmic
patterns resulting from Steve Reich’s employment of tape loops
and phasing techniques in “Come Out.” Gaburo initiated two sepa-
fate thythmic parts in “Fat Millie’s Lament.” One pattern was
dep\'ed from percussive and bell sounds, the other from a textless
‘oice, sometimes transformed by tape transposition. The rhyth-
Mic patterns reflect African and Latin jazz influences. They
comprise the first part of the composition, and periodically undergo
subtle rhythmic changes. ! '

One of the most striking features of this piece which lmf_“edl_
ately attracts the listener’s attention is the relatively low amplitude
o the rhythmic patterns. Since the rhythmic variations are very
slight, the very quiet entrance of an unaltered excerpt from Morgan

owell’s big band composition “Odomtn,” comes as d SUr.pr:lsfe.
Cradually the big band sound completely masks the initial

Jiiki
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rhythmic sequences which retain their low dynamic level; but even-
tually “Odomtn” disappears. As the jazz excerpt fades out the
rhythmic patterns regain their audibility, finally giving way to s-
lence and the conclusion of the composition.

The structural organization of “Fat Millie’s Lament” is primar-
ily based upon continual repetitions of rhythmic ideas contrasted
against a melodic fragment. Concurrent with this plan is the pre
vailing low amplitude level, disrupted during the jazz band se
ment, which establishes a high degree of correspondence between
these two formal frameworks. Aside from Steve Reich’s “Come
Out,” this piece is one of the few pieces to employ the voice as 2
source of rhythmic ideas rather than to establish timbral or seman-
tic relationships.

Mimaroglhi undertook to set a poem by the Turkish poet Orhan
Veli Kanik in his “Prélude No. XII” (1967), which he realized at the
Columbia Studio in New York. Electronic and transformed piano
sounds occur throughout the composition, frequently creating
some ambiguity as to the identity of the source due to subtle timbral
modifications. A reverberated voice reciting Kanik’s poem appears
near the conclusion of the prélude, accompanied by concreéte and
electronic sounds. Any structure revolving around timbral relation-
ships would seemingly be restricted to nonvocal sources, whereas
the function of the voice is to read the text. Since the poem is read
in Turkish, however, the listener who does not understand that
language will probably be more aware of the sonorous qualities of
the text. Although this does not necessarily indicate that the con-
poser formulated the prélude’s structure on this premise, a knowl-
nge of Turkish would certainly provoke a different response froma
listener so that the question of semantics as opposed to the pur¢
sonorous quality of individual words arises here. The textual portion
of Mimaroglu’s prelude appears to share the same function &
speech in Berio’s “Visage.” In the latter composition speech cannot
convey specific meanings because of its synthetic construction; the
results are the same, although for another reason, in Mimaroght’s
piece.
~ Luigi Nono, in “Contrappunto dialettico alla Mente” (1968),
Incorporates elements found in earlier works of Stockhausen and
Beno.‘ The voices of four women and one man are combined with
concrete and electronic sounds, while tape transformations and
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mixing contribute to the degree of speech comprehension, and
changes of texture. Vocal elements interspersed with electronic
sonorities yield additional speech permutations like those found in
Stockhausen’s “Gesang”; white noise, for instance, appears in con-
unction with aspirate speech sounds. The voice is further extended
by the use of laughter and other nonspeech elements. This reflects
some of the methods Berio used in “Visage.”

“Hymn of Creation” (1969) by Ralph Swickard demonstrates a
novel method of establishing a direct correlation between the voice
and electronic sounds. Electronic devices have been invented that
convert the frequency and amplitude of an analog sound to corre-
. spondent control voltages. These devices are commonly referred to
as frequency followers and envelope followers. Swickard applied
these processes to the voice; the resultant control voltages operated
voltage-controlled oscillators and filters. The entire composition
was realized on the Moog synthesizer.

The narrator’s text was derived from a hymn contained in the
Rigveda, an ancient Indian religious manuscript. Vocal inodlﬁca-
tions include reverberation, ring modulation, tape delay, and jux-
taposition of textual segments. The text remains comprehensible
despite a multitude of transformations, although new word mean-
mgs do proceed from textual fragmentation and superposition.

A gradual dissolution of textual comprehension takes place in
Alice Shield’s “The Transformation of Ani” (1970), also composed
at the Columbia-Princeton Center. The voice, accompanied by
deﬂronically generated sounds, undergoes the complete range of
Modifications including transposition, reverberation, 1ing modula-
tion, and filtering. The text consists of an excerpt from the Fgyp-
tian Book of the Dead. This piece is constructed on the prln::‘lp]C of
sectionalization, with the divisions articulated by alternating the
text with electronic and greatly modified vocal sounds.'

“The Transformation of Ani” begins with modified vocal
sounds, followed by a reverberated recitation of a textual segment
that is entirely cor{lprehensible and devoid of extraneous sounds.
5 subsequent appearances, however, mark an increasing verbal

dgmentation, and a greater emphasis on the techplques of ’t;ge
tran.Sp(’SiﬁO", juxtaposition, and the use of electronic sounds. tlf
text’s third and final entry displays the piece’s most complex voca
textures, accompanied by many unintelligible textual passages. In
Pite of the piece’s gradual progression toward incomprehe"gblht{’
*mantics and timbre are treated separately. The former obviously




102 Music For Soro Tare

. A LW 18 - . . 8]
is associated with the literary excerpts, while th.c gmph;m; or)t;docto
transformations resulting in timbral dlﬁcrcnt.xatlons is lmlt
those sections not involved with the transmission of the text.

This concludes our survey of solo tape compositions. Of pam(;l:
lar significance is the number of pieces that employ elthCTllf’l(
human voice or musical instruments as sonorous sources, Whicl
indicates the existence of a sense of tradition among Compo“'%
The rise of musique concréte and electronic musi(‘—forctshad()f\t)
by Russolo, Varese, and Cage—was the result of a growing a}\tlfl'
ness of all types of sounds. Although new techniques of .sou;\
modification extended composers’ vocabularies tr.cnwndln_uﬂy-l
many could only proceed very cautiously due to .thmr tmd"‘lg?{-‘\
musical training. It was not coincidental that Pierre Schaeffer
1948 noise études were produced by a recording engineer. A

The use of musical instruments or voice, provided the P"‘r'f“’
point of departure in composers’ search for new S()lll.]ds. Sm@
scientific method has shown that experimentation with 'FF]()\‘tE:
quantities will eventually lead to the unknown, it is not surprlsm'g]:'v
find new music following such a rational approach. hnll;}tift
sounds provided the basis for the work done at the two ca(r)_ltlf
centers of tape composition, Paris (1948) and New \.()rk '_{ ’}".
When the Cologne studio was permanently established in 1953, f]“‘
time for purely electronically generated sounds had comc..\(‘t"‘ ]IL-
most important composer to emerge from the German studm.. l\d\f ;
heinz Stockhausen, had received his initial exposure to this Hf“‘
medium at the R.T.F. The processes of additive synthesis he ul_lc
ployed in his early studies were derived from the simplest electron!
signal, the sine wave. "

Even though a great deal of emphasis has been placed on tljt
kinds of sound sources employed in a composition, it is their r¢ d'_
tion to one another that poses the first significant problem for thl(
composer, for it is from these considerations that a structure W1
evolve. Timbre has assumed an increasingly important role within
the electronic medium, and the search for new timbres has oft}‘"
resulted in an unusual treatment of melody and rhythm. The voice
is probably the most volatile sound source because of its wide range
of applications and structural possibilities. Phonetics, syntax ;md
semantics have all been employed as structural determinants i
tape compositions. When combined with electronic or other con-
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créte sources, comple i i .
e %:1?“ s levgll?f Lit;;oizzltlig);.are frequently established on
e tol({;:alt }l]nachme for use _wi_thin the electronic medium may
A e ct())mpu?er. This is the belief of many composers,
ity ]e " stantial reasons to support their position. The
facturersgté (())i\f&er cost of electromc parts has enabled a few manu-
e degdcgl?\puters in the form of kits. The speed and
g y computers would be advantageous in both
mﬁlmputer gm(i);?l?\ce. Finally, most universities already pos-
& no?::t(?;; c?.uul)ln’]ent employ.ed in the realization of a work
gt : tl}Ca y guarantee its success or failure, but does
by ey ‘:e co}:nposers approacl) to the organization of
k. Organinti in the §0lo tape medium, the possibilities of
available sour{d on are quite varied because of the wide range of
Rsoccis, 16 sources and the many ways of controlling and
e Occsedsounds. Pgrt 11 will include the additional or-
Bt slao; procedures rgsultmg from the presence of a live per-
ying or singing in conjunction with a prcrccordcd tape.

Discography
.‘\\'\‘]‘ ",
“\’oga]f{\;; ke A LUENING, OTTO
340045’ Tun. TV “In the Beginning,”
Be 2-CRI 268
h}\l?, Luciano L UENING, OTTO AND VLADIMIR
;Sage. e TV USSACHEVSKY
10468 “Incantation,” Desto
6466

BRrON, HERBERT
“Futility 1964,
Hel. HS—25047
EL“-D{\BH, HaLv
Leiyla and the Poet,”

MIMAROGLU, ILHAN
“Prelude No. XI1,” Turn.
TV 341778

NonNo, LuiGl
“Contrappunto dialettico alla

Co
N L MS 6566 Mente,” DCG 2543006
ABURO, KENNETH

PARMEGIANI, BERNARD

E&t Music II: Fat Millie’s
ment,” None. 71199

“PDanse,” Can. CE
31025
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POUSSEUR, HENRI
“Trois visages de Liege,”
Col. MS 7051
PoweLL, MEL
“Events,” CRI—S227
RANDALL, J. K.

“Mudgett: Monologues by a
Mass Murderer,” None.
71245

SCHAEFFER, PIERRE AND
PIERRE HENRY

“Symphonie pour un homme

seul,” DUC—9
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SHIELDS, ALICE
“The Transformation of
Ani,” 2—CRI 268

STOCKHAUSEN, KARLHEINZ
“Gesang der Jiinglinge,
DG 138811 SLPM

SWICKARD, RALPH
“Hymn of Creation,
Orion 7021

VANDELLE, ROMUALD
“Crucifixion” (extracts),
BAM LD—071
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CHAPTER FOUR
MUSIC FOR VOICE AND TAPE

COMPOSITIONS THAT INVOLVE a live vocalist necessarily dictate struc-
tural relations different from those encountered in the preceding
Chapters. Electronic modification of the voice is impossible in this
medium. The composer is therefore limited to two manners of
textual treatment. The first is to follow the text as written, so that
the semantics and syntax remain intact. The second involves either
the dissolution of individual words into syllables and phonemes or
the rearrangement of word orderings. Compared to compositions
that employ recorded voice, both procedures establish various

vels of meaning that offer a limited range of textual
transformations.
r—The first compositions combining performers and electronic
'ape were written for conventional instruments. Edgard Varese,
¥ho began to experiment with this idea in 1949, was one of the first -
0 tealize a composition, “Déserts,” in this medium. During the "
€arly 1950's works by Badings, Varése, Luening, and Ussachevsky
Apeared, all incorporating instruments with tape. By the following

tcade this new form of composition had been adopted by many

Composers, but it was not until 1958 that the voice received such
attention,

John Cage produced the “Aria with Fontana Mix” in 1958 at ths
Al S,t“dio in Milan. Completed the same year as Berio’s “Th?r.na,
3¢S piece results from the juxtaposition of two composnhoq&
Atia” and “Fontana Mix.” The latter work has been d‘l‘sctl_SS”Cd "c]l
©second chapter. Indeterminacy pervades both the “Ana” an

the tape collage; its text consists of words, syllables, vowels, 31?)7
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consonants from five languages: English, French, Italian, Arme-
nian, and Russian. In addition, the vocalist is required to produce
nonmusical sounds such as finger snaps and pops.

=== Cage did not want the text to be intelligible, and it is unllkel)
that anyone could sufficiently understand the five languages. Sl‘fﬂbl;
larly, in “Vocalism Ai” of Toru Takemitsu, the Japanese word “al
contains the same diphthong also found in Romance al}d'_Cﬁ'
manic languages. The degree of semantic confusion in “Ana’ var
ies for the individual listener, so that each one can supply his 0¥
structural relations. This unique condition stems from Cages
preoccupation with the indeterminate procedures that permeate al
aspects of the “Aria.”

In the “Aria,” Cage denoted ten different singing styles by var-
ous colors. The choice of styles is left to the discretion of thf? per-
former, so that the results are unpredictable, or indetermina®
Pitch and duration are graphically represented, but no d)’ﬂam’c
indications are given. The “Fontana Mix” tape plays without infe
ruption; the voice enters at approximate temporal intervals that ar¢
based upon a visual interpretation of the score.

Even though Cage employed a variety of languages as an obsta-
cle to comprehension, all of them are contemporary. In COI}MSL
Ussachevsky, in “Creation: Prologue” (1961), superposed Latin an
Akkadian, the language of Babylon. He chose these languages
order to suggest an early civilization which symbolizes creation of
the world. Ussachevsky was not concerned with semantics, a0
achieved a dramatic effect with the text, which he reinforced by the
use of white noise at the beginning and conclusion of the compos
tion. Slowly rising and falling envelope contours applied to the
noise produce the impression of the sea and of creation. :

Aside from a few programmatic electronic sounds, the rema™
der of the tape displays Ussachevsky’s predilection for instrument?
timbres. Silence is also incorporated to accentuate an a capP‘“"a_
choral style reminiscent of liturgical music from the Middle Ages
and Renaissance. Many of the tape entries occur as periodic pun®
tuations to enhance the overall dramatic effect maintained by th¢
text.

Textual treatment in these works of Cage and Ussachevsky ¥
similar to that found in compositions employing electr®
mechanical modifications to recorded vocal materials. The mos!
obvious manifestation of this phenomenon is an emphasis up”
timbre rather than meaning. Milton Babbitt’s “Vision and Prayef
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(191), based on the poem by Dylan Thomas, contains a more
conventional use of the voice. The text is not permutated, and its
comprehensibility is maintained throughout the entire composi-
tion.
Dylan Thomas wrote “Vision and Prayer” in 1944 as part of his
fourth book of verse, Death and Entrances, which was published
two years later. It is a religious poem in two sections; one deals with
physical birth, the other with spiritual birth. The most striking
feature of the poem is its syllabic structure, which is presented in a
format that foreshadows the concréte poetry that would appear in
ﬂ_le next two decades. Each line of “Vision” is characterized by
tither the addition or the elimination of one syllable, which pro-
duced diamond and pyramid forms. The first section, “Vision”,
contains six verses of sixteen or seventeen lines each. The individ-
il verses begin and end with monosyllabic words, while the inter-
vening lines progressively increase in length by one syllable until a
maximum of eight, nine or ten syllables is reached. At this point
the process is reversed: the length of each line is progressively re-
duced by one syllable. “Prayer”, the second half of the poem, in-
Corporates the reverse procedure, so that the longest lines appear at
the bF‘ginning and end of each verse.
Literary critics have ascribed two meanings to the diamond and
Pyramid shapes of the stanzas; both interpretations ar¢ supported
¥ the content of the poem. The religious nature of “Vision and
ayer,” in which the geometric forms are considered to be repre-
“tations of a Communion cup or the Holy Grail, represents the -
tof these. The second is a secular interpretation of the sh'apc.s 1
'whmh depend upon the syllabic controls within each verse. This 'S
terpretation considers the linear expansions and contractions to
analogous to those of a woman in labor.
¢ abbitt’s piece adheres to the syllabic structure of the poem on
e¢ levels: phrase length, tempo, and duration of ver'ses.'The
"ost obvious parallel between the poem and the composition 1s the
“nformity of the vocal part to the linear divisions within eacl'l
ki n]z . These divisions are articulated by musical phrasc(.; ohf Vaf)c:
. 8 lengths. The vocal writing is necessarily syllabic, and the su
“sive lines of the poem are delineated by rests.
o €xtual contractions and expansions also determin¢ the t;:mﬁ(:
y dl_"atlon structures, both of which are organized within ¢ ea} )
Mablished limits. Babbitt employs the following tempo scale to the

Warter note: MM J = 60, 75, 76, 80, 95, 100, 120, 125, 160 and
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180. The durations of verses fall within a similar continuum deﬁncfé
in seconds: 108, 78, 77, 66, 65, 58, 57, 56, 50, 48 and 47. Example 3
illustrates the distribution of verses within these continua. e

A tendency to organize stanzas into small groups of similar
character is ilinncdizltcl_\' apparent to the score readc“r. 8“‘:{’“‘*.
thirds of the composition is treated in this manner. From t %\_‘1“!\
ganization it is evident that the slow tempo l_narkmgs are gc“‘“‘ihc
associated with longer sections (verses 1, 2, 5 and 12), \\hcrca\.} g
faster tempo markings usually result in shorter sections (verses®. %
9 and 10). o

“Vision and Prayer” gradually proceeds from th(-'sc 510“_-’ ‘ni
sections to the quick, short sections, and C()l]CllldCS. with a rijiP‘th(
lation of the piece’s initial characteristics. Babbitt prcsel’\tSMf
undulating nature of the poem by distributing the \'crscs‘(‘)l_llEa
sequence within the tempo and duration continua, thus cﬁ'cct{lf,e“
disjunct rather than smooth progression along these scalt:S.- e
carefully chosen vocal styles intensify this movement. ‘Ihc hf\\
verse is spoken and the second is dominated by Sprecht*‘t”""";_l‘l;ﬂ
traditional singing style is subsequently employed until the tl
verse, in which Sprechstimme and speech are the sole 'clcmcn.s.v

The electronic sounds assume an instrumental quality rt'm‘”“r
cent of Babbitt’s earlier tape pieces. Rhythmic motives also rect
The piece’s characteristic expansion and contraction is C"h"m.crti
by their restriction to a few verses. Quick tremolos in the th} 1-
fourth, seventh and ninth verses illustrate this motivic rt’P?““”; "
Furthermore, these stanzas are related because they C()nllpm",]t.}“,
longest (verse 3) and the shortest (verses 4 and 9) sections. ]:
composer’s treatment of rhythmic motives as functions of d'umf;ot-
enables him to extend the limits of the structural relationships
exist in the initial organizational plan.

EXAMPLE 32. Milton Babbitt, “Vision and Prayer”

180
Tempo (M.M. d )]60 75|76 |80 |95 | 100 | 120 | 125 |1°?o 1
erse L1218 1217 .}3 je |4 |9 )&

50-47
4,8,9,10

Duration (sec.) 108 78-77 66-65 58-56
Verse 3 1,12 2,5

6,7, 11
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In the early 1960s, the electronic studio at the University of
fllinois acquired a reputation as one of the most important studios
in America. A wide range of interests—including Hiller’s concen-
tration upon computer applications and Kenneth Gaburo’s in-
volvement with phonetics and language—coexisted at the Urbana
studio. “Antiphony 111" for chorus and tape (1962), in which vocal
and electronic sounds appear on the tape was among Ga buro’s initial
electronic compositions to be realized at Illinois. Consequently,
Gaburo emerged as one of the first American cOmMpOSETs to follow
the vocal tradition established by Stockhausen and Berio during the
late 1950s. “Antiphony III”, derived from a poem by Virginia
Hommel, employs vocal transformations that are reminiscent of
“Gesang der Jiinglinge,” “Thema” and “Visage.” The word order-
ings are changed and the words themselves reduced to phonemes,
0 that the sounds vacillate between meaning and nonsense. Tape
transposition and reverberation are applied to the prerecorded
voice, so that further emphasis is placed on vocal timbres. A

The vocal part consists of speaking, whispering and singing.
Some of the more obvious phonetic reductions are: peal(rl), whi(te),
t(t), s(pe)c(k)s, sal(t), (s)al(t), a(gain), t(ime), (be)tw(een), t(wo),
stlill), ch(ill) and ’t(il). The portions of the words enclosed in par-
entheses are not articulated; rather, they indicate the words fr(‘)‘nyl'
which the phonemes are derived. The frequent occurrence of
and " results in additional phonetic relations: s(€)t, s(peck)s, s(al)t
and (be)t{ween). The isolation of “s” (specks) and “t” (time, two,

tween), in conjunction with their combination (still, salt, set),
establishes timbral associations similar to those found in “Thema .

Gaburo applies these relations to electronic sounds by appropr-
ately modifying noise sources. The “s” is obtained by filtering white
noise, whereas modified and filtered noise with sharp attack charac-
teristics produce the “t” sound. Noise formants assocnflted_ \Ylth
Plearl) and white) are derived from electronic sources 1n similar
ashions. Analogous procedures were employed in “Gesang der
{‘mg}i“ge" in order to establish timbral connections between the
0cal and electronic sources. :
- Leiarm Hiller, in collaboration with Robert Baker 3t the Uni-
versity of Illinois, combined computer with voice in the “Computer

ntata” (1963). The “Cantata,” Hiller’s first major computer pn.ece
after the “lliac Suite” (1957), employed the machine for the deriva-
ton of musical elements: pitch, duration, amplitude and timbre.
Although Hiller had used similar procedures in the “Illiac Suite, 1

\\.——“\J
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some sections of the “Cantata,” he used the computer as an add:
tional sound source.

The “Cantata” is in five main movements or strophes. Each o
the first two strophes is preceded by a “prolog,” and the last twoar
followed by an “epilog.” Strophe III, the central section ofths
composition, is accompanied by both a “prolog” and an “epilog
to form a classical arch structure of eleven sections. The appear
ance of the voice is restricted to the five strophes. The text is base
on computer generated sequences of English phonemes. Wood
wind, brass, string, and percussion instruments, as well as the elec
tronic Theremin or Ondes Martenot, are used periodical
throughout the piece. The tape consists of three categories of elec
tronic sounds: (a) sine, square, and sawtooth waves, (b) white apd
filtered noise, and (c) computer generated sounds. Such 3.“1‘
variety of sound sources can produce many timbral differentiations

Since a computer may be programmed to compose, that i, t0
determine pitch, duration, and so on, a knowledge of mathematis
and logic operations is essential for the execution of such programs.
Information theory and probability distribution are two valuable
compositional tools for a composer who wishes to realize thes
processes. The choice of a multitude of timbral sources in th
“Cantata” reflects a fundamental concept of information theory: &
structural ordering increases the amount of information decreases
In the present example, timbre represents information. Repetition
of timbral combinations, or 4 high level of structural ordering

results in a decrease of information. By employing a variety o
sound sources, Hiller and Baker were able to control the amount
information disseminated to the audience. Information theory ma
be applied to any musical element, including pitch, duration and
amplitude.

Probability distribution, frequently used by Xenakis, derives

from mathematical formulae that determine the number of times

an event should theoretically occur within a given time period.

,”H.i]ler and Baker structured the el¢
A’ in the arch form. The composen
bility distri bution of pitches derived




Music for Voice and Tape 113

from an excerpt of Charles Ives’ “Three Places In New England.”
[n the “Prolog” to Strophe I and the “Epilog” to Strophe V Hiller
and Baker—continuing to draw upon preexisting compositions as
sources of organizational procedures—employed durational scales
like those found in Oliver Messiaen’s “Modes de Valeurs et d'Inten-
stés” (1948). A progression of note durations was obtained by in-
crementing successive degrees of the duration scale by one six-

teenth note, e.g., ﬁ, ﬁ, J’.,J, J_ﬁ, J., etc., or by one-third of a

rsrsrs

triplet, e.g., 'D. J, J and S. Organization of the “Prolog” to
Strophe II and the “Epilog” to Strophe IV was based upon the
compositional processes used by Pierre Boulez in “Structures for
Two Pianos” (1952), which is a totally serialized work. Computer
generated sounds, whose frequencies are obtained from equal-
tempered tuning systems of nine to fifteen pitches per octave, ‘
constitute the sonorous material of the “Prolog” and “Epilog” to |
Strophe I11. The pitch durations are essentially the same as those of |
the other “Prologs” and “Epilogs.” Example 33 illustrates the com- |
Plete arch form of the “Cantata.”

The phonemic structure of its text resembles the vocal part of
Berio’s “Visage,” for both pieces create a unique language. Al-
t.hough it is acceptable to construct a synthetic language to be used ‘
i atext, the composer who wishes to do so must possess a thorough
knowledge of phonetics. Since he seldom does, the most common |
procedure among composers is to use a traditional text which can
then be syntactically transformed. ot

Charles Hamm, a former colleague of Hiller’s at the UmveTsltY 3
?f [linois, utilized “Canto XLIX” of Ezra Pound for his piece
Canto” (1963). Completed the same year as the “Computer

nta,” “Canto” includes tape and soprano, speaker, flute,
clarinet, saxophone, prepared piano and percussion. The classical
arch form, although it is only implied in the structure of the poem,
govemns the formal organization of the work. y 3

€ most striking feature of the poem is the inclusxpn of a series

.Ch‘“ese words near the end. Pound had been interested in
b inese culture since 1909, so the appearance of these’elements in
5 “Canto XLIX” (1948) is not surprising. In Hamm’s piece, the

Nese segment is treated as the pivotal point of the stmctural
@nization, The arch form is articulated by alternating the
Phrases of the poem between the speaker and the singer throughout
"5t of the first stanza. This is followed by the increased juxtaposi-




MusiC FOR PERFORMERS AND Tast

JLejue) vindwo)),, ‘oNeq 12qoy pue B[ WIE] ¢¢ TTINVX

uarIssa 210/
ISSIN| DWOA | Zanog | MdIOA | Jandwo) | 0A | 1yndwo)) | dOA | zajnog DIOA | UdrISSAN]

aydong mr_m»w_:m ay m.:m E} F_,_.:
0} 03 0} 1l L:. ;

| I
m:m_c.:m mxmo:m

A Al
3opidy mzmo:m 8opdy m;mobm Sopdg aydoxng Sojoag m:nﬂ.:m xAE : 2

_ _

o[04 | aydonyg | Sojoug




r’-—ﬁ

Music for Voice and Tave 115

fion of the vocalists, which culminartes in dense textures at the
Chinese section. A return to the initial format in the final stanzas |
completes the arch form.

With the exception of the opening and closing verses, the com-
poser freely rearranges the sequence both of words and of phrases,
wometimes superposing textual elements to such an extent that all
ntelligibility is lost. The Chinese segment is a collage, and addi-
tional emphasis on the words is supplied by their appearance on
the prerecorded tape. In spite of these textual modifications, much
of the poem is comprehensible. The voices usually predominate,
and the instruments are treated as accompaniment.

In 19%3-4, Milton Babbitt produced “Philomel” for voice
ad tape on which he included speech and electronic sounds.
“Philomel” is derived from a poem by John Hollander. Since the
poet conceived of the work in “musical” terms, he included in it the
%eratic elements of recitative and aria. In addition, Hollander
employed alliterative and onomatopoetic techniques which i
ulted in a sonorous similarity between “Philomel” and Berio’s

ema”. The following are examples of these procedures, taken

om the beginning of the poem: Eeee . . . , Feee . . . , Feee
++ | true trees . . . true tears . . . trees tear . . . Tereus; feel
++ . flaments . | . feeling . . . felony . . . Philomels.

The performer delivers the text in a traditional manner. Bal?‘blﬁ

"omorates singing, speaking and Sprechstimme as he did in “Vi-

% and Prayer,” and the poem again remains intact and com-

Pehensible, The tape contains a commentary on the text,'and a

reconCd voice supplies textual fragments that are occaswnal!y '

modlﬁled by tape transposition, echo, overdubbing and electronic “
ation,

. These electronic sounds typify Babbitt’s use of the RCA synthe-

‘2. they are instrumental in nature, and generally mCOl’POWtS

Piecise pitches. Non-pitched percussive (drum-like) and filtere

?0& sounds appear when the emphasis of the poem 15 01 despair,

Mot and the errors of the Gods. Other electronic sounds (string-,

"00dwind-, and brass-like) assume the role of an orchestral

“companiment,

Ashe did in “Vision and Prayer,” Babbitt closely adheres to tl}:e
Ml organization of Hollander’s “philomel.” The poem ?ut o
“enter of attention while, as previously noted, the taped voice func-
S22 commentary. The myth of Philomel is of Greek origin,
d the relationship between performer and prerecorded solo voice
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reflects one element of ancient Greek drama. Another ingredientof
Greek drama is recitative, here treated by Babbitt as Sprechstimme
and normal speech.

Kenneth Gaburo, in “Antiphony IV” (1967), also combines live
and taped voice. Additional electronic sounds are recorded on tap,
and piccolo, bass trombone and string bass extend the nor
electronic timbral resources. As in “Antiphony I11,” Gaburo de
with language on a phonemic level: he groups phonemes according
to their characteristic sounds. Relationships are established amoi
phonemes and pitch, amplitude, duration and timbre to reves
sonorous and technical similarities with the vocal compositions ¢
Stockhausen and Berio. Differentiation between live and faped
sounds is accomplished by physically separating them within the
performance area.

Compositional controls applied to basic linguistic elemer®
characterize many electronic pieces produced during the I%JS
However, Hiller did not use these techniques in his theatre pic
“An Avalanche” (1968). The piece is based on a text by Fré
Parman, and includes a pitchman (speaker), prima donna, playe
piano, percussionist and a prerecorded tape of quotations fron
Henry Miller, Frank Lloyd Wright, Frank Parman, John C?S‘_
Louis Aragon (Dada Manifesto) and Lenin. “Avalanche” is divide
into three sections; the first and last function as introduction (“Ge
ting Ready For It”) and reprise (“Cleaning Up The Mess’).

Individual structural schemes are applied to the four Perfm
mance parts and the tape, but the organization of tempi serves
foundation upon which all the structural levels are built. The m&
part of “Avalanche”, section two, is subdivided into twelve thirt
second segments characterized by gradual acceleration at the ral

of MM. J=12, ice., J=60, 72, 84. . . . 192 In the peraus®
part, _for example, the metronomic changes correspond 0
stylistic changes: from slow rock to slow blues, slow fox-trot, ¢
Fha, medium fOX-fI‘Ot, b()SSa nova, medium rock polka. medillr
jazz, thumba, fast rock, and fast jazz. ’

The part of the prima donna contains two structures. First, &
modulation by ascending half-steps at the beginning of each of th
t»}\;elve sesctlons reinforces the underlying pattern of tem?
sce ca:)r:]gdes. Second, a succession of ten arias, each lasting thirty*

S, 15 superposed on the tempo structure. Each aria 1s
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neated by an individual singing style, in the same procedure em-
ployed by John Cage in “Aria.”

Formal organization increases in complexity throughout the
player piano part, where thematic content, amplitude, and density
are treated as functions of duration. Unlike the previously estab-
lished twelve-division tempo scale of the percussion part, the player
piano score is composed of eighteen sections, each one twenty |
seconds long. The piano plays nine autonomous melodic lines that
are polyphonically treated, so that successive melodic entrances
produce corresponding increases in density. Intervals of entry are
eqxally spaced at forty seconds; that is, they occur in two of the
tighteen sections. The first piano line, played throughout the entire
piece, therefore contains eighteen twenty second segments. The
second melodic line enters forty seconds later and contains only
sivteen segments. Each successive line contains two segments less
than its predecessor, which results in a uniform increase of density

Om one to nine parts.

Melodic fragments extracted from standard symphonic litera-

ture are randomly distributed among the twenty second segments.
milarly, the amplitude is changed every twenty seconds. The
1 durational ordering of small sections within the piano part regulates
thematic occurrences, amplitude and density. '

~ The prerecorded tape of spoken excerpts enters at one minute
ntervals, but the entries are not synchronized with the periodic
thanges of tempo that occur every thirty seconds within the per-
'- Qssion part. The tape first appears at 0:20, and the subsequent
a enitres are at 1: 20, 2: 20, 3: 20, 4: 20 and 5: 20. Individual durations

, 0f the taped excerpts are not subject to any compositional controls s
t obviously must be less than one minute long. BTG
| The text of the pitchman opens with statements concerning the

(“l_hlra] explosion and mixed media, which are seen as products of
cio-economic changes within American Society. He speaks of
| = “average,” civic minded American who actively supports the
ection of Urban Centers as a means of eliminating shum areas.
¢ Civic Theatre, where these new concepts will replace the ¢ ld
Aistic standards, is the immediate result of these activit‘_cs'.,c .
catres are subsequently referred to as “New Art factories. The
: “eral government's resistance to the cultural explosion 15 the
@lalyst for the American Cultural Revolution. ; . ;
The structural organization of “Avalanche” is ‘d.CP'Ct"'d )
Xample 34, It is truly polyphonic, and the multiplicity of texts
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suggests the thirteenth century motet, in which two texts, Latin
and French, were often juxtaposed. Further distinction between
the texts was achieved by the use of contrasting subject matter,
religious and secular. A polyphonic texture was maintained by re-
lating the two vocal lines to a third, instrumental part. In addition
to coexistence of two distinct vocal melodies, languages and textual
materials, the texts were frequently arranged so that selected words
from one text were associated with those in the contrasting text to
vield new meanings. Due to the dual nature of the subject matter,
the new word associations were often comical or satirical, which
was an effect that the composer intentionally created.

Similar correspondences appear in “Avalanche”: multiplicity of
texts, four languages (English, French, Italian and German), con-
trasting subject matter, structural relations between the textual
parts and percussion based upon tempo changes, and new, unex-
pected word associations. Some of the resultant interrelationships
between the texts of the pitchman, prima donna and prerecorded
eicerpts are shown in Example 35.

The theatrical proportions of “Avalanche” are common to
many pieces, not necessarily electronic, which were composed
f'°m the mid 1960's onward. Although not all these pieces are
mtended as commentaries on contemporary society, they are

EXAMPLE 35. Lejaren Hiller, “An Avalanche”

Pitchman Prima Donna Prerecorded Tape
e s
look this way mine eyes
i
American tradition Hallelujah "~

acoustical controls God, King of Kings

federal & state funds ha-ha-ha-ha...
as Slum Clearance

manifest in Vivaldi

City managers

artistic [talian troubadors
asymmetric interior poetry, music
Animal tradition Toréador plus de littérateurs
Private Initiative songe (dream) plus de religions

artistic achievements combattent (fighter) plus de proletaire

plus de bourgeois

Americans oeil noir (black eye)
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nonetheless an outgrowth of changing social, political, economx
and aesthetic values within the post-World War II generation. A-
though this phenomenon is not peculiar to the twentieth century, i
does give some indication of these composers” consciousness and of
their attitudes toward “art.”

Like “Avalanche,” “The Nude Paper Sermon” (1968-9) b‘ Enc
Salzman is a theatre piece comprised of an actor, a Renaissanct
consort, chorus, and electronic tape. The Renaissance instrument
are racket, dulcian, recorder, gemshorn, krummhomn, korthal,
shawm, rauschpfeife, viola da gamba, lute and portative orgn
“T'hree Madrigals” by John Ashbery and “The Nude Paper Ser
mon” by Steven Wade constitute the text. Electronic sounds from
oscillators and noise generators make up a thin textured accompa™
iment; these sounds are always treated as secondary to the v
and instrumental parts. .

Most significant, however, are the ways in which “The f\‘?df
Paper Sermon” may be performed. It exists in two versions, 353 live
theatre piece and as a recording. The composer procf:ed(?f1 ok
ganize the piece as a series of separate events recorded on indivi-
ual tracks. The tracks were mixed to produce a two channel rec™
ing, a typical commercial recording industry procedure.
Nude Paper Sermon,” a commission from Nonesuch record
realized expressly for this medium.

The text is also handled like that of “An Avalanche.” Convers*
tions, speeches and songs are juxtaposed in such a way that ™
isolated words and phrases retain their intelligibility. A"
humorous and satirical word associations frequently result.'
versely, the choral settings of the Ashbery “Madrigals” are in !
sixteenth century style, so that the Renaissance seems to have |
transported to the twentieth century via the recording “‘Cd“";:‘
Salzman considers this phenomenon to be a positive effect that
record industry has had upon music. Smooth timbral transition
are generally maintained, and the sermon, delivered by the actor
functions as a point of reference around which all the part
gravitate.

g, Was

The clear, formal organization of Ralph Swickard'’s music ¢
be seen in his “Sermons of St. Francis” ( 1968), for narrator and {4
Sectlgnal divisions based upon timbra] rcpctit;ons and combinatic’
constitute the basic structural leve]. The text is Comprehensiblc an
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the tape appears as an accompaniment. A low, sustained pitch
marks the beginning of “Sermons,” and the first section is charac-
terized by the predominance of low frequencies. The Moog synthe-
szer is the sole source of sounds (some of which approximate
nstumental timbres of strings, winds and percussion), and of
modifications.

A contrasting section follows, in which high frequencies occur
most often. Reverberated and modulated textual excerpts, jux-
taposed with the discourse of the narrator, appear with electronic
ounds on the tape. The final section incorporates both high and
ow frequencies from the preceding sections, but the prerecorded
Voice is limited to a single reverberated fragment. Recapitulation of

opening timbres concludes the piece. Repetition of timbral
wmbinations and the use of instrumental timbres are representa-

""‘; ;‘i’t‘cts of Swickard’s work at the Columbia-Princeton Center
m .

\'mal transformations by electro-mechanical processes in com-
posiions for vocalist and tape—a technique originally employed by
opean composers in Cologne, Milan and Paris—are often re-
ced by extensive manipulation of the text’s phonemic structure,
#we have seen in the works of Gaburo and Hiller. The inclusion of
a_h\»e performer within the electronic medium is another important
‘ection in which composers moved during the 1950s, thereby
ing to eliminate one of the critics' major complaints about the
TEW music: they said that concert hall performances that cgnsnsted '
%ly of tape recorders and loudspeakers produced a traumatic effect o
#Pon most audiences, who are conditioned to expect the presence
V¢ performers. For this reason many COMPpOSETS considered
" for tape to be more appropriate for radio broadcast 'than for
Ormance in a concert hall. By combining performers with tape,
:Ommn broadened the popular appeal of electronic music to
radltlonally oriented audiences and critics alike.

Discogf aphy

T, Micron “Vision an
Philomel,” AR 654083 Prayet;”: 2--CRS
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“Armageddon,” Point. 101
CAGE, JOHN
“Aria with Fontana
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III,” None. 71199
“Antiphony
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HAMM, CHARLES
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“Sermons of St.
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“Creation:
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CHAPTER FIVE

MUSIC FOR INSTRUMENTS
AND TAPE

CowposiTions FOR VOICE AND TAPE are likely to be structured upon
:;‘Flal or linguistic elements, whereas the substitution of the voice
a]" mstuments requires other methods of formal organization. The
ttemah"" between instruments and tape establishes timbral and
extural associations that function as components of a large struc-
tural scheme. Edgard Varése was the first to attempt to combine
11919}“'0 sonorous categories. His symphqnic 'work “Dés?rts"
it ) was the result. Tape sounds establish tlmb.ral relations
. .ﬂ.‘e orchestra by the presence of modified instrumental
;Tonhes subjected to filtering, reverberation, and modulatog'y
mOcesses Ele(ftronically produced and concrete sounds appear 1n |
mat"".m“’" “{lth each other, so that differentiation of the taped po

‘eials provides additional sonorous relations. :
Wchgfse]rt-s” is divided into seven segments that are dominated bs'
sound .ra instraments that appear almost twice as often as tapes
mi 5; they last approximately 14.5 minutes as compar_ed to 8.

utes. The significance of the instrumental sections 15 further
“Monstrated by an arch framework: orchestra, tape, orchestra,

P¢, orchestra, tape, orchestra. The initial and final instrumental

last about three minutes each, whereas the durations of the

s halt and third orchestral sections are in great contrast: seven gt}d

ta Minutes to one. Balanced durational units are also founh 11;1
and thpe part, composed of similar lengths of two, three and a halt,
™ three minutes, The absence of significant temporal differentia-

tion wish: h
N within the taped sections helps to articulate the structural im-
123
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portance of the orchestral segments, which exhibit real tempordl
variation. :
Whereas “Déserts” isolates live from recorded sounds, “Capric
cio for Violin and Two Sound Tracks” (1952) by Henk Badmgs
combines both elements, and the tape assumes the accompanying
role of an orchestra. As in his solo tape compositions, Bgdmg*
derives instrumental timbres from purely electronic sources; in this
instance, twelve oscillators. Percussion, string, and piano timbres,
in addition to bell sounds produced by ring modulation, account
for the majority of the electronic materials. Filtering and reverberd-
tion are used sparingly, while tape transposition generates motivic
patterns repeated throughout the piece. Even though emphass X
placed upon the violin, there is a great deal of motivic interchange
between the performer and the tape. Similar methods of organiz
tion are frequently found in works of the Columbia-'Pnncd('“
composers, who were the first to combine instruments with tape 1
America in the early 1950s. ,
Otto Luening and Vladimir Ussachevsky collaborated on three
pieces of this nature: “Rhapsodic Variations” (1953-4), “A Poem It
Cycles and Bells” (1954), and “Concerted Piece” (1960). “Rhap-
sodic Variations,” for orchestra and tape, was the first work Qf ?h':
kind to be produced in America. Like Badings’s “Capricci®
thematic and motivic repetitions constitute a primary Sfmgturg
level in which canonic techniques, conventional tape mampﬂl“f
tions, and extensive exchange of materials are treated as functio™
of melody rather than of timbre. Instrumental sounds are {ran~
formed by tape manipulations, while artificially rcverbcrfqtui _flﬂt‘
melodies are reminiscent of Luening’s “Fantasy In Space” (1952).
Explicit reference to earlier compositions appears in “A Poem lﬂ)
Cycles and Bells,” also for orchestra with tape. Similarities to the
“Variations” exist in the style of instrumental writing and thc‘l‘nil“c
organization, while “Fantasy In Space” and “Sonic Contours gt‘“‘_
erate taped materials, and the melodies of both these pieces 4
sometimes presented by the orchestra. As in “Variations,” the tab*
in “Poem” coexists with the instruments. J
Luening and Ussachevsky’s final joint project, “Concerte
Piece,” is once again for orchestra and tape. Not only is t_hcrc d
great deal of exchange between the two sources, but refined timbrd
associations are generated by the electronic synthesis of gone”
bells, and keyboard instraments. Another electronic source that 3"
pears near the end of the piece is a noise generator; while nné
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modulation, filtering, reverberation, and tape transposition occur
throughout the composition. Compared to their earlier electronic
works, “Concerted Piece” displays greater continuity between or-
chestra and tape by means of timbral relations.

Luening produced another piece for orchestra and tape, “Syn-
thess” (1962), which he organized around motivic recurrences and
tmbral shifts. Short tremolo figures on a single pitch characterize
the orchestra and tape parts, while the taped material also consists
of repetitive melodic fragments subjected to envelope variation.
ﬂ\e. timbral scheme is given in Example 36, which also shows
“ctionalization. Both orchestra and tape are apportioned essen-
“?“Yﬂmal durations for their initial entries, which constitute prac-

}Ythe entire composition. The remaining minute and ten sec-
. ‘?“Sinates from a comparatively rapid timbral transformation,
wwhich the return of the orchestra serves as a coda.

B)’ the mid 1950's composers were extensively exploring timbral
'dﬁhons between instraments and tape, and a clearly defined alter-
"ation between sources began to disappear. “Rimes pour différentes
urces sonores” (1958-9), by Henri Pousseur, exemplifies this pro-

elure. “Rimes” was his first work to incorporate performers with
hpet and was among the first pieces realized at the Brussels elec-
onic stadio. Prior to his development of that studio in 1958, Pous-
ar had worked in Cologne (1954) and Milan (1957), where he
Poduced tape pieces derived solely from electronic sources.

Pousseur’s prefernce for electronically generated sounds is evi-
*ntin “Rimes,” despite the appearance of modified percussion
lmh.uments at the beginning. Amplitude, frequency and rin_g mod-
u-hhm' filtering, and reverberation are applied to white noise and
e tones, while tape transposition transforms instmrflental
tmbres. “Rimes” is in three parts: in the first two, the tape 1s con-
Yasted against small groups of instruments, whereas the appear-
e of only the full orchestra in the final part compensates for the
dbsence of taped sounds. The motivic associations between the tape
;“ the instryments demonstrate procedures previously followed

try Henk Badings in the “Capriccio” such as flutter tonguing and

tmolo to correspond to amplitude modulation.

OBWWPLE 36. Otto Luening, “Synthesis” 4 s
00 : .
344 6:26 7:09 ;
Orchestra \ Tape ‘ Tape + Percussion \ Percussion \ Orchestra

;01

_‘%

. —
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The homogeneous textures that appear in “Rimes” are present
as well in “Volumes” (1960), for twelve-track tape and chamber
ensemble, written by Francois-Bernard Mache. Like “Rimes,” this
is Mache’s first composition to employ instraments and tape, and
was realized at the R.'T.F. in Paris. Divided into three movement,
“Volumes” is scored for seven trombones, two pianos, and percus-
sion. The instruments are transformed by tape manipulation and
filtering to produce a prerecorded tape. Close timbral associations
result from the concentration on instrumental sounds, and the
sonorous mixtures alternatively emphasize performers and tape.
“Volumes” ends with blocks of sound that undergo continual tin-
bral transformations accompanied by the reappearance of prevr
ously stated motivic fragments. ;

Luciano Berio employs similar recording techniques in “Différ
ences” (1958-9), realized at the RAI in Milan. Live flute, clarinet,
viola, cello, and harp begin the piece, while a prerecorded tape of
these instruments appears midway through the work. Tape trans
position, filtering, and modulatory processes were carried out by
the composer during preparation of the tape, resulting in thicker
textures and spatial effects; filtering causes the ensuing sounds 0
seem to come from a distance. The latter process is like that used !
Stockhausen in his treatment of the voice of the croupier in th
casino sequence of the first region of “Hymnen.”

With the exception of Badings and Berio, composers prior ©
1960 preferred to utilize orchestra or large instrumental ensembles
in combination with tape. They did so because of a desire to estab-
lish sonorous connections between live and tape sounds, and the
greater the number and variety of available instruments, the greatef
the possible resultant sonorities. Conventional instruments can
orchestrated to resemble electronic and concréte sounds, and t
latter can be modified to approximate orchestral timbres. This st
at'O"”d‘d not change appreciably until the appearance of ‘Ko™
takte” (1959-60), the second version of which includes piano
percussion i conjunction with the original electronic tape.
. Stockhausen did not reduce the number of available timbres "
Kontakte” by limiting the instrumental sources, although 1
might appear to be the logical result of it. By dividing percussive
sounds into six categories, “musical” metal, “noise” metal, ‘M

“ (= I
membrane, and “noise” Me”

» “ * »”
cal” wood, “noise wood, “musical”
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brane, the composer achieved an extensive timbral range com-
pemented by the piano. Effects derived from the latter include
tremolo, trills, clusters, grace notes, and the damper pedal tech-
mques, of % and % pedal. In employing only two performers,
Stockhausen was able to explore instrumental, as well as electronic,
sonorous possibilities.
¢ are many associations between live instruments and tape,
andthey manifest themselves on structural levels: pitch, amplitude,
mythm, and timbre. Electronic and instrumental sounds are
blended 5o that their autonomy is replaced by their interchangea-
blty within a timbral continuum that ranges from dull to bright.
Istumental characteristics are given to taped elements through
“‘"F]OPC control and filtering; while percussion and piano, due to
tinherently rich harmonic content, assume the nature of elec-
tonicsounds when played in a nontraditional manner. For exam-
pl, piano clusters in low registers lose pitch perceptibility and
&ume a noiselike nature; piano sonorities obtained from either
“reme range may produce quasi-electronic effects. The gong pro-
\Yks a close correspondence to ring-modulated oscillator signals,
vhile membrane percussion are electronically derived from filtered
"8 with an appropriate envelope contour. ‘
After “Kontakte” appeared, many electronic composers began
" employ small instrumental ensembles, or even a soloist, with
netecorded tape. Among the first to do so were the Columbia-
ceton composers Otto Luening, Charles Wittenberg, Walter
Cark.)s' and Mario Davidovsky, some of whom adopted a neo-
; fl approach to electronic composition. Luening’s “Gar-
:\{1 (1960) is for violin and electronically-generated tape, and is
ctured on 5 melodic-rhythmic idea of descending pitches in a
Vet configuration. Motivic interchange pervades the composi-
iy omally organized as a series of solo tape and violin segments,
: Stﬁa an occasional superposition of sources occurs. The sec-
ey tinclude both violin and tape treat the latter as an accom-
o ent; these sections are characterized by chordal formations,
"M patterns and countermelodies. In addition to typical elec-
manl,c sources and modifications, Luening extensive]‘y utilizes tape
& Plllat_lons to alter the taped sounds. Although “Gargoyles™ is
"logically closer to “Kontakte” than to Badings’s “Capriccio,
Sic stylistic traits link these pieces by Luening and Badings.
wrk;emat'c relations function in a similar fashion in two early
of Walter Carlos, “Dialogues for Piano and Two Loudspeak-
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ers” (1963) and “Variations for Flute and Elech:oni(; Sound” (19%4
Both pieces are relatively short, made “P,f’f quick timbral contrast
between tape and performer. “Dialogue§ is penr}eated by mutnt
repetitions that appear in rhapsodic fashion, one 1‘nstanc.‘e of u‘hx‘r
is shown in Example 37. The tape introduces this motive at 211
followed by its restatement by the piano. Its subsequent appest
ances occur on the tape at 2:56 and 3:14, with the rhythm shght
modified. '

Tapes for both compositions are purely electromg allfi art
treated as sources for thematic and accompanying ma‘tenaly Var
ations,” as its title implies, is divided into seven sections, a them
and six variations. Like Badings’s and Luening’s pieces, these works
of Carlos also reflect a neo-classic approach. The retention of con
ventional elements such as melody, harmony, and preconcene
formal schemes, enabled traditionally trained composers to mor
easily transfer compositional techniques to the electronic medim

Mario Davidovsky avoids literal thematic repetitions among thx
performers and the tape in his early “Synchronisms.” In "5
chronism No. 17 (1963) for flute and tape, there are close timbr
associations between the two sources, for filtering and amplitude
modulation provide close approximations of flute sonorties. %
cause of its pitch structure, the tape functions either as an aco
paniment to the flute or in a solo capacity.

“Synchronism No. 27 (1964), for flute, clarinet, violin, ct
and tape, is constructed in a similar manner, incorporating timbs
relations between the instruments and the tape. Pitches in ©
tremely high registers, simultaneously played by flute and clanne!
are reminiscent of Stravinsky’s “Symphony of Winds.” They a+
resemble electronically-produced sounds, as do the col legno st
passages. The latter group of sonorities are percussive in nats
and appear as Clecfmnically-gcnerated sounds on the tape
which rhythmic elements predominate.

Percussive sounds electronically generated by filtered noise #

EXAMPLE 37,
Loudspeakers”

Walter Carlos, “Dialogues for Piano and 1+

= . |

SR
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fup attack characteristics provide rhythmic complexities for the
e part of “Synchronism No. 3” (1965). An abundance of such
peoul effects within the cello part, as col legno, sul tasto, piz-
wato, ghssandi, sul ponticello, and harmonics, result in quasi-
dectonic  sonorities, thereby establishing reciprocal timbre
sctures between the cello and the tape. Unlike the earlier
Synchronisms,” the third piece does not contain any solo tape
pmages, 50 that symmetry between live and taped material is
santained. Example 38 illustrates the structural relations of the
:R'Symllmisms,” based upon the appearances of instraments
tape
From this example, it is clear that Davidovsky employed almost
datical formal plans in the first two pieces (Exx. 38a and b),
whereas the scheme of “No. 3” (Ex. 38¢) entails classical symmetry
#d periodicity, and is a refinement of the other plans. The third
wik alo contains greater emphasis on nonelectronic matenials,
W the tape is more prominent in “No. 1.” Davidovsky's
to concentrate on instumental, rather than elec-
Wk, sounds reflects the attitudes of Mimarogh and the RT.F.
Smposers.
A extreme application of this idea can be found in “Times

E’:\I{jﬁ 38. Mario Davidovsky, “Synchronisms Nos. 1,
- LAl 1:29 149 23 354 400
“Ifhn'mn Flute lﬂunln"“

Tape l Tape Tape

218

| Tape
“No. 1" (a)

o s 10 S

217 303 4le 500
Instruments I Instr. | Instr. I Instr. Instr.
Tape Tape | Tape Tape
“No. 2" (b)

T (R 1)

0D 100 3000 300 S0 . B0 G8S
Qﬁ'(*‘c.blC.blC:b‘ch‘chlﬁlb
Tape Tape Tape .

"No. 3" &)
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Five” (1963) by Earle Brown, who was an associate of John Cage at
the Barron studio in New York during the early 1950s. “Times
Five” was composed at the R.T.F. in Paris. It is dominated by in-
strumental sonorities: harp, violin, cello, trombone, and flute play
in combination with a prerecorded tape that is derived from
tape-manipulated segments of previously recorded instrumental ex-
cerpts. An approximation of piano, organ, vibes, and gong sounds
result, so that there appear to be more instruments than there really
are, which in turn allows for the construction of more complex
textures. The whole assumes orchestral proportions.

Additional timbral subtleties are produced by such instrumental
effects as string harmonics, sul tasto, glissandi, knocking on the
instruments’ wood, and speaking. The juxtaposition of high-
pitched string harmonics vyields sounds that resemble ring
modulated oscillators. “Times Five” is in open form. Constant rep-
etition of the pitch G is distributed among the instraments and tape
throughout the first half of the piece. Continual timbral transfor-
mations of G ensue, and serve as a type of tonal center about which
the beginning of the work revolves. The absence of this pitch from
the remainder of “Times Five” creates an open form.

Since composers are usually competent performers, and since
composing involves an ordering of sonorous events, it is not surprs-
ing to find composers who are good improvisers. Bach’s fu.gal
improvisations are a classic example, but the practice of imprO_\'lsa'
tion can be traced to Greek antiquity. Similarly, inprovisational
techniques have regained their importance in the twentieth cerr
tury, and are used in practically all forms of contemporary music
As noted previously, Ken Gaburo and Mel Powell are both con-
posers and jazz pianists. Rock guitarist Frank Zappa is a CcOmpOSer,
as are jazz musicians Charles Lloyd, John Lewis, and Andrew Hil.
These musicians exemplify an important development in contem-
porary Western music, the amalgamation of classical music with
jazz and rock. Furthermore, many musicians today, regardless of
the idiom within which they compose or perform, undergo similar
ec.lucational processes, so that the inclusion of electronic tech-
niques in jazz and rock is a logical outcome.

. Electronic composers began to experiment with the jazz idiom
in the_ early 1950s, as can be seen in works by Frenchman André
Hodeir. There are few such compositions from this period, how-
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ever, and there was not a definite trend in this direction until the
next decade. In 1962, jazz pianist-composer Bob James prepared
tapes in collaboration with experimental composers Robert Ashley
ad Gordon Mumma, to accompany his trio. “The Wolfman”
1%4), a six minute tape collage by Ashley, was superposed with
the trio, which plays a blues song in a straightforward jazz style.
Frequently covered by tape sounds, the ensemble fades in and out.
The tape is concreéte, and contains speech modulated to the point
of distortion by racing-car motors.

An emphasis on diverse instrumental timbres characterizes
Ashley's “Untitled Mixes” (1965) and Mumma’s “Peasant Boy”
{1%5), both performed by the Bob James trio. The instruments are
reated such that the ensuing sounds resemble those of accompany-
ing concréte tapes. Interior piano sounds, glissandi and harmonics
o the string bass, and a wide range of percussion instruments,
mamtain this effect, while the tape contains conventional musique
tncréte manipulations. “An On” (1965) by Barre Phillips, the
o' bassist, employs similar instrumental and tape techniques,
dthough the relations between trio and tape display a closer
dalogue than in “Untitled Mixes” and “Peasant Boy.” '

Another jazz musician to combine instruments with tape is
CCOFgC Russell, a composer, theorist, and pianist. His book, The
wian Chromatic Concept of Tonal Organization, is a valuable
&uide to improvisation: it is based on the union of medieval modal
teory with modern harmonic practice. From the 1950s on, Russell
- been one of the major exponents of “third stream” music, an
“om in which jazz style is often replaced by classical composi-

| techniques and structures. The absence of a constant
Th}'thmic pulse is a predominant characteristic of this music, as
“denced in compositions by Russell, Charles Mingus, Gunther
_SchU”Cr. and Ran Blake. These developments were instrumental
the evolution of “free” jazz in the 1960s. kink
o Russel] continues his association with classical music in the
Electronc Sonata for Souls Loved by Nature” (1969), in which a
¥z sextet plays with a prerecorded tape derived from QOQf:réte and
Sectronic sources. He refers to the tape as “pan-stylistic, for frag-
Ments of g]) types of music appear in both their natural and elec-

tro"ica"." modified states. This concept is closely allied to Stock-
Asen'’s ideas of universality, and a high degree
s between works by these two cOmpOSETs.

Russells way of relating instruments and

of similarity

tape is reminiscent of
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Davidovsky’s “Synchronisms.” The emphasis is on t.h.e combinz-
tion, rather than the separation, of the sonorous families. Theuse
of such instrumental effects as flutter tonguing further e§tabllshcs
timbral associations within the composition. Both jazzlike tunes
and improvisations in a free style are accompar.lied by the tape, and
comparatively little time is allotted to solo instraments or tape
alone, so that a homogeneous texture is produced. .

Comparable, although less sophisticated, uses of electronic a?d
tape manipulations first appeared in rock music in !957. Daudl
Seville and the Chipmunks employed tape transposition to voca
parts, from which cartoonlike voices resulted. Seville, the group
only singer, derived four-part harmonies by overdubbing hIS_\'Ole
at the recording studio. Examples of these techniques appear n the
songs “Witch Doctor” (1957) and “The Chipmunk Song (19)&..

The Chipmunks are an isolated example of e!ectrgmcal]y-
influenced rock prior to 1966. In that year, the Callfom‘la-basf‘q
Beach Boys released “Good Vibrations” (1966) and “She’s Gon
Bald” (1967). The Beach Boys’ use of the theremin, tape transfor-
mations and commercial recording studio techniques, fOllO“'ed_k."‘
the Beatles’ Sergeant Pepper's Lonely Hearts Club Band (1%,
initiated the era of electronic rock. _

“A Day in the Life,” from the Sergeant Pepper albun}.'mdUTd}lf‘S
tape reversal and transposition, loops, and extensive splicing. 11€
next Beatles album Magical Mystery Tour (1967), also_inco
porates tape reversal of both instruments and voices in “Flying
and “Blue Jay Way”. The former album influenced the produc-
tion of a similar one by the Rolling Stones, Their Sdfd"l:‘
Majesties Request (1967), which appeared only a few mon}t]S
after Sergeant Pepper. Prepared piano, oscillator, tape e v
transposition, and reversal are combined in “2000 Light' Years
From Home,” which contributed to a sharp, new distmchm;
between live performance and recording studio situations. R‘_’C
bands had traditionally promoted their albums by performing
selections from them in concert, but the employment of tap¢
transformations made this procedure increasingly difficult. CO'I‘
sequently, some of the music from this period was accessible
only on record. :

A more elaborate use of electronics was made by the Gfﬂtef“
Dead, a California-based group that sometimes performed Wit
prerecorded tape. “That's It for the Other One” (1967-68, A"thcm,
of the Sun) concludes with a tape segment that consists of ”}“
following sounds and modifications: gong, bells, organ, piano, P"
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assion, chimes, oscillators, white noise, filtering, modulation, and
tape manipulations. In this instance, the tape serves as an interlude
between successive songs. The timbral connections between per-
formers and tape proceed from vocal modifications that include
tape delay and phase shifting, and the inclusion of organ, prepared
pino, harpsichord, kazoo, timpani, bells, gong, chimes, and finger
cymbals in the nonelectronic portion of the song. Although the
electronic applications in “That’s It for the Other One” were more
complex than those used by the Beatles and Rolling Stones, the
Crateful Dead could perform this piece outside of a recording
studio because most of the transformations appeared on tape, and
required a minimum of coordination between performers and tape.
~ Vocal modifications accompanied by a prerecorded tape appear
o “What's Become of the Baby” (1969, Aoxomoxoa). The tape
wntains sounds and transformations similar to those employed by
fhtf Crateful Dead: conventional instruments, oscillators, white
nose, filtering, modulation, and tape manipulation. In this in-
sance, however, the group maintains a closer structural association
with the tape. The solo voice is amplitude- and frequency-
Modulated by taped elements—generally subaudio pulses—while
text remains intelligible. The additional vocal modification of
e shifting produces filtering and time delay effects so that two
‘0ices, rather than one, appear to be present. Phase shifting is a
cial effect achieved by mixing a sound with a delayed version of
elf, and then varying the delay time. Vocal phase shifting is also
mployed in “Rosemary” (1969, Aoxomoxoa), a simple song with
0"]-"f’COUSﬁC guitar accompaniment. The Grateful Dead does not
rcsmq the application of electronics to prerecorded tape; they are
" Ivolved with live electronic modifications like tape delay,
p Setshi_t:ting, and feedback. These techniques will be discussed in
dpter /.
 Frank Zappa and the Mothers of Invention were instrumental
" the e\'olutilz))lr)m of the new rock style. Their Uncle Meat (1967-68)
M displays musique concrete techniques. Tape transformation
. '%ices reproduces David Seville's Chipmunk effect, while occa-
im bltering supplies additional timbral interest. Zappa was dlirrlll-
ﬂud “posed to these techniques when he Pl'rChasedda rez?:d asg.
"0 California, Experimentation with tape recor :;rs ST
equipment resulted in the application of recording
.10 the repertory of Zappa’s newly formed gr(:jm:l.leir use of
flectre mportance of the Mothers centers aroun

'ed to rein-
Omechanical transformations structurally employed
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force the satirical content of their songs. Anotht_zr rocl.: group, Flhe
Velvet Underground, incorporates these techniques in a SllT:l ar
fashion in “The Murder Mystery” (1969). Two sl_)oken monologs
are juxtaposed on separate channels, and differentiated by

polymetric groupings of three against four, 4/4 JJJ VS. JJJdTng
segments alternate with superposed vocal ;olos on indivi dl
tracks, in which contrast is maintained by using a female an al
male singer instead of complex metrical assomahons..Com'cntllﬁﬂcé;]
rock music supplies the background for the polyphomc duet, whi
is reminiscent of “An Avalanche” by Lejaren Hlllgf. Thf mfhx\e‘n(‘t
of R.T.F. techniques can be heard at the conclusion gf Th-e.' 1;:
der Mystery,” where the piano passages are combined like ‘t ¢
voices, on s‘eparatc channels. One track contail‘ls unaltered mate-
rial, while the other produces the same sound; in reverse. e
The technique of isolating sounds on individual chann:d S ’?C
curs in “Several Species of Small Furry Animals CatherB 't'(;
gether in a Cave and Grooving with a Pict” (1969), by the ¥ :tc
rock group Pink Floyd. Two tape loops are played on ‘s‘c’pd‘f)ml
tracks, while a third loop appears on both chz'n.mels. SC\IF £
Species,” composed of loops, vocal tape transposition, and Tt‘gr_
beration, is an epilogue to “Grantchester Meadows,” a song
namented with simulated bird songs. _ | Floyd
A tape collage provides background material for P!nk S
“The Narrow Way” (1969). The opening is charactenged by ;}:e
versed taped sounds played at high speeds, by fast rewind olll ‘
tape recorder. The collage consists of spliced fragments and '<I>f>P~
subjected to reverberation, tape transposition, and re}'er'sal. («;Pz
transposition of percussion appears in “The Grand Vizier's Gar ?n
Party” (1969), and a similar treatment of the piano occurs |
“Sysyphus” (1969), Part I11. Y,
Similar utilization of musique concréte procedures 'charaC’
terizes the work of Ron Gessin and Roger Waters. Y\.atﬂ's‘f :
member of Pink Floyd, assisted Gessin in the composition 0‘.‘;
sound track for the film “The Body”. The subsequent album, M Uﬁd
from “The Body” (1970), relies on those tape techniques employ .
by Pink Floyd and earlier musique concréte composers. Rh)’fh”‘:
patterns are derived from spliced fragments of breath, hand claps,
belches, baby sounds, and piano; while the second section is a 50""5
accompanied by guitar, white noise, and birds. Further timbrd
contrast is provided by the third movement, in which a dllet,bg
tween violin and cello is not subjected to manipulations of a kin®
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Thick textures composed of overdubbed guitar, tape transpositions,
and reverberation, constitute the final section.

Gessin's next album, As He Stands (1970-72), demonstrates
many of the same techniques found in “The Body™: tape transfor-
mation, filtering, and reverberation. More complex modifications
fike amplitude and ring modulation, are applied to a piano and a
cymbal; they appear less frequently than the aforementioned pro-
cesses. Tape delay and phase shifting, although seldom used, help
to maintain timbral diversity within a sectionalized format. A vari-
ety of sound sources, speech, wind, fire, piano, banjo, cymbal,
organ, and electronic bagpipes, supply additional timbres.

The rock groups discussed here were among the first to employ
prerecorded tapes as part of an overall structural design. Although
the early endeavors by the Chipmunks, the Beach Boys, and the
Beatles were primarily products of recording studios, later ones
made possible live performance in conjunction with prerecorded
tape. Since the late 1960s, however, rock and jazz ensembles have
become increasingly involved with portable synthesizers, and have
thereby eliminated the need for tape playback equipment. These
developments will be discussed in Part 111, Live Electronics.

When Morton Subotnick temporarily moved to New York Uni-
enity in 1966, he established an electronic studio there. His first
omposition realized at N.Y.U., “Prelude No. 4,” for piano and
Slectronic tape, was produced on their Buchla synthesizer. The
"ext piece from that studio was “Quartet No. 3” (1966) for string :
Martet and tape, by Leon Kirchner. This was followed by “A 2
Mitzvah for the Dead” (1966) for violin and tape, by Michael Sahl.
Kirchner's quartet displays structural relations between instru-
Ments and tape like those in Davidovsky’s “Synchronisms. The
4ed sounds generated on the Buchla system are purely electronic.
ffeussive sonorities appear most frequently at the beginning and
d of the quartet, while pitch patterns produced on the sequencer
%eur throughout most of it. Also like Davidovsky's work, instru-
"ents dominate the piece’s texture, and the tape fulfills the role of
“companiment. The importance of the taped sounds l.nc;eal.ses
ard the middle of the composition, followed by recapitulation
the opening sonorities near its conclusion. The only solo ftape
Pissage, the penultimate section, is a brief restatement (r)t ts?;
Mencer patterns. Although the timbral nature of the quarte
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predominately stringlike, the employment of harmonics, pizzicati,
glissandi, col legno, and tremolo supply quasi-electronic effects that
establish sonorous associations between the performers and the
tape.

By sectionalizing “A Mitzvah for the Dead,” Sahl could define
distinct levels of timbral organization in a progression from com-
bined to solo sources. The first two movements present both violin
and tape, and the taped elements include both natural and mod-
ified violin sounds, in addition to excerpts from other compositions.
The third movement, for solo tape, is a combination of electronic
sources, brass fanfares, and instrumental excerpts. The final sec-
tion is for solo violin; timbral and textual relations are reduced to
their least complex forms.

The innate resonant qualities of piano and percussion instru-
ments, in addition to the inharmonic overtone structure of gongs
and cymbals, have attracted electronic composers since 1948. Lej
ren Hiller employed these instruments in “Machine Music” (1964)
and “Suite for Two Pianos and Tape” (1966), both pieces realized
without the aid of computer at the University of Illinois studio. The
former is divided into eleven sections formally organized upon
timbral and textural relations. Example 39 illustrates the divisions
that result from the distribution of piano, percussion, and tape.

Like the form schemes Hiller usually follows, “Machine Musi
is constructed upon symmetrical textural and density relations. The
sixth movement is the pivotal point about which all possible com"
b_lﬂ_qtions of instruments and tape occur. There are seven po¥
snblllties: (1) piano alone; (2) percussion alone; (3) tape alon¢; (4
piano and percussion; (5) piano and tape; (6) percussion and tap&
(7) piano, percussion, and tape. The first half of the piece, move
ments I to V, follows a density distribution of three, one, two, 0n¢:
and one sources, whereas the second half, sections VII to XI,

EXAMPLE 39. Lejaren Hiller, “Machine Music”

r RS
,\| r_______‘

Peri?x:s?ion Vg P Hlano Piano Piano g

Tape e Per Per. Per. | FPer
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reveals a retrograde succession of densities, one, one, two, one, and
three sources. The second and fourth movements (solo piano)
wrespond to the eighth and tenth (solo percussion), and are bal-
anced by the inclusion of one solo tape appearance at movements
Vand VIL. Each half of the composition contains one duet for
mstument and tape, but central section VI consists of an instru-
mental duet.
- Awide range of concrete and electronic sources are employed,
l{\dUding harmonic tone generator, white noise, oscillators, percus-
son instruments, and speech. The last section incorporates a mod-
ated and filtered voice statement of the title in reverse: “Redrocer
@it lennahc owt snoissucrep onaip rof cisum enihcam.” Tape ma-
upulations are accompanied by filtering, ring, amplitude and fre-
quency modulation; subaudio pulses are used for frequency moq-
uht,’(’m tape loops are ring-modulated by sine tones; beating is
denved from oscillator frequencies separated by a few Hertz; and
sng timbres are generated by ring-modulated oscillator tones.
Hiller's next composition, “Suite for Two Pianos and Tape
'1%6), an excerpt from the theatre piece “A Triptych for
ronymus” (1964-66), is for slide projections,-dancers, actors,
mhp}mnal groups of instraments, and tape. Electronic and con-
fIete sources are subjected to electronic and tape transformations,
tthe pianos are treated traditionally. The tape appears bqth as
companiment and solo, so that the juxtaposition of diverse
unds produces complex textures that sometimes result in a f:ol-
- Divided into three main parts, the suite is segmented into
itional short sections, each of which entails a satirical depiction '
Of.a Specific topic. “Animal Dance,” for instance, includes lone 4
mal sounds followed by modulated variations as an accompa-
Ament to the pianos. As its title suggests, “Vox Humana _evolv_es
M normal and transposed vocal sonorities in combination with
ekdronica“Y‘generated sounds. The final section, “Intrada,” is the
"5t complex, consisting of voices, screams, noise, and oscillators
Wiected to filtering and modulation. . Teautaie
t' he collage effects that characterize many electronic ICQ%O pare
8 tealized at the University of Illinois during the mid WS"tt
0 present in Salvatore Martirano’s “Underworld” (1965). l:‘ en
w Tree” jagz style, “Underworld” is scored for tenor saxop otn(e),f
O string basses, four percussion, and tape. The replacemen

%0ard instruments or guitar by additional percussion and two
basses i typical of the jazz ensembles led

String by such musicians
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as Ornette Coleman during this period. “Underworld” parallels the
use by Robert Ashley and Gordon Mumma of prerecorded tape in
jazz.

After he completed “Suite for Two Pianos and Tape,” Hiller
resumed his work with computers. “Computer Music for Percussion
and Tape” (1968) is derived from Strophes I, II, and IV of the
“Computer Cantata” completed five years earlier. Three move-
ments (“Decisively,” “Briskly,” and “Lyrically”) correspond to the
aforementioned strophes; the same tape is used in both pieces.
Oscillator tones provide timbral contrast, while filtered noise, pops,
and clicks correspond to percussion instraments.

“Algorithms I” (1968), Hiller’s next computer-generated com-
position, employs a large instrumental ensemble that consists of
flute, clarinet, bassoon, trumpet, harp, violin, cello, string bass,
percussion, and tape. In this piece, like others by Hiller, the com-
puter determined the compositional processes and generated the
sounds. As a result, four versions of “Algorithms I” were made,
derived from changes in computer programs or, more accurately,
subroutines. A subroutine is a short, self-contained program thal
comprises part of the main program; complex programs often in-
clude a number of subroutines. A division into three sections 15
accompanied by different compositional principles. “The Decay of
Information,” section 1, and “I ncorporations,” section 3, are prod-
ucts of stochastic and probability theories; whereas section 2,
“Icosahedron,” is serialized. Stochastic theory is related to the
principle of causality, in which all elements freely evolve towards 2
stable state. Incidentally, Hiller defines an icosahedron as 2
“geometrical object with 12 apices and 20 faces of three and five
sides arranged symmetrically in three dimensions around a focdl
point.” Since only the first and fourth versions have been commer
cially recorded, our discussion will be restricted to these.

The tape of both versions is of an instrumental character, 50
that aural separation of the two sound categories is difficult. Sectio
l.mvolves a gradual decrease of information from 100% to 50%,
with the computer programmed to execute logical operations bas
ocesses. The decrease of In°
nt?ined by the repetition of sonorous events. Slight
th"? sound synthesis routines are perceptible in the
version I distributes the percussive sounds over tW0

on qurmation theory and related pr
formation is maj

modifications wi
second section;
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channels so that the source appears to travel between the
ludspeakers; while version IV applies subaudio amplitude modula-
tion to those same sounds. The third movement of version I treats
the instraments as electronically-produced sounds by employing
effects such as string glissandi; version IV does not rely upon glis-
sndi to such an extent. The internal flexibility of the computer
program is so precisely controlled that the general characteristics of
“Algorithms I” are the same in all versions. The composition has
mot been split into four segments, but may rather be heard from
four perspectives.

The computer execution of compositional processes that con-
‘quently determine sonorous elements results in a highly inte-
gited structure. A composer must be able to provide the computer
ith a logical progression of events and choices analogous to whgt
26 on in his mind during the preparation of a musical composi-
ton. As John Cage points out, “it is the machine that will help us to

ow whether we understand our own thinking processes.” The
@pacity of computers to function in this manner prompted Cage,
m collaboration with Hiller, to use a computer for the realization of
HPSCHD” (1967-9).

In order to produce harpsichord and computer-generated
“aunds, “HPSCHD” requires up to seven harpsichords and fifty-one

onic tapes, combined in any way to produce a variety of
Performances. Each tape encompasses a range of five octaves, each
Me equally divided into successively smaller intervals, from five tq
<ix tones, from which fifty-one tapes are derived. The tones
fkTo-tona] properties are applied to duration and tlrr}bre. An '
“ample of the latter involves the electronic simulation of a A
sichord, characterized by an attack followed by a nO_nU_me"m

4y tate. Minute timbral variations are made by modifying the
“es of decay and the points where they change. Example 40 is a
%aphic representation of a few of these possibilities.

EXJNPLE 40. Timbral variation of harpsichord envelope

“decay__.
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Aside from the first harpsichord solo, which is a transcription'of
the computer output for twelve divisions per octave, the six remair-
ing solos are individual arrangements of preexisting compositions.
Mozart’s “Musical Dice Game” (K. 294d) supplies material for the
second solo. The third is composed of passages from Mozarts
piano sonatas, and the following one is derived from the juxtapos-
tion of unrelated treble and bass parts from the sonatas. Solos five
and six are similarly related, and include musical sources
chronologically chosen from works of Beethoven, Chopin,
Schumann, Gottschalk, Busoni, Schoenberg, Cage, and Hiller.
The seventh solo can contain any of Mozart’s music played in any
manner.

The superposition of autonomous works was not new to the
composers of “HPSCHD,” but their methodologies do differ. Cage
maintains indeterminacy in his music by using a philosophical tqol.
the I Ching Book of Changes. Conversely, Hiller achieves sim.llar
results from the application of mathematical laws, prob?blllh
theory, and statistical distribution. Regardless of a composer’s acs-
thetic, if he is totally aware of the logical sequence of his thought
processes, a computer program that will accurately perform these
operations can be written. _

Because computers require a logical progression of events it
order to function properly, and since limited data storage space 5
available, composers frequently realize their work in composite
segments. These sections are often used as structural determinants
for the completed composition. J. K. Randall’s “Lyric Variations
(1968) for violin and tape consists of twenty variations groupe
according to timbral characteristics. The piece’s formal scheme i
shown in Example 41.

Ternary and binary timbre structures, the latter of which co-
trasts solo textures against violin and tape combined, can be heard
as a result of the distribution of sources. A symmetrical grouping of

EXAMPLE 41. J. K. Randall, “Lyric Variations”

Variation: 1 2 3 4 5 11 through 20

Violin + Tape

-7 8910

Source: Solo Violin

Solo Tape
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wiations also appears in the binary form, whereas the ternary
dnicture consists of variations one to five, six to ten, and eleven to
teaty. An additional internal balance among the first ten varia-
bons, one and ten, two and nine, etc., establishes fundamental
sociations between violin and tape, while the second half of the

pece, variations eleven to twenty, is a transformation of variations
me o ten.

During the late 1960s, Stockhausen formed a small ensemble for
' performance of live electronic music. His disillusionment with
uetones and purely electronic sources had led him to incorporate
#vice in “Gesang,” followed by performers with tape in the sec-
"‘dfmm of “Kontakte.” By the time he was writing “Telemusik”
a4 “Hymnen,” Stockhausen’s concerns had changed. The inclu-
md"."cefpts from preexisting compositions not necessarily his
o, which he would then electronically and mechanically modify,
Poduced a new universal music. “Opus 1970 (1969) includes both
& ers and previously written music. The former are members
his ensemble: piano, electric viola, electronium, and tam-tam;
ts of Beethoven’s music, edited and transformed by Stock-
d , vielded a set of concréte tapes whose appearances are
“@lated by the performers. Filtering, modulation, reverberation,
fransposition, and splicing are employed to create the effect gf
“Wave transmissions like those previously encountered in
emusik” and “Hymnen.” The result is not a collage because the
entries exist in relation to the performers.
A current trend among composers is the inclusion of prere-
“ded instrumental sounds in combination with performers.
lcercar 4 5” (1966) and “Ricercar 4 37 (1967) by Robert Erickson
iz¢ this technique to produce homogeneous timbral relations
s en the soloist and the tape. The first “Ricercar,” for trpml\>olfl€
. tape, employs four prerecorded trombone parts. Simuarty,
Acercar 4 3" includes two prerecorded string bass tracks in (ﬁm—
Hiction with a performer. “Labyrinth” (1969), by Kenneth Heller,
ncorporates prerecorded and manipulated cello SOUFces

ved simultaneo i

: usly with solo cello. 3 : .

i Vidovsky's recent compositions evidence this teichs‘::g:\lgg
ereas his initial “Synchronisms” contrasted electr.ontlclmental
st instraments, his later compositions employ Instit
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sonorities to achieve a timbral continuity somewhat lacking in his
earlier pieces. “Synchronism No. 5" (1969), for percussion and
tape, blends taped and live sounds so that it is practically impossible
to aurally detect the first tape entry. A similar situation occurs in
“Synchronism No. 6” (1970), for piano and tape. Variety i
achieved by the electronic modification of instrumental sonorities,
which helps to eliminate the sectionalization characteristic of the
first three “Synchronisms.”

The further use of prerecorded instrumental sounds to achieve
timbral consistency can be found in works by Bielawa, Mimarogh,
Kupferman, and Kolb. Herbert Bielawa’s “Spectrum” is for concert
band and tape. The multitude of timbres present within the en-
semble simplified the procedure of electronically synthesizing in-
stramental sonorities, so the composer contrasted these timbres by
including taped piano sounds. Since piano is not normally included
in a concert band, its use as a complementary timbral source 1
particularly effective.

Mimaroglu requires a substantially greater number of per-
formers in “Sing Me A Song Of Songmy” (1971), for jazz quintet,
reciters, chorus, string orchestra, Hammond organ, and tape. Cen-
tered around the atrocities of war, “Songmy” contains Turkish and
Vietnamese poems, quotations from an essay by Kierkegaard, and
musical excerpts from an étude of Scriabin and “A German Re-
quium” by Brahms. Sectionalization, accompanied by a variety of
instrumental and tape combinations, allows each of the ten sec-
tions to exist as separate entities, while recurring timbres establish
structural associations among movements. These timbres are illus-
trated in Example 42.

Although the textures vary, they are evenly distributed
throughout the piece. The central sections are not as dense as the
opening and concluding movements; this indicates a large-scale
organization of the piece’s formal structure. The trumpet and tape
appear most frequently, while the organ is restricted to complex
textures. Except in the first and final movements, the reciter i
always accompanied by the chorus; the orchestra always plays it
combination with the tape. Each instrumental and tape grouping
occurs only once; and, except for the seventh section, there is 3t
ways a timbral connection between successive movements. Finally.
the segments dominated by trumpet with tape, five and ten, i
clude taped and processed trumpet sounds. Such a careful choic¢
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and distribution of sonorous elements demonstrates the extent to
which timbral associations can articulate intricate formal schemes.

An ingenious use of flutes provides a wide range of tonal shades
for Meyer Kupferman’s “Superflute” (1971), in which high, middle,
and low registers are outlined by piccolo, C flute, and alto flute.
The soloist plays only the C flute, while instraments of extreme
range are prerecorded and manipulated on tape. The use of thema-
tic materials, in addition to unaccompanied flute sonorities, recall
Luening’s early concreéte pieces.

Barbara Kolb’s “Solitaire,” for piano and prerecorded vib-
raphone, consists of contrasting sonorities. A two-channel tape
contains individual vibraphone parts subjected to echo and filter
ing. As in “Superflute,” as many as three-part textures are
available.

The electronic transformation of instruments is less frequently
found in works of a similar nature by Jacob Druckman. “Animus ["
(1966), for trombone and tape, is dominated by the latter, which i
composed of both trombone and electronic sounds. The concréte
source is filtered, modulated, and transposed, but it is over
shadowed by electronically-generated percussive and pitched
sounds. Timbral unification is achieved by correlating trombone
effects with electronic modifications and sources: flutter tongue
= amplitude modulation, mute = filtering, blow through the
mouthpiece = noise. Aside from the opening trombone solo, and 2
passage approximately halfway through the piece, the tape is al-
ways present.

A textless voice, percussion and tape constitute the sonorous
elements in “Animus I1” (1968). The taped vocal part is comparable
to Berio’s “Visage” in the linkage of speech inflections to form
nonsense words. Animus II differs from “Animus I” in two respects
that concern taped sounds and their relation to performers. First,
D.ruckman makes little attempt to associate electronic materials
with percussion or voice with regard to timbre. Second, the tap¢
does not dominate the piece’s texture as it did in the first “Animus.
The lattt.:r SjMation created an evenly balanced texture reinforced
by t‘!le distribution of percussion on stage and in the audience.

Synapse — Valentine” (1969), a two-movement work by
Bﬁc%znééfmplfte]Yfepafates ”the tape from the string bass so-
IR secton, SYI!HDSC‘, contains such stnnghkf: sonor

bles as pizzacati and glissandi, although the movement is dominated
¥ a variety of electronically-generated sounds. “Valentine,” which
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sdstinguished by a multitude of performance techniques, creates
timbral associations with synapse. In addition to performing the
sandard string effects of double stops, col legno, pizzicato tremolo,
trlls of various speeds, and knocking on the body of the instru-
ment, the bassist is required to whisper and sing, either in conjunc-
ton with, or in imitation of, musical passages. This use of the voice
sfrequently found in recent solo literature, particularly in Kenneth
Gaburo's compositions. The variety of vocal sounds, enhanced by
nstumental effects, evokes the feeling of electronic sources that
ae not even present. Both “Animus II” and “Synapse — Valen-
ine” display an increased subtleness of timbral structure.
Similar vocal techniques periodically appear in “In No Strange
Land” (1968) by Donald Erb. A virtuoso piece for trombone, string
%, and tape, this composition integrates electronic and instru-
mental sounds by its extensive use of imitative thematic elements.
!¢ tape is quasi-instramental, while vocal and instrumental ef-
tects vield electronic analogues. The four sections are stylistically
erentiated by melodic contour and tempo, but share in the
“ual distribution of instraments and tape. Fragmented lines per-
feate all but the second movement, derived from glissandi;
“lereas sustained tones are introduced during the final segment. A
“t opening movement is contrasted by three successive slow sec-
1015, the last of which fluctuates momentarily between slow and
ra",t"mpi- Clearly delineated stylistic traits mark the first three

p‘:crroﬂs. and the fourth possesses characteristics of the preceding
.

Vocal techniques are also important in my own piece, “Exit” :
", for trumpet and tape. The objective was to produce a mul- 1
¢ of sonorities, not necessarily analogous to electronic ones,
“Masingle performer, while an electronic tape provides continu-
% background material. In order to achieve this effect, the follow-
(8 techniques are employed: tapping the bell of the trumpet }mth
Y “ails and the mouthpiece; blowing through the mouthplece;
Uy slapping the mouthpiece with the palm of the hand; o%eda
vy ,hllmming specific pitches while playing others to produce
ulation; tremolo; use of cup and straight mutes; flutter tongu-
g% md playing in a traditional manner. Suqh a vanetyhof ‘:::é
h "pet timbres appears throughout the beginming gf tl Cﬂp i
% a substantial interval elapses before the trampet 15 € ?a y e
2 the instrumental source. Finally, in ordgr to rein or'cised
il goal, the usual soloist-tape temporal relations are reversed.
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Because of its continual presence, the tape functions as soloist
whereas the trumpet entries ornament the electronic sonorities.
These inverse proportions help to articulate the desired timbral
ambiguities.

Another means of deriving a variety of sonorities from a soloist
is employed by Karl Korte in “Remembrances” (1971). The per
former is required to play a different instrument in each of three
movements, in which register is associated with tempo. The first
section, for alto flute, is slow; moderate to fast tempi correspond to
the C flute in the second movement; and the piccolo is employedin
the very fast conclusion. Kupferman’s “Superflute” used the fute
family for similar reasons. Unlike “Superflute,” however, Korte’s

composition incorporates purely electronic tape as opposed to pre-
recorded flute.

Relatively few orchestral works with tape have appeared since
the mid-1960s. This is due in part to the additional rehearsal time
needed to synchronize a large ensemble with tape. Morton Subot:
nick’s “Laminations” (1970) is a rare attempt to fill this void. ‘

~ Elaborate instrumental techniques are employed in “Lamin#
tions.” Example 43 provides a list of these effects in the woodwind,
b}'ass, and string parts. The resultant timbres are extended by con-
bining two techniques, such as glissando sul ponticello, and flutter

EXAMPLE 43. Morton Subotnick, “Laminations”

Woodwind effects Brass effects String effects
—rass effects JUmg erec
rattle keys pedal tones col legno
flutter tonguing flutter tonguing sul ponticello
clap hands clap hands play behind bridge
;;‘3P fingers snap fingers harmonics
ow air through
instrumentuv%'ithout P e
producing pitch
slap mouthpiece tremolo
Pronounce “sss” into  glissandi
mouthpiece
pizzicato
slap body of bass

hit string with fingernai
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tonguing tremolo. The ensuing sounds are not always electronic,
bt there are many timbral correspondences between the orchestra
and the electronic tape. They include tremolo = amplitude mod-
ation, flutter tonguing = modulation, muting = filtering, and
blowing through the mouthpiece = white noise. In addition, a
lrge battery of percussion instruments serves in both categories.
Since the orchestra and tape are in continual dialogue, Subot-
nck chose appropriate electronic sounds to complement the in-
smmental sonorities. Sliding electronic pitches appear with or-
thestral glissandi; rhythmic punctuations on tape correspond to
er snaps, accelerandi and ritards; synthesized horn clusters are
uperposed with instrumental horn clusters; and white noise is pres-
@it with finger snaps, air blown through the instrument, and the
ponunciation of “sss” into the mouthpiece. Subotnick fully
developed these timbral resources, and the resultant associations
<tween orchestra and tape allow for a single-movement composi-
ton of substantial length.
~ Compared to the solo tape pieces discussed in Part I, the addi-
ton of live performers to tape enhances the timbral palette. There
e greater possibilities for more intricate structural relations, and
stener is more involved than he would be if the music came
aly from loudspeakers. If, as many composers believe, solo tape
"orks are most suitable for radio and records, then the introduction
P‘?TfOTmm to the tape medium is not a logical extension of that
m‘?d'llm. but is rather a necessity for composers. The final stage of
S evolutionary process, live electronics, is the topic of Part III.
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Part Three

Live Electronics

Mu | T
lusic was born free; and to win freedom is its destiny.
Ferruecio Busoni, 1907
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CHAPTER SIX

TAPE RECORDERS IN LIVE
PERFORMANCE

THE APPLICATION OF ELECTRO-MECHANICAL PROCEDURES in live per-
fObﬂ_nance began relatively late, ten years after Pierre Schaeffer’s
nital musique concréte pieces. These procedures can be broken
dmf“ into four categories: tape recorders in live performance
1%5-9), amplification/modification in live performance (1960),
live electronic ensembles (1966), and synthesizers in live perform-
e (1967). In order to facilitate a discussion of these forms, each
Will be treated in a separate chapter, in chronological order.

Mauricio Kagel was the first to use tape recorders for live per-
“Mance. In “Transicién 117 (1958-9), for piano, percussior}, and
0 tape recorders, the pianist plays on the piano’s keys while ?he
PIcussionist plays on its strings, soundboard, and rim. By using
hp? fecorders, Kagel attempted to unite past, present, and ﬁ}mre.

mvolved the concept of repetition. The performers play in the
reent. As segments are recorded, they become part of the future;
s “..he“ they are played back, they exist in the past. The so!utlor;7
Ofthl.s philosophical problem determines the formal structuring o
Piece,

The score consists of thirty-five loose pages divided into three

- i even, and five sections
i IR 8 of any number of

SPectively, The resultant versions, made up o T fit
S, must not be less than ten minutes i1 duratlog. oo
» Which is produced by recording sections from

153
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prior to performance, can be modiﬁed., asin Berio’s leferefnces.
or it can be used for simple reproduction without any trans' 0rm:+f
tion. Having prepared this tape, the performers may not ;lta,\ ar?o;).
the prerecorded sections during the concert. The secon altl;; e
tains recorded fragments of the performance, excludmg I
tions that involve the first tape. These excerpts are made into OOTI;;
but may not be manipulated or electronically trapsfomed. ¥
length of the taped sections must be at least one-third of the fota
length of the performance. I
gAlthough tPhe formal scheme of “Transicién II” is f?nd:)?d?d]
repetition, this was an element that had beer} conscnou§} a‘l(a r
by Kagel and other post-World War IT serial COmPOS‘?fS-d g(‘
solved this problem by excluding repetitious fragments aE tptie
terns from the entire score. He further recqmmendt;d tha
performance tape include superposition of \"anqus“sectl(‘),nsl.%;_@
A more intricate playback system is required in Solo (f Stock:
which immediately precedes “Telemusik.” This work of o
hausen is for melody instrument with feedback, and requires -
assistants in addition to a soloist. Segments of the performance_a"‘
recorded on a two-channel tape and juxtaposed t}!rpugh a fpet::)ni'c
designed feedback device, with or without add1t19nal elec -
modification. The result is then played back during the pe
mance with tape delay over two speaker systems. oy
Timbral variety is achieved by requiring the performer Oofat
ploy four different timbres of his choice, derived from the use p
least two instraments and/or modification devices such as ﬁ']ters" 5
modulators. Noises, referred to by Stockhausen as “Co.l‘?mh%]]'e .
also produced by the soloist to yield additional sonorities. 'n ;'15
pansion of timbral resources is needed in order to malﬂf?'n .
nonrepetitive a texture as possible, similar to the situatio
“Transicion 11.” sl
Example 44 depicts the configuration of equipment essen t
the performance of “Solo.” A directional microphone, connec ]
to a stereo tape recorder, registers the performance. The tap?ﬁI:&
ses six moveable stereo playback heads, with individual ampl
€n route to a second recorder that serves as take-up reel for a flag
loop. The output from the sjx playback heads is split and simu
neously sent back to the first recorder and switching panel.dthc
latter is connected directly to amplifiers with level controls, an o
ensuing sounds projected by four loudspeakers. Because ;
Playback heads are movable, the delay times are variable, depe?
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Performer Mic }—
(A)
1

| ol T

Switching Panel

(D)

(C)

4 Amplifiers

find o147}

: 4 Loudspeakers
EXAMPLE 44. Karlheinz Stockhausen, “Solo”

g on which of six versions of “Solo” the performer chooses to
W'}t. ‘\ further control of the delay material is effected at the
1?}"“% panel, where playback heads are manually selected.
!iont-our technical assistants are responsible for the f()]lo“'ing opera-
fcedt; amplitude coptrol of microphone (A), amplitude cont-rol of
ack (B), amplitude control of playback (C) and switching of
Paback heads (D). The score indicates relative amplitude levels to
co:dﬁ:t threel assistants; short periods of silence interrupt the re-
'e material sufficiently often to isolate the soloist from the
Skiba_Ck sonorities, subsequently avoiding a literal repetitign of
Melodic elements. Stockhausen suggests that when the soloist is not
g, “Recorded sounds should sometimes be very soft to give
Impression of coming from a distance.” ' 4
. teat timbral and textural flexibility are inherent in “Solo,
by tas fragmented melodic repetitions provide adequate struc-
¥l relations between performer and tape. Time delays of up to
6 seconds produce Wagnerian-like prolongations of thematic
‘ments, while short temporal intervals create lnllp_rGSSlomsth
M0rous masses. Finally, the listener hears three distinct sound
'¢es: the soloist, the tape delay (channel 1), and the delayed
ack (channel 2). ! -+
. icas Foss’s “Paradigm” (1968), for percussion, electric gm' ar,
"5pecified high, middle, and low register instruments, tape, an
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electronics, makes a less sophisticated use of tape delay in its final
section. The piece is divided into four sections. The instrumental
writing of the first and last parts is neo-classic a la Stravinsky, andis
comparable to the music of Frank Zappa and the Mothers of In-
vention. A two-second tape delay at the conclusion of “Paradigm”is
only of secondary importance; it complements the work’s increas-
ingly complex textures.

An imaginative application of basic recording procedures &
found in “I Am Sitting In A Room” (1970) by Alvin Lucier. A-
though this work can also be realized for solo tape, it is presented in
this chapter because the majority of Lucier’s compositions involve
live electronics.

A speaking voice is the sole sound source in “I Am Sitting.” A
text is supplied by Lucier, but another may be substituted. Contrary
to most of the compositions discussed so far, the text does not
critically affect the piece’s structure, but simply serves as source
material. No electronic modifications occur, so that only a m-
crophone, tape recorders, and a playback system are needed.

The realization of “I Am Sitting” is simple, but the results ar
astonishing. After the spoken text is recorded, it is played back and
recorded again, this time with a microphone, to produce a second
gfzneration tape, which is in turn played back and rerecorded 0
yield a third generation tape. This process of recording prerecorded
statements with a microphone may be carried out indefinitely, and
Lucier suggests that the recording environments be changed 1
afford greater timbral variety. The version for solo tape consists
splicing successive tapes in chronological order, but the compos
does not give instructions for real time performance; this is left to
the discretion of the performers. ,

_ The commercial recording of this work includes a sampling ¢
nine readings from a total of fifteen. During the second reading ?
mild feedback on the phonemes “s” and “c” is already detectable
:mr:it Conse(ci]uerrt]y, high, ringing sounds are produced. Hollow, &
t;l] sounds, mcreased_ reverberation, and feedback characten
ﬁﬂehn;);t dti:m Pé;tSE'Whrle speech begins to lose intelligibility in th
b %}.]e s'tr:vrmtr}c])us fec?dback has destroyed all semblance }?e
original speech = S(.?‘Ctlon’ s hat only the rhythm of !

peech remains. “T Am Sitting” progressively assumes "

electro'm(}:l nature, in which actual pitches result from resonant ff¢
quency characteristics of the recording area.
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Speaker |-+ Mic Re:;pt;er Amplifier ——4{;2{1’2} Mic

- 55
ReTc;ﬁer Ampl|f|er*_<< etc.

EXAMPLE 45. Alvin Lucier, “I Am Sitting In A Room”

~ An elaboration of this process, shown in Example 45, is an
mstance suitable for live performance. Any number of micro-
phones, tape recorders, and playback systems may be employed;
the present example inherently produces tape delays of less than
one second between successive generations. This can easily be
3\"u_ded by turning amplifier levels on and off; this helps to
mnimize excessively thick textures. However, Lucier does not
pohibit this situation. He merely states: “Make versions that can be
performed in real time.” Further timbral variants can be derived
om the judicious placement of loudspeakers and microphones
within the performance area, taking advantage of reflective sur-
faces such as walls, hallways, and low ceilings.

~ The electrification of instruments, the appearance of s)'“th?‘
Szers, recording studio techniques and Dr. Timothy Learys
Pichedelic experience are at least partially responsible for the rock
evolution of the late 1960s. With the exception of jazz pianist Bob
ames, the use of tape delay systems in jazz groups did not appear
il acid rock was established. The title tune from the Bitches
v (1968) album of trampeter Miles Davis not only utilizes tallale
¢y, but also incorporates jazz and rock elements. This is usually
*erred to as “fusion” music. o i
Adelay system like that used in “Solo” is not feasnble (}r mt(;\

“mmercial groups because of the spatial reqU“?m?"gs to»" ha(:

¥sical separation of playback heads. The electronics mhusll’}; g
ttempted to compensate for this by developing the * echopie¥,

" ho-
“mpromised version of Stockhausen's delay netwml'k. J:;i ggads
Plex is portable, and consists of a series of adjacent play
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by which a tape loop passes. The individual selection of heads is
possible, but the temporal separation of events cannot be more than
a few seconds. Supplied with decay control, this device can be used
to simulate reverberation. During the 1950s, composers referred to
this technique as artificial reverberation, and it was used in “Fan-
tasy In Space” and others of Luening’s works.

Miles Davis’s “Bitches Brew” uses delay throughout its opening
section. Contrapuntal fragments, cascading runs, and arpeggiated
triads supply diverse textural possibilities, in this instance from solo
trumpet, that have profoundly influenced recent jazz musicians.
Don Ellis achieved similar effects in “Open Beauty,” in which an
echo chamber is combined with tape delay. An unaccompanied
trumpet solo results in duets and trios, and a decay time of fourto
five seconds reinforces the trampet choir effect. Electric pianosand
an echoplex appear in “His Last Journey” (1971) by Joe Zawinul,
formerly Miles Davis’s pianist. As in the other examples, a slo
tempo and repetitive melodic fragments yield the best results.

The incredible vocal artistry of Polish singer Urszula Dudziak,
combined with tape delay and reverberation, reveal Dudziak as 2
very exciting performer. Her most obvious influences have been
Miles Davis, Ella Fitzgerald, and Luciano Berio. The melodic cor-
tour and “scat” singing style stem from Davis and Fitzgerald, while
the textless songs, vocal inflections and timbral transformations
from change of mouth positions can be traced to “Visage.” Sinct
she has a four octave range, Dudziak need not rely on electroni
modifications for additional resources. This is abparent in the
album Newborn Light (1974), where a subtle application of tap¢
delay and reverberation ijs employed in “Dear Christophtt
Komeqa," “Ballad,” “For Pia,” and “Chassing,” this last a canon fo
solo voice. The synthesizer is seldom used; and “Randi and Bamst
provides an instance of vocal filtering and amplitude modulation-

The almgsf exclusive restriction to tape recording techniques of
thct: corpposxtlol)s covered in this chapter suggests that they
Szrigonzed as live musique concrete. Although these same pro¢©
i uZ:glf?e?jl;i in the works to be discussed in the following chapte™
i (?h itional CleCtI"Ot?lC modifications is substantially grea®
tion and apter seven will investigate the application of amplific

and electronic transformation processes.
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CHAPTER SEVEN

AMPLIFICATION/MODIFICATION
IN LIVE PERFORMANCE

:  devices,
By 1960, COMPOSERS UNDERSTOOD electronic modulalt;)ri}n iioving
but left the engineers to deal with the problem‘ 0al & elty i
amplifier designs. These latter concentrated (.)n.Optll'::mﬁque e
order to insure quality recording and transmission. ! ol
crete and electronic composers demanded especia oy
equipment, because of the sonorous nature of thefr sl?ilsl e il
John Cage has introduced important concepts in i
his writings, notably the use of chance operations as T
of compositional structures. His work has not been res it
abstract ideas, however, for Cage was one of the first C‘Omp((;s phe
explore the compositional possibilities of ampllﬁcah(()iﬂ apé No
noted in the Introductory discussion of “I maginary Landsc i
2,” which employed an amplified coil of wire). A more recet (1560,
of this nature, for live performance, is “Cartridge Music Mz
which is an outgrowth of “| maginary Landscapes, \Nl]llaPli e
and “Fontana Mix.” As the title indicates, “Cartridge .\Iusxlccéd 3
from phonograph cartridges and contact microphoneslp‘arc o
piano strings and other objects. Volume and tone controls };1 5
lated to amplify, transform, and distort “small sounds.” T ") £live
of sound sources makes “Cartridge Music” another example 0
musique concréte, o i
Indeterminancy prevyails in most of Cage’s works, whic &
indicate the type of sounds employed, or the number of Pefforli()lls
needed. The realization of these pieces takes the form of ver: s
produced by performers who must assume an active role i




M @200 TN

Amplification/Modification in Live Performance 161

wmpositional process. Cage and the pianist/composer David
Tudor are responsible for the commercially recorded version of
‘Cartridge Music,” and Tudor amplified a piano for a realization of
Cage's “Variations I1” (1961). Contact microphones were placed on
the piano and phonograph cartridges on its strings; a variety of
objects were inserted into the cartridges to activate the strings. The
piano keys are never played in a conventional manner, so that all
sunds are related to piano timbre only by degree. Successive
sonorous events, separated by long time intervals, possess con-
picuously long durations which result from a delicate control of
feedback. Feedback also produces periodic oscillations and filtering
effects, both of which enhance the piece’s timbral qualities.

~ The realization by Cage and Tudor of “Variations IV” (1964)
ivolyes the placement of microphones outdoors to obtain sounds
from traffic and pedestrians. Although a resemblance to musique
coneréte does exist, it does not go beyond Cage’s choice of sound
sources. Unlike the indeterminate factors in Cage’s music, the con-
tete composers, particularly Pierre Henry, invariably subject their
norous elements to strict formal schemes. The essence of
msique concréte, then, is not solely the physical attributes of
ound, but a compositional methodology. These reasons also ac-
wunt for the ideological differences between early French and

N tape composers.

Another aspect of “Variations II and IV,” which is their elec-
tonic format, is also indeterminate. Since Cage specifies neither
the sound sources nor the number of performers, it logically follows
that electronic devices and microphones need not be employed for
My given version of a piece. Once again, the choice is mgde by the
Performers, and obviously depends on individual musical back-
gound and taste.

A series of realizations of similar works by Cage, Earle Brown,
ad Sylvano Bussotti was prepared by percussionist Max Neuhaus
0194 and 1965. “Fontana Mix—Feed,” for which a partial con-

fation is presented in Example 46, results from feedback loops

derived from - ‘. various percussion
T aced upon va
: om contact microphones pl P i1 front/10f

stiments, These instruments are positioned in ;
dspeakers, so that the sounds they emit cause chamn:‘:a;t}llzl;é
The vibration of the microphones activates the mstmzlnfhm;]gh s
und is then picked up by the microphones and playe
Speakers.
¢ duplication of this network creates

continuous, multiple
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l

Loudspeaker

]
I
'
|
'

Mic _—;D—J
Instrument

EXAMPLE 46. John Cage and Max Neuhaus, “Fontana Mix—Feed”

feedback oscillations; that is, pitches and aperiodic microphone
vibrations produce contrasting rhythmic activity. The following
elements allow for timbral variety: the amplitude of the lm(jspeak-
ers, which is controlled by the performer; the room acoustics; the
spatial relation between the microphones and the loudspeakers;
microphone placement; and the choice of instruments.

The score of Earle Brown’s “Four Systems” is comprised en-
tirely of horizontal lines of various thickness and length. Neuhaus
chose four amplified cymbals as sources, with their decay charac-
teristics and timbre dependent on the presence of feedback. In this
instance, minimal feedback avoids the appearance of oscillations,
so that the textures are not compounded by extraneous pitches.
Timbre is controlled by the regulation of feedback amplitude, and
density is variable between one and four sources.

Neuhaus extended microphone applications in “Coeur o
batteur—Positive]y Yes,” by Sylvano Bussotti. Greatly amplified
cymbal and tamtams, positioned among other percussion instr-
ments, vibrate sympathetically with instrumental sounds transmit
ted by loudspeakers. The derivation of timbral variants and the
increased duration of individual sonorous events proceed from
these sympathetic vibrations. Additional sounds, obtained from the
amplification of body Mmovements and from incidental vocal utter
ances, supply rhythmic and timbra] subtleties. Feedback is again
utilized to generate periodic oscillations and to increase the dure
tions of instrumenta] events,

Neuhaus's realizations of these works demonstrate the creative
application of feedback within a structural context. The inherent
f(-iar:ﬁ)erskof distortion or Of Piercing, high frequencies that aljiSC ff"‘?‘
eedback have been eliminated in these performances, which ind
cate the resources available from standard sound systems. The ab-



-T—___—ﬂ

: Amplification/Modification in Live Performance 163

sence of synthesizers and electronic devices is not noticeable, for so
many other effects are available. A knowledge of acoustics and
recording techniques is essential for the execution of these ideas,
which are also useful within the tape medium.

Cage’s “Solos for Voice 2” (1966) displays novel methods of
vocal amplification, for the composer indicates that contact mi-
crophones are to be attached to the throat and lips of each singer.
There is no text; only phonemes, syllables, and speech inflections
eminiscent of tape pieces by Berio, are used. Unintelligible speech
s complemented by many vocal glissandi, and is transformed and
distorted by reverberation, filtering, and modulatory devices. A
miltitude of timbres retain audible relations because of the imagi-
native placement of contact microphones.

Although this is a departure from his tape collages and “Varia-
tions IV,” the realization of “Variations 1I” by David Tudor em-
ployed similar timbral continua. Cage does not discourage this type
of imbral organization by not specifying sound sources. It is, in
fact, implied, if a limited number of sources are used. Significantly
contrasted versions may result from choices made by performers;
Cage supplies only a general framework within which the role of
performer is elevated to that of composer. The opportunity for
individual expression can be seen as a manifestation of the philo-
sophical influence of Zen Buddhism on Cage. ;

The Japanese composer Toshi Ichyanagi derived vocal matc':rlal
fom glissandi in “Extended Voices.” The glissandi are of various
Peeds and lengths, as in “Solos for Voice 2,” but Ichyanag: ex-
tended the vocal ranges by requiring the singers to play slide
whistles. The introduction of nonvocal elements increases timbral
Variety and establishes associations with an accompanymns elec-
fonic tape. The glissandi are contrasted against sqstamed tones
M addition to the taped sounds, whereas extensive electromlc
Modulation applied to the chorus provides furthc"r timbre contro ]
hie predominance and regulation of glissandi_patterns revea
Mear characteristics of some compositions by Xenakis that are
‘Morous analogs of geometric and architectural forms.

s and the use of feedback
The Velvet Underground,

ric bass, percussion,
5, when they

b Amplification of acoustic instrument
Ytock groups began in the mid-l%Os.
h comprises organ, electric gul
ind vocalists, included electric viola as

by tar, elect

early as 196
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were enlisted by Andy Warhol to perform in his “Exploding Plasti
Inevitable.” This was a multi-media show including music, dancers
film, lights, and slide projections. The lyrics centered around sex
and drugs, and were accompanied by feedback from the electri
viola on such songs as “Heroin.” Feedback and the use of a fuzz
box, a modulatory device that produces distortion, appear in “Run
Run Run” and “European Son.” These effects, often carried to
extremes, convey the feelings of the psychedelic experiences in
which young audiences were involved during the late 190s.

The late guitarist Jimi Hendrix incorporated similar electronic
techniques in his trio. “Purple Haze” (1967) displays the use of
much reverberation and of a fuzz box; feedback is employed in
“Manic Depression (1967): filtering effects appear in “Can You See
Me,” “All Along the Watchtower,” (1968) and “Crosstown Traffic”;
and “Red House” applies tape echo effects to voice and guitar solos.
Like the Velvet Underground, many of Hendrix’s songs deal “ith
sex and drugs, as does “Purple Haze,” which maintains a chaotic
atmosphere by excessive modulation and distortion.

The Velvet Underground and Jimi Hendrix were based in New
York, but San Francisco, and especially Haight-Ashbury, was the
West Coast center for the new rock. The Grateful Dead, among the
most influential groups from this area, treats feedback with a sub-
tlety that equals the electronic realizations of Tudor and Neuhaus.

Smooth, gradual timbral alterations derived from a fuzz box, 3
reverberation unit, and from feedback, distinguish “Dark Star
(1968) from pieces by the Underground and Hendrix. The Dead
t_reat texture and instrumental color as compositional elements
timbral associations determine the structure just as much 2
melody, harmony, and rhythm. The periodic recurrence of thest
elements significantly contributes to development in their long
compositions. The introduction of delicately controlled feedback

near thfz conclusion of “Dark Star” c-xempiiﬁcs its usefulness
:)}(l)th a timbral and a rhy_thmic source. The amplitude is adil““'dlso
at continuous oscillations are barely avoided, and feedback can
accentuate upper partials through the addition of metallic sounds
that correspond to the rhythmic articulation of the instruments.
A unique 'mprovisation, “Feedback,” extends these techniques
ant effects include flutelike, oscillator.
masses; simulated ring modulation an
from feedback regulation. Reverberatior
ce the feedback possibilities and assist 13

to their extreme. The result
and bell sonorities; noise
tape reversal: a1 produced
and filtering effects enhan
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gradual evolution of textures like those found in “Dark Star”. The
Crateful Dead is one of the few groups to have succeeded in treating
feedback as something more than a shocking or psychedelic effect.
The British counterpart to these American groups is the Soft
Machine, which was among the first to work with a light show, the
Sensual Laboratory of Mark Boyle. Although they consider their
music to be avant-garde jazz, the Soft Machine calls it rock to
attract an audience. Their first U.S. appearance was in 1968 at the
iazz series sponsored by the Museum of Modern Art in New York.
“Wah-wah” (filtering) and fuzz (modulation) are the predomi-
nant electronic modifications found in the Soft Machine’s early
pieces. “Joy of a Toy” (1968, Soft Machine), for instance, maintains
timbral consistency by the application of guitar “wah-wah”
throughout the entire song, while guitar fuzz and “wah-wah” com-
bined with vocal “wah-wah” appear in “Lullabye Letter” (1968, Soft
Machine). “Hibou, Anemone and Bear” (1969, Soft Machine II),
the third of ten pieces from “Rivmic Melodies,” includes guitar
fuzz and vocal tape delay. The delayed voice is much softer than
the original part, which gives the impression of excessive reverbera-
tion. Recent music by the Soft Machine relies upon synthesizers for
:hcgpfoduction of electronic effects. It will be discussed in Chap-
er
Whereas classical composers incorporated electronic devices to
transform sounds in their search for different timbres, many early
fock groups relied on electronics for extramusical reasons. This
Stuation could only have arisen out of musical ignorance on the
Part of rock groups, for electronic techniques had been in use for
o decades in Paris, Cologne, and New York. Rock musicians
have since become increasingly aware of electronic cOMpOSCTS. l:or
“ample, Frank Zappa has often mentioned his admiration for Ed-
@rd Varése; and members of Yes, a British rock group to be dis-
Wssed in 2 Jater chapter, have acknowledged the influence of
’hma“’glll. Stravinsky, and Stockhausen. The constant exchange
ideas among electronic, rock, and jazz musicians may create a
"W medium, Further discussion of this topic is included in the
fo owing chapters.

' y > rs to en-
St_OCkhallSen was among the first European Cgllnp((l)f)%‘}) L
%8¢ n live electronic music with his “Mikrophon!

 paths of development are particularly ev

ident in his music:
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“Mikrophonie I” embodies the extension of the concepts involve
in the realization of the instraumental version of “Kontakte,” i.c.
the combination of instrumental with electronic sounds. “Kon
takte” is the first example of this process, but the electronic ele
ments are confined to prerecorded tape. The dualism between elec
tronic and instrumental music is resolved in live performance fo
the first time in “Mikrophonie 1.”

A large tam-tam, two microphones, two filters with potention
meters (variable resistors) for amplitude control, and a sound re
production system, are required for the performance of “Mik
rophonie I.” Two performers activate the tam-tam while two other
pick up the resultant sounds with microphones connected to indl-
vidual filters. As in the works of Cage, the amplification of the
tam-tam reveals normally inaudible upper partials, significant ir
this instance because of the inherently complex inharmonic spec
trum of that instrument.

Many variables contribute to timbral diversity, and a con-

tinuum is formed with the tam-tam as its focal point. Both the
material (wood, metal, etc.) of the striking object and the manner
in which the tam-tam is made to vibrate, produce different results
The distance between the microphones and the tam-tam affect
perception of the source’s spatial location, complemented by 2
rhythmic movement of microphones. Finally, the obvious trans
formations obtainable from filter response and amplitude setting
give Stockhausen control of pitch, register, timbre, spatial location.
rhythm, and amplitude. The composer has effectively transfcrrcd
the majority of classical studio controls to another medium, that 0!
live performance.

Stockhausen continued to work with live electronics in his nex
compositions, “Mixtur” (1964) and “Mikrophonie 117 (1965), both
of which are involved with the ring modulation of instrumental o
vocal sonorities. “Mixtur” employs an orchestra divided into i*¢
categoqes: woodwind, brass, string (arco), string (pizzicato), a0
percussion, of which the first four are separately ring-modulated O
Three groups of percussion instrument
and tam-tam, are amplified by contac!
ted over individual loudspeakers.

» Stockhausen attempted to unite instt”
live performance, but “Mixtur” is denve

S. Whereas the former evolves from th¢
ering, “Mixtur” proceeds from ring mo"

sine tones (Example 47). -
each consisting of cymbal
microphones and transmit

As in “Mikrophonie 7
ments with electronics jn
from reversed technique
subtractive pProcess of filt
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|
Instrumental
Group
T T T
e o
e
| Mics
Mixer
‘ T
Amp
Loudspeaker
EXAMPLE 47. Karlheinz Stockhausen, “Mixtur”
ulation, an additive technique that yields pitches foreign to the
harmonic spectra of the modulated instruments. Since tllm‘brc is
dependent upon overtone structures, any alteration of their mh.cr-
ent harmonic content generates new instrumental timbres. Shift-

g oscillator frequencies to the subaudio range, below 16 Hz.,
allows for rhythmic transformations; the ring modulator functions
4 an amplitude-modulating device. . '
“Mikrophonie 11" (1965), for Hammond organ, choir, and ring
modulators, is the most significant of Stockhausen’s electronic

omposition from this period. It not only refines the techniques
.sses a nucleus of

used in earlier live electronic pieces, but it posse )
the elements from which “Telemusik” and “Hymnen  were
derived, Bt i
The second “Mikrophonie” stems from “Gesang flCT ]un.glmge ;
th entail the synthesis of vocal and electronic .mus:;.:. Thg
Medium of “Gesang” is tape, while “Mikrophonie 11 IS“11)<C (tm;ti"
live; the relationship between these two is like that of Oll'l. a o
and “Mikrophonie 1.” “Mikrophonie 11" contains addltlon; Z;Z e
ations with “Gesang,” for it is derived principally from ]At'on o
lammatische Meditationem, a treatise on the manc;pél . \'lcerpts

syntax by Helmut Heissenbiittel. Moreover, prerecorded €
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from “Gesang” appear at the beginning of the latter work: this is
Stockhausen’s first use of this technique. Fragments from
“Momente” and “Carre,” for orchestras and chorus, are also heard.
The presentation of these excerpts, restricted to a separate
loudspeaker, evokes a dreamlike atmosphere that foreshadows the
gambling casino segment in the first region of “Hymnen.” The
configuration of performers is given in Example 48.

The most striking feature of “Mikrophonie II” is the role of the
organ. The ring modulation is identical to “Mixtur.” but here
manually-operated sine oscillators are replaced by electronic or-
gan. Stockhausen found the Hammond organ to be a more efficient
electronic source, for it was now possible to alleviate the problem of
tuning modulation frequencies. On the other hand. the organ is not
automatic in relation to voltage control functions; in addition, ex-
treme frequencies had to be sacrificed because of the organ’s range
limitation.

The chamber chorus is divided into four parts, two groups each
of three sopranos and three basses. The resultant vocal transfonna;
tion often resembles the distortion in “Telemusik” and “Hymnen.
Traditional organ timbres rarely appear because that instrument

EXAMPLE 48. Karlheinz Stockhausen, “Mikro-

phonie 117
l Organ |

Sopranos ,iaswsj | , BassesJ

_l[

L

Amp Amp

l |

Mic
| |

P

Loudspeakers
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controls voc:'al modulation. The mixing of the voice with trans-
tormgd derivatives is accomplished by regulating loudspeaker
amplitudes, while the placement of the loudspeakers within the
pcrfo'r_mance area enhances this association.

\\lth ?he exception of “Mixtur,” Stockhausen’s live electronic
compositions proceed from single sound sources. In “Mantra”
(1970), two pianos are ring-modulated by sine tones. The pianists
play on th? keys, but are also required to play a set of tuned antique
C)mba|§. The electronic techniques found in “Mantra” are not
rctoluhgnary, since identical procedures were employed by Stock-
hausen in earlier pieces in which the use of electronics was closely
associated to major structural designs.

lhc_c.‘onccpts embodied in “Telemusik,” Stockhausen’s first
composition to display his fascination for Oriental culture, reap-
pear in “Mantra.” The title refers to an ancient Indian belief in
*Oln_lds that enable one to attain higher levels of consciousness.
Antique cymbals functionally analogous to the Japanese temple
mstmments in “Telemusik,” announce the commencement of new
%ctions. Finally, “Mantra” is permeated by repetitive elements
that suggest meditation.

The mantra is a series of thirteen pitches divided into four
goups or limbs, each note articulated in a different manner; a
Pause separates successive limbs. Stockhausen’s formal plan of thir-
teen sections is therefore derived from the mantra, in which each
pitch generates an entire section. Excessive repetition of the man-
a proceeds from intervallic expansion; seconds become thirds,
thlrd§ become fourths, and so on. The basic mantra and accom-
Panying note forms are illustrated in Example 49.

Ihcsc motives, often expanded intervallically, recur throughout
tf“"PICCC. Ring modulation by subaudio sine frequencies produces
periodic repetitions Charactcri'stic of the initial pitch of the series, so
that there is a close association between natural and modulated
Piano sonorities, Sine tones corresponding to the mantra progres-
i0n are also ring-modulated with piano; and each of the thirteen
ctions is modulated by a particular pitch from thc" 1.11.1ntra to form
tmbral and structural relations among the indn.'ldual sections.

Omplex wave forms are produccd by ring modul.atmn of the piano
With sine frequencies that are not integer multiples of t.hc plano'
one; that is, inharmonic partials are generated to yield Vne?w
timbreg_ :\ddi'tion'll timbral subtleties proceed from SF()ckhausen s
B n: ; - hould be slightly louder
rective that “ring modulated sononties shou
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accented at the end

3 (;n - normal

+.E # ddd o upper and lower neighbor tones
o S
e ,
5,6 [': l) v - - !r(»mnlo‘ |.|».t note occurs with chord
v T4
; .
y _b- < “accented at beginning” (retrograde of No. 2

chromatic connection

D
9 I) - “staccato’

10. C g o “nucleus for aperiodic repetition, i.e., Morse ¢
» 1)
11. B o o nucleus for trill”
“sforzato”

arpeggiated connection

EXA.\IPLI‘I 49. Karlhe

inz St(wkh;luwn. “Mantra”
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than natural piano sounds.” Compared to “Mikrophonie II” and
“Mixtur,” a greater degree of cohesion between ring modulator and
ive sounds exists in “Mantra”; the result is a composition of greater
kngth and increased resemblance to classical studio organizational
procedures.

From a performance standpoint, using minimal electronic
cquipment is feasible because of coordination problems and the use
of external patch cords. Synthesizers, to be discussed in subsequent
thapters, are a solution. When synthesizers are not present, how-
ever, ring modulators, filters, feedback, and delay units offer the
Teatest versatility for electronic transformation. Ring modulation
*amplified and prepared piano in “Accidents” (1967), by Larry

ustin, demonstrates another application of limited electronic
rl‘\(llrces.
A piano is prepared by scattering flat, circular, shell wind
Mes over the strings, on which at least sixteen contact mic-
“Phones, phonograph cartridges, etc., are randomly placed. The
2inds are ring-modulated and transmitted over a network of two
¥ X loudspeakers. The sustaining pedal is always depressed to
'?‘T”“t the maximum string vibration, sympathetic vibration, and
“erberation effects characteristic of piano sonorities. Timbral var-
:d-"’”' provided by ring modulation, is predominantly in the fo_rm
l’l 4pid repetitions, produced by subaudio modulatory frequencies.
- Sher modulatory pitches yield typical gonglike timbres, while
p]:“*“ldi continually transform the piano. Feedback, when em-
"¢d, may be ring-modulated to obtain a remote reference to
Corg interior sonorities. At the discretion of the performgr, prere-
fa Ued tape may accompany a live performance. In this instance,
,al)"d materials can be derived from performance excerpts, or a

© can be obtained from the composer. : i
T \ novel method of sound production is ;equxred ?\f the ptlxars]ilzai
nnt eys are to be depressed without sounding, “Wth' is @ pl ycon-
e, ssibility in performance. Sounds, or Acc(l)c:ler]ltst;d Seri]
ycqll“‘tl}' appear; they are then amplified and ring-modu af ety
2long of the score are flashed on a wall and a senesbq rg:)l":ocl;f
tle "t exaggerated actions by the performer..The com k;n:f s
Re,, Onics with visual elements is also found in tge E}Nr?:kson g
U, 0lds, a colleague of Gaburo, Oliveros, an

' "Versity of California at San Diego.

(}u

Dl.‘nm
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“Ping” (1968), a multi-media composition by Roger Reynolds,
includes flute, piano, harmonium, cymbal, tam-tam, ring mod-
ulator, tape, photocell sound distributor, two slide projectors, and
film or live dancer projected over closed-circuit television. The
sound distributor sends a sound to various loudspeakers by means of
a moving light source that shines on a series of photocells; the
intensity of the light regulates the sound’s amplitude. The work
originates from Ping by Samuel Beckett. The text is arbitrarily
divided into three sections and displayed by slide projectors. Sec-
tionalization is accomplished by the distribution of pitches, relative
amplitudes, and employment of ring modulation, the latter illus-
trated in Example 50.

Rather than modulating instruments with electronic signals,
Reynolds substitutes harmonium, cymbal, and tam-tam for oscil
lator frequencies, thereby modulating the instruments among
themselves. Unlike, for instance, the procedures followed by Stock-
hausen, this method introduces more complex timbres because of
the comparatively richer harmonic content of percussion instrn-
ments than of sine tones. Switches enable modulator inputs to be
varied instantaneously, while the output is transmitted to loud-
speakers by means of the photocell sound distributor. The first
and third sections of “Ping” contain ring-modulated flute sonorities

the piano is modulated during the second segment to effect formal
structural divisions.

EXAMPLE 50. Roger Reynolds, “Ping”
Harmonium Cymbal Tam-Tam Flute m

Photocell
Sound Distributor
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The control of pitch also helps to determine the timbral charac-
tenstics of the modulated elements, for both cymbal and tam-tam
are played by drawing a bow across their edges. Specific pitches can
be obtained in this manner, and the percussionist must experiment
vith these instraments prior to performance so that he will be able
o produce pitches within the formal structure. Five pitches (C,
C#,D, F, and F#) constitute the first section, whereas a comple-
mentary series of seven notes (D#, E, G, G#, A, A#, and B)
make up the final part, with both these segments characterized
by modulated flute. The middle section is contrasted by the
presence of three chords that contribute to an increased timbral
wmplexity derived from modulated piano sonorities. The ring-
modulated textures of the second section display close associations
o the bowed cymbal and tam-tam because the sounds are pro-
diced on the interior of the piano, and the bowed instruments
Oft"" vield stringlike effects. Finally, the photocell sound dis-
ibutor routes modulated and taped sounds to any of four

dspeakers. This device is light-sensitive; its amplitude is relative
0 the proximity of light sources.

Conventional instruments, ring modulator, oscillator, and tape
Ppear in “Traces” (1969), also by Reynolds. In this instance,
Pano, flute, and cello are ring modulated by an oscillator, so that
Senerally homogeneous timbres proceed from instrumental cﬂ’cg‘ts
Such as flute double-stops, or multiphonics, and piano interior, lfkf-‘

¢ sonorities in “Ping”. A six-channel tape composed of concrete
and electronic elements enhances the timbral associations among

live sounds; it is analogous to the function of the two-track tape
m Reynolds’ previous works. : :

Jacob Druckman combines prerecorded tape and clarinet \ylth
®dback in “Animus I11.” The timbral homogeneity Ch,am‘_"temhc
ot his earlier pieces for instruments and tape recurs, maintained by
the inclusion of modified vocal and clarinet elements on tape. l~n‘
“ition to obvious timbral similarities resulting from extensive u;sc
o the clarinet, there is frequent motivic imitati‘(m bctwccrypt?r-‘
‘ormer and tape. A reliance on tape transposition Ob?m»;rf]‘:c'lllt:
“mprehension of meaningful speech, so that tl'lcj vos'l;‘ll c gllllrilmét
Mend, rather than delineate, the clarinet sonorities. © 1c' it' -
tedback o csociation between soloist and tape;

ack further enhances the association ! h. like the reali-

"ovement within the timbral continuum 1s smooth,

2 :
4tions of Tudor and Neuhaus.




174 Live ELecmronics
/

Regardless of their stylistic diversities, the 'co'mpositions treated
in this chapter share an essential characteristic. The electronic
modification of source materials is simple compared to tran§fnnna-
tions employed in a studio realization. The lack of electronic com-
plexity does not detract from these pieces, ‘bu? rather enforcc.\
timbral associations that in turn contribute significantly to struc-
tural relations. The restriction to ring modulation, for example,
provides sonorous traits of a universal nature, so that any .s(')lu_ld\
subjected to this process assume common timbral Charactcnsth
The same is true of filtering and feedback. The works prcscntgd in
the following chapter are based on similar pr()ccdurt_'s. are distin-
guished by being products of ensembles specializing in the perfor-
mance of live electronic music.

Discography

AUSTIN, LARRY
“Accidents,” Source Record

No. 2

“Variations II,” Col.
MS—7051

BROWN, EARLE
“Four Systems,” Col.
MS—7139 “Variations IV” (excerpts),
Bussorr, SyLvano Ev. 3132
“Ceeur pour DRUCKMAN, JACOB
battmr—l’ositivcly Yes,” “Animus III,” None.

Col. MS—7139

“Variations IV,” Ev. 3230

71253
CAGE, Joun GRATEFUL DEAD
“Cartridge Music,” Main. Live/Dead, Warner Bros.
5015 2 WS—1830

LM
“Fontana Mi x—Feed,”

Col. MS—7139

—

“Solos for Voice 2,” QOdys.
32160156 '

HENDRIX, Jivi
The Jimi Hendrix |
Experience, Reprise
RS—6261

IcuyaNacl, TosHI
“Extended Voices,” Odys.
32160156
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ReyNoLDs, ROGER
‘Ping,” CRI SD—285

—

“Traces,” CRI SD—285

“Mikrophonie 1,” CBS
32—11—0044

S0FT MACHINE “Mikrophonie I1,” CBS

Soft Machine, Probe 32—11—0044
CPLP—4500

f “ - ;i » Ny o d s )

doft Machine II, Probe Mixtur,” DGG 137012
CPLP—4505 VELVET UNDERGROUND

The Velvet Underground and
V6—5008

SOCKHAUSEN, KARLHEINZ
‘“Mantra,” DGG 2530208 Nico, Verve




CHAPTER EICGHT

LIVE ELECTRONIC ENSEMBLES

IMPROVISATION 1S CLOSELY ALLIED to composition, but “f 2 SS";:\
guished by its spontaneity, an attribute considered LST" é'lﬂt;
mnany contemporary composers. After World War II, ].0 = \{~(',|ﬁ
Earle Brown, Morton Feldman, David ’I‘udQI', and Ch_r 1.st18.“ using
explored improvisational techniques in their _C()mp(_)Sldnfiﬂ;'“il‘]m
procedures that often stemmed from aleat(?nc' or in .(t.tion s
operations. Although a score was prepared, its interpreta B
left up to the performers; thus, a new form, that of group C( ES
tion, evolved. Electronic works that involve thw‘appﬁ(isc‘n ‘thc
Cage’s “Variations” and Brown’s “Four Systems, : dlsjm;;t-'}:]c %
forgoing chapter. The presence of a score, desp_lte its flexi !
terpretational possibilities, provides performers with a frame
erence from which they can proceed. o during
Cage and his followers began to work along these lines du "
the 1950s, but it was not until the next decade tha_t C(“"'P‘"M
attempted to eliminate the score entirely. Larry Austin orgfi"ll de
the New Music Ensemble at Davis, California in 1963; it was m‘no
up of composers who performed free improvisations. Electro! :
were not initially employed, byt have subsequently been incorpt
rated into their performances. TR
The following year, Austin met [talian composer-pianist Pr‘aflt .
Evangelisti in Rome. Evangelisti, who had previously re‘?]'?(‘d ‘\‘-lr:,
compositions at Cologne | 1956-7) and at the Polish Radio in V .11'
saw (1959), formed the Gruppo di Improvvisazione Nuova Cf“t
sonanza as a result of his contact with Austin. This was the b

. . isati : . crs
European improvisation ensemble made up entirely of compos
176
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The Nuov; i :
= Rzl‘:n foll(\aso::anéa lpcluded Marm Bertocini, John Heine-
Raewski, Ivan Van{io'r nglg Morricone, Jerry Rosen, Frederic
o 3 atn vangehstl: The timbral possibilities of
s nt;:n s were ex_tensn'ely explored in order that
e l1])rtessmn of involving electronic sources and
o ins run?ental‘ techniques that frequently ap-
Squmis” bowed Planl()).lplano interior, clarinet “squeaks': and
— m3$ al, trumpet :and trombone mutes, and
e res that‘ contain very high upper partials,
st oscmatmcorporahon qf the Hammond organ, which
oo ors genergte pitches that can be filtered by
ot lil:»‘trz:]tlon. while the use of the 2/3 mixture approx-
g S ed sonorities. Add|_ti0na] timbral variety pro-
“Cantata” (1964) bl'nshtmmental groupings and the use of voice.
Bized and revér b:,» the Nuo_va Consonanza, is derived from four
 Aschpaon rated voices; the appearance of phonemes,
'emﬁzcgnt (;f “Visasg’:}’]d breathing create homogeneous textures
mﬂmrde‘;(’::pgoil:]stonanza s more r.cccnt improvisations involve
| s tejrs‘persed with silence; while the taped mate-
| v nla e. it does assume the role of performer. Elec-
i sounda sg) employed to modplate the instruments and
g : l,xtremely high oscillator pitches, contrasted
“Credo” (199) Tll)u ses, supply the basic timbral framework of
S Seiaes A rt?e] subaudio 1‘)‘ul§<:5 appear as square waves, SO
nenta), Tho frpa ials sound. as clnqks" in the absence of a funda-
Wk ::l]l:ency con'tmuum s c_ompleted by filtered noise.
Be of which oo atp§ consists of“multl-lingual spoken fragments,
B tI}: ain thg word “credo.” In addition, musical ex-
e e"tape in collage form. Periodic silences within
B s well balanced texture; “Credo” sounds like a no-
s n rather thar:n a free improvisation.
Bitish con Oel' gle for.matlon of the Nuova Consonanza, the
i (IQZS)S“C ornelius Cardew formed the AMM ensemble in
R qrdew states that AMM stands for “a very pure
provisation operating without any formal system or limi-

tation ” 1:

Stl?((i)ir(]). Wkeke hEVangelisti, Cardew had worked at the Cologne

“Cept’ion rfeCe was closely associated :

fuisician °b ardew, the members of the AMM quintet

improvi S, but S'ty]lstlc_ jazz traits are not overtly apparen
isations. Their instrumentation includes

with Stockhausen. With the
are jazz

t in their
piano, cello, tenor
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saxophone, electric guitar, and percussion. Prerecorded electronic
and concrete tapes are frequently used, and the taped sonorities
blend well with the instruments because of the diverse instrumentl
timbres suggestive of electronic effects. Similar procedures were
followed by the Nuova Consonanza. This gradual textural evolu-
tion characterizes both ensembles.

The AMM relies on sustained sounds as a sonorous frame of
reference, like the orchestral compositions of Mahler. Feedback is
also admitted for this purpose, and the instruments concentrate on
rhythmic and timbral extensions rather than on melodic develop-
ment. In this respect, the improvisations of the AMM resemble the
Indian raga popularized in the West during this period by Ravi
Shankar. The presence of Indian rhythmic traits in not surprising,
for many jazz musicians of the late 1960s were quite involved with
this music. Since most members of the AMM had jazz back
grounds, it follows that their improvisations would reflect Indian
influences.

Live electronic improvisation ensembles continued to flourish
in Europe at the end of the 1960s. A group of American composers
residing in Rome formed the Musica Elettronica Viva (MEV) in
1966. Two members of the group, Frederic Rzewski and Ivan Van-
dor, had originally been associated with the Nuova Consonanza,
and influences from that ensemble are apparent in the music of th;
MEV. Besides Rzewski, other American composers in the MEV
included Alan Bryant, Alvin Curran, and Richard Teitelbaum.

In addition to conventional instruments, the MEV utilized tape
recorders, a Moog synthesizer, brainwave amplifiers, photocel
mixers, and contact microphones. Brainwave amplifiers, which are
included in the realm of bio-music, derive control voltages from
electrical impulses associated with neurological responses like
opening and closing the eyes. Control voltages, in this instance.
operate voltage-controlled amplifiers in a manner analogous to the
synthesizer. According to Manford Eaton: “Bio-Music is the term
used by ORCUS Research to describe a class of electronic systems
that use biological potentials in feedback loops to induce DO“'frf"l'
predictable, repeatable, physiological/psychological states which
can be elegantly controlled in real time.” _

Photocell mixers designed and constructed by Rzewski are sim”
lar to the one used by Roger Reynolds in “Pin'g.“ Light intensit
:2:\2‘::"]1_8}81 amphtude: and thc. spatial movement of sound is Ca»‘f"

Plished by altering the direction of the light source, usually 2




4,

mall penlight. Rzewski's mixer accepted up to four input signals,
ach of which can be directed to any of four loudspeakers. The
e of operation enhances the usefulness of this device in live
performance.

BOlh‘brainwave amplifiers and photocell mixers admit new re-
wurces in an improvisational situation. The former is directly re-
ted to the physiological responses of the performers to their envi-
mment, while the mixer introduces a nonmusical element, light,
©control sonorous events within that environment. Performers no
longer need to develop improvisations based solely on abstract mus-
tdl concepts. These can now be transcended so that any sensory
St“ﬂ.lll.lls can effect a sonorous response, and thus a dialogue among
muscians is extended to include all aspects of the performance.
n\EMEV has developed this to the point of audience participation;
otal involvement is their ideal.

The use of electronics in “Spacecraft” helps to attain this goal.
Tﬁmes evolve slowly while sustained sounds predominate, corre-
Ponding to the previously mentioned AMM improvisation. Con-
;"“:Gls. strands of subaudio square waves generated by a Mqog
ihesizer are also similar to those employed by the AMM. The
Ppearance of elongated phonemes produced by filtered voices is
. Cxample of the Nuova Consonanza’s influence on_Rzewski.

Ustained tones, subaudio pulses, vocal sounds, modulated per-
::;lon, and recurring bell sonorities constitute a dense textural

tha_t supplies a fundamental timbral structure. A gradual cre-
ndo is accompanied by subaudio pulses of higher frequencies.

te s¢ of their rhythmic implications, subaudio pulses determm'e
tempo of “Spacecraft,” which is a corollary of Stockhausen's
?:h%f pulse to generate timbre. Pulses subsequently modul-ate.the
A ments, but they disappear near the end of the improvisation.
Athat point, 4 timbral shift to instrumental sonorities is mmated,.'
articulation of this cycle reveals the basic idea of “Spacecraft,
fransformation of musical space.
.e'fOTmers and their music occupy space, but sounds are em-
led in past experiences; they are reproductions of th{: known.
I performer plays within an individual sonorous mICfl;chSm
by his own virtuosity and limitations. “Spqcecra pro-
Ceeds from 4 e £ autonomous improvised elements
that combmatlor} of autonor e  ssocigtions 10
subsequently lose their individuality and form : s o
"eate 2 space. The musicians gradually move away irom

: imula-
limiteg sphere of sounds, prompted by sonorous and visual stimu
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tion, “and become one with the atmosphere in vibration.” No dis-
tinction is made among sound sources, for they share a common
purpose. The emphasis is on music, not on electronic devices.

In addition to collective improvisations such as “Spacecraft,”
the MEV performs improvisatory compositions by its individual
members and by other composers as well. Allan Bryant, an Amer-
can who moved to Rome after working at the Cologne studio from
1959 to 1964, was one of the founders of the MEV. His “Pitch Out”
(1968), performed by that ensemble, demonstrates the production
of quasi-electronic sounds from newly designed instruments.
Strings are loosely stretched along strips of wood and amplified by
magnetic guitar pickups. Each of four instruments is assigned a
loudspeaker, one in every corner of the room. Diverse playing
techniques such as pizzicato, rolling an iron pipe over the strings
and pickup, sliding a metal bar along the strings, drawing a large
file across the low strings, and the regulation of amplitude, contrib-
ute to a simulation of oscillators, subaudio pulses, filtering, mod-
ulation, and tape transposition.

Although electronics do appear in improvisations by the Nuova
Consonanza, the AMM and the MEV, their music seldom evolves
only from these procedures. Similar concepts emerge as fundamen-
tal principles for an ensemble formed by Stockhausen in 197, in
which their chief concern is improvisational techniques. Originall
conceived as a vehicle for predominantly improvised compositions,
this group reveals a considerable refinement of Stockhausen’s 07ig
inal ideas on collective improvisation. “Prozession” (1967), the in-
mediate successor of “Hymnen,” is the first work to employ 2 fixed
ensemble consisting of piano, elektronium, electric viola, tam-tam:
and filters. Stockhausen abandons the kind of complex tape dela!
netwgrks found in “Solo,” and limits electronic techniques ©
amplification and filtering of the viola and tam-tam.

_ In order to appreciate the significance of “Prozession” in rel
tion to the evolution of compositional procedures, it must be &
proached with regard to Stockhausen’s earlier electronic works. H
il electronic pieces, “Studies I and 11" (1953, 1954), “Gesané
élem%{ﬂinqrh (l?((:ntakte" (1960), show a strict control of all thet

. ape medium was ideal for this purpose, but t

mneorporation of prerecorded voice in “Gesang,” and of performe®
“Kontakte,” reveals a preference for I
1S Change of attitude is reflected in his next sen

Mikrophonie 17 (1964), “Mixtur” (1964), “Mr

in the second version of
sound sources. This chan
of compositions,
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hOplm!e " (19§5). and “Solo” (1966). Ensembles of various sizes
are modified by ring modulation, fltering, or tape delay, but the
performers are subject to relatively strict compositional controls, as
in the previous works.

SCOCkhausen synthesizes his concepts of control and live
sources in ‘Telemusik" (1966) and “Hymnen” (1967), and ap-
lmdlesthe ideal of a universal or world music. With these tape
Wmpositions, the composer was able to construct a fixed portrayal
dnan universal concept. Since there is no provision in them for

8¢, “Telemusik” and “Hymnen” will eventually assume their

¢ among historical documents. .

.dlle:n:na was progressively resolved by Stockhausen in
'l%sfmT:]e’afoﬁ:;zw:"en;j(1%8)‘ and “Aus den Sicbcn Tagen”
wolk, b he o en .l?m. lcnscml)lc is employed in the first two

e positional controls are gradually relaxed so that
Cncedg ity shifts from the composer to the performers, as
deﬁ&d(l)f;)tt}:)e f??nat of ?hc:‘ score. R.athcr than allotting com-
2 seleg] ¢ performers in “Prozession, St_ockhaus?’n pr('),vndcs
. ormal scheme through use of the signs “+,” “~,” and
represent relative increase, decrease, and equality of
o e\-::]zzs p!;S:h and a.m.plitudc with respect to the preceding
th"mwlves 51.' hc musicians are forccd- to rcspond among

Withir ;hs'ol at .a situation conducive to dlal()gqc 1S Crcatcd.‘
COntroj g ls’ f)oac framework, Stockhausen exercises ratl?c.r strict

er what is played, but leaves all other musical decisions to
ormers. The thematic materials, derived from earlier works,
“*morized by the musicians. The pianist plays fragments from
3 ”efoliCkc: I-XI” and “Kontakte,” the elektronium part is de-
e “&T “"lc"!t:.musik" and "Sol‘(‘)," an amplified viola performs
P [;'mg, K:)lltflktc, anFI l\jlf)fncntc, and a tam-tam ‘anili
om 1059 taS(}:d on Nilkropllglllc 57 hes_sc composntl()ns appjf’fe
& Proy ‘0_ 9(16,‘and establish a thematic continuum or trz} ?tl()l‘]
W :ssnon. Severe demands are placed upon the m;lslSCtla“E_
. ‘S:illxrefi that t_he_\' are th()r()ughly C(mvcr_sallit‘\_‘ !tl)tg Ol;lt
Orecoﬁ] ork. The Ob)cct’ 1S not. t(? reiterate musica ?xccgl of s
(Omposeff)se Sto?khauscn s music in such a way that txlsgmiclcs o
the impy 5 practically absent. These compositions a'rllc. i v
R ereﬁc({\ isational process; they are an attcn])pt1 ‘f‘O fl:;lmcnts o
evelop t?' As a result, performers play melodic irag

‘ imbre,

Kurzwellen” extends the concepts of colle

€y

mch Clemen

are me

ctive improvisation
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through the further relaxation of predgtermmed -e]?men(tii('):af:
scendent of “Hymnen,” this work lltl]l.'l..(,‘s short'“a\c;‘ ra s ¢
source of sonorous material. The familiar ml_mcal' ragmen .djo
“Prozession” are replaced by the unknownf in this c'asc.t}r’at ’
broadcasts. Although the format of the score is the same as tha .
“Prozession,” “Kurzwellen” demands that musicians (eac:td t([)) mﬁ::
diverse sounds. Modulated shortwave reception mutatcf y |
instrumentalists maintains a homogenequs distribution o“s}()):r'ccs..
Universality will remain a distinctive trait pf “Kurzwellen : ’cau)sc.
shortwave radios are included in it; a dla.loguc among tltc' llr)]ttii
formers proceeds from the imposed necessity to listen, conta
within the notational method devised by Stockhz.msen.‘ -

All of these improvisational processes aﬂmmatc in 1'|s m.-
work, “Aus den Sieben Tagen,” which contains ﬁftccn] ldC\JS .C()l}
ceived during a week of fasting and mcditatlon._ .l'or the first ltimlcl;
Stockhausen relinquishes fundamental compositional cont'r;;:.d.s-
“Kurzwellen,” as we have seen, shortwave broa.dcasts, usually { Ld
torted, characterize the sonorous nature of the lmprovwaho(ljl. ?ln't
Stockhausen determined the basic elements, or type of sounds tha
would define aural boundaries. No such limits are pre.scl.lt‘ll:
“Sieben Tagen”; only vague verbal instructions that dt':‘notc alf)fst::g
processes, as “think nothing,” or “play a vibrqtmn. are 0 }; in;
Instrumentation is not suggested, and electronics 'll‘t’(“d “.("t.” i
cluded. The composer assumes the role of guru. This dmhg?)lc )
of the compositional process to the primordial stage lcd\ d( &
hausen to the brink of silence. Nothing remains to be said;
sounds have been included: everything is possible, and nothing can
be denied. '

Many of these concepts exist in one or another of Stockhauscn;
earlier works: “Plus Minus” (1963) and “Solo,” for instance, dono
specify the choice of instruments, but contain elaborate 111§tﬂlC;
tions for their realization. The quest for universality, a 'domnmn
characteristic of his later compositions, stems from studies in pe
ception that Stockhausen carried out during the 1950s. _Ha\mj‘
realized the role of proportions as determinants of duration an'l
frequency, Stockhausen applied proportional relations to structura
Plans. If all elements are treated in this manner, a universal proces
results, i.e., abice: | | | Xty:zza: . . . . This cycle is descriqu b“‘
Stockhausen in the score of “Kurzwellen:” “EVERYTHING is the
WHOLE and SIMULTANEOUS”.

igni ) .  is the
Significant among European based electronic ensembles is t
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mportance they place on improvisational techniques. Electronics
uiction in a subordinate capacity; they complement such underly-
ngmusical substances as melody, rhythm, and timbre. Electronic
wfgirations are usually less complex than those found in
“dio-produced works because of the obvious necessity of facility
4 performance. Even if electronic devices are omitted, improvisa-
ns can still be executed successfully.

T}?e opposite is true of the music of the Sonic Arts Union,
“zanized in 1966 by the American composers Robert Ashley, Gor-
én Mumma, David Behrman, and Alvin Lucier. Most of their
vorks are improvisatory, and some involve theatrics. Electronics
“ esential in many instances, and comparatively less attention is
d to improvisational procedures. Gradual timbral and rhythmic

?anjformations dominate, so that the music tends to proceed
I

,ROber,t Ashley and Gordon Mumma established the Coopera-
e Studm for Electronic Music in 1958 at Ann Arbor, Michigan,
ad mthjn the next two years, both were actively engaged in the
Moduction of theatre pieces. Ashley’s “The Wolfman” (1964) has
md? been mentioned in reference to experiments with the Bob
S Jazz trio, but this work can also be realized with amplified
X and tape, In the latter instance, the vocal part is textless,
“ed from vowel sounds transformed by a change of mouth
Mtion. Each vocal phrase begins and ends with sustained tones
. “seconds long, while the gradual timbral transition of the vow-
“Parates the sustained tones. The central portion of each
i]h " lasts between seven and ten seconds, so that the t-otal dura-
of the voca] phrases is predetermined, between thirteen and
1 seconds, i
%l feedback is also employed, for which Ashley establishes a
‘-‘mbra] connection with the voice by requiring the performer to

close to the microphone. In addition, the tongu¢ must touch

o 19f of the mouth in producing all vocal sounds, to c;n‘phafli::f
ok possibilities. Further timbral links arise fro'm ;ll(-) l::;tsc&
). ‘% as connecting material between successive \‘Of‘ r:,'strictcd
o "™ultant sonorities are noise-laden, _Wh'l}“ t_ffﬁﬁ(‘\ i
o Men of the tongue reduces timbral variety. I hl?n:;ﬂlv i
FHere s contrasted against a tape collage of predominantiy

T 2y sseful Lady Slow
t&Amp“ﬁ(’d voice is again employed in PllrpL“’l‘hc Wolfman

n,” the first son

g of the theatrepiece
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Motorcity Revue.” Ashley chose a text that describes a womanﬁ
first fellation experience, accompanied by .taped patterns ofl pc.
sonorities outlining a second inversion major triad. H‘x’e dch(at;
web of bell sounds, reminiscent of “His Last Journey” by Jose
Zawinul, reinforces the subtle nature of the text. Sk
After his association with Ashley at the Coopgahve Studio,
Gordon Mumma performed with the Mer(.:e Cunmngham Dance
Company. His application of electronics involves the c,xhq;;nnc
console, a small device designed and built by Mumma and Wi iam
Ribbens that is worn by the performer. The console contains eledt-
tronic circuitry that responds to both live and res_sonatcd soun (;
which are either transformed, or generate electronically-produce
sounds. ooy
Cybersonic modifications were introduced in “f.\kfdmm Size
Mograph” (1963), and by 1965 Mumma utilized this l.lls.'tnllél(:.':‘t
almost exclusively in his electronic compositions. “Mesa (1966),
for cybersonic bahdoncon, is the fifth work of this type. The ban-
donc'()n, a member of the accordion family, C()ntaim buttons, to
produce single tones. In this instance, a nmnophomc tc*xﬁl{t 15
extended to include chordal formations from ring "‘]()d”!‘m}m-:i
while filtering produces subtractive processes. Extensive tim ?r;r_
variety results; complex harmonic spectra are prcva]c'nt because (
the nonharmonic partials generated by ring modulahpn. B
Similar processes are used in “Hornpipe” (1967), in which f:r
French horn is camouflaged by the substitution of double reeds l(“
the conventional metal mouthpiece. The direction of the sounc lé
changed by rearranging the position of the slides, so that clcctron_l]
sonorities are simulated prior to their actual appearance. As ”i
“Mesa,” the cybersonic console functions as a source of tymbyal an(]
textural complexity. The nature of this device permits tlmhr{
structures to be predetermined, for the soloist can lcar‘n what Tt\
Sponses to expect from the console through practice. The samc'L
true of “Mesa,” but since both works involve only one pcrformclr:
the results of such preliminary experimentation need not be dup!!
cated in performance. o
Influenced by the custom-designed equipment of Rzewski an
Mumma, David Behrman constructed electronic sound generator:
modulators, and a photocell distribution network for “Runthrou.{:h‘r
(1967). No instructions are given the performers, but the C()l"l)"‘f
clarifies his intentions when he states that “. . any S()ll]ld. \\‘hl(‘\
results from any combination of switch and light positioning ™
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s part of the ‘piece’.” Frequency and amplitude modulation of
eitive patters produce corresponding pitch and rhythmic vari-
dons, timbre is controlled by filtering, and sound paths are deter-
‘“‘“db‘ photocells. The indeterminate nature of “Runthrough”
ad of “Wave Train,” for amplified piano, recalls works by John
sz‘- Both _Behrman and Cage have been associated with the
Serce Cunningham Dance Company, which may indicate a rea-
@ for the similarity between the two.
n“_amp.llﬁcab'on of the piano in “Wave Train” is obtained from
fagnetic guitar pickups placed on the strings; each pickup possesses
ndmn;a[:ls for volume control. Feedback loops are generated,
5 re alter.ed, by changing the pickups’ position. Powerful
oy fe;sbang h_lgh amplifu@e settings on the guitar pickups pro-
- ack without activating the strings, so that the regulation
mplitude results in alternation between complex sonorous
%ases and feedback oscillations of a single frequency. Optional
ﬁaﬁg‘?t{m “W?ly'e Train™ consists of a prerecorded tape and an
e !} addmon., this piece can bc.rcalizcd by two to five
0o wl; he forgoing description pertains to the two-performer
R ereas other versions expand the technical resources to
' nng modulation of a guitar pickup by a subaudio sine-
Qare oscillator,
1 e.fascination for specialized electronic devices revealed in
_ ?’1_5 of Mumma and Behrman is characteristic of the Sonic
; flion as a whole. A unique approach in this area is fou,nq in
Mprovisatory pieces by Alvin Lucier, “North American Time
“Pule” (1967) and “Vespers” (1968). The former, for voices and
.Ocoqer (voice coder), treats vocal elements as audio and modula-
emgﬂ‘gnal& The Vocoder, produced by Sylvania }-?)l.ectronic Sys-
) s employed commercially for speech transmission over tele-
*M¢ lines or radio channels. Its operation is analogous to the
}"’Palog conversion processes used in computer systems.
i €015 converted to digital information, trapsml.ttgd over appro-
e channels, and subsequently restored to 1ts original form. Itis
Alf Space communication. v O
iy € thrman's “Runthrough,” no score for‘ hmez1 = é)s il
o Lucier instructed the performers ‘t() choose spll? s g
€ of contemporary society, and suitable for inc usion 1
Pothetical time Cap'suie /\l{y sound that satisfies this criterion is
Xeptable. Filtert g = ssion of distant vOICES, or
ra:p ble. Filtering creates the impre nied by mod-
Smissions from interplanetary space g :
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ulated speech distorted beyond intelligibility. The textures are
complex that they make comprehension of the speech u‘np()sslhl

Theatrical elements appear in “Vespers,” performed in darkn
and based upon the principle of echolocation. Echolocation i
process for locating distant or invisible objects b:\' mcans'of sou
waves reflected back to the emitter by the objects. Blindfold
performers armed with sondols wander about the ;')t“rfor'nlemqar
in an attempt to avoid colliding with one another. This is facilitat
by the sondols, electronic devices that emit clicks to survey t
environment, like the sensory perception of dolphins m_)d bats. T
manually-variable click rate produces complex rhythmic structur
and textural changes when more than one performer pla._\:s. l”. tl'
existing recording, periods of silence are intcrspcrscd with click
followed by gradually accelerated pulse rates perceived as pitt
rather than as rhythm, i.e.. they are faster than 16 pulses per s¢
ond (16 Hz). A transition from subaudio to audio frequencies ¢
stitutes the structure of “Vespers.”

Aside from “Purposeful Lady,” the improvisations of the Sl)nvl
Arts Union are dependent on electronic networks. Although th¢~l
European counterparts do not emphasize electronics to such 2
extent, the ensembles discussed in this chapter do develop a cred
tive application for electronic devices. Sonorous transformation
are extended to include all the elements of music: pitch, amplitude

duration, timbre, texture, and so forth, to supply coherent structura
relations.

Another contributing factor to their successful improvisations’
that all the ensembles

. . N A Bp 1 41
s, with the exception of the Stockhausen a1¢
. . . e Sd
AMM groups, are comprised of composers. Since improvisation 1{
form of composition, the performers, in addition to making souncs

T
must relate to the sonorous environment. Composers are trained

think in terms of structural associations, so that this process s 1l
ated Instantaneously.

Discography

AMM
Live Electronic Musie
Improvised Main. 5002

ASHLEY, ROBERT
“Purposeful Lady Slpw o
Afternoon,” Main.
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The Welt iy Munvma, GORDON

¢ 1€ Woliman,”  Source “H ipe,” Mai 5010
Record No. 1 L
2 BerrMAN, DAvVID

X “Runthrough,” Main.

“Mesa,” Odys. 32160158

ed 50
e . NUOVA CONSONANZA
o o “Cantata,” MLDS 20243
i Wave Train,” Source (RCA Italiana)
] Record No. 1
K

BRyANT, ALLAN -
- s SRR 1 “Credo.,” DGG 137007
X Pn_d] Out,”  Source Record G

No. 2 STOCKHAUSEN, KARLHEINZ
Lucier, ALvin “Aus den Sieben

Tagen,” DGG 2530255

“North American Time
merican Time and DGG 2530256

Capsule,” Odys.

32160156
e “Kurzwellen,” 2—DG—
“Vespers,” Main. 5010 2707045

Musica ELETTRONICA VIVA

“Spacecraft,” Main. 5002 “Prozession,” Can. 31001




CHAPTER NINE

SYNTHESIZERS IN LIVE
PERFORMANCE

COMMERCIALLY MARKETED BUCHLA AND MOOG SYNTHESIZERS did not
appear until 1966; Moog had presented his famous paper,
“Voltage-Controlled Electronic Music Modules,” at the Six_tecnth
Annual Fall Convention of the Audio Engineering Society in Oc-
tober, 1964. In the two-year interim, Paul Ketoff designed and built
a portable voltage-controlled synthesizer, the Synket, in Rome.
Ketoff, a technical supervisor of NIS Films in Rome, developed the
Synket for use in live performance. The synthesizer was never
made readily available to the general public, but it was adopted by
the American composer John Eaton in 1965 as a performance
instrument. et
The Synket is made up of three identical “sound-combiner
systems, each of which includes a square wave oscillator (5-20,00
Hz.), frequency dividers, 2 bandpass filter that also functions as @
sine oscillator, a waveform controller, a frequency modulator, an¢
an amplitude modulator, The wide frequency range of the squar®
oscillator provides subaudio pulses, while frequency division by -
3, 4, 5, and 8 enriches the harmonic spectrum. Each combine?
network possesses a keyboard, and all functions can be intercon-
nected. Additional devices on the Synket are a white nos
generator, three amplitude modulators, and an octave filter Wnk'
Internal connections reduce the necessity of external patching:
although it is available. In performance, however, the use of patch
cords wou!d probably be minimized. ‘
John Eaton first employed the Synket with soprano and pian?

188
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n“Songs for R.P.B.” (1965), written at the American Academy in

Rome. His fascination for quarter-tones is immediately apparent,

ad s found in both the vocal and synthesizer parts. Incidentally,

faton formed his Microtonal Music Ensemble at this time, but no
wmmercial recordings were made from it. Piano interior sonorities
we produced, and indicate Eaton’s timbral mastery.

A concern for microtonal and timbral relations reappears in the
Concert Piece for Synket and Symphony Orchestra” (1967), in
which the orchestra is divided into two groups tuned a quarter-tone
pat. The instrumental writing sometimes suggests electronic
wnorities, especially the chordal masses played by both groups; but
imbral associations usually proceed from instramental simulation
W the Synket. Motivic recurrences among all the parts help to
slablish relations between the instruments and the synthesizer;
mkrotonal writing is present in both. A striking feature of the

cert Piece” involves the use of the synthesizer, for Eaton
frey relies upon keyboards as an extension of the piano or organ.

ability to approach the Synket as an autonomous device allows
composer to create an electronic part comparable to prere-

td tape, a significant achievement for 1967. ; N

ton expanded his electronic resources in “Blind Man's ‘Cf)'.

J'to include an ensemble of synthesizers with voice. I_ r.adl-
"nal melodies are replaced by a recitative style of vocal writing.
‘s archaic technique, applied to high, middle, and low registers,
s a structural basis for the work. Example 51 illustrates this
Pogression,

An intense vocal style, blended with Synkets, Pmd“‘fesba“l
Wressionistic atmosphere permeated by both pitch and timbra?
“Mespondence between the voice and electronics. S-"“thesweri
e share similar frequency ranges with the voice, SO that a}tllizl:
ldﬁ.mﬁcation of the sound sources is difficult, particularly in like
“Wsters. A further correlation between sonorous categories,

EXAMPLE 51. John Eaton, “Blind Man’s Cr¥
High

Middle

Low




190 Live ELecTrONICS

the voiced tremolo analogous to amplitude-modulated sine tones,
confirms the homogeneity of “Blind Man’s Cry,” and makes it
reminiscent of works by Davidovsky and Subotnick.

Eaton’s preference for dramatic soprano can be seen again in
“Mass” (1970), based on the Latin text, for voice, clarinet, Synket,
and prerecorded tape. Eaton continues to display a mastery of
timbre, evidenced in this case by his employment of clarinet mul-
tiphonics and flutter tonguing to simulate ring modulation and
amplitude modulation respectively. As it did in “Concert Piece,”
the Synket synthesizes string, percussion, and vocal sounds. String
and vocal timbres can be produced by sine tones or filtered square
waves, whereas subaudio pulses and filtered noise, with their
characteristic short attack and decay times, generate percussive
sonorities. Finally, voiced vibrato and tremolo are representative of
frequency and amplitude modulation.

Eaton treats the Latin text in a quasi-liturgical manner through
the use of musical elements characteristic of Medieval and Renais-
sance practice. Parts of the Kyrie exhibit Gregorian melodic pat-
terns. Modulated and filtered tape delay occurs in the Credo, in
which a man recites selected textual excerpts in English, recalling
antiphonal choral settings. The Agnus Dei contains microtonal re-
lations within an imitative duet between voice and clarinet, super-
posed over an electronic drone.

Donald Erb employs a Moog synthesizer, Moog polyphonic,
violin, piano, string bass, and percussion in “Reconnaissance
(1967), a five-movement work. Like Eaton, he maintains stable
timbral relations among the instruments and synthesizers by treat-
ing the latter as part of the ensemble. Additional cohesion results
from motivic interchanges among all the parts, which leads the
composer to treat the synthesizer as a keyboard instrument, imita-
tive of pianistic technique. Imaginative timbral associations be-
tween the synthesizer and conventional instruments are always
present.

Simulated instrumental sonorities such as violin and percussion
frcql.xently appear; but smooth transitions from natural to elec-
tronic soynd are also found. One such occurrence, at the beginning
of the third section, is outlined in Example 52. A low pitch s struck
Sfmza"d(’, (‘?f’) on the piano, accompanied by its inherent decay
.Charactcnstl'csf. Immediately after the piano tone, white noise i
introduced. The noise envelope is similar to that of piano, i.¢., !
has no steady-state time, but its decay is considerably longer. This
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Piano J

sfz

EXAMPLE 52. Donald Erb, “Reconnaissance”

s

technique enables Erb to transform instrumental sonorities to elec-
tonic ones without direct modification, concurrently establishing a
bomogeneous textural progression.

The vast number of rock and jazz ensembles that use the syn-
teszer canmot be discussed in entirety in this text, but the follow-
g selective survey should adequately cover this topic. The rock
goups involved with electronics during the late 1960s like the Bea-
dfs.'Hendrix. and the Velvet Underground, relied on recording
fudio techniques and feedback. Although commercial synthesizers
"ie available, they were not regularly used by rock musicians until
the next decade.

first American rock band to extensively employ electronics,

e United States of America (USA), appeared in 1967 and dis-
nded within one year. The leader of the group, Joseph Byrd, had
%anized the UCLA New Music Workshop in 1963; it included
“mposers, engineers, sculptors, painters, filmmakers, photog-
“hers, and poets. In addition to solo tape pieces, Byrd had com-
%ed electronics with jazz and rock ensembles.
SA made use of electronically-generated sounds 'fron} the cus-

"M designed Byrd-Durrell synthesizer, combined \Vlfh ring mod-
'or and echo units controlled by foot pedals. Cahforma-basedf
md contemporary with the Grateful Dead and the Mothers o
Wention, USA, which consisted of electrified llzln)§leOFd’ d“mt‘si

» guitar, and violin, exceeded all other groups m “;:mfl(l)]:(?:):k
s leation. Even voice was g 2t1 n(?vtcrazlsposition

ences, who had recently been exposed to la{b-c-ndrix Without

voice reversal by the Beatles, the Stones and Her 4

. . S e works of
g oubt, his compositional training and a“are1}?§ 5 ( )tfh:?cnsemble-
tOckhaus'cn, Cage, et al., enabled Byrd to conceive T
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Similar influences have contributed to more recent developments
in the rock medium.

In the 1970s, synthesizers have become standard equipment in
many rock bands. They are usually played by keyboard performers,
in addition to electric piano and/or organ. Their oversimplified use
of the synthesizer has contributed to a limited concept of the syn-
thesizer as an extension of keyboard instruments. Aside from such
clichés as oscillator glissandi and white noise (the latter suggestive
of the ocean), synthesizers are commonly used to play melodic
lines in either solo or ensemble contexts. Two oscillators are often
tuned to the unison or octave to produce a full sound, while sub-
sequent filtering, usually derived from descending control voltages
analogous to glissandi patterns, simulates the “wah-wah” effects
associated with the electric guitar, sonorities popularized by Jimi
Hendrix and Eric Clapton during the late 1960s.

Much of this problem revolves around early synthesizer design,
for mechanical keyboards were included by manufacturers to make
their product more easily accessible to musicians unfamiliar with
the principles of electronic music composition. Without under-
standing the basic concepts of control voltage, modulation, timbral
transformation, and so on, performers will be unable to derive
maximum flexibility from their equipment. Although live perfor-
mance demands operational ease, and keyboard orientation is a
solution to it, the possibility for instrament modification via synthe-
sizer is a viable approach. Part IV includes suggestions for live
performance synthesizer application; diverse methods of timbral,
frequency, and amplitude control are outlined in it.

Stevie Wonder, blind singer-pianist-composer, derived instru-
mental timbres from a Moog synthesizer in “Living for the City
(1973). Electronic elements appear as melodic interludes and back-
ground accompaniment, enhanced by filter sweeps to provide
timbral diversity. The formal organization recalls pieces by Pink
Floyd that utilize concrete sources like speech, footsteps, and au-
tomobile engines, to evoke environmental impressions. Approxi
mately two-thirds through “Living for the City,” the text of which
deals with racial prejudice toward blacks, a concréte sequence ap-

pears that depicts migration from Mississippi to New York. Sonor-
ous events progress from a bus sta

tion to a speech, a police station,
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o ofthet::n g.conwctnon. followed by the resumption and

Synthesi i :
Ccor'geul;c?kzeei ll:::;ur:inmtal timbres characterize the style of
fsgopin c'lugzs e player for the Mothers of Invention. Since
e mpet, trombone, and tenor saxophone, with
s i section, the synthesizer helps to create full
Clicago. Smooth ﬁosg emp!oyed by Blood, Sweat and Tears and
i contn'bunt] re shifts accomplished by control voltage
R e t(: a w?ll-b?lanced ensemble sound. These
Wash That Thin n l (l)n Echldlga s Arf” (1974), “Don’t You Ever
bt als inco Gr : 74), and “Penguin in Bondage” (1974); the
- Filterg;o a_: tape delay on thf: final word of some of its
ayemployed glllta r, the wah wah, is often present; while the
74, guitar fuzz appears in “Son of Orange County”
New 1 L
faing li;l:lt;d;]l?jng the late 1960s frequently entailed the use of
Velvet Under’ oluez’ and .ﬁlms, as evidenced by such groups as the
b the petfggrmn . This trend hgs gradually progressed to in-
wally they are ?ncle of extramu.smal activities during concerts;
BeBop Tango” (Vll;l;i representations of the lyrics or song title.
o ), by th(iMothers of Invention, involves the
Benieiiais s per\;er’ted tango, first by the musicians, then
B thi et elers, ollowed by complete audience participa-
€nble and so} cal context, _the synthesizer appears in both en-
s o passages, while white noise and glissandi effects
Unlike Zor rol’e, .
eved ﬂlr?)ﬁpi s earllgr pieces, in which electronic effects were
°flhe sonring: gh recording studio tape manipulation, the addition
oca f;ansfolqzner bas eﬂ’ept_ed a reorientation of timbral.relations.
laced by svnt:;ltlo_ns, onglpally a source of new sonorities, were
e €§lzed _equwalents of musical instruments. Since
Peiorm er dlscuss:on,'Roxy and Elsewhere, consists of con-
vl ances, tape modification would have been too cumber-
] Jye ¢, two distinct forms of electronic rock, recording studio
1Eerf0fmance, exist at present.
mora?ebes staging of the most elaborate T
Slfing costumes, props, and actions for i
. miniature theatrical productions.

dectr;l:,sm' the Tubes have emerged as on€ ©
ic rock groups. They have assimilated eleme

ock spectacles of all
ndividual songs, 1€
Despite their sen-
f the best American
nts from the
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Mothers of Invention, the Velvet Underground, and electronic
composers, so that the synthesizer, and tape transformations, pro-
vide varied timbral resources.

Taped voice echo appears in “Up From the Deep” (1975) and
“White Punks On Dope” (1975). The former begins with speech,
followed by wind effects via white noise, as background material for
the remainder of the song. Oscillator glissandi alternated between
two channels are superposed to create more diverse textures. Glis-
sandi are also used in “White Punks,” while tape delay is applied to
the word “dope” near the end of the song. Further vocal treatment,
found in “Malaguena Salerosa” (1975), consists of material spoken
in English juxtaposed with the lyrics sung in Spanish. The concl-
sion of “What Do You Want From Life” (1975) gradually introduces
high-pass filtering to speech, accompanied by continual movement
between channels. '

Filtered glissandi evoke eerie effects in “Space Baby” (1975), in
which electronic clichés reinforce its satirical nature. “Mondo
Bondage” (1975), however, contains the most successful applica-
tion of electronics. The synthesizer sometimes doubles the lead
guitar; glissandi are frequency-modulated; and a transposed tape
fragment concludes the piece: the electronic sonorities are appro-
priately chosen to complement the instrumental timbres.

The long instrumental interludes that characterize songs by the
Tubes stem from earlier groups like the Mothers of Invention and
the Grateful Dead. The bilingual “Malagueria” is reminiscent of the
Credo from Eaton’s “Mass,” and the combination of speech with
song is also found in tunes by the Velvet Underground. Although
the exaggerated use of glissandi becomes too predictable, it is com-
pensated for by imaginative tape techniques, vocal transforma-
hon;, and the melodic treatment of the synthesizer.

I'he music of Todd Rundgren is electronically more complex
than that of the Tubes; it includes tape delay, mellotron, piano, and
“keyboard computer”. “Born to Synthesize” (1975), a blues-style
voc.al 'solo, receives textural contrast from tape delay and timbral
variation through ring modulation of the voice. A complete range
of electronic manipulations occurs in “A Treatise On Cosmic Fire”
(1975), recorded and mixed in a studio, Additional timbral diversity
15 supplied by a mellotron, a keyboard instrament that plays pre-
TeCOdefl tapes of: conventional instruments, voice, and sound ef-
rfsz;lsc.)trsér??e the Instramental sonorities are not synthesized, the

s a suitable substitute for an orchestra. In this instance, a

ST
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at vari i
et I;t))’m (l))flekcy?t(l)]ard instruments make smooth timbral pro-
gession , although the excessive repetition of sonorous

dements, frequently j
S y juxtaposed to f e .
O - A orm layers of sound, also con-

The Briti i
g c:l:lni:;cp::t;mf roct‘}l: groups are gcnerally superior to their
- signiﬁc’ or their e!ectromc modifications often as-
iy chamcter?ncekjrhe tupbral :ﬁubtlcty of the mellotron,
works, “Pictures of a Cl-ze.i ng Crimson’s music. One of his early
ok mel;t) (1970)..comhn'1'cs guitar fuzz and rever-
i }(:tron, while a’d‘dltlonal sonorous relations
brckoced by tioab pI one qqd flute. The song’s strophic structure
A halfway th.rou hrahrep‘etltlons, but a change of mood and tex-
Sociated \;ith roci t e piece destroy i.ts predictability—and that
B WUSI;?. After a classic return to the beginning,
o psvchadel‘!nbc 1305, an unfprtunatc cliché derived from
e “hlc ha]n s. King Crimson’s music typifies the use
S0ups desiring 'exte:1c' las‘becomc a popular instrument among
ke s sy sive timbral resources. The Moody Blues
of these instmme(:];ls]g:gh:?]n. Alth(n}gh it is not a synthesizer,
: vide mear i i
““‘"hil ?:ZECCt ey ans for controlling timbre, an
Boups s thes?:ﬂlflz:] thcfrcccnt sophistication of electronic rock
@semble, Yes. b cl:: of other forms of music. A very imaginative
Xﬁmamglu St, '.as een affected by the music of Stockhausen,
ehestra, ‘a nga';fl'ls.ky, Jimi Hendrix, the Beatles, the Mahavishnu
tm, Formed i:1 leéé\;;et, they have avoided the danger of eclecti-
ey dadtr . Yes gradually approached the electronic
P ition of 9rchestra, me_llotron and s,\fnthesizer.
B i ong, contal‘n extended instrumental interludes,
® Becironics e range of tm.lbres. 3
th Side fComplenlent a simple three-part formal structure 1n
st t(l)1 th_e Slfy (1971; F ragile). After beginning with _ﬁl'
0 the 51 e piece’s melody is played in octaves by the guitar
ynthesizer. The gradual textural transformation procedes
filtered noise

om the ; cu :
he juxtaposition of old and new sonorities, 1.€.,

ith piano alone.

tiate the recapitulation of the

acoustic i . . :
teUSt(lic piano, which evolves into a section W
red noise motive recurs to ini

mit; :
is:] SEelCtlon’ followed by a short coda derived from
. Electronics are not used extensively,
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stance to the piece. The creative application of synthesizer re-
vealed here is not found in other rock groups like the Tubes and Todd
Rundgren until a few years later.

Motivic repetitions achieve greater importance in “Close to the
Edge” (1972; Close to the Edge), which is segmented into four
continuous movements. The opening sonorities of fitered noise,
bird chirps (frequency modulated tones), bells, organ chords, and
rapid sequencer patterns, appear intermittently, while chords are
shared by the organ, acoustic piano, and mellotron. The incorpora-
tion of additional small synthesizers and mellotrons with conven-
tional keyboard instraments, all played by one performer, enhances
the sonorous possibilities in performance. The equipment can be
preset to facilitate the timbral shifts, so that such an elaborate
configuration actually renders great flexibility of structural relations
dependent upon timbre. In this instance, the smooth progression
among the electronic and acoustic keyboard instruments defines
the formal divisions within the piece.

Excerpts from “The Six Wives of Henry VIII” (1973; Yes Songs),
keyboard solo by composer Rick Wakeman, are less successful than
Yes’s earlier works. Purposeless stylistic shifts encompassing diverse
keyboard mannerisms of Bach, Debussy, silent movie accompani-
ment, jazz, and rock, followed by the Alleluia Chorus from Han-
del's “Messiah,” contribute to the formation of a collage. War
clichés of bombs and air raid sirens produced from filtered nois¢
and oscillator glissandi do little to affect timbral cohesion, one of
Yes’s most refined aspects.

“The Remembering” (1973; Tales from Topographic Oceans),
one.of the final songs recorded by Yes before Wakeman'’s departure,
exhibits frequent mood changes accompanied by corresponding
textural transformations. The mellotron supplies sustained string
sonorities, while synthesizers simulate organ chords. Wakeman
Qroduces the effect of tape reversal by setting the envelope attack
times to maximum duration, so that the total envelope time €x-
ceeds the_duration of the individual pitches. When this is applied t0
a synthqs:zer keyboard, the depression of a key may generate pitch
and activate an envelope generator, in which case the resultant
envelopes end prematurely as melodic progressions occur more
qmckly. E).tamp]e 53 illustrates the following envelope characters-
tics: (a) quick attack and long decay, typical of many instrumental
tllmbrgsl;) (b&lreversa] of (a); (c) long attack and quick decay as e
ployed by Wakeman; and (d) truncated version of (c). The similarif}
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EXAMPLE 53. Yes, “The Remembering”

between (b . :
m‘;rsal.( ) and (d) is sufficient to produce the impression of tape
atnck Moraz, formerly
. Like his Predecess:.;:"lyl‘\(/;f R?fug.ec, replaced Rick Wakeman in
dsmthesizers and keybo; d(ﬁ:l{ performs surrounded by a variety
inique sonorous quality,rH .lnst'rfm)nepts, each of which p()sscsse's
{2 is revealed in his stat s rts,h"‘g approach to the synthe-
Voog or an Arp or a strinem?m that “the ultimate goal is to make a
WD or a string synthesiz e% Sy nt\hcsn'zcr not sound like a Moog or an
& and Pﬂ'fonnérs_ ver,” a sentiment shared by many compos-
ven thou
technique of %il:nx:lkeman had left Yes, the group retained the
. Sound Chasﬂ..(l;t_{llcmrc to enforce sectional division. In
"t recall Miles D ,._/43 Relayer), Moraz displays jazz influences
“Mong gitar, Sb'nth:;',b and Chick Corea; sonorous associati()n;s
00, Bensnca :ll,er, a}hd m'c‘ll()tron, contrasted against elec-
Megrated within t]c A P The electronic effects are subtly
ummw (1974: Rel ‘ff WO}'ks tc..xtural context. “The Gates of Dé.
Prodically « oy ab)er). in which fast sequencer patterns occur
onics. The S\'n(t:h ackground, makes use of more elaborate elec-
enls of each oft esizer and the mellotron, treated as comple-
Wlodies, and ler, are us<.:d for solos, accompaniment, counter-
aton to the f:ll"tar doubling, while filtered guitar enhances its
._(‘Sring modu]:t(;gomc lnSt'l‘lllnents. Moraz appropriatel)’ com-
' edal tones, m ll] and noise to create dense textures, followed
I the COllch’, much reverberation, and the use of an echoplex
Although WSK,m' :
Mics is ot 3 gkemgﬂ is a capable performer, his use of elec-
dichés, 13 § Imaginative as that of Moraz, who relies less upon
the introg S r_CStrlCtCFi use of white noise, for instance, along with
uction of ring modulation, reveal Moraz to be a sensitive

Ormer 3 !
omer, Both musicians base their work upon structural consid-
. ~al effectiveness.

0ns, a maj :
vy '\Tlm factor in determining Yes's musica
Payeq pi Moraz joined Yes, he led the trio
ano, organ, mellotron,

Refugee, where he
«The Grand Can-

and synthesizer.
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yon Suite” (1974; Refugee), an adgptatio‘n of the orchgstral wofrk of
Ferde Grofé, displays the derivation of mﬂxrumental h.mbres ro}:n
the mellotron, organ, and synthesizer. This is accomphshed on]t e
organ by changing registration, while thg regulation of envelope
contour and filter response applied to oscillators produces”smul_ar
results on the synthesizer. In contrast to this piece, ‘:Crcdo (1_9‘, 4
Refugee) is a virtuosic keyboard work in the txfadmon of Keith
Emerson, in which rapid alternations among piano, organ, and
synthesizer provide timbral and structural associations. Ax}othcfr
instance of Moraz’s refined musical judgment is r.cvealed in his
application of glissandi. Like the orchestral music of ?(enakl&
Moraz develops the concept of glissando rather than relying on a
momentary effect. Slow glissandi that encompass a few bars are
contrasted against quick glissandi and similar filter patterns, so that
a homogeneous network of melodic and timbral rclatlons'anscs.

I (1976), the first album produced by Moraz since his tenure
with Yes, is a composition of approximately forty-five mmutes'dl{-
ration. Although subdivided into fourteen sections, tl.u: music l‘
continuous, and the progression between the successive parts fS
smooth. Moraz states that “I stands for initiation.. Idt’nflt.‘_'_
idealism, integration, illumination, immortality, inﬁnll’)". Jily
but this profound generalization is too serious for the musical con-
tenit ‘of 41.” e

As one would expect of Moraz, “I” exhibits an imaginative HP;
plication of electronic processes to produce the timbral mtercst
from which the structural relations proceed. Those tlmbres.mos
noteworthy are: water drops recorded with a time delay via an
echoplex; stereo separation of French and English texts; and stcrt:j)
separation of Arp and Moog synthesizers, while ring-modulatc‘
harpsichord appears on both tracks. Timbral resources are ex-
tended by the employment of acoustic and electric guitar and'ba.&*:
cello, drums, timpani, and a percussion ensemble from Rio dt
Janeiro. In addition, Moraz plays piano, organ, mellotron, cl(;ctﬂf

piano, harpsichord, gongs, cymbals, and a variety of synthesizers,
including string and drum synthesizers. Sections are delineated by
10se found in the works of Yes. e

rests in its eclectic nature; its stylistic
Baroque and Romantic keyboard litera-
azilian Macumba chant. Even thoughbthc
erse idioms stems from a desire to achieve

timbral changes similar to t}

The problem with “1”
elements are derived from
ture, rock, jazz, and a Br
combination of such diy
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‘ntegration,” their presence often assumes the nature of a cliché;
tie value of the intermodulation proposed by Stockhausen be-
comes evident. .
ﬂw‘glll; ,lihyck Wa}!’(emavn was Witl] Yc§. hc'- a.l?'o plj(.)dllCCd ana lbl:lnl.
o es of Henry VIII (1972), in which his lack of imagina-
ton isapparent. His realization of six long compositions that focus
m various keyboard instrauments requires a special effort to avoid
:""maf}‘ repetitions and clichés. A baroque keyboard style and
tamonic vocabulary, in addition to filter sweeps, are used in
Cathe"".e of Aragon” and “Catherine Howard,” the latter also
tharacterized by frequent shifts from the keyboard style of Bach to
;’ij honky tonk, and Mozart. Timbral changes are derived from
n:f:'?g and alternation among the instruments; ring modulgtion is
rm'C‘OI:!)Orated, but the sounds of the sea, via filtered noise, are
z:smt fn Cgtherine Parr”. In addi?i(m. two mellotrons generate
nng, woodwind, brass, vocal, and vibraphone sonorities. As in his
?:k"”a"gements. timbral changes articulate a shift of mood, and
amc"li'ln 'has mastered that technique. However, since th'is is not
mpanied by substantive development, a superficial virtuosity
Xmeates the work.
mmon(’”[l:: kg'mllp to cmplo,\; lecctr'(mics as effectively as .ch is
““fquale;ii tl.and Paln1cr. l\m.th I‘:merson s keyboard artistry 1s
°m0nstratn electronic roclf._w.hllc his app'roach to the synthesizer
, es a refined sensitivity toward timbral relations. Classi-
nm:“ﬂllmces are obvious, but rather than extract stylistic man-
: ki’:‘;}:St Wakema.n docs: Emerson chooses c.mnp()sitions upon
-\lumrs rll(lctures improvisations. An L".\'a},llp]e_xs his arrange;{nc:ﬁ
iy S-W“gs ys' Plshlres At An !‘:.\.&hll)ltlml (1971). P.mcrsm‘l f:f.ps
ey ?"5’ like . P'r()mcnadc, intact, but most of them ?.Cr\f. as
: {.“Oflxls for variation and development. Varied synthesizer ap-
Dt;tlx]ons inclide :amplit}ldc. frequency, and ring modu?atmg; szl](:]\:l
i § rates; white noise; and ()scﬂlat()rs .tuncd in s)cc(‘)n e
. The character of “Pictures” is retained, while Emerson's
provise.
“Toccata” (1973), adapted from
a’s first piano concerto.
since a mellotron

v oscillators of identical
‘hanging waveforms, OF
f modulation, together

nuSl-Ca]‘ effects are used by the rest of the group to im

Similar treatment is given to
‘Ang]’g{f‘h movement of Alberto Ginaster e
“lfbtcsum often simulate orchestral szu};n ies,
avef, mployed. Choral effects, produce b

¢forms tuned in unison, are varied by €
Payed in unison with the guitar. All forms O
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with filtering and the use of the sequencer and echoplex, constitute
timbral associations that adhere to the formal structure established
by Ginastera.

Keith Emerson, one of the few rock keyboard performers to use
ring modulation, bases his choice of timbre on structural relations.
His music is always intersting because he avoids triteness and un-
necessary literal repetition. The constant search for new sonorities
that characterizes contemporary composition is not an end in itself,
but rather results from compositional necessity.

The Matching Moles, contemporaries of Emerson, Lake and
Palmer, do not attempt to overwhelm the listener with electronic
effects, but employ them within a definite timbral structure.
“Gloria Gloom” (1972) is among their most successful pieces be-
cause of the synthesizer artistry of Brian Eno. It combines simple
melodic patterns on the synthesizer with sustained tones, glissandi,
filtering, ring modulation, reverberation, and tape delay. The en-
tire song is soft, and its rich textures blend to create an Im-
pressionistic atmosphere. This is especially evident at the begin-
ning, where conversational speech is accompanied by a synthesizer
and a rock band. The voices gradually fade into the background
and the song begins, with the synthesizer, voices, and instruments
playing and singing the melody. A more extensive use of modula-
tion, in conjunction with tape delay, appears in “Smoke Signal”
(1972), whereas “Flora Fidgit” (1972) relies on filtering for sonorous
transformation. In the latter, the synthesizer and instraments also
play the melody in unison. :

Eno’s contribution on “Gloria Gloom” is obvious when the song
is compared to the others on this album, for he performs only on
this one. His absence on the remainder of the album is marked by a
less imaginative utilization of electronics: the synthesizer is gen-
erally treated as a melodically-oriented keyboard instrament. The
Soft Machine is a further example of this kind of use of the synthe-
sizer. Whereas their initial compositions involved tape manipula-
tions (see Chapter 5), Soft Machine VIJ (1973) replaces these with a
synthesizer played in the aforementioned manner, e.g., “Nettle
Bed” (1973). In addition to doubling melodic materials with the
synthesizer and instraments, the Soft Machine frequently applies
glissando patterns to voltage-controlled filters. The inferior musical
quality of their more recent albums may be attributable to both the
use'of the synthesizer and a personnel 'changc in the group.

Tape effects reminiscent of those employed by Pink Floyd and
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the Mothers of I :
nven . .
tn, reappear with th:o\r;/,hzo?gmed with synthesizer and mell
d;namted by white noise and tﬁge%"f“d"”’"e""a (1973) album (,)g
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ichision of such ased textural complexity. Despi
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Lfr‘l’lUiCS lhn their songs ginally displayed a creative application of
s 1like the n u
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e developed. T} Weaken:s any structural relations that might
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Another Green wor()us as_socnatlons among other instruments.
8 his associati qud (1975), an album produced by Eno follow-
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‘ COmp();e(;ml]ar to the first Roxy Music album. A prerecorded
e Fire ‘” Of"C()ncréte and electronic elements appears in
sland.” while the simple use of oscillators tuned in
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unison is expanded to encompass intervals of thirds, fifths, and
sixths to produce chords. Eno’s inventiveness is further demon-
strated on “In Dark Trees,” in which delayed guitar chords are
superposed over a rhythmic accompaniment derived from elec-
tronic percussion instruments. The guitar chords are then in-
terspersed with the melodic lines, so that simple musical ideas yield
a refreshing timbral and rhythmic structure.

Voltage-controlled oscillator glissandi representative of air raid
sirens; machine gun fire simulated by filtered noise with short attack
and decay characteristics; and fragmented conversations, provide
a stereotyped programmatic introduction to “War Child” (1974),
by Jethro Tull. Like recent pieces by Roxy Music, the effects
cease upon commencement of the song, but they intermittently
reappear in the background. The recapitulation of the introductory
sonorities establishes a superficial formal plan, but since the elec-
tronics are not integrated with the other musical elements, their
effect is weakened.

In “The Third Hoorah” (1974), a more meaningful use of
synthesizer is made with the synthesizing of realistic harpsichord so-
norities. Derived from two oscillators tuned in unison, a harp-
sichord timbre is produced from the addition of a percussive
envelope, while its authenticity is enhanced by the employment of
diverse oscillator waveforms that are then filtered. Although the
synthesizer is capable of more varied applications, and could have
been replaced effectively by mellotron, its use in this piece
exemplifies a more creative approach than that of “War Child.”

Songs by the various rock groups are either short, between three
_ﬂﬂd five minutes, or rather long, more than ten minutes. Surpris-
ingly, groups tend to restrict themselves to one of these categories.
As may be expected, the shorter songs generally do not possess
elaborate electronic modifications, but utilize the synthesizer
chiefly as a melodic instrument. “Just the Same” (1975), by the
_Gentl‘e Giant, displays these qualities. The synthesizer often plays
In unison with the piano or guitar; timbral variety is accomplished
Ljvy filtering. Sustained chords modified by filter 'swccps provide a

simple accompaniment to the song. Because of the time limitation,
electronic complexity is not possible, but as a result, a series of
fomu]laert‘o guarantee a modern, “electronic” sound have rapidly

> dre o prevail. Since there are presently a few
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musicians who understa i -
eample. nd this, hopefully others will follow their

One of the mo :
wria, Marconi (lf;’l{)d(;pu'l;}: Italian rock bands is Premiata, For-
b i it ke : eir kcryboard instruments, ty ;iC'll] '
ad electric piano, o nic groups, include a s_\'nthcsiw; -ic[o ‘*t'.\
dt’dr;)nics 5, genel"al;\g;;?y;]i;t‘:é] tmcll()ltr)zlm. but their ;11')1)I,ic‘ati()lll: (])Cf
i related stylistically o melody. Most of the PFM songs
'Cclebrationt'}' lﬁg;igl) t(()i ﬂlose Of, Emerson, Lake anl:; Plall 11\11(: ()llllfs
"“4‘15 using a ﬁlteresns , ?dr'-ch Till Five” (1974). The f()’rmc?
ion 10 unison -‘)“t lesizer for prime melodic material, in
-'Tl‘"()tr()n appears "I])at;silges b(.'t\\:(.‘cn 5_\'nthCSilC1‘ and glllt”(' ‘thlc
tones, The melloiro the conventional context of snstaincd! S}ril
vhile acoustic pianon ': r"fglﬂccd by the organ in the second i)icc]cg
Mented use of the - .()H €s an accompaniment for a H]CI()(“C'I"\"
tmbrg] chahiusiof ,S,\ nthesizer. Like the British groups Pl";\‘l’-s
\hﬁ devive these Cm:tl:-qrtﬂ?d the scc_‘tionalimti(m of a S(;llg, e‘ma
L stcreot‘ . s‘dmm a variety of keyboard instruments.
% and guitar filteri yped electronic effects are avoided, synthe-
?‘mbral shifisines t;zlliare the only modifications cmpl()\';‘(i.' Their
i, each g re )(;rc too prcdictablc; for a limited number of
Tufiesize bia?]((l to a part'mﬂ.ar mood, continually recur.
% supply the of ,sdt 1e melodic lines, the electric pizino and
0rgan pm"iae e 107 e_ll accompaniment, and the mellotron and
b rhelhsing 'S.llst‘amcd S()n.()rities.
Mnied by the 9\'nt;: }lzs'c"d e.\’tcr?sn'el_\' by I Pooh, sometimes accom-
.B‘no, hafpsiého 3 esizer playing melodic lines in the background.
Shilities ¢ C]CCIr, and filtered guitar increase the timbral pos-
| Tonics aPl)CarqO;::Ctsl a}rc assigned a mi.n()r rule. A similar use of
r;n Mumber of effect S T of Claudio Baglioni, where a lim-
%0t the intrume. s such as white noise and a Moog bass orna-
he mﬂuenccmfta! accompaniment.
e of G p OR Emerson, Lake and Palmer reappears in the
mann, and Lie everberi, who arranges works of Chopin,
iszt for orchestra, piano, organ, synthesizer, text-

&\Sm
. OPrang :
o j » and rhythm section. The fourth préludc of Chopin,

0r n
) c - .
, includes ornamental melodic figurations on the syn-
for synthesizer and or-

iZer, |

y N X %
hestra A addition to unison passages :
An - excerpt from “Carnaval”, Schumann’s solo piano

i
¢
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composition, includes overdubbed synthesizer, piano, and organ,
and recalls Keith Emerson’s adaptation of works by Mussorgsky and
Ginastera.

Compared to their British counterparts, the Italian electronic
rock groups are conservative in their application of electronics.
Although the British influence exists, it involves stylistic similarities
rather than an extensive use of electronics.

Edgar Froese, the principal exponent of German electronic
rock, does not employ guitar, bass, and drums as other groups do.
Extremely long pieces, realized on tape in a studio, are derived
from synthesizers and tape manipulations. Three characteristics of
his work, slow pulse, gradual timbral transformation, and super-
posed layers of sound, are apparent in “nge 891”7 (1974). The
stratification of sonorous elements produces a transformation from
monophonic to polyphonic textures, ornamented by tape echo and
filter sweeps. Froese’s compositions bear little resemblance to rock
music, including that by Yes and Emerson, Lake and Palmer. Ex-
cept for the inclusion of an extended bass sequencer pattern, “ngc
8917 could be considered a “classical” electronic composition.

Tangerine Dream, a trio formed by Froese, consists of synthe-
sizers, mellotron, organ, electric piano, guitar and gong. The
characteristics of “ngc 891” mentioned above recur in “Rubycon
(1975), so that static elements are varied by timbral and textural
transformations. The presence of additional keyboard instruments
increases the sonorous resources, which are complemented by fil-
tering and by a concentration on high, middle, and low frequencies
to elicit structural divisions. Since the emphasis is upon “conson-
ant” harmonics, ring modulation is excluded; glissandi and white
noise appear as embellishments of the dense textural web.

German electronic rock is unique in its exchision of percussion
and its rare use of the guitar, both of which are considered essential
by other rock groups. Rock’s rhythmic characteristics have already
begun to disappear with its recent fusion with jazz, manifested in
the keyboard styles of George Duke, Keith Emerson, Patrick
Moraz, and Rick Wakeman, The use of electronics, particularly
ring modulation, feedback, and tape manipulation, has extended
its sonorous elem‘ents into the realm of classical electronic music.
Plr{a.lly, the cl:{SS{cal and jazz backgrounds of many musicians has
facilitated stylistic borrowing that has ultimately led to new
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methods gf.shucmral organization. The definition of fusion music

}\hlch onginally included only jazz and rock, must now ‘bc:
broadened.to encompass electronic music. Similarly, electronic
composers mc!uding Pierre Henry, Ilhan Mimaroglu, and Kenneth
Gaburo have incorporated elements from jazz and rock in their
musc, and when Stockhausen speaks of a universal music, he is
ierring to the highest level of fusion. At this point c‘;ltc-g()rizz;ti()ll is
%l;)}]ngcr useful, for sound has transcended its usual connotations.
mm;:l 2}]?::)(?]]2]0['] is.not rcﬁricrtcd to electronics; it appears in
- lved in nnprqws:ahon as well. In many respects,
e lcsha. stnclt discipline, for performers must exercise
e onfc? ?mt do not reflect personal musical hal_)lt:s',
O’utche{ s cnc' 1€s. Musicians are f().rcc(l to shccl' stylistic
% \~_0 A l'mean.mgful sonorous relations at any given mo-
t '.f ulae exist; gvcrythmg depends on the sensitivity of
mi{:}r::]}: lin; ~sn-t'uatl(m hqs united and equalized n.msici;ms
i here stylistic mannerisms no longer have meaning; each

contributes to the formation of the whole.

bpﬂ};l:i]::ﬁ:lfti()'l'.”f_.thc synthesizer in jazz groups achieved
Otrary ¢ ('c‘”.‘ 195 05.‘11 few years aft.cr its use by .r()ck bands.
0 jazz ‘p(:::)d\‘ H?Cuhhzah()n of electronic kcyhoard !l]sl’l’ll]'ﬂc“ts
Paced o ”]S E«?r.}t)lm]ar' pr.oblcms. "\I.()rc emphasis is generally
Bt to this ¢ keyboard in jazz, especially for so)los; the counter-
iNgerine ) '" TOCk‘ are Emerson, Lake and la]mcr;. Yes; and
@t two o] r((‘;mj Furthermore, rock groups zal}\'zl)'s include at
mltal’(‘angl()rli,ll instruments, keyboard ;md guitar, so th'a‘t thc
becayge supply harmonies when thg synthesizer is played. This is
% until recently, all synthesizers possessed monophonic
2ards. If two or three oscillators were connected to the
Cheir\(‘].i the _dcprcssipn of a single key generated two or tl‘1~rc<%'
whie kc‘.‘"fc intervallic rcl‘atl()n l'(.‘lll;ll.nCd constun.t, r.cgar.dles.s 0
¥ was depressed. Example 54 illustrates this situation.

te three Qscillamrs are tuned to a C major triad (Exam‘ll)lc 3333(;
bt ;I:;L'ru)n of the middle C kcy.wlll ])l'()dlll(i‘c thﬁ t,:l)i e
Mirg] , ¢y controls all three ()SC]”&]F()YS. f\'?]()ll‘;;d' e
i Voltage is present, each of the oscillators 15 tuned initia o
€tent pitch. Therefore, when the control voltage changes, “A57

: : the three

d. the voltage will transpose the e
ance between the

e iln_nthcr key is presse
muforml,\'. so the intervallic dist
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(a)

]

(c)

e

White notes denote keys to be depressed.

EXAMPLE 54, Monophonic syn-
thesizer keyboards

frequencies remains constant. Examples 54b and ¢ portray ”th“_r
tunings. As can be imagined, few pieces can be harmonized by 2
single vertical harmony, whether triadic, quartal, or a cluster. In
most instances, there is not enough time to change oscillator hu):
ings during the performance of a song, so that these polyphonic
possibilities enjoy only limited application. Keith Emerson, for
example, utilizes quartal tunings in “Aquatarkus.” Since jazz
groups do not always include guitar, the keyboard player must sup-
ply the chords, but this is not always possible because of the limita-
tions of most synthesizers.

There are three possible solutions to this dilemma: first, tune
three oscillators to a given harmony as shown in the prt'(‘“]"”g
example; second, avoid polyphonic applications entirely; ;m(.l third,
treat the synthesizer as 3 monophonic instrument, but simulta-
neously play chords on the Piano or organ with the other hand
Emerson, Moraz, Wakeman, et al. generally follow the latter pro-

R
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cedure, which is one of the reasons they surround themselves with
‘fﬂb{)ard nstruments, although timbral variety and performance
fclity are other benefits of this configuration.
_ﬂ}f’_aul Blg)', one of the first jazz musicians to use the synthesizer
vithin a tn(.),. is among the best of the synthesizer performers, vet
TQ-T-S Eurpnsmgl_\' underated. The ‘Pqul Bley Synthesizer Show
~71), perhaps the best electronic jazz album to date, includes
"eARP synthesizer with the electric piano and rhythm section. Bley
?eats the synthesizer according to the context of the music, so that
- of mq‘diﬁcations spans the spectrum from simple to com-
i:t‘m n~\(:lrl- }{?\h for i‘nstancc. in}'(‘ﬂvcs (mly.slight fr'cql.wnc_\' mod-
be ARP S‘mgh S_l’lsfam('r}:i' tones. The l.ncl(.)dnc matcr.ml is played on
&Cmmpan'jmen?ulu' ‘;]' ile the electric piano supphcs the chordal
o n this cx.jmlpl.c.. the synthesizer assumes ﬂ]c
Ot an accordion; the simplicity of the electronic application

(-mh & £ N . .
tﬁfita“m the song’s musical substance, rather than electronic
S.

mg:].l.m;i"]aggrfltf: usc of thc. synthesizer is made 'in “The Arch-
ons s subtlety still prcval!s. zm(.i the electronic transforma-
" i proceed from the song’s musical context. A chordal effect
f f:]rl(((tjrt)c‘ t‘,”“".g two ()sgillzlt()rs in unison is_elgain combined with
than 5 piano; glissandi are used as melodic (l.cvcl()pmcnt rather
" 8 superficial effects. Bley then employs high frequency glis-
‘and amplitude modulation as accompaniment for a sub-
m:::a’l)i:s S{)](). so that his electronic modifications achieve real
al significance.

ng Ez:\l;?,(m CO'"PICX"fr‘catlngl?t of c!cctronics occurs in “No:h:
Pece ¢ as, Anyway. Sonorities articulate the structure of this
€10 such an extent that the listener forgets the source of the
th;l;\. rare example of ring-nuxlqlatcd kc_vbpard S()]]();]'a]fmgi
g encer patterns that are extensions of previous melodic anc

g Mic elements, demonstrate creative, musical applications of

tions and sequential material.

iy {j}l;lg tbc next few years, i%w.z_ music.ians, particu]m;l_\: C)'([))();_
Mithe.:. 1€ li}{z-r()ck fusion music, 1ncrcasm-g]_\' adopted the u.sc' o

“Mesizers, The Mahavishnu Orchestra, with Jan Hammer p]d'\‘-
; },"?()zards and synthesizer, is among the earliest bands of tgn‘s
o hmbr_al ‘h()mogcnci_ty among th_c ClC(it‘m?lf)ft‘:fg?ﬁi;;u;
b »and violin characterizes t!l(.‘ll: music, em(‘ it l'.S e

rally separate the individual instruments. Layers 0 g
Mosed  of repetitive melodic and rhythmic elements
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superposed to establish a rock feeling. In addition, guitar fuzz an
filter sweeps on synthesizer constitute other elements of “Birds o
Fire” (1973; Birds of Fire). Similar procedures, along with mucl
unison synthesizer, violin, and guitar playing, characterize “Mile
Beyond” (1973; Birds of Fire).

An increasingly subtle application of electronics occurs in “On
Word” and “Sanctuary,” both from the Birds of Fire album. In the
former, an accompanying pedal point derived from two oscillators
tuned in octaves, is subjected to hlter sweeps; while “Sanctuary”
applies slow filter changes, along with amplitude and frequency
modulation, to sustained octaves. Filtered noise also appears, but
Jan Hammer successfully conceals the familiar nature of white
noise and filter sweeps so that they assume structural importance.

An extremely short piece from this album, “Sapphire Bullets of
Pure Love,” portrays what the essence of electronic jazz could be.
Only twenty-one seconds long, “Sapphire” includes noise, modula-
tion, glissandi, and instrumental effects. Its rhythmically volatile
character recalls similarly brief compositions of the early serialist
Anton Webern, like his “6 Bagatellen” Op. 9 (1913), for string
quartet.

In contrast to such brevity, “Trilogy” (1973; Between Nothing-
ness and Eternity) lasts approximately twelve minutes. Surpris-
ingly, the music’s increased duration does not entail a correspond-
ing increase in electronic complexity; instead, the reverse takes
place. Three continuous sections share timbral associations, the
first of which includes noise, guitar fuzz, and filter sweeps. The
second movement contains many filter sweeps, whereas the final
part is dominated by guitar fuzz. The initial section, therefore,
is a timbral exposition from which the remainder of the piece is
derived.

Although Jan Hammer does not exploit the synthesizer to the
extent that Paul Bley does, his refined treatment of comparatively
common electronic sonorities is effective and structurally coherent.
Hammer's goal is to relate electronics to the other instruments, and
this is remarkably achieved. Like Paul Bley, The Mahavishnu Or-
chestra is fascinated not with the electronic effects themselves, but
with their contribution to musical substance.

In his electronic solo album, The First Seven Days (1975),
Harpmer derives instrumental sonorities from synthesizers accom-
panied by piano, mellotron and string synthesizer. Filtered sequen-
tial patterns and electronically-generated guitar and percussive

—n—
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d timbres fr :

f plexity, H:?nu;r;:]-‘a;i;{)iz:rt.hln ford_el.- to obtain further timbral com-
| ators of diverse waveformsf flmlhalf method of tuning two oscil-
: dthe oscilators is fltered t 0'. 1€ unison or octave; sometimes one

The Biblical reference iny (1) yield an even greater subtlety of color
wmposition, while th mvolves the sectionalization of this le "

. : e internal divisi longihy
used upon timbral, thematic, ¢ S of these seven sections is
me segments employing L:lit and rllyt.lnmc aspects. Aside from
mmer uses the afO'remcnti(l:\ I.)dcr(‘:]uwon pattcms on the album,
menlt: to realize this recording A Y

ss interesti cof

e o con;f;‘?t?oa]bums of Hammer’s are Like Children (1974)
dbum by drimmer Elill 'v_nth jazz violinist Jerry Goodman; and an
Hammer plays kc‘\'bo;: ‘3 ‘]()I}csr On the Mountain (1975), in whi‘ch
T recdrdcdr s “‘lth.m a conventional jazz trio format.
chides b i on separate tracks and then mixed; it in-
fents, while plicked S::“,()ntlcs along with standard jazz-rock ele-
n the Mountain is, 1 “"S patterns are generated by a sequencer.
tan to electron; 3 m'()rc Sllccc§sﬁ|l with respect to improvisation
keyboard instmm; tfrqnsf()rmzlt.l()n.. Hammer uses conventional
k resulting CIcctr:)s.m‘coml)matmn with the synthesizer, but

Neither of these alb nic s_()unds are predictable and stereotyped
Soen Days. se albums is as effective electronically as 'l'he'}"irst'

Like Moraz’s | ,
7yt e Wk To ix Wos o ey VI
bllowed by iaz; an(i‘ .-k( 1 Il‘l.( ication of a new direction being
b0 encompacs | rock musicians. The urge to extend the song
lested iny the nu; %dong temporal durations had already been man-
19705 haye i t;:z of ?appa: the Grz!tcful Dead, and Yes, and the
eate large com ‘I.)r_() iferation of this type of music. The desire to
Perfomerg lmmlz(;?lt:o'n-ul. structures, is due at least in part to these
. ﬁ]]ﬁ]‘]m‘m trdil:néng. It can ,bc_' considered another step
M musica] tyles 1’ of & tockhaus'cn s ideal of a universal music.
Wmework. o th are gradually being amalgamated into a single
ok, an éoik hl'(lf ]thc categorization of music as classical, jazz,
A though ”'w d\sl[- )IC’g'l'l.ll to lose its significance.

%such Jong iCA .¢.1 1avishnu ()rchcs?m gcn.cra]l,\' avoids perform-
Wloys , \'-nlf)i ‘tC'cs,f]()hn Mcl',aughl.m, their guitarist and leader,
?mm(‘\'-to-‘y();t.} (.) electronic devices, incluc_ling a polyphonic
aq p(;]\.ph(mitlgL_Cf)n\'crtcr, a fTC(!llCl]C)' shxftcr, a sequencer,
Len nlc m‘n.u-‘\l(')()g synthesizer for guitar and modified
s name implies, the frequency-to-voltage converter




210 Live ELecTrONICS

produces electronic analogues to the guitar’s pitches; these voltages
can then control other sound generators and modifiers as oscillators
and filters. The frequent appearance of modulated sonorities on
some of the album Inner Worlds (1976) is an outgrowth of
Mahavishnu's earlier piece “Sapphire Bullets of Pure Love.” Both
“Miles Out” (1976) and “Inner Worlds” superpose harmonically
complex, modulated textures with recurrent rhythmic patterns, so
that the pulse of the music is not destroyed; hence, these pieces
retain a fundamental association with the jazz idiom. Oscillator
glissandi sometimes serve as modulating signals for frequency shift-
ing in “Miles Out,” while “Inner Words” mixes noise with mod-
ulated guitar. The other works on this album incorporate less
modulation.

In some instances, fusion groups include musicians who have
performed both in jazz and rock ensembles. Such is the case with
George Duke, formerly of the Mothers of Invention. His perfor-
mance with percussionist Billy Cobham reveals a sensitivity compa-
rablc.a to that of Bley and Hammer. Duke’s early style reflects a
cautious application of electronic modifications in which the elec-
tric piano is given a more prominent role than the synthesizer.
IntrO(.:luctory sections generally composed of diverse electronic
sonorities are followed by electric piano, filtered, and modulated
guitar, which seem anticlimatic after the initial sounds. The intro-
ductions are nonetheless well worth listening to. “Stratus” (1973
Spectrum), for instance, begins with amplitude-modulated noise
and melodic elements, followed by the entrance of a filtered se-
quencer. This sonorous progression could easily have been reduced
to a cliché, but percussionist Billy Cobham de‘velops the rhythmic
ideas present in the sequencer pattern to result in a dialogue be-
tween synthesizer and drums. The structural unity generated by
th1§ process is sufficient to have constituted an enﬁre'improvisatioﬂ‘
so it ls.all the more unfortunate that it was restricted to introductory
material.

“Snoopy’s Search” (1973; Spectrum) contains greater timbral
coherence, for the introduction is followed by filtered guitar and
ﬁlte_red and ring-modulated synthesizer. Rapid sequencer patterns
subjected to gradual pitch transposition, in addition to glissand
and filtered noise with a percussive envelope, combine to form the
opening sonorities. The subsequent appearance of ring-modulated
tones enhances the timbral associations with the introduction:
Later works establish more sophisticated relations.
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“Heather” (1974; Crosswinds), whose opening is made up of
ftered sustained tones on the synthesizer, accompanied by electric
pano, concludes with similar sonorities. A reliance on particular
tmbres as motivic elements is also found, and extended, in
Spanish Moss” (1974; Crosswinds), which is divided into four con-
tnuous movements. Filtered noise, and ring modulated tones
analogous to wind and gong sounds, appear at the outset. Treated
# timbral motives, these sonorities recur as interludes between
successive sections, each of which is defined by individual kinds of
“unds. In the second part, “Savannah the Serene,” filtered electric
Pano is prominant. It is followed by “Storm,” a filtered drum solo
«companied by white and filtered noise. The final section, “Flash
Flood,” incorporates filtered trumpet, filtered guitar, and echoplex,
9 that the control of timbre operates on two levels: in addition to
Cmm;cting the separate sections, the diverse timbres also delineate

different movements. Particularly apparent in the Crosswinds
‘hlm, electronic applications provide structural cohesion without

inating the music’s texture. George Duke continues to use the
"ihesizer sparingly but judiciously, with the electric piano provid-
g contrasting sonorities.
In contrast to Billy Cobham’s ensemble, Weather Report utilizes
d synthesizer for melodic purposes and special effects. “Nubian
ndance” (1974) displays electronically-generated bass patterns
d fltered melodic lines, while preference is given to unison pas-
98¢5 between the synthesizer and the saxophone. Keyboard per-
et Joe Zawinul employs oscillator glissandi as effects, conclud-
‘\“g‘“f'h a brief segment of modulated sonorities. As with the
Yahavishnu Orchestra and Billy Cobham, timbral association
‘ong synthesizer and instraments is the prime concern, although
0 Hammer and George Duke incorporate the synthesizer to a
%eater extent than Zawinul does. kI
omogeneous textures also characterize the music of guitarist
y Coryell and the Eleventh House, but the electronic trans-
Mations are more apparent than they are in Weather.RePOTt-
Hectri piano is used as a source of melodic and harmonic mate-
4, while filtered trumpet frequently reinforces the tirr_lbral asso-
“ations between electronic and acoustic instruments. “Birdfingers
'-] ) is a typical example. The increased timbral complexity of

Y (1974) proceeds from filtered trampet and guitar in c(;lniunc'
ho"_“'ith filtered and frequency-modu]ated glissandi from the syn-

izer. The piece is further unif

ed by the glissandi that grow out
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of the melodic development. Electronic modifications and the
matic interchanges between the instruments prevail to the exten!
that it is difficult to distinguish the individual instruments. The
sonorities are absorbed into a massive texture in which musica
elements receive the foremost attention.

Many of the jazz musicians discussed so far have been infl:
enced by personal contact with Miles Davis, who was one of the
first to use electric piano in his group. Chick Corea, the founder of
Return to Forever, is one of these. Corea employs electronic
keyboard instruments for two diverse reasons, timbral variety, and
the ability to be heard above strong drummers, which is a purely
practical consideration. Hymn of the Seventh Galaxy (1973), ak
though it does not contain any synthesizers, displays the variety Qf
timbres available from the organ, the harpsichord, and the electric
and acoustic piano. :

Corea’s style revolves around his use of the electric and acoustic
piano, so it is not surprising to find that he also treats the synthe-
sizer melodically. The periodic appearance of filtered noise and
slight modulations in the background are used only as effects:'the
more interesting sonorities stem from the filtered and fuzz guitar.
Timbral relations between keyboards and guitar do not display the
refinement encountered in other jazz ensembles.

Corea tends to use a wide variety of keyboard instruments a_nd
synthesizers on his later albums. Romantic Warrior (1976), for in-
stance, includes acoustic and electric piano, organ, clavinet, ARP
Odyssey synthesizer, and four different models of Moog synthe-
sizers, an impressive collection of equipment worthy of Patrick
Moraz, Keith Emerson, or Rick Wakeman. From a stylistic point of
view, the new Polymoog is the most important of these instr-
ments, for it enables the performer to play chords in a manner
analogous to traditional keyboard instruments, so that there is 10
longer a need to rely on the piano or organ for the production of
chords, which increases the possibility of maintaining structural
relations based on timbre.

Although polyphonic synthesizers can be considered a valuable
asset for keyboard-oriented performers, David Friend of ARP In-
stFuments cautions inexperienced musicians concerning the Sl}b'
stitution of a melodic structure for one based upon harmonic prin
ciples: “When you start playing in a fully polyphonic manner you
get back to harmony and structure as being the musical elements
that you're dealing with, rather than melody.” There is no reason
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for a keyboard player to feel restricted when using a monophonic
synthesizer, but he must be able to work within a melodic
framework. Once this has been mastered, polyphonic applications
will evolve out of musical necessity.

Such is the case with Chick Corea, for his “Medieval Overture”
Romantic Warrior) displays a high level of timbral organiza-
tion which, when combined with thematic recurrences, results in a
standard ABA song form. Like his earlier pieces with Return To
Forever, there are rapid stylistic changes, while monophonic syn-
thesizers frequently play melodic lines in unison with the electric
guitar.

Another veteran of the Miles Davis group, Herbie Hancock,
dccurately describes the dilemma of most pianists who adopt the
use of synthesizers: “I don’t want to make the synthesizer sound like
akeyboard instrument, but I'm still new to it, so I have a hard time
aoiding it.” This revealing statement made by an excellent pianist
and musician leads to the fundamental limitation of keyboard-
onented synthesizers. It is ironic that since manufacturers pur-
posely designed synthesizers with a keyboard to facilitate adoption
by musicians, performers must struggle to avoid keyboard man-
terisms. Although the control voltage options of synthesizer
keyboards supply a variety of functions other than pitch generation,
ome of which will be discussed in Part IV, it is the keyboard
tself that seems to overpower most performers, who think in
terms of it. Part of the problem certainly rests with performers
who must learn to overcome technical difficulties and treat the
snthesizer as an instrument. On the other hand, electrical
tngineering is so advanced that improved synthesizers ought to
be forthcoming. .

The reservations expressed by Hancock in the foregoing state-
ment are manifested in his application of electronics. “'Buttﬂﬂ.\'
(1974) makes a minimal use of the synthesizer; the piece’s textures
are dominated by electric piano. The mellotron is also cmplpyed as
4source of sustained string sonorities, and it often Cn?phasmcs the
high pitches in instrumental solos. A wide range of tlnlbres result
from the presence of four woodwind instruments which, whex(l]
tombined with electric piano, mellotron, s.\"‘thCS'Zer’ bass, ank
Percussion, afford a smooth sonorous progression. As _Ha‘x;]coc]d
tains more experience with electronic devices, 1115_1““:“’3f o l()::l =
teflect greater a structural unity derived from synthesizers, for i

among the finest contemporary jazz pianists.
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Discography

BAacLiONI, CLAUDIO
Sabato Pomeriggio,
TPL 1-—1161
BLEY, PAUL
The Paul Bley Synthesizer

RCA

Show, Mile. MSP 9033
CoBHAM, BILLY

Crosswinds, At. SD 7300
Spectrum, At. SD 7268

CoREA, CHICK
Hymn of the Seventh
Galaxy, Poly. PD 5536

Cd.

Romantic Warrior,
PC—34076

Where Have I Known You
Before, Poly. PD 6509
CORYELL, LARRY
The Eleventh H ouse,
VSD—79342
EATON, Joun
“Blind Man’s Cry,”
S—296
“Concert Piece,”
TV—S 34428

“Mass,”

Van.

CRI

Turn.

CRI S—296

“Piece for Solo Synket No.

3, Dec. 710154
“Songs for RP.B:." . r'Dés
710154
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Part Four

Compositional Techniques

Man has qualities which can never be replaced by a robot . . . they [robots]
are there so that he shall have more time for the truly human tasks—those

of creation
Karlheinz Stockhausen, 1 958

THE CONCLUSION OF THIS TEXT is directed toward composers and
performers. Compositional techniques and methods of formal or-
ganization will be covered in detail. In order to avoid needless
repetition of prc\'iously-publ'Lshcd material on synthesizers, such
discussions will be eliminated whenever possible. Readers who need
more specific information concerning the operation of particular
dectronic devices are referred to the previously cited book by
Hubert Howe, or to instruction manuals published by the synthe-
Szer manufacturers themselves.

Once the sonorous elements of a composition have been cho-
sen, the feasibility of using them in specific transformation pro-
cesses must be determined. All sounds, for example, do not pro-
duce acceptable results when they are ring-modulated or f_iltered.
Frequency, harmonic content, and amplitude are determining fac-
fors in making a reasonable decision concerning their subsequent
_modiﬁcati(')ns; . :

- By the 1950s, two fundamental concepts concerning the deriva-
tion of new sounds from preexisting ones had been formula.ted. In
Paris, Pierre Schaeffer employed the technique of subtractive syn-

thesis, while his German contemporary Karlheinz Stockhausen mll;
2
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tiated the use of an additive process. Both methods are most suc-
cessful when applied to particular categories of sound. Because of
its degenerative nature, subtractive synthesis is best employed
when the sonorous elements possess a rich harmonic content. The
amplitude of the original sounds must also be sufficiently high to
avoid the introduction of unwanted noise and hiss during the re-
cording process.

Subtractive results are obtained by filtering. A filter is an elec-
tronic device that segments a sound into component groups based
on frequency content. An octave filter divides the frequency spec-
trum into octaves starting at, e.g., 100, 200, 400, 800, 1600, 3200,
6400, and 12,800 Hz. A sound processed by this type of filter is
therefore available as eight different timbres, depending on which
frequency range is selected. Low-pitched sounds with complex
harmonic structures produce the greatest variety of timbres, a-
though higher sounds can also be treated in this manner. A sound
whose fundamental frequency is 1000 Hz, for example, would only
vield four individual timbres if it were modified by the aforemen-
tioned octave-filter; 1600, 3200, 6400 and 12,800 Hz. As long as the
harmonic content is of adequate complexity, any sound will pro-
duce useful results when filtered.

A less common device, the third-octave filter, divides the fre-
quency spectrum in a manner similar to that of the octave filter.
Each octave is divided into three equal parts, e.g., 100, 133, 166,
_200, 266, 372, 400, 533 . . . 12,800 Hz. A third-octave filter affords
mcyeased selectivity and generates a greater number of timbral
variations than its counterpart, the octave filter.

Additional kinds of filters include high-pass, low-pass, band-
pass, and band-reject (notch); their names describe their functions.
A_ high-pass filter allows all frequencies above a predetermined
pitch or cutoff frequency to sound, or pass, so that the pitches
below the cutoff frequency are attenuated. Conversely, the low-
pass filter suppresses pitches above the cutoff frequency while re
sonating those below it. As its name implies, a band-pass filter
resonates a selected band of frequencies, attenuating pitches above
and below the range of the band, or bandwidth. The bandwidth &
adll}Stab]e; its range encompasses components equidistant from 2
variable center frequency. Similarly, the band-reject or notch filter:
functions as the complement of the band-pass filter. An adjustable
frequency band determined from the center frequency is at
tenuated, while frequencies exceeding the bandwidth are still pre
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 Cutoff Frequency \
.
3 ) &
i
g %
- frequency

Low-Pass High-Pass

Center Frequency
Band-Pass Band-Reject
EXAMPLE 55. Filters

“nt. Example 55 portrays the effect of these filters on the frequency
ontinuum,

A composer often wishes to utilize related sounds in a piece ip
oder to establish timbral relations. Filtering can be applied to this
Shuation, The timbral variants that result are analogous to changes
orchestration in instrumental music, so that a single sound can
“ume a variety of colors. Furthermore, the process of filtering
Permits the composer to work within a timbre continuurm, proceed-
" from the original sound to gradually removed correlates. Such
Pocedures avoid the necessity of literal repetition, although
ythmic characteristics, when present, remain intact.

Additional subtleties are obtained by processing a single sound
trough an octave filter bank or a series of filters. Example 56
lustrates both possibilities, in which the modified outputs are sub-
keted to further transformations. Treated in tbis manner, a sqle
“und source may generate enough material for an entire
“mposition.

In Example 56a, the multiple ou

tputs from an octave filter are




220 ComposiTioNaL TecrNQue
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EXAMPLE 56. F iltering techniques

subjected to ring modulation, double ring modulation, amplitude
modulation, and reverberation. The resultant transformations are
then mixed and recorded. Example 56b separates the frequency
components of the sound source into two ranges by simultaneous
low- and high-pass filtering, and the outputs are both mixed ¥ nd
ring-modulated. The separation of the ring-modulated output in©
complementary segments by employing band-pass and band-reject
filters is followed by the mixing and recording of all four signals.
Sounds Possessing a low fundamental and a substantial nqmber
of upper partials are best suited for subtractive procedures. Simple
tape manipulations, however, can be utilized to provide th -
characteristics for sounds lacking these characteristics. This
shown in Example 57. By slowing down a recording of a sound
source, the fundamental frequency and accompanying harmon
spectrum are lowered, The transposed version can then be mix
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Source Ta
15 ips o

Source Tape
7% ips

Filter | Tape
Network Recorder

mox =<

Source Ta
3% ips o

EXAMPLE 57. Tape transposition and mixing

vith the original sound to yield a more appropriate input signal to a
ﬁher. The manual control of the respective amplitudes insures at-
tanment of the desired results. Incidentally, preamplification be-
fOT? and after the filtering process helps to eliminate extraneous
wise resulting from equipment and second generation recordings.
:gf:]ampliﬁer is an amplifier that raises the output of a low level
~ Asnoted earlier, additive synthesis is a second method of deriv-
g new timbres. Three developmental stages account for a gradual
&dension and sophistication of Stockhausen’s ideas regarding this
technique. The first approach, in “Studie I1,” consists of splicing
ogether recordings of sine frequencies .05 seconds long. The tedi-
s nature of this procedure should not be a deterrent to those
‘"“T‘“ted in acquiring basic electronic skills, for the construction
of timbres i contingent upon understanding the principles of aural
Perception. In this instance, timbre is treated as a function of pitch,
 that high frequencies produce bright timbres and low pitches
“elfi dark colors. A frequency continuum emphasizing a multitude
of timbral shades can be defined by selecting its appropriate com-
ponents, while the proximity among individual pitches determines

actual degree of timbral change. ;

‘tKOntakte” demonstrates a second method of additive synthesis
¥ incorporating the tape transposition of subaudio impulses.
Timbre is the result of both pitch and duration because a variable

Peed tape recorder is used to accomplish the tape transpositions.

erception of duration is of prime importance, and Stockhausell
How Time Passes . . -

S referred to this in the article ™. . . e
1956), in which he concludes that timbre is the result of individua

Urations perceived as proportions. This implies a duration con-
tinwm from which timbral transitions can be derived.
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One such continuum is presented in Example 58, including the
division of the second from four equal parts (.25 seconds) to sixteen
parts (.063 seconds). The tape lengths are for use at 7% ips; their
length is doubled when working at 15 ips. In this text these frac-
tional divisions of the second will be referred to as “sampling rates.”

By applying sampling rates to sine tones, great flexibility of
timbre control can be achieved. Sampling rates below 8 result in
the perception of individual pitches, but not of timbre. As the sam-
pling rate is increased, pitch recognition is transformed to timbre
perception. This occurs in the region of 12 to 14 samples per sec-
ond, depending on the frequency and amplitude of the sine tones.
The speed of the timbral transitions can therefore be regulated by
working within the duration continuum.

These procedures need not be restricted to electronic sounds,
but can be employed for the modification of concréte materials as
well. More harmonically complex sources produce correspondingly
complex timbres. Rhythmic relations can also be established by
devising repetitive patterns of sampling rates such as 16, 12, 13, 14,
15, 16, 12. As with pitch, familiar timbres lose their identity as
faster sampling rates are chosen.

The constituent components of a sound must be chosen with a
specific resultant timbre in mind, even though it will usually be
impossible to predict precisely the quality of the final sound. For
example, if a bright timbre is desired, the sonorous sources could
include flute, clarinet, trumpet, siren, and train whistle, all sound-
ing in a high register. The speed of the timbral transformations is
governed by sampling rates, and establishes the degree to which the
original elements are recognizable. Emphasis on a particular color
like t}}e trumpet can be maintained by ascribing a longer sampling
.duratl'on to specific sources. A possible sequence of events follows,
in which the numbers in parentheses refer to sampling rates: siren
(16), clarinet (12), flute (14), trampet (7), trainwhistle (14). This
pattern can then be made into a tape loop and subjected to €n-
velope control by regulating the amplitude of the tape loop.

Stoqkhausen cventually extended the application of additive
synthesis to include intermodulation, which was discussed in the
second chapter in reference to “Telemusik.” Amplitude and fre-
quency modulation, in addition to double ring modulation, ar¢ the
most Ob‘iiOl'S ways of producing intermodulation. In this instance:
the additive process is more selective, for the resultant frequencics
can be calculated in advance if both input frequencies are know!:
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AAMPLE 58. Sampling rates
oV T'he application of intermodulatory processes in determining
Werall timbre structures is a viable composition
1 . 1 '
1]“]).“ can be treated as a function of pitch,
;"’I)llfll(lL-, thereby establishing many degrees of sonorous
ons within a composition. An instance employing minima
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Envelope |[C.V
Source 1 Follower 1
oo . VCF2
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Envelope |CVv. | i RN
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i 3 4
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EXAMPLE 59, Intermodulation

sources is contained in Example 59, in which two sounds are fi-
tered, ring-modulated, and mixed.

Source 2 is filtered, and its output simultaneously sent to the
mixer (input 1) and the input of both ring modulators. The con‘tr(.)l
voltage needed to activate the voltage-controlled filter (VCF) is
obtained from Source 1, its amplitude converted to a control vol-
tage by the envelope follower. (More will be said about the en-
velope follower later in this section.) The first instance of mtcr;
modulation, then, entails the regulation of the filtering of Source 2
by the amplitude of Source 1.

Another example of intermodulation occurs at ring mod}llawf
1, where the first Source is modulated with the filtered version ‘,’f
Source 2. The output is again split, appearing at the mixer (input 2
and the second VCF. At this point VCF, is controlled by the
amplitude of Source 2, transformed to a control voltage b‘ the
envelope follower, and effecting still another instance of inter-
modulation. The filtered signal is sent to the mixer (input 3) and the
second ring modulator, subsequcntly modulating both ﬁltcr«{
sounds. These appear at the mixer (input 4), and provide a fina
example of intermodulation. ‘

The variety of timbres obtainable from such a rcs?nctc(:
number of sound sources guarantees the presence of close tnnhm,
relations within 2 work. Furthermore, such processes allow the
composer maximum flexibility in his choice of sonorous elements
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vithout compromising the resultant sound. Simple melodies, as
well as complex electronic sounds, are suitable to intermodulatory
techniques. 3

With the advent of voltage-controlled devices, some of the time
sent in splicing has been eliminated. The sequencer, for example,
an produce effects similar to those of manually-derived sampling
rtes. If only one sound source is employed, the sequencer can
gnerate a multitude of voltages within a fraction of a second,
tesulting in alternate recurrences of sound and silence. This tech-
mique is illustrated in Example 60.

Voltages from the sequencer are alternately set between positive
and zero values to control the operation of the voltage-controlled
amplifier (VCA). Sampling rates much faster than those derived
from splicing are produced, although the exact rate is difficult to
determine because of the absence of precise speed calibrations on
the sequencer. An additional limitation of this procedure is the
necessity of employing a single sound source. In order to maintain
an altemation between two or more sources, the number of se-
encers must be increased and, most important, their operation
must be synchronized. The latter consideration is essentially impos-
sble to satisfy without the aid of sophisticated digital equipment.

There is, however, a solution to this problem. A computer can

programmed to accept a number of sound sources that can be
tonverted to a digital, or binary, format by means of an analog-to-
digital converter. Individual sources, stored in labeled memory
blocks, can then be recalled at specific times for any duration.
Input data would consist of the following: call number to identify
the appropriate sound, entry time, duration, and amplitude. Abso-
te flexibility and precision are provided by these procedures,
whereupon the computer output is processed by a digital-tg—analog
converter to derive an analog signal. A block diagram of this proce-
dure is illustrated in Example 61.

EXAMPLE 60. Sequencer

Source Output
C.V.

|
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Storage
Locations
11111 i
Analog-to- Digital-to
Analog [ | 'Digital | | L] Analog [ . Output
Source Converter Computer Converter

EXAMPLE 61. Computer editing

Criteria for the classification of compositions in the main body
of this text were based upon the nature of sources employed: either
voice, instruments, or concréte and electronic sounds. Each of
these elements suggests a particular manner of composing internal
structural relations, just as the piano and other instruments imply
certain stylistic characteristics. Chopin Etudes, for instance, dem-
onstrate an idiomatic style of piano writing; hence their transcrip-
tion for another instrament or ensemble would not produce the
sonorous qualities originally intended by the composer. Just as
composers of vocal and instrumental music conceive a piece in
terms of the instruments employed, so must electronic composers
realize appropriate applications of the sonorous elements to be in-
corporated in a composition.

The voice is perhaps one of the most fertile sonorous sources,
for its applications range from intelligible speech, or semantics, to
purely timbral effects. In order that a composer be able to work
successfully within this medium, a clear understanding of all as-
pects of language is essential. This may also be a plausible explana-
tion for the comparatively few examples of tape compositions de-
rived solely from voice.

The function of language is to carry meaning, based upon syn-
tactic rules that establish semantic expectations for a listener. lel"-‘
of syntax must be followed for meaningful speech to result. Fur-
thermore, language proceeds from the systematic combination of
basic elements or phonemes that lead to the formation of syllables.
words, and sentences. To develop linguistic materials in a manner
analogous to that of electro-mechanical transformations, the phys-
ical and semantic nature of the four levels of language must be
studied.

Phonemes, the smallest units of sound, are fundamentally
meaningless. They consist of vowels and consonants, both of which
involve individual methods of articulation. Vowels are continuous
sounds produced by a freely moving stream of breath through the
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nouth, whereas consonants involve stopping the breath stream.
The four categories of consonants are stopped, fricative, affricate
and nasal. .Stoppcd consonants shut off the air flow C()xnl)lctcl\"
while fricative consonants result from narrowing the air passage so
that they come through noisily. Affricate sounds are the combina-
ton ofstopped and fricative, and nasal consonants are produced by
dl\'emn‘g the air through the nose. Example 62 includes the four
tategories of consonants along with additional subdivisions. The
te"“mf)lqu 1S derj\'ed from the manner of their articulation.
rtla:;::s l:ﬂf(:;me:pon |s especially l‘lscful in constructing timbral
s \l'e (lll?g;nstlc level, for it enables thc. composer to iso-
- vords rpm a text, f(')llo\\'cd. h‘y t'h‘cnr rcar'rangcmcnt
rding to sonorous characteristics. Berio’s “Thema’ 1s an exam-
ple qf this procedure. Based on a text by James Joyce, “Thema”
:'l]\'t:(l)llzra“gg'r‘agual progression or disintcgr.a_tion t_o.thc fric.ativc-
s.” Conversely, a composer can utilize this information to
::‘]?;T;éﬂ la tt(:l\t li.n which predetermined timbral associations are
k'\'ellof.la;n Ld)lng \\'ltl.] ph()ncnw§. thc' ﬁmdmncnta_] stmctura.l
o 1guage, 01.113' timbral C()nsn-dcrah()ns'arc p().?‘snblc. In this
, Meaning, if present at all, is a function of timbre.
k\‘g;\llg??;ng is also‘absent fr(?m the second, or syllabic, structural
i ‘.o“_er.guagc.' Syllgblcs QIEcr from phonemes by the presence
i Il])Cf)l]]ul]Ctl()ﬂ with one or more C()n'sonants. l' here 1s,
e ol ()II;L important exception, monosyllabic words like boy,
, bird. Because they exhibit fundamental traits of the syllabic

EXAMPLE 62. Classification of consonants
Stopped Fricative
_ Labiodental (far, verse)

1. Bilabial (pale, bad) 1

2. Alveolar (tool, did) > Dental (thin, that)

3. Velar (can, good) 3. Alveolar (sent, zoo)
4. Palatal (ash, rouge)

Nasal Affricate

1. Labial (ram) 1. Palatal (chip, jump)
2. Alveolar (ran)

3. Velar (rang)
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and word (third) levels of linguistic structure, the overlap intro-
duces the element of ambiguity within the realm of meaning.

Words, the principal disseminators of meaning, may be broken
into constituent parts, so that new meanings evolve. For example,
the word “wonderful” could be divided into three syllables, won-
der-ful. If the temporal separation is of sufficient length, three
monosyllabic words appear: won (sounds like the number “one”),
der (the German article “the”), and ful (sounds like “full” or “fool”).
The word’s semantic structure is destroyed, and then replaced by
new word-meanings. This procedure was incorportaed by Stock-
hausen in “Gesang der Jiinglinge.”

The fourth structural level of language includes sentences, in
which syntax is a function of meaning. Sentences, like words, can
be dissolved into separate phrases, words, or syllables. Both seman-
tics and syntax can be altered to produce various degrees of intel-
ligibility. The complete range of compositional procedures as-
sociated with language is illustrated in Example 63, a language
continuum.

Should a composer decide to deal with language, the preceding
example would indicate some possibilities of formal organization
on the linguistic level. Syntax is a prime factor where meaningful
speech is concerned, whereas the absence or transformation of
syntax is characteristic of meaningless speech. At the timbral end
of the continuum, syntax is replaced by pure sound.

Additional elements pertaining to language include intonation
and accent. These can be utilized within any of the aforemen-
tioned contexts, for they contribute significantly to the establish-
ment of a sonorous resemblance to linguistic patterns. Meaningless
speech, for instance, can be made to appear meaningful, as
exemplified by Berio’s “Visage.”

Electro-mechanical transformations involving additive or sub-

EXAMPLE 63. Language continuum

Speech Speech «——o . Elements of Speech
(meaning) (partial meaning) (no meaning) (phonemes, syllables)

Meaning Timbre
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lnch'ye methods increase the number of possible speech variants.
fitering systems similar to those depicted in Example 56 are a
surce of timbral components, whereas the intermodulatory proce-
dures shown in Example 59 generate more complex timbres, usually
mfl}panied by a decrease in comprehensibility when meaning
_“m_ha"y present. The timbral complexity of the ensuing mod-
fcations remains the choice of the composer, so it is helpful to
emember that reverberation and filtering produce less drastic ef-
fec1§ than ring modulation, whereas mixing and overdubbing tend
0yield collage-related effects obscuring most of the word content.

formal organization of speech-derived materials must take into
“count both textual intelligibility and the timbral resources of the
wice. The twofold nature of this procedure constructs a multitude
o relations between semantics and timbre.

Instrumental sources, when treated in an additive manner, tend
© yield complex and varied timbral structures. Their harmonic
tntent is increased by intermodulation, whereas splicing tech-
liques in the form of sampling rates produce a degree of harmonic
complexity proportional to the sampling rate. Slower rates are
more readily perceived as autonomous events, while an increased
M of execution increases the likelihood of composite sounds
being formed.

Since envelope characteristics and harmonic content define the
norous quality of musical instruments, familiar timbres may be
fiectively transformed by altering temporal and frequency rela-
tons. Experiments by Schaeffer and Poullin confirm the feasibility
of envelope alteration by tape editing in which attack, steady state,
and decay times are shortened or removed entirely. A piano, for
eample, can be recorded playing isolated pitches. Its envelope,
shown in Example 64, consists of an attack followed by a continu-
®s decay. The piano does not possess any steady state
tharacteristics.

EXAMPLE 64. Piano envelope

attack decay
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A wide range of related timbres can be derived from this source.
By separating the attack and decay portions, two sounds result: tape
reversal produces organlike sounds, and tape transposition at faster
rates approaches the sound of a harpsichord, whereas slower
playback speeds sound like a gong striking. Additional sounds can
be extracted by subjecting the transposed fragments to tape rever-
sal as well. The internal reordering of attack and decay segments
produces subtle timbral differentiations. This is achieved by divid-
ing a recorded sound into any number of parts, and splicing and
rearranging the physical location of the individual components, as
indicated in Example 65.

The forgoing technique can be applied to more than a single
sound, thereby yielding a greater variety of timbral changes. It
must be remembered that the duration of individual segments, or
their sampling rate, governs the possibility of aural identification of
the sources. Rhythmic patterns can also be produced by employing
different sampling durations; this results in timbral rhythms. Fi-
nally, the effect of low-frequency amplitude modulation can be
realized by separating successive segments with blank tape
(silence).

An advantage afforded by the use of tape is that the choice of
sonorous elements is extended to include concréte sources other
than voice and instruments. Both additive and subtractive pro-
cesses can be employed; their choice depends on the timbral nature
of the initial sound. One way of handling such material is to pre-
pare an environmental-type piece in which electronic modifica-
tions are minimized to insure the aural recognition of familiar
sounds like footsteps, barking, and automobile engines. Elemen-
tary tape manipulations, filtering, reverberation, and mixing can be
applied without necessarily interfering with this plan, since their
main function would be to supply timbral nuances.

Electronic sounds are produced by oscillators and noise
generators. Oscillators produce definite pitches and a variety of
EXAMPLE 65, Tape editing techniques

IEI9I8|716|5|4|3|2|T| original sound

direction of tape

|i|3|2|10|4|7|1|9[6|3—| reordered version
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F= fundamental (1st partial); “4* = sharp; “—" = flat.
EXAMPLE 66. Overtone series on C (65 Hz)

waveforms, while the individual waveforms derive their sonorous
characteristics from the nature of the accompanying harmonic
S].)mfa. the overtone series. The patterned distribution of frequen-
ties, in addition to corresponding amplitude relations, constitute
the nature of these spectra. Example 66 contains the first sixteen
partials of an overtone series on the pitch C (65 Hz).

Upper partials exist as simple arithmetic ratios to the fundamen-
?“" e.g.,2:1, 3:1, and so on; the series can be extended indefin-
tely. Before specific waveforms are considered, a means of accu-
fately measuring amplitude should be understood. The timbral
characteristics of complex sounds are dependent upon both fre-
quency proportions and amplitude relations.

Our perception of loudness is relative, not absolute. For exam-
ple, asound described as soft may denote something different to a
musician and to a worker continually exposed to factory noises.
Bt‘gause of these inherent differences in amplitude perception, sci-
entists have formulated a system of measurement based on
logarithms, in which the basic unit of measurement is the decibel
(dB). To double the loudness of a sound is to increase it by 3dB. If
the threshold of hearing is considered as 0 dB and painfully loud
noise as 120 dB, a soft sound would be approximately 45 dB. Mea-
surement by decibels does not eliminate the relativity of amplitude
perccl)ti(m.' but it does enable one to work more accurately after a
point of reference has been decided upon, and it is an invaluable
tool for the electronic composer. Example 67 gives degrees of loud-
Ness with their corresponding decibel ratings, which have been

1ounded to the nearest tenth.
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Number of

times as loud d_B
initial sound 0

2 3

3 48

4 (22) 6 (3+3)
5 7

6 7.8

7 8.5

8 (23) 9 (6+3)
9 95

10 10

11 104

12 10.8

13 11.1

14 11.5

15 11.8

16 (24) 12 (9+3)
17 12.3

18 12.6

19 12.8

20 13

30 14.8

32 (25) 15 (12+3)
40 16

50 17

60 17.8

64 (2¢) 18 (15+3)
70 18.5

EXAMPLE 67. Decibel ratings

Sine, square, triangle, sawtooth, and ramp waves are normnlh_
generated by modern oscillators. The sine tone is the only one 5
these to possess a fundamental without its accompanying partials.
Whereas the frequency ratios among the remaining waveforms ar¢
constant, their amplitude relations vary. A graphic representation
of a 65 Hz square wave, 60 dB, is shown in Example 68.

A square wave consists of a fundamental (f) and of odd-
numbered partials (f x 3, f x5. ..) whose amplitude relations
are inversely proportional to their numerical order within the
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52
50
48
46
44

42

65 195 325 455 585 715 845 975 Hz

[‘:-’.’ < p .
“:\‘(\’\Agl:llB 68. Harmonic content of 65 Hz square

series (1/2 1/ :
qllt:]\c; l();‘](;é’” ~ (~i~ ‘[ll.’l‘..\;;mlplc 68, .thc third__partial has a fre-
B et o 4/-‘: );Bx 3) and an amplitude of 37..2 dB (60 — 4.8).
Tareg A ’( represents a sound three times louder; con-
T X ‘I’"t fhqu as loud is achieved by subtracting 4.8 dB.
\uml(l]ftfa]s‘;]r;::,(,)‘n::; (\‘;i::\t:l:ti,(,)fl.fi 'trizuln‘.;lé'q\\';l)\'c c:ap hc: dcdgccd in
Qienicies o the \(~u.~l S l.. :m.l‘pc ) . (V)sscsslm?' l(lcntl(‘i'l] fre-
B creh ol A 'l. é rlc v\\d\(.. the triangle wave contains z}lﬂpllhl(lgs
Rnesici s l".“ t'f.%l(.} prnp()r‘tl(muI_‘z}nd the sql—lqarcd m}ms of t!l‘t'lr
third l);lr‘tiq]r(ft.r }\lt u‘n tl}(- series ( l/aj or l_/O, 1/5% or ML ER) lhc
amplitud ofa 65 .l Iz triangle wave is 195 Hz (65 X 3).’ whereas its
ide is one-ninth as loud as the fundamental, i.e. 50.5 dB
| 60 -95). ? ’
()\L;tl)‘l‘]zr; i?'?d ltrizmglc waves partake of sclcc"tcd p()rFi()ns (.)f the
the ke )lc?.u'. ).llt “'IL" ramp ()r. sawtooth wave 1s a l]];ll.llf(‘:ﬁt;ltl()n of
R th-;: . (-‘S‘(..I'ICS. ['he mnphtudc of the pa.r.tmls exists in a rela-
12 l/:% IS T((l])r()cal.tn tl_lcn .num.cncal position within the seres
13, 1/4 . . .), a situation identical to that of the square wave.
nt of the ramp wave, and its re-
illustrated in Example 70.
and of the harmonic content
execution of additive

Both the rich harmonic conte
mblance to the square wave, ar€
A knowledge of the overtone series
of specific waveforms ¢

an be applied to the
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65 195 325 455 5¢

85
EXAMPLE 69. Harmonic content of 65 Hz triangle wave, 60 dB

715 845 Q75 Hz

. A o a8 are wave as a point
and subtractive processes. Establishing the square wave as a |
of reference, additive

- . gad
synthesis can be accomplished by choosing
fundame

ntal pitch and its appropriate partial frcqu‘cnclc\- I_I]“";
would be generated by a sine oscillator, as shown in Example 5
which timbral transformation of the square wave results m)m,tll;
deviation of the amplitude relations from their normal setting. :
this instance the amplitude succession is reversed. L‘f(’élfll]%fll]_llt}‘
dertone series, or subharmonic spectrufn, in which ?llc_ hrtc:U\lCJ
partial (975 Hz) appears as the fundamental due to its increa
amplitude.

The extension of this te
timbres. The original comple
frequency and amplitude suc

chnique yields an infinite array “:
x waveforms can be synthesized f_r“lﬂl
cessions that are not (lcri\'ati\"‘.\ ()1]t 111:
overtone series. An illustration of this procedure is contan'lt,'t P
Example 72, in which the intervallic distance between s”uk\.\rn-_
pitches is diminished by semi-tones, and the amplitudes are Tt

: : at specihc
duced by half, ~3dB. Octave doublings are avoided so that s|
pitches are not emphasized.
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.. 198 325 455 585
130

N
—
w

845 975 Hz

520 650 780 910 1040

. 260 390
: F..\'\\IP[,I*I 70.

|

Harmonic content of 65 Hz ramp wave, 60 dB

EXAMPLE 71. Additive synthesis of a square¢

wave
Square Wave Altered Square Wave
}M}_ Frequency Amplitude
60 dB 65 Hz 48.2 dB
55.2 195 48.9
53 325 49.6
51.5 455 50.5
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b2 2

. beo

O

Hz 65 124 220 370 587 831 1109 1397

dB 60 57 54 51 48 45 42 39
EXAMPLE 72. Additive synthesis of complex waveforms

Subtractive methods by filtering can be applied to any complex
timbres in which the degree of harmonic complexity helps to de-
termine the texture of the resultant sound. The filter networks pre-
sented in Example 56 are typical configurations that can be mod-
ified at the discretion of the composer.

Electronic noise generators are most suitable for filtering, and
fltered noise is often referred to as “pink” noise. Bands of neise are
frequently employed to simulate wind, jets, and the like; the
band-width is responsible for the accompanying impressions of ac-
tual pitch recognition.

The formal organization of sonorous materials within the tape
medium can be based on melodic, rhythmic, and timbral relations,
among others. Regardless of the type or number of structural levels,
smooth transitions and transformed repetitions of elements are
readily available from electro-mechanical devices. Intemal‘COh"T'
ence is maintained by modifying all sounds in a similar fashion, by
filter, reverberation, and so forth.

The structural possibilities are increased, however, when a per
former plays in conjunction with tape, while the sonorous relations
between a performer and tape are dependent upon the ability Pf the
composer to establish them. If substantial thematic cohesion 1
desired, both parts will most likely share melodic or rhythmic mo-
tives. On the other hand, should a composer wish to establish
timbral connections between a performer and tape, a knowledge O.,f
the acoustical properties of the voice or of various instruments 15
essential in order to transfer them to prerecorded sounds. Envelope
and harmonic content are the two basic elements to control.

The attack, steady state, and decay times of vocal or instrumer”
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tal sources can be approximately determined by careful listening,
o the sounds can be routed to an oscilloscope, where their en-
velope contour is projected on a screen. Many percussion instru-
ments, for instance, possess sharp attack rates and fast decay times,
without steady state characteristics, like wood sounds. Similarly,
piano and plucked string sounds do not exhibit steady state seg-
ments, but are differentiated from percussive sources by more
gradual attack and decay rates. Detailed information concerning
the envelope properties of orchestral instruments and the voice is
contained in the scientific journals listed in the bibliography.

The harmonic content of instramental sources is usually derived
from filtered square, triangle, or ramp waves. The sine wave cannot
be filtered, but it closely resembles the sound of a flute. When the
amplitude of a sine tone is increased to border on distortion, it
asumes vocal characteristics. The appropriate envelope contour
applied to a sine tone approximates the sound of an electric piano.
Middle to low range square frequencies approach a clarinet timbre,
whereas high pitched sine tones appear as violin harmonics. Cym-
bal and gong sounds are effectively produced by the ring modula-
ton of sine tones with square, triangle, or ramp frequencies.

Finally, prerecorded and transformed versions of instrumental
or vocal sources can be incorporated with electronic and concrete
elements, and the resultant tape displays close timbral associations
with the accompanying instruments. Example 73 presents a few
ideas for the formal organization of pieces that combine performers
with tape. A common procedure (Example 73a) divides a composi-

EXAMPLE 73. Formal plans for performer and tape

Trumpet Tape of modified trumpet sounds —————— Trumpet
(a)

Piano .

Gon Tape of electronically crroduced piano, gong

$ and clarinet sounds

Clarinet
(b)

Tape Instruments Tape Instruments Tape Instruments
30 sec. 15 sec. 60 sec.

®0sec. | 15 sec. 30 sec.
(c)
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tion, or one of its parts, into three related sections. A timbral pro-
gression of trumpet sounds is produced by a performer, transformed
by tape and electronic techniques, and followed by the recapitula-
tion of the natural trumpet.

Example 73b illustrates a more sophisticated design than the
previous example. Instrumental sounds are here contrasted against
electronically produced analogues. Although this method could re-
sult in confusion between the natural and synthesized instmimental
timbres, the electronically-derived instruments can be assigned
elements like melody, rhythm, and register, that are physically
impossible to execute on unmodified instruments. The tape thus
fulfills a compositional need, rather than providing mere imitative
effects.

The formal divisions of Example 73¢ incorporate simple and
inverse durational proportions to articulate delineations between
tape and instruments. In this instance, more effective results would
be obtained if the taped material were of a contrasting nature, not
instrumental, so that the aural recognition of individual sonorous
categories would be facilitated. The durations of the taped sections
decrease by a rate of 2: 1, e.g., 60, 30, and 15 seconds; whereas the
intervening instrumental segments increase inversely (1:2), 15, 30,
and 60 seconds. Structures based on multitude proportions provide
logical formal relations, and their appearance can be heard.

The addition of voltage controlled devices to the electronic
medium during the mid-1960s was influential in the evolution of
live electronics in performance. All forms of contemporary musi¢
can employ these techniques, which range from simple keyboard
synthesizers to elaborate modification systems. Although most
commercially-oriented performers rely on keyboards and s¢
quencers for the bulk of their electronic work, I will present addr
tional ideas that can be applied to both rock and jazz, as well as 10
non-commercial composition. ,

he overgeneralization of the function of an electron
keyboard has led to unreasonable limitations in its use. Synthesiz<!
keyboards have one purpose, and that is to generate voltage, ™!
pitch. As a voltage source, they can be connected to any d‘,""“'
whose function ijs dependent 1'11)()11 control voltages, like \_
V.C A, and VCF. In non-electronic music, keyboards are associated
with pitch, but this need not be the case within the electron
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medum. Both synthesizer performers and electronic composers
mist divorce themselves from this antiquated concept.

Since their association with oscillators is obvious, other uses of
e keyboard will be explained. Rhythmic patterns executed on a
fesboard can activate a voltage-controlled amplifier to which one
o more instraments have been connected. Each time a key is
depressed, a voltage is sent to the VCA, turning it on, and allowing
fie input signals to be heard. When the key is released, the
anplifier is shut off and no other sounds come from the loudspeak-
. In order to differentiate the amplified sounds from their natural
dites, a reverberation unit can be placed between the output of the
\CA and the preamplifier. If, for example, a trumpet, saxophone,
ad trombone are treated in this manner, the natural sounds will
‘]‘?)'S be present, while reverberated rhythmic extractions will
wtodically be transmitted over the loudspeakers. A diagram of this
onfiguration is shown in Example 74.

By substituting a voltage-controlled filter for the VCA in the
Pevious example, timbral rhythms are produced. Since each key
8nerates a different voltage, its filter characteristics vary accord-
W@l."- Omission of the VCA causes the modified sounds to be con-
Buous, but their timbre changes as various keys are dcprcsse(!.
Although such effects are rarely employed by commercial groups, if

discriminately, they will not interfere with the predominant
tlements of mclod'\', har'mony. and rhythm. Conversely, structural
®hesion could be increased by articulating the rhythmic patterns
"f‘d motives occurring in various parts of the composition.
\ vboards are flexible devices capable of controlling pitch, dura-
tion, and timbre.

EXAMPLE 74, Keyboard as rhythmic source

Trumpet
Saxophone >- Mic
Trombone
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The sequencer is another versatile voltage source that is usually
restricted for use with voltage-controlled oscillators. There is no
reason for such a limited application, although extremely complex
sounds are obtainable when a VCO is activated by a sequencer.
The repetitive nature of this instrument affords a means of con-
structing interesting masses of sound when it is connected to a
VCO. If the sequencer is set faster than approximately twelve
events per second, the individual pitches will lose their autonomy,
and timbre will be perceived in an effect similar to that achieved by
Stockhausen in “Studie I1.” Subtle timbral changes are easily de-
rived by adjusting the control voltages.

Complex envelope contours are available by controlling a VCA
with a sequencer, although a volt-meter must be used to accul'atcl_,\‘
measure output voltages. Examples 75a and b illustrate some typi-
cal patterns produced by a twelve-stage sequencer where the vol-
tage range is 0 to +5 volts. The voltage of each stage is preset, and a
smooth transition between successive stages can be made through
the appropriate setting of a “glide” control, available on mo§t
commercial sequencers. The interconnection of equipment 1
shown in Example 75c.

This application is feasible when conventional instruments are
the sound sources, for their characteristic timbres can be trans-
formed. If applied to sustained pitches, the effect is one of continu-
ous repeats superposed over a long tone. When a melodic line is
treated in this manner, unpredictable accents, crescendi, and di-
minuendi contort the melody.

Timbral rhythms analogous to those produced by keyboard
control of a VCF are also possible with a sequencer. Modified
instrumental sounds, particularly when played in conjunction with
unaltered instruments, can be effectively distinguished by such
further transformations as reverberation, tape delay, and ring
modulation.

The envelope generator, a control voltage source, provides a
less elaborate means of producing envelope contours than does the
sequencer. Connected to a VCA, the envelope generator offers
separate controls for attack, steady state, and decay rates, but these
are not comparable to the multistage sequencer. Nevertheless, the
envelope generator is a useful device, and its capabilities are suffi-
cient for most applications.

Voltage inverters, although not sources of control voltages, pro-
vide the flexibility of changing the direction of a voltage. This is
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EXAMPLE 75. Sequencer as envelope source

adv: . > .
d‘f“”“%’t‘()us when a single voltage source operates two pieces of
equipment. As shown in Example 76, two sound sources are sent to
individual VCA’s. The control voltage is unaltered at VCA,, but is

nverted at the second VCA, yielding a ping-pong effect. Any vol-
tage source can be used in this instance
teplaced by filters—or by oscillators, if the
Omitted.

T'he voltage sources discussed so f
musical context, and the result

. and the amplifiers can be
analog sound sources are

ir have existed outside any

ant voltages have been preset at the
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Output 1
Source 1 1 V.
| Syp— - - - -
T TV nverter 1'
Control |
Voltage i
Source :
S adn’ sl whit 'S A Y L il
Source 2
VCA 2 OQutput 2

EXAMPLE 76. Voltage inverter

discretion of the composer. The choices could be arbitrary, or in-
fluenced by musical elements in the piece. Although this practice
is acceptable, stronger structural relations can be produced by
frequency and envelope followers.

As their name implies, these devices follow, or track, either a
melodic line (frequency), or an amplitude level (envelope). This
analog information is converted to a control voltage that closely
represents frequency or amplitude contours, thereby generating a
direct correspondence between the musical materials and the vol-
tage. Two simple configurations are given in Example 77a and b, in
which the frequency follower controls a VCF, and the envelope
follower activates a VCA. Example 77b contains a more sophisti-
cated scheme, for the trumpet signal is sent simultaneously to an
envelope and a frequency follower. Because of the presence of two
oscillators, a three-part texture js produced. The timbral charac-
teristics in this example are limited to the waveforms available on
each oscillator.

Numerous structural relations are obtainable from these dt
vices, and it would be futile to attempt to exhaust the possibilities.
A final, quite elaborate, scheme, is offered as an incentive to those
interested in exploring structural relations on an advanced level.
Incidentally, these procedures need not be restricted to live per-
formance, but can also serve as material for prerecorded tape. ,

Example 78 achieves a high degree of structural unity by utilizing
envelope and frequency followers, while the voice is distinguished
from the instruments by the addition of reverberation. Further-
more, the voice is the only source that undergoes multiple "_")d'
ifications and generates control voltages. Complex connections
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Trombone Frequency | €-V.
Follower }
I
I
-
T
Saxophone—— VCF Output
(a)

Envelope |C.V:

Voice
Follower

|
|
rV\CA‘\ Output

(b)

Saxophone ————

Envelope | _CV-__lyvco1
Follower

Trumpet

Frequency | _SV- _Jlvco 2}——
Follower

(c)
EXAMPLE 77. Frequency and envelope followers

among the instruments are avoided by systematic groupings: voice,
flute, and saxophone; trumpet, electric bass, and.kc,\'b()ard;’ gnd
¢ymbal. The saxophone is the only instrument that is not modified,
but its melodic phrases are converted to control voltages. ()tlﬁr
voltages are supplied by the sequencer, voice, and kc_\'bo;'lr‘d. \\'h:d e
the latter instrument pr'o(luccs only voltages, not pitches. The mc o
ification devices are typical, consisting of a filter bank, rc\-clr'}éc,r,?-
tion unit, and two rilig modulators, voltage-controlled mn[.) lt]tfnf'v
and filters. Only four additional smmd§ ran pmduccd: f]tTllcr
amplitude is regulated at the mixer. Depending on MEEELIS '(1)ur'1|
Playback system. the output from the mixer can be monaural,

stereo, or quadraphonic.




Composimional. TecHNIQUES

L — Qutput

244
Filter Bank Reverb
Voice
Envelope [V
Follower -:
|
______ |
|
|
Flute ————] ng
1
VCF1
i 1
| s o
Saxophone—| Frequency [C-V. | J 5 4
Follower X
3 e
r
Trumpet ;
Electric Bass
2
VCF2
i
l‘(eyboard————__c.'i'____.._.__...I
Cymbal VgA
|
|
A4
Sequencer
EXAMPLE 78. Live performance scheme
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Computer-generated sounds deserve special discussion because
of the manner in which they are produced. The precision afforded
by computers is one of their primary advantages over other types of
electronic equipment; each sound is accurately described by a series
of numbers. Since a variety of sound synthesis programs are cur-
rently available, only a general explanation of possibilities will be
gven. Readers interested in specific details are once more referred
to the bibliography.

Most computer programs require a series of preliminary in-
stuctions indicating sources, modifications, waveforms, and en-
velope contours. The first two categories are combined to form
‘nstruments,” whereas the latter are function-generating sub-
outines, or GEN functions. Oscillators are essential to most in-
stuments, and typical modification devices, including filters, ring
modulators, and envelope generators, can be included to construct
more complex sources.

Among the descriptive information required to form an oscil-
lator are instrument numbers (1, 2, 3 . . . ), the GEN function
tumber for the waveform, the point of entry and duration in sec-
onds, the frequency in Hertz, and the amplitude in decibels. The
ordering of these elements may vary among different programs, but
tis defined and constant within an individual one. Their inherent
dccuracy and flexibility permit more sophisticated formal relations
on all structural levels. Frequency can be calculated to one-
hundredth of a Hertz, while amplitude and temporal elements, as
well as modification devices, can be controlled with similar
precision,

The derivation of GEN functions resembles the methods em-
Ployed with the sequencer, although the twelve sequencer stages
are replaced by five hundred twelve storage locations within. the
computer, Waveforms and envelopes unavailable from synthesizers
@n be gotten from computers, in which harmonic cqlltfrnt,
- amplitude, and envelope characteristics are susceptible to limited
Variation. Since sound synthesis programs are usually patterned e
studio and synthesizer techniques, computers frequently duplicate
these ﬁmctiéns. In this respect, there is not much that needs to be
learned, but all the operative sonorous elements must be predeter-
Mined ynless provisions are made for rando_m operations. i
~ Because of the complex pitch and amP.ht“de “"lah(]m§ obrl:sois
Mstrimental envelopes, the derivation'of 511stmmex1ta tunn i
Particularly suited to computer synthesis. Eqchovertone cate
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(a)
Entry Instrument
Time Number Duration  Amplitude Frequency
0.0 1 5 40 440
0.05 1 4.95 43 162
0.1 1 4.9 44.8 484
0.15 1 4.85 46 506
0.2 1 4.8 47 528
0.25 1 4.75 47.8 550
0.3 1 47 48.5 572
0.35 1 4.65 49 504
04 1 4.6 495 616
0.45 1 4.55 50 638
0.5 1 4.5 50.4 660
0.55 1 445 50.8 682
04 1 44 51.1 704
968 1 4.35 51.5 726
4 1 4.3 51.8 748
0.75 1 4.25 52 770
98 1 4.2 52.3 792
o 1 4.15 52.6 814
' o 1 4.1 52.8 836
R 1 4.05 53 858
1.0 1 4.0 53 880
(b)

EXAMPLE 79. Computer generated sounds

sess individual attack, sustain and decay characteristics, while pitch
ﬂucjhmti(ms and noise transients peculiar to attack segments ar¢
C.“s'l-\' attainable. Noise transients are extraneous sounds that some-
times accompany the initiation of a pitch produced by string an¢
wind instruments: “scratching” is common to bowed string instru-
ments, and “hissing” to wind instruments. The timbral extension of
mstrumental families, including brass, woodwind, string, and per-
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assion, is an example of the resources available from computer
applications.

- Example 79is a description of a simple computer sound generat-
ng process. Since computer methodology permits the sonorous
representation of graphically conceived ideas, the figure in Exam-
ple 79a may be considered a sound analogue. A sine oscillator,
nstrument 1, is the sole, unmodified sound source. The numerical
mformation is in typical input data format (Example 79b), indicat-
g the entry time in seconds, the instrument number, the duration
in seconds, the amplitude in decibels, and the frequency in Hertz.

The total duration of the sonorous event is five seconds, and the
number twenty has been chosen as a basis from which pitch,
amplitude and temporal relations are derived. The time of the
mitial slope segment is one second, or twenty per cent of the total.
The subdivision of this part into twenty smaller units provides entry
times for the twenty pitches 1/20 or .05 seconds apart. Since all the
pitches stop simultaneously, their individual durations are obtained
by subtracting their time from five seconds. An increasing
amplitude scale from one to twenty times as loud is formed on the
valie of 40 dB (decibel ratings are contained in Example 67). Fi-
nally, the octave 440 to. 880 Hz is segmented into twenty equal
parts, whereby the perception of discrete pitches is no longer
possible.

Although the work required to formulate and realize such a
short section may be formidable, there are modifications ppssiblc
by Changing some of the input data. Subsequent transformations Qf
pitch, amplitude, or duration include the establishment f)f addi-
tional instraments, including filtering and ring modulation; the
formulation of different frequency and amplitude scales; al_lfl tem-
poral alterations of the original sound events. The precision by
which these variations are accomplished strengthens the internal
stuctural relations from which a large scale formal plan may
| &volve,
| Until recently, computer facilities have been
small number of institutions. The expensive opera X
tonversion equipment have also been obstacles for composing
Computer music, but the increased appearance of mini-computers
during the Jast few years is beginning to place computers wnthl_n tli:_e
Price range of synthesizers. These computers are available in kit

form i s three hundred dollars. More flexible
e ot e & ith terminals, conver-

restricted to a
ting time and

systems with larger core memories, along Wi
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ters, display units, etc., can be purchased for approximately one
thousand dollars, a price competitive with most synthesizers. Al-
though it is too early to ascertain the importance that small com-
puter systems will have on electronic music, one variable applica-
tion is within the realm of hybrid systems. Control voltages to
govern synthesizers can be obtained, thereby transferring the
characteristic attributes of speed and precision from synthesizers to
analog devices.

Although such a brief exposition of compositional techniques is
not all-inclusive, it categorizes basic procedures so that students
can begin to experiment in this medium with a minimum of difi-
culty. It is essential to listen carefully to records and to analyze
scores. A mastery of synthesizer or computer technique will enable
a composer to formulate an individual language, for technique
serves no other purpose. A statement by the Italian pianist Pietro
Scarpini seems an appropriate conclusion here: “If one knows
exactly what one wishes to do musically—I mean with complete

e!.\](actimde, down to the smallest final detail—the technique will be
there.”
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