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ABSTRACT

This thesis examines the development of electronic synthesis
systems and their associated philosophies from the antecedents
of the first half of the twentieth century to the early part of
the current decade, viewed in the first instance from a musical
rather than a technical standpoint, Such a task is in itself an
exercise in communications, for it is necessary to evaluate the
artistic characteristics of a rapidly expanding area of inter-
disciplinary activity which has been largely dominated by techno-
logical interests, not always to the best advantage of the art
and practice of music,

Although the development of the medium has led to the
publication of numerous books and articles, ranging from general
descriptions to detailed scientific accounts, the former for the
most part are uncritical in their approach, and the latter are
rarely presented in a form which may be readily appreciated and
commented upon by musicians in general, This account thus attempts
to fill a major gap in the literature of the subject by presenting
a broadly based critique of its most important historical fea-
tures, After an introductory perspective of the background to
electronic music systems, the first volume continues with a
critical study of the main developments during the period 1948-1964,
concluding with an examination of the characteristics of both
voltage and digitally based control technology and their impact

on studio designs during the remainder of the latter decade,



The second volume is primarily concerned with the application of

the digital computer, both as a means of directly generating

sound information and also as a control device for analogue studios,

particular attention being paid to the systems MUSIC 360 and MUSYS,
The overriding objective of this study is to establish a

sound and coherent basis for determining the artistic criteria

which must be applied if future technical advances are to benefit

the creative uses of the medium,
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CHAPTER ONE




The Antecedents of Electronic Sound Synthesis Systems: a Perspective

Until the present century the composition and performance of
music has relied almost exclusively on the natural acoustical
properties of a variety of instruments, each offering a unique and
relatively limited range of functional characteristics. The com-
poser Carlos Chavez, writing in 1937, noted that 'Musical instruments
have not changed substantially in seven thousand years, In the
course of this long period of time there has been a great improve-
ment in the construction and playing of these instruments ...

But during seventy centuries there did not appear a single musical
instrument containing a new sound agent, or showing a new procedure of
vibrating its agent, We received our present sound material

complete from pre—history.,'1

The reasons for this lack of innovation lay not in any deficiency
of inventivenesé on the part of instrumental designers but more
basically with the existence of distinct limitations concerning
the techniques available for the generation and modification of
sound information, Strings, skins, reeds or air columns acted as
the prime vibratory sources for all the pitched instruments developed
during this period, and our whole heritage of music had been based
on an exploitation of their vibrational characteristics.,

The invention of the direct current arc oscillator in 1900,

1 Carlos Chavez, 'Towards a New Music' (N.Y., 1937), extract
reproduced in Composers on Music, Ed, Samuel Morgenstern
(Faber, London, 1950), p.523




followed six years later by the first electronic triode valve,2
heralded a significant change in this situation, associated with
the birth of a totally new field of applied sciencej; electronic
engineering, During the first half of the twentieth century
advances in this area of technology were primarily concerned with
the development of communication systems which were no longer

fully dependent on the limited characteristics of direct acoustical
or visual transmission, The discoveries of Edison and Berliner3
during the latter part of the nineteenth century, regarding the
storage and retrieval of sound information in a mechanical form

as vibratory patterns cut into a revolving wax cylinder or disc, led
to a parallel succession of important technological developments,
including in particular the acoustic, and later the electro-
mechanical gramophone,

The primary purpose of these advances was thus the development
and perfection of essentially passive systems for the detection,
transmission, storage and retrieval of acoustically generated source
material, preserving as far as possible the original quality of the
latter, The possibilities of active sound generation and processing
techniques were not entirely neglected during this period, The

technological products of ventures in this field were nevertheless

2 W, Duddell developed the first direct current arc oscillator in
the U,S,A, in 1900, The first vacuum tube triode valve was
developed by Lee de Forest (b,1873 Iowa, d, 1961 California) in 1906,

3  During the period 1877-1896 Thomas Edison (b,1847, d.1931) and
Emile Berliner (b.1851, d.1929) independently developed and
patented the cylindrical and disc phonograph systems,



relatively few in number, principally taking the form of devices
intended to function as synthetic counterparts to the standard

range of orchestral instruments, These included the Dynamophone,

5
the Sphlrophon, the Theremin,6 the Ondes Martenot,7 the Trautonium8

and the Hammond Organ,9

4 The Dynamophone, also known as the Telharmonium, invented in
America by Thaddeus Cahill (b.1867, d,1934), Patent registered
1897 U,S;A, no, 580,033, Prototype completed 1906, Expanded
model completed 1914, This instrument was based on a sine
wave generation system consisting of a series of toothed
wheels which were rotated near the poles of matching electro-
magnets to act as inductors, Multiple keyboards could be
attached to provide simultaneous performances from different
players. A complex bank of switches controlled the timbral
colouring of the pitches, adding harmonic generators to the
fundamental note, The device was essentially a specially
modified dynamo weighing in the order of 200 tons, The output
was transmitted over telephone wires to receivers in an
adjoining room, See Thaddeus Cahill, 'The Generating and
Distributing of Music by Means of Alternators', Electrical
World, XLVIL, (McGraw Publishing Co,, 1906), p.519, Also
references in Feruccio Busoni, Entwurf einer Neuen Aesthetik
der Tonkunst (Trieste, 1907, 2nd enlarged edn,, Leipzig, 1910);
English edn, Feruccio Busoni, Sketch of a New Esthetic of Music,
tr, Theodore Baker (G, Schirmer, N,Y,, 1911), p.33, and Joseph
Schillinger, 'Electricity, a Musical Liberator', Modern Music
(Journal of the League of Composers), VIII, 3 (N,Y.,, 1931), PP.26-31,

5 The Sphirophon, also known as the Electrophone, invented in
1927 by J8rg Mager (b,1880, d.1939) primarily as an aid to the
performance of quartertone music, A monophonic instrument
generating tones produced by the beat frequency principle where
two high frequency generators are tuned and modulated to produce
the desired audio frequency as a difference tone, A facility
to alter the generator waveforms permits some modification of the
tonal quality,

6 The Theremin, also known as the Thereminovox or Aetherophone,
invented by Leon Theremine (b.1896, d,1939) in Russia 1919-1920,
presented in an improved version 1924, and marketed commercially
in association with the Radio Corporation of America, New Jersey,
1929, This is a monophonic instrument, again generating tones
by means of the beat frequency principle., The design is unique
for its method of pitch control which is derived from the
variable capacitance set up between a projecting metal rod and




one hand of a performer moved towards and away from it.
Amplitude control is provided in a similar fashion by the
movement of the performer's other hand in relation to a
horizontal loop, A foot switch is also available to cut off
any note and stop the instrument sounding on through rests,

The Ondes Martenot, invented in 1928 by Maurice Martenot (b,1898),
A monophonic instrument employing beat frequency oscillators

and playable either discretely by means of a keyboard or as a
continuously variable pitch instrument using a metal ring worn
on one finger of the right hand and slid up and down a carbon
track, The latter is normally mounted just in front of the
keyboard permitting easy interchange between the two systems,
The left hand is employed both to operate a set of switches,
which alter the timbre of the output by controlling a series

of filter circuits and additive generators tuned at fifths and
octaves, and also to control the intensity of output by means of
a spring lever which may be depressed to varying degrees, In
some versions amplitude may also be controlled by the depth to
which the keys on the keyboard are depressed,

The TIrautonium, A monophonic instrument invented in 1930 by
Friedrich Trautwein (b,1886, d,1956) which produces sounds

by the direct application of the output of a sweep generator

to a thyratron, generating sawtooth waves, Pitch is

continuously variable, controlled by depressing a stretched resis-
tance wire at appropriate points along its length with a steel
bar. This instrument was specially expanded as the Electronic
Monochord of the Cologne Studio flr Elektronische Musik,
Norwestdeutschen Rundfunks in the early 1950s and this will be
described in detail in the next chapter,

The Hammond Organ, invented in 1935 by the Hammond Electric
Company of Chicago, U,S,A, This instrument generates tones

by employing electromagnetic induction techniques similar to
those used by the Dynamophone, In the original model a
synchronous motor drives a bank of 91 polygonal discs mounted
on a common shaft, Each disc passes in front of a magnet around
which is coiled a wire, As each highpoint of the disc passes
in front of the magnet an alternating current is induced in the
coil, The periodic waveshape thus produced is amplified and
passed to a loudspeaker, Different timbres are produced by
providing discs with different patterns, and these function
like drawstops on a conventional organ, This instrument is not
an electronic organ in its true sense since it does not rely
wholly on the response of all-electronic circuits,




Such instruments, despite their innovations regarding
the synthetic production of new timbres, were restricted by their
design specifications, which were modelled closely on the
characteristics of traditional acoustical instruments. The develop-
ment of these extensions to standard instrumentation was influenced
by two important factors, Firstly, the birth of a totally new means
for generating sound information had opened up a field for investi-
gation offering seemingly unlimited possibilities, and it was perhaps
inevitable that the initial steps taken towards acquiring a
technical understanding of such an unknown medium should be based
upon the established range of instrumental characteristics. Secondly,
the opening up of new horizons for the processes of sound generation
and manipulation necessitated a major evaluation of their uses as
part of the language of music, and during the first part of the
century such concepts were essentially in a state of gestation,

The history of those compositional developments which created
the background for the birth of the first sound processing studios

is an area of research which has already been undertaken by David

Piper as the major part of his doctoral thesis Electronic Music,

completed in 1968.10 It is nevertheless relevant to highlight some

of the major areas of interest which arose during the first half

of the twentieth century, for they throw useful light on the artistic

70 David Piper, Electronic Music, subtitled Music Concrete and
Elektronische Musik: A Comparative Study of the Two Media
During their Early Formative Period, and an Attempt to Trace
the Sources of their Perspective Development in the Musical
Thought and Practice of the Twentieth Century, Ph,D, thesis
(Victoria University of Manchester, 1968),




climate which led to the development of the first sound generation
and processing systems after the second world war,

One of the earliest attempts to employ non-traditional sound
generation techniques as part of a communicative art form arose as
part of the activities of the Futurist movement, pioneered by the
Italian poet, Filippo Tommaso Marinetti, with the publication of
his Manifesto of Futurist Poetry'in the newspaper Le Figaro, Paris
on 12 February 1909, This document called for the establishment
of a new poetry reflecting the age of machinery and the rejection
of traditional forms of poetic expression, The musical side of the
movement was launched on 11 October 1910 by Balilla Pratella with his

Manifesto of Futurist Musicians11 calling for a rejection of

traditional musical principles and methods of teaching, The manifesto
included, interestingly, a declaration that one should consider 'the
reign of the singer as finished and demand that the vocal part in
a work of art should correspond to that of an orchestral instrument',
and another stating that 'we must liberate the individual musical
consdousness from all imitation of the past, we must feel and sing
with one's soul directed towards the future, receiving inspiration

12

from nature in all its manifestations, human and extra human',

Five months later, on 11 March 1911, Pratella published his

11 Balilla Pratella, 'Manifesto of Futurist Musicians', open letter
Gﬂilan, 11 Oct. 1910), reproduced in Music since 1900, Ed, and
tr., Nicholas Slonimsky (Cassell, London, 4th edn,, 1971),
PpP.1294-1296,

12 Ibid., p.1296,



Technical Manifesto of Futurist M.usic13 which contained more

definitive conclusions as regards the form of Futurist music,

It included, for example, a call to 'master all expressive technical
and dynamié elements of instrumentation and regard the orchestra

as a sonorous universe in a state of constant mobility, integrated
by an effective fusion of all its constituent parts', and a
declaration that 'All forces of nature tamed by man through his
continued scientific discoveries, must find reflection in composition -
the musical soul of crowds, of great industrial plants, of trains,
of transatlantic liners, of armoured warships, of automobiles, of
aeroplanes, This will unite the great central motives of a

musical poem with the power of a machine and the victorious reign

of electricity.'l4

Two years later to the day another futurist, Lmigi Russolo,

published a related manifesto entitled The Art of Nbises15 as an
open letter to Pratella which proposed the composition of works
based entirely on the use of sound sources, such as those suggested
above, 'Musical sound is too limited in qualitative variety of

timbre, The most complicated of orchestras reduce themselves to

13 Balilla Pratella, 'Technical Manifesto of Futurist Music', open
letter (Milan, 11 March 1911), reproduced in Music since 1900,
BEd, and tr. Nicholas Slonimsky (Cassell, London, 4th edn,, 1971),
PP.1296-1298,

14 Ibid,, p.1297 and 1298,

15 Luigi Russolo, 'The Art of Noises', open letter to Balilla
Pratella (Milan, 11 March 1913), reproduced in Music since 1900,
Ed, Nicholas Slonimsky, tr, Stephen Somervell (Cassell, London,
4th edn,, 1971), pp.1298-1302,




four or five classes of instruments differing in timbre: instruments
played with the bow, plucked instruments, brass winds, woodwinds
and percussion instruments ... We must break out of this narrow

circle of pure musical sounds and conquer the infinite variety of

16

noise sounds, This document is notable for its appreciation of the
relevance of acoustic laws to the generation of musical structures

from noise sources:

We must fix the pitch and regulate the harmonics and
rhythms of these extraordinarily varied sounds., To
fix the pitch of noises does not mean to take away
from them all the irregularity of tempo and intensity
that characterises their vibrations, but rather to
give definite gradation of pitch to the stronger and
more predominant of these vibrations, Indeed noise

is differentiated from musical sound merely in that
the vibrations that produce it are confused and
irregular, both in tempo and intensity, Every noise
has a note - sometimes even a chord -~ that pre-
dominates in the ensemble of its irregular vibrations,
Because of this characteristic pitch it becomes
possible to fix the pitch of a given noise, that is,
to give it not a single pitch but a variety of pitches
without losing its characteristic quality - its dist—--
inguishing +timbre, Thus certain noises produced by
rotary motion may offer a complete ascending or
descending chromatic scale by mf?ely increasing or
decreasing the speed of motion,

The practical manifestations of his proposal involved the con-

struction of specially designed noise instruments: Intonorume, in

collaboration with the percussionist Ugo Piatti, The first public

performance of the Art of Noises took place on 2 June 1913 at the
Teatro Storchi, Milan, barely three months after the publication of

the manifesto and with only some of the Intonorume completed, A

16 Russolo, 'The Art of Noises', opecit., p.1299

17 Ibid., pp.1300-1301



second altogether more successful performance using the full com-
plement of instruments was given as part of a concert of Futuristic
music, presented by Marinetti and Russolo on 21 April 1914 at the
Teatro dal Verne, Milan,

The historical interest in this venture lies not so much in the

acoustical design features of the Intonorume themselves, which in any

event have been long since destroyed, but more in the motivation
which led to their construction; the desire to use sound in its most
liberal context as a creative art form, The Futurist movement did
not succeed in its attempt to produce a major revolution in the path
of new music, but its challenging of traditionally accepted
relationships between the science of acoustics and the art of
producing musical sounds was to prove singularly prophetic,

Feruccio Busoni (b,1866, d.1924) had already attacked traditional

nineteenth-century musical practices in his Entwurf einer Neuen

Aesthetik der Tonkunst, first published in 1907,18 advocating a

re-appraisal of the whole language of music 'free ,,. from
architectonic, acoustic and esthetic dogmas'.19 In championing

the use of Cahill's Dvnamophone20 he became possibly the first major

composer to suggest that electronic technology might play an
important part in shaping the music of the future.

This book caught the attention of the French composer, Edgard

18 Busoni, Sketch of a New Esthetic of Music, op.cit,

19  Ibid., p.34

20 Ibid., P.33



Varese (b,1883, d,1965), who just prior to its publication had
abandoned Paris for Berlin, temporarily, in an attempt to rationalise
his personal struggle with new concepts of musical expression away
from the restriction of the traditional doctrines associated with
the teaching of the Conservatoire, Varese, more than any other
composer of his time, pioneered in his instrumental music the
aesthetics which were necessary for the acceptance of electronic
sound processing techniques as part of the language of musical
composition, It is thus particularly tragic that it was not until
the 1950s, towards the very end of his life, that he éained access
to the technological facilities he so fervently desired, As early

as 1916 he was quoted in the New York Telegraph as saying 'Our

musical alphabet must be enriched ,,, We also need new instruments
very badly ... In my own works I have always felt the need for

new mediums of expression,'21 He was quick, however, to refute
suggestions that his efforts were direct by-products of the Futurist

movement?

The Futurists (Marinetti and his noise artists) have
made a serious mistake ,,, Instruments after all, must
only be a temporary means of expression, Musicians
should take up this question in deep earnest with the
help of machinery specialists ..., What I am looking for
are new technical mediums which can lend themselves to

21 New York Telegraph, March 1916, quoted in Fernand Ouellette,
Edgard Varese, English edn, tr, Derek Coltman (Caldar and
Boyafs, London, 1973), P46, Also quoted in Chou Wen Chung,
'Varese, a Sketch of the Man and his Music', Musical Quarterly,
Vo1,LII,No,2 (Schirmer, N,Y,, April 1966), p.165,
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every expression of thought,22

Vareése had become acquanted with the electronic designer
René Bertran.d23 in May 1913, and this marked the start of a long
and lasting friendship. In 1922 during the composer's first stay

in America he declared in an interview for the Christian Science

Monitor that 'What we want is an instrument that will give us
continuous sound at any pitch, The composer and the electrician

will have to labor together to get it ,.. Speed and synthesis are

characteristics of our own.epoch.'24

His ideas at this stage were clearly still based on the concept
of an electronic performance instrument rather than a sound
manipulation system, The 1920s, however, saw the birth of the
commercial 78 r.p.m, gramophone record and the development of electrical

recording systems,25 making more generally available a technique for

22 Quoted in Chou Wen Chung, opecit., p.151. Busoni also refuted a
suggestion that his theories were part of the Futurist movement,
alleged by Hans Pfitgzner in a pamphlet entitled Futuristengefahr,
published in the Suddeutsche Monatshefte, retorting angrily
'The word "Futurism" is not used on any page of my little book,

I have never attached myself to a sect., Futurism, a movement of
the present time could have no connection with my argument,'

Quoted in F, Busoni, The Essence of Music and Other Papers, tr.
Rosamond Ley (Rockliff Publishing Corporation, London, 1957), p.18.

23  René Bertrand invented the Dynaphone (not to be confused with the
Dynamophone, see note 5) during 1927-28, This instrument is
keyboard controlled, generating pitches by means of the beat
frequency principle, Timbre may be modified additively by
switching in extra generators tuned to the fifth and octave and
subtractively by applying filters to the output,

24 Christian §cience Monitor, 8 July 1922, quoted in Fernand Ouellette,
Edgard Varese, opecit., p.76

95  Electrical recording, developed by Harris and Maxwell, was introduced

in 1926, In 1927 the gramophone industry was given a marked impetus

by the issue of a comprehensive series of records b everal )
to mark the 100th amniversary of Beethoven's death.y several compantes



the storage of sound information and also a means for effecting
certain acoustical transformations., Darius Milhaud (b.1892, d.1974)
realised that changing the speed of a record varies not only the pitch
but also the intrinsic acoustical characteristics of the material,
and during the period 1922 to 1927 carried out several experiments

to create vocal transformations, Percy Grainger (b,1882, d,1961)
performed similar experiments during the 1930s, paying particular
attention to the use of piano sounds as source material, In both
cases, however, their interest was only of a temporary nature, and
electronic sound transformation techniqueé never became a significant
part of their musical languages,

During the 1920s Varese continued his search for new sound
textures, but without the assistance of the technological facilities
he so much desired, His work with natural instrumental resources
in his first published com.positions26 was nevertheless singularly
prophetic, for he was concerned to achieve effects which were to
become primary characteristics of electronic sound processing;
analysis and re-synthesis, He experimented, for example, with the
simulation of reversed attack characteristics on individual
instrumental notes (easily achieved today by playing tape recordings
of naturally produced notes backwards), and the use of instrumental

sounds as materials which may be montaged and moulded in terms of

26  Ameri ues, 1918-22, first performed 9 April 1926, Philadelphia
Offrandes, 1921 , first performed 23 April 1922, New York
Hyperprism, 1922, first performed 4 March 1923, New York
Octandre, 1923, first performed 13 January 1924, New York
Integrales, 1924, first performed 1 March 1925, New York
Arcania, 1925-27, first performed 8 April 1927, Philadelphia
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textures rather than individual melodic lines: 'Taking the place of
the old fixed linear counterpoint you will find in my works the

movement of masses varying in radiance, and of different densities

and volumes.'27

Percussion instruments figured prominently in his works;
Ionisation, for example, being scored entirely for instruments of this

family.28 With the aid of such less common effects such as sirens,

whips, a lion's roar and sleigh bells he struggled to develop a
compositional art which integrated the natural sources of the
enviromment with more traditional means of musical expression to
form a continuum, This was not the somewhat crude Futurist Art of
Noises exploring the exotic, but an attempt to extract an artistic
perspective from the sound world which surrounds any artist of this
century who does not seek to detach himself totally from the reality
of an increasingly technological enviromment,

Varése was not without his imitators; for example, the American

composer George Antheil (b,1900, d.1959) whose Ballet Méchanique, first

performed in Paris, 1926, and again in New York, 1927, required car
horns, aeroplane propellors, saws and anvils, The work of Joseph
Schillinger (b.1895, d.1943) which has remained largely unrecognised,
is also of interest in this context, Schillinger, a Russian by birth,
travelled to America in 1928 in response to an invitation from the

American Society for Cultural Relations with Russia, remaining there

27 Quoted in Fernand Ouellette, Edgard Varése, OPeCite, P84

28 Ionisation, for percussion ensemble of 13 players, 1930-31,
First performed 6 March 1933, New York,
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until his premature death fifteen years later, He quickly entered
into a collaboration with his fellow ex—patriate Leon Theremin over

the applications of electronic sound generation29 and in 1929

composed and conducted the first performance of his First Airphonic

Suite for R,C,A, Theremin and Orchestra with Theremin as soloist.30

During the succeeding years he became deeply preoccupied with the
theoretical aspects of musical composition seen within an
increasingly scientific enviromment, and finally produced a rather

curious set of twelve books in 1940 entitled Kaleidophone: The

Schillinger System of Musical Composition31 which made a considerable

impact on younger composers of the time, Despite some rather

curious features, including statistical data supposedly indicating

29 See note 6, The Theremin had already been developed five years
earlier in 1924, Subsequent activities were mainly concerned
with perfecting and modifying versions of the instrument
including the commercial R,C,A, Theremin, The lack of a key-
board facility resulted in many compositional problems and
involved frequent criticisms,

30 Cleveland, Ohio, 28 November 1929,

31 Joseph Schillinger, The Schillinger System of Musical Composition:
A Scientific Technique of Composing Music (Carl Fisher, N,Y,, 1946).
Twelve books in two volumes:

Vol,1 Book 1 Theory of Rhythm

Theory of Pitch Scales

Variations of Music by Means of Geometrical Progressions
Theory of Melody

Special Theory of Harmony

Correlation of Harmony and Melody

Theory of Counterpoint

Instrumental Forms

General Theory of Harmony (Strata Harmony)
Evolution of Pitch Families (Style)
Theory of Composition

Theory of Orchestration

Vol,2

[
SO W1, OU WD -~

e
o =
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as a percentage the degree of stylistic consistency displayed by
some of the major classical composers in their works, and the
formulation of a set of compositional rules based on empirical
analyses of musical structures, his theories do contain some
features of interest, He attempted, for example, to analyse
musical sounds in terms of musico-acoustic parameters such as
melody, rhythm, timbre, harmony, dynamics, density, and in so
doing displayed at least an understanding of the specification
problems which were to become major stumbling blocks in the later
developments of electronic and computer sound generation systems,
His theories were further consolidated in a monumental work,

The Mathematical Basis of the Arts which was completed two years

later, Neither of these works, unfortunately, was published until
after his death, His interest in fostering the use of scientific
techniques in the composition and execution of music, however,

had been illustrated in an article entitled Electricity, A Musical

Liberator which appeared in the periodical Modern Music during 1931.32

The growth of musical art in any age is determined by
the technological progress which parallels it., Neither
composer nor performer can transcend the limits of the
instruments of his time, On the other hand technical
developments stimulate the creation of certain forms

of composition and performance, Although it is true
that musicians may have ideas which hurdle these
technical barriers, yet, being forced to use existing
instruments, their intentions remain unrealised until
scientific progress comes to the rescue ,,. If we

32 Joseph Schillinger, 'Electricity, A Musical Liberator', Modern
Music, VIII (Journal of the League of Composers, N,Y,, March 1931),
PP.26-31.
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admit that the creative imagination of the composer

may form musical ideas which, under the specific

conditions of a given epoch, cannot be translated

into sounds, we acknowledge a great dependence of

the artist upon the technical position of his era,

for music attains reality only through the process

of sound,33

Towards the end of 1927 Varese became restless to learn more
about the possibilities of electronic instruments. His biographer,
Fernand Ouellette notes:

There was still no inventor cgeating an instrument

which would correspond 4o Varese's needs. Jorg MHger

who had introduced the Sphﬂgophon seemed to have

escaped [his] attention, Leon Theremine had not yet

arrived in New York: Bertrand and Martenot were working

in Paris, Trautwein had not yet demonstrated his

Trautonium, 34

During the same year Varese contacted Harvey Fletcher, the
director of the acoustical research division of Bell Telephone
Laboratories, with the object of obtaining access to facilities
suitable for the development of new electronic instruments, Fletcher
took an interest in his proposals but could not offer the necessary
extra funds for such work, Varese accordingly departed for Paris
in the autumn of 1928 both to present his work to Parisian
audiences and also to ascertain from Rene Bertrand at first hand
what technological developments had taken place in his absence,

The most interesting result of this visit, as far as this present

study is concerned, was the formulation of a project to develop

33 Joseph Schillinger, 'Electricity, A Musical Liberator', op,cite., p.26

34 Fernand Ouellette, Edgard Varése, opecit,, p.96
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what might have become the first sound processing studio and
associated school of composition, Although the details were never
officially published, his biographer, Fernand Ouellette, managed
to obtain a copy of this document from Ernst Schoen, Varese's first

pupil., The proposal ran as follows:

Only students already in possession of their technical
means will be accepted in the composition class.

In this department, studies will concentrate upon all
forms required by the new conceptions existing today,
as well as the new techniques and new acoustical
factors which impose themselves as the logical means
of realising those conceptions,

Also under Varese's direction with the assistance of
a physicist, there will be a working laboratory in
which sound will be studied scientifically, and in
which the laws permitting the development of
innumerable new means of expression will be
corroborated outside all empirical rules, All new
discoveries and all inventions of instruments and
their uses will be demonstrated and studied,

The laboratory will possess as complete a collection
of phomographic records as possible, including
examples of the music of all races, all cultures,

all periods and all tendencies,

The scheme never materialised, but its philosophy even in such
a general expression of intent shows an understanding of the methods
of approach essential to any use of technological processes for
artistic ends. The composer must establish a system of
communication with the technologist and his facilities which will
foster a rationalisation of the very different semantic conventions

associated with the two disciplines of music and science,

Accordingly the musician and the physicist must work together from

35 Fernand Ouellette, Edgard Varese, op.cit., PpP.102-103
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the very outset, achieving a mutual degree of understanding through
the processes of pedagogic investigation, In such an enviromment
the physicist may develop an understanding of the creative and
thus essentially subjective characteristics of musical composition,
and the musician may similarly learn to appreciate the objective
limitations as well as the possibilities of technological systems.
The main reason for the failure of Varese's project to come
to fruition was a lack of adequate funds, On 1 December 1932,
whilst still in Paris, he wrote again to Harvey Fletcher requesting
access to the facilities of the Bell Telephone Laboratories in
return for his services to the company: 'l am looking to find a
situation where my collaboration would have value and be worth
pecuniary return.'36 Varese was so desperate for laboratory facilities
that he was even prepared to sacrifice, at least for a time, his
career as a composer, He also applied to the John Simon Guggenheim
Memorial Foundation for a grant towards his work, In response to
a request for more details he wrote again to the Foundation on
6 February 1933 offering the following proposal:
The acoustical work which I have undertaken and which
I hope to continue in collaboration with Rene Bertrand
consists of experiments which I have suggested on his
invention, the Dynaphone, The Dynaphone (invented 1927-
28) is a musical instrument of electrical oscillations
somewhat similar to the Theremin, Givelet3? and Martenot

electrical instruments, But its principle and operation
are entirely different, the resemblance being only

36 Fernand Ouellette, Edgard Vérése, opecite, pol29

37 An electronic organ using valve oscillators, developed in 1930
by two French inventors, Coupleux and Givelet,
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superficial, The technical results I look for are
as follows:

1 To obtain absolutely pure fundamentals,

2 By means of loading the fundamentals with certain
series of harmonics to obtain timbres which will
produce new sounds,

3 To speculate on the new sounds that the combination
of two or more interfering Dynaphones would give
if combined in a single instrument,

4 To increase the range of the instrument so as to
obtain high frequencies which no other instrument
can give, together with adequate intensity,

The practical result of our work will be a new

instrument which will be adequate to the needs of

the creative musician and the musicologist. I have

conceived a system by which the instrument may be

used not only for the tempered and natural scales,

but one which also allows for the accurate production

of any number of frequencies and consequently is

able to produce any interval or any subdivision

required by the ancient or exotic modes, 38

This application, unlike his previous proposal, laid down for
the first time the acoustical principles which would serve as the
basis for research into the musical applications of sound technology,
His allegiance to the Dynaphone must be attributed to his close
friendship with its inventor, René Bertrand, This instrument,
despite his assertions, did not differ significantly from its
relatives, for example, its ability to generate additive timbres

using fifths and octaves, is matched by a similar facility in the

Ondes Martenot, A more positive observation, however, must be

that Varese knew the designer, and as a result of their extensive
discussions both were aware of the potential of expanding the

circuit designs to produce not merely a more versatile electronic

38 Fernand Ouellette, Edgard Varese, opscite., p.129




instrument, but what might have been more accurately described as
a sound synthesis system, the heart of an electronic music studio,

The proposal is remarkable for its time, for it shows that
Varese had developed an advanced level of understanding regarding
the procedures involved in the production of electronic sound
complexes, over a decade and a half before the birth of the first
synthesis studios, His first objective, the production of pure
fundamental tones, involved the isolation of the most basic
periodic wave shape: the sine wave, His second was concerned with
the combination of sine waves tuned to the harmonic series of a
given fundamental to give distinctive timbres in accordance with
Fourier's theories of wave form synthesis.39 This technique has
subsequently become of major importance for both electronic and
computer sound synthesis, His third objective, using timbres
available from the Dynaphone, would have led directly to an
examination of amplitude and frequency modulation techniques as
a means for generating sound complexes, and the fourth would have
explored the ear's response to frequency regions higher than those
normally generated by conventional instruments,

As will be seen in the next chapter, such a line of investi-
gation could well have led directly to the work of one of the
principal pioneering groups which emerged during the late 1940s

and 50s: the Cologne Studio flir Elektronische Musik, concerned

19

initially with the use of all-electronic sound generation techniques.,

39 The principles and application of Fourier techniques will be
discussed in subsequent chapters,
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The work of this group contrasted sharply with that of the pioneers

of Musique Concrete in Paris, who, under the leadership of Pierre

Schaeffer, developed studio facilities for the manipulation and
transformation of sound material derived almost exclusively from
natural sources., Ifhas already been seen, however, that antecedents
of the latter techniques may also be traced in the compositional
writing of Varese at this time40 indicating an equally important
link to this second group of pioneers,

The far-sightedness of Varese's ideas, however, extends far
beyond the birth and early development of these two schools of
thought, for a dogmatic rift quickly arose between the two centres
which continued well into the 1950s. He was thus able, in 1933, to
foresee a time more than twenty-two years later when the rigid

distinctions between Concrete and Elektronische Musik technigques

began to dissolve, providing a more common basis for a wide range
of sound generation and processing systems, and their associated
philosophies, His only piece entirely for electronic tape, Poeme

Electronique, written twenty-five years later for the Brussels

World Fair 1958, realised many of the concepts of sound structure
and organisation he had established during the 1930s, This piece
also provided a major turning point for the composer Karlheinz
Stockhausen in his own use of technology in music, demonstrated

by the differences between the closely defined structures of Gesang

der JUnglinge (1955-56) and Kontakte (1959-60), and the universality

of Telemusik (1960) and Hymnen (1966-67):

40 See above, p.ll,



Varese is alone in his generation in having composed
a work of electronic music and furthermore in having
heralded in this Poeéme a modern formulation of
compositional relationships whose true significance
can only today be recognised: namely the sequential
presentation and superimposition - even though some-
times abrupt and ummediated - of events of a hetero-
geneous nature (for instance, extremely realistic
events, events resembling musical hoardings, and
freely invented events),.. Anyone living today -
Varese was at the time living in New York - is
confronted daily with the hurtling together of all
races, all religions, all philosophies, all ways of
life .., of all nations, In works by the musician
Varese this bubbling of the cauldron is aesthetically
portrayed ... New York, that prime blueprint for a
world society, is without question an indispensable
experience for the contemporary artist. Ideas one
might have about possible integration, about a
coherent unification, or about possible syntheses

of the influences issuing from all parts of the globe,
all these must be tested against living experience if
they are to claim any truth,

The Guggenheim Foundation, unfortunately, did not understand
the purpose of Varese's proposal, and despite repeated attempts
Varese failed to win their support, Similarly, despite a certain
degree of interest and willingness to support his Guggenheim
applications, Harvey Fletcher was unable to grant Varese access
to the Bell Telephone Laboratories, It is perhaps ironic to note
that the latter organisation, two decades later, was to be
instrumental in developing research into an important new area of

sound generation: computer synthesis,

Despite these setbacks progress was still being made in other

quarters, During 1929-30 Paul Hindemith (v.1895, d,1963) and Ernst
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41 Extract from one of thirteen public radio lectures given 1964-66
in Cologne, reproduced in Karl H, Worner, Stockhausen, Life and

Work (revised edn,, Faber and Faber, 1973), P.139,
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Toch (b,1887, d,1964) carried out experiments with recorded sounds
on phonographs at the Rundfunk-Versuchsstelle Hochschule flir Musik
in Berlin, Hindemith was primarily interested in the use of such
facilities for testing out his theories of acoustics and the analysis

of harmonic structures, outlined in his treatise, The Craft of

Musical Com.position.42 A by-product of this period of scientific

investigation was a collaboration with the scientist Friedrich

Trautwein which led to the invention of the Trautonium43 and also

the composition of Hindemith's Concerto for Solo Trautonium and

Orchestra (1931), The demonstration of the Ondes Martenot44 in

Paris, 1928, by Maurice Martenot had attracted further interest in
the possibilities of electronic instruments, leading to a succession
of compositions from composers such as Jacques Charpentier, Olivier
Messiaen, Darius Milhaud, Charles Koechlin and Arthur Honegger,

The invention of these and other similar instruments during
the 1930s, although stimulating the use of such devices as additions
to the traditional range of orchestral instruments, did not advance
significantly the establishment and development of sound generation
and transformation systems, The time was still not ripe for the
general acceptance of such new processes of musical composition and
the all-important provision of the funds necessary for the construction

and purchase of suitable equipment,

42  Paul Hindemith, Unterweisung im Tonsatz (Associated Music
Publishers Inc.,, 1937), English version, The Craft of Musical
Composition, 2 vols,, tr, Arthur Mendel and Otto Ortmann
(Schott and Co,, Ltd,, London, 1945),

43 See note 8

44 See note 7



Vérése, however, was not alone in his endeavours, and the tide
of musical opinion slowly began to change. A prophetic address was
given extemporaneously by the conductor Leopold Stokowski to a
meeting of the Acoustical Society of America on 2 May 1932,
entitled 'New Horizons in.Music'.45 Stokowski, as a keen conductor
of contemporary music, devoted much effort to bringing young
composers into contact with as wide a public as possible, and he
realised fully the importance of establishing, even on a general
plane, a continuous dialogue between scientists and artists in what
was becoming an increasingly technological society, His address
included not only a discussion of the artistic implications of the
use of technology as an aid to communication through the mediums of
the radio and the phonograph, but also some interesting predictions
regarding the active use of electronic generators and treatment
devices as compositional tools, accurately pinpointing some of the
major problems still encountered in systems today:

Another vista that is opening out is for the cdmposer,

for the creator in music ... Our musical notation is

utterly inadequate, It cannot by any means express

all the possibilities of sound, not half of them, not

a quarter of them, not a tenth of them, We have

possibilities in sound which no man knows how to write

on paper, If we take an orchestral score and reproduce

it, just mechanically perfect, it will sound mechanical,

It won't have the human element in it, Also there would

be so much that the composer was trying to express,

that he conceived but couldn't write down because of

the limitations of notation ... One can see coming
ahead a time when a musician who is a creator can create

45 Leopold Stokowski, 'New Horizons in Music', Journal of the
Acoustical Society of America, Vol,4 (Lancaster, Pennsylvania,
U.S.,A., 1932-1933), pp.11-19,
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directly into TONE, not on paper, This is quite

within the realm of possibility., That will come,

Any frequency, any duration, any intensity he wants,

any combinations of counterpoint, of harmony, of

rhythm, - anything can be done by that means and

will be done,

Over the four decades which have passed since this address
the science of electronics has developed across boundaries which
could scarcely have been envisaged at that time, helped to an
unprecedented extent by the invention and development of the magnetic
tape recorder, the transistor and integrated circuit, and the digital
computer, the latter offering facilities for the ordered processing
of logical instructions. Notwithstanding this technical revolution
which has opened up powerful facilities for establishing and
developing man/machine communications the aspirations of musicians
such as Stokowski and Varese have not yet been fully realised, and
it is pertinent to observe that some of the major artistic problems
which still face studio designers today were clearly recognised
during this inter-war period of gestation,

Stokowski's predictions were based at least in part on a know-
ledge of some interesting technical developments which were taking
place at that time, Hindemith's experiments with phonograph records
had caught the attention of several artists in the Bauhaus movement,
including Laszlo Moholy-Nagy (b.1895, d.1940), Oskar Fischinger
and Paul Arma (b.1905) who became absorbed with the possibility of

being able to draw sound wave patterns and then realise them

acoustically, and they accordingly carried out their own investigations

46  Leopold Stokowski, 'New Horizons in Music', op.cit., pp.l13-15,
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during the period 1930-1932, Using records as sound sources they
developed techniques for altefing their acoustical content by
running them backwards against a stylus and scratching new patterns,
They soon turned their attention towards the more interesting
possibilities of manipulating optical sound tracks which had been
developed for use with talking movies,

The recording process for this system involves the transfer
of sound information onto film in the form of patterns of varying
densities, which may subsequently be detected and reproduced
acoustically via a photocell detector, Physical alterations to the
shaded contours thus affect the sound reproduction, Research in this
area was pioneered by the German inventor Rudolf Pfenninger who
discovered, in 1932, that analysis of the shapes on an optical
sound track elicited sufficient information for the synthesis of a
wide range of musical timbres in terms of hand-drawn patterns,

This work was important, for despite its practical limitations
it resulted in the first really flexible means for direct communication
between the composer and a sound generation system, Investigations
continued in Leningrad, Russia where Vevgeny Sholpo (d.1951)

developed four versions of his Variophone for graphically encoding

sound im‘:’ormation,4“'7 and in Ottawa, Canada where Norman McLaren

(b.1914) completed a series of films employing 'drawn' sound tracks,48

47 These machines acted as models for the ANS (photoelectric sound
synthesiser) developed at the Moscow Experimental Studio, later
expanded into the Scriabin Museum Laboratory, 1961,

48 See also: John Whitney, 'Moving Pictures and Electronic Music',
Die Reihe, Vol,7 (Universal Edition; English version: Theodore
Presser Co,, Penngylvania, 1965), pPpP.61-71,
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By 1940 a sophisticated sound analysis laboratory had been
developed at King's College, Newcastle-upon-Tyne which employed
an optical recording system, This involved the production of a
line trace of a sample of the source wave characteristics recorded
via the light beam of a cathode ray oscilloscope, energised by a
ribbon microphone and amplifier to vibrate in a plane at right
angles to a moving film, Short lengths of this film containing
two or three complete wave traces of the sound were then wrapped
around a drum and rotated in front of a photocell analyser to
produce an acoustic spectrogram, In a paper to the Musical
Association,49 Dr, E, G, Richardson outlined the principles of
this system and discussed how the results of such analyses might

be used for the synthetic generation of sound,

When the intensity of a musical instrument is raised
or when we are dealing with complex systems like a
bell or the human voice the components are no longer
all harmonic to the fundamental ... By re-combining
the components in their true magnitude and frequency
we can, of course, remake the original sound of the
source, or we may experiment with other combinations
to initiate new tone qualities ... I should point out
that I have spoken up to the present as though the
quality of a note on a musical instrument remained
unchanged as long as it is elicited, but this is

not really true of any instrument, particularly, not
of the strings and brass, We ought to include in

our study the 'starting and stopping' noises of
orchestral instruments and imitate them in duration
and characteristics if we desire a true copy of their
respective musical functions,

49 E, G, Richardson, 'Electrical Tone Production and Analysis',
Proceedings of the Musical Association, Vol,66 (London, 1939-40),pp.53-65,

50 Ibid, ’ Po57
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The last observation, concerning the characteristics of the
initial transients and decay patterns of naturally generated notes,
pinpointed a major obstacle, for it is this feature of musical
quality which is lacking to some degree from even the most
sophisticated generators of synthetic sound., The nature of these
problems will be discussed subsequently within the context of modern
electronic and computer music systems,

The use of optical sound recording as a means for storing,
transforming and retrieving sound information was soon overtaken
by the commercial development of the magnetic tape recorder,
Magnetic recording systems had been in existence since 1896 when

the Danish scientist Valdemar Poulsen invented his Telegraphone,

a machine employing a steel wire which could be permanently
magnetised by an electromagnet.

The quality of reproduction, however, was distinctly inferior
and the system as a whole decidedly cumbersome, Poulsen made

several improvements to the Telegraphone during the early 1900s and

launched a series of companies to market the device, These,
unfortunately, ran into financial difficulties, and his commerical
enterprises had all failed by the end of the first world war, Magnetic
recording remained virtually stagnant until a German, Dr, Kurt Stille,
began filing patents during the early 1920s, His work led to the
development of a synchronised sound system for films using magnetised
steel tape, Stille sold the rights of his machine to Louis Blattner

who marketed his first commercial machine, the Blattnerphone, in 1929,

A model was bought by the British Broadcasting Corporation in 1931 and
installed at the Savoy Hill studio, During the early 1930s the firm

of Marconi bought the manufacturing rights and began marketing a less
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cumbersome machine: the Marconi-Stille recorder, Steel tape, however,

was still employed as the recording medium and this created many
practical disadvantages, Erasure of previously recorded signals
was now possible, but the tape was difficult to splice, requiring
welded joints., It was also extremely heavy and liable to sheer
dangerously when spooled at high speed, A major breakthrough
occurred in Germany in 1935 when the firm of A, E,G, produced the
Magnetophon, a machine which employed a plastic tape coated with
fine ferrous particles. The latter had been developed by Fritz
Pfleumer, an engineer from Dresden, and marketed by the firm of
I. G, Faben,

This invention marked the demise of the steel tape recorder
and the start of a series of technological developments which led,
by the end of the second world war, to a compact and versatile
recording system, soon to rival the direct disc cutting techniques

employed in the inter-war period.51 The primary advantages of the

new medium were the facility to re—use the recording tape, the ease

of editing, and the ability to record two or more discrete tracks
of recorded information simultaneously on the same piece of tape,
Magnetic tape recording rapidly displaced optical sound systems

mainly as a result of its superior quality of reproduction, This

51 A detailed account of the development of magnetic tape recording

may be found in: Bagil Lane, '75 Years of Magnetic Recording',

Wireless World, Vol,81, Nos,1471, 1472, 1473 (London, March,
April, May, 1975), pp.102-105, 161-164, 222-225, See also
Werner Kaegi, 'Music and Technology in the Burope of 1970',
La Revue Musicale, Unesco (Paris, 1971), PP.11-32,
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process of change was inevitably self-perpetuating, for engineers
were diverted from the task of making improvements to the characteristics
of optical sound transfer, and as a result one important recording
technique of considerable interest to electronic sound synthesis
lost the support of commercial development,

Magnetic tape systems supply no direct means of contact between
a composer and the characteristics of recorded sound material,
for neither are the wave patterns visible to the naked eye, nor
may they be meaningfully altered by any physical action.52 The
information may thus only be identified and altered in content via
an electronic/electromechanical system, The merits of the direct
communication facilities offered by optical sound systems were
widely recognised by the principal advocates of electronic sound
generation during the 1930s and 1940s, and it should be noted here
that a renewed interest in visual methods for controlling and
manipulating sound information has developed over recent years,
particularly in connection with the use of computer graphics, This
phenomenon has demonstrated that effective solutions are still
required for artistic problems of composer/machine interaction
recognised during the inter-war period, but to a considerable extent
overlooked during the subsequent development of electronic sound
generation and transformation systems,

Varese, despite repeated failure in his attempts to obtain

52 Except by splicing to juxtapose complete event sequences or by
cutting into the tape along its length which provides some
measure of amplitude attenuation control by reducing the track
width for playback,
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funds for a properly equipped electroacoustic laboratory, continued
to lobby support for his cause, His difficulties were not just
financial, however, for during the late 1930s he entered a period
of deep personal crisis regarding his whole language of composition,
Having spent a considerable amount of time conducting experiments
with phonograph records during 1936, becoming in the process
increasingly dissatisfied with the limitations of his equipment,

he spent the next three years attempting a rationalisation of his
concepts for a new sound world, As a result of this effort he
delivered one of his most important lectures to the University of
Southern California during 1939, This included the following

observations:

When you listen to music do you ever stop to realise
that you are being subjected to a physical phenomenon?
Not until the air between the listener's ear and the
instrument has been disturbed does music occur ...

In order to anticipate the result, a composer must
understand the mechanics of the instruments and must
know just as much as possible about acoustics ... We
composers are forced to use, in the realisation of

our works, instruments that have not changed for two
centuries ... Personally, for my conceptions, I need
an entirely new medium of expression: a sound
producing machine (not a sound re-producing one) cee
Whatever I write, whatever my message, it will reach
the listener unadulterated by 'interpretation', It
will work something like this: After a composer has
set down his score on paper by means of a new graphic,
similar in principle to a seismographic or oscillo-
graphic notation, he will then, with the collaboration
of a sound engineer, transfer the score directly to
this electric machine, After that anyone will be able
to press a button to release the music exactly as the
composer wrote it ... And here are the advantages I
anticipate from such a machine, Liberation from the
arbitrary, paralysing tempered system; the possibility
of obtaining any number of cycles or if still desired
subdivisions of the octave, consequently the formation
of any desired scale; unsuspected range in low and
high registers, new harmonic splendors obtainable
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from the use of sub-harmonic combinations now impossible,

new dynamics far beyond the present human power

orchestra; a sense of sound projection in space by

means of the emission of sound in any part or in many

parts of the hall as may be required by the score,

His understanding of the possibilities of sound processing
systems based on visual specification techniques at that time is

illustrated further by an article written one year later, entitled

Organised Sound for the Sound Film:

Being master of the greatest ranges of sensations and
emotions from the most physical reactions to the most
abstract conceptions, organised sound may be called on
to intervene at the point where the spoken word has
reached the limit of its efficacy, and where the
precision of the image only tends to limit the flight
of the imagination .,,, We are now in possession of
scientific means not merely of realistic reproduction
of sounds but of production of entirely new combinations
of sound ... Any possible sound we can imagine can

be produced with perfect control of its quality,
intensity and pitch, opening up entirely new auditory
perspectives - And these sounds must not be speculated
upon as separate entities for sporadic, atmospheric
effects but taken as thematic material and organised
into a score standing on its own merit,

Such ambitious predictions inevitably contained elements of
speculation regarding the precise technical means by which the desired
results could be achieved, Composers then, as is still the case
today, faced major problems of specification, particularly in

equating the subjectively based sound world of the creative musician

53 Quoted in Fernand Ouellette, Edgard Varese.,. opecit,, pp.l146-7

54 Edgard Varese, 'Organised Sound for the Sound Film', The
Common Wegl‘(22 April, 1940), quoted in Fernand OQuellette,
Edgard Varese, ibid,, ppe.150-2
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to the current states of technology, By the end of the 1930s
scientific investigation nevertheless had produced the basic theories
necessary for establishing the feasibility of sound generation and
manipulation systems as part of the functional process of musical
composition, and the imaginative musician was thus in a position to
make definite predictions regarding the outline specifications to
be explored and realised by design engineers. The degree of
perception shown in the writings of Varese at this time is remarkable
for its appreciation of the need to resolve the problems of composer/
machine communication before any system, no matter how sophisticated
its functions, may be creatively exploited to its fullest extent,

The writings of both Stokowski and Varese on the potential
applications of electronics in music at that time were endorsed
by John Cage, a composer who in most other respects subscribed to a
totally different school of aesthetics, Speaking to a meeting of a

Seattle Arts Society in 1937 he postulated:

I believe that the use of noise .., to make noise .,
will continue and increase until we reach a music
produced through the aid of electrical instruments ...
which will make available for musical purposes any

and all sounds that can be heard. Photoelectric film
and mechanical mediums for the synthetic production of
music oo Wwill be explored, Whereas, in the past, the
point of disagreement has been between dissonance and
consonance, it will be, in the immediate future between
noise and so-called musical sounds,

Wherever we are, what we hear is mostly noise ... We
want to capture and control these sounds, to use them
not as sound effects but as musical instruments. Every
film studio has a library of 'sound effects' recorded
on film, With a film phonograph it is now possible to
control the amplitude and frequency of any of these
sounds and to give it rhythms within or beyond the
reach of the imagination ... Many inventions of
electrical musical instruments have attempted to
imitate eighteenth and nineteenth century instruments
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just as early automobile designers copied the carriage ..
When Theremin provided an instrument with genuinely new
possibilities Thereministes did their utmost to make the
instrument sound like some old instrument, giving it
sickeningly sweet vibrato, and performing upon it, with
difficulty, masterpieces of the past ... The special
function of electrical instruments will be to provide
complete control of the overtone structures of tones

(as opposed to noises) and to make these tones available
in any frequency, amplitude and duration ... The
composer (organiser of sound) will be faced not only
with the entire field of sound but also with the entire
field of time, The 'frame' or fraction of a second,
following established film technique will probably be
the basic unit in the measurement of time, 5§b

rhythm will be beyond the composer's earth,

These commentaries proved to be more than mere conjecture, for
they contained remarkably accurate details of many features which were
to become of primary importance in the new post war world of electronic
and computer music systems, Collectively they established artistic
principles which were ﬁell in advance of their practical realities,
and it may thus be seen that the subsequent birth of such systems
took place against a background in which many of the problems
regarding the relationship of such techniques to the language of

music had been clearly defined, if not satisfactorily resolved,

On 9 December 1939 John Cage performed his Imaginary Landscape No,1

in Seattle, employing a muted piano, cymbal and two variable speed
turntables playing R,C,A, Victor test recordings of fixed and

variable frequencies, In 1942 he produced Imaginary Landscape No,2

for percussion quintet and amplified coil of wire, and Imaginary

Landscape No,3 for percussion, tin cans, muted gongs, audio frequency

55 John Cage, 'The Future of Music: Credo', 1937, reproduced in
his own collection: Silence (Calder and Boyars, London, 1968),

PP.3-6.
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oscillators, variable speed turntables, frequency test recordings,
buzzer, amplified coil of wire, and marimba, amplified by a contact
microphone, The birth of live electronics had thus clearly taken
place before the end of the second world war, and the stage was

set for the first properly equipped sound processing studios,

and their associated schools of composition,



CHAPTER TWO
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The Development of Electronic Music Systems, 1948-1964

The development of the first electronic music systems during the
late 1940s and early 1950s centred primarily around the work of two
separate groups of pioneers in Europe, one furthering the philosophy

of musique concrete in Paris, and the other that of elektronische Musik

in Cologne,

The importance of these two centres in shaping the subsequent paths
of electronic music demands a detailed study of their individual activities.
To present a balanced perspective, however, account must be taken of
secondary lines of development in America, involving initially music

for tape and subsequently tape music, The latter movement grew slowly

from tentative beginnings to become a highly significant force during
the late 1950s, acting as a catylist for a variety of developments,
involving both analogue and digital technology.

Reference has already been made in the previous chapter1 to the
distinct polemical differences which arose in the early 1950s between

the schools of musigue concrete and elektronische Musik, The reasons

why these movements pursued such different courses at the outset are
directly associated with the very different compositional outlooks

of the pioneering groups of composers concerned. Despite some degree
of consolidation and cross-fertilisation of ideas during their more
mature periods of development, the diversification of applications

in the late 1950s, which resulted from the interest of ever increasing

numbers of composers and system designers, served to expand the range

1 See page 20,



36

of activities to such an extent that it is difficult to make
general observations regarding the musical characteristics of this
phenomenon,

Many facets of system designs, however, have not progressed
along such diverse paths, retarded to a considerable degree by
major problems of composer/machine communication, During the thirty
years since the end of the second world war major advances have been
made in the fields of science and technology. Such a pace of
development has no direct parallel in the evolution of any creative
medium, and there is no historical precedent for the progressive
integration of technology and music. Consequently, many of the
operational techniques to which composers have become accustomed
over the years tend to reflect the technology of the 1950s rather
than the technology of the day, for there has been a general
reluctance by both designers and composers to explore new approaches,
The main features associated with both electronic, and more recently,
computer sound processing systems may thus be clearly traced back
to the activities of the early pioneering groups, and it is important
to identify the considerable influences which their work has played

on the subsequent course of studio design and development,

1 Musique Concrete

Pierre Schaeffer (b. 14 August 1910, Nancy), the founder of

the school of musique concrete, served his apprenticeship as an

electronic engineer, entering the service of the Radiodiffusion-
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Television Frangaise as a trainee sound technician after a period

of study at the Paris Polytechnic, His technical skills led to
rapid promotion within the R.T,F,, and in 1942 at the age of only
thirty-two he persuaded the company to initiate research into the
science of musical acoustics with himself as director, This led
to the founding of the Studio d'Essai, expanded in 1946 into the
Club d'Essai, In 1948 he turned his attention towards the isolation
and analysis of sound events using the processes of sound recording,
and began to conceive the idea of using material prepared in this
manner as the basis for a form of musical composition,

Over the next four years Schaeffer developed the primary

phases of what he came to describe as his art of musique concréte,

recording details of his day-to-day observations in diaries which
were to provide an invaluable source of reference for his subsequent
writings on the subject., In 1951 the R,T.F, recognised the potential

of musique concrete as a unique area of research and development,

and agreed to provide him with a special studio for further
investigations, His first publication of significance on the subject,

Introduction a la Musique Concréte,2 appeared in 1950, describing

the course of events during the first year of research, The text
suffers unfortunately from several chronological errors which were

corrected in a far more substantial work, A la Recherche d'une Musique

Concréte,3 1952, which covered his progress over the whole four year

2 Pierre Schaeffer, 'Introduction a la Musique Concréte', Polyphonie,
Revue d'Esthetic Musicale, 6 (Paris Editions Richard Masse, 1950)

3 Pierre Schaeffer, A la Recherche d'une Musique Concrete (Editions
du Seuil, 1952)
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period, This latter account is divided into four sections: 'Premier
Journal de la Musique Concrete, 1948-49', 'Deuxieme Journal de la
Musique Concrete, 1950-51"', 'L'Expérience Concrete en Musique, 1952',
concluding with his important 'Esquisse d'un Solfege Concret' which
presented a concise set of definitions regarding the language and

syntax of musique concrete,

The musical value of the compositions produced during this
period is rather variable, and these pieces are best considered as being
the results of a period of experimental research into a new field of
musical communication, It must nevertheless be observed that the
depth of thought applied by Schaeffer and his colleagues towards the

formulation of a 'solfege' for their musique concrete was not
g

convincingly matched by the musical results at this time. This
unfortunate shortcoming served to fuel the criticisms of opponents

from the school of elektronische Musik who were perhaps understandably,

unwilling to investigate further and evaluate the merits of their
rivals' underlying philosophy,

Schaeffer's investigations commenced with his own examination of
the natural sound world of the Futurists, experimenting with the
possibilities offered by the use of montage and elementary disc
transformation techniques, Although his discoveries during this early
period would appear to have much in common with the work of his
predecessors, the potential application of recording technology
opened up a far more flexible and creative world of sound, 'In fact
the Italians in the shape of Marinetti have been pioneers [jover]
twenty years previously. But he was concerned with concerts of

directly produced sounds, leading, as one can see, to an impasse.'

4 Pierre Schaeffer, A la Recherche, op.cit,, footnote 1, page 31




39

Most of the first four months of 1948 were spent in preliminary
investigations into the effects of striking percussion instruments,
such as bells, in different ways, leading to the important discovery
that any single musical event is characterised not only by the
timbre of the main body of the sound but also by the characteristics
of both the initial attack and the subsequent decay. On 21 April
he carried out experiments recording bell tones onto disc, where,
by fitting a manually operated attenuator between the microphone
and disc cutter, he was able to remove the natural attack of each
note and substitute an artificial attack pattern, radically altering
the character of each event, Two days later he speculated whether
an instrument could be constructed which might reproduce to order
the sounds of an orchestral instrument by means of a bank of
previously recorded pitch events., This idea was singularly prophetic,
for today digitally encoded note information is used to provide
the sound patterns for so-called 'computer' organs which are able to
imitate realistically the tonal range of any selected conventional
pipe organ,

Schaeffer's dedication to the use of only naturally generated
sound sources led him quickly to attack the work of the German
electronic instrument designers, well before the Cologne studio for

elektronische Musik had been founded.5

I am mistrustful of the new instruments; ondes and
ondolines, of what the Germans pompously call
'elektronische Musik', I hold the same attitudes
towards all electric music ... We are interpreters ...

5 Pierre Schaeffer, A 1a Recherche, ibid,, p.15
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I seek direct contact with sound material without the

interference of electrons,

Having made an initial study of the attack, steady state and
decay characteristics of isolated sound events and also the effects
of playing recordings forwards and backwards, Schaeffer turned his
attention towards the possibilities of composing pieces from such

material, His first work, Etude aux Chemimns de Fer, included the

sounds of six locomotives whistling at the depot for the Gare des
Batignolles, Paris, trains accelerating, and the sounds of wagons
passing over joints in the rails., Such material involved not only
single events but also multiple events with their own rhythmic
characteristics, and he quickly encountered the problems of
association which arise fromthe use of sound sources which retain
a significant proportion of their identifying characteristics
subsequent to treatment,

In an attempt to overcome this problem Schaeffer reverted to
the more normally accepted range of musical sound sources and
investigated the results of playing recordings at different speeds,
noting that such alterations affected not only the pitch and time
scale of events but also the timbre, This led him to make an
important observation regarding the nature of variable speed
processing,

I conclude that musique concrete differs ... from

classical music in one important aspect., For classical

music a do is a do no matter what its placing in the

tessiture, For musique concrete a sound, generally
'complex', is inseparable from its situation in the

6 Pierre Schaeffer, A la Recherche, ibid,, p.22
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sound spectrum. Nothing is superimposable, divisible,
transposable,
A further examination of the relationships between pitch,

rhythmic, timbre and envelope characteristics led to a series of studies

during the early summer of 1948, including Le Diapason Concerto

(Btude pour Piano et Orchestre), Etude aux Tourniquets, Etude au

Piano 1, dite Etude Violette, Etude au Piano II, dite Etude Noire,

Etude Pathetique, dite Etude aux Casseroles.

The Etude pour Piano et Orchestre endeavoured to combine the

sounds of an amateur orchestra tuning up with a spontaneous piano
improvisation, played by Jean-Jacques Grunewald. The result was
largely unsatisfactory, for there was no coherent dialogue between
the two areas of sound material, creating the impression that two
apparently unconnected pieces had been roughly mixed together, Tape
montage was to become a major feature in many applications of sound
processing, and this early discovery of the existence of problems
concerning the integration of dissimilar sound material was an
important one,

Schaeffer had considered the possibility of a piano a bruits

from a very early stage in his investigations and gave some thought
to the potential of the prepared piano,7 unaware at this time of

similar investigations being carried out in America by John Cage.8

7 '"There is no instrument to play musique concrete,' Pierre
Schaeffer, A la Recherche, ibid., p.22

8 'The words 'prepared piano' have been employed in a systematic
manner by the American John Cage, whose work I did not know at
this time, The use of the piano is similar in both cases, but

differs in that the music of Cage remains fairly abstract in both
conception and execution,' Ibid,, footnote, pp,26-27



He concluded, however, that live performance on a modified piano
constituted little more than a mere extension of the functional
characteristics of the normal instrument, and turned his attention
towards the possibility of manipulating naturally produced sonorities

on tape. Both Etude au Piano I, dite Etude Violette and Etude au

Piano II, dite Etude Noire, were based on a series of textures

prepared by Pierre Boulez, characterising different musical styles,
for instance, classical, romantic, impressionistic, atonal, These
were manipulated to produce two pieces, each endeavouring to preserve
some degree of continuity between elements of the same texture

whilst creating an overall structure concerned with the juxtaposition

of stylistically contrasted events, L'Etude Violette is more

angular in construction, exploring the use of widely separated pitch

areas of relatively short duration, whilst L'Etude Noire is more

concerned with the structuring of melodic phrases,

This first phase of study concluded with an experiment with
speech, using the voice of the actor Sacha Guitry, montaged with
recordings of a Balinese priest, a barge moving upriver, and an

American accordion, to produce Etude Pathetique, dite Btude aux

Casseroles., The significant characteristics of Etude aux Chemins de

Fer which had initiated this first period of musique concrete have
been succinctly summarised by Fritz Wieland and Gottfried Koenig in
their introductory notes for the electronic music course at the

Institute of Sonology, Utrecht.9

9 Gottfried Koenig and Fritz Wieland, Summary Introduction
(Institute of Sonology, Utrecht), p.26




43

1 The act of composition was accomplished by a
technological process,

2 The work could be replayed innumerable times in
precisely the same manner,

3 The replaying was not dependent upon a human
performer,

4 The basic elements were 'concrete', thereby
offering the listener a mode of audition quite
different from that of perceiving 'abstract'
music,
These characteristics were not to remain entirely consistent,
for Schaeffer became increasingly conscious of the performance problems
of a piece which was entirely pre-recorded, and played without human

interpretation to an audience via a set of loudspeakers,

The first presentation of musique concrete to the general public

took the form of a broadcast recital of all these early studies with

the exception of Le Diapason Concerto (Etude pour Piano et Orchestre)

in a programme entitled Concert a Bruits , transmitted by the R,T,F,

on 5 October 1948, A spirited controversy ensued, inspiring Schaeffer
to commence work on his article 'Introduction a la Musique Concrete',
intended to provide an explanation of the motivations behind his
work.10 A pause in his investigations followed, brought about as the
result of commitments to attend conferences abroad on behalf of the
R.T.F, during the winter and spring of 1948-49,

So far, Schaeffer had worked almost entirely on his own, helped
only occasionally by musical friends such as Grunewald and Boulez,
and the sound engineer Jacques Poullin, During the summer of 1949

the composer Pierre Henry joined him as a regular co-researcher, and

10 See pages 36-7 and note 2,



Poullin was permitted by the R,T.F., to become involved with studio
engineering tasks on a permanent basis, Schaeffer began to re-
appraise the role of natural instruments as sources of sound,
carrying out investigations which retraced much of the ground covered

by Varese, twenty years previously, His next work, Suite pour

Quatorze Instruments is significant for it provided the starting point

for his preliminary definitions of a syntax for musigue concrete,

His main preoccupation at this time concerned the parallels which
could be drawn between the processes of conventional instrumental

composition; Musique Habituelle and the processes of musique concrete;

Musique Novelle, identified as follows:11

MUSIQUE HABITUELLE MUSIQUE NOUVELLE
(dite abstraite) (dite concrete)
PHASE Conception (mentale) PHASE Composition (matérielle)
I ITI
PHASE Expression (chiffrée) PHASE Esquisses (expérimentation)
II II

PHASE Execution (instrumentale) PHASE Materiaux (fgbrication)
III (de 1'abstrait au concret) I (du concret a 1'abstrait)

Previous to his Suite pour Quatorze Instruments his compositional

approach had been from a musique concrete to a musique abstraite,

Now as he became increasingly concerned with the live aspect of
musical performance, he began to develop the reverse approach,

achieved via three stages:12 i) A point of departure; the natural

11  Pierre Schaeffer, 'Introduction', op.cit., p.86. Also Pierre
Schaeffer, A 1a Recherche, op,cit., p.35.

12  Pierre Schaeffer, A la Recherche, ibid., p.37
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sounds of musical instruments, ii) A process of transition involving
the application of concrete procedures to the recorded sources,
leading to iii) A point of arrival — a new music, This change in
philosophy may not appear to have been dramatically significant,

but it raised an important artistic distinction regarding the processes
of composition with techmnology which is relevant today. On the one
hand, a composer may choose to start by developing conceptually a
clear picture of the sonological structures he wishes to achieve,
Such a picture would then have to be rationalised and probably
modified in terms of the technical facilities available, leading to

a set of operating instructions which could then be executed, On

the other hand, a composer may wish to start with a selection of
potential sound sources, offering a range of characteristics with
which he may experiment, building up from the results of such
investigations the elements for a complete composition, The former
approach is associated with a system of sound generation which is
capable of offering the composer a sophisticated specification language,
capable of interpreting a wide range of suitably expressed musical
ideas as an equivalent set of studio procedures, The latter approach
involves a less complicated dialogue between the composer and the
system working in terms of the specifications offered by the
generators and processors themselves, These may thus be treated as
an 'orchestra' with defined functional characteristics.,

The merits and practicalities of designing a modern computer-aided
system offering one or a combination of these approaches are matters
of the utmost importance and will be examined in due course. In the
present corext, however, the relatively simple nature of the

technology involved focuses attention clearly on the operational



techniques applied in fulfilment of the musical specifications,

The Suite pour Quatorze Instruments is divided into five move-

ments, each highlighting a different aspect of musique concrete as

follows:

1 Prologue

2 Courante

3 Rigardon

4 Gavotte

5 Sphorade

Original instrumental recordings left
virtually intact except for the judicious
addition of occasional reverberation,
echo and overlay, permitting the intro-
duction of additional simple rhythmic
counterpoint,

A monody by way of a contrast assembled
from extracts drawn from the entire range
of musical instruments and treated to
simple juxtaposition and montage,

An intensely rhythmic jovial movement,
highlighted by interjections from trumpets
and drums, (Considerable use is made of
recordings played in reverse, creating
symmetrical envelope structures with their
sources,

Material derived from a single short phrase
to construct a set of variations, each
concerned with the interpretation of the
phrase by a group of three instruments, the
recorded extracts being subjected to trans—
position by playing the recordings at
different speeds.

In contrast to the four preceding movements,
a freely expansive quasi-improvisatory piece
constructed without the constraints of any
set technical procedures,

The musical quality of this work is not entirely satisfactory.,

The Gavotte, for example, by Schaeffer's own admission,13 failed by

virtue of its reliance throughout on a single musical phrase which,

13 Pierre Schaeffer, A la Recherche, ibid., p.63
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despite its many interpretations and subsequent transpositions,
retained recognisably many of its original characteristics, thus
generating a repetitive and highly monotonous structure, These
difficulties provoked him to carry out closer analyses of the nature
of sound sources, leading to a preliminary definition of what he

called his objet sonore: a fundamental sound event, isolated from its

original context and examined for its innate characteristics, free
from any association with other sounds or groups of sounds. Schaeffer
asserted14 that the abstraction of such events from a series of source
sound complexes to provide elements for the regeneration of musical
material involved processes compatible with the principles of post-
Webernian serialism,

As a basis for his concept of an objet sonore, Schaeffer tried to

establish why his transformation procedures failed to remove or alter
many of the distinctive characteristics of source events, He concluded
that techniques such as speed and pitch transposition, simple montage
or the playing of recordings in reverse did not produce anything
essentially new, The use of musical instruments, musical habits and
musical structures had conditioned the way in which he had carried out
his processes of analysis and synthesis and it thus seemed appropriate
to return to his starting point, the world of noises, as a more basic
source of sound information., Such a move, however, did not remove the
problems of association, as he had already discovered in preparing

Etude aux Chemins de Fer, and it proved necessary not only to examine

the nature of sound events themselves in more detail but also to

14 Pierre Schaeffer, A la Recherche, bid., p.42
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develop new technological procedures which expanded the range of
available transformations,

Taking sections of sound material of varying lengths as sources,
Schaeffer began to examine the extracts on both a macro level,
considering the structure as a whole; and also on a micro level,
considering the inner ordering of events, Each source sound event
displayed a natural macrostructure assembled from the superimposition
of a variety of fundamental characteristics. By recording such events
onto disc, it became possible to divide the progression of events into
micro time intervals each containing a selected portion of the whole
event, for example the attack, steady state or decay of a simple
envelope, or the initial, middle or final stages of an essentially
dynamic sound; for example a glissando or a progressively changing
timbre, Alterations could then be made to the macrostructure of the
whole by juxtaposing or removing some of these constituent elements,

Such exercises, however, did not offer a complete solution to
the problems of association, for the selected micro elements might be
of sufficient duration for their own internal characteristics to provide
a macro event, retaining distinctive features when subjected to juxta-
position or transformation, At the other extreme, the temporal
division of sound events into increasingly smaller quantities leads
eventually to a loss of any meaningful response by the human ear and
brain as to the nature of the extract. Time division also does not
constitute a thorough analysis of the fundamental characteristics of
a sound event, for the technique provides no information regarding

the frequency spectrum associated with each element, If Schaeffer
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had carried his isolation principles a stage further and devised
techniques for identifying the individual harmonic components of each
sample, he would have established a link between the structures of
naturally generated sounds and those of electronic origin,

Schaeffer decided that his work had reached a stage where he could

embark on a major piece of musique concrete, and in collaboration with

Pierre Henry commenced work on a composition entitled Symphonie pour

un Homme Seul, 194—9—50.15 During the early stages of formulation,

Schaeffer had considerable difficulty in selecting a suitable source

of sound material, Two lines of development were uppermost in his

mind at the time: i) the extension of the possibilities of instrumental
sources by means of new technical aids, and ii) the development of his

principles of objets sonores and their rules of composition,

His quest for an area of sound material which would prove sufficiently
rich to sustain a major composition led him to select a source which
in many aspects offers connections with both instrumental material
and noises; the sounds of a man, His initial idea was to select sound
material from noises produced naturally just by a man alone; for
example breathing, walking or the sounds of a heart beating, but this
selection became extended to include sounds drawn from the man's
communication with the world outside, The information was accordingly

divided into two groups reflecting internal and external attributes;l6

15 The definitive version was not realised until 1966,

16 Pierre Schaeffer, A la Recherche, op,cit,, p.64




Interieur a 1'Homme Exterieur a 1'Homme
Elements de souffle Pas ou analogues
Fragments de voix Frappements de porte
Cris , Percussions

Voix fredonnees Piano prépare

Airs siffles Instruments d'orchestre

The inclusion of a prepared piano as an external sound source
contradicted his earlier views regarding the work of John Cage,17 and
this element of ambivalence shows that Schaeffer was still far from
achieving a thorough consolidation of his ideas at this time, In this
case the influence of Henry served to widen his outlook on techniques
of composition, resulting in a less dogmatic approach towards the use

of technology as part of a creative musical process,

The work is divided into eleven movements: Prosopopée 1, Partita,

Valse, Prosopopee II, Collectif, Erotica, Scherzo, Cadence, Eroica,

Apostrophe, Strette, Some of these, as their titles suggest, are

modelled loosely on classical structures, The rhythmic pattern of the
spoken word or phrase acts as the central theme, highlighted by the use
of repeated loops and the juxtaposition of extracts with complementary
fragments of instrumental and percussive patterns, The mood is light
and humorous, sharply contrasting with the seriousness and tight

structures of many of the early works associated with elektronische

Musik,
During the winter of 1949-50, Schaeffer and Henry turned their

attention towards staging the first public concert of musique concrete,

17 Schaeffer now demonstrated his regard for the work of John Cage
by using the musical intervals C A G E as a motif,
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which was held in the hall of L'Ecole Normale de Musique, Paris on
8 March, Schaeffer was at last able to investigate how the characteristics
of a concert auditorium might best be exploited, and with Poullin
commenced work designing and building a complete live performance
system incorporating several sets of turntables, loudspeakers and
mixing units, The concert, unfortunately, was not entirely successful,
for the performance routines involved in mixing and projecting the
sounds around the auditorium were under-rehearsed, and the complexities
of creating live montages from unwieldy turntables proved overwhelming
at times, The audience were thus more aware of the antics of the
performers than the music, which was not the intention,

The concert, nevertheless, was favourably received by many of
those who attended and was followed by further public recitals on a
more modest scale in the Club d'Essai, where the equipment of Schaeffer's
studio could be employed in situ, In July the critic Roger Richard
reported that 'The concerts already given at the Club d'Essai, and
also last March at L'Ecole Normale de Musique have proved that a public
not especially prepared or warned to be on their guard readily accepts

the impact of this extraordinary music, ... Musique concrete is

ready to leave the laboratory, It is time musicians exploited it,

When musicians and musicologists such as Roland Manuel, Olivier Messiaen

and Serge Moreaux express interest in it we can trust in this departure,'
After a short period of absence, Schaeffer returned to the Studio

in the Autumn of 1950 to find his colleague, Henry, working on two

of his own compositions, Concerto des Ambiguities and a Suite, Henry

18 Roger Richard, review in Combat (Le Journal de Paris), 19 July 1950



had encountered considerable difficulties in establishing an acceptable
method of notation for his realisation score, and Schaeffer became
preoccupied with the problems of creating a specification syntax,
using these two works as models, The characteristic source phrases in
the Concerto had been notated entirely in normal musical notation
whilst the material for the Suite consisted of a series of graphic
drawings, The structure of the Concerto, however, rapidly rendered
the use of conventional notation unsatisfactory, for the principal
sound source was a prepared piano, producing acoustic results which
differed significantly from the original score,

After much thought he concluded that it was necessary to assemble

a solfege for his objets somores which would classify sounds in terms

of hierarchies of tessiture, timbre, rhythm and density. He discovered
that if the sounds were at all homogenous it became difficult to
distinguish between different events within the hierarchy. Schaeffer
decided to adopt a provisional system of scoring closely modelled on
the classical system, Using conventional five line staves for each
sound element, a page of the score would be divided into four areas

as follows:19

Concrete Score

1 Living elements, voice, etc.
2 Noises

3 Prepared instruments

4 Normal instruments

19 Pierre Schaeffer, A la Recherche, op.cit., pp.83-86

52



Schaeffer gives an example of the score layout for Henry's

Musique sans Titre, a piece written shortly after his Suite:

Group (1) Voix VI
VP
VC
Group (2) Bruits BI
BP
BC

Group (3) Insfrumgnts PP)
Prepares

Group (4) Instruments 0)
Ordinaires

Voix humaine ou anima}e) incidentale
Voix (element vocal) periodique

I d
Voix (element vocal) continue

Bruit iycidental
Bruit periodique
Bruit continu

. s P
Piano prepare

Instruments d'orchestre

A linear time scale is employed, drawn along the bottom of the

score in seconds, with a vertical dashed line drawn every five seconds.

For source instrumental and vocal parts, clefs and notational symbols

are employed as normal, excepting that the durational values of the

individual pitches are rationalised to conform to the time markings,

For concrete sounds, elements of standard notation are combined with

extra graphical symbols to give an approximate indication of the

characteristics of events with respect to time, Since the vertical

axis represents pitch the result could only show clearly the movement

of pitch areas with respect to time,

could not indicate changes in timbre, and the use of conventional

symbols for dynamics was not wholly satisfactory, but this method of

representation was a useful intermediate step.

So far only passing reference has been made to the technical

facilities employed by musique concrete. One interesting fact which
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Schaeffer realised that the system

emerges is that the equipment used was for the most part of a relatively
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simple specification, for Schaeffer's ideals did not permit the use of
many of the generation and processing devices that will be described

in connection with elektronische Musik, The first stages of

development were thus restricted primarily to the multiplication and
improvement of devices already generally available, in particular the
facilities for mixing, recording and reproducing acoustic information.,
These changes did not result in any radical expansion of the functional
characteristics of the studio system, with one important exception;

the introduction of the tape recorder to the studio in 1951 - well

after the composition of Symphonie pour un Homme Seul had been

completed. All the recordings up until this date had been made

directly onto discs, producing considerable practical difficulties

for subsequent operations on the encoded material, For example, the
isolation of sound events could only be achieved by employing a

manually operated volume control or switch to select the required

extract whilst re-recording the passage concerned, Further loops of
sound could only be created by scratching the record to make a particular
groove repeat, where the speed of the record and the circumference

of the selected groove would determine the duration of the loop. The
introduction of magnetic tape recording revolutionised the techniques

of musique concréte, for it became possible for the first time to

cut and splice sound extracts together to any desired durational
specification with the minimum of difficulty,

The year 1951 proved to be extremely important for another reason,
for the R, T,F, officially recognised the significance of his work
and commissioned the first studio to be constructed expressly for the

realisation of musique concrete, The studio was designed by Poullin




and Schaeffer, and featured the following equipment: a set of tape

recorders including one three-track model; a Morphophone, two

Phonogénes, and a mixing desk, incorporating a Pupitre de Relief

Spatial, otherwise known as a Potentiometer d'Espace; a special

device for creating illusions of sounds moving in space, which will
be described in more detail later,

The Morphophone consisted of a twelve channel magnetic tape loop

system with adjustable filters for producing variable iteration or

artificial reverberation, The two Phonogénes were specially converted

tape recorders capable of playing tape loops at different speeds,
One was designed to function over a continuously variable range,
whereas the other was controlled by a twelve note keyboard with a
two-position transposition switch, providing twenty-four discrete
pitch transformations,

It is interesting to note that the introduction of tape facilities
to the studio was not received with much enthusiasm initially, An
entry in Schaeffer's diary for 30 April 1951 declares, 'The studio
is a battlefield: Bverybody is fighting.'20 Henry and even Poullin
himself felt that the tape recorder destroyed many of the features
characteristic of the old disk recording system, This instinctive
resistance to change demonstrates that a long and close association
with a particular sound processing system will often lead to a relation-
ship with the equipment such that its very limitations become essential
characteristics of the musical principles developed around it. In the

instance in question such prejudices were dispelled in time, but it

20 Pierre Schaeffer, A la Recherche, op.cit., p.96




is relevant to note from a more general point of view that it is
reactions such as these which have encouraged the retention of many
features characteristic of studios in their early stages of develop-
ment without a continuous critical assessment of their usefulness to
the needs of the day,

The new studio led to a large expansion of activities, and extra
taping equipment was soon added, including for the first time a five-
track tape recorder, Schaeffer and his associates adopted the title

Groupe de Recherches Musicales, and this organisation was formally

adopted by the R.T,F, as part of what is known today as Services de

la Recherche de 1'0,R, T, F,, responsible for all sound and visual

experiments required by their radio and television channels, Several
young composers came to work at the studio, including Jean Barraqué,
Pierre Boulez, Michel Philippot, Hermann Scherchen and, fleetingly,
Karlheinz Stockhausen., Visits were also made by Yves Baudrier, Marcel
Delannoy, Henri Dutilleux, Jean-Jacques Grunewald, Andre Jolivet and
Olivier Messiaen,

Many new compositional ideas were exploited, particularly in
connection with the use of serial procedures employed to define
details of duration, pitch, dynamics and timbre, notated in the
realisation score, Boulez, for example, employed a precise plan for

both duration and pitch in his Etude I sur un Son, 1952, using the

Phonogene to give chromatic intervals and octave transpositions of

21  Several of the pieces from this period, including Boulez, Etude I
Messiaen, Timbres Durees, and Henry, Antiphone are discussed in
Antoine Golea, 'Tendances de la Musique Concrete', Vers une Musique

Experimentale (La Revue Musicale, Paris, 1953), pPpP.36-49,
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a single sound source, Schaeffer and Henry worked intensively on the

first opéra concrete: Orphée, first performed in Paris 1951, a revised

and considerably expanded version being presented at Donaueschingen
in October 1953.22 Many practical problems arose in the construction
of a score, and Schaeffer found his visions of a grand opera greatly
tempered, The challenge forced him to develop further his ideas

regarding a solfége for musique concrete, He formulated the idea of an

orchestre concréte, based on the observation that certain sounds would

inevitably continue to display specific characteristics whatever the
degree of transformation effected within the perceptive limitations

of the human ear, The persistence of these characteristics resulted

in these elements being treated as 'pseudo' instruments, notated in

the realisation score in much the same manner as conventional instruments,
Schaeffer poétulated three rules concerning their use in musique

concréte:23

1  An orchestral element (pseudo instrument) is identified
by the permanence of one characteristic in all its
various transformations,

2 Musical forms, notated or not, are created by the
evolution within a period of time or the super-
imposition at a given time of pseudo instruments,

This evolution may effect all the characteristic
elements of a given material (tessiture, dynamics,
timbre, note structure, criterea of the same structure),
except one at least which remains invariable and as

a consequence characterises the identity of the
orchestral element to which the form applies,

22 Henry produced a new version of the work: Le Voile d'Orphée in 1966,

23  Pierre Schaeffer, A la Recherche, op.cit., P.95
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3 The instrumental techniques or methods of execution,
consist of a collection of methods, recognisable or
not to the ear in which the causal character must be
clearly distinguished, To the ear, the affect alone
is important,

Schaeffer also felt it necessary to prepare two different types of

score for musique concrete: 1) The operational score concerned with

notating the technical procedures involved in realisation within the

studio; 2) The effects score concerned with indicating the development

of the musical forms in terms of parallel staves, each concerned with
an element of the orchestra, An idea of the structure of a work could
only clearly be given by the second type of score, which would normally
take the form of the provisional score discussed earlier, He was
also interested in the possibility of devising a system of exact
notation for the parameters involved, but he came to realise that this
was a task of immense proportions, Schaeffer was anxious to explore
new methods of score notation for use in Orphée, but problems of
sound classification and pressure of time prevented him from making
any major advances in this area at this time, and his frustration led
to a personal crisis involving a period of close self-examination,

In an entry in his diary for 2 May 195124 Schaeffer speculated

whether he might have embarked on the development of a musique concrete

as a reaction to some form of musical repression, From discussions with
his colleagues he discovered that they were more concerned with
developing musical ideas around a sound system which they knew and

trusted, whereas he realised that a useful key to new and better

24 Pierre Schaeffer, A la Recherche, ibid., P.103
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compositions lay in an unceasing search for new sounds and techniques,
This tendency of musicians to accept or reject technological systems
uncritically disturbed him and he began to appreciate fully that
significant differences existed in outlook between musicians and
scientists over the use of technology in musical composition,

During the early summer the scientist Andre Moles joined the team
in a research capacity and this provided a valuable stimulus for
Schaeffer's work on a solfege, for Moles's interests included the
study of perception and psychoacoustics, Moles had already written

a thesis entitled La Structure Physique du Signal en Musique Micro-

honique, which provided an important contribution to the study of
aesthetics, including some interesting comments on the properties of
recorded musical sounds, He observed that the techniques of recording
a musical work corresponded in effect to the projection of time into

space, governed by the following spatial properties.25

1  Permanence The musical work is defined by
its registration in terms of all
the elements indicated in the
conductor's score,

2 Reproducibility Which makes it an object of
scientific investigation, whereas
all that was possible previously
was a comparison of points of
view,

3 Reversability A recorded track may be as
clearly recognisable in one
direction as in the other,

This is its most important
characteristic since time 1is
irreversable and its passage is

25 Quoted in Pierre Schaeffer, A la Recherche, ibid,, p.l18
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never simply defined, ... ZThis
is not true with space, and the
superimposition of space on time
allows one to measure the latter
objectively,

Moles, like Schaeffer, proposed the use of a three-dimensional model
for representing individual sound elements using frequency, duration
and loudness for the co-ordinates, He also carried out detaj]ed
analyses of musical sounds and postulated that up to thirteen million
individual characteristics making up the 'atomic' structure of music
could be isolated, The problems of communication between the investigator
and his sound world became a major preoccupation and he advocated the
design and development of machines which could record and display
acoustical features in a graphical form,

Poullin's contribution to research as studio engineer should not
be overlooked at this point, for ever since the first public concert

of musique concrete he had been particularly concerned with the

development of techniques which would improve the manner in which sounds
could be projected into an auditorium, His preliminary investigations
were published in the form of an article entitled 'Son et Espace'26

and a more detailed account of the device he devised as a sound projection

aid, the Potentiometer d'Espace was included in a paper describing the

use of recording techniques in the production of material for musique concréte.27

26 Jacques Poullin, 'Son et Espace', Vers une Musique Expérimentale,
opecit., pp.105-114

27 Jacques Poullin, L'Apport des Techniques d'Enregistrement dans la
Fabrication de Matieres des Formes Musicales Nouvelles, Applications
a la Musique Concrete', L'Onde Electrigue, Vol,34 (324) (1954), PpP.282—-
291, Tr. D, A, Sinclair, 'The Application of Recording Techniques to
the Production of New Musical Materials and Forms, Application to Musique

Concrete', National Research Council of Canada, Technical Translation
No, TT 646 (Ottawa, 1957)
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mis-positioning were reduced aé far as practically possible by using
specially designed loudspeaker units which concentrated their radiated
energy in a 60° cone, The dimensions of the hall itself and its
reverberation time added further complications, requiring adjustments
to be made in situ to the levels of amplification supplied to each
loudspeaker unit,

Composers could thus prepare discretely encoded four-channel tapes
using four of the five tracks available on the studio multi-channel
recorder, The fifth track could, optionally, be employed to supply a
further channel of information, distributed between the four primary

output channels via the Potentiometer d'Espace. This device consisted

of a small hand-held transmitting coil, and four wire receiving loops
arranged in a tetrahedral around the performer to represent in miniature
the location of the four main loudspeakers in the auditorium., Moving
the coil about within the receiving area induced signals of varying
strengths in the loops, and this information was used to alter attenuators
controlling the superimposition of the signal onto the main loudspeaker
lines, The location of the resultant sound information could thus be
directly controlled as a live performance feature by a controller,
seated in front of the audience,

It was during 1951 that the previously mentioned disagreements

between the proponents of musique concrete and elektronische Musik

began in earnest, Schaeffer's Symphonie pour une Homme Seul was broad-

cast on radios Cologne, Hamburg, Baden-Baden and Munich, and was
received with considerable hostility by those favouring the new

German school, The Summer School at Darmstadt, the Internationale




63

Ferienkurs flir Neue Musik, took up the debate that year by

organising a symposium on the subject of sound technology and music,
which proved to be extremely controversial, The French and the
Germans disagreed violently and the Swiss criticised both for
describing their work as 'music’,

Schaeffer returned to his studio to spend several months in a
fufther period of consolidation, determined to defend and expand the
aesthetic principles in which he believed., His diary at this time
reflects the conflicts which arose at Darmstadt.28 In particular he

criticised the concepts of elektronische Musik for providing no obvious

key to the solution of the communication problems associated with
contemporary music., He also refuted the suggestion that musique
concrete had no connection with the language of either Sch¥nberg or
Stravinsky, voicing an opinion that it had a middle role to play,
polarised by the work of both musicians, In support of this view
Schaeffer equated techniques of montage and tape looping with the poly-
tonal and polyrhythmic structures of Stravinsky and suggested that the

objet sonore provided a basis for an extension of Schdnberg's Klang-

farbemmelodie, reaching beyond the concept of a melody of timbres

derived from a series of pitches to include more comprehensive structures
derived from other acoustical parameters., For example, 'The density of

a note complexe permits not only treatment of the timbre but also a

correlation between a melody of pitch and a melody of tim.bre.'29

Schaeffer realised that the principal points of disagreement lay

28 Pierre Schaeffer, A la Recherche, op,cit., pp.123-141

29  Ibid., p.141
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more in the language of music employed rather than the techniques of
studio operation, and accordingly attempted to clarify his principles

of sound reorganisation by preparing a syntax for musique concrete

to serve as a description for 'the enlargement of sonorities involving
the use of an ever expanding register of timbres, where the timbre

itself in its development becomes an expressional value which is

concerned with the combinations of soun.ds'.30

Esquisse d'un Solfege Concret was finally published in 1952.31

This treatise is divided into two main sections: the first, entitled

Vingt-Cing Premiers Mots d'un Vocabulaire, establishes a set of twenty-

five definitions for the description of complex sounds and the technical
procedures involved in their manipulation and transformation whilst
the second is concerned with the application of these definitions to

create an operational language for the processes of musique concrete,

Koenig and Wieland have summarised the objectives of the Solfege

as follows:3

Three music-theoretical problems existed for the Groupe
de Recherches Musicales:

a) The reciprocal effect between sound as the physical
corner [manifestation] of music and the listener's
perception, proceeding from the sound object: 1l'objet
sonore,

b) The selection of certain objects which can be
used for music because of perceptive criteria:

30 Pierre Schaeffer, A la Recherche, op.cit,, p.131

31 Pierre Schaeffer and A, Moles, Esquisse d'un Solfege Concret,
quoted in Pierre Schaeffer, A la Recherche, ibid., pPp.203-228

32 Gottfried Koenig and Fritz Wieland, Summary Introduction, op.cit.,
p.39
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this leads to a sound morphology and a music
typology.

c) The value of certain objects in the sphere of
musical composition, or vice versa the influence
on the music by the selection of certain musical
objects - objets musicaux.

Koenig and Wieland also draw attention to the similarities between
Schaeffer's work with musical sounds and the study of linguistics,
In the latter, distinctions are made between phonetics (the study of
vocal sounds) and phonology (the study of the structure of language
systems), and lexicology (word or text explanation) and syntaxis
(the study of sentence construction)°

In musique concrete it is possible to draw similar parallels

between acoustics and acoulogy (solfégel and music theory and the
study of composition,

From a practical point of view the solfége was intended to help
composers select and manipulate sound material in a more effective manner
by providing them with a better understanding of their basic character-
istics, The whole classification centred around Schaeffer's basic

element, the objet sonore, now after four years' work defined as a

sound event which may be extracted from its natural context and studied
objectively outside its time continuum,
The twenty-five definitions are derived as follows, identified

by number: 1) the Prelevement is identified as the source sound event

once isolated on recording tape or disk, ready for analysis. Any

Prelevement may be examined from two viewpoints - i) in terms of its

sound material and ii) in terms of its musical significance, The

first approach; 2) Classification Materielle des Objets Sonores is to




be considered a necessary prerequisite to any technical or aesthetic

analysis, and is based on the temporal length of a sound object,

defined around any identifiable centre of interest., Three classifications

are made in this context; a) 3) Echantillon, b) 4) Fragment and

c) 5) Elements, The second approach; 6) Classification Musicale des

Objets Sonores takes into account the need to make value judgements

concerning the content of a sound object, in particular whether it
tends to be more simple or more complex, Four distinctions are made;

a) 7) La Monophonie, b) 8) Groupe, c¢) 9) Cellule, and d) 10) Note

Complexe, These may be further qualified by the use of two

additional terms; 11) Grosse Note and 12) Structures. The organisation

and definition of these twelve elements may best be illustrated in the

form of a diagram:

66



Objet Sonore

1 Prelevement

(total sound event)

Primary

Maéerial

2

Y

’£;¢__—-
Echantillon}

general sound patterns,
no clearly defined centre,
long or very long

EAJ_FT;gment

several (a few) sounds; a
defined centre but no
repetition

(CLASSIFICATIONS)

Secondary

6 Musicall

<

€
<
<

>

ys \
A

b1

Monophoniel

Y

superimposition of sounds
to make an analysable whole |

98[ Groupe|

Ls5] Elements |
short events, hard to
distinguish individually

a monophonie of several seconds [¢ - -
or tens of seconds permitting
repetition and development

f99] Ce11u1e| v

elements
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either

an ensemble of several seconds

without repetition or development £-1-

or clearly definable characteristics

L310]

l?r
Note Complexe |

each element of a monophonie
which has an analogous construction

to a musical note, with such simple |[C~ 7!

characteristics as attack, steady

state, decay

31

Grosse Note |

a note complexe in which major event
shapihB¢ Bharacteristies} forierample
attack, steady state or decay are very
'ﬁronouncéd. Beyond a certvain point
must be considered as a Groupe or

of rhythm, timbre and tessiture

a development to be analysed in terms |

12|

Structuresi

ensemble of material with which the

ordinary notes derived_directly or
prepared from classical, exotic or

experimental instruments

composer starts, May consist of < -
Cellules or notes complexes but also - -



The operations involved in processing the objets sonores are

divided into three stages:

1 Initial processing of the sound

13[ Manipulationl

as follows:

Processes which modify the sound before
the main compositional processes,

Y
Y [Transmutation| 5 [Transformation|
Manipulations of the Manipulations which

material of the sound alter the form of
structure which leave a structure rather
the form essentially than its material

16 [Modulation |

unaltered

Not clearly a trans-
mutation or a trans-
formation, but a
variation carried

out on one of the
three parameters of
the sound structure -
pitch, intensity or
timbre
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in this manner, starting with the observation that in nature nothing
exists which is entirely pure., In the case of sound, it is said to
be musical in the classical sense if a 'fundamental' predominates
sufficiently for it to be identified as a note belonging within the
normal instrumental pitch range. Such a sound is far more complex
than most musicians imagine, being composed not only of a collection
of harmonics (which are not always stable in their composition but
varying as a function of the note) but also of an equally important
'noise' element, The piano, violin, or the human voice produces
notes which in common with the majority of musical sounds contain
elements of noise, that is to say complex 'transitory phenomena',
Musicians have no need to define these for they are entirely implicit
in the description'violin', 'piano' or 'voice', and are inherent in
the production and application of the instrumental sound.

Duration is in itself an abstract parameter for in reality the
sound of a note does not correspond exactly to its notated representa-
tion, for the fluctuations in intensity associated with its growth
and decay create an important pattern which gives the sound a form.
Similarly the classical musician is not directly aware of this feature,
because he is not able to modify and use it as a means of expression
or execution,

The musical features which implicitly determine the nature of a

33 This is not strictly true. Brass players in particular are able
to exercise a considerable degree of control over the shape of
both their attack and decay characteristics., See the reference
to Varese's experiments with simulated reverse envelope shapes,
Chapter 1, page 11.






Schaeffer draws attention to the importance of the attack in
any musical sound, and the significant alteration to the character
of a note which results from the substitution of an artificial
characteristic, Particular reference is made to the use of a decay
characteristic in reverse to provide long attack times.

ii) The body of a note, As in the previous case the rules of
physics determine and limit the characteristics of the body of notes
produced by traditional instruments., A completely steady note of
constant amplitude and indefinite duration may only be obtained from
an electronic laboratory oscillator. All natural instruments,
including the human voice, can produce only pseudo steady state
sound levels for it is impossible to eradicate completely all minor
fluctuations., Frequently the executant deliberately adds an element
of amplitude vibrato, generally involving a change in the order of
ten to fifteen per cent at a periodic rate of five to eight vibrations
per second., These minor alterations to the body of a note are
identified by the listener as being an intrinsic characteristic of
the note. Finally the character of a note is determined a priori by
the dynamic level with which it is played, in accordance with the

instructions of the composer. The accepted musical signals:

PPP PP P mf f ff fff

according to Stokowski (as quoted by Schaeffer) correspond to the

following levels of loudness:

+20 +40 +50 +60 +75 +85 +95 decibels,
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general laws of acoustics. This decay time may vary in length from a
few tenths of a second to several seconds, influenced to a large

extent by the reverberation factor induced by the response of the

listening room, A distinction is made between continuous reverberation
which simply prolongs the decay time curve, and vibratory reverberation
which superimposes characteristics after a short delay as a vibrato

or a pulsation on the decaying sound,

In conclusion, it is observed that the theoretical analysis of

natural sound events into these three parts is a very artificial affair,

for it is often not possible to distinguish accurately between the
sections, For example, all the notes of a piano, when played sharply
reach their maximum intensity almost instantaneously and do not display
a body since they begin to decay immediately, whereas a violin note is

a source of great richness, offering an aeolian type of attack which
may vary in characteristic (for example, staccato, legato), a central
region employing a clearly defined vibrato, and a very quick decay,
heavily susceptible to modification by the response of the listening

room, With musique concrete, on the other hand, itis possible to

isolate each of these parts, labelled with a definite characteristic,
and also to reassemble them in a variety of combinations, giving rise
to an almost indefinite number of pseudo-instruments,

The Plan Harmonique is concerned with a graphical representation

35 Although not specifically mentioned, the use of tape head echo,

where during a recording sequence, sounds just recorded are detected

by the playback head and fed back into the recording chain, was a
feature commonly used in musique concrete to produce a pulsating
decay, Electronic or electromechanical reverberation and echo

devices were not employed at this time, for in common with filters,

ring modulators and other such treatments, such techniques of sound
processing were alien to Schaeffer's principles,
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of the sinusoidal components of a complex sound, known generally by
acousticians as the harmonic spectrum, Amplitude as a function of
frequency depicts timbre, a feature normally associated by musicians
with instruments which generate stable (that is, clearly pitched) sounds,
where all the individual notes obtainable from the source display common

characteristics, creating a general ingtrumental timbre., Strictly

speaking, this notion of timbre cannot be maintained for the duration

of a note complexe, for the strength and frequency of each harmonic

component change independently with respect to time, In practical terms
the human ear is normally able to record the instantaneous nature of a
note if it persists for more than gbth of a second, during which time
sufficient of the spectrum has been established for the timbre to be
considered representative,

One of the more consistent characteristics of musical instruments is
their use of simple materials (strings, membranes, columns of air) whose

vibrating properties obey a numerical ordering according to a principle

known as the harmonic law. This states that the frequencies of the many

components of a note of an instrument are in simple multiples of each

other with a lowest common factor which is defined as the fundamental.

Also the spectrum produced from an instrument is formed from a definite
mumber of harmonics, rarely more than twenty,36 in which the amplitude

generally decreases with ascending overtones.

36 This is rather an oversimplification, for in many instrumental sounds
a considerably larger number of harmonic components may be detected.
There is a widely accepted psychological theory whieh postulates
that it is the ordering of these higher partials, known as formants,
which accounts for the differences in quality between one instrument
and another, particularly with regard to the violin family., Fourier's
theories regarding the analysis and synthesis of sounds in terms of
individual sinusoids are discussed later in this chapter, See footnote
62 and accompanying text, page 101.



With musique concrete, free from the limits imposed by traditional

pitched instruments, one is able to consider the structure of all
sounds, both natural and artificial, as having a musical character.
An analysis of timbre may thus include elements which are far more
complex and not necessarily related harmonically, In some cases these
elements may lose their discrete values and form a continuous band
spectrum rather than a clearly ordered line spectrum.

Schaeffer classifies the timbres of sounds into two separate groups,

depending on whether the analysis is quantitative or qualitative:

Quantitative
i) poor - a sound whose spectrum contains only
one or a very small number of com-
ponents of significant amplitude
ii) rich - a sound containing numerous overtones
of significant amplitude,
Qualitative
i) brilliant - sounds consisting of a large number
of overtones in which the amplitudes
do not decrease rapidly in proportion
to frequency
ii) clear - sounds of the same family, but con-
sisting of only a very limited
number of overtones
iii) dull - sounds with only a few overtones,

whose amplitudes decrease rapidly in
proportion to their frequency.






permit the detection of two very different types of events,

1) Very short events are associated generally with periods
of attack or sharp changes to the form of a note complexe
in the Plan Dynamique., During these events the spectrum
table is exceedingly complex, containing a great
number of spectral elements and creating what may be
seen as a continuous spectrum - white noise, These
elements do not display any simple numerical relation-
ships with each other., They follow scarcely or not
at all the rules of selection put forward by way of a
plan of timbres, They develop at random, in complete
disorder during these short events, One relates thus
this transitory occurrence to the property of noise
or disorder, and this creates a fundamental character-
istic from the viewpoint of the aesthetic of perception,

2) In other cases, corresponding to the greater part of the
duration of a note complexe and separated clearly from
the preceding events, the spectrum table is much more
simple, With a reduced number of events involved, the ele-
merts evolve slowly during the time span, retaining a
sort of memory and approximating to a permanence which
gives the ear time to appreciate fully their structure,
One is thus able to define an average tessiture
corresponding to a perceptibly constant spectrum,

Pitch characteristics may be distinguished as follows:

a) stable or unstable according to whether the
lowest pitch is constant or
not during the time span

b) rising or descending according to the progression
of the lowest zone of the
spectrum during the time span

c) extended or restricted according to the size of the
musical interval (if it is
discernible) within which
the pitches evolve,

On a more detailed scale, distinctions may be made between
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Schaeffer consolidates these analyses by defining a set of Criteres

de Caractérologie Sonore, identifying the principal characteristics

which are uniquely associated with each Plan de Reference:

In the Plan Dynamigue

3 Criteria of attack

6 Criteria of sustaining

3 Criteria characterising
the variation in
intensity of the note

5 Criteria for the decay
of a note

In the Plan Harmonique

plucked
struck

aeolian

no sustaining at all; shock
sustaining by the means of
resonance, natural or artificial
sustaining in a manner similar
to the attack: sustaining by
repetition of attack; pulsation
artificial sustaining by means of
montage

stable (constant intensity)

cycle

continuous variation (crescendo or
decrescendo)

no reverberation (cut dead)

normal reverberation (reverberant)
artificial reverberation?
continuous, discontinuous or

cyclic .

4 Criteria for the density  pure (a single fundamental )

or purity) of a sound

2 Criteria for the
importance of the timbre

3 Criteria for the colour
of the timbre

thin
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