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Editorial
The recent creation of the Foundation Destellos means an important engagement on behalf of the Argentine
culturalcommunity. Its achievements reflect yearn tending to the evolution of culture in its multiple aspects
and opening breaches betweenthe country and abroad.
The foundation objectives and activities are oriented to promote the intrinsic values of the arts, in its
contemporary forms.That implicates an intensive labor comprehending esthetic, technologic and scientific
axes, in their theoretical and practical aspects.
The civic responsibility is incumbency of the artist. As a counterpart, the community stimulus is a necessary
requisite todevelop the creative task of the individual artist. The idea of this foundation is based in that
necessity of interrelation. Its purpose isto stimulate, collaborate and participate in all initiative of cultural,
artistic, intellectual, educational, social and scientific characters,tending to the development of human activity
into the community.
Nowadays the music, the video art and other multimedia expressions, confront the public to perceptive and
estheticconflicts. The preoccupation for scientific research shown today into the artistic field, responds to the
need to integrate the differentareas that constitute the creative process. The knowledge of the scientific
disciplines related with sound, image and perception (asneurophysiology, psychology, sociology, physics and
acoustic), will favor the esthetic appreciation and the intellectualdevelopment. There is the importance of the
multi-disciplinary activities, to achieve a better comprehension of arts and at the sametime to contribute to
development of human knowledge.
Besides, the scientific knowledge is complementary with the digital technology that constitutes at the same
time a tool forresearch and for creation. So, to favor technologic research for the development of new
software is also an important objective.
Simultaneously to the theoretical studies, it is indispensable a deep reflection about esthetics signification of
contemporaryarts. That reflection will depend on the own conscience of creators about the scope of their
production and of the responsibility thatthey have to guide the foundations of their activity. By those reasons,
one of the principal purposes of the Foundation is toincentive creator to reconsider all those aspects, in order
to establish the theoretical basis that will constitute the pedagogicelements of the artistic education of our
days.
We believe that the synergism included between arts, sciences and technology, will contribute to develop
all aspects ofculture, improving the human condition.
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Abstract
This paper tries to demonstrate some of the strategies used by different composers to
createtheir compositional spatial models. Throughout our lecture, we will hear some
examples ofspace organization and demonstrate their physical parameters by means of
Fourier analysis.We will see different methods of spatialization by temporal pitch changes,
amplitudepanning changes, spectral transformations, re-synthesis by convolution and
transposition,expansion, granulation etc) on works by the composers J.C.Risset,
H.Vaggione, B.Truaxand others.

Introduction
The use of space as an element of organization is one of the new preoccupations for composers ofelectroacoustic
music. This spatial dialectic is the most relevant topic in electroacoustic music. Space has acquireda structural role that
was absent in instrumental music. However, the morphological analysis of this aspect isdifficult, not only because we
have not the appropriate tools to measure it, but also because we are confronted bymultiple spaces.
This new alternative of considering space as a musical and structural phenomenon requires a different kind ofhearing,
more demanding from a physiological and psychological point of view.
It is useful to look at the works themselves and to try to extract descriptions of the different behavior ofmaterials in
relation to space in electroacoustic music. We can perhaps determine a kind of syntax of space.
1. Internal and external spaces
To begin with, we must consider two principal aspects: the internal and the external spaces. Both phases ofspace
operate on our perception in a way that is at the same time both centrifugal and centripetal. There is adiversity of criteria
about the importance of space and its role of articulation in electroacoustic music, but in anycase the interaction between
time, space and timbre constitutes the crux of a new conception of musical structure.This most ancient tendency is
intended to give different types of expressive relief to music by manipulating thesound parameters. They were inspired
on the instrumental music concept that space amplitude is a result of thecombination of frequency, intensity and
harmonic spectra. In fact, the differences in spectral field between low andhigh sounds (that is the consequence of
absorption rate of partials), as well as relationships between duration andregisters, are determining agents of space in
instrumental music.
Most acousmatic composers talk to us about virtual and real space, that is: the space created during thecomposition,
and the space of performance. In the first case, the internal space will be incorporated to the materialand stay fixed in the
support. The external space will enter into action at the moment of projection, during theconcert. This space is then a
composition act, as well as an interpretation one. In this way both spaces becomecomplementary. The audience will have
the sensation of an imaginary space emerging from the environment allaround. The composer, however, is conscious of
the physical reality of space, in both forms, even if he applies hisown flow of imagination to the composition. In fact, it
is by means of perception that space acquires a symbolicsense, because brain mechanisms award it subjacent
signification.
1.1 Models of internal space
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There are numerous resources, but even by means of spectral analysis, we cannot determine whichtechniques were
employed to obtain these effects. Nevertheless our experience with computer treatments can helpus, by simple
hearing, to know how composers achieved such results.
We have several very simple procedures, applied in the mixing of tracks. For example to slide elements inboth
stereo tracks, or to give different amplitude panning to each track in order to get larger or narrow perceptive

The design of both stereo tracks makes evident the manipulations with the mixing table. We can observe thatthe
evolution of amplitude curves represents objects and voice displacements in the space. The first two segmentsshow a
movement from right to left and the third segment represents a vocal sound fixed clearly at left.
We detected a similar mixing situation in “Petit Poucet Magazine” de B. Ferreyra[2].In figure 2 we can observe
a shifting at the same time temporal and of amplitude, between both stereo tracks.

Figure 2 - Ferreyra : “Petit Poucet Magazine”
Besides, in spite of the similarity between both voices, we can see that there is still another additional shifting:this of
pitches. I mean, both melodic lines have the same common elements but they are not identical. Melodic lineshave an
oblique trajectory: they begin at the same pitch and then they cross to go in opposite directions.

Figure 3 [3]
Another way to produce sensations of virtual space is by using temporal pitch changes. The classicalexamples are
Little Boy and Mutations of J. C. Risset [4-5], based on Shepard's [6] experience with the illusion ofindefinite glissando.
Using an additive synthesis program, Risset produced an ascendant one octave scale in whicheach partial is doubled one
octave higher. So that in a loop we have a sensation of infinitely descending pitchbecause when one component reaches
the end of the curve a new component appears at the beginning. ..................
Other more complex procedures are those which apply transformations into the spectral components. We

know that perceptual magnitude of sound depends on its spectral richness, its duration and non-synchronizedtemporal
partials.
We will now see an example of composer H.Vaggione [7]. In this figure we can see three instrumental soundspectra.
Sounds 1 and 2 belong to Double bass and sound 3 is a pizzicato of cello.

Figure 4
Let's see how the composer transforms sound 2. By means of re-synthesis by convolution the composerobtains a kind
of filter that raises higher partials of spectra. (5a) We can see the doubled vertical lines after theattack, these are the
higher harmonics. As high frequencies are more piercing as far as perception is concerned, wehave the sensation that the
Double bass sound is nearer in this example, even if it has still the same qualities oftimbre and duration, as the original.
The example that shows fig. 5b corresponds to the same sound, in this case with a slight panoramic
shifting.We can see a kind of “out of phase” spectra in the attack transient and in the first partials. On the
other hand we alsoobserve that superior harmonics fall down faster than in example a.). Besides, the design
seems to be flattened andthe whole ensemble of the object seems larger. However its duration is still the
same (1s750ms). The perceptualsensation is of a trajectory going from right to left.

Figure 5.a Figure 5.b
The expansion process is also interesting, because in special conditions it can produce a sensation of beingfar
away. Figure 6 shows sound 1) transformed by expansion. This kind of process sometimes produces
littledeformations in signal. Comparing this spectra with its original, we can see that both have the same

morphodynamic aspect. In fact, frequencies are the same but the object format is larger and we perceive it as
beingfar away.

Figure
6
By granular methods we can obtain effects of polyphonic space. Spectra in Figure 7, correspond to a
countertenor voice sound (belonging to the piece of B. Truax [8] “Powers of two”). Over those spectra, the
composer usedeffects of granulation, expansion and transposition. (Figure 8) As a result of these treatments
Truax obtained a thickmass that evolves very slowly. This mass shows a remarkable contrast with the original
sound whose spectralquality is mostly pure. In that way, the composer got a perceptual illusion that embraces
a large spatial field. Wecan verify that enlargement of spatial field in the extension of signal as well as in
thickness of spectral lines. Thatmeans that we perceive a larger space both in field depth and in density of
material.

Figure
These and many other models of sound space can 8be integrated with music in a functional way. We can
hearthe example of C. Zanési in Arkheion [9], who uses a characteristic spatial scheme as a kind of “leitmotiv”. Thisscheme is constituted by lateral trajectories and fixed points in different plans of space. The
composer always usesthe same scheme to delimitate sequences and to create a good balance between
different articulations.Thus it is evident that the composer thinks in terms of a structural element. (Figure 9)

Figure
The gradual temporal transformation is one of the preferred
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resources of electroacoustic music
composers.This aspect, as polyphonic structure, is closely connected with spatial sensations. We will analyze
two examples ofthe piece “Elementa” of J. C. Risset[10], in which the composer uses instrumental and natural
sounds to create amaterial that mutates permanently. In this way, he creates a floating atmosphere in which
materialevolves in an infinite space.
.........................
In the third movement of Aer, the composer develops.. a complex structure, using a great number of
differentmaterials: flute sounds (slaps, aeolian sounds, melodies etc), wind sound, insects and little animal
voices. The wholemovement is a long series of metamorphosis. This movement can be compared to Mauritius
Escher [11]“Metamorphosis” (Figure 10). This Dutch graphic artist was also preoccupied by notions of space
and timeemerging from bi-dimensional figures; in this case, engravings. We can observe how bees go out of
hives towards the birds that become fishes and then horses, and so on. In ìAerî we find similar
transformations, when wind soundchanges the register and then becomes the melody of a flute which
gradually disintegrates to become cricketssongs... then, all is again transformed tobecome a complex mass.

Figure
10

Figure
11 the characteristic spectra of a flute slap. The figure on
In Figure 11 we can observe: in the top left square,
theright shows us two layers that represent the sounds of wind and flute respectively. In the lower squares we
have: onthe left: the same elements superposed to a new object that represents the cricket sound. In the final
square on theright we can observe an heterogeneous group of elements of different classes. The most
important characteristic ofthis movement is the fusion of surfaces, particularly those of wind and flute. This
complex surface is present duringthe entire fragment describing a continuum of streamer figures. This is, in
fact, another good example of thephenomenon linking material and space.

In these visual labyrinths the observer cannot establish whether he/she is seeing the internal or external face
of thefigure. In Rissetís piece this notion of virtual space also leads to a reversing of perceptive phenomenon
and at thesame time it suggests a reflection on the symbolic sense of music. This notion of spatial
architecture is present allthroughout the piece Elementa. The whole piece is recorded in four tracks. This
aspect, evidently contributes toenhance polyphonic structures and consequently also spatial aspect.
We will analyze two fragments of the first movement: Aqua. In the following scheme we can observe the
first segment of 1'30, in which there are four levels of spatial depth, that we numbered from forward to
backwardsfrom 1 to 4. Events of different density are superposed and interwoven. Some of these events are
in fix plans ofspace, others move into right/left and forward to backward trajectories, simultaneously.

Figure 13After one region of great activity there is a release and then a new moment of shaking
(between 2' and 3'30)

Graphic
symbols:

The diagram shows the complexity of the fragment where long trajectories cross events at different
levels.At the same time, events on fixed plans placed in the center of the scene, are juxtaposed to textures
embracing alarger panoramic field. All these elements added to material diversity of the fragment, let us
imagine the richness oftexture and movement of the piece. The moving character of both space and material,
interwoven, can be comparedagain with functions of figures and backgrounds in Escher's engravings. The
ear, as the eye, has atendency to fix on a precise object, leaving in the background all of the surrounding.
Figure 15 can be an example of graphic representation for the movement
Aqua.

Space of performance
The French school of acousmatic music has given one of the first models in real time spatialization, with thesystems
Cybernophone and Acousmonium. This type of system, composed of multiple loudspeakers, allows
thecomposer/performer to "color" and spatialize the diffusion of electroacoustic music. In this way, the
dispositioncontributes not only to ornament to the music but also to go deeply in the sense of the work. Nevertheless, this
typeof system is not convenient for all kinds of music. For example, in the piece "Turenas" de J. Chowning [12 ]
needsfour identical sound sources, with flat phase response and a minimum of intermodulation distortion.
In any case it is necessary to consider several conditions, such as; the quality of loud speakers, the form andsize of the
hall, the absorptive surfaces and the regulation of diffusion mechanisms. If all these conditions areadequate, the diffusion
can enable the realization of spatial figures, and produce important changes into the musicaltexture.
It is important to note that the reverberation is a very important element in the structure of
electroacousticmusic. So, the composer must take care of the influence of hall reverberation at the
moment of using it. Thecombination of both reverberations can be a disconcerting element for perception.
It would be interesting if thecomposer could study the hall characteristics before beginning the
composition.

Readingness of space
All these reflections give us an idea of the interrelation between internal and external spaces. If we can saythat the
projection contributes to a better "reading" of musical structure, it is important to know that this "reading" isrelated to the
perception phenomenon and to the acoustic conditions.
As an example of these interrelations we can mention the studies on timbre by Risset and Wessel. The phasedifference
between two spectrally identical sounds, for example, is one of the problems for the "reading" ofprojected sound. It is
very well known that two sounds of the same timbre and harmonic amplitude, may have a phase difference from the
acoustic point of view, that is not perceivable by the ear.
The research by Mathews, MacAdams and Deutsch [13-14], among others, on separation of auditive flux, hadallowed
us to establish models of perception behavior, which enables us to clarify some aspects of musical prosody.
The composer should be able to govern this type of phenomenon such that a discourse is perceptible. Thetools of
analysis and synthesis can help, even if they are not absolutely perfect.
We believe that a collaborative and interdisciplinary work between scientists and artists will be important toresolve
these conflicts.

Aesthetics of space
The last point, but not the less important, is the esthetic of space. All throughout our paper we
have mentioned

the word structure. It means that we have penetrated the esthetic domain. In fact, in the spatial
conception there aretwo dimensions: the acoustical and the musical. Between both of them it must
exist a transmutation able to create a consolidation of musical discourse. It means that we must
consider two correlation factors:
a) the interaction between the components of emission, that is source parameters (such as timbre, duration,amplitude),
and the propagation conditions (the hall characteristics such as reflection, distance, reverberation etc).
b) the implication of these factors for the structural organization of music. That is; the awareness of theseexternal
interactions in musical project. On the other hand, spatialization can be used as:
1) An esthetical ornament; we can mention the examples of circular trajectories and revolving effects in LittleBoy of
Risset or in Gesang der Jungling of Stockhausen.
2) Or as a construction element; in this sense the knowledge of physical reality of sound material is importantto obtain
the most interesting spatial effects.
3) Or still as metaphor in order to create sound images, as in anecdotal music tendency.We can add to those
conceptions the criteria of those who attribute to diffusion an aesthetic function. They considerthat it is during the
performance that the work takes its real sense because it is re-composed and loaded of sense bymeans of interpretation.

Conclusion
We have shown, by all these assertions, that composers, in spite of their conceptual divergences, stay loyal tothe final
objective: the musical work. The different points of view in relation to space or to its operational form oreven to its
aesthetic function, are only theoretical deviations over one single plan.
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