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ABSTRACT

This paper presents first results of an ongoing project de-

voted to the analysis and virtualization of the analog elec-

tronic devices of the “Studio di Fonologia Musicale”, one

of the European centres of reference for the production of

electroacoustic music in the 1950’s and 1960’s. After a

brief summary of the history of the Studio, the paper dis-

cusses a particularly representative musical work produced

at the Studio, Scambi by Henri Pousseur, and it presents

initial results on the analysis and simulation of the elec-

tronic device used by Pousseur in this composition, and the

ongoing work finalized at developing an installation that

re-creates such electronic lutherie.

1. INTRODUCTION

Despite the fact that electroacoustic music is a young form

of art, it is necessary to take care of its preservation, due

to the limited life of the supports where electroacoustic

music works are preserved, of the reading systems of the

data, and of the instruments. Moreover, preservation and

restoration of this works raises peculiar technical and philo-

logical issues. With particular regard to electrophone in-

struments, many technological generations have passed since

the appearance of the first instruments, and many elec-

tronic components used in their construction do not exist

anymore or are only available with difficulty. 1

The potential damages produced by a bad conservation or

an inadequate restoration are irreversible.

The aim of this paper is to report on initial results of an

ongoing project devoted to the preservation, analysis and

virtualization of the analog electronic devices of the Stu-

dio di Fonologia Musicale. The final goal is to develop an

1 Electrophones are considered to be the only musical instruments
which produce sound primarily by electrical means. Electrophones are
one of the five main categories in the Hornbostel-Sachs scheme of musi-
cal instrument classification [1]. Although this category is not present in
the original scheme published in 1914, it was added by Sachs in 1940 [2],
to describe instruments involving electricity.
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installation consisting of a SW-HW system that re-creates

the electronic lutherie of the Studio, allowing users to in-

teract with such lutherie. In particular, the production setup

originally employed to compose Scambi is considered as a

relevant case study. Achieving the goal of the project im-

plies �i) analyzing the original devices through both project

schemes and direct inspection; �ii) validating the analysis

through simulations with ad-hoc tools (particularly Spice

– Simulation Program with Integrated Circuit Emphasis, a

software especially designed to simulate analog electronic

circuits [3]); �iii) developing physical models of the analog

devices, which allow efficient simulation of their function-

ing (according to the virtual analog paradigm [4]); �iv) de-

signing appropriate interfaces to interact with the virtual

devices. The paper is organized as follows. Section 2 dis-

cusses the issues posed by preservation and restoration of

electrophone instruments. Section 3 briefly summarizes

the history of the Studio di Fonologia and of Scambi. Fi-

nally, Sec. 4 presents initial results on the analysis and sim-

ulation of the electronic lutherie used by Pousseur for the

composition of Scambi.

2. PRESERVATION AND RESTORATION

In most cases, the electroacoustic musical piece, as the au-

thor has produced it, is made of various elements like a

score, recorded music, suggestions for interpretation, and

other materials which are often important for understand-

ing the making of the piece itself. This lead to the need

of preserving both graphics and textual materials (score,

schemes, suggestions) and audio materials (musical parts

or the whole piece), software (for sound synthesis, live

electronics, etc.), and electrophone instruments. The first

materials are usually on paper and are thus concerned with

the more general problem of paper materials preservation.

Audio materials are recorded on various supports in which

a rapid degradation of the information occurs. A new in-

teresting field is the preservation of electrophone musical

instruments.

Preservation can be categorized into passive preservation,

meant to defend the original instruments from external agents

without altering the electronic components, and active preser-

vation, which involves a new design of the instruments

using new electronic components. Active preservation is
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needed to prevent the equipments from disappearing, and

it is desirable because it allows to access them on a wide

scale (e.g. active preservation may allow to access the in-

strument in virtual spaces that can be accessed even re-

motely by large communities of users). Collaboration be-

tween technical and scientific competences (informatics as

well as electronic engineering) and historical-philological

competences is also essential.

In the field of audio documents preservation some rele-

vant guidelines have been sketches along the years [5, 6],

but most questions regarding the safeguard and the preser-

vation of electrophone instruments remain unanswered, as

the regulations in force do not provide for specific care or

legislative obligations.

2.1 The instruments

Electroacoustic music instruments differ from traditional

ones in many respects: the use of electric energy as the

main sound producing mechanism, rapid obsolescence, the

dependence on scientific research and available technol-

ogy. Unlike Sachs [2], we prefer (from the standpoint of

preservation) to cluster electrophone instruments in three

categories: electroacoustic, electromechanical, and elec-

tronic (analogic or digital).

In an electroacoustic instrument, transductors transform

acoustic vibrations into a voltage variation representing the

acoustic pressure signal. Sound is produced through an

amplification system, while the original acoustic sound is

hardly perceivable. Examples are the microphone, the elec-

tromagnetic pick-up of the electric guitar, the piezoelectric

pick-up of the turntable.

In electromechanical instruments, voltage variations are

caused by sound storage on a rotating disk or a tape ac-

cording to electromechanical, electrostatic, or photoelec-

tric principles. The main electromechanical generator is

the audio-wheel first used by Thaddeus Cahill in the early

19��’s, for his Telharmonium. Successful electromechani-

cal instruments include the Hammond organ (audio-wheel)

and the Mellotron (magnetic tape). Unlike the electroa-

coustic case, in electromechanical instruments sound could

be heard only through the amplification.

In electronic instruments, sound is synthesized by one

or more electronic generators without any acoustic or me-

chanical vibrations. Electronic components used for syn-

thesis range from valves and semiconductors to VLSI cir-

cuits, with analogue technologies being replaced by digital

ones. Sound is synthesized through combination and in-

terconnection of “primitive” components like oscillators,

noise generators, filters, modulators, etc. Examples of elec-

tronic instruments are electronic organs and synthesizers.

Preservation of these instruments poses several problems.

First of all, “today, probably, more electronic than acoustic

instruments are produced and, within short time, it is likely

that more electronic instruments will be produced than all

the acoustic instruments made in the human history” [7].

Secondly, these instruments should be preserved not only

for museal purpose, but also to preserve their functional-

ity. In our opinion, it is necessary to keep alive the music

in the present time independently from its original instru-

ments, whose careful preservation protects a cultural her-

itage useful to historical and musicological research.

It is also necessary to make a distinction between com-

mercial instruments, produced on a large scale, and ex-

perimental prototypes realized in musical research labs.

The former are typically closed and compact instruments

whose operational aspects are well documented and often

protected by patents. Large-scale production makes less

problematic their preservation, in terms of availability of

replacement components. On the contrary, experimental

prototypes are harder to preserve, because of lacking tech-

nical documentation, as well as “cannibalism”, i.e. the

practice of reusing some components for the assemblage of

new devices. This phenomenon also makes difficult to date

prototypes, and to know their characteristics at the time

when the musical work was realized.

Often, electroacoustic music production is not linked to a

particular instrument, but to a system composed of several

instruments. This requires preservation of the laboratories

where all the steps of the musical work production process

were performed. As an example, the study of electronic

music in Köln has been reconstructed in the same config-

uration used in the 1950’s. A similar approach has been

followed for the Institute of Sonology of the Utrecht Uni-

versity, active in the 1960’s. The exhibition at the Cité de

la Musique in Paris includes a section dedicated to elec-

trophone instruments related to the experience of real-time

computer music in the 1980’s.

3. THE STUDIO DI FONOLOGI� MUSIC�LE

3.1 History

The Studio di Fonologia Musicale [8] was founded in 1955

at the Milan offices of the Italian Radio-Television (RAI),

under the initiative of the italian composers Luciano Berio

and BrunoMaderna. In a few years, the Studio became one

of the European centres of reference for the production of

electroacoustic music, by deploying cutting-edge devices

for the generation and processing of sound. Often these

devices were especially designed and crafted by Alfredo

Lietti: oscillators, noise generators, filters, dynamic and

frequency modulators. These were unique pieces, created

with great care to meet the needs of the composers who

attended the Studio.

In 1967 the Studio underwent a partial renovation. As

a consequence, much of the older equipment was disman-

tled and has been lost. However, thanks to records kept in

archives (photographs, schemas, drawings and articles) it

is possible, in many cases, to know the characteristics and

the functionality of most equipments that no longer exist.

The Studio was closed in 1983 and the devices were dis-

assembled and transported to Turin, where they remained

packed in storage until 2003, when they were returned in

the RAI headquarters in Milan.

The electronic lutherie of the Studio di Fonologia Mu-

sicale has recently been transferred to the Milan Museum

of musical instruments: this inestimable technological and

cultural heritage is now accessible to the general public in

a permanent museum exhibition. However the electronic
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devices and sound generators are not currently function-

ing, they are exhibited as mute instruments and visitors

can only listen to recordings of musical compositions that

made use of these devices. As a consequence, it is not

possible to fully appreciate the variety of timbral and ex-

pressive possibilities of these instruments, which could be

experienced only by directly interacting with them. The

museum is thus seeking for solutions that allow visitor to

experience such an interaction, possibly by a virtual recre-

ation of the devices.

The cultural value of the electronic lutherie of the Mi-

lan Studio is testified by the efforts devoted jointly by RAI

and the Milan Museum of musical instruments, in order

to set-up the current exhibit. In fact the Milan Studio, to-

gether with its counterparts in Paris and Cologne, was one

of the topical places of early electronic music, and during

the 1950’s and 1960’s was able to attract composers of in-

ternational stature. The Belgian composer Henry Pousseur

was among them.

3.2 Scambi

Analyzing the analogue tape work Scambi, composed and

realized in 1957 by Pousseur at the Studio di Fonologia, al-

lows to identify some characteristics of the open-form [9]:

the interchange of sections within certain constraints, and

the possibility of combining sections. In particular Pousseur

specified “connecting rules”, according to which only cer-

tain sequences beginning with the same character could be

rearranged.

Writing about Scambi in 1959, Pousseur ended by envis-

aging the day when technology would allow listeners to

make their own realizations of the work (either following

his connecting rules or not) and to give the, now active,

listener the experience of a temporal event open to his in-

tervention and which could therefore be elevated in type, as

vital, creative freedom [10]. The active listener becomes,

in effect, a composer; reception and interpretation are ex-

pressed as (musical) production. In fact several versions of

Scambi exist. Among them, two were realized by Pousseur

himself, one by Marc Wilkinson [11], and two by Luciano

Berio (who seems to have disregarded the connecting rules

suggested by Pousseur).

Pousseur’s conception of open form can be summarized

in the definition of ‘music bar’ given by the composer him-

self:

“(...) I can easily imagine that in the not too

distant future the possibility of doing such work

will become generally available. All one needs

at home is some splicing tape and leader tape

and a simple tape recorder, or preferably two

or three (and with several amateurs this should

not be too difficult), which need not be per-

fectly synchronized, the small errors here lead-

ing to constantly new figures; else, the whole

material could be made available to amateurs

in some kind of ’music bar’. The joy of turn-

ing the volume control – maybe in company

– or even of a little spatial distribution, requir-

ing no expensive apparatus, would help to give

Figure 1. Original project scheme of the Selezionatore di

Ampiezza.

the now active listener the experience of how

the course of an event can be influenced and

raised to the form of a vital, creative freedom.”

([10, p. 54])

A “contemporary” recreation of Scambi, which uses a

collaborative tangible interfaces, is presented in [12].

4. VIRTUALIZATION OF THE ELECTRONIC

LUTHERIE

This section presents the ongoing work finalized at realiz-

ing an installation consisting of a music bar [10, pag. 54],

i.e. a SW-HW system that re-creates the electronic lutherie

and the production setup that were originally used to com-

pose Scambi: an equivalent of the concept of the access

copy in the field of audio document preservation [5, 6]. The

installation will be at disposal of users, who will have the

possibility to directly interact with the virtual versions of

the electronic instruments (sound generators, filtering de-

vices, etc.) in the same way as electronic musicians did in

the 1950’s and 1960’s, and will, therefore, be able to bet-

ter understand the functioning and the possibilities of this

kind of equipment. In particular, users will be able to com-

pose their own versions of Scambi using the virtual equiv-

alents of the original equipment and material employed by

the composer, eventually realizing Pousseur’s vision after

more than 50 years.

4.1 Analysis and reverse engineering

Analysis of the analogue electronic devices is being con-

ducted using the original projects of the devices, which are

nowadays part of a permanent exhibition at the Milan Mu-

seum of Musical Instruments. Preliminary inspections in-

dicate that the original project schemes are generally well

documented in terms of characteristics of the basic com-

ponents and of circuitry. In some cases where the docu-

mentation is not detailed enough, it is necessary to inspect

directly the original instruments through ad-hoc measure-

ments on some components. Finally, in order to assess the

accuracy of the analysis, the behavior of the devices has
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Figure 2. The front panel of the Selezionatore di ampiezza

(photo courtesy of M. Novati [8]).

Figure 3. Rear view of the Selezionatore di ampiezza

(photo courtesy of M. Novati [8]).

to be simulated using electronic engineering tools (partic-

ularly Spice [3]).

The circuit of the Selezionatore di ampiezza utilized by

Pousseur for Scambi is depicted in Figure 1. The figure re-

produces the RAI project schemes, which are slightly dif-

ferent from the ones originally presented by Lietti in [13].

The circuit has two operating modes, which depend on the

activation status of the EF50 pentode.

1. When the pentode is off, no current flows through

the potentiometer P2, so that the secondary of the in-

put transformer CC4201 is connected to ground. In

this case, the input signal, scaled by the input trans-

former, passes unchanged through the twin diode

6H6. The following bridge, composed by three re-

sistances and the potentiometer P1, renders the sig-

nal symmetric: by means of the connectors and the

switch positioned in the rear of the device (see Fig-

ure 3) it is possibe to tune the potentiometer P1 until

the amplitudes in the upper and in the lower side of

the bridge are equal. Finally, the dual triode 6SN7

amplifies the signal to drive the output stage.

2. When the pentode is on, the current flowing through

the potentiometer P2 polarizes the secondary of the

input transformer to the voltage Vp (depending on

the position of the potentiometer). As a result, the

current will flow through one of the diodes of the

Figure 4. Electrical scheme designed to simulate the de-

vice.

6H6 tube only when the voltage of the input signal

is, in absolute value, greater than the bias voltage Vp.

If on the other hand the amplitude of the input volt-

age is less than Vp, the twin diode 6H6 is off and the

output voltage will be zero. The knob at the bottom

left of the front panel of the device (see Figure 2)

lets the operator control the resistance value of P2

and the Vp threshold.

The activation status of the pentode EF50 depends by the

feedback circuit: the output signal is drown from the con-

nectors 6 and 7 of output transformer G100, it is rectified

by the twin diode 6H6, it is filtered by the RC circuit and,

finally, is applied to the suppression grid of the pentode

EF50.

If a signal is present in the output stage, the twin diode

6H6 is on and the current flows through the RC circuit,

biasing the suppression grid to a negative potential, in re-

spect to the cathode. In this condition, the flow of current is

inhibited and the pentode is off. Conversely, when there is

no signal in the output stage, no current flows through the

RC circuit and then the grid will be at the same potential

of the cathode. Under these conditions, the pentode is on.

The biasing of the pentode is provided by the power sup-

ply circuit, that rectified the alternate power supply through

the tube 5Y3. The speed at which changes the pentode is

switched on and off depends on the speed at which the RC

circuit responds to changes in the feedback signal, i.e. on

the time constant of the circuit τ = RC. The switch at

the bottom right of the front panel (see Figure 2) lets the

operator select between two time constants: τ� = ����1s

and τ2 = ���1s.

4.2 Simulations

The circuit of the Selezionatore di ampiezza has been repli-

cated in Spice. To this end, datasheets and libraries for all

the circuit components have been found. Figure 4 shows a

snapshot of the resulting Spice replica of the original cir-

cuit.

The output of the circuit was simulated in response to
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Figure 5. Spice simulation of the circuit excited with a si-

nusoidal signal with slowly increasing amplitude. a) input

signal (blue solid line) and the voltage Vp (red dotted line);

b) voltages at the two anodes of the twin diode 6H6; c) out-

put signal (blue solid line) and the voltage Vp (red dotted

line). The selector is turned on C2 = ��1µF .

• sinusoidal voltage signals with slowly increasing am-

plitude;

• stochastic voltage signals with zero mean.

Figure 5 shows the results of a Spice simulation. The in-

put sinusoidal signal V� is plotted in the upper frame (blue

solid line), together with the voltage Vp (red dotted line),

i.e. the bias voltage of the input transformer. As long as the

input signal is below the voltage Vp, the twin diode 6H6 is

off and the voltage at both its anodes is zero (see Figure 5

b). Therefore, the output voltage is also zero (see Figure 5

c) and the pentode EF50 is on. When the peak amplitude

of the input voltage exceeds Vp, as at time t = ��1�3s, the

diode 6H6 begins to conduct (at least when �V�� > Vp).

Therefore, the output voltage is equal to the portion of the

input waveform with amplitude greater (in absolute value)

than Vp, the pentode EF50 starts to shut down, and the volt-

age Vp starts to decrease. This transition phase takes about

4 ms. After the transition, the twin diode 6H6 is always

on (the two parts of the diode conduct either in correspon-

dence of the positive and negative half-wave respectively),

the output signal is approximately equal to the input, the

pentode EF50 is powered off completely and the voltage

Vp is close to zero.

Figure 6 shows the behavior of the circuit in response to

a stochastic signal with a brownian spectral density. Ini-

tially, the input signal (a) is maintained below the voltage

Vp and the output (b) is zero. At t = ���14s the stochastic

signal exceeds, in absolute value, the threshold Vp and this

causes the switching off of the pentode and the lowering

of Vp. Until the input signal has a high average amplitude

the pentode is off. When the input amplitude decreases,

around t = 0.05s, the pentode starts to turn on, the voltage
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Figure 6. Spice simulation of the circuit excited with a

stochastic signal. a) input signal (blue solid line) and the

voltage Vp (red dotted line); b) output signal (blue solid

line) and the voltage Vp (red dotted line). The selector is

turned on C� = ���1µF .

grows and the Vp signal output changes gradually to zero.

The speed with which the pentode turns on, as a result of

a lower input voltage, depends on the time constant of the

RC circuit connected to the pentode grid. A selector on the

front panel of the amplitude selector allows you to choose

between two capacitor values, C� = ���1µF and C2 =

��1µF , which correspond to the time constants τ� = 1ms

and τ2 = 1�ms. The results of Figure 6 are obtained with

the selector on C2 and it can be seen that the rise time of

Vp is, as expected, about 2 · τ2.

Figure 7 compares the device responses to the same in-

put signal as a function of the time constant of the RC cir-

cuit. Frames (a) and (b) are related to the time constant

τ� = 1ms (selector on C� = ���1µF ): the rise time of

Vp is faster than in the case showed in Figure 6. More-

over, it can be seen that the circuit reacts differently if the

time constant is changed (see frames (c) and (d)). Unfor-

tunately, no audio comparison and assessment of the end-

result with respect to original signals is possible: as it is

well known, no recordings of this device exist (we have

only the complete sequences, where the Liettizzatore’s out-

puts are processed).

5. CONCLUSION

The advent of digital technologies allowed to overcome

many of the technical limitations of analog electroacous-

tic devices. However the question is whether the electroa-

coustic community is exploiting these digital resources for

new experiments in form. The authors strongly believe that

now the composers are able to explore in exhaustive way

the potential of open forms using new media and new Hu-

man Computer Interfaces But, in order not to constantly

“re-invent the wheel”, works such as Scambi must be re-

garded as being more important now than fifty years ago.

In this sense, the authors are developing the Music Bar

for active listeners. starting from the original project and
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Figure 7. Spice simulation of the circuit excited with a

stochastic signal. a) input signal (blue solid line) and the

voltage Vp (red dotted line), selector on C2 = ��1µF ; b)

output signal (blue solid line) and the voltage Vp (red dot-

ted line), selector on C2 = ��1µF ; c) input signal (blue

continuos line) and the voltage Vp (red dotted line), selec-

tor on C� = ���1µF ; d) output signal (blue solid line) and

the voltage Vp (red dotted line), selector on C� = ���1µF .

schemas of Selezionatore di ampiezza, the authors devel-

oped a system that allows the user-performer-composer to

surf among the existing performances of Scambi and to

create his own. Specifically, the installation will allow

users to creatively interact with (i) virtual counterparts of

the electronic devices of the Studio di Fonologia, and (ii) the

production system of Scambi realized by Pousseur. The

user-performer-composer will be able to surf among the

existing performances of Scambi (e.g. by Luciano Berio

and others), and to create his own, by selecting the original

audio sequences used by Pousseur, and following (or not)

the connecting rules proposed by the composer.

Future work will be devoted to the development of accu-

rate and efficient virtual analog models of the original de-

vices. Recently proposed techniques for the efficient simu-

lation of nonlinear electric systems will be employed [14],

and results from spice simulations of the circuits will be

used to evaluate the accuracy of the virtual analog models.

A second key point for the effectiveness of the final instal-

lation is the design of the user interface. As future work,

the authors intend to develop a tangible interface, able to

recreate the corporeity, the materiality of the original inter-

faces: the inherent latencies between the user gestures and

the corresponding effects on sound generation; the resis-

tance and viscosity of the tape, which was slowed by hand

by the composer-performer; and so on. All these physical

characteristics influenced the composer and his way of in-

teracting with the devices, and need to be preserved in their

virtual counterparts.
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