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Progress of Spatial Acoustics in
the Northern Italian Theatres and Stage Architecture
during the Baroque Era?

The state of the question — the results of the acoustical investigations carried out in the

last years

Until a few years ago, the architectural history of the early modern era only sporadically ad-
dressed the problem of sound regulation and optimisation inside closed spaces (in the German
speaking scholarly world: Raumakustik, a specific sector of this discipline).

Contrarily to the above-mentioned state of the arts, currently we are experiencing a flood of
publications about some of the greatest European stage architects, such as Palladio, Scamozzi,
or the Bibiena architectural dynasty: the first two being very established architects, to whom
symposia and exhibitions have been dedicated. This publication flood was partially due to the
recurrence of some anniversary dates: 500 years Palladios birth in 1508; 400 after Scamozzi’s
treatise publication (1615), or 400 since his death (1616). Nevertheless, there have unfortu-
nately been only isolated references to their views on the subject of theatre acoustics and very
scarce research on their bequests in the field.

This is the reason why, for about a decade now and precisely in Germany, where some of
Europe’s leading acoustics researchers are based and where the most lively debates on concert
halls have been taking place, some core questions needed to get resolutely addressed. First, at
what level of acoustical skill the buildings of the ancient régime have been erected; and second,
what are the ways in which good acoustics could be achieved in the architecture from the early
modern period via the classical period (i.e. the time of Beethoven, or Haydn) and through the
Romantic era.

Accordingly, I have been working for several years, together with numerous colleagues and
members (primarily) of the Technical University of Berlin and some other universities, on the
understanding of sophisticated acoustics in performance spaces. In particular, I have constantly
been concerned with the standards of effective and proficient listening for the audiences of the
early modern period?. The project "Acoustical Investigations of Theatrical Spaces in the Early
Modern Era“ was dedicated to specific modern case studies of performance spaces, first taking
into account their sonic compatibility to our contemporary standards, and secondly their

! T would like to thank my German colleagues Stefan Weinzierl and Frank Schultz for sharing the materials

we have collected during the common project works.
2 Stefan Weinzierl (TU Berlin), Clemens Biittner, and Frank Schultz (Graz; formerly Berlin, Rostock).
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adaptability to the newer performance genres that did not emerge until 1550 (the early opera,
the chamber opera, including of course the smaller or larger instrumental concert, the solo or
the polyphonic singing — choirs, also a cappella , and the speaking voice of the recitative).

Of course, one can only limit oneself to the few still available and uncompromised archi-
tectural monuments: that is why an integral part of my work is a collation of the architecture
possibly well preserved in an original state, and I have been attempting to compile the census
of preserved buildings since the beginning of the research. Many baroque theatres, besides,
are only known to us graphically, via a pretty good wealth of architectural drawings: a quantity
of planning documents have been handed down from the 18t century until today, but a great
deal of all buildings have undergone a structural transformation, mostly in order to modernise
or extend their stage capacity. Therefore, if they have survived to this day, they are usually no
longer furnished with the 17t"-century stage design.

The earliest preserved musical theatre, the Teatro Olimpico in Vicenza (Fig. 1), dates from
1585. The few earlier buildings used for a teatro di prosa or for a musical theatre, unfortunately
no longer come into consideration due to their insufficient preservation or complete destruc-
tion (Vasarian Theatre, Palazzo Vecchio, Fig. 2). The following century, however, offered a wide
range of well-preserved buildings, which constitute a stopover on the way to the classical opera
house of the second half of the 18" century: they were usually small, but often interestingly
improved or rebuilt in the late baroque period. Jesuit scientists published on the subject from
the middle of the century onward: Oswald Coscan, Mario Bettini and Giuseppe Zanchi® among
others (Fig. 3).

In the 18t century, many architects, such as Enea Arnaldi or the Bibiena, were concerned
with the improvement of technical as well as acoustical conditions. They also left some writ-
ings on the subject with a marked refinement of physical scientific devices or mechanisms: Ar-
naldi in 1762 sharply pointed to the tragic condition of traditional theatres, which often burned
down to the ground, just like it happened in 1749 in Verona with the Filarmonico theatre,
which in 1732 had just been perfectly completed by Francesco Galli Bibiena (Fig. 4). Arnaldi’s
proposals for reconstructions of modern theatres very much follow the same rationalising path
propagated by the later Bibiena generations; for example, with the Mantuan Scientifico theatre
by Antonio, the path also already experienced in the late renaissance by renowned theatre ar-
chitects such as Scamozzi, in Sabbioneta (1590), or Aleotti, in Parma (1618) (Fig. 5) (with wide
tiers or ranks, avoiding the superimposition of high wooden loge-constructions): these houses
were even less constipated than our average large opera houses around Europe nowadays.

Bettini, M. & Manzini, C. A. (1642) Apiaria vniversa philosophiae mathematicae, in qvibus
paradoxa, et noua pleraque machinamenta ad vsus eximios, traducta, & facillimis demonstra-
tionibus confirmata, illvstriss. Iesu dicata ... Accessit ad finem secvndi tomi Euclides applicatvs,
et conditus et Apiarijs, indicatis vsibus eximijs preecipuarum propositionum in prioribus sex
libris Euclideorum Elementarum. [Bononize: typis I. B. Ferronij, M. DC. XXXXII] [Image] Re-
trieved from the Library of Congress, https://www.loc.gov/item/11005458/.

3 Coscan published in Ingolstad (1619), Bettini in Bologna (1642), and Zanchi in Vienna (1753).
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Fig. 1. Vicenza, Olimpico theatre, interior view toward the right versura, 1585. Photo by P. Sanvito
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Fig. 2. Florence, Theatre of Palazzo Vecchio, formerly with a wooden
structure by Giorgio Vasari, 1564. Model (scale 1:25) by Cesare Lisi, 1975.
Wood, 252 x 117 x 124 cm. Palazzo Medici Riccardi, Florence. Photo by

P.Sanvito
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Fig. 4. Verona, Filarmonico Theatre, completed in 1732 by Francesco Galli Bibiena, early stage no more extant.
Drawing by Jean-Joseph Chamant and after Francesco Galli Bibiena. dated 1715. Smithsonian Design Museum,
Collection Cooper Hewitt. Available at: https://upload.wikimedia.org/wikipedia/commons/1/16/Francesco_Galli_
Bibiena_-_Theatro_Filarmonico_of_the_Accademia_Filarmonica_of_Verona%2C_Italy%2C_Auditorium_and_
Main_Entrance_Elev..._-_Google_Art_Project.jpg
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Fig. 5. Parma, Farnese Theatre, 1618, stage, with a 3-way dodecahedron speaker used for sending sound signals. Photo by
P. Sanvito
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During the same historical turn of the mid-18" century in Italy, the discussion about the
preservation of theatres was receiving an intensified attention, so that even a renowned archi-
tectural theoretician from Naples, Berardo Galiani, an expert of theatres from Antiquity, had
to express himself on the Vicenza theatre and its restoration (Galiani, ideal Greek theatre, from
his De architectura, traduzione italiana con testo latino a fronte e 25 rami dello stesso autore,
Napoli, 1758, pl. XVII; his parere, ‘expertise] is preserved in the Communal Archive in Padova
as Memorie sullOlimpico): Parere del Marchese Bernardo [sic] Galiani dato sulla copertura del
Palco del teatro Olimpico di Vicenza written after request expressed by the Sig. Residente di Ve-
nezia in Napoli (Venetian ambassador), including, as the author specifies, “la descrizione [...]
del Sig. Conte Enea Arnaldi contenente I'idea di un Teatro moderno a somiglianza dell'antico™.
It might be worthwhile remembering that even the residence of the mentioned ambassador
in Naples was a palace with features in Palladian style, whose significant name was Palazzo
Venezia. Private and public tastes were thus apparently uniformed in the Italian Peninsula.

The Berlin Department for Audio Communication and I have collected a rich wealth of
measurement data as well as inventories and evaluated them step by step. The results obtained
so far by the audio communication team have been met with interest within and beyond Eu-
rope. The relevance of the topic of theatre construction was recently reflected again at the Free
University Berlin in a project inspired by ours®.

The subject of the investigations published from 2010 onwards within the project have been
the following exemplary buildings in Italy, which we considered as pioneers for further investi-
gations, especially the third one because of the long duration of its activity:

1) the Teatro Olimpico in Vicenza (1585);

2) the Teatro degli Antichi in Sabbioneta (1590);

3) the Teatro Farnese in Parma (1618), about which the edited measurements are still to
be commented.

Besides, other measurements, some of them carried out in 2011, were taken in the following
buildings; their results are archived in such a Protokoll (Protocol):

(Room acoustical measurements, Parma, Teatro Farnese)
»[-..] 2011, 11°C,
LS Bithne an der Bithnenkante, 1.5 m rechts von der Mitte

RIRs:

M0001_S01_RO1 Mic mittig in Orchestra, 15 m von der Bithnenkante (Beginn Zuschauerringe)
M0002_S01_R01 Mic seitlich vor Briistung, 15 m von der Bithnenkante (Beginn Zuschauerrange)
MO0003_S01_RO1 Mic mittig in Orchestra, 25 m von der Bithnenkante

MO0004_S01_RO1 Mic seitlich vor Briistung, 25 m von der Bithnenkante

M0005_S01_RO1 Mic mittig hinter Briistung, 37 m von der Bithnenkante

MO0006_S01_R01 Mic mittig, 1. Rundgang, 46m von der Bithnenkante

4 Padua, Biblioteca Comunale / Civica di Padova, Parere del Marchese Bernardo [sic] Galiani dato sulla

copertura del Palco del teatro Olimpico di Vicenza [in esecuzione degli ordini avutine dal Sig. Residente di
Venezia in Napoli], shelf mark BP2537/6, as we read in the first folio.

> Among other publications see especially: [19]. In terms of medial resonance, see also the cultural Feuille-
ton of the newspaper Frankfurter Allgemeine Zeitung from September, 21, 2011, p. 3: ,,Der Nachhall macht des
Sprechers Wiirde®.
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7 tibersprungen

MO0008_S01_RO1 Mic, rechte Sewite, 8. Reihe von unten von insges, 14, 36m von Bithnenkante
MO0009_S01_RO1 Mic, rechte Seite, 8. Reihe von unten von 14, 20m von der Bithnekante
M0010_S01_RO1 Mic, Mitte Fiirstenplatz, Grof§ AB, 42m weg, Links A

MO0011_S01_RO1 Mic_Firstenplatz, Grof$ AB, 42m, Rechts B

BRIR:

M_0012_S01_RO1 wie m0011, linkes ohr

M_0013_S01_RO1 wie m011, rechtes ohr

STI-Messungen
Referenzmessung mit -32 dBFS, PAD gedriickt, pink noise (47 s)
Messungen mit -5 dBFS, PAD aus, pink noise Grad 20

M_0020_S01_RO1 mittig, 15 m von Bithnenkante

M_0021_S01_RO1 mittig, 25 m von Bithnenkante

M_0022_S01_RO1 mittig, 37 m von Bithnenkante (1. Reihe)

M_0023_S01_R0O1 mittig, 46 m von Bithnenkante (oberste Reihe)

M_0024_S01_RO1 mittig, 1. Reihe hinter Balustrade oberhalb Eingangstiir,
42 m von Bithnenkante fiir AB links

M_0025_S01_R01 mittig, 1. Reihe hinter Balustrade oberhalb Eingangstiir,

42 m von Bithnenkante fiir AB rechts®.

1. The Salone dei Cinquecento in the Palazzo Vecchio in Florence is a famous opera per-
formance space. However, the measurements are difficult to evaluate due to the acoustic
inadequacy of the room. The Salone has been already hastily installed in 1494 during
the Savonarola Republic as an assembly room of the Consiglio Maggiore within a me-
dieval building.

2. The highly praised Teatro “Scientifico” of Mantua by Antonio Bibiena (1768) more pre-
cisely denominated Teatro dellAccademia dei Timidi in Mantua. Here the heritage of
the Bibiena family is evident, especially the legacy of Ferdinando, Antonio’s father, with
his multiplication of the perspective axes in vertiginous stage concepts. Formerly active
in Vienna, Antonio was also responsible, as early as 1755, for the renovations of the
famous Florentine Theatre, della Pergola, by Ferdinando Tacca, who had completed the
original stage of the building a century earlier, in 1656.

The core investigations of the project

The “Audio communication team” has performed the evaluation and processing of the mea-
surement results of the following interior spaces over several years:

A.the Mantuan Teatro “Scientifico’;

B.the Teatro Farnese in Parma.

The archived measurement results must be analyzed using related historical data. In the
process, recordings of historically documented performances, respectively of their texts or mu-
sical scores, can be made for both houses in the anechoic chamber of the Audio Communica-
tion Department, in its lab called “Akustikpriifstelle’, Acoustics test centre, just like it has been
done with the measurements from the Teatro Olimpico. These can then be used as source ma-
terials for an auralisation process by using a digital geometric model: this is a process invented
to model and simulate the experience of acoustic phenomena rendered as a soundfield within
a digital space. The procedure is useful for configuring the soundscape of architectural struc-
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tures, concert venues, and public spaces, as well as in making coherent sound environments
within virtual immersion systems. An auralisation process did not take place yet in particular
in the Mantuan example, but in Parma.

The method. delving into the historical context in order to explain acoustical facts

The novelty of the project was its combination of sources, technological as well as human-
itarian sciences. The historical background of a building was of central relevance for the final
evaluation.

For example, it was relevant in Vicenza, where the so-called Accademia Olimpica was
founded in 1555, conceived with the main purpose of promoting scientific and theatrical activ-
ities. After having organized several theatrical representations already in the 1550s and 1560s,
finally the academy in 1580 assigned one of its founding members, the architect Andrea Pal-
ladio (1508-1580), with the definitive design of a permanent theatre, integrated into a larger
mediaeval complex of buildings, which originally contained among others Vicenzas former
dungeons, the so-called Palazzo del Territorio.

In the concept for the Teatro Olimpico, Palladio could draw upon his thorough investiga-
tion of the remains of Roman theatres in Italy and of their building techniques. During a series
of journeys throughout the Italian peninsula and Istria since 1541, he was concerned with sev-
eral, partially well preserved, ancient theatres. This is documented in his plans of the theatres
in Verona, in Berga (a location in Vicenza) and of the Colosseum and the Baths of Caracalla
in Rome, which he both considered as theatrical spaces. He had also studied partially or fully
preserved amphitheatres such as Amphitheatrum Castrense in Rome, the Arenae of Pula and
Pozzuoli, the amphitheatre of Zagarolo, and the Theatre of Marcellus in Rome. When, in 1556,
the Paduan professor of philosophy and amateur architect Daniele Barbaro (1514-1570) edited
and annotated the Italian edition of Vitruvius' Ten Books of Architecture, the only architectural
source of classical antiquity, all its illustrations were provided by Palladio, including the ground
and elevation plan of an ideal Roman theatre — interpreting Vitruvius’ textual description.

Methods of simulation and analysis of the reverberance absorption

For all the analyzed major representative musical theatre houses, an omnidirectional source
was placed on stage at a height of 1.7 m and listener positions were inserted corresponding to
the microphone positions of the actual measurements in the theaters at a height of 1.2 m. The
absorption coefficients used for the simulation were defined according to observations in the
actual theaters. Different absorption coeflicients were assigned to the stage and backstage floor,
the unoccupied tiers, and the audience, while all other surfaces were treated with a residual
absorption coefficient. The latter was fitted so that the simulated reverberation times in the
unoccupied theaters would match the measured values within £5 %. All materials used in the
building and their corresponding absorption coefficients are shown in the following Table I.

Absorption is just indispensable for a good acoustics. Long reverberances (for example echo
effects) can be avoided by absorbing them, in some cases they need to be absorbed in order to
assure the intelligibility of all sound.



690 P.Sanvito

Table I. Absorption coefficients used for the simulation of the occupied theatre — i.e. with
audience — according to the conventional room acoustics absorption coefficients of the German
Metrological Institute of the Federal Physikalisch-technische Bundesanstalt®

Different values were used for the stage and backstage floor (2), for the unoccupied tiers (3), for the audience
steps (4). The residual absorption, used for sidewalls and ceiling, was fitted so that simulated and measured
reverberation times in the unoccupied theatre would match (1). Scattering coeflicients were used increasing
from 0.3 [seconds] at 125 Herz to 0.7s at 8 kHz.

Material 125Hz | 250 Hz | 500 Hz | 1kHz | 2kHz | 4kHz | 8 kHz
1 | Residual absorption (plaster layer) 0.20s 0.15 0.12 0.12 0.12 0.13 0.15
2 | Parquet floor of [back]stage 0.15 0.11 0.10 0.07 0.06 0.07 0.07
3 | Wood, 1 with air space behind 0.19 0.14 0.09 0.06 0.06 0.05 0.05
4 | Audience on wooden chairs 0.20 0.35 0.72 0.80 0.94 0.84 0.59

The most relevant example: the Farnese theatre — and its genealogical descent in Mantua.

Regarding the Farnese Theatre, Bruno Adorni (State University of Parma), who has done
a lot of research on the theatre has given the project his support and studied the numerous
constructive changes in the building before (for example, [1]). Although already from 1689 on-
wards the enormous renovation and extension of this exemplary house had been conceived
by Ferdinando Galli Bibiena (1656-1743), there must be in my opinion an eminent line of
continuity between it and the Teatro Scientifico in Mantua, realized several decades later (in
1768). The Parmese theatre cultural heritage — or rather the new concept of space introduced
there especially for the ambitious local dynasty — was continued without interruption at other
hotspots of the European theatre tradition: for example, in Nancy (Fig. 6), Verona (above men-
tioned), Bayreuth or Mantua. Moreover, the architect Antonio (also Antonio Luigi) Galli Bi-
biena (1697/8-1774), who was born in Parma and was appointed to Mantua and many other
theatre centers, was directly related to the Bibiena family branch which simultaneously con-
tinued to work in Parma with success (his own stage projects, drawing R.1.B. A., dated 1751,
shelf mark 22227) [7]. Indeed, Parma is where Europe’s largest theatre building of the 17t
century was indeed located and Antonio had been originally trained by his father Ferdinando
there.

In any case, there might be also intermediate exemplary models between Parma and
Mantua: like Bologna’s Teatro Comunale by Antonio Galli Bibbiena, erected 1756-1763, and
maybe even more interesting, in Genoa the Teatro Falcone (last reconstruction 1705), which
alas was bombed in WW?2.

But let us remain in Mantua: here, however, it was through Antonio that the baroque venue
was thoroughly reformulated and modernized by introducing a “bell-shaped” ground plan
(Fig. 7). In fact, the concept of the complex shows many innovations compared to contempo-
rary or earlier related buildings (we shall come back to this aspect later).

¢ Or PTB. https://www.ptb.de/cms/ptb/fachabteilungen/abt1/fb-16/ag-163/absorption-coeflicient-database.
html.
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Fig. 6. Nancy, Opera House, drawing by Francesco Galli da Bibiena, 1707-1710. Metropolitan Museum, New York. Available
at: https://upload.wikimedia.org/wikipedia/commons/1/13/Designs_for_the_Theater_at_Nancy-_Longitudinal_Section_
and_Half Ground_Plan_MET_MM52380.jpg

For example, in Giuseppe and Carlo Galli da Bibienas Markgrdifliches Opernhaus in
Bayreuth (1744) the innovative features are represented by the adoption of side columns as
sound diffusers and by the change of displacement of the perspective focus from the centre of
the orchestra (as in the tradition) to the centre of the stage — as it can clearly be recognized
from the ground plan. These aspects will all become a reference for the future symphonic hall,
characterized by the geometric proportions of the Renaissance shoe-box hall we had already
found as early as in 1588 in Sabbioneta, a flat ceiling (that we, however, know from all our ex-
amples) and scattering side surfaces, characterized by a wealth of stucco decorations.

Also, in Vicenza, as it is clearly visible on the ground plan, the distance from the orchestra
pit to the viewer is, maybe, the shortest ever, even shorter than in any Italian late 17th century
example so far considered. The reason of this shortening in depth may surely be the oligarchic
society of local receivers, which was way smaller than the one in Mantua or in Parma or in
similar important ducal capitals. After all, Vicenza was a minor provincial centre. Still, there
is a direct architectural-theoretical genealogy from Mantua to Vicenza. One of the patrons,
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Fig. 7. Mantua, Teatro Scientifico’s “bell-shaped” ground plan. Archive Comune di Mantova,
Settore opere pubbliche. Photo by P. Sanvito

Graf Carlo Ottavio Colloredo in a letter to Wenzel Anton Fiirst Kaunitz openly declared: the
Mantuan example should become ,,un Teatro del genere degli Olimpici i. e. along the Palladian
example.

Like many other researches before us, we have noticed in Mantua a multiplication and si-
multaneous differentiation in the use of the stage venue for official representation purposes or
ceremonies, partly for academic conferences, and even a restructuring of the adjoining sec-
ondary rooms according to performative needs. The consideration of the acoustic point of view
from the architect’s side has essentially contributed to this feature: not only was this venue
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intended for musical performances, it was also part of the representative buildings of a schol-
arly academy and therefore served the purpose of scholarly exchange, being also designed for
scientific lectures and experiments (therefore named “Scientifico”); or even for solemn festivals
and highly political meetings. Some events in Mantua during the Austrian dominion were often
of political nature. After all the governors of the province (since 1708 imperial) saw it as an
Austrian contribution to the local arts, as it had been built with a contribution of 40.000 Lire
granted by Empress Maria Theresia of Habsburg.

Peculiar features of the Mantuan Scientifico

From the point of view of its project design, the theatre is characterized by an absolutely un-
heard opening of the stage space towards the outside, which may be related to the academicians’
representative purposes, and at the same time it evokes a very peculiar aesthetic.

In first place, the stage is open on its backside, toward the adjacent street from which even
fresh air can be let in. A double perimetral wall pierced by three double layered windows can
either communicate with the exterior space, or it can be sealed off. The stage surprisingly has a
relatively small depth (5,6 m with a shape of ground plan which approximates a double square,
the width being 12,3 m): this design is presumably not intentional, but due to the condition of
the lot of land which was available for construction. But, on the other hand, it assimilates in
the Mantuan case the intentional orientation as in Vicenza, directing the sound away from the
backdrop and to the front (audience).

The height of the stage is 10,9 m. Sitting thus in the loge hall, no spectator would ever
guess that the rear wall of the stage is not a fictitious backdrop, elegant features and complex
plaster decoration allows the beholder to assume that it is a multilayered stage design, as was
usual in this period with architectural imitations. But the windows are real: if, in case, they get
sealed off, possibly with wooden panels, they can assure a good acoustical performance to the
entire space, also because the behavior of wooden materials is famously favorable to virtuous
acoustics. But sealing them is not compulsory, of course. Francesco Algarotti, an internationally
famous and successful theoretician of the musical theatre and the stage, in general, analyses the
introduction of a “bell ground plan” in the usage of opera houses plans: in his treatise, Saggio
sopra lopera in musica, which enjoyed its second edition just in these same years, he promotes
its use and even defines it as a “sophisticated invention™.

The acoustical proficiency in the Scientifico, which was already confirmed before Wolfgang
Amadeus Mozart’s concert in 1769, was praised in 1768 by the Prefect of Mantova, Carlo di

7 “Labocca della campana corrisponde all'imboccatura della scena e il palchetto di mezzo viene a esser posto

cola, donde nella campana ¢ sospeso il battaglio. Quale sia il fondamento di cosi raffinata invenzione ¢ facile a
vedersi: la similitudine cioe o 'analogia, che immaginarono doversi trovare tra il suono reso dalla campana, e
la figura della campana che il rende. Ma egli & anche facile a conoscere quale sia di tal fondamento la saldezza.
La figura della campana con quelle sue labbra che mettono all'infuori ¢ attissima a spandere per ogni verso
il suono del battaglio: che batte in quelle labbra medesime. E sospesa chella sia d’alto, mette facilmente in
agitazione il mare d’aria che le ¢ d’intorno. Ma che per cio? Dovra la voce del cantore, posto quasi nella bocca
della campana del teatro, fare gli stessi effetti nelle interne parti di essa? Cio potrebbe per avventura trovar fede
presso a coloro, che credevano dover correre ...”. He also notes some inconveniences: “Oltre di che non poche
sono le disconvenienze che risultano dalla figura della campana: il venirsi a restringere con essa lo spazio della
platea, e il far perdere a parecchi palchetti la veduta di tutta la scena, e alcune altre che qui riferire non giova”
([2] 1755 or 1763 ed., p.77).
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Colloredo (the Mantuan, “bell” ground plan): it was “cosi felicemente addattato alla musica in
ogni riguardo” (so happily adapted to music from any point of view)®.

It is obvious that the treatises (as well as the graphic material) on architecture from the
Bibiena family legacy, such as the impressive perspectival treatise edited in Parma in 1711 [9],
must have played an unmistakable role in Antonio’s design idea. Ulla Quecke’s dissertation
unfortunately does not take into account the graphic or theoretical legacy of this artistic clan.

The archive of data from Mantua
The material on the Mantuan theatre in the archive of the Audio Communication Team has
not yet been integrally evaluated and consists of numerous files. They are the source of infor-
mation at the same time on average and on relevant physical facts. Among them, there are ten
room acoustical impulse responses which can be evaluated with regard to reverberation time
and other room acoustic parameters, especially speech intelligibility; and secondly, there are
measurements of the space and its single components’.
The measurements are:
a) five “Impulse responses” (RIR) — for evaluation with regard to the reverberation time,
absorption, etc.;
b) five “Impulse responses” (STI) for evaluation with regard to the speech intelligibility
(specifically: the speech intelligibility index, STI);
c¢) physical inventory of the surfaces.

Besides, I have already mentioned here the unique proficiency of the theatre interior dec-
oration, which is very sophisticated also in terms of acoustics because of its sound wave ab-
sorbing properties, in a similar way as in these same years in Bayreuth.

Final evaluation and conclusions

The expected result is the evaluation of the possibilities and potentials of the recently ana-
lyzed northern Italian theatres as paradigm: comprising those having an undisputed function,
proven by the exemplary character they have possessed throughout the centuries for venues
created later — especially in the case of the Mantuan example, but not only there. Finally, their
importance should not only be perceived in the circle of initiates of acoustics research (or only
in those of Italian art-historical research), but also by other researchers in the fields of history
and even musicology.

Collecting this material, we verified the Europe-wide relevance of the efforts of “techni-
cising the theatre”, observed at least since the renovations and stage extensions in Parma around
the late 1680s. In addition, the central questions of the placement of the musicians or of the
orchestra (over the almost two hundred years of opera practice in this house) got into the focus.
In fact, the Parma orchestra pit with its large size and depth influenced the Bayreuth solution.

Archivio Storico Accademia Nazionale Virgiliana, Mantua, b. 25, f. 3.

An acoustical evaluation is however not available yet. The evaluation provided 2001 by Silvio Torelli (tech-
nician of the Mantuan company Audiocostruzioni), published in an article with very inaccurate data on the
“Acoustics of the Scientifico”, remains largely below the [in our opinion] required scientific level. The author
has not published any diagrams of his data in these documents (and perhaps there have never been. See [17]).

9
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Data analysis: The data grounding meets the requirements to make important statements
regarding room acoustics, as well as to create an auralisation of an acoustic stage and an audi-
torium: the measurements were carried out in all cases in an unoccupied state, while no visitor
was allowed to access it. Thus, the novelty of the new planning systems, in the considered ex-
amples, can be vividly clarified and demonstrated on the base of technical data. Average data
oscillating between 2,4 and 3,3 via 2,8 seconds in all average measurements of the examples
confirm that reverberation never became an issue — at least in the Italian area considered
here; the scope of revisiting in the musical theatre a repertory of classicizing mythologies and
their dramatic action was perfectly fitting to an andamento grave, solemn style, and tempi in
sostenuto, which were supported by a longer reverberance than what we are accustomed today.

Table II. Parameters of the Teatro Olimpico in Vicenza for the unoccupied case derived from the
measurement (M) and the unoccupied case derived from the simulation (S)

a. G, EDT,=in s(econds)., is the early decay time, that is an indicator for a perceived reverberance.
C-80,, are average values of the 500-1000 Hz range. STI values are given only for those receiver positions
where measurements had been conducted. Mean values are in red. (R1 through R9 or simply 1-9 are
receivers’ positions)

G, (dB) EarlyDelayT,, s. C-80,, (dB) Speech Trans. Index

M S Unocc. Occ. M S M S
R1 / 10.8 3.3 34 -2.1 -1.8 0.56 0.57
R2 / 9.6 3.4 3.4 -6.2 -4.9 / /
R3 / 9.4 3.5 3.3 -3.1 -5.2 0.49 0.45
R4 / 10.4 3.5 34 -3.5 -2.1 / /
R5 / 9.3 3.3 34 -3.9 -4.5 0.44 0.40
R6 / 8.8 3.2 3.5 -3.6 -4.6 / /
R7 / 10.3 3.4 33 -2.6 -2.2 / /
R8 / 9.5 3.3 33 -4.1 -3.8 / /
R9 / 9.2 3.3 33 -7.3 -3.6 / /

mean:
0.46

b. Parameters of the Teatro Olimpico in Sabbioneta for the unoccupied case derived from the
measurement (M) and the unoccupied case derived from the simulation (S). Gy, EDTy, C-80,, are
average values of the 500-1000 Hz range. STI values are given only for those receiver positions where
measurements had been conducted.

G (dB) EDT,, (S) C-80,, (dB) STI

M S M S M S M S
R1 14.1 2.4 2.6 -2.5 -2.0 0.53 0.49
R2 13.8 2.4 2.5 -3.0 -2.0 / /
R3 13.2 2.4 2.6 -2.5 -2.9 0.45 0.45
R4 13.1 2.4 2.5 -2.1 -2.9 / /
R5 13.0 2.5 2.6 -2.0 -2.5 0.49 0.50
R6 13.0 2.6 2.5 -34 -1.8 0.51 0.51
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Table III. Parameters of the Teatro Farnese in Parma for the unoccupied case derived from the
measurement (M) and the unoccupied case derived from the simulation (S). G, EDTy,, C-80,, are
average values of the 500-1000 Hz range. STI values are given only for those receiver positions where
measurements had been conducted

G (dB) EDT;, (S) C-80y, (dB) STI

M S M N M S M S
R1 35 3.3 3.3 -2.0 -1.2 0.67 0.49
R2 3.3 3.2 3.1 -1.4 -0.3 / /
R3 2.0 3.3 3.3 -4.5 -5.3 0.55 0.36
R4 2.9 3.2 3.3 1.7 -1.3 / /
R5 2.2 2.8 2.7 2.8 -0.4 0.59 0.42
R6 1.9 3.1 3.0 -0.9 -1.9 0.53 0.35
R7 1.4.
R8 1.7.

The impact of the architectural typology originally created, and later improved, in Parma
and the sophisticated technical solutions that have been developed in this city, the capital of
the multiple stages, cannot be overestimated. It is no coincidence that the Farnese was soon
considered “il prototipo del moderno teatro europeo’, as the Bolognese historian Deanna Lenzi
recently pointed out. The Swedish-Pomeranian architect Nicodemus Tessin the Younger saw
and described it in his now edited Travel Notes in 1687-1688 even before the renovation. It is
not without reason that he described it in his drawing notebook and highlighted it as “erstes
den renommierten grossen theater in dess Herzogs palais” (similar to the original orchestra pit
as designed by Francesco Guitti for Enzo Bentivoglio ante 1628) [6, pl. 104]. Nicodemus Tessin
besides gave an account of Teatro Farnese with an original drawing in Italian containing the ac-
curate detail of the orchestra pit (on Recto of drawing shelf mark 8507, at the Nationalmuseum
Stockholm, Tessin-Harleman Collection) and later he eventually collected information about
the neighbouring Parmese theatres. He also recorded several empirical observations on the
efficiency of the acoustic performance, which he could not yet confirm on the basis of technical
analyses. For what purpose did he? Shortly afterwards he would build the first Swedish teatro
‘all’italiana” in Drottningholm for the local kings, which was based on such observations and at
the same time all technical drawings collected in Parma and still preserved in Swedish libraries
today.
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Title. Progress of Spatial Acoustics in the Northern Italian Theatres and Stage Architecture during the Ba-
roque Era

Author. Sanvito, Paolo — Ph. D., Dr. Habil. Arch, associate professor. Austrian Academy of Sciences, Insti-
tute for Habsburg and Balkan Studies, Research Unit History of Art “Visual Arts as Psychagogic Media of the
Jesuits”, Hollandstrafle 11-13, 1020 Vienna, Austria. sanvito@win.tu-berlin.de ORCID: 0000-0002-5767-9806

Abstract. Until a few years ago, the architectural history of the Renaissance only sporadically addressed
the problem of sound regulation and optimisation inside closed spaces (in German technically: Raumakustik).
Instead, nowadays we are currently experiencing a flood of publications about some of the greatest European
stage architects, such as Scamozzi, or the Bibiena architectural dynasty: in both cases very famous architects,
to whom several symposia and exhibitions have quite recently been dedicated. Nevertheless, there have
unfortunately been only isolated references to their views on the subject of theatre acoustics and very scarce
research on their bequests in the field. That is why, for about a decade now and especially in Germany, where
some of Europe’s leading acoustics researchers are based and where the most lively debates on concert halls
have been taking place, some core questions had to decisively get addressed. First, what level of acoustics the
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buildings of the ancien régime have generally been reaching; and Second, what were the ways to achieve good
acoustics in architecture from the early modern period to the classical period (e. g. with Haydn) and through
the Romantic era. The author has been working for several years, together with numerous colleagues, primarily
of the Technical University Berlin, on questions concerning the understanding of sophisticated acoustics in
performance spaces. The “Audiokommunikation” team in Berlin has most recently performed the evaluation
and processing of the measurement results of the the Teatro “Scientifico” in Mantua and the Teatro degli Antichi
in Sabbioneta. The archived measurement results are to be analyzed using related historical data. In the process,
recordings of historically documented performances can be made for both houses in the anechoic chamber of
the Audio Communication Department.
Keywords: spatial acoustics, Bibiena, Palladio, stage architecture, Baroque theatre

Hassanne cratpu. PasBurite mpoCTpaHCTBEHHOI aKyCTHKY B Tearpax CeBepHOI VITamin u crieHndecKast
ApPXUTEKTYpa B 30Xy 6APOKKO

Cgepenns 06 aBrope. Cansuro [Taono — Ph. D., Dr. Habil. Arch, gorent. ABcrpniickas akagemus Hayk,
Mucturyt uccnenosannit [a6cOyprekoit MoHapxun u bankan, Hollandstrafle 11-13, 1020 Bena, ABcTpus. san-
vito@win.tu-berlin.de ORCID: 0000-0002-5767-9806

AnHOTanuA. JI0 IOCTIEHNX JIeT UCC/IefOBAHNS, IIOCBAIEHHbIE UTA/IbSIHCKOI apxXUTeKType PeHeccaHca,
JINIIB STU30ANYECKN 00paIaanch K mpobmeMe aKyCTUKY B 3aMKHYTHIX IIPOCTPaHCTBAX. BmecTo aToro, B Ha-
crosliiee BpeMs Mbl Ha0/II0aeM MOTOK ITyO/IMKALMil O HEKOTOPBIX Hanbo/ee M3BECTHDIX T€aTPaIbHbIX apXi-
texTopax EBporsl, Takux xak Ckamory i bubneHa, KOTOPbIM HETABHO ObIIN MOCBAIEHBI Psii BBICTABOK
1 cuMIo3nyMoB. K coxxareHnIo, B3I/ apXUTEKTOPOB Ha IPOG/IEMY TeaTpaIbHOI aKyCTUKY U X JOCTIKEHS
B 9TOI 00/1acTyt OBITN YAOCTOEHBI JINIIb OTAEMbHBIX YIOMIHAHNIT 1 TIOBEPXHOCTHBIX MCCIeROBaHMiL. BoT mo-
yeMy yKe OKOJIO fiecsATu 7ieT B fepmaHmi, rjie 6asupyioTcs HEKOTOPBIE Befyliiue eBPOTeiiCKue UCCIe0BaTeNN
AKYCTVMKY U Be[YTCS OXKVBIIEHHbIE Ie6aThl O TeaTPanbHOI APXUTEKType, HeOOXONMMO ObIIO faTh yOenuTenb-
HBIIT OTBET HA PsJi KII0YEBBIX BOIPOCOB. BO-TepBbIX, KAKOrO YPOBHsA aKyCTUKHU B LIeJIOM JOCTUIa/IM aHTUY-
HbIe 3JJaHIIsT; BO-BTOPBIX, KAKOBBI GBIV CIIOCOOBI JOCTVDKEHNS XOPOLIell aKyCTUKI B ApXUTEKType OT PaHHero
HoBoro BpeMeHN 0 K/IACCHYECKOTO MEPUOJA U, Jajiee, B 9TI0XY POMAHTU3MA. ABTOP paboTbl Y>Ke HECKOIBKO
7eT paboTaeT BMeCTe C MHOTOYMC/IEHHBIMI KOJUIETaMu (B TIepBYI0 odepenb n3 TeXHUIECKOro yHUBEPCUTETa
BepiuHa) Haji BOIpOCaM, KaCAIOLUMICS U3YUIeHIs CTI0KHOI aKyCTVKY B TeaTPajIbHBIX IIpocTpaHCcTBax. Ko-
Manpa «AygnokommyHukanus (Audiokommunikation)» B Bep/nte HelaBHO BBIIIONHIIA OLIEHKY 1 paboTaeT
Hayy 06paboTKOI1 pe3y/IbTaToB u3Mepenuit B Tearpe bubuena 8 Manrye u B Tearpe Omummuko B Cab66uoHere.
ITomydyeHHbIe pe3y/IbTaThl JO/DKHEI OBITH IIPOAHAM3UPOBAHBI C UCIIONB30BAHNEM COOTBETCTBYIOINX CTOPH-
YeCKUX [JAHHBIX. 3aIIICU MCTOPUYECKH TOKYMEHTHPOBAHHbIX BBICTYIICHNIT MOTYT OBITh CIe/IaHbI B 6€39X0BOI
komHate OT/iea ayAnoCBsI3N.

KiroueBslie c1oBa: IpOCTPAHCTBEHHAsE aKyCTUKa, Bubnena, [Ta/magmo, cleHIecKas apxuTeKTypa, TeaTp
6apOKKO



