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n acoustical terms, the primary product of the combina-

tion of ecclesiastical music and architecture is reverbera-

tion, the dulcet swell that follows every sonic impulse
made in an enclosed space. It is the sum of countless indistin-
guishable echoes, produced as this impulse is reflected with
varying degrees of absorption from the walls and furniture
in a combination unique to every building. Reverberation is
a grand sonic blender, without which the music of a cathedral
like Noyon seems lifeless. The church is as much an instru-
ment as are the voices of cantors—the space, in no uncertain
terms, sings along (Figure 1).!

Yetits voice is difficult to qualify at centuries-long remove.
Although it is possible to learn something of the premodern
musical repertory from manuscripts, much less is known
about how it was performed, because practice was by nature
intuitive and improvisatory and thus tended not to be noted.
Further, liturgical furnishings such as choir stalls, paintings,
and tapestries, the ephemeral objects on which the sound
quality of the space depends in proportion to their degree of
absorption, tend not to survive the ravages of time, war, and
changing fashion.

In a singular example, musicologist Craig Wright was able
to document a direct relationship between the disposition of
the liturgical furnishings of the choir enclosure at the Cathe-
dral of Notre-Dame of Paris in the late Middle Ages and
early Renaissance—with sound-deadening accoutrements
deployed in proportion to the importance of the feast being
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celebrated—and the harmonic sophistication of the music
performed over the course of a day.” The less reverberant the
space, because of the absorptive propertes of the textiles and
paintings hung for the occasion, the greater the probability
that complex contrapuntal music would be—or, rather, could
be—performed.* As time went on, Wright notes, “the
amount of sound-absorbent material placed in the choir [of
Notre-Dame of Paris] increased. Its nature also changed as
woolen tapestries and rugs became favored over silk drapes. . ...
By the early sixteenth century there was scarcely an area of
the chancel and sanctuary that was not covered with some
sort of fabric on the principal feasts.”

An equally comprehensive musical and liturgical investi-
gation unfortunately cannot be undertaken for the Cathedral
of Noyon because many of the documentary resources have
disappeared, but the surviving evidence suggests that the
situation was similar.® For example, an entry dated 1231 in
the medieval cartulary preserved in the departmental archives
of the Oise in Amiens lists the duties of the various officers of
the cathedral choir and indicates a similar deployment of
liturgical materials according to the rank of the celebration;
the muarguillers (wardens) were expected to “help with the
placement and removal of the ornaments of the cathedral”
on high feast days.” An inventory of the cathedral treasury
of 1419 indicates the impressive array of material that the
chapter had at its disposal to deploy in the choir (and to
wear).® A contract between the chapter and a certain Jean
Brouardeau, dated 7 January 1572, required him to “hang the
tapestries on feast days,” among other duties.” And there is
evidence that new tapestries continued to be commissioned.
In 1648, for example, the cathedral treasurer paid 4,500 livres
for a set of tapestries that represented the history of Noah;
these remained in the possession of the chapter until the

Revolution.'’
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Figure 1 Noyon Cathedral, Noyon, France,

beg
the
pho

un ca. 1135, main vessel viewed from
choir tribunes, looking west (author’s
o).

The changes produced by these sound-altering materials
prompt Wright to ask a series of compelling questions:

264

Did the growing acoustical clarity [at Notre-Dame of Paris]
and at other churches contribute to the emergence in the late
fifteenth century of four- and five-part writing for equal, inde-
pendent voices? Because a shorter reverberation time usually
engenders a faster tempo, was there a gradual increase in tempo
for specific pieces that continued to be performed over the span
of many decades? Since single voices would have found it
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difficult to fill the increasingly dampened choir, did the loss of

resonance encourage the growth of choral polyphony, a mode
of performance that came into being in Western church music
in the early fifteenth century>!!

Composers and performers at Notre-Dame of Paris
were obliged to adapt to the variable and progressively
“drier” acoustical environment of the choir, which was de-
termined arbitrarily, not according to their needs as musi-
cians, as a function of the sound-absorptive materials
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whose quantity and quality were imposed by festal rank.
The musicians could not have done much to compensate,
other than to increase their numbers, a solution that would
have come at considerable expense given the additional
prebends, salaries, and copies of choir books required.'? In
any case, they do not appear to have wished that the situa-
tion were otherwise.

At Noyon Cathedral, however, the canons, chaplains,
vicars, and members of the maitrise, the boy choristers,
who sang the texts of the Divine Office and Mass in the
rarefied liturgical zone that takes its name from their ef-
forts, were apparently not content with what they heard
and had a surprising idea for its improvement."* The chap-
ter made the bold decision to modify the building fabric
in service of the acoustics of the choir by installing one of
the most extraordinary premodern sound reinforcement
systems ever conceived and constructed, the caveau
phonocamptique.

Figure 2 Noyon Cathedral, Noyon, France,

begun ca. 1135, laser-generated plan of the choir
and crossing with the plan of the caveau
phonocamptique superimposed (image by author).

This vaulted chamber, designated phonocamptique (from
the Greek: sound reflecting) by antiquarian C. A. Moét de la
Forte-Maison in 1845, lies directly below the crossing, the
point of intersecton of the four “arms” of the church, and
is approximately 3.5 by 4.5 meters in plan (Figures 2-4).'*
The quadripartite vault rises to a height of 3.5 meters; its
limestone ribs are of simple profile, having been chamfered
only, which suggests both a certain economy of means and
that the space was not meant to be visited on a regular basis
(Figure 5).

The walls of the chamber are replete with orifices: the
mouths of sixty-four clay vases, whose pouring spouts indi-
cate that they were created for another use, that of com-
monplace kitchenware (Figure 6)."° The vases are
mortared into quarter-circle panels of brick, each of which
is fitted into the frame of its respective vaulting bay, delim-
ited by the wall arches and by a brick column that bisects

each bay (Figures 7 and 8).'¢ The spouts have been placed
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Figure 4 Noyon Cathedral, Noyon, France, begun ca. 1135, laser-generated longitudinal section through the choir and crossing (image by author).




Figure 6 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau

phonocamptique, vases of the southern wall (author's photo).

downward in all cases except for the bottom row on the
western wall, where they are directed to the south (Figure
9); perhaps handles prevented these vases from being set as

had the others.

Vitruvius’s Theory of Echea and Its Relation
to Medieval Acoustic Vase Arrays

As strange as this assemblage of clay pots recessed into the
walls of a subterranean chamber might seem, it did not come
out of nowhere. Antiquarian Alexandre Bouthors, in the first

Figure 5 Noyon Cathedral, Noyon, France,
begun ca. 1135, caveau phonocamptique,
quadripartite vault (author’s photo).

published mention of the chamber in 1838, attributed to its
vases the ability to amplify sound, as he did to those found in
another subterranean chamber at the Church of Saint-
Germain in Laversines, near Beauvais, about 75 kilometers
to the east.!” “Many old churches,” he wrote, “among them
the Cathedral of Noyon, have earthenware devices in their
vaults that were undoubtedly placed to increase sonority.”'®
Bouthors supplied no justification for this acoustical attribu-
tion because none was expected; following a long tradition in
print and a longer one in practice, he simply connected the
clay pots in the chamber at Noyon with the echea (nyew),
or resonating bronze vases, described by Marcus Vitruvius
Pollio in his first-century BC treatise on architecture, De
architectura libri decem.”’

In book 5, chapter 4 of this work, Vitruvius introduces
essential notions of scales, musical intervals, and harmony,
the effect produced when two (or more) pitches are
sounded simultaneously. “The harmonies that human na-
ture can measure out,” he states, “number six: diatesseron
(fourth), diapente (fifth), diapason (octave), and disdiatesseron
(octave + fourth), disdiapente (octave + fifth) and disdiapason
(double octave).”?°
will produce a consonance. “For if sound is made by

He insists that not just any two notes

plucked strings or by vocal singing, it cannot make harmo-
nies between [any] two intervals, nor with the third or
sixth or seventh”; only “the harmonies of diatesseron and
diapente and so on, up to disdiapason, have boundaries
that coincide with the nature of the voice, and these create
21 Vitruvius
refers here, in abstruse terms, to the fundamental concepts

harmonies from the conjunction of the notes.
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Figure 7 Noyon Cathedral, Noyon, France, begun ca. 1135, spherical photograph (occidented) of the caveau phonocamptique beneath the crossing

(author’s photo).

Figure 8 Noyon Cathedral, Noyon, France, begun ca. 1135, spherical photograph (oriented) of the caveau phonocamptique (author's photo).

of harmony traditionally attributed to Pythagoras (ca.
582-507 BC), who systematically documented the behav-
ior of a vibrating string under constant tension using a
monochord, a single-stringed instrument with a movable
fret.”? When divided in half, the string produced a sound
nearly identical to that produced by the original length:
the octave. Using the same technique, Pythagoras ex-
plored other proportions and concluded that the most
pleasing, or consonant, of these were the simplest: the
unison (1:1), the octave (2:1), the fifth (3:2), and the
fourth (4:3).%3
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In the subsequent chapter, on theaters, Vitruvius adapts
these concepts of consonance to a new purpose:

Thus, as a result of these investigations, let bronze vessels be
made on mathematical principles in keeping with the size of the
theater, and have these vessels so made that when they are
touched [by hand or voice], they can produce among themselves
the diatesseron, diapente, and so on, up to disdiapason. After-
ward place them in chambers set up for the purpose between
the seats of the theater, and place them there according to the
principles of music, so that they touch no walls and all around
them they have an empty place and space above their heads.”*



Figure 9 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau

phonocamptique, western wall (author’s photo).

“By this contrivance,” he concludes, “the voice onstage,
poured forth from the stage—as it were, from the center of
the theater—and circling outward, strikes the hollows of the
individual vessels on contact, stirring up an increased [loud-
ness] and a harmonic complement to its own tone.”*’

As Vitruvius presents it the idea is superabundant, because
the intervallic permutations are spelled out at length—and re-
markable. Vitruvius—or the authority from whom he
appropriated it—appears to have wished to create a sort of har-
monic grid system, a structure of pitch reference points dis-
tributed in space by means of resonant vases for performers
singing in an open-air theater.”® Itis often difficult for a vocal-
ist to hear the pitch that he or she produces in such an environ-
ment and thus challenging for the vocalist to know whether it
has been set in the proper intervallic relationship with other
pitches recently sung. “Indeed,” writes Vitruvius, “we can ob-
serve this from performers who sing to the lyre,” who “turn to-
ward the stage doors and thus avail themselves of the harmonic
support that these can provide for their voices.”” This is why
singers prefer reverberant spaces: they can hear, for a brief
while, the sound they have just produced. A singer per-
forming in an amphitheater equipped with this system
could, in theory, keep him- or herself properly aligned with
the harmonic mode used in the performance. Vitruvius
maintains that “anyone who truly pays attention to his
reasoning will be more easily capable of using the princi-
ples of Nature to design theaters that enhance the voice for
the pleasure of the audience.”*®

Vitruvius offers a final point of particular udlity to his post-
classical students: “Many clever architects, moreover, who
have designed theaters in towns of no great size, have achieved
extremely serviceable results by taking clay jars tuned in the
same fashion and assembling them according to the same set

of principles.””” This closing passage has invited generations
of clerics and builders, like those of Noyon, to experiment—
to take architectural acoustics into their own hands, even
though the acoustical environment of a reverberant church is
as antithetical to that of an open amphitheater as the free-
standing installation of echea is at odds with the mortar-bound
technique employed in the chamber at Noyon.

De architectura was available in Latin to potential pract-
tioners through a long tradition of manuscript copies.’” In
France, the first vernacular translation was made in 1547 by
Jean Martin—an event that may be connected to the creation
of the chamber at Noyon.’! Martin’s rendering of the passage
on the beneficial effects of the acoustic vase is particularly
glowing: “If a worker or architect embraces this idea, there is
no doubt that he will be more successful than others in per-
fecting [the acoustics] of such theaters, and will give as much
resonance to the voice as it has of its own; moreover, he will
produce a great contentment in the ears of the auditors.”*?
Martin supplied no image, which surely assisted this imagina-
tive translation of the open-air installation of vases prescribed
by Vitruvius into the foreign, reverberant world of an en-
closed stone space.?

One of the Problemata, a collection of questions attributed
to Aristotle and translated into Latin in the High Middle
Ages, may also have facilitated the conceptual conversion of
the Vitruvian freestanding bronze vase into its enclosed post-
classical counterpart:

Why is it that if a large jar or empty earthenware vessels are
buried in the ground and lids placed on them, the buildings in
which they are have more resonance, and the same is true if
there is a well or cistern in the house? . . . Anything which is
hollow is particularly resonant [and] bronze vessels are particu-
larly so. That resonance still continues when the vessels are
buried need not surprise us; for the voice is carried downwards
as much as in any other direction; indeed one conceives of it as
being carried in a circle in every direction.**

The archaeological evidence for the adaptation of the
Vitruvian vase prescription to ecclesiastical space is substan-
tial. Most churches with acoustic vase arrays are located in
France, where more than two hundred examples are known.*’
Vases are generally placed in the upper portions of walls and
in vaults, as at the Cluniac priory church of Saint-Pierre-et-
Saint-Paul in Souvigny, where they were inserted into a single
vaulting bay over the choir soon after 1432, probably during
construction (Figures 10 and 11). Vase orifices are typically
presented to the space, set flush with the wall or vault surface.
They are found predominantly in the prime liturgical zones:
the choir, the apse, and the eastern nave bays.’’ As in the
chamber at Noyon, common household pots, often with
pouring spouts, were standard (Figure 12).

"Textual references to acoustic vase installation and prac-
tice, however, are extremely rare.’® Those that have been
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Figure 10 Priory church of Saint-Pierre-et-Saint-Paul, Souvigny, France,
fifteenth-century vault over the monastic choir with acoustic vases
(author’s photo).

Figure 11 Priory church of Saint-Pierre-et-Saint-Paul, Souvigny, France,

acoustic vase in the extrados of the choir vault (author’s photo).

discovered share one important aspect: when function is
mentioned it is invariably one of sound reinforcement or
amplification. The earliest example is of particular interest
because it evokes the acoustical benefits of vases in terms red-
olent of Vitruvius—and at the same time casts doubt on their
efficacy. The author of the text recounts the return of Prior
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Figure 12 Varieties of acoustic vases (René Floriot, “Contribution a

I'étude des vases acoustiques du Moyen Age” [PhD thesis, Université
d'Aix-Marseille, 1964], 21).

Ode le Roy to the monastery of the Celestines in Metz on
14 August 1432 after having attended a general chapter.
Upon arriving, Prior Ode ordered that resonating pots be
placed in the choir of the church—though he had never expe-
rienced such an installation himself—“thinking that they
would improve singing and that the church would resonate
more loudly.” The vases were installed in a single day. “I am
not sure,” however, reported the author, “if one sings better
than before. It is hard to believe that the walls of the church
were seriously rent” for this purpose—an opinion, he tells us,
that was apparently shared by many visitors, who “thought
that it was done to please the foolish.”*” A note in the margin
of the manuscript—ecce 7isu digna (for a laugh look at this!)—
indicates a later commentator’s sardonic accord.™

The association of Vitruvian echea with their church-
bound ceramic counterparts—and the current of doubt as
to their utility—goes back in print at least to the seventeenth
century.*' Jesuit theologian and music theorist Marin Mers-
enne, for example, in his Livre de Putilité de Pbarmonie et
dautres parties des mathématiques, the second volume of the
Harmonie universelle of 1637, wrote that it was difficult for
vases “to be loud enough to make their harmonies audible to



those listening when excited [only] by a single voice, as one
can test with casks such as [Vitruvius] says are found in
smaller towns instead of bronze vases in order to avoid the
expense; whether of pottery or of wood, they will never
produce the harmonies for which they were prepared when
only the voice excites them.”* The sense of Mersenne’s
comment is this: one cannot adequately predict the effect
that pottery or wooden vases will have once installed based
only on having sung into them beforehand. “In any case,
the most they could do would be to reflect and render the
voice stronger and more intelligible. . . . Itis for this reason
that one puts sparrow pots [pots & moineaux] or other hol-
low vases in vaults, or on the vaults of churches, in order to
assist the voices of those who sing, and for this reason also
that the voice is not as strong outside as it is in an enclosed
space, whose walls reflect the voice and prevent it from
being lost.”* Despite having ascribed amplifying and clar-
ifying properties to clay and wooden vases—it appears
Mersenne expected more of them—he concludes that
Vitruvius’s proposal to use materials other than bronze was
“unworkable; perhaps he had found a way to make it func-
tion, or else he simply had had the idea and was content to
sketch it out.”**

In the eighteenth century Louis Jaucourt, in Diderot and
d’Alembert’s Encyclopédie, wrote of the claim “that there are
echea such as the ancients had used, present in the Cathedral of
Milan, which is well suited to musical harmony.” He added,
however, that “many things are commonly claimed that, once
examined, prove not to be true.”* More reliable reports based
on archaeology began to be published in the first decades of
the nineteenth century. Aubin-Louis Millin, for example, in
his 1806 Dictionnaire des Beaux-arts, cited evidence of earthen-
ware pots installed in the walls of the thirteenth-century
Temple-Neuf in Strasbourg. “It seems,” he wrote, “that in the
construction of Gothic churches such a means was employed
occasionally to reinforce the voices of monks and canons.”*

Moét de la Forte-Maison’s 1845 description of the caveau
at Noyon follows in the same vein. He asserted that it was
“placed at the entrance to the choir to produce more echo in
the church and to reinforce the voices of the cantors.” The
concave portion of the vases “forms a sort of vault that
gathers sound, enlarges it, and then reflects it. This is at least
the way it works according to the theory of the phenomenon
of echo.” His positive estimation of the function of the
cavean was followed in all but two antiquarian and scholarly
publications through the turn of the second millennium.*®
Yet despite his confident and apparently scientific assertion
that the cavean was designed to amplify, he intuited correctly
that its vases in fact could not be effective. “I must admit that
the abandonment of the procedure and the rarity of spaces
which employed it suggest that it did not entirely respond to

the hope that accompanied its creation.”*’

Acoustical Analysis of the Caveau Phonocamptique
at Noyon Cathedral

"The sixty-four vases in the caveau phonocamptique at Noyon are
distributed as follows: the northern and southern walls each
contain twenty-four in two symmetrical groups of twelve, and
the western wall has sixteen in two symmetrical groups of eight
(see Figure 7). Each vase has a resonant frequency, the pitch at
which the mass of air in the vase begins to oscillate when ex-
cited acoustically. I determined these frequencies—expressed
in the conventional unit of hertz (Hz; cycles per second) in
Tables 1-3 and in musical notation, with pitches rounded to
the nearest semitone (Figures 13—15)—first by striking the or-
ifice of each vase with the palm of my hand and then by singing
into it to confirm the resultant pitch.’® Although other means
of exciting the resonant frequencies of the vases exist, this sim-
ple method has the advantage of being that used in all proba-
bility by those who selected the vases originally.

Of the sixteen vases in the western wall, fourteen are
clustered in the pitch range of Bb/A (see Figure 13). The re-
maining two, placed at the top of the wall, are approximately
one-fourth higher in pitch. A similar arrangement is present
in the northern wall (see Figure 14): two clusters of pitches,
C/Db/D (eleven vases) and Bb/A (thirteen vases), are in the
approximate relationship of a fourth, and the higher pitches,
with one exception, are once again placed above the lower.

Two points are important: first, the vases were chosen so
that their resonant frequencies would correspond to the range
of the male voice; second, they were arranged in groups related
one to the other by the interval of one fourth, one of the con-
sonances admitted by Pythagoras and Vitruvius. The fourth
may also have been chosen because of its cosmogonic signifi-
cance, as one of the Pythagorean ratios on which the universe
itself is structured, as defined by Plato (ca. 427-347 BC) in the
Timaeus.”" Tn De musica, Saint Augustine of Hippo (AD 354—
430) interpreted the Pythagorean ratios, which had been incor-
porated into Plato’s account of the origins of the world’s soul,
for the Christian world.’” For Augustine these ratios were the
source of all beauty because they participated in a universal, di-
vine harmony. Boethius (ca. AD 480-524), like Augustine, lo-
cated the source of beauty in the Pythagorean ratios, but he
articulated the relationship further by dividing music into three
types: musica mundana (music of the cosmos), musica humana
(the harmony of the soul), and mzusica instrumentalis (music pro-
duced by instruments, including the voice).” In the Boethian
system, musica instrumentalis is completely subject to the
imperceptble mzusica mundana, its beauty due solely to its emu-
lation of the cosmic prototype.”* Conversely, musica instrumen-
talis, as the indicator of the celestial music, becomes a powerful
means of emulating the perfection of God on earth.

Whether strictly Pythagorean and Vitruvian or with the
added import of Augustine and Boethius and their theorist
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TAaBLE 1. Noyon Cathedral, Caveau Phonocamptique, Western Wall Vase Resonant Frequencies (Hz)

153.6

106.0 120.3

114.2 110.0

111.9 1123 114.5

137.8

106.3 114.1

111.7 108.0

111.0 114.5 108.0

TABLE 2. Noyon Cathedral, Caveau Phonocamptique, Northern Wall Vase Resonant Frequencies (Hz)

138.0

148.8 138.2

133.0 144.9 136.9
110.0 115.5 101.9
111.7 110.0 115.1

142.2

141.8 147.5

1333 109.3 141.0
111.7 111.7 110.5
111.5 111.3 1124

TasLE 3. Noyon Cathedral, Caveau Phonocamptique, Southern Wall Vase Resonant Frequencies (Hz)

1434

116.9 92.9

137.8 145.8 1494
148.5 153.2 145.1
109.2 114.9 144.5

1359

147.8 133.2

144.1 144.3 145.7
1533 137.3 159.5
139.1 94.1 140.6

successors, the ratio of the fourth is purposefully present in
the caveau. By attempting to create resonance along this key
musical axis, the creators of the vase system reveal their desire
to reinforce one of the simplest—but also most significant—
harmonic structures.

The southern wall of the cavesn presents a different
scheme (see Figure 15). Nineteen of the twenty-four vases
are clustered in a heterogeneous pitch zone, roughly similar
to that of the upper northern wall: C/Db/D/Eb/E. The place-
ment of the remaining five vases appears haphazard, with an
approximate pitch relationship to the major cluster of one-
fourth to one-fifth.

As indicated earlier, the vases were chosen from existing
pottery; had they been made especially for the cavean they
probably would not have been fitted with pouring spouts.
Given the frequency variability of the pitch clusters, one
could simply conclude that finding harmonically attuned
ready-made pots was difficult. More interesting, however, is
that the creators of the czvean were willing to accept the re-
sults: the tonal discord among vases suggests that the builders
were not particularly concerned with the sort of pitch homo-
geneity that Vitruvius prescribes.’®

Yet there is a larger issue against which this troubling pitch
divergence pales in comparison; it is the fundamental paradox
of the acoustic vase and the caveau phonocamptique at Noyon.
An acoustic vase does not—in fact cannot—amplify sound,
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according to the law of conservation of energy (the first law of
thermodynamics); to do so it would have to be able to create
new energy in addition to that imparted by the voice. The vase
simply appears to amplify because it absorbs less energy at its
resonant frequency than it does at neighboring frequencies.’®
The caveau phonocamptique was thus incapable of functioning
as a sound amplifier. If anything, it diminished whatever little
sound energy managed to enter from the choir space above,
given the small size of the aperture through which it had to
pass (see D in Figure 2, as well as Figures 5 and 7).

The foundational studies of acoustic vases in churches,
both in situ and in the laboratory, were undertaken by René
Floriot in the early 1960s and by Jean-Marc Fontaine a de-
cade later. Despite his equivocal experimental results, Floriot
was unwilling to accept that those who had employed vases
had been mistaken; he suggested that the vases of certain
churches had been placed with mastery of their acoustical
consequences according to a secret, guild-based tradition.’’
Fontaine was more conservative in his interpretadon. He
pointed out that although the church on which his study
was primarily based—Saint-Herlé of Ploaré-Douarnenez in
Brittany, built around the turn of the seventeenth century—
had an unusually large number of vases (110), these had rela-
tively minimal influence on the acoustics of the church; the
results, furthermore, could not be generalized.’® Although the
acoustical instruments that Floriot and Fontaine used were



Figure 13 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau
phonocamptique, western wall vase resonant frequencies in musical
notation, rounded to the nearest semitone (image by author).

Figure 14 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau
phonocamptique, northern wall vase resonant frequencies in musical
notation, rounded to the nearest semitone (image by author).

Figure 15 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau

phonocamptique, southern wall vase resonant frequencies in musical
notation, rounded to the nearest semitone (image by author).

capable of registering a difference in acoustical energy when
all vases were plugged and then reopened, the difference was
subtle at best—and it was not clear how the effect, in perfor-
mative and musical terms, could be construed as calculated.’”

In the face of such empirical ambiguity, a common
response has been to attribute an exceptional aural sensitivity

to those who employed acoustic vases—one sufficiently fine
as to be inaccessible to modern scientific instruments and the
scholars who wield them. “It is certain that contemporary
ears,” wrote Yves-Pierre Castel, for example, “afflicted with
brutally distributed decibels, have trouble properly appreciat-
ing the modifications made to churches by ancient acoustical
vase systems.”® Yet it is difficult to accept such reasoning,
especially when confronted with the tonal imperfection of
acoustic vase arrays such as that at Noyon. For centuries mu-
sicians had been performing compositions that were both so-
phisticated and harmonically coherent; the vases at Noyon
are only approximately s0.°' The attribution of extraordinary
acoustical prowess to those responsible for the installadon of
these vases—given such clear lack of control—is ill considered.

Construction

As far as I have been able to determine, there is no documen-
tary evidence for the construction—or the existence—of the
cavean in the cathedral chapter documents, rendered sparse
by a fire set by revolutionaries in August 1793.5* Neither of
the two assiduous modern documentarians, archdeacon
(1607-16) then dean (1616-38) of the chapter Jacques Le
Vasseur (d. 1638) and canon Claude Sézille (1707-75), both
of whom had access to a much more complete range of sour-
ces, mentions the cavean.%® Tt can nonetheless be dated to the
sixteenth century on the basis of architectural details.%*

The vault webs and walls in which the vases were inserted
during construction are red brick with thick mortar beds
(see Figure 8). Although there are isolated examples of Picard
brickwork in the late Middle Ages—one being the castle of
Rambures, builtaround 1450—only in the later fifteenth cen-
tury and particularly in the sixteenth is there clear evidence of
the regular association of brickwork walls and vaults and cut
stone framing elements such as are present in the czvesu.%
That brick, rather than more conventional stone, was used for
the walls and vaults indicates that this relatively new material
was in ready supply. The bricks of the czvean may in fact have
been produced at a factory at the Place du Marché Franc, just
one kilometer to the southwest of the cathedral.®® The brick-
work in the cavean was laid using simple alternation, some-
times called the chaine anglaise (English chain). As Pierre
Patte wrote in Jean-Francois Blondel’s Cours d’architecture, the
technique involves “rows of bricks placed flat and with alter-
nating long and short sides, without leaving a void in the inte-
rior.”®” Tt was the most common mode of bricklaying in
Picardy in the sixteenth and seventeenth centuries.®®

Additional corroboration for this putative construction
date is supplied by a discovery published in 2015 by art histo-
rian Charlotte Stanford: a similar Vitruvian resonating cham-
ber with forty clay vases built in the early sixteenth century
below the floor of the chapel of Saint John the Baptist in the
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Savoy Hospital in London.®” An entry titled “Erthyn potts”
from the building records for the pay period spanning 27
February to 12 March 1514 reads as follows: “paid For 40
potts of Erthe For to lay under the deske [the pulpit] in the
church For ro mende the sound, price le pece 3d, in toto:
10s.””° The church, today known as the Queen’s Chapel of
the Savoy, suffered a fire in 1864 and was heavily rebuilt;
whatever survived below the floor level—including the sub-
terranean acoustic chamber—was removed at that time by or-
der of architect Sydney Smirke.

Although the pots might have been had for a pittance—
according to the British National Archives, ten shillings in
1514 would be roughly equivalent to three hundred dollars
today—building a chamber to contain them below floor level,
whether at the Savoy Hospital or at the Cathedral of Noyon,
could only have been a costly and troublesome affair.”" At
Noyon the pavement of the crossing had to be torn up, the
earth and foundations of older buildings had to be excavated
to a depth of at least 5 meters, and the stalls had to be partally
dismantled or removed. All of this would have necessitated
a displacement of the liturgy—the primary activity of the
cathedral—perhaps to the nave or to another building
entirely. There are two moments in particular that suggest
themselves as possibilities for this major intervention.

During the Wars of Religion the city of Noyon was sacked
and set ablaze on more than one occasion.’” Jacques Le Vas-
seur reports, for example, that a major fire broke out in the
cathedral after it was despoiled in 1552 following an attack;
the canons were forced to abandon the building to Spanish
occupiers.”> In 1557 the city was invaded again; this time
the canons fled 30 kilometers south to the parish church of
Pierrefonds in the diocese of Soissons, and the cathedral was
vacated once more.”* The csveau may have been created
following this period of extraordinary adversity as part of a
larger reconstruction project, perhaps in anticipation of the
visit of King Charles IX, who attended vespers in the cathe-
dral on 14 August 1567.”> Or perhaps in celebration of
Bishop Jean de Hangest, who died on 4 February 1577 after
having served fifty-two years as bishop, and who left one hun-
dred gold écus to the cathedral fabrigue, the building mainte-
nance corporation.”® Or, for another possibility, the czveau
may have been created at the behest, or at least with the col-
laboration, of Nicolas de Marle, whose career as a composer
is sufficiently well documented that we may suppose his ac-
tive presence at the Cathedral of Noyon beginning in the sec-
ond half of the sixteenth century.”’

Whenever the moment—one that cannot be located with
any precision without the missing or destroyed capitular
documents—the cavean was subjected to a major modifica-
tion fairly soon after its construction. A pair of massive piers
was somewhat crudely inserted into the vault (Figures 16
and 17; see A in Figure 2 and Figure 8), perhaps to support
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Figure 16 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau
phonocamptique, juncture between the rib vault and the piers
(author’s photo).

Figure 17 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau

phonocamptique, truncation of the rib vault to accommodate the southern
pier (author’s photo).



Figure 19 Noyon Cathedral, Noyon, France, begun ca. 1135, caveau

phonocamptique, access shaft with marble cover removed (author’s
photo).

a new altar planned for the crossing above but never com-
pleted, and an arch with stereotomy characteristic of this
period was sprung between them (see Figures 5 and 16).
Scholar Eloi Delbecque has proposed that these changes
were motivated by a desire to use an underground space
that had fallen into disuse as a mortuary chamber for
Bishop Charles de Balsac (d. 1625), in a perpetuation of a
long-standing tradition of episcopal burial in the choir.”®
Although this possibility is compelling, there is no evi-
dence, whether documentary or archaeological, that the
cavean was employed in this way. The work in any case can-
not have taken place later than 8 May 1633, a date supplied
by a graffito inscribed on the northern pier by a certain
Charles Francois Graux.”’

Figure 18 Noyon Cathedral, Noyon, France,
begun ca. 1135, eighteenth-century high
altar, viewed from the east, with access shaft
to the caveau phonocamptique with marble
cover to the east (author’s photo).

The caveau is accessed with some difficulty. First, one
must remove a heavy marble slab fitted with hoist rings,
installed when the choir floor was repaved in 1743 (Figures
18 and 19).*° Beneath the slab lies a 2-meter-deep shaft
(see B in Figure 2) that requires the use of a ladder to access
the staircase below (C in Figure 2). The archaeological inves-
tigations undertaken by architects André Collin and Alfred
Révillon from 1921 to 1923 revealed no evidence of an
entrance other than this one, although the excavations carried
out in the area of the high altar were not systematic enough
to rule out the possibility.*! The most important conse-
quence of the 1743 choir repaving for the cavean was that its
acoustical connection to the space above—the small square
conduit located between the western vault severies—was per-
manently sealed (D in Figure 2; Figure 5).

The aperture once opened into the liturgical choir above,
at the very center of the crossing (see Figures 2—4). In the
sixteenth century, during the probable time of construction of
the cavean, the disposition of the choir was unlike that of
today in three key ways. First, the canons and their stalls
were not confined to the bays east of the eastern crossing piers
(see E in Figure 2); the choir extended through the crossing
and was terminated to the west by a great rood screen (demol-
ished in 1757) that stretched between the westernmost cross-
ing piers (W in Figure 2).** Second, evidence from the
Cathedrals of Notre-Dame of Paris and Notre-Dame of Laon
suggests that there would have been a lectern at Noyon iz
medio chori, at the center of the choir—and thus just above the
cavean aperture—to be used in the performance of polyphonic
settings of the texts for the Divine Office and the Mass.** This
zone is occupied today by a high altar erected in 1779, follow-

ing several decades of deliberation (see Figures 18 and 19).%*

ACOUSTICS AT THE INTERSECTION OF ARCHITECTURE AND MUSIC 275



Finally, as I argued earlier, the choir space, at least on high
feast days, would have been filled with sound-absorptive mate-
rials such as tapestries.

Conclusion

"The caveau phonocamptique, true to the name coined for it by
Mokt de la Forte-Maison, appears to have been intended as a
monumental sound amplifier. It was conceived in a such a
way that the vocal production of a cleric or group of singers,
situated perhaps at the center of the crossing, could have en-
tered the chamber through the aperture in the floor, been
treated by the array of vases, and been returned by the same
route. It may well have been intended as a clever scheme—if
an illusory one—to increase choral output without having to
engage a greater number of cantors and choristers, at signifi-
cant cost.*’

Whatever the specific motivation for its construction, the
existence of the caveau can be attributed to the authority of
Vitruvius and to his confident assurance of improved singing
with the acoustic vase. A contemporary reader of Jean
Martin’s newly published translation of Vitruvius would have
had little reason to doubt the accuracy of his assured predic-
tion.®® Even had some doubt managed to linger, it would have
been swept away in the moment of truth, the real-world test.
All one had to do was sing into it, as Marin Mersenne
instructs us to do; the vase will not disappoint.®” If one of the
frequencies traversed during a vocal pitch sweep, or porta-
mento, were to coincide with the vase’s resonant frequency,
the vase would suddenly—and dramatically—resound.®® It is
this strong association of an attractive theory posited by an
eminent authority, Vitruvius, and the apparently irrefutable
evidence supplied by the clay pots themselves that must have
rendered the technique of acoustic vase “amplification” so
seductive.

Yet it is not as if the use of vases at Noyon was entirely
naive, as the placement of the cavesun makes manifest. Vases
might indeed sing back at close range, but if placed some
22 meters above, in the high vaults, as was conventionally
done—for example, as at Souvigny (see Figure 10)—would
they have an effect? Surely not. Better to concentrate a
large number in proximity to the sound source in need of
reinforcement, in a space that must have seemed like a
large resonator of its own. It was a solution as ingenious as
it was improbable.

Andrew Tallon studies medieval architecture, premodern acous-
tics, and the representation of architectural space. His first book,
Notre-Dame de Paris, coauthored with Dany Sandron, was pub-
lished in 2013; an English edition is under contract with Penn
State University Press. http://faculty.vassar.edu/antallon
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