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CAVAILLE-COLL AND SOME
EXPERIMENTS ON ORGAN PIPES

Gilbert Huybens (Louvain)
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~ Someé'time ago I had the opportunity of buying some old books on

the organ from a book-dealer in Brus-els. There was also 2 notchook containing -
various manuscripts, in particular concerning experiments made on organ pipes
by Aristide Cavaillé-Coll (4.2.1811~13.10.1899)*. The first part of these experi-
menta! studies had been read to the Académie des Sciencesat Paris on Saturday,
February r5th, 1840 and published at Paris in 1849. '

In previous activities of this academy, the physicists Bernoulli, Farti
and Savart had alrcady demonstrated the vibrations of air in an organ pipe,
going on to publish their work which had been completed respectively by 1762,
1706 and 18252, Others v.ninent in physics and mathematics had also by then
w edon musical acoustics, includihg Joseph Sauveur (1653-1716, the Father
of Acoustical Sciences), ! ~onhard Euler (1707-1783), F. W. Marpurg (1713~
1795), Baron Gaspard de Prony (1755-183g), Ernest Chladni (1756-1826),
Jean-Baptiste Biot (1774-1862) and Baron Charles Cagniard de la Tour {1777~
1862)3. A few months after Cavaillé-Coll’s report, the French physicist Antoine-
Philibert Masson (1806-1858) published in the journal L’ Institut (Nos 332-3}

_ the substance of this mdénoire as something originating from Savart’s course,

Masson’s work appearing on May 7th and 14th, 1840. Twenty years later, after
intense work in Paris, Béziers, Perpignan, Toulouse, Rouen, Narbonne and
elsewhere, Cavaillé-Coll presented to the same academy on Monday, January
23td, 1860 a further stucy: De la delermination des dimensions des tupaux en rapfiort
arec intonation des mémes inyaux+. This seems to have been asequel o that read in
February, 1840.,

It is this second part that is published hereafter (with an English
translation); a transcription of the manuscript has not been published before.
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Tue present article is written in memory of Dom Joseph Kreps OSB (Antwerp
29.v.1886~Louvain 13.7. 1g735), ‘le plus savant organologue de Belgique et sans
doute de France et d'aillens’ {Ernest Closson).

Paris, January ‘29¢d, 1860 Aristide Cavaill¢é-Coll

In another series of experiments on cylindrical metal pipes we were able to
recognise that the law appiving to pri.matic pipes on a square base relates also
to cylindrical pipes. It is always the double ‘depth’ of the pipe added 1o its
length which equals the wavelength of the pitch concerned. \We must never-
theless point out that there should be no confusion between the depth of a pipe
and its diameter, as one right suppose on the analogy with wooden pipes on a
rectangular base. In such pipes the d-pthis the same as the size of the side per-
pr=dicular to the line of i1.¢ pipe-month, while in cylindrical pipes the depth is
. ller than the diameicr. The fla'tening at the mouth, which is usually a
quarter of the circumfere e of the pipe, makes a line subtending an arc equal to
three-quarters of the sam¢ circumference. It is the ‘height’ or sagitia (farrow’)
of this arc that must be understood as the depth of the pipe. This sagitta is very
nearly five sixths of the diameter. If in calculating cylindrical pipes one pre-
ferred to employ the expression of the diameter to that we have called P (as
representing the depth), it should be remembered that P = §D, where D=
diameter, and one would then have:

There follows a table of our first experiments with cylindrical pipes.
Three pipes of tin with thick walls having approximately the same diameter, all
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cut on the diapason: of 880 vibrations per second and at the ociave 10 each other,
gave the following figures:

vy Longueny  Diamétre  Profondenr  Hauteur des bouckes  Qbservations

?ﬁvj’“l_.ength Diamerer Width Height of mouth Ohbservations
e T
b %643 o028 0025 0-0053 Vibrations deduced from the
bqePo-297 0028 o025 0-0050 formula given.
w0122 0029 0-0256 0°0045 Les nombres de vibrations ont té
Hb \D\Eh diduits au mavens de la formule
citée

These pipes were set up with a view ‘o understanding the relationship between
the lengths of pipes of the same diameter and thus to determine the nodes in
harmonic pipes. In comparing lengths, I noticed that the difference between bl
and bil was double that between b!! and bl!l, which led nie to see that in har-
monic pipes the length of the vibrating parts from the open end of the pipe was
in inverse ratio to the number of vibrations, and that shortening the column of
air in the pipe had effect only on the parts next to the mouth.

I looked then to understand the influence the mouth could have on
the Jength of pipes, and in comparing the part next to the mouth with those
which gave the harmonics, I saw that the difference was twice the depth of the
pipe, as I had already discovered to be the case with prismatic wooden pipeson a
recrangular base.

In reducing the pipes indicated in the above table to the same
pitch, one nbtains the dimensions of threc pipes whose diameters are in the
relation of 1-2—3 and whose lengths differ in comparison with the wavelength
always by twice the interior depth of the pipe.

The following table makes it possible to judge the results.

1—{23mmx2) = o-6ggmm
225 x4} = 0694 ]
4—{23.6 x8) = 0-6gaB )

Experiments in March 5th, 1840. In my researches 1o discover the influence of
pipe-depth on pipe-length, I set up a wooden pipe on a rectangular base, having
a length of 1 merre, a cross-section of 10 % g0 cm, a double pipe-wall opposite
the mouth side provided with a parallelograr system allowing it to be brought
nearer to or farther away from the mouth as required (by means of a screw). 1
could therefore vary the depth of the pipe without changing any of the other
dimeunsions.
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Jai conservé une séries d’expériences Jaites @ St-Denis le 5 mars 1840 ¢t
que findique dans le tableau ci aprés. Sa pression du vent était de 10 cm de colonne d “ediu.
La température de + 3° centigrades. Le temps dlait sec. ’

Les observations ont été failes avec une sirenne de Mr le baron Cagniard-Latour et chacune
d’elles a duré une minute.

I It 111
Profondeur du tiyau Hauteur de la bouche Epaisseur de la Lumiére
Depth of pipe Height of mouth Thickness of flue
o-22m 0-027m o-00im
020 0027 0001
015 0-027 ) 000l
-»
Q10 0-027 o001
005 0023 0001

La concordance remarquable des nombres troucés par Uobservation avec leurs déduits de
notre formule est wnz nouvelle preuve de Uexactitude de notre théorie. Les nombres des 5
premiéres colonnes avatt été détermives expérimentalement le 5 mars 1840 avant que nous
ayons trouvés notre formule ce Rest qulentiron une année plus tard que nous avons calculé
les chiffres de la Ge colonne et d cause de la basse température dans laguelle nous acions
operée, nous avons supposé la vitesse du son V a 0 degré = 33273 m.
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I noted a series of experiments made at St-Denis on March 5th,
1840 and show them in the following table. The wind-pressure was 10 cm ina
column of water; the temperature was 3° centigrade; the weather was dry. The
observations were made with a sirenne made by M. le baron Cagniard-Latour,
and each lasted a {ull minute.

Nombre de vibrations par seconde Longueurs calculés selon  Différences de vibrations
Qbservations Mayennes la _formule au calcul

Number of vibrations a sccond Lengths calculated  Difference in
By observation Mean from the formula calculated vibrations

11590 1 11650 118-50 +2-20

12643 129-21 127-80 +0-59

14293 139°37 13843 —0-g2

15378 ¢ 15312 15105 —2-07

The remarkable agreement between numbers found by observation and those
calculated from the formula is new proof of the exactness of our theory. The
numbers in the first five columns wer# determined experimentally on March
5th, 1840 before I established the formula. Only a year later were the figures in
the sixth colurnn calculated, and in view of the low temperature in which we
were working, I supposed the speed of sound V at zero centigrade to be 332.3m.
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Some other experiments made on cylindrical pipes of tin reporied
below offer a new example of the exactness of the theory. A flute pipe of gnod
pipe-metal and sirong walls, tuncd toa = 880, voicedloa steady wind-pressure
of 10 cm of a column of water, in a temperature of 4° cent., with a length of
32.3cm and diameter of 3.2cm. The mean of a series of ten experiments very
precisely measured with the sirenne gave pitches of 114.23 and 888.50. In sub-
mitting the pipe 1o calculation, by means of the formula

fwhere V at a remperature of 4° = 335m), the number of vibrations for such
a pipeis 885.6. Three other pipes, tin, cylindrical, 1m long. all voiced 10 a wind-
pressure of 10cm in a column of water, in the same temperature of 40, gave the
following figlires:

R

Diaméire Nombres de vibrations
Expérimentés Caleulés
Diameter Number of vibrations
Experimental Calculated
. 0-ogm 14539V 14565
o-o8 14670 14785
o-068 158-11 15030

e Once again these observations. prove the exactness of the theory, confirmed
' moreover in practical experience during twenty years of building large organs.

The ease of making catculations from my formula has allowed me
to put in the hands of the simplest workmen tables and rules indicaiing the real
length of soundwaves and through which, with a simple arithmetical operation
or even by a pair of compasses, they can determine direcily and most exactly
the true length of the pipes for the fundamental tone, even the position of the
nodes in harmonic pipes.

The author puts himself at the disposition of the Academy to make
in its presence any experiments it may consider necessary in support of his
theoretica! and practical solution of the problem he has just had the honour of
presenting. Translated by editor
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154 D’apris les donndes de Uautenr, nous avons
15312 sehématisé la courbe des moyennes des valeurs
expérimentales )} et la courbe des
15505 doeeoeiiaiil] . valeurs ealculés d’aprés la _ﬁrmm'z (===~}
159 “\ Le point 0 = (133 o-r25) est celul, ok
\ {écart entre les 2 courbes est nulle, o' est-g-dire
Y ot {es 2 courbes se coupent.
L)
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v Dyaprés les calculs &’ arithmétique, les moyen-
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Ffrom the author’s data we have drawn

- the curve of the mean values obiained

experimentally ( } and the curve
of the values calculated on the formula

(===

The point ¢ = -133x0'125) is that
where the variant between the two curves
is nil, i.e. where the two curves cross.

Calculated mathematically, the mean
measurements in the fifthcolumn (11650
—139-37} are 116-38 and 139-71. Did
Cavaillé-Coll give approximations?

Notes -

1 Cavaillé-Coll’s dates are often
given wrongly

2 Daniel Bernoulli {r700-1782}

accupied the chair of mathematics, ana-
tomy, botany, phvsics and philosophy at
the University of Basel from 1725 1o
1732 and was responsible for developing
the kinetic theory of gas. His publications
include Afémoire sur ['inelination des orbiles
Pplanétaires (1734 . Traité sur les mardes
{1740) and Traité d’hydrodinamige (1738).
Guiseppe Sarti - 1720-1802), composer
and organist, held positions (mostly as
Afesstro di cappells) in Faenza, Copen-
hagen, Venice, Milan, St Petersburg and
Almgotti, wrote about eighty operas and
published articles on acoustical matters
in scientific reviews, Félix Savart (1791-
1841), physician. wanglated the De Arte
medica of Aulus Cornelius Celste, return-
ing to Paris in 181g where he presented
his mémoire on the constructior of strin
and bowed instruments. He invcntcg
various scientific instruments, becoming
professor of phviics at the College de
France. His publications include Sur fa
communication de; moucemen!s vibratotres
entre les corps salides {1820), Sur les vibra-
tions de Pair (1823), Sur le voix fumatne
(1825), Sur la communication des mowvements
cibratoires par les iiguides (1826) and Sur la
roix des visequx (1826,

3 See Qrgue de Péglise royale de Saint-
Deonis. Rapport fait & la société libre des
Beaux Arts par Adrien de la Fage (Paris,
and., 1836), pp33. 50, ¥5-7. 718-9

% Other publications of Aristide
Cavaillé-Coll include:

Rapport sur les travaux du grand
orgue de P'église de la Madelaine & FParis
(Paris 1846). Sec also J. H. Burn, Dic-
tionary of Organs and Organists (2nd edn.,
1921)

? Etudes expérimentaies sur les fuyqux
d’orgues. le parte (Paris, 1849), ako in
Prajet d*orgue monumental povr la Basiligue
de St-Pierre de Rome. (Bruxclles, 1873),
pp47-52. See C. & E. Cavaillé-Coll,
Aristide C-C (Paris, i1929), ppi4g-131,
and Engyclopédie de la musz'ciu el diction-
naire du conservatoire, ed. A. Lavignac &
1.de la Laurencie, Pt. 11 (Paris, 1926},
pp116§-4, ‘Tuyauterie’, Also De la Dé-
iermination des dimensions des tuyowx par
rapport & leur intonation (Paris, 1893,

De ['Orgur et de son Architecture, 15t
edn., Revue générale de Parchilecture et des
travaux publics, 1836; 2nd edn. enlarged,
ibid., 1872

De la détermination du ton ou du dig-
pason pour Uaceord des insiruments de musi-
gue. (Paris, 1859). Sec C. & A. Cavaillé-
Coll, ep.cit., ppib3-181

Notes sur une soufflerie de précision.
(Paris, 1863). This aud the previous pap-
er were read to the Académie on 23.iL
1863 and 3.il.1859 respectively.

Ra;gmrt de I'Académie des Beaux
Arts sur le Grand-Orgue de St-Sulpice Ver-
sailles, 1863). See also L'Abbé Lamazou,
Etude sur Povgue monumentale de St-Sulpice
et la facture & orgue moderne (Paris, 1803),
especially ppgo—3

Le grand orgue de P'église métropoli-
taine Notre-Dame de Peris (Paris, 1868)
. Le grand orgue de la nouelle salle de
concers de Sheffield {Paris, 1874)

‘Note sur la détermination des
dimensions des tuvaux a bouche’, “Mo-
teur pneumatique a simple effet pour le
tirage des claviers’ and ‘Moteur pneu-
matique 4 double effect pour opérer la
tractjon des registres’ in C. M. Phitbert,
L Orpue du polars de I'Industrie 4’ Amsterdam
(Amsterdam, 1876)

Note sur la délermination des fuyaux
coniques (1897, read 1o the Académie des
sciences, 21.v.1877)

See also Catalogue de la Bittinthique
de F. J. Fétis (Paris, Libraire de Firmun-
Didot et Cie. Ao. 1877}, nos 41:6. 4118,
4119, 7227; A. Peschard, Notike bio-
graphigue sur ALC-C et les orgues flectriques
{Paris, 1849}; G. A, Audsley, The Art of
Organ-Building {New York, 1905;; Dom
Joscph Kreps, ‘Le Tuvau 4 bouche—ses
pressions, longeur, diamétre, volume et
matérian’, Afélanges Ernest Closson  Brux-
elles. 1948). pprto-138; and Grove's
Dictionary of Music and Musicians, *Aristide
Cavaillé-Coll’.
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