
CAVAIl,Lli-COLL AND  SOME
EXPERIMENTS  ON  ORGAN PIPES

Gilbert Hu.vbens  (Louie)

Some' tirnc ago I had the opportunity of buying some old books on
the organ from a book-dealer in Brus  cls. There was also a notebook containing
various Ttianuscripts, in paL'Licular concerning cxpcriments made on organ pip:s

iyc£;tsfucd%Vhna`#£b-cce°n['r{£.d2.t:8t[h[e-;€;'d°€:¥e9a:sTc¥een€:ta:iratn?§f::C§:tejxrEear;;
FeblruaLry  ]5(h,  [84o and published at Paris in  i849.

In previous activities of t'`is academy, the physicists Bernoulli, ,C:arti
and Savant had already dcmonstraLted the vibrations Of air in  an organ pipe,
going on to publish their v,ork which had been completed respectiv-ely by I 762,

:7a6.cadn:n'&2u5s!£.ca?[ahcco:s`{;;1:I,nfennct]i:Ef,1;:,yjsi:epahn€a:::hu:Ta:.;C:_ia7:6:]::cbratthhce:
of Acoustical  Sciences),  (  r-onhard  Euler  (17o7-1783),  F-W.  Marpurg  (1718-
1795),  Baron   Gaspard  dL.  Prony  (1755-1839),  Ernest  Chladni  (1756-1826),

Jean-Baptistc Blot ( I 774-1862) and Baron Charles Cagniard de la Tour ( I 777-
i862).. A few months al`tcr Cavaille-Coll's report, tl`e French physicist Antoine-
Philibert  Masson  (i8o6~1858)  pubh5hed  in  the joui.nal £'J%j!l.I"/  (Nos  332-3)
the  substance  of  this  „,f',`7!bzrc  as  something  originating  from  Sat-art's  course,
Masson's `vork appeari"L]-on i\Iay 7th and  14th,  184o. Twenty yc,|rs later, after
intcnsc  work  in  Paris,  Pj€ziers,  Perpignan,  Toulouse,  Rouen,  `'drl)onne  and
Elscwhcre,  Cavaill6-Coil  I)ri-scnted  to  the same academy on  Monday, January
23rd,  i86o  a` £uT`heT  s`uc``' ..  I)e  la  d:lfrmiiiolio).  d€s  dimtnsion5  de§  Liiryau¥  cn  rtipBo.rt
a!.cc rl.#lonafi.on) dcj mc.nricr /*j'¢w,`+. This seems to ha`-e been a scqucl  lo that read in
February,  (84o._

It is  this  second  part  that  is p`iblishcd  hcreaf[er  (w'ith  an  English
translation) ;  a transcription of tlie manuscript has  nc)t bc€n  Fubli>hcd  before.
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:;.;t:::8::::Laaonru:`:Ca`:C:'i,;;,;'tt;t§,:sj')|ilr::g;%,a:v::i:0):r::;eoE:g¥eredpesB:lsg:q(utnett"s;rnps

Paris, January -23rd,  186o
Aristidc Cavaill¢-Call

;;:eiiis:;±!Coi;§j;;;:i:Si:S:s`t:i::i;re;;:;;ij;n::°i§:.C!:!`;iiic§ij:ii;i:::ic;I:;::::i::::i`;:\C:c:`i;diis:tie:S:e;::::::

;r=?i,;c:u::¥n§i`;c;iE:i::[¥¥,s;,t;hp;pj,,s:ij;n:'v;:ti:a:::aei;e;g¥,c;a;I:i:::€gi:t:Fshgc:s:::es:pscr.:

i;:i;i:ii;I;i;:i:;o;in:ji::::;;ji.|e::;:;;;;iiv:;i:ei:c;::::;i:jt;::t;i;::h:::yiiiij;:iniij:5:;'a,::is;(;:tip;;::s
_-----------------------------------------------
and hcncc L = V/`'-jD
------------------------------------------------

Thcrc  follows  a  table  or our  rirst  cxpcrili.€iits  with  c}7lindrical  I)ipcs.
Thrccpipesoftin``.iththick``'allshavingapproxii`iatelytliesanicdiametcr,all73



cut on the d7.a4ajo» or88o `.ibrations per second ancl at the octa`.e io each other,
ga`-e  tile following  flgures:

qf}Jine,:¢:`::'
I)`Ialll`elr€         Pro!f ondeiir           Hazilcur  des  bouch.e5           0b5crcaliorl5

Diameter   Width              Height  or mouth          Obscr`.atious

t;WJJVo.6+3            o.o38            o.o25                 a.0055

bi`qap0297            0.028            0025                 00050
o.o29            o.o256               a.oo45tl\oof.I.-2

\'ibrations deduced from  the
roITnula  gi\.en.
L€3  nombrcS  d€  ..ibralious  ant ltt

d:duil5  ou  mo.i.tris  de  la jinmlke
cilie

'rhesc pipes ``'ere set up with a view :a `inderstanding the ri-lationship bet``een

the  lengtl`.s  of pipes  of the  same diameter  and  tlius  to  determine  the  nodes in

L`::mbiri:,aps;gcos;i,ncct?I:tpba:i:`:e::n8[,h;'n[dnb:ii:e`:htt[:a[,:hdend``cfftc;`es]::etE::i:era::
monic pi,T)es the length of the `'ibrating parts from the open end of the pipe `vas
ill in\'erse ratio to  the number of vil)rations, and that shortening the column Of
air  in the  DiDe  had  effect  onl}r  on  the parts  next  to  the mouth.-I -lc)oked then to understand the  influence the mouth could  ha`'c on

the  length  of pipes,  and  in  comparl.ng  the part  next  to  the  mouth  with  those
``hich ga\ e the harmon;cs,  I saw that the differcncc ``'as t``.ice  the dc|).th of the
pipe, as I had already discovered to be [hc case with prismatic ``.oodcn pipes on a
rec[aiigular base.

In  reducing  the  pipes  indicated  in  the  al]o`-e  table  to  the  same
pitch,  one  r).btains  the  dimensions  of three  pipes  \`hose  dianietcrs  are  in  the
i`elaiion of I -I-+ and ``hose  lengths differ in comparison \`-ith  [hc wavelength
al``.ays  b}r  twice  the interior  depth  of the  pipe.'rhe follow.ing table makes it possible to judge  the I'csults.

:=(::-::)::..:3imm\:,`,^,:,,:,::n_a+I;-?-f-;=-o.6938mm
Wa`'clength       49oV

4-(25.6     x8)  =  o.6928      /

E>Perimcills  in  .\[arch  5lh,  184o.  In  ny  resea,[ches  \o  disco`-er  \!`e  .influe.nee. o[
pipe-depth on pipe-length, I set up a wooden pipe on a rectangular base, ha\'ing
a ]cngth of I  metre,  a  cross-section of lo ¥ 3o  cm,  a  double  p;pc-``.all  opposite
the moutli sfdc provided with a paraLllclograiii s}7stcm  allow ing it  to l}e brought
nearer to or failhcr awa}' from the mouth as required  (b}. means of a screw).  I
fpuld  thci.erore  \.dry  the  depth of the  pipe  ``.i{hout changing any  of .he other
dimensjous.
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]'ai  conserv6  ulie.  slries  d^.€.xpirie.I.ct].f tilts. .?. S!-Pal_.I ~1: 5^T:,r^S_:.8,4.o,::
quefiiidiqueJda;±i;-;;bi;auci:apr}s.S,airessLi:n_..d_-¥::.n^t4laildeiocmdecolonned`tauhZLe'|empi`ra|ure  de  +   30. c.enl;grades.  Le.  temfi5 ,[lgi,I  S:C-,
-Le;.;;sr;;;;t~i;I;-onl' it;f i;tes -a`u.ec uno sirenir; de  .`Ir le bai.ol. C;agrliard-Lalour 81 chatune

d`clles  a  dur6  une  minute.

I                                                11                                                   Ill

__---------------------------------------
Prof ondcur  du  tu}au            Haii!eur  de  la  bou{l[c               Epal§5cur  de  la  luni2n

Depth of pipe                  Height of moiith                 Thickness of flue

_------------------------------------_--_

0`15

0`05

O.027m

0'027

0'027

0'025

_----------------------------------------

I,a  colicoTdance   Temarquable   d€S   nombres  .Irou.` i?   PFr   I.Obs:rva.i,i?I_l   =VeTC  _I:u`r.S_dLi.d.:it,5o.dc=

#o|;:`f;;I;;e;;.;;1;;;o-;tc![c.Preu`:edcr.e.`fcl.ll;::._d:_:a,l:a.th_io.r.I.e..I:,S^l:::nb:C:„:e,I,i,:\";;;-in:;;;;-Gil;I;nesav:al.til.6di;er`rri.I`es`e:.!E..r_i.T:le:.I:.:le^::';:l^e,,:.T^a,I)S::.4,:A,fan:`^,::let;1,(:uu;i

ra£:;'i.,:u.u%';;t-re:i:i:i-e=;-ri.e:iiicn;Iir,a_I.Lu_I:€..a.n^n±e^:PI~fj..I^ar,d,.q.u:::a.::S„:U'„°:t,:¢C::L;un[n6s

i:;";h;ff;i;.[a -de -coloun¢.  :I  a. cadsc ,de  la  b,f5:_a ^'cr.P.e:I,a±re.^d::.s ±quelle  tious  a.ioris•;i;ri;  nou5  ai.a_ns  suP|}osi  la  vitesse  du  Ion  V  a  o  degr4  =  332.3  in..
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;:,:u::`a:t::s;hvs;:t}cir;ee::¥::d;eir;ce:str:;:f:u:::;r:c*]:¥:c;:cnI!:;`i:i,::b:;I::e;:'riEa:::j]::a:siigit;:u:I;
and  each  lasted a  full  minute.

IV                              V                                VI                                  VII
_-------------------------------------

Longuour§ ¢al¢ul4s  selon     Difflr:ne:a  de  vibraliou
la jbrmulc                             au cal¢ul

Lerigths  calculated        Difltrence  in
from  the formula           calculated +.ibratiolis

.Nombre  de vibrations |>al  second±
Meyonne.

r`-`imbcr of vibrations a second
1}`. observation

I , 2.20
110`95

I I I.20

114'75

115 '75

I I 5 .90
I  I 7 -33

I 18 .70

I l6.57

( =8 .cro

125 `47

126.43
128.30

127.87

138.5®

38 -30
1±2'93

143.10

I 3 7 . 70
137`73

152'95

153.28

153 .78

'52'77
152 .8o

I ll.45V                            115.oV

116.5o                                      118-70

127.21                                     ]27.8o

139.37                                   138.45

153.12                                    lil.05

-3.55V

+2.20

+0.59

-a,92

-2`07

_----------------------------------------------_

?ai:ur}:[tncarEraoi:,etahgcref::i::ab.es"::e`np:`::fboe;St[::ueT`dacbt};e:c's'S:fnoauti°tnh:on£.thT°£:
n`imbcrs  in  the  first  five  co]uinns  ``.err  determined  experimentally  on  }Iarch

:I::,s::t4hocboe]fuo::n[:S[tca:]t:St::::I::f]onrT;`:t`:.og:;,:Tot`:atre:;cerr;`teurree,;hnc`:i:crfs`;:
u'ere uJorking. I supposed the speed of sound v at zero centigrade to be 332.3m.
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ij::e:;;;`;::::;i:;:i:::L;i:e;icj;i:fi:ii:;;i;`::;;;;:iij:::a;;8;:alit;;:::;¥;:::I::::::i`:;a:I;;'ioc;i°i:f;°::`:;:r;f

__---------------------------------------------_

`--r¥D

___--------------------------------------------_

;`;P:Its;si:rse`8'o8f:::aciincpe::c:o;I:u:;P::oe:S;wt=::3rc;y!fn:a;I:t:sa:l:I:in:ep:en::°rf:;l`'`::::tiinot5o::a:`:,:C£:
following  fig&res :

__----------------------------------__

Diam2tr.                           NBxmp!::,S#:,:stb'atto"           caitu|6s

Diameter                       E'`upmc:C:€°nft:ibratt°m      calculated

_________--------------------+-----------_---_--

: :3m                      ,,i;:3:v                       ::; ::
a-ct68                                      lil..I                                          150.50

__----------------------------------------------

a:feeo`d:ra],:i;:Sc:Lc:a:iso:f:VEac;r]:°:;S:c:i:u:r:E:g:.t:`:?nfii:ot.;:;:r;°{:ti::id:lenh°gaiaar[;:::fi:gas:

;:;nep:::§u::nft,s::n;g:i:::{sv:;s:c:;;i;:;;I:;:sue:i;;`;;:;c:Eejv:t;;:a;:;:;:::[e;;;::,;i:,::I::::::¥:p;;`Sr:::Sit

n°des]'`harT`h°enicutii:res;u,shimscifa„i,cdispositionofthe.Icademyt°make

:i:e'otsrcp}:eas,e:::;::'cte,::,e:;:]uet::i]otfTh:yp::L`i:ierh:`:]Caes±;::+h£::i}:a;,:d:;.I,:f:dr}:;;
pi.csent ing.                                                                                                                                                 79



S41205' I)'apris   lei   dcinn6c5   de   raut€i
5{h6mali5€  la  coiLrbc  d€S  Trleyen
cx|iriri.enlalc§   (-)   el
talcurs calcul6s d' a|ir6s la forrr.

5040374533308o2120
`\                                     Fi(Pa:;a:i:e |~= I c'o3u3be%52i 5n)u

oil  le5  2  courbcs  Se coupenl.

\`\\                              D%5a%2f alcc;s#:gis a:;Oa%r,`',;i

dc:.talent €lr¢  I 16.58 Ct  139.7
.}Ia{lrccat:a il[6-Co!l.  a-t.il  do
aSj)Toximaliuemon[?

\
\

\

_._   €caJ-t-a   (
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I

I
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I

I
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I
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I
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\

I

\\~

70 --i--
\

50
I

\ \
I

154510 -±1(--L-III -

IIIIIIIIII

a                            a.05                     a.10    a.]25     a.15                      a.20   li22        a.25

8o

nes  d€5  talcurs
la   courbc    dc5
ulc  ( ---- ).

est    ¢clui.   ob
1` , c' ¢5,-a.dire

les  tr,ey`n-
6.5o-139.37)

nnd  ¢cs  ch{ff cs



From the author.s data ``e have dra`m
the  cur`.e  of the  mean  `.alues  obtained

:t}[;i[cmv':rLt:j`:'aicT=d)oann:h:hfcorc::,'=
(-----).

#i:rcr3j::'a:ia=tbe't?`?a:n°tE:i`)`.o`§cu{r':I::
is  nil,  i.e.  ``.hcrc  the  t``.a  cur\.c§  cross.

:i::iui[r;ii¥j:o:c¥]i{E:;':igjt;::a¢|iiai3:ji[:?6i;:
1

I             Cavaill6-Coll's   dates    are    often

g"-e[` WE::,g!Y    B¢rnoulli     (17oo-1782)

F;¥d:03?`;:c::e]o:::ttii9:;:¥s¥c:[C:pP[r:Cts,s:t::§§

io:;1;i::;s:c:aiio::ii;,i:I:;;t;;ij;:t;i:;t,:.'Fubo:i::e:!ni:.i;i
e'i.i;8i:o'5£d!See.,:C:S°isu;PiETS!a::°Fi.!S#,`.3i,;i;;ii#2Sg;£iS§S

:::i,,,;.,i#ii:i::'3:u:ij;,::;ai;;::i!;-f,;G#;:tii::

or(f|uo;:::ry#iffo;);:::I:a,,;:;coo;:fff:Sfif:,

1921)

dimensions  dcs tu}7aurt  a  bouchc',  `}Io-
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