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Resumen:

En esta conferencia de caricter didactico-cultural se revisa el contenido de la entrada sobtre el término Acoustics en la
Encyclopadia Britannica en su 3" Edicion de 1797. Primeramente se presenta el desarrollo de la Enciclopedia Britanica desde su
primera edicién y su impacto a nivel internacional. Posteriormente se contextualiza y describe la 3* edicién, para luego revisar
la estructura de contenido para el término “acustica”. También se incluye y discute la hoja con los grabados correspondientes

al tema.
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Abstract:

This didactic-cultural conference examines the contents of the entry about “Acoustics” in the Encyclopadia Britannica in its 3rd
Edition of 1797. The development of the Britannica since its first edition and their impact at the international level is
presented. Subsequently it contextualizes and describes the 3rd Edition, to then review the structure of content for the term
"acoustic". It also includes and discussed the etched sheet corresponding to the theme.
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1. INTRODUCCION

A hacerse una busqueda en internet para la compra
de libros de acustica, aparecié en subasta la seccion
de acustica de la Enmcyclopedia Britannica de 1797.[1]
Esta fue adquirida y estudiada en conjunto por
miembros del Cuerpo Académico de Acustica y
Vibraciones, de la Facultad de Ingenierfa Mecanica y
Eléctrica de la Universidad Auténoma de Nuevo
Leén.

A partir de esta actividad se considerd, para
incrementar la cultura cientifica de los acusticos, el

compartir esta experiencia, y el texto completo de la
seccién de acustica en dicha enciclopedia, la cual se
incluye como anexo a esta ponencia.

2. ENCYCLOP#EDIA BRITANNICA

Siendo la enciclopedia de conocimiento general en
inglés mds antigua todavia en edicién, la Encyclopadia
Britannica se publica en su primera edicién entre 1768
y 1771, en Edimburgo, Escocia, y rapidamente
obtuvo gran popularidad y crecimiento en su tamafio
[2].
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Las primeras ediciones de la Enciclopedia Britanica
fueron publicadas e impresas en Edimburgo por el
grabador Andrew Bell y el impresor Colin
Macfarquhar pot "una sociedad de caballeros en Escocia".
El 10 de diciembre de 1768, el Caledonian Mercury y el
Edinburgh Evening Courant publicaron un anuncio
informando: "Hoy se publica" la primera parte de la
Enciclopedia Britinica, comprometiéndose a que la
enciclopedia propotcionarfa "DEFINICIONES Y
EXPLICACIONES PRECIOSAS, de todos los
Términos... en el Orden del Alfabeto" |3).

Figura 1 y 2. El grabador Andrew Bell [4] y el impresor
Colin Macfarquhar [5], fundadores de la Encyclopedia
Britannica.
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La primera edicién de la obra fue publicada en partes
desde 1768 a 1771 con paginas de doble columna.
2,500  paginas

encuadernadas en tres grandes volimenes, con 160

Las aproximadamente estaban
grabados en cobre de Bell. La portada, ver Figura 3,
comienza de la siguiente manera: "Encydopadia
Britannica; O, UN DICCIONARIO DE ARTES Y
CIENCLAS, COMPILADO EN UN NUELO
PILAN." [6] La obta no podia competir a granel con
los 68 volumenes del Lexicon Universal de Johann
Heinrich Zedler, ni con la Enciclopedia Francesa
cuyos 17 volumenes de texto se habfan completado
en esa época. Pero si desafié la comparacién con
todos los diccionarios anteriores de artes y ciencias,
grandes o pequefios, debido a su nuevo estilo
editorial y plan de evolucién [3].

EncyclopzediaBritannica;

DICTIONAR T

o P

ART S ad SCLENGES

BRSPS =S

COMPILED UPON A NEW PLAN.

IN WHICH
The different ScieNecEs and ArTs are digefted into
diftin¢t Treatifes or Syftems;
AND

|
The various Tecuntcar Tezus, &ee. are explained as they occor |
in the order of the Alphabet, |

ILLUSTRATED WITH ONE HUNDRED AND SIXTY COPPERPLATES.

By a SocreTry of GENTLEMEN in ScoTrLanp.

IN THREE VOLUDMES,

Y OL L

EDI1INBURNG H
Printed for A, Bri1 and C Macranouitanr;
And fold by Coniw Macramauuan, at his Printing-olflice, Nicolfon-fireet. ‘
MDGCLEXL
T 4
Figura 3. Frontispicio de la primera ediciéon de la

Encyclopeadia Britannica. [0)

El tamafio de la enciclopedia ha variado en las
diferentes ediciones, por un lado creciendo en busca
de competir con las diferentes enciclopedias que se
desarrollaban en el mundo y por otro reduciendo el
tamafio de las entradas por la tendencia a lo
compacto que la modernidad ha generado. En la
Tabla 1 se presenta un resumen histérico de las
caracteristicas y tamafo de la britanica a lo largo de
sus ediciones [2].
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Tabla 1. Ediciones de la Encyclopadia Britannica |2]

Edicion éno ., Tamaifio Notas
publicacion
a 3 vol, 2.670 pp. Principalmente elaborada por un solo editor, Smellie. 30 de los
1 1768-1771 . . . , L.
160 laminas articulos tienen mas de tres paginas de largo.
a 10 vol,, 8.595 pp. | 150 articulos largos. Muchos errores de paginacién. Todos los
2 17771784 P p e o~
340 laminas mapas se encontraban dentro del articulo "Geografia".
Obtuvo una ganancia de £42,000 con la venta de 10.000 copias. Se
a 18 vol., 14.579 pp. . o . . . .
3 1788-1797 L da introduccién a los Simbolos quimicos. Contiene la primera
542 laminas L
dedicacion al monarca
Sup{}em.etllt,o de 1801 2 vol, ,1’6.24 PP | Thomas Bonar obtiene los derechos.
3% edicion 50 laminas
a 20 vol., 16.033 pp. | Por primera vez los autores mantienen el copyright de sus
4 1801-1809 . o
581 laminas contribuciones.
5 1817 20 vol., 16.017 pp. | Pérdidas para los herederos de Millar y Andrew Bell; los derechos
582 laminas de la enciclopedia son vendidos a Archibald Constable.
Suplemento de 1816-1824 6 vol., 4.933 pp. Se reclutan contribuidores tales como Sir Humphry Davy, Sir
5% edicion A 125 laminas Walter Scott y Malthus
6 18201823 20 vol. Constable’ cae en bancarrota el 1.9 de enero de 1826; Adam Black
recuperara los derechos de la Britannica.
a 21 VO,L’ 1 7'10,1 PP | g, amplia la red de contribuidores famosos, tales como Sir David
7 1830-1842 | 506 laminas, indice . . _
Brewster, Thomas de Quincey, Antonio Panizzi.
de 187 pp.
21 vol., 17.957 pp.,
g» 1853-1860 4()?1 1a;r3119nas; 1ndr1ce Varios articulos extensos fueron copiados de la 7* edicion; 344
B ¢ Pp-po contribuidores incluyendo William Thomson.
separado, ’
publicado en 1861.
, Alguno articulos traidos de la 8" edicién, pero en su mayoria un
a 24 vol., mas un . , . .
9 1875-1889 . trabajo nuevo; muy académica; pirateado de forma extensa en
vol., de indice ’
EE.UU.
10%, suplemento 11 vol., mas 24 Una sociedad americana compr6 los derechos el 9 de mayo de
N 1902-1903 . , )
de 9 vol., de la 9. 1901; aplica métodos de venta agresivos.
Otro alto nivel académico y de escritura; mas articulos que la 9%,
17 1910-1911 28 vol., mas un pero mas simples y cortos; el propietario Horace Everett Hooper
B vol., de indice tiene dificultades académicas; los derechos de la Britannica se
venden a Sears Roebuck en 1920.
12%, suplemento 1921-1922 3 vol, maslos 28 | Resumia el estado del mundo durante, antes y después de la
de 117 B vol., de la 11* Primera Guerra Mundial.
13%, suplemento 1926 3 vol, mas los 28 | Sustituy6 a los volumenes de la 12% mejor perspectiva de los
de 11* vol., de la 11* eventos de 1910-1926.
142 1929-1933 24 vol. Pubhcgda antes de la Gran Depresion, fue una catastrofe
financiera.
14° revisada 19331973 24 vol. La revisién continua empez6 en 1936: cada articulo es revisado al
menos dos veces cada década.
Introdujo la estructura en tres pattes: Micropadia y Macropzdia
1974-1984 30 vol. con articulos; Propadia como Esquema de
15° Conocimiento; se elimina el indice separado.
19852010 32 vol. Vuelve indice de dos volumenes; combina articulos de Micropzdia

y Macropzdia; nuevas versiones cada pocos afios

En el transcurso de su historia, la Britannica ha tenido
dificultades para cosechar beneficios econémicos, un

problema comun entre muchas enciclopedias.

Algunos articulos de ediciones pasadas han sido
criticados por inexactitud, parcialidad, o por haber
redactados ~ por

sido contribuyentes no

suficientemente cualificados. Asi mismo, la precision
de algunas partes de algunas ediciones vigentes ha
sido cuestionadas en sus diferentes ediciones; sin
embargo, esas criticas han sido rechazadas por la
administracion de la enciclopedia [2].
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La primera edicién en CD-ROM se lanzé en 1994.
En ese momento se ofrecié también una version
online mediante susctipcién, pero el 13 de marzo de
2012, los editores de la Enciclopedia Britanica
anunciaron que dejarfan de imprimirse en papel y que
se centrarfan en la edicién web [2].

LA TERCERA EDICION DE LA BRITANICA

La tercera edicién de la Britianica en su version de
1797, sobte la que se basa esta ponencia, por
supuesto esta desarrollada de acuerdo a los criterios

Moft fou

1 know, are conveyed to us cn
e be of the a In whatever man y e
float upon it, or are propelled forw in it, certain it
is, that, without the vehicle of this or fome other finid,
all. Let the air be ex-

a bell thall emit no found
1; for, zs the air continues to

Oft!‘.. chi= t}

clesof found

€ no lounds at
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editoriales de la época, esto implica que estd escrita en
inglés de la época, con sus diferencias lingtiisticas y

tipograficas, por ejemplo para las s se usaba { como
en sonido, sound,

founds,

Tipograficamente, como era moda en libros de
estudio y consulta, se dejaban columnas laterales para
indicar el inicio del tratamiento de algin tema

especifico.

J i e e
, <arries the im-
produces its fen-
g Y
far agrezd, that they all
1ore than the impreflion, 71 -
; , and hov
r (L‘ )’ and propagated.
either 4uid to the or-
er in which this convey-

Vhat found

3 -
that iou

e by an
impreflion ca

of hearing. But the ma

7
this

gan

=]

También se usaban notas de pie de pagina, ampliamente usadas hasta mitad de siglo pasado cuando empiezan a ser

puestas a fin de capitulo o en un apartado al final de cuerpo principal.

at all, it lofes the beauty of their refemblance: the
whole is difcord and pain (C). . )

But there is another property in the vibration of 2
muficalftring not yet taken notice of,andwhich is alleged
to confirm the foregoing theory. If we ftrike the ftring
of an harpfichord, or any other elaftic foundmg C!’lOl'd
whitever, it returns a continuing found. This till of
late was confidered as one fimple uniform tone ; but all

diftinét. On the other hand, the diicordant toncs can-
not be heard. Their differences being but very {mall,
they are overpowered, and in a manner drowned _in the
tones of fuperior difference: yet not always neither ;
for Daniel Bernouilli. has been able, from the fame
ftroke, to make the fame ftring bring out its harmo-
nic and its difcordant tones alfo (p.) So that frem
hence we may juftly infcr,Lthat every note \'.'halfoevc.r

2 is

but this is not to be admitted as the caufe why mu
founds, whofe vibrations either never coincide, or at leaft

c) Tei tain, that in proportion to the fimplicity of relations in found,
00 i oy ficians have confined all harmony to an oétave.

the ear is pleafed with its combinations ;
Difcriminated

very rarely, do not only ceafe to pleafe, but violently grate,

the ear. Harmony and difcord, therefore, are neither difcriminated by the judgment of hearers, nor the igﬂit\ltlcn

" of muficians, but by their own effential and immutable nature.
(p) Vid. Memoires de I’ Academie de Berlin, 1753, p-153-

3. ACOUSTICS EN LA 3* EDICION DE LA
ENCYCLOPEDIA BRITANNICA

La entrada sobre Acustica (Acoustics) en la 3* edicion
de la Britinica abarca de la pagina 79 a la 92, y es
integrada por: definiciones generales, 4 capitulos, una
seccién de “‘experimentos de entretenimiento y
artilugios”, y un conjunto de imagenes impresas en
péaginas (laminas) separadas del cuerpo principal de la
enciclopedia [1].

La definicién establecida para el término es: Nos

instruye en la naturalega de sonido.

STRUCTS u
\
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2 plains the properties of thofe founds tha
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Y nos indica que segun algunos escritores la acistica
esta dividida en:

Diacoustics: que explica las propiedades de aquellos
sonidos que van directamente del cuerpo sonoro
al oido.

Cataconstics: Trata sobre los sonidos reflejados.

Seguido de lo cual declara: Pero dicha distincion no parece

ser de ninguna utilidad real.

Este comentario demuestra una gran vision de largo

plazo, pues no se usan actualmente y en espafiol no

aparecen en el Diccionario de la Lengua Espafiola de

laRAE [7].

El término Acoustics se desarrolla en los siguientes

capitulos:
Cap. L. Diferentes teorias de sonido. Este capitulo
inicia tratando los “vehiculos de sonido” y aunque
establece que el aire es el principal, continda
discutiendo que “el aire no es el unico”. Luego
discute “qué es el sonido, y como se propaga”
afirmando que en lo primero hay acuerdo entre
los estudiosos, para luego indicar que en cuanto a
la propagacién hay discrepancias entre un enfoque
ondulatorio y uno de rayos, entrando en una
oscura, pero tipica discusion entre el enfoque de
Newton y otras teorias y las objeciones a cada una.
Para complicar se divaga en aspectos de acustica
musical. Todas estas discusiones, que indican un
conocimiento en evolucién, son por demads
antididacticas, muy para especialistas.
Cap. II. De la propagacién del sonido. Doctrina
de Newton explicada y vindicada. En este capitulo
después de aceptar las dificultades y oscuridades
en los trabajos de Newton entra en su defensa en
base a los trabajos de Young para vindicatlo,
centrandose en los aspectos de la propagacion de
sonido con un estilo por demds académico.
Cap. III. De la velocidad, y la c. del sonido.
Axiomas. Una vez discutida la propagacién, en
este capitulo se centra en la velocidad del sonido,
estableciendo que “/os sonidos viajan espacios ignales en
tiempos  ignales”, describiendo la constante “c”,
indicando que la teoria concuerda con los
experimentos y que incluso el sonido se puede
usar para medir distancias.
Cap. IV. Los sonidos reverberados. En este
capitulo se centra en los sonidos reflejados,
llegando sélo a aspectos de eco y reverberacion
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tratada en forma basica, lejos del conocimiento
actual.
En esta conferencia no hay tiempo para analizar a
detalle cada parte de dichos capitulos, por lo que para
los interesados se agrega al final, como anexo, la
entrada completa, incluyendo imdagenes, para el
término “acustica” en la Britanica de 1797.
Se consideré importante puntualizar  algunos
aspectos: ...
a.- Se evidencia una ciencia de la actstica en
construccion, donde las diferencias y discusiones
estan aun vivas.
b.- Se estd en la bisqueda de la aplicabilidad del
conocimiento cientifico, en su uso, como se
evidencia en la gran atencién puesta a su
propagacion.
¢ — No se incluyen demostraciones sofisticadas,
solo trigonometria y dlgebra basica.
d.- Aunque una enciclopedia es para la divulgacién
de conocimiento, a veces se pierde en discusiones
oscuras, mas académicas de lo necesatio.
Después de los capitulos antes mencionados aparece
la seccion de “Experimentos de entretenimiento y
artilugios”, en la cual se describen una serie de
experiencias practicas de utilidad para mostrar,
demostrar y promover aspectos de la acustica, una
manera de divulgacién de la ciencia utilizada por
muchos siglos.
Los experimentos propuestos son:

I- The conversive statwe. La experiencia de
transmisiéon de sonidos entre los focos de dos
espejos concavos uno frente a otro, ain muy
usada en los museos cientificos para nifios.

| W

Figura 4. Una estatua para conversar. The conversive statue [1]

IL.- The communicative busts. A un par de cabezas
sobre pedestales se les colocan tubos ocultos
(cruzados entre boca y oido) para transmitir el
sonido entre ellas.
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IIL.- The oracular head. Algo similar a lo anterior
pero es una estatua que simula un oraculo,
mientras otra persona en otro recinto escucha y
contesta las preguntas al oraculo.

IV.- A solar sonata. En el camino a las maquinas
autébmatas se utiliza un 6rgano que se activa
automaticamente gracias a los vapores producidos
por un liquido calentado por el sol.

V.- Automatons harpsichord. Clavecin o teclado
automatizado con un cilindro con salientes que
mueven las teclas segin se programe. El teclado es
movido por un mecanismo de chimenea (smoke
jack).

VI.-  Ventosal  symphony.  Otro
autébnomo. Bdsicamente una gran caja de musica

mecanismo

activada por el viento, pudiéndose cambiar las
salientes en el cilindro, que activan campanas, para
modificar la melodia.

Figura 5. El viento mueve una caja de musica. Ventosal
symphony [1]

4. GRABADOS DE APOYO AL TERMINO
“ACUSTICA” EN LA 3* EDICION DE LA
ENCYCLOPAEDIA BRITANNICA.

En apoyo a la entrada sobre Actstica en la 3% edicién
de la Enciclopedia Britanica, se incluye una serie de
grabados sobre el tema, incluidas en una ldmina
multi-imagen la cual se muestra en la figura 6. En esta
pagina, la placa I, se inclufan imdgenes de apoyo a los
términos: Aphis, Abacus, Acarus, Acoustics y Aerostation.
Estos grabados hechos por ANDREW BELL (1726-
1809), cofundador de la Britanica, para la 3" edicién
de 1797, se elaboraron con placa de cobre sobre
papel fabricado a mano. La pagina mide
aproximadamente 255 cm x 19.7 ecm. (10 x 7 %
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pulgadas). Estos grabados de imagen multiple
originalmente se unfan en un volumen de la
Enciclopedia de 1797 para ilustrar varios articulos.

Figura 6. Grabados de apoyo al término Acustica en la 3*
edicion de la Encyclopedia Britannica, elaborados por
Andrew Bell [1]

Las imdgenes fueron impresas sobre "Papel
verjurado" (Laid paper) hecho a mano, el cual tiene
una textura estriada, la cual es impuesta por el
proceso de fabricacién. En la produccién (desde el
siglo XII hasta el siglo XIX), el patrén de la textura es
producido por el tamiz de alambre en el molde
rectangular que se utiliza para producir hojas sueltas
de papel. Un trabajador sumerge el molde en una tina
que contiene pulpa de lino diluida, entonces lo
levanta e inclina para extender la  pasta
uniformemente sobre el tamiz al tiempo que se
golpetea el molde para que el agua drene entre los
alambres, reteniendo las fibras juntas. En el proceso,
el golpeteo de los cables en el tamiz queda impreso
en la hoja de papel.

Bell, quien se inici6 como grabador de blasones,
nombres, etc. en collares de perro, produjo casi la
totalidad de los grabados en cobre para las ediciones
1% a 4* de la Britanica: 160 para la 1*, 340 para la 2°,
542 para al 3a y 531 para la 4*. Como anécdota, para
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la 1* edicién, Bell produjo tres paginas completas de
grabados anatémicamente precisas de una pelvis
femenina disecada y de fetos en el dtero, para ilustrar
el término “parterfa” (obstetricia); Estas Ilustraciones
habrian sorprendido al Rey George 111, quien ordend
que se arrancaran las paginas de cada copia.

Andrew Bell (1726-1809) era un escocés pintoresco
(Figura 1). Su estatura era de apenas 1.37 m, tenfa
torcidas las piernas y una enorme nariz que a veces él
aumentaba un poco con una versioén en papel-maché,
que se colocaba cada vez que alguien miraba
fijamente su nariz. A pesar de su pequefia estatura,
deliberadamente mont6 el caballo mas alto disponible
en Edimburgo, descendiendo por una escalera ante la
aclamacién de los espectadores.

Después de que murié Macfarquhar en 1793, Bell
compr6 su Parte de la compafifa a sus herederos y se
convirtié en el unico propietario de la britanica hasta
su muerte en 1809.

5. COMENTARIOS FINALES

No deja de ser interesante, al leer la entrada de
acustica en la Enciclopedia Britanica, observar las
particularidades del inglés del siglo XVIII, la estilistica
de la divulgacién cientifica, la bisqueda de utilidad en
la ciencia, las contradicciones encontradas en la
ciencia durante su evolucién al estado del arte actual
en la acustica.

A veces se olvida el largo camino recorrido por los
cientificos en la creacién de conocimiento y el de las
sociedades en sus deseos y necesidades sociales. Esta
lectura nos ayuda a visualizar el esfuerzo de las
generaciones antetiores y nos tecuerda de nuestra
responsabilidad humana de seguir adelante.
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ANEXO:
EL TERMINO “ACUSTICA” EN LA 3* EDICION DE LA ENCYCLOPEDIA BRITANNICA DE
1797 [1]

. 79

A C O U 5 T I C S

Disccatics JNSTRUCTS us in the nature of found. Tt is di- carry them forward; and if we muke allowance for the

vided by fome writers into Diaconfiice, which ex-  difference of its denlfity, perhaps the founds move in it

2 plains the propertics of thofe founds that come direétly  with a proportional rapidity to what they are found to
Catacou-  from the foncrous bedy to the ear; and Cataconfics, do in the claftic fluid of air.

£ics, which treats of reflected fouads ¢ but fuch difinction  One thing however is certain, that whether the fluid
does net appear to be of any real utility. which conveys the ncte be elaflic or non-clattic, what-

. . ever found we hear is produced by a ftroke, which the

Cuse. L Diferent Theories of Saund. ' founding body makee agaiaft the finid, whether air or

3 . Moft founde, we all know, are conveyed to us on water. The Ruid being ftruck upon, carries the im.
dof_‘!'“ vehi g bofom of the air.  In whatcver manner they either  preffios forward to the ear, and there produces its fen-
o3 of fvund g s Tay gy ) . .
float upon it, or are propelled forward in ity certain it fation. Philofophers are fo far agresd, that they all W £
iz, that, without the vehicle of this or fome other finid, allow that found is nothing more than the impreflion 1:;']':::
we fhould have no founds at all.  Let the air be ex- made by an claftic body upon the air or water (), and propayared.
Yaafted from a receiver, end a bell thall emit no found  this fmpreffion carried along by ¢ither fuid to the or-
when rung in the void j for, =s the air continues to  gan of hearing. But the manaer In which this convey-
grow lefs denle, the found dies away in proportion, fo  ance is made, is #l diffuted : Whether the found is
thae at lalt its ftrongeft vibrations are almoft totally  diffuled into the zir, in circle beyond circle, like the
filene, waves of water when we difturh the fmoothnels of its
Thus air is a vehicle for found.  Flowever, we muft  furface by dropping in a fone; or whether it travels
Aot the not, with forae plulofopliers, allert, that it is the only  along, Like rays diffufed from a centre, fomewhat In the
wniy ot yeliicles that, if there werz no air, we fhould have a0 fwift masncr that ceficity runs along a rod of
founds whatfoever; for it is found by tiinl, that founds  rem; thefe ere the queftions which have divided the
are conveyed through water almoft with the fame faci-  learned,
lity with which they move through air. A bell rungin Newton was of the firk opinion. e hasexplained ¢
water returns & tone as diltinét as if rung in air. This  the progreflion of found by an undulatory, or rather a Newtov e
wes obferved by Derham, who alfo re h vermicular, motion in the parts of the air.  If we have theary.
tone came a quarter deeper. Some na As aTure  an exacy idea of the crawling of fome infeds, we fhall
us alfo, that fithes have a ftrong perception of founds, have a tolerable notion of the progrefion of fouad vpon
even at the bottom of deep rivers (a . From hence, this hypothefis, The infe, for iallance, i its motion,
it would feem not to be very material in the propaga- firft carvies its contraltions from the Linder part, in or-
sion of founds, whether the Auid which convers them  der to throw its fure-part to the proper diftance, then
be elatic or otherwife, Water, which, of all fubftan- it carries its contraftions from the fore-part to the hin-
ces that we know, hasthe leaft elafticity, yet ferves to  der to bring that forward,  Scmething fimilar to this
is

(1) Dr Hunter has proved this, and demenfirated the auricular orzas in thefe animals, See Fisw, and Conra-
RATIVE Anatemy.

(B} Though air and water are both vehcles of found, yet neither of them feems to be fo by itfelf, but only
as it contains an exceedingly fubtile Auid capable of peretrating the moft folid hadies. Hence, by the medium of
that fuid, founds can be propagated throngh wood, or metals, even maore readily than through the open air. By the
fame means, deaf people may be made fznfible of founds, if they hold a picce of metal in their mouth, one end uf
which is applicd to the founding bedy.  As it is ceriain, thereforey that ir cannor penetrate metals, we mufl ac-
knowledge the medium of found to be of a mare fubtile nature ¢ and thus the deftyical Auid will paturslly cocur as
the proper one.  Fut why then is found no loager heard in an exbucited receiver, if the air is not the iluid by which
it is conveyed, feeing the eled@rical matter cannot be excluded ! The reply to this is obvicus: The «lectrical fluid is
i exceedingly fubtile, and pervades folid bodies with fo much eafe, that any mation of 2 folid bady in a quantity of”
ele@ric matter by itfelf, can never excite a degree of agitation in it fufficient for producing afoand ; but if the elec-
tric fluid is entangled among the particles of air, water, wood, metal, &c. whatever afedls their particles will alfo af-
fedt this fluid, and produce an audible noife,  In the experiment of the air-pump, however, there may be an ambi-
guity, as the gradual exhaufting of the air creates an increafing difference of profiire on the ontfide, and may ocea-
fion in the glals & difficulty of vibrating, fo as to render it Jefs (it to communicats to the air without the vibrations
that firike it from within. From this cavfe the diminution of found in an cxbavfted veceiver moy be fuppofed to
proceed, as well s from the diminution of the air.  But if any Internal agitation of its parts fhouv'd happen to the
eleclrieal tiuid, exceeding loud noifes might be propagated through it, as has been the cafe when lirge meteors have
kindled at a great diftance from the earth. 1t s alfo diflicult to account far the exceeding great fwiftoefs of found,
upon the {fuppofition that it is propagated by means of air alone; for nothing is more certain, than that the &rongefs
amd moit violent gale is, in its courfe, inert and fuggil, compared with the motion ot taund.

Revista ECOS ISSN 2697-2913 Afio1 N°2 Julio — Diciembre 2020



o

. A COUSTTICS

denfity every where as at the furface of the earth, in Different

| Different s the mation of the air when firuck upon by a founding

i | ohody. To be a little more precife, fuppofe ABC, the
und. . .

\ et ftring of an harplichord ferewed to 2 proper pitch, and

Plate I
fig. 1,

drawn out of the right line by the finger at B. We
fhall have occalion elfewhere to obferve, that fuch a
flring would, if let go, vibrate to E; and fvom E to D,
and back again j that it would continue thus to vibrate
like a pendulum for ever, if not cxternally refifted, and,
like o pendulum, all its little vibrations would be per-
formed in equal times, the lalt and the firlt being e-
qually long in performing ; alfo, that, like a pendulum,
its greatelt fwittnefs would always be when it arrived
at E, the middle part of its motion. Now then, if this
ftring be fuppofed to fly from the finger at B, it is ob-
vious, that whatever be its own motion, fuch alfo will
be the motion of the parts of air that fly before it Its
‘motion, as is obvious, is firft uniformly accelerated for-
ward frem B to E, then retarded as it goes from E to
D, aceelerated back again 23 it returns from D to E,
and retarded from E to B. "T'his motion being there-
fore fent in fucceffion through a range of elaftic air, it
muil hanen. that the parts of one range of air mult
bg fent forward with accelerated mation, aid then with
a retarded motion.  This accelerated motion l‘cachfng
the remoteft end of the firlt mnge will be communi-
cated to a fecond range, while the nearcft parts of the
firfl range being retarded in thir motion, and falling
back with the receflion of the firing, retice firlt with
n aceelerated, then with a retarded motion, and the
remotelt parts will foon follow. In the mean time,
while the parts of the firlt range are thus falling back,
the parts of the fecond rznge are poing forward with
an accelerated motion. Thuus there will be an alter-
rate condenfation and relaxation of the air, during the
tine of one vibration ; and as the sir going forward
itrikes any oppofing budy with greater force than upon
vetiring, {0 each of thefe rocelerated progreflions have
been called by Newton a puffz of found,

T'hus will the air be driven forward in the dire&ion
of the ftring.  But now we muft obferve, that thefe
pulies will move every way ; for all motion impreffed
upon fluids in any dire¢tion whatioever, cperates all
arcund in a fphere: fo that founds will be driven in all
diredtions, backwards, forwards, upwards, downwards,
and on every fide. They will go on fucceeding each
other, one on the outfide of the other, like circles in
difturbed water; or rather, they will lic one without
the other, in concentric thells, fhell above fhell, a5 we
fee in the coats of an onion,

All who have remarked the tone of abell, while its
founds are decaying away, mult have an idea of the
pulfes of found, which, according to Newton, are form-
ed by the air's alternate progreffion and receffion. And
it muft be obferved, that as each of thefe pulfes is
formed by a fingle vibration of the flring, they muft
be equal to each other; for the vibrativus uf the Rring
are known to be fo.

Agrain, as to the velocity with which founds travel,
this Newton determines, by the molt difficult caleula-
tion that can be imagined, to be in proportion to the
thicknefs of the parts of the air, and the diftance of
thefe parts from each other. From hence he goes on
to prove, that each little part moves backward and fer-
‘ward ke a pendulum ; and frem thence he proceeds
to demonfirate, that if the atmofphere were of the fame

No. 2. 3
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fuch a cafe, a pendulum, that reached from its higheft Theuries of

ad.

furface down to the furface of the easth, weould by its
vibrations difcover to us the proportion of the velocity
with which founds travel. The velocity with which
each pulie would move, he thows, would be as much
greater than the velocity of fuch a pendulum {winging
with ore complete vibration, as the circumference of a
circle is greater than the diameter, From hence he
calculates, that the motion of found will be g7g Feet
in one fccond,  But this not being confonart to exe
perience, he takes in another conﬁfcration. which de-
itroys entirely the rigour of his former demonftrution,
namely, vapours in the air ; and then finds the motion
of found to he 1142 feet in one fecond, or near 13 miles
in a minute : a proportion which experience had efla-
blithed nearly befare,

Thus much will ferve to give an obfcure idea of a
theory which has met with numbers of oppofers, Even
John Bernouilli, Newton’s greateit diferple,
cwns that he did not pretend to underfland this part
of the Principia. He attempted therefore to give a
morz perfpicnons demonttration of his own, that might
confirm and illuftrate the Newtonian theory. he
fubject feemed to rejeét clucidation : his theory is ob-
vioufly wrong, as D’Alembert has proved in his The-
ory of Fluids,

Varigus have been the objections that have been

7
Preceding

"l"h -
modeitly pol'.:ln.r =

made to the Newtonian fyitem of founds. It is urged, :1‘:"""555"

that this theory can oaly agree with the motica of
found in an claftic fluid, whereas founds are known to
move forward through water that is not elaftic. Ta
explain their progrefs therefore throrgh water, a fe.
ccnd theory muit bz formed ;o that two theorizs mutt
be made to_explain a fimilar effect ; which is contrary
to the fimplicity of true philofophy, for it is contrary
to the fimplicity of nature. It is father urged, that
this dow vermicular metion but Ll repraliats the vela-
city with which founds travel, as we know by experi-
ence that it is almoft 13 miles in a minute.  In fhort,
it is urged, that fuch undulations as have been deferi-
bed, when coming from feveral fonorous bodies at once,
would crofs, obfiruét, and confound each other; fo
that, if they were convered to the ear by this means,
we fhould kear nothing but a medley nF difcord and
broken articulations.  But this is equally with the reft
contradi€tory to experience, fince we hear the fulleft
concert, not only without confufion, but with the high-
ed pleafure. Thefe objeétions, whether well founi:&
or not, have given rife to another theory: which we
fhall likewife lay before the reader ; though it too ap-
pears liable to cbjeficns, which fhall be afterwards
mentioned,

Every found may be confidesed as driven off from
the founding tody in ftraight lines, and impreffed upon
the air in one direction only : but whatever imprcfEun
i made upon a fluid in one direci’on, is diffufed vpon
its furface irto all direftions; fo that the found srit
driven direétly forward foon fills up a wide fphzre, and
18 heard on every fide.  Thus, 25 it is impreiTed, it in-
flantansoufly travels forward with a very fiwift motion,
refembling the velocity with which we know eleétricity
flics from one end of a Iine to another.

Now, as to the pulies, or clofe fhakes as the mufi-
cians exprefs it, which a foundizg bedy is known :o

tiake

WO,

An-ther
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make, each pulfe (fay the fupporters of this theory)

Thse";““ of s itfelf a diftinét and perfeét found, and the interval

between every two pulfes is profoundly filent. Con-
tinuity of found from the fame body is only a decep-
tion of the hearing ; for as each diftinét found fucceeds
at very fmall intervals, the organ has no time to tranf-
mit its images with equal fwiftnefs to the mind, and
the interval is thus loft to fenfe: jult ae in fecing a
flaming torch, if flared round in a circle, it appears
as a ring of fire. In this manner a beaten drum, at
fome fmall diftance, prefents us with the idea of con-
tinuing found. When children run with their flicks
along a rail, a continuing found is thus reprefented,
though it need fcarce be obferved that the firoke a-
gainil each rail is perfectly diftinét and infulated.

According to this theory, therefore, the pulics arc
nothing more than diftinét founds repeated by the fame
body, the firft ftroke or vibration being’ever the loud-
eit, and travelling farther than thofe that follow ; while
each fucceeding vibration gives a new found, but with
diminifked force, till at laft the pulfes decay away to-
tally, as the force decays that gives them exiftence.

All bodies whatfoever that are flruck return more
or lefs a found : but fome, wanting elafticity, give back
no repetition of the found ; the noife is at once begot-
ten and dies: while other bodies, however, there are,
which being more elaftic and capable of vibration, ?in
back = fpund, and repeat the fame feveral times fuc-
ceffively.  Thefe laft are faid to have a tone ; the others
are not allowed to have any.

This tone of the claftic ftring, or bell, is notwith-
fanding ing more than a fimilar found of what
the. former bodies but with the difference of
being mény times repeated while their note is but fingle.
So that, if we would give the former bodies a tone, it
will be to make them repeat tha’rl'wnd.z
repeating our Afwiftly apon them. Fhis will
feftually give them a tone ; and even an unmufical ine
ftrument Elas often had a fine cffet by its tone in cur
concerts. .

Let we mow go on then to fuppofe, that by fwift
and equably continued ftrokes we grve any ki
body its tome : it is very obvious, that no alterations
will be made in this tone by the quicknefs of the ftrokes,
though repeated cver fo faft. Thefe will only render
the tone more equal and continuous, but make no al-
teration in the tone it gives.  On the contrary, if we
make an. alteration in force of each blow, a diffe-
rent tone will then undoubtedly be excited. The dif-
ference will be fmall, it muft be confeffed; for the tones
of thefe inflexible bodies are capable but of {mall va-
riation ; however, there will certainly be a difference.
The tabke on which we write, for inflance, will return
a different found when firuck with a clob, from what
it did when ftruck only with a fwitch, Thus non-claftic
baglics return a difference of tone, not in proportion
to the {wiftnefs with which their found is repeated, but
in proportion to the greatnefs of the blow which pro+
duced it 3 for in two equal non-elaftic bodics, that body
produced the deepell tone which was ftruck by the great-
cll blow. , :

We now then come to a eritical queflion, What
is it that produces the diffcrence of tone in two claftic
founding bells or firings ! Or what makes onc deep and
the other fhrll? This queftion has always been hitherto

Vou. L. Part I

anfwered by faying, that the depth or height of the
note proceeded
times of the vibrations, The flowelt vibrations, it has
been faid, are qualified for producing the deepeflt tones,
while the fwiftelt vibrations produce the higheft tones.
In this cafe, an effeét has been given for a caufe. It is
in faét the force with which the founding flring ftrikes
the air when ftruck upon, that makes the true diftine.
tion in the tones of founds. It is this force, with great-
er or tefs impreflions, refembling the greater or lefs force
of the blows upon a non-elaftic body, which produces
correfpondent affeétions of found. The greatelt forces
produce the deepelt founds: the high notes are the efv
feét of fmall efforts.  In the fame manner a bell, wide
at the mouth, gives a grave found ; but if it be very
maffy withal, that will render it flill graver; bit if
mafly, wide, and long or high, that will make the tone
deepelt of all.

Thus, then, will elaftic bodies give the deepelt found,
in proportion to the force with which they ftrike the
air : but if we fthould attempt to increafe their force by
giving them a ftrenger blow, this will be in vain ; they
will (Lill retorn the fame tone ; for fuch is their forma.
tion, that they are fonorous only becaufe they are ela-
ftic, and the zyun:c of this elafticity is not increafled by
our ftrength, as the greatnels of a pendulum’s vibra-
tion will aot be increafed by falling from a greater
height.,

Thus far l;:f the :len th of chords. Now as to the fre-
quency with which they vibrate the de tones, it
bas been found, from the nature of dliﬁ?;i:ings, that
the itrings have the wideft vibrations, and con-
fequently go backward and forward floweft ; while, on
the contrary, the fhorteft Ihinss vibrate the quickeft,
or come and go in the fhorteflt intervals. From hence
thofe who have treated of founds, have afferted, as was
faid before, that the tone of the ftring depended upon
the keegth or the fhortnefs of the vibrations. This,
however, is not the cafe, One and the fame firing,
when ftruck, muit always, kike the fame pendulum, re-
turn precifely fimilar vibrations ; but it is well known,
that one and the fame ftring, when ftruck upon, ‘does
not return precifely the fame tone : fo that in
this cafe the vibrations follow one rule, and the tone
another, The vibrations muft be invariably the fame
in the fame ftring, which does not return the fame tone
invariably, as is well known to muficians in gencral. In
the violin, for inftance, they can eafily alter the tone of
the flring an oftave or cight notes higher, by a fofter
method of drawing the bow ; and fome are known thus
to bring out the moft charming airs imaginable. Thefe
peculiar tones are by the Engiith fiddlers called Aufe-
notes.  The only reafon, it has been alleged, that can
be afligned for tIlc fame ftring thus returning different
tones, muft certainly be the different foree of its ftrokes
upon the air, In one cafe, it has double the tone of
the other; becaufe upon the {oft touches of the bow,
only half its elafticity is put into vibration,

This being underftood (continue the authors of
this theory), we fhall be able clearly to account for
many things relating to founds that have hitherto
been incxplicable, Thus, for inftance, if it be afk-
ed, When two ftrings are firetched together of equal
lengths, tenfions, and thicknefs, how does it happen,
that one of them Leing ftruck, and made to vibrate

L ﬂlﬂ)ughﬁul,

the flownefs or {wiftnefs of the Theeties of
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Different _throughout, the other fhall vibrate throughout alfo?
st “the anfwer is obvious: The force that the ftring ftruck
femm e FECEIVES i§ cOmmunicated to the air, and the air com-
municates the fame to the fimilar firing ; which there-
fore receives all the force of the former; and the force
being equal, the vibrations muft be fo too. Again,
put the queltion, If ome ftring be but half the length
of the other, and be ftruck, how will the vibrations
be ! The anfwer is, The longeft firing will receive all
the force of the firing half as long as itfelf, and there-
fore it will vibrate in proportion, that is, through half
its leagth, In the fame manner, if the longeft ftring
were three times as long as the other, it would only
vibrate in a third of its length ; or if four times, in a
fourth of its length., In fhort, whatever force the
{maller ftring imprefles upon the air, the air will im-
prefs a fimilar force upon the longer ftring, and par-
tially excite its vibrations.
From hence alfo we may account for the caufc of
ofe charming, melancholy gradations of found in the
Eolian lyre 5 an inftrument (fays Sir John Hawkins)
Iately obtruded upon the public as a new invention,
* Vide Kir- though defcribed above a century ago by Kircher *.
sy M- This inftrument is eallly made, being nothing more
ix &% Y% than a long narrow box of thin dale, about 30 inches
long, § inches broad, and 1} inches deep, with a cir-
cle in the middle of the upper fide or belly about 1}
inch diameter, pierced with fmall holes. On Jﬁn fide are
feven, ten, or %accmdin to Kircher) fifteen or more
ftrings of very fine gut, %lrctchcd over bridges at each
end, like the bridge of a fiddle, and ferewed up or re-
laxed with fcrew-pins (8).  The flrings are all tuned
to one and the fame note ; and the infirument is placed
in fome current of air, where the wind can brufh over
its ftrings with freedom. A window with the fath
juft raifed to give the air admiffion, will anfwer this
purpofe exactly. Now when the entering air blows
wpon thefe ftrings with different degrees of force, there
will be excited different tones of found ; fometimes the
blaft brings out all the tones in full concert ; fometimes
it finks them to the fofteft murmurs ; it feels for cn;?
tone, and by its gradations of flrength folicits thofe
gradations of found which art has taken diffcrent me-
thods to produce.

It remains, in the laft place, to confider (by thia
theory) the loudnefs and lownefs, or, as the muficians
fpeak, the firength and foftnefs of found. In vibra-
ting elaftic firings, the loudaefs of the tone is in pro-
portion to the deepnefs of the note; that is, in two
ftrings, all things in other circumitances alike, the
deepett tone will be loudeft. In mufical inflruments
upon a differeat principle, as in the violin, it is other-
wife ; the tones are made in fuch inftruments, by a
uumber of fmall vibrations crowded into one ftroke,
The rofined bow, for inftance, bdng drawn along a
firing, its roughneffes catch the firing at very fmall
intervals, and excite its vibrations. In this inftrument,
therefore, to excite loud tones, the bow muft be drawn
quick, and this will produce the greateft number of vi-
brations. But it muft be obferved, that the more
quick the bow pafles over the ftring, the lefs apt will

10
EolisnLyre,
See Plate L th
fg. 3.
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the roughnefs of its furface be to touch the ftring at Different
every inftant ; to remedy this, therefore, the bow muilT“‘:l:"" of
be prefled the harder as it is drawn quicker, and thus )
its fulleft found will be brought from the inftrument,
If the fwiftnefs of the vibrations in an infirument thus
rubbed upon, exceed the force of the deeper found ia
another, then the (wift vibrations will be heard at a
greater diftance, and as much farther off as the fwiftnefs
1 them exceeds the force in the other, 1

By the fame theory (it is alleged) may all the phe-The narure
nomena of mufical founds be eafily explined.—The fa- of Muifical
bles of the ancients pretend, that mufic was firft found Soerds -
out by the beating of diffcrent hammers upon Lhcc:,;[i‘;g =
fmith’s anvil. Without purfuing the fable, let us en-the fame
deavour to explain the nature of mufical founds by = theery.
fimilar mctl::z Let us fuppofe an anvil, or feveral fi.
milar anvils, to be flruck upon by feveral hammers of
different weights or forces. The hammer, which is
double that of another, upon firiking the anvil will
duce a found double that of the other : this double
found muficians have agreed to call an Odtave. The
ear can judge of the difference or refemblance of thefe
founds with great cafe, the numbers being as one and
two, and therefore very readily compa Sappofe
that an hammer, three times lefs than the firll, ftrikes
the anvil, the found produced by this will be three
times lefs than the firft : fo that the car, in judging the
fimilitude of thefe founds, will find fomewhat more
difficulty ; becaufe it is not fo ealy to tell how often
one is contained in three, as it is to tell how often it
is contained in two, Again, fuppofe that an hammer
four times lefs than the firft firikes the anvil, the ear
will find greater difficulty ®ill in judging precifely the
difference of the founds ; for the difference © num-
bers four and one cannot fo foon be determined with
precifion as three and one. If the hammer be five
times lefs, the difficulty of judging will be itill greater.
If the hammer be fix times I:E the difficulty ftill in-
creafes, and fo alfo of the feventh, infomuch that the
car cannot always readily and at once determine the
precife gradation. Now, of all comparifons, thofe
which the mind makes moft cafily, and with leaft la-
bour, are t.b:hmttll pleafing. :'here is a certain re-
gularity in the human foul, by which it finds happi-
nefs in exat and ftricking, unzuﬁ}y-made compari-
fons.  As the ear is but an inftrument of the mind, it
is therefore moft fed with the combination of any
two founds, the differences of which it can moft rea-
dily diftinguifh. It is more pleafed with the concord
of two founds which are to cach other as one and two,
than of two founds which are as one and three, or one
and four, or one and five, or one and fix or feven. Up-
on this pleafure, which the mind takes in comparifon,
all harmony depends. The variety of founds is infi-
nite ; but becaufe the ear eanmot compare two founds
fo as readily to diftinguith their diferiminations when
they exceed the proportion of one and feven, muficians
have been content to confine all harmony within that:
cor‘lilpafu, and allowed but feven notes in mufical com-

tion.
chet us now then fuppofe a ftringed inftrument fitted:
. up

(») The figure reprefents the inftrument with
ind the two-outermolt oftaves below them.

ten chords ; of which fome dire@ only eight to be tuned unifons,
But this fecms not to bs material

Revista ECOS ISSN 2697-2913 Afio1 N°2 Julio — Diciembre 2020



X g AT T8 83
muficians now confefs, that inflead of onme tone it ac- Of Mufical
tually returns four tories, and that conftantly. The Sounds.

Ch.L
Of Muficalup in the order mentioned above. For inflance : Let

Sounds. the firft ftring be twice as long as the fecond ; let the

third ftring be three times fhorter than the firft ; let the
fourth be four times, the fifth firing five times, and
the fixth fix times as fhort as the firlt. Such an in-
ftrument would probably give us a reprefentation of
the lyre as it came firft from the hand of the inven-
tor. This inftroment will give us all the feven notes
following each other, in the order in which any two
of them will accord together moft pleafingly ; but yet
it will be a very inconvenient and a very difagree
inftrument : inconvenient, for in a compafls of feven
frings only, the firlk mult be feven times as long es
the laft ; and difagrecable, becaufe this firlt ftring will
be feven times as loud alfo ; fo that when the toncs are
to be played in a different order, loud and foft founds
would be intermixed with moft difgufting alternations.
In order to improve the firlt infltrument, therefore,
- fucceeding muficians very judicioufly threw in all the
other ftrings between the two firft, or, in other words,
between the two O&taves, giving to each, however, the
fame proportion to what it would have had in the firt
natural inftrument. This made the inftrument more
portable, and the founds more even 2nd pleafing. They
therefore difpofed the founds between the O&tave in their
natural order, and gave each its own propertional di-
menfions, Of thefe founds, where the proportion be-
tween any two of them is moft obvious, the con
between them will be moft plealing. Thus Oétaves,
which are as two to one, have a moft harmonious effet ;
the fourth and fifth alfo found f{weetly together, and
they will be found, upon calculation, to bear the fame
proportion to cach viber that Oftaves do, Letit
& not be fuppofed (fays Mr Saveur), that the mufical
& feale is merely an arbitrary combination of founds ;
& it is made up from the confonance and differences of
% the parts which compofe it. Thofe who bave oftcn
¢ heard 2 fourth and fifth accord together, will be
& paturally led to difcover their difference at once ; and
& the mind unites itfelf to their beautics.” Let us then
ceafe to afign the coincidences of vibrations as the caufc
of harmony, fince thefe coincidences in two flrings vi-
brating at different intervals, muft at beft be but for-
tuitous ; whereas concord is always pleafing. The true
caufe why concord is pleafing, muit arifc from our power,
in fuch a cafe, of meafuring more cafily the differences
of the tones. In proportion as the note can be mea-
fured with its funcramenul tone by large and obvious
diftinétions, then the concord is moft plcaﬁng ; on the
contrary, when the ear meafures the difcriminations of
two tones by very fmall parts, or cannot meafure them
at all, it lofes the beauty of their refemblance: the
whole is difcord and pain (c).

But there is another property in the vibration of a
mufical ftring not yet taken notice of,and which is alleged
to confirm the foregoing theory. Ifwe ftrike the flnng
of an harpfichord, or any other elaftic founding chord
whitever, it returns a continuing found. This till of
late was confidered as one fimple uniform tone ; but all

notes arey befide the fundamental tone, an oftave above,
a twelfth above, and a feventeenth, One of the bafs-
notes of an harpfichord has been diffeéted in this man-
ner by Rameau, and the a&tual exiftence of thefe tones
Frov:d beyond a poflibility of being controverted.  In
aét, the experiment is ecafily trinj 3 for if we fmartly
firike one of the lower keys of an harpfichord, and
then take the finger brifkly away, a tolerable ear will be
able to diftinguifh, that, after the fundamental tone has
ceafed, three other fhriller tones will be diftinétly heard;
firlt the oave abave, then the twelfth, and laftly the
{eventeenth : the otave above is in general almoft mix~
ed with the fundamental tone, fo as not to be eafily per-
ceived, except by an car long habituated to the minute
difcriminations of founds. So that we may oblferve,

that the fmalleft tone is heard lait, and the deepeft and-

largeft one firft : the two others in order.

In the whole theory of founds, nothing has given
greater room for fpeculation, conjeéture, and difap-
pointment, than this amazing property in elaftic frings.
The whole ftring is univerf-lf;r acknowledged te be in
vibration in all its yet this fingle vibration re-
turns no lefs than four different founds. They who
account for the tones of ftrings by the number of their
vibrations, are here at the greateft lofs.  Daniel Ber-
nouilli fuppofes, that a vibrating flring divides itfelf
into a number of curves, each of which has a peculiar
vibration ; and though they all fwing together in the
common vibration, yct each vibrates within itfelf. This
opinion, which was fupported, as moft geometrical
foseulations are, with the parade of demonitration,
was only born foon after to die. Others have afcribed
this to an elaftic difference in the parts of the air, each
of which, at different intervals, thus reccived different
impreffions from the ftring, in proportion to their ela-
fticity. ‘This is abfurd. If we allow the difference of
tone to proceed from the force, and not the frequency,
of the vibrations, this difficulty will admit of an eafy
folution. Thefe founds, theugh they feem to exiil to-
gether in the ftring, adually follow each other in fue-
ceffion : while the vibration has greateft force, the
fundamental tone is brought forward : the force of the
vibration decaying, the oftave is produced, but almoft
only inftantancoufly ; to this fucceeds, with diminifhed
force, the twelfth ; and, laftly, the feventeenth is heard
to vibrate with great diftinétnefs, while ghe three other
tones are always filent. Thefe founds, thus excited,
are all of them the harmonic tones, whofe differences
from the fundamental tone are, as was faid, ftrong, and
diftinét. On the other hand, the difcordant tones can-
not be heard.  Their differences being but very {mall,
they are overpowered, and in a manner drowned in the
tones of fuperior difference : yet not always neither ;
for Daniel Bernouilli. has been able, from the fame
ftroke, to make the fame flring bring out its harmo-
nic and its difcordant tones alfo (p.) So that frem
hence we may jultly infer,leat every note whatfoever

2 is

. () Tt is certain, thatin proportion to the fimplicit
but this is not to be admitted as the caufe why mu
founds, whofe vibrations either never coincide, or at leaft
the ear.

of relations in found, the ear is pleafed with its combinations ;
ians have confined all harmofy to an oétave. Difcriminated
very rarely, do not only ceale to pleafe, but violemly grate,
Harmony and difcord, therefore, are neither difcriminated by the judgment of hearers, Bor the inflitution

of muficians, but by their own-effential and immutable nature. .
() Vid. Memoires de ' Academie de Berlin, 1753, p- 153+
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Of Mulizlis only a feccefon of tones; and that thofe are moft
Swnds. gidinctly heard, whofe diffcrences are moft cafily per-

ceivable,

"T'o this theory, however, though it has a lphuﬁb!c
uperable

titheprece. APpearance, there are flrung and indeed in
dngtheory, objettions.  The very fundamental prineiple of it is

falfe. No body whatever, whether ehflic or non-cla-
flic, yiclds a graver found by being flruck with a larger
inflrument, unlefls either the founding body, or that
part of it whicli emits the found, is enlarged. In this
cafe, the largelt bodies always retura the graveft
founds,

In fpeaking of elaflic and non-claflic bedies in a mu-
fical feale, we arc not to pulh the dikinétion fo far as
when we fpeak of them philofophically, A body is su-
Jically claflic, all of whole parts are thrown inta vibra-
tions fo as to cmit a found when only part of their fur-
face is lruck.  OF this kind are bells, mufical firings,
and all bodies whatever that arc confiderably hollow.—
Mulical non-claflics are fuch bolies as emit a found
only from that particular place which is fruck : thus,
a table, a plate of iton mailed on wood, a bell funk
in the carth, are all of them non-claftics in a mufical
fenle, though not philofophically fo. When a folid bo.
dy, fuch as a log of woud, i3 firuek with a fwitch, only
that part of it emits a found which comes in contatt
with the fivitch ; the note is acute and loud, but would
be no lefs fo though the adjacent parts of the log were

removed. If, inflead of the fwitch, a heavier or lar-
er inftrument is made ufe of, a larger portion of its
urface then retums a found, and the note is confe.
quently more grave; but it would not be fo, if the
large inftrument fluck with a tharp edge, or a furface
only equal to that of the {fmall one.

fn founds of this kind, where there is only a fiagle
thwack, withont any repetition, the immediate caufe of
the gravity or acutenefs fcems to be the quantity of air
difplaced by the founding body ; a large quantity of
air difplaced, produces a grave found, and a fmaller
quantity & more acute one, the force wherewith the air
is difplaced fignifying very little.—What we hear ad-
vance is confirmed by fome experiments made by Dr
Priclley, concerning the srafical tone of cleérical dil-
charges. The paffage being curious, and not very long,
we fhall here tranfenbe it

“ As the courfe of my experiments has requirad a
great variety of cle@rical explofions, I could not help
cbferving a great variety in the mufical tone made by
the reports.  This excited my curiofity to attempt to
reduce this variation to fome meafure.  According-

, by the help of a couple of fpincts, and two

ons who had good ears for mufic, I endeay to
alcertain the tonc of fome ele&rical dtﬁ.'hnr.gn ; and
obferved, that every difcharge made feveral firings, par-
ticularly thofe that were chords to one another, to vi-
brate: but one note was always predominant, and
founded after the refl.  As every explofion was repeat-
ed feveral times, and three of us feparately took the
fame note, there remained no doubt but that the tone
we fixed upon was at lealt very near the true one. The
refult was as follows :

s A jar containing half a fquare foot of coated glafs
founded T f(harp, concert pitch.  Another jar of a dif-
ferent form, but cqual furface, founded the fame.

“ A jar of three fquare fect fouaded C below F

3
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fharp. A battery confifling of fixty-four jurs, eachOf Mafical

containing half a fquare foot, fonnded T below the C,

Scunde,

« The fame battery, in conjunétion with another of ===

thirty-one jars, founded C fharp. So that a greater
quantity ofrgud glafs always gave a decper note.

« Diffcrences ia the degree of a charge in the fame
jar made little or no difference in the toae of the ex-
plofion : if any, a higher charge gave rather a dueper
note.”

Thefe experiments fhow us how much the g{zﬁty or
ncutenefs nipgunda depend on the quantity of air put ia
sgitation by the founding body. We know that the
noife of the cedinc cx;:ﬁaﬁun arifes from the retura
of the air into the vacuum produced by the elétric
flath. The Lurger the vacunm, the decper was the note :
for the fame reafon, the difcharge of a muwket produ-
ces a more acute note than that of a canncu ; and
thunder is deeper than cither.

Befides this, however, other circnmflanzes concur °

to produce difirent degrees of grasity vr zcutench in
founds. The found of a 1able fruzk wpon with a pleze
of wood, will not be the fame with that prodaced from
a plate of iron fAruck by the fame picce of wood, even
if the blows fhould be exa&ly equal, and the iron per-
feéily kept from vibrating.— Here the fuunds are gene-
rally faid to differ in their degrees of sevtenels, aecord.
ing to the fpecific gravitics or denfitics of the fubfian-
ces which emit them.  Thus gold, which is the moit
denfe of all metals, reterns a much graver found than
filver ; and metnlline wires, which are more denle than
therms, return a proportionably greater found.—DBat
neither does this appear to hz a generz] rule in which
we can put confidence. Dell-metzl is denfer than eo
per; but it by no means appears to yield a graver found ;
on the contrary, it feems very probable, that copper
will give a graver found than bell-metal, if both are
firuck upon in their non-elaftic ftate; and we can b
no means think that a bell of pure tin, the leaft dcnl{
of all the metals, will give a more acute found than
one of bellsmetal, which is greatly more denfe.—1In
fome badics hardnefs feems to have a confiderable of-
fe@.  Glals, which is confiderzbly harder than aay
metal, gives a more acute found ; bell-metal is harder
than gold, lead, or tin, and therefore fouads much
more acutely ; thoegh how far this holds with regard
to different fubilances, there are not 2 fufficient number
of experiments for us to judge.

In bodies mufically clattic, the whole fubBance vi-
brates with the flizhtet firoke, and therefore thev zl-
ways give the fame note whether they are firuck with
a large or with a fmall inflrement : fo that firiking a
part of the furfoce of any body mufically claflic is ¢-

nu‘?lem, in ity to firiking the whole furfice of a nore
cluflic one.  IF the whole furface of a table was fruck
with another table, the note produced would be seither
more nor lefs zeute whatever furce was employed ; be.
caufe the whale furface would then yield & found, 2ad
no foree could increafe the furface : the found would
indeed be lowder in proportion to the force employed,
but the gravity would remain the fame.  In like maa.
ner, when a hell, or mufical flring, is flonck, the whele
fublanee vibrates, and a greater (broke caunot increafe
l'l't fubflznce.— Henee we fee the fallacy of what iv
faid concerning the Pythagorean amvils. "An anvil is
a body mufically elaflic, and no differvnze in the tone
, €30
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Of Mufical can be perceived whether it is firuck with a large, or

Sounds,

® 8ee Har-than
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with a fmall hammer; becaule either of them are fuf-
ficient to make the whole fubftance vibrate, provided
nothing but the anvil is ftruck upon : fmiths, however,
do not ftrike their anvils, but red-hot iron laid upon
their anvils ; and thus the vibrations of the anvil are
ftopped, fo that it becomes = non-elaftic body, and the
differences of tone in the ftrokes of different hammers
proceed only from the furface of the Jarge hammers
covering the whole furfuce of the irom, or at leaft a
greater part of it than the fmall ones. ' TF the fmall
hammer is fufficient to cover the whole furface of the
iron as well as the large ong, the note produced will be
the fame, whether the lar, - or the fmall hammer is ufed.

Laftly, The argument for the preceding theory,
grounded on the produétion of what are called fufe-
notes on the violin, is built on a falfe foundation ; for
the bow being lightly drawn cn an open firing, pro-
duces no fute-notes, but only the harmonies of the note
to which the flring is tuned. The fute-notes are pro-
duced by a particular motion of the bow, quick and
near the bridge, and by fingering very gently, By
this management, the fame founds are produced, tho’
at certain intervals only, as if the vibrations were tranf-
ferred to the fpace between the end of the finger-board
and the finger, inftead of that between the finger and
the bridge. Why this fmall part of the ftring thoukd
vibrate in fuch a cafe, and not that which s under the
immediate aétion of the bow, we mult own ourfelves
ignorant : nor dare we affirm that the vibrations really
are transferred in this manner, only the fame founds
are ”Emduccd as if they were.

Though thefe ubjeltions feem fulicienily to over-
turn the foregoing theory, with regard to acute founds
being the effeéts of weak ftrokes, and grave ones of
ftronger impulfes, we cannot admit that longer or
fhorter wibrations are the oceafion of gravity or a-
cutenels in found, A mufical found, however length-
ened, cither by ftring or bell, is only a repetition of a
fingle one, whofe duration by itfelf is but for a mo-
ment, and is therefore termed imappretiable, like the
fmack of a whip, or the explofion of an eletrical bat-
tery, The continuation of the found is nothing more
than a repetition of this inftantaneous inappretiable
noife after the manner of an echo, and it is only this
echo that makes the found agreeable. For this reafon,
mufic is much more when played in a Jarge
hall where the found is reverberated, than in a fmall
room where there i no fuch reverberation.  For the
fame reafon, the found of a ftring is more agreeable
when put on a hollow violin than when faftened to
a plain board, &c.—In the found of a bell, we cannot
avoid obferving this echo very diftin@tly. The found
appears to be made up of diftin& pulfes, or repetitions
of the fame note produced by the ftroke of the hammer.
It tan by no means be allowed, that the note would be
more acute though thefe pulfes were to fucceed one
another more rapidly ; the found would indeed become
more frmple, but would fill preferve the fame tone.—
In mufical firings the reverberations are vallly morc
quick than in bells ; and therefore their found 15 more
wniform or fimple, and confequently more ble
that of bells. In mufical glaffes*, the viEr:tiom
muft be inconceivably quicker than in any bell, or
firinged inftrument : and bence they are of all others

L]

the moft fimple and the moft agreeable, though neither
the moft acute nor the loudeft.—As far as we can
judge, quicknefs of vibration contributes to the unifor-
mity, or fimplicity, but not to the acutenefs, nor to
the loudunefs, of a mufical note,

It may here be objeéted, that cach of the different
pulfes, of which we obferve the found of a bell to be
compofed, is of a very perceptible length, and far from
being inftantaneous ; fo that it is not fair to infer that
the Emnd of a bell is only a repetition of a fingle inftan-
taneous firoke, fccing it 15 cvidently the repetition of a
lengthened note.—T'o this it may be replied, that the in-
appretiable found which is produced by itriking a bell
in a non-elaflic flate, is the very fame which, being firft
P ted round the bell, forms one of thefe fhort
pulles that is afterwards re-echoed as long as the vibra-
tions of the metal continue, and it is impoflible that
the quicknefs of repetition of any found can cither in-
creafe or diminith its gravity.

Cuar. IL. Of the prepagation of Sound. New-
ton's Dofirine explained and vindicated.

Tz writers on found have been betrayed into thefe
difficulties and obfcurities, by rejedting the 47th pro-
polition, B. ii. of Newton, as inconclufive reafoming,
Of this propofition, however, the ingenious Mr Young
of Trinity college, Dublin, has lately given a clear,
explanatory, and able defence. He candidly owns that
the demonitration is obfcurely ftated, antdh takes ';l;; I;;.
berty of varying, in fome degree, from the met

arying,

i. anc 5 On mu aAE BHERTS (ot TwediYIe

vibrate according to the law of a cycloidal pendulum :
for they may be confidered as compofed of an indefi-
nite number of claftic fibres; but thefc fibres vibrate
according to that law. Fide Helfbam, p. 370,

“ g, ing bodies e their motions 6n all
fides iz dirsffum, by fucceflive condenfations and rare-
faétions, and fucceflive goings forward and returnings
‘backward of the particles, Fide prop. 43. B. 2. Neawton,

“ 3. The pulics are thofe parts of the air which vi.
brate backwards and forwards; and which, 'Ib! going
forward, ftrike (pulfant) againt obftacles. The laui-
tude of a pulfe is the re eal fpace through which
the motion of the air is propagated during one vibra-
tion of the founding body.

“ 4. All pulfes move equally faft. This is proved
by experiment; and it is found that they defcribe
1070 Paris feet, or 1142 London feet in a fecond,
whether the found be loud or low, grave or acute.

“ 5. Prob. To determine the latitude of a pulfe.
Divivf: the fpace which the pulfe defcribes in a. given
time (4) by the number of vibrations performed in the
fame time by the founding body, (cor. 1. prop. 24-
Smith's Harmenics), the quotient is the latitude.

¢ M. Sauveur, by fome experiments on organ-pipes,
found that a body, which gives the gravell harmonic
found, vibrates 12 times and a half in a fecond, and
that the fhrilleft founding body vibrates §7.100 times
in a fecond. At a medium, let us take the body which
gives what Sanveur calls his fixed fourd: it performs

100 vibrations in a fecond, and in the fame time the
pulfes deferibe 1076 Parifian feet ; therefore the fpace
deferibed by the pulfes whillt the body vibrutes once,

thas

The parts of all founding bodies, (he obferves)

8."

Propaga-
tion of
Seund,

13

tion of
found.
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Propaga- that is, the latitude or interval of the pulfe, will be
'S‘::na_ 10.7 feet,

s 6. Prob. To find the proportien which the

Plate 1,
fg. 1.

greatelt fhace, through which the particles of the air
vibrute, bears to the radius of a circle, whofe perimeter
is equal to the Jatitude of the pulle. .

“ During the firlt half of the progrefs of the elaftic
fibre, or founding body, it is continually getting near-
er to the next particle; and during the latter half of
its progrefs, that particle is getting farther from the
fibre, and thele portions of time are equal (Helfbam) :
therefore we may conclude, that at the end of the pro-
grefs of the fibre, the firft particle of air will be nearly
as far diftant from the fibre as when it began to move §
and in the fame manner we may infer, that all the par-
ticles vibrate through fpaces nearly equal to that run
over by the fibre.

“ Now, M. Sauveur ( Acad. Scierice, ar. 1700, p.141)
has found by experiment, that the middle point of a
chord which produces his fived found, and whofc dia-
meter is #th of a line, runs over in its fmalleft fenfible
vibrations v’yth of aline, and in its greatell vibrations
72 times that fpace; that is 72X,%th of a line, or
4 lines, that is, 3d of an inch.

¢ The latitude of the pulfes of this fixed found is 10.7
feet (5) ; and fince the circumference of a circle is to
its radius as 710 is to 113, the greateft fpace defcribed
by the particles will be to the radius of a circle, whofe
pr.-riplacr! is equal to the latitude of the pulfe as d of
an inch is to 1.5029 feet, or 20.4348 inches, that is,
as 1 to 61.3044.

“ If thelength of the firing be increafed or diminifh-
ed in any proportion, ceferis paribus, the greateft
fpace defcribed by its middle point will vary in the
fame proportion. For the inflefting force 1s to the
tending force as the diftance of the firing from the
middle point of vibration to half the length of the
fring ( fee Helfbam and Martin) 3 and therefore the
inﬂeg_{;’lg anfh tcnd}in forces being E]ivcn, the ftring
will vibrate thro aces to its i
but the latitude of tllll: pulfgmly as the :ungllltr
of vibrations performed by the firing in a given time,
(5) that is, directly as the time of one vibration, or
directly as the length of the firing (prop. 24. cor. 7.
Smith's Harmonics) ; therefore the i;lrault {pace
through which the middle point of the r;g vibrates,
will vary in the diret ratio of the latitude of the pulfe,
or of the radius of a circle whofe circumference is e-
qual to the latitude, that is, it will be to that radius
as 1 to 61.3044.

« 7, If the icles of the aérial pulfcs, during an
part of their vibration, be fucceflively agitated, accord-
ing to the law of a cycloidal pendulum, the compara-
tive claftic forces arifing from their mutual action, by
which they will afterwards be agitated, will be fuch as
will caufe the particles to continue that motion, accor-
ding to the fame law, to the end of their vibration.

“ Let AB, BC, CD, &ec. denote the equal dil-
ances of the fucceflive pulfes; ABC the direftion
of the motion of the pulfes propagated from A to-
wards B; E, F, G, three phyficel points of the
quiefcent medium, fituated in the right line AC at e-
qual diftances from each other; Er, Ff; Gg the very
fmall cqual fpaces through which thefe particles vi-
brate; ., ¢, » auy intermediate places of thefe points,

Draw the right line PS equal to Ee, bife& it in O,
and from the centre O with the radius O P deferibe
the circle SIP5.  Let the whole time of the vibration
of a particle and its parts be denoted by the circum-
ference of this circle and its proportional parts. And
fince the particles are fuppofed to be at firflt agitated
accarding to the law of a cycloidal pendulum, if at any
time PH, or PHSA, the perpendicular HL or 4/, be let
fall on PS5, and if E¢ be taken equal to PL or P/, the
particle E fhall be found in . Thus will the particle
E perform its vibrations according to the law of a
cycloidal pendulum. Prop. 52. B. 1. Principia.

‘¢ Let us fuppofe now, that the particles have been
fucccffively agitated, according to this law, for a cer-
tain time, by any caufe whatfoever, and let us examine
what will be the comparative elaftic forces arifing from
their mutual action, by which they will afterwards con-
tinue to be agitatﬂl

¢ In the circumference PHS4 take the equal arches
HI, IK in the fame ratio to the whole circumference
which the equal right lines EF, FG have to BC the
whole interval of the pulles; and let fall the per-
pendiculars HL, IM, KN. Since the points E, F, G
are fuceellively agitated in the fame manner, and per-
form their entire vibrations of progrels and regrefs
while the ﬁ;:nlfe is propagated from B to C, if PH be
the time from the beginning of the motion of E, PI
will be the time from the beginning of the motion of
F, and PK the time from the beginning of the motion
of G; and therefore E., Fy, G, will be refpeétively
equal to PL; PM, PN in the progrefs of the particles.
Whence «p or EF4+Fp—E, is equal to EF—LM. But
« is the expanfion of EF in the place ¢, and therefore
this expanfion is to its mean expanfion as EF—LM to
EF, ?:tLMismIHulMinloOP. and TH is
to EF as the circumference PHSS 1s to BC; that 1s,
as OP is to V, if V be the radius of a circle whofe
circumference is BC; therefore, ex wgus, LM is to
EF as IM is to V; and therefore the expanfion of EF
in the place 4 is to its mean fion as V—IM is to
V; and the elaftic force exifting between the phy-
fical points E and F is to the mean elaftic force as

1 . 1
=Mty (Cates Pnzum., Lec?. 9.) By the fame

argument, the claftic force exifting between the phy-
fical points F and G is to the mean elaftic force as

V“'Kﬁ is to 6—; and the difference between thefe

forces is to the mean claftic force as
A M—EN o to X tht i =
Vi V.IM—V.KN+IM.EN v’ )

IM—KN . to & oras IM—KNisto V; if on-

——-‘7;--— 15 to Vs

L]
Iy (upen account of the very narrow limits of the vi-
bration) we fuppofe IM and KN to be indefinitely Jefs
than V. Wherefore, fince V is given, the difference
of the forces is as IM—KN, or as HL—IM (becaufe
KH is bife&ed in I) ; that is, (becanfe HL—IM is
to IH as OM is to Ol or OP, and IH and OP are
glven guantitics) as OM; that is, if Ef'be bife@ed in
i a8 Dg. .

# In the fame manner it may be fhown, that if PHSA
be the time from the beginning of the motion of E,
PHSi will be the time from the beginning of the mo-~
tion of F, and PHS# the time from the beginning dc;f

i -3
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the motion of G ; and that the expanfion of EF in
the place 4 is to its mean expanfion as EF4F;—E,
or as EF-+/m is to EF, or as Vb is to V in its re-
grefs j and ite elaftic force to the mean elaftic force as
Vﬂ;—# is to V-L; and that the difference of the claftic
forces exifting between E and F, and between F and
G is to the mean elaftic force as An—im is to V; that
is, direttly as n.

« But this difference of the elaftic forces, exifting be-
tween E and F, and between F and G, is the com-
parative elaftic force by which the phyfical point o is
agitated : and therefore the comparative accelerating
force, by which every phyfical point in the medium
will continue to be agitated both in progrefs and re-
arefs, will be directly as its diftance from the middle
point of its vibration ; and confequently, will be fuch
as will caufe the particles to continue their motion, un=-
difturbed, according to the law of a cycloidal pen-
dulum, Prep. 38. L 10 Newfon. ¢

« Newton rejeéts the quantity +VXIMFKN+IMx
KN, on fuppofition that IM and KN are indefinitely
lefs than V. Now, although this may be a reafonable
hypothefis, yet, that this quantity may be fafely re-
jeéted, will, I think, appear in a more fatisfattory
manner from the following confiderations derived from
experiment : PS, in its greatelt poflible flate, is to V
as 1 is to 61.3044 (6); and therefore IM or KN, in
its greateft poflible ftate, (that is, when the vibrations
of the body are as as poffible, and the particle in
the middle point of its vibration) is to V as 1 is to
122.6. Hence V':tsogo.76,—vxm=z45.;
and IMXKN=1; thercforc V* is to V'V XIM+
ENFIMXEN as 15.03076 is to 14786.565 that is,
as 61 is to 6o nearly.

-4 Hencsé it appears, that the greateft error
in the accelerating force, in the middle point, is the
s'rit part of the whole. In other points it is much
lefs; and in the extreme points the error entirely va-
githes.

# We fhould alfo obferve, that the ordinary founds
we hear are not produced by th;ogrmdl poffible vi-
brations of which the founding body is capable; and
that in general IM and KN are nearly evancicent with
refpect to V. And very probably the difagreeable fen-
fations we feel in very loud founds, arife not only from
IM or KN bearing a fenfible proportion to V, by which
means the cycloidal law of the pulfes may be in fome
meafure difturbed, but alfo from the law of the
motion of the fou.ndinF body itfelf heing difturbed,
For, the proof of this law's being obferved by an e
laftic fibre is founded on the hypothefis that the fpace,
through which jt vibrates, is indefinitely little with re-
fpoét to the length of the ftring. See Smifd's Har-
monics, p. 237, Helbam, p. 270.

« 8, If a particle of the medium be agitated, ac-
cording to the law of a cycloidal pendulum, the com-

rative elaflic force, afting on the adjucent particle,
IE:um the inftant in which it begins to move, will be
{uch as will caufe it to continuve its motion according
to the fame law.

“ For let us f:go[e, that three particles of the me-
dium had continued to move for times denoted by the
arches PK, PI, PH, the comparative claftic force,

ating
would have been denoted by HL—IM, that is, would
have been dire@ly as MO (7). And if this time be
diminifhed till I becomes coincident with P, that is, if
you take the particles in that ftate when the fecond is
jult beginning to move, and before the third particle

s yet been fet in motion j then the point M will fall
on P, and MO become PO; that is, the comparative
elaftic force of the fccond particle, at the inftant in
which it begins to move, will -be 1o the force with
which it is agitated in any other mement of tim:, be-
fore the fubfequent particle has yet been fet in motion,
direétly as its diftance from the middle point of vibra-
tion. Now this comparative elaftic force, with which
the fecond particle is agitated in the very moment in
which it begins to move, arifes from the preceding
particle’s approaching it according to the law of a pen-
dulum; and therefore, if the preceding particle ap-
proaches it in this manner, the force by which it wall
be agitated, in the very moment it begins to mave,
will be exaétly fuch as hould take place in order to
move it according to the law of a pendulum. Tt there-
fore fcts out according to that law, and confequently
the fubfequent elaftic forces, generated in cvery fuc-
ceffive moment, will alfo contmue to be of the jult
magnitade which fhould take place, in order to produce
fuch a motion.

« g, The pulfes of the air are propagated from
founding bodies, according to the law of a cycloidal

87

on the fecond durinﬁ the time of its motion, P;opa_n-
00
1 Sound,

- —

pendulum. The point E of any elaftic fibre pro-Plate L
ducing a found, may be confidered as a particle of 87+

air vibrating according to the law of a pendulum (1).
This point E will therefore move according to this
law for a certain time, denoted by the arch IH, before
the fecond particle ins to move ; for found is pro-
in time through the fueceffive particles of air
4): Now from that inftant, the comparative claitic
which ;Elimu F, i3 (B) diredtly as its diftance
frofn the middle point of vibration. F therefore fets
out with a motion according to the law of a pendulum:
and therefore the comparative elaitic force by which it
will be agitated until G begins to move, will continue
that law (8). Confequently F will approach G in the
fame manner as E approached F, and the comparative
claftic foree of G, from the inftant in which it begins
to move, will be directly as its diftance from the middie
point of vibration ; and fo en in fuccefon. Therefore
all the particles of air in the pulfes fucceflively fet out
from their proper places according to the law of a pen-
dulum, and therefore (7) will finilh their entire vibra-
tions according to the fame law.

% Cor. 1. The number of pulfes propagated is the
fame with the number of vibrations of the tremulous
body, nor is it multiplied in their progrefs: becaufe
the Tittle phyfical line ry, (#z.7.) as foon as it returns
to its proper place, will there quefce ; for its velocity,
which is denoted by the fine IM, then vanifhes, and its
denfity becomes the fame with that of the ambient me-
dium, 'This line, therefore, will no longer move, un-
lefs it be again driven forwards by the irr:rulfe of the
founding body, or of the pulfes propagated from it.

¢ Csr. 2. In the extreme pomnts of the little fpace
through which the particle vibrates, the expanfion of
the air is in its natural ftate ; for the expanfion of the
phyfical line is to its natural expanfion as V +IM is

to
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“ Suppofe, now, that the &rin%s AB, CD, (fig.2, Propags=
3.) differ in leagth only. The force infle@ing AB o0 of

88 .
Propags- 1o V3 but IM is then equal to nothing. In the middle
tion of it of the progrefs the condenfation is greateft; for

Sound,

Soind IM is then greateft, and eonfequently the expanfion
V—IM leat. In the middle of the regrefs, the rare-
fation is greateft ; for i, and confequently Vim, is
then greateft, )

¢ 1o, To find the velocity of the pulfes, the den-
fity and elaftic force of the medium being given.

« This is the 4gth prop. D. 2. Newton, in which he
fhows,-that whillt a pendulum, whofe length is equal
to the height of the homogeneous atmofphere, vibrates
once forwards and backwards, the pulfes will deferibe
a fpace cqual to the periphery of a circle deferibed with
that altitude as its radius.

& Cor. 1. He thence fhows, that the velocity of the
pulfes is equal to that which a heavy body would ac-
quire in falling down half the altitude of that homoge-
neous atmofphere ; and thercfore, that all pulfes move
equally fait, whatever be the magnitude of P'S, or the
time of its being defcribed 3 that is, whether the tone
be loud or low, grave or acute. See Hales de Somisy
5‘;? Cor. 2. And alfo, that the velocity of lh.e pulies
is in a ratio compounded of the dire&t fubduplicate ra-
tio of the claftic force of the medium, and the inverfe
fubduplicate of its denfity. Hence founds move fome-
what fafter in fummer than in winter. See Hales de
Somis, p. 1410, o

« y1. The firength of a tone is as the moment of
the particles of air. The moment of thefe particles,
(the medium being given) is as their velocity ; and the
velocity of thefe particles is as the velocity of the ftring
which fets them in mntioa(%z. “The velocities of two
different ftrings are equal when the {paces which they
deferibe in their vibrations are to each other as the
times of thefc vibrations : thercfore, twe different tones
are of equal ftrength, when the fpaces, through which
the ftrings producing them vibrate, are directly as the
times of their vibration.

“ y3.' Let the h of the tones of the two
flrings AB, CD, which differ in teni’u_.m only (fig-1,
2.) be equal. Quere the ratio of the infleéting forces
T and £ From the hypothefis of the equality of the
ftrength of the tones, it follows (1 1), that the fpace
GE muit be to the fpace HF as £ to Fx, (Swith's
Harm. Prop. 24. Cor. 4.) Now the forces inflecting
AB, CD throngh the equal fpaces GP.':. HP are to
each other as the lend:;}g forces, that is, as F to f§
( Malcoli’s Treatife on Mafic, p. § 2.) Bu_t the .fnrc.c
inflecting CD through HP is to the force infleting it
through HF as HP or GE to HF, (ib. p. 47.) that s,
by the hyp.as /3 to Fi. Thercfore, ex #qus, the forces
infleting AB and CD, when the tones are cqually
ftrong, are to cach other as FX/ '} to fXFY, or as Fi

through GE isto the tending force, which is given,as

GE to AG; and this tending force is to the force 4 place 11,

inﬁc&ing{CD through the fpace HP equal to GE, as
HD to HP. ‘Therefors, ex eguo, the forces inflefting
AD and CD through the equal fpaces GE and HP,
are to each ether as HD to AG, or as CD to AB.
But the force infleéting CD through HP is to the force
infleéting it through HF, as HP or GE to HT, that
is, becaufe thefe %pacu arc as the times (11), s AD
to CD. Therefore, ex #guo, the forces inflefting AB
and CD, when the tones are equally firong, are to each
other in a ratio of equality. Hence we fhould Tuppofe,
that in this cafe, an equal number of equal impulfes
would generate equally powerful tones in thefe ftrings.
But we are to obferve, that the longer the firing, the
greater, ceteris paribus, is the fpace through which a
given force infleds it (Maloolm) ; and thercfore what-
ever diminution is produced in the fpaces through which
the ftrings move in their fueceflive vibrations, arifing
cither from the want of perfeét clafticity in the flrings,
or from the refiftance of the air, this diminution will
bear a greater proportion to the lefs fpace, through
which the fhorter firing vibrates. And this is confirm-
ed by experiencey for we find that the duration of the
tone and motion of the whole firing exceeds that of any
of its fubordinate parts, Thercfore, after a given in-
terval of time, a greater quantity of motion will remain
in the longer fring ; and confequently, after the fuc
ceflive equal impulfes have been made, a greater degree
of motion will fill fubfift in it. That is, a given num-
ber of equal impulfes being made on various ftrings dif-
fering in lanlh only, a fironger found will be produced
in thas is the longer.

Cuar.lIL Of the Velocity, &ec. of Scund. Axicms.

Exrrriexce has taught us, that found travelsatabout vd:c;, of
the rate of 1142 feet in a fecond, or near 13 miles in 2 found.

minute 3 nor do any obftacles hinder its progrefs, a con-
trary wind only a fmall matter diminifhing its velocity.
The method of calculating its progrefs is eafily made
known., When a gun is difcharged at a diftance, we
fee the fire long re we hear 'Iie found. If then we
know the diltance of the place, and know the time of
the interval between our firft feeing the fire and then
hearing the report, this will fhow us exadtly the time
the found has been travelling to us.  For inftance, if
the gun is difcharged a mile off, the moment the flath is
feen, you take a watch and count the feconds till you hear
the found ; the number of {econds is the time the found
has been travelling a mile.—Again, by the above ax-
iom, we are enabled to find the diftance between ob-

calculat;

jeéts that would be otherwife immeafarable. For “'Dilt:::u

ample, fuppofe you fee the flafh of a gun in the night at cilcalated

fea, and tell feven feconds before you hear the report, by means of *

it follows therefore, that the diftance is feven times 1 1 42 found.

feet, that is, 24 yards more than a mile and a half. In

like manaer, if you obferve the number of feconds be-

tween the lightning and the report of the thunder,

you know the diftance of the cloud from whence it pro-

ceeds, . d
Derham has proved by experience, that all fmmdaﬁl,,{‘:':fh'x:

whatever travel at the fame rate. The found of a guné!‘m.c rate.

an

to /i That is, the forces neceflary to produce tones
of cqual ftrength in various flrings which differ only in
tenfion, are to each other in the fubduplicate ratio of
the tending forces, that is, inverfely as the time of one
vibration, or directly as the number of vibrations per-
formed in a given time. Thus, if CD be the acute
oétave to AB, its tending force will be quadruple that

' of AB, (Malcolm's Treatife on Mujic, p.;‘;s; and
therefore to produce tones of equal firength in thefe
firings, the force impelling CD muft be double that
impelling AB; and fo in other cafes.

N° 3.
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Reverbe- gad the Briking of a hammer, are

24
Whifperin, hemifphere
{.‘ulielry, ’ B (s)ms A
Piate L.

rate

motions; the foftelt whifper flics as !wif y, as far as it

oes, a8 the loudelt thunder.

. .To thefe axioms we may add the following.

9

a0

at

a2

1ig. 3.

as
Speaking-
'fu’“]‘e:.

Big. 4.

Smooth and @ear founds proceed from bodies that
are homagencous, and of an uniform figure ; and harth
or obtule founds, from fuch as are of a mixed matter
and irregular figure.

The velocity of found is to that of a brifk wind as
fifty to one.

The ftrength of founds is greateft in cold and denfe
air, and leaft in that which is warm and rarefied.

Every point againft which the pulfes of found firike,
becomes a centre from which a new feries of pulfcs are
propazated in every diretion.

Sound deferibes equal fpaces in equal times.

Cuar. IV. Of Reverberated Sounds.

Souwsn, like light, after it has been refleéted from
feveral places, may be colleted in one point, as into a
focus ; and it will be there more audible than in any
otltld:xnn, even than at the place from whence it pro-
ce Oa this principle it is that a whifpering gal-

is conftructed.

he form of this %Iﬂery muft be that of a concave

C; and if a low found or whif]

be uttered at A, the vibrations expanding thcmf£
every way will impinge on the points DDD), &e. and
from thence be refleéted to EEE, and from thence to
the points F and G, till at laft they all meet in C,
where, as we have faid, the found will be the molt
diftinétly heard.

Twr augmentation of found by means of fpeaking-
trumpets, 1s ufually illuftrated in the following manuer:
Let ABC be the tube, BD the axis, and B the mouth-
picce for conveying the voice to the tube. Then it is
cvident, when a perfon fpeaks at B in the trumpet, the
whole force of his voice is fpent upon the air contained
in the tube, which will be agitated through the whole
length of the tube; and, by various refleftions from the
fide of the tube to the axis, the air along the middle
part of the tube will be greatly condenfed, and its mo-
smenfum proportionably inc , fo that when it comes
to agitate the air at the orifice of the tube AC, its
force will be as much greater than what it would have
been without the tube, as the furface of a [phere, whofe
radius is equal to the length of the tube, is greater than
the furface of the fegment of fuch a [phere whofe bafe
is the orifice of the tube, For a perfon fpeaking at B,
without the tube, will have the force of his voice fpent
in exciting concentric fuperficies of air all around the
point B; and when thofe fuperficies or pulfes of air arc
diffufed as far as D cvery way, it is plain the force of
the voice will there be diffufed through the whole fu-
perficies of a fphere whofe radius isBD; but in the trum-
pet it will be fo confined, that at its exit it will be dif-
fufed through fo much of that {pherical {urface of air
as correfponds to the orifice of the tube. But fince the
force is grive, its intenfity will be always inverfely as
the number of payticles it bas to move ; and therefore

Vou. L. Part L '

ACOUSTTIQGCS

fwiftin their in the tube it will be to that without, as the fuperficies R

89

everhes
rated

of fuch a fphere to the wra of the large end of the tube gciira,

pearly.

But it is obvious, Mr Young abferves, that the con-
finement of the voice can have little effe& in increafing
the fkrength of the found, as this ftrength depends on
the velocity with which the particles move. Were this
reafoning conclufive, the voice fhould iffue through the
fmalleft poffible orifice; cylindrical tubes would be pre-
ferable to any that increafed in diameter; and the lefs
the diameter, the greater would be the effeét of the in-
firument ; becaufe the plate or mafs of air to be moved,
would, in that cafe, be lefs, and confequently the effect
of the voice the greater ; all which is contradiGted by
expericnce.

The caufe of the increafe of found in thefe tubes
muft therefore be derived from fome other principles :
and amongft thefe we fhall probably find, that what the
ingenious Kircher has fuggefted in his Phonurgia is the
maofl deferving of our attention. He tells us, that * the
augmentation of the found depends on its refleétion from
the tremulous fides of the tube ; which refletions, cone
fpiring in propagating the pulfes in the fame dircétion,
muit increafe its intenfity.” Newton alfo feems to have
confidered this as the principal caufe, in the fcholium
of prop. 5o. B. 2. Princip. when he fays,  we hence
fee why founds are fo much increafed in ftentorophonic
tubes, for every reciprocal motion is, in cach return,
increafcd by the generating caufe.

Farther, when we {peak in the open air, the effe&
on the tympanum of a difltant auditor is produced mere-
Jy by a fingle pulfe. But when we ufe a tube, all the
pulfes propagated from the mouth, except thofe in the
direction of the gxis, firike againft the ﬁfea of the tube,
and every point of impulle becoming a new centre, from
whenee the pulfes are propagated in all direétions, a

will amve at the car from each of thofe points ;
thus, by the ufe of a tube, a greater number of pulfes
are propagated to the car, and confequently the found
increafed. The confinement too of the voice may have
fome cffe@, though not fuch as is afcribed to it by
fome ; for the condenfed pulfes produced by the naked
yoice, freely expand every way ; but in tubes, the late-
ral expanfion being diminifhed, the direé@ expaniion will
be increafed, and confequently the velocity of the par-
ticles, and the intenfity of the found. The fubitance
alfo of the tube has its effect ; for it is found by expe-
riment, that the more elaitic the {ubflance of the tube,
and confequently the more fufceptible it is of thefe tre-
mulous motions, the ftronger is the found.

If the tube be laid on any non-elaftic fubftance, it
deadens the found, becaufe it prevents the vibratory
mation of the parts. The found is increafed in fpeaking-
trumpets, if the tube be fufpended in the air ; becau?e
the agitations are then carried on without interruption.
Thefe tubes fhould increafc in diameter from the mouth-
piece, becaufe the parts, vibrating in direftions perpen-
dicular to the furface, will confpire in impelling for-
ward the particies of air, and confequently, by increa
fing their velocity, will increale the intenfity of the
found : and the furface alfo increafing, the number of
points of impulle and olf[ new- propagations will increafe

pro-

(&) A eylindric or elliptic arch will anfwer 11l better than one that is circular.
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Reverbe- Proportionaﬂy. The f{everal canfes, therefore, of the

Sounds,

Echoes.

mcreafe of found in thefe tubes, Mr Young concludes
to be, 1. The diminution of the lateral, and confe-
quently the increafe of the dired, expanfion and velo-
city of the included air. 2. The increafe of the num-
ber of pulfes, by increafing the points of new propaga-
tion, 3. The reflections of the pulfes from the tremu-
lous fides of the tube, which impel the particles of air
forward, and thus increafe their velocity.

Anx echo isa reflection of found ftriking againft fome
objed, as an image is reflected in a glafs : but it has
been difputed what are the proper qualities in a body
for thus refleéting founds, It is in general known, that
caverns, grottocs, mountains, and ruined buildings, re-
turn this image of found. We have heard of a very ex-
traordinary echo, at a ruined fortrefs near Louvain, in
Flanders. If a perfon fung, he only heard his own
vpice, without any repetition: on the contrary, thofe
who ftood at fome diftance, heard the echo but not the
voice ; but then they heard it with furprifing varia-
tions, fometimes louder, fometimes fofter, now more
near, then more diftant. There is an account in the
memoirs of the French academy, of a fimilar echo near

ouen.

As (by n® 21 and 22) every point againft which the
pulfes of found ftrike becomes the centre of a new fe-
ries of pulfes, and found deferibes equal diftances in
equal times ; therefore, when any found is propagated
from a centre, and its pulfes firike againft a variety of
obftacles, if the fum of the right-lines drawn from that
point to each of the obftacles, and from each obftacle
to a fecond point; be equal, then will the later be a
point in which an echo will be heard. ¢ Thus let A
be the point from which the found is p d in all
direétions, and let the polles firike againft the obfta-
clesC, D, E, F, G, H, 1, &c: each of thefe points
becomes a new centre of pulfes by the firlt principle,
and therefore from each of them one feries of pulfes will
pals through the point B. Now if the feveral fums of the
right lines AC4+CB, AD+DB, AE+EB, AG+GB,

+HB, AT+1IB, &c. be all cqual to each other,

it is obvious that the pulfes propagated from A to thefe
points, and again from thefe points to B, will all ar-
rive at B at the fame inftant, according to the fecond
rinciple ;. and therefore, if the hearer be in that point,
}:1'3 ear will at the fame inftant be ftruck by all thefe
pulfes. Now it appears from cxperiment ( fre Mufchen-
brock, V. ii. p. z:o), that the ear of an exercifed mu-
fician can only diftinguith fuch founds as follow one
another at the rate of g or 10 in a fecond, or any flow-
er rate: and therefore, for a diftin& perception of the
direét and refletted found,. there fhould intervene the
interval of -:’th of a fecond ; but in this time found
defcribes 2225 or 127 feet nearly.  And thercfore,
unlefs the fum of the lines drawn from each of the ob-
ftacles to the points A and B exceeds the interval AB
by 127 feet, no echo will be heard at B. Since the
feveral fums of the lines drawn from the obflacles to
the points A and B arc of the fame magnitude, it ap-
pears that the curve paffing through all the points C,
D, E, F, G, H, 1, &c. will be an ellipfe, ({mp. 14
B. 2. Ham. Cop.) Hence all the points of the obfta-
cles which produce an echo, muft lie in the furface of
. 3

the oblong fpheroid, generated by the revolution of
this ellipfe round its major axis.

 As there may be feveral fpheroids of different
magnitudes, {o there may be feveral different echoes of
the fame original found, " And as there may happen to
be a greater number of reflecting points in the furface’
of an exterior fpheroid than in that of an interior, a
fecond or a third echo may be much more powerful
than the firll, provided that the fuperiot number of re-
fle€ting points, that is, the fuperior number of reflcc-
ted pulfes propagated to the ear, be more than fuffi-
cient to compenfate for the decay of found which a-
rifes from its being propagated through a greater [pace.
This is fincly illuflrated in the celebrated echoes at the
lake of Killarney in Kerry, where the firft return of
the found is much inferior in ftrength to thofe which
immediately fucceed it..

¢ From what has been laid down it appears, that for
the moft powerful echa, the founding body thou'd be in
one focus of the elfipfe which isthe lscé‘tion of the echo-
ing [pharoid, and the hearer in the other. However,
an echo may be heard in other fituations, though not fo
favourably ; as fuch a number of reflected pulfes may
arrive at the fame time at the car as may be fufficient
to excite a diftinét perception. Thus a perfon often
liears the echo of his own voice ; but for this purpole
he fhould ftand at lealt 63 or 64 feet from the reflect-
ing obfacle, according to what has been faid before.
At the common rate of fpeaking, we pronounce not
above three fyllables and an balE that is, feven half
fyllables in a fecond ; therefore, that the echo may re-
turn juft as foon as three fyllables are expreffed, twice
the diftance of the fpeaker from the refleéting objeée
mutt be equal to 10co feet; for, as found defenbes
1142 feet in a fecond, §ths of that fpace, that is,10c0
feet nearly, will be deferibed while fix half or three
whole fyllables are pronounced : that is, the fpeaker
muit fband near sco feet from the obflacle. And in

neral, the diftance of the ipeaker from the echoing

urface, for any number of {yllables, muit be equal to
the feventh part of the produét of 1142 fect multiplied
by that number,

“ In churches we never hear a diftin&t echo of the
voice, but a confufed found when the fpeaker utters
his words too rapidly ; becaufe the greateft difference
of diltance between the direc and reflefted courfes of
fuch a number of pulfes as would produce a diftinét
found, is never in any church equal to 127 feet, the li-
mit of echos,

“ But thongh the firft reflected pulfes may produce
no echo, both on account of their being too few in
number, and too rapid in theirweturn to the ear; yet
it is evident, that the refefting firface may be fo
formed, as that the pulfes which come to the car after
two refleétions or more may, after having defcribed
127 feet or more, arrive at the car in fufficient num-
bers, and alfo {o nearly at the fame inftant, as vo pro-.
duce an echo, thaugh the diftance of the reflecting fur-
face from the ear be lefs than the limit of echoes. This
is confirmed by a fingular echo in a grotto on the banks
of the little brook called the Dinan, about two miles
from Cafllecomber, in the county of Kilkenny, As
you enter the cave, and continte fpeaking lond, no re-
turn of the voice is perceived ; but or your arriving at

a
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[Entertain- g cértain point, which is not above 14 or 15 feet from
ing Experi- the reflecting furface, a very diftinét echo is heard.
ments, U6 N this echo cannot arife from the firft courfe of pul-
Aes that are reflefted to the ear, becaufe the breadth of
the cave is fo fmall, that they would return too quick-
‘ly to produce a diftin& fenfation from that of the ori-
ginal found : it therefore is produced by thofe pulfes,
which, after having been refleéted feveral times from
one fide of the grotto to the other, and having run o-
wer a greater fpace than 127 feet, arrive at the ear in
confiderable numbers, and not more diftant from each
other, in point of time, than the ninth part of a fecond.”

This article fhall be difmiffed with a few inventions
founded on fome of the preceding principles, which may
amufe a number of cur readers. '

Entertaining Experiments and Contrivances.

7 . .
L TheCon- 1. Prack aconcave mirror of about two fectdiameter,
verfive Sta- 3 A B (@), in a perpendicular direétion.  The focus of

S‘I:'u.-l this mirror may be ut 15 or 18 inches diftance from
fig. 5. * its furface. At the diftance of about five or fix feet

let there be a partition, in which there is an opening
E F, equal to the fize of the mirror; againft this
opening muft be placed a pitture, painted in water-
colours, on a thin cloth, that the found may eafily pafs
through it (8 ).

Behind the partition, at the diftance of two or three
feet, place another mirror G H, of the fame fize gs the
former, and let it be diametrically oppofite to it.

At the point C let there be placed the figure of a
man feated on a pedeflal, andletl:ismbe‘gxndu-
aélly in the focus of the firft mirror: his lower jaw
muft be made to open by a wire, and fhut by a fpring;
2ad there may be another wire to move the eyes: thele
wires muft paly the figure, go under the floor,
and come up behind the partition.

Let a perfon, properly infiruéied, be placed behind
the partition near the mirror. You then propofe to
any one to fpeak foftly to the ftatue, by putting his
mouth to the earof it, alluring him that 1t will anfwer
initantly. You then give the fignal to the perfon be-
hind the partition, who, by placing his ear to the fo-
cus I, of the mirror G H, will hear diftinétly what the
other faid; and, moving the jaw and cyes of the ftatue
by the wires, will return an anfwer direétly, which
will in like manner be diftinétly heard by the firdt
{peaker. ’

This experiment appears to be taken from the
Century of Inventions of the Marquis of Woreef-
ter; whofe dcﬁgna, at the time they were publifhed,
were treated with ridicule and negle@ as being im-
practicable, but are now known to be generally, if not
univerfally practicable. The words of the Marquis are
thefe: “ How to make a brazen or flone head in the
midft of a great ficld or garden, fo artificial and natu-

A COUSTTIC S

Q1
ral, that t.bouﬁh a man fpeak ever fo foftly, and even Entertain
whifper into the ear thereof, it will prefently open jts "% Exjperic
mouth, and refolve the queftion in French, . Latin, M0t <&
Welth, Irifh, or Englifh, in good terms, uttering it out

of its mouth, and then fhut it until the next queftion

be alked.”—The two following, of a fimilar nature,

appear to have been inventions of Kircher, by means

of which (as he informs us *) he ufed to “ utter * Phomur
feigned and ludicrous confultations, with a view toziz Nows,
fhow the fallacy and impofture of ancient oracles.” e, . .50
« IL Ler there be two heads of plafter of Paris, placed, 28

on pedeitals, on the oppofite fides of a room, There muft aﬁ:l_c: "v:
beatin tube of an inch diameter, that muit pafs from the gy, ’
ear of one head, through the pedeftal, under the floor,

and go up to the mouth of the other, Obferve, that

the end of the tube which is next the ear of the one

head, fhould be confiderably larger than that end which

comes to the mouth of the other. Let the whole be

fo difpofed that there may not be the lealt fufpicion of

a communication,

Now, when a perfon {peaks, quite low, into the ear
of onc buit, the found is reverberated thro’ the length
of the tube, and will be diflinétly heard by any one
who fhall place his ear to the mouth of the other. It
is not neceflary that the tube fhould come to the lips
of the buft.—If there be two tubes, onc going to the
car, and the other to the mouth, of each head, two per-
fons may converfe together, by applying their mouth
and car reciprocally to the mouth and ear of the bufls;
and at the fame time other perfons that itand in the
middle of the chamber, between the heads, will not
hear any part of their converfation.

I1L. Prace a buft on a pedeftal in the corner of a__ 29
room, and let there be two tubes, as in the foregoing &"0“1“"
amufement, one of which muft go from the mouth and
the other from the ear of the buft, through the pedeftal,
and the floor, to an under apartment. There may be
likewife wires that go from the under jaw and the eyes
of the buft, by which they may be eafily moved.

A perfon being placed in the under room, and at a
fignal given applying his car to onc of the tubes, will
hear any queftion that is atked, and immediately re
ply ; moving at the fame time, by means of the wires,
the mouth and the cyes of the buft, as if the reply
came from it.

IV. Inalarge cafe, fuch as is ufcd for dials and fpring- , . 3°
clocks, the fargli of which, or at leaft the lower ;l:angf :,‘“s:l” e
it, mult be of glafs, covered en the infide with gauze,
let there be placed a barrel-organ, which,.when wound
up, is prevented from playing, by a catch that takesa
toothed wheel at the end of the barrel. To one end of
this catch there muft be joined a wire, at the end of
which there is a flat circle of cork, of the fame dimen-
fion with the infide of a glafs tube, in which it is to rife
and fall. 'This tube muft communicate with a refer-
voir that goes acrofs the front part of the bottom of the
cafe, which is to be filled with {pinits, fuch as is ufed in

M2 ther-

() Both the mirrors here ufed may be of tin or gilt pafteboard, this experiment not requiring fuch as are very ac-

curate.

{#) The more effe@ually to conceal the caufe of this allufon, the mirror AB may be fixed in the wainfcot, and a
ganze or any other thin covering thrown over it, as that will not inthe leaft prevent the found from being reflected.
An experiment of this kind may be performed in a ficld or garden, between two hedges, in one of which the mirror
AB may be placed, and in the other an opening artfully contrived.
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Eitertain- thermometere, but not coloured, that it may be the

ing Exper nze,

ety ¥ "This cafe being plmg‘in the fun, the fpirits will be
rarcfied by the heat ; and rifing in the tabe, will lift
the catch or trigger, and fet :Ee organ in play: whi‘clﬁ
it will continue to do as long as it is kept in the fun;
for the fpirits cannot run out of the tube, that part of
the catch to which the circle is fixed being prevented
from rifing beyond & certain point by a cﬁ:ck placed
over it.

When the machine is placed againft the fide of a
room on which the fun fhines ftrong, it may conitantly
remain in the fame place, if you inclofe it in a fecond
cafe, made of thick wood, and placed at a little di-
ftance from the other.  'When you want it to perform,
it will be only necellary to throw open the door of the
outer cafe, and expofe it to the fun,

But if the machine be moveable, it will perform in
all feafons by being placed before the fire; and in the
w;'::itcr it will more readily ftop when removed into the
cold.

A machine of this fort is faid to have been invented
by Cornelius Dreble, in the laft century. What the
conftruétion of that was, we know not ; it might very
likely be more complex, but could fearce anfwer the
intention more readily.

V. Uxpen the keys of a commen harpfichord let there

s be fixed a barrel, fomething like that in a chamber or-

Automa-

- better concealed by the

tous l:‘!.arr- gan, with ftops or pins correfponding to the tunes you

Acgs -

T,
Acqui.

would have it play. Thefe ftops muft be moveable, fo
that the tunes may be varied at pleafure. From each
of the keys I-t there go a wire perpendicular down :
‘the ende of thefe wires mult be turned up for shout ane-
fourth of an inch. Behind thefe wires let there be an
iron bar, to prevent them from going too far back.
Now, as the barrel turns round, its pins take the ends
of the wires, which pull down the keys, and the
harplichord.  The barrel and wires are to be all in-
clofed in a cafe.

In the chimney of the fame room where the harpfi-
chord ftands, or at leaft in one adjacent, there muft be
a fmoke jack, from whence comes down a wire, or
cord, that, paffing belrind the wainfcot adjoining the
‘chimiiey, goes under the floor, and up one of the legs
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of the harpfichord, into the cafe, and round a fmall Entertain.
wheel fixed on the axis of that firlt mentioned. There '"f "P“t;‘:
fhould be pullies at different diftances, behind the wains b g

fcot and under the floor, to facilitate the motion of the |
chord.

This machinery may be applied to any other keyed
inftrument as well as to chimes, and to many other
purpofes where a regular continued metion is required.

T.: inftrument ﬁuthin fort may be confidered as a
perpetual motion, according to the vulgar accepta-
tion of the term ; for it will never ceafe going till the
fire be extinguithed, or fome parts of the machinery be
worn out.

VI. A the top of a fummer-houfe, orothcrbni]l:ling,

let there be fixed a vane AB, on which is the pinion C,

that takes the toothed wheel D, fixed on the axis EF, g}:‘f
which at its other end carries the wheel G, that takcaﬁz_b.

the pinion H. Al thefe wheels and pinions are to be
between the roof and the ceiling of the building. The
pinion H is fixed to the perpendicular axis IK, which
goes down very near the wall of the room, and may be
covered after the fame manner as are bell-wires, At
the lower end of the axis IK there is a fmall pinion L,
that takes the wheel M, fixed on the axis of the great
wheel NO. In this wheel there muft be placed a num-
ber of ftops, correfponding to the tunes it is to play.
Thefe ftops are to be moveable, that the tunes may be
altered at pleafure.  Againit this wheel there muft
hang 12 {mall bells, anfwering to the notes of the ga-
mut. Therefore, as the wheel turns round, the ftops
ftriking againft the bells, play the feveral tunes. There
thould be a fly to the great wheel, to regulate its mo-
tion when the wind is frong. The wheel NO, and the
bells, are to be inclofed in a cafe.

There may be feveral fets of bells, one of which
may anfiver to the tenor, ancther to the treble, anda
third to the bafs ; or they may play different tunes, ac-
cording to the fize of the whed. As the bells arc
[llmll, if they are of filver, their tose will be the more
pleafing.

Inﬂ:gad of bells, glaffes may be here ufed, fo difpo-
fed as to move freely at the firoke of the ftops. This
machinery may likewife be applied to a barrel-organ §
and to many other nfes.

A C
ACQS, atown at the foot of the Pyrenzan mour-
_tams, in the government of Foix in France. It takes its
name from the hot waters in'thefe parts. E. long. 1. go.

t. 43+ 0
A‘%@h!APENDENTE, a pretty large town of I-
‘taly, in the territory of the church, and patrimony of
St Peter, with a bithop's fee. It is feated on a moun-
tain, mear the river Paglia, ten miles W. of Orvietto,
and 57 N. by W. of Rome. - E. long. 11. 53. Lat.

32. 43

ACOJ“JARIA, a {mall town of Italy, in Frigana, a
diftriét of Modena, which is remarkable for its medici-
pal waters. It is 12 miles fouth of the city of Modena.
E.long. 11. 17. Lat. 44. 24.

ACQUEST, or AcquisT, in law, fignifies goods
.got by purchafe or donation.  Sce ConquesT.

ACQUI, a town of Italy, in the duchy of Mont-

A C Q
ferrat, with a bithop’s fee, and commodious baths.
was taken by the Spaniards in 1745, and retaken by

‘the Piedmontefe in 1746 ; but after this, it was taken

32
A Ventofil
honzp,

It Acquifition

again and difinantled by the French, who afterwards [

forfook it. It is feated on the river Bornio, 25 miles
N. W. of Genoa, and 30 5. of Cafal. E.long. 8. 30.
Lat. 44. g0.

Aé’&usmon, in general, denotes the obtaining
or procuring fomething. Among lawyers, it is ufed
for the right or title to an eftate got by purchale or
donation.

ACQUITTAL, a difcharge, deliverance, or fet-
tiEg' of a’perfon free from the guilt or fufpicion of an
offence.

ACQUITTANCE, a releafe or difcharge in wri-
ting g?: fum of money, witnefling that the party has
paid the faid fum.—No man is obliged to pay a fum of

money
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