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UNITED STATES PaTENT Orrick,

TITADDEUS CAIIILL, OF NEW YORK, N. V.

ART OF AND APPARATUS FOR GENERATING AND DISTRIBUTING MUSIC ELECTRICALLY.

SPECIFICATION forming part of Letbers Patent No. 580,035, dated April 6, 1897.
Application filed February 4, 1896, Serial No. 578,046, (o model.)

To all whom it may coneeri:

Be it known that I, THADDEUS CAHILL, a
citizen of the United States, and a resident
of the city, county, and State of New York,
(residing temporarily at Washington, in the
District of Columbia,) have invented a new
and useful Art of and Apparatus for Generat-
ing and Distributing Music Electrically, of
which the following is a specification.

In a former application of mine, filed An-
gust 10, 1895, Serial No. 558,939, an art of
and apparatus for generating and distribut-
ing music electrically is deseribed. The art
described in this application is the same art
described in the application of August 10,
1895, before mentioned, or, more correctly,
the art deseribed in the present case is a
part of the art deseribed in the former case,
for some processes are described in the for-
mer case which are not deseribed in this case.
So, also, the apparatus described in this ap-
plication is in its most essential and funda-
mental features and combinations the same
as the apparatus of the former case; but the
apparatus of thisapplieation differs from the
apparatus of the formerapplication in being
assimilated to a pianoforte, whereas the appa-
ratus of the former case is assimilated to an
organ. In each case, indeed, the apparatus
is wholly electrical and bears little, if any,
real likeness, either in structure or mode of
operation, to the instruments now known in
the musical art as ““pianofortes” and * or-
gans;” but in the sorts of music which they
are adapted to produce the apparatus of the
present case and the apparatus of the case of
August 10, 1895, before mentioned, may be
properly said to resemble, respectively, a
pianoforte and an organ. The apparatus
illustrated in the case of August 10, 1895, be-
ing assimilated to an organ, is much more
elaborate than the apparatus which I describe
in thiscase. The former case is indeed guite
complicated. Itshowsmostof the substance
of this case and also much that, being pecul-
iar to an organ, is not illustrated in this case.
The two cases, it will be seen, with regard to
what is shown and deseribed in each, to a
great extent overlap, and it becomes neces-
sary to make a clear line of division between
them. It is my intention to continue in this
present application my claims to so much of

the subject-matter of the original application,
filed August 10, 1805, as is disclosed in the
present case, and T have removed the claims
for such subject-matter from the former case
in order to prosecute them in this, and to
prosecute in the original application, Serial
No. 558,939, only that subject-matter which
belongs peculiarly to it and which is not illus-
trated or deseribed in this. In other words,
the line of division which I draw between
this case and the original application, Serinl
No. 558,939, filed August 10, 1895, is to cover
in this ecase everything illustrated and de-
seribed in it, asserting herein all claims for
subject-matter diselosed alike in the original
applicationand in thisapplication, and claim-
ing in the original application only that sub-
ject-matter which is peculiar to it, being dis-
closed in it alone.

The apparatus which I have figured in the
accompanying drawings in illustration of my
invention is, as above mentioned, in the
nature of an electrical pianoforte, but the
essential processes and combinations of my
invention, set forth in the statement of elaim
at the end heveof, are equally applicable to
electrical music-generating instruments, not
being electrical pianofortes. They may be
used, to mention one example only out of
several, in an clectrical music-generating
apparatus assimilated to an organ. An ap-
paratusof this sort, employing, as before said,
the same essential processes and eombina-
tions deseribed and claimed in this applica-
tion, is fully deseribed in the prior applica-
tion above mentioned, Serial No. 558,939, filed
Aungust 10, 1895.

The grand objects of my invention are to
generate music eleetrieally with tones of good
quality and great power and with perfect
musical expression, and to distribute music
electrically generated by what we may term
“original electrical generation” from a central
station to translating instruments located at
different points and all receiving their music
from the same central point; and my inven-
tion consists in the parts, improvements,
combinations, and methods hereinafter de-
seribed and elaimed.

More particularly the objects of my inven-
tion are (a) to generate Dy a practical and
simple apparatus different series of rhythmie
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electrical vibrations, answering to the differ-
ent notes of music with great power; (U) to
produce pure electrical elemental tones, or
at all events elemental tones free from harsh-
ness; (¢) to produce the notes and chords of
a musical composition with any timbre de-
sired out of their electrical elements; (d) to
afford facility to the performer to governthe
expression perfectly, and (e) to distribuate
musie, produced as before mentioned, from
one central station to many translating in-
struments located in different places, so that
many persons, each in his own place, can
enjoy the music produced by a distant per-
former.

Music as ordinarily generated exists first
in the vibrations of tuned sounding-bodies.
Thus in an organ the music exists firstin the
vibrations of the elastic columns of air con-
fined in the pipes, from which it is communi-
cated through the external atmosphere tothe
auditory apparatus of the listener. So the
music of & planoforte or violin exists first in
the vibrations of the strings, then in the vi-
brationsof thesound-board, and finallyin the
vibrations of the air. Such vibrations of
material substances, cognizable by the sense
of hearing when air is interposed between
the sounding-body and the eavof the listener,
constitutemusic in the ordinary sense of that
word. - Suech musical vibrations of the air, it
is well known, can De copied electrically by
suitable telephonic apparatus and trans-
mitted from one point to another; but the
electrical vibrations thus produced by copy-
ing with telephones the musieal vibrations of
the air are, it is well known, almostinfinitely
wealk. I produce by my system musicalelee-
trical vibrations of as good quality and of
enormously greater power.

Mineis asystem of producing what may he
emphatically termed ‘‘electrical music,” in
contradistinction to the music produced me-
chanically by the vibrations of sounding-
bodies, as above mentioned, for by my system
I generate, in the first instance, electrical vi-
brations corresponding to the different cle-
mental tones desired. These elemental elee-
trical vibrations are veadily made to be of
great power. Outof them I synthesize com-
posite electrical vibrations answering to the
different notes and chords required. The
amplitude of these electrical vibrations as
electrieal vibrationsis governed at will by the
performer, so that any expression desired is
given to the musie, and the electrical vibra-
tions thusproduced and governed, circulating
through coils of wire surrounding magnets
lying adjacent to sound-board-attached ar-
matures, cause the magnets to pull upon the
armatures and sound-board with a constantly-

rarying foree, so that the soundboard and the
surrounding air are set in vibration. The
musie, it will thus be seen, is by my invention
first generated and controlled in the form of
electrical vibrations, and these electrical vi-
brations, constituting, as we may say, elec-

trical musie, are then translated inteo audible
aerial vibrations, or musie, in the common
sense of the word. "The tones whiceh I thus
produceare of excellent gualif;
fectly sustained; their power is completely
controlled by the toueh upon the keys, so that
the performer has ample facility for expres-
sion, and—most important of all—the music
is produced not only by an instrument or in-
struments at the place where the performer
is, but also by other instruments at other
places suifably conneeted with the central
vibration - generating device, which consti-
tutes the electrieal pianoforte proper.

I generate, as before said, electrical tones
corresponding to the various notes of music.
By “electrical tones” I mean clectrical undu-
lations corresponding to those vibrations of
the air which we eall “tones.” Various ways
of produeing electrical vibrations ave known
and any suitable mode may he used in carry-
ing out wy inventicn. Awong the many
suitable ways of gencrating clectrical vibra-
tions I will mention a few. The vibrations
of a string or of a pipe actuating a telephonic
or microphonic apparatus produce electrical
vibrations which, when translated into acrial
vibrations, are recognized by the earas tones
of good quality; but these tones, though of
good quality, are weak. On the otherhand,
by rotating an electric cireuit in the presence
of a magnetic ficld, or & magnet or magnetic
field in the presence of a eirvenit, or by inter-
rupting an electrie carrent wholly or partially,
eleetrical vibrations are readily produced of
greatpower; but the electrical tonesproduced
in these ways, though powerful, are not well
suited for musical purposes. They are apt
to be either positively bad, musically consid-
ercd—that is, harsh and disagreeable—ot,
when not harsh, poor and insipid. "

Tt is a faet well known 1o physicists that
the quality of a tone depends upon the par-
ticular tone partials entering into it and their
strengthswith relationtoeach other.  Apure
tone is a sine funetion. It is an clemental
tone non-composite and irreducible. A pure
tone, particularly in the lower and middle
range, is always poor and insipid.  Itiswant-
ing in color and effcetiveness. It makes lit-
tle impregsion upon the dar.  Exery tone, ex-
cept a pure tone, is composed of or veducible
to a plurality of pure tones or sine-funetion
vibrations bearing certain mathematical ve-
lations to each other. The different pure
tones or elemental tones entering into the
composition of a single musical note, consid-
ored by the ear.and by musicians as a single
sound, are called its “partial tones,” “tone-
partials,” or, moreshortly,its “ partials.” The
first partial by way of distinetion is ealled the
“fandamental” or “ground” tone and the
other partinlsare called “overtones.” A tone
ig agrecable when it is Tormed of accordant
partials. Tt is disagrecable when formed of

discordant partials, Itiscolorless andinsipid
when overtones are wanting.

Tt is a known
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fact that the first, second, third, fourth, fifth,
and sixth partials are harmonious, and in the
tones of a good pianoforte, particularly in
the middle and lower range, all these partials
are strong. On the other hand, the seventh,
ninth, and other odd-numbered upper par-
tials are disagreeable and need to be elimi-
nated or suppressed. For various reasons,
which it is not necessary to enter upon here,
the strings of a pianoforte are readily made
to give good tones, in which the lower har-
monious partials are strong and the discord-
ant partials, such as the seventh, ninth, &e.,
are either very weak or entirely absent; but
in producing electrical tones in a cireuit by
interrupting it in the ordinary manner with
a vibrating fork orreed or a make-and-break
wheel or othersimilardevice the disagreeable
overtones I have always found to be present
in great force, so that the tone is harsh and
unmusical.  The same is true, but to a less
degree, when electrical tones are produced
by vibrating or rotating a c¢ircuit in the pres-
ence of a magnet ora magnet in the presence
of a cireuit. Thetones thus produced, as he-
fore said, are in general either harsh and dis-
agreeable or when not harsh insipid.

Now I have found a practical way by which
clectrical tones of the best quality and of
great power canbe produced, which is briefly
asfollows: I first produce in any suitable way
(as, for example, by interrupting electric cir-
cuits) periodic electrical vibrations of fre-
quencies corresponding to the fundamental
tone and to certain agreeable overtones of the
composite tone or note desired. Ithen purify
these vibrations by suppressing their harsher
components, (such as the seventh and ninth
partials,) and I combine the vibrations thus
purged of their disagreeable clements into
composite vibrations answering to notes and
chords. Thus I obtain electrical tones of
good musical quality and of great power.
The mechanical and electrical devices which
I prefer to use for this purpose are desceribed
fully hereinafter.

The method and the mechanisin by which
I control the Joudness of the tones at the will
of the performer, according to the require-
ments of correet musical expression, will be
more conveniently explained after the gen-
eral scheme of the electric circuits has Deen
made clear.

For converting or translating the electrical

+ tonesor electrical tone-undulations, produced

in the manner above described, into audible
aerial vibrations I emply preferably an ap-
paratus having a sound-board with a bridge,
oune or more soft-iron armatures attached to
or connected with the bridge, and one or
more magnets (but preferably a plurality of
them) lying in proximity to the armature at-
tached to the bridge and pulling upon it, said
magnets being wound with coils of insulated
wire, through whieh the electrical undula-
tions corresponding to musie, and which I
frequently term herein ¢ electrical” musie,

circulate. Thevibratory currentsin the coils
produce vibratory changes in the pull exerted
by the coil-wound magnets upon the sound-
board,andsosetitin vibration. Anumberof
these vibration-translating devices, situated
in different places, are connected with the
sanie electrical tone-producing arrangement,
so that the music produced by one artist is
distributed to many heavers in different
places.

My invention may be carried out in various
ways and by variously-modified devices., I
shall first deseribe in detail the apparatus
which I consider best, and after that will eall
attention, briefly, to some of the many modifi-
cations and alternative constructions that
may be made use of in carrying out essential
features of my invention.

In the accompanying drawings, Figure 1 is
a diagrammatic plan view illustrating the
generalscheme and arrangement of the piteh-
shafts hereinafter deseribed, corresponding
to the twelve notes of the chromatic scale,
and the rheotome-cylinders carried by said
pitch-shafts and corresponding, respectively,
to different octaves of the notes for which the
piteh-shafts carrying them stand, andin this
view the main driviug-shaft, with its bear-
ings, supports, &e., is removoed. Fig. 21is a
side elevation of the device of Fig. 1. Fig. 3
is a sectional view, partly in elevation, on the
line @ =, ¥ig. 1. Fig. 4 is a diagrammatic
sectional view on the line o' o/, Fig. 1, illus-
trating the arrangement of parts for driving
the piteh-shafts each with the requisite ve-
logity. Iig. 5 is a diagrammatic view of an
individual piteh-shaft with its attached rheo-
tome-cylinders, corresponding, respectively,
to differentoctaves of thenote for which sueh
pitch-shaft stands. Tig. 6 is a similar view
of an individual rheotome-cylinder with its
different sets of insulating and conducting
sections corresponding to different partials
of the note for which such rheotome-cylinder
stands.  Iig. 7 is a similar view illustrating
a portion—to wit, the portion corresponding
to the first partial—of each of the rheotome-
cylinders carried by an individual piteh-shaft
and corresponding to the different octaves of
thie note for which such piteh-shaft stands, the
remaining portions of each of said rheotome-
eylinders,corresponding to the higher partials
of such notes, being broken away. Tig. Sisa
detail section through one of the rheotome-
eylinders, illustrating the arrangementof the
brushes and related pavts. TFig. 9 is a detail
sectional view in a plane parallel to the plane
of IFig. 8, illustrating one of the brush-holders.
Fig. 10is a detail side elevation of the device
illustrated in ig. 8. Fig. 11is a detail, alon-
gitudinal section, {llustrating a rheotome-cyi-
inder blank grooved. Tigs. 114, 11%, and 11¢

are cross-sections ou the lines 4’ 2/, 2242, and
@708, Tig, 11, Mustrating the seetion of differ-
ent portions of the rheotome-cylinder blank
slotted to receive theinsulating-sections; and
Irig. 11° shows the same with the insulating-
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sections in place. Tig. 11"isa diagrammatic
detail view illustrating the preferred arrange-
ment of rheotome and inductorium, having
two rheotome-controlled primaries connected
in sueh a manner that the current circulates
through them alternately and in opposite di-
rections. Tig. 12 is a detail sectional eleva-
tion in & plane parallel to the length of one
of the keys of the keyboard of the instru-
ment, showing the arrangement of key-con-
trolled electrical contacts. ¥ig. 13 is a dia-
grammatic view,partly in section and partlyin
elevation, illustrating the arrangement of cir-
cuits controlled by a key and serving to pro-
duee a composite tone. Iig. 14 is a similar
view illustrating the arrangement of a plu-
rality of sets of civeuits, each controlled by
its own key and all alike connected with the
vibration - translating devices. Tig. 15 is a
seetional view, partly in elevation, illustrat-
ing a key-controlled expression device where-
by the loudness of the tones is governed ac-
cording 1o the pressure upon the key. Fig.
16, which is a detail sectional elevation, illus-
trates my preferred form of vibration-trans-
lating device. Figs. 1 to 16 illustrate the pre-
ferred coustruetion. The remaining figures
llustrate various modifications. Iig. 17isa
detail view, partly in section and parily in ele-
vation, illustrating an alternative construe-
tion for the expression device shown in Fig.
15. Tigs. 18, 19, 20, 21, and 22 are diagram-
matic views;in general similarto Fig.13,illus-
trating various modifications of the circuits,
each of which modifications is fully described
in its proper placein the deseription following.

The drawings are for the most part dia-
grammatic. They are intended and adapted
to malze clear the essential principles and fea-
tures of the invention; but they are not made

s

-to scale and they do not attempt to represent

sizes and proporbions of parts. In many of
the figures parts varying greatly in size, such
asthe differentrheotome-cylinders, areshown
all of the same size, and things in fact small
arein some cases shown large in order to ren-
der them elear, e attempt to show correct
working proportions, or even relative sizes,
in the small space afforded by the official
sheet would lead only to a great inerease in
the number of sheets, and would tend rather
to obscure than to assist the explanation of
essential features; and generally in the draw-
ings inductorinms, dynamos, batleries, con-
densers, &c., are represented in the usual dia-
grammatic mode rather than by geometric
projection, as the former mode represents the
arrangement of cireuits more clearly than the
latter and in less space.

Igenerate, it will be remembéred, electrical
undulations angwering to the various notes
ordinarily employed in music. I contewm-
plate gencrating these undulations in at least
two different ways—*to wit, («) by interrupt-
ing electrie currents periodically, and (0) by
rotating or vibrating circuils in the presence

the presence of cireuits. Ishall first deseribe
the arrangement of current-interrupting de-
vicesthatI have contrived. (Sceparticularly
Figs. 1,2, 4, 6,7, 8, and 13.)

The apparatus, as shown in the drawings,
comprehends a multiplicity of rheotome de-
viees, one complex or composite theotome de-
viee for each note, each such rheotome de-
vice being in effect a plurality of rheotomes,
having interruption frequencies correspond-
ing to the vibration frequencies belonging to
the ground tone and to certain harmonies of
the note for which they serve. The form of
rheotome device that I prefer to use is a ro-
tating eylinder having a plurality of sets or
series of condueting and insulating sections
with brushes hearing upon it.  Iach of these
eylinders in the preferred form of deviee
illustrated in the drawings (subject to cer-
tain exceplions in the highest octaves, here-
inafter pointed out) is furnished with sixsets
of alternate conducting and insulating sec-
tions. (See Figs. 1, 5, and 13.) The first
set (marked p') corresponds to the ground
tone or first partial of the note forwhich the
rheotome stands; the second set (marked p?)
corresponds to the second partial of the note,
being the octave above the ground tone; the
third set (marked p°) corresponds to the third
partial of the note, being the fifth above the
octave of the ground tone; the fourth sct
(marked p') corregponds to the fourth par-
tial of the note, being the fifteenth or double
octave above the ground tone; the fifth seb
(marked p7) corresponds to the fifth partial
of the note, being the third above the double
octave of the ground, and the sixth sct
(marked p°) corresponds to the sixth partial
of the note, being the fifth above the double
octave of the ground tone. The vibration
frequency of a rheotome is the number of
current vibrations that it produces in unit
time. In other wvords, pitch and vibration
frequeney ave identical, the latter being sim-
ply the mathematical expression of the for-
mer.  With a theotome-gylinder rheotome
the vibration frequency is equal to the angu-
lar veloeity of the movement of the eylindor
with relation to the brushes divided by the
angle which a single pair of sections, one in-
sulating and the other conducting, subtends.
The six sots of alternate insulating and con-
ducting sections p', p* 2% p', 9% and pf,
constituting a single rheotome-cylinder with
their brushes n », hereinafter deseribed, are
in elfeet, it will be seen, six simple rheo-
tomes, having vibration frequencies stand-
ing to cach other as one, two, three, four, five,
and six, serving to furnish, respectively, the
first, second, third, fourth, fifth, and sixth
partials of the note for which they stand, and
contrived in such a manner thaf they can
never get outof tuncin the least. Whatever
number of vibrations the setof alternate con-
dueting and insulating sections 9’ produces
in unit time the set marked p* produces twice

—

of magnets or magnetic or inductive bodies in | as many, the set p* three times as many, the
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set p* four times as wany, the set p° five
times as many, and the set p®six times as
many. Thus supposing the set marked p’
to have, asin Fig. 13, two insulating-sections
and two conducting-sections the set p* would
have four insulating-sections and four con-
ducting-sections, the set »* would have six,
pteight, p° ten, and p* twelve. The brushes
n 1, the arrangement of which is hereinaflter
more fully deseribed, bear upon the sets of
alternate condueting and insulating sections
and make and break connection with them.
The electrical connections and the arrange-
ment of the circuits will be described here-
inafter.

Having thus pointed out the distinguishing
characteristics of one of my preferred rheo-

-tome devices, it will now be convenient to
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describe the whole series and arrangement of
rheotomes, and in this connection the mech-
anism Dby which the rheotome-cylinders are
mounted and by which they are driven, each
at the proper speed, must be adverted to.
There is () a bed-plate or main frame for
supporting the various movable parts; (b) a
main driving -shaft and suitable supports
therefor; (¢) twelve piteh-shafts correspond-
ing, respectively, with the twelve notes of the
chromatic scale and means whereby said
piteh-shafts are connected with the main driv-
ing-shaft; (d) seven rheotome-cylinders at-
tached to each of the twelve pitch-shafts and
corresponding to the seven octaves of the
note for which such shaft stands, each such
rheotome-cylinder (except the two highest)
having, as before explained, six sets of al-
ternate conducting and insulating sections
P, %, 9% pY pP, and pb corresponding, re-
spectively, with the first, second, third,
fourth, fifth, and sixth partials of the note
for which such rheotome-cylinder stands, and
(e) suitable brushes which rub on the rheo-
tome-cylinders and make and break connec-
tion with them as they revolve. There is
also, as we shall see hereinafter, an indue-
torinm or a plurality of induetoriums con-
nected with each rheotome-cylinder and con-

- trolled thereby, and a tone-purifying device
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is also connected therewith. An action is
provided, as before stated, whereby the power
of the electrical tonesis governed at will, each
independently of the others, and means are
provided for throwing vibrations from any of
the rheotomes at will intothe vibration-trans-
lating apparatus. Of these in their order.
The bed-plate, (see Figs. 1, 2, and 3.)—The
bed-plate or main frame for the rheotomes
consists, essentially, of heavy longitndinal
ribs ILIL, each of which is a double T in cross-
section, and heavy transverse connecting-ribs
I, I? and H2, lying at right angles to the
ribs I1 H and rising vertically some distance
above said ribs H H. The top surfaces of the
transverse ribs ', H? and H? are planed true.
The boxes % k&, which support the various
pitch - shafts hereinafter described, are set
upon and bolted to the top surfaces of these

(=4

transverse ribs.  Wooden planks II¢ IT¢, well
dried and lacquered and suitably braced, ex-
tend across from the rvibs I I, transverse o
such ribs and parallel with the ribs II', TI2,
and II% being supported Ly the ribs IT TI.
They form a platform or floor, to which the
brush-holding brackets 27" (hereinafter de-
seribed) are firmly attached.

s« Themain driving-shaft and its supports.—
Heavy hangers 7 Ii7 (see Figs. 2 and 3) are
attached to the transverse ribs H? and IT5,
being each secured firmly to its supporting-
rib by means of studs IT® and bolts ITY. Tach
of the hangers H7 supports a split box I,
which is held in place by a cap-piece 1172,
which latter is held in place by suitable bolts.
The main driving-shaft 1% is set in the hoxes
H* T*, supported by the castings II7 117,
The main driving-pulley 11* is attached firmly
to this shaft and is suitably connected by a
belt or otherwise with a snitable driving-en-
gine. The main driving-shaft IT® ecarries in
addition to the pulley 1%, before mentioned,
twelve other pulleys C, ¢, D, D', &, !, I,
G, G', A, A’, and B, which serve, respec-
tively, to drive the twelve pitch-shafts here-
inafter described.

The piteh-shafts.—The twelve pitch-shafts
(marked, respectively, ¢, ¢/, d, d', e, f, f', g,
g, a, &', and D) ave all exactly alike, as shown
in the drawings. Rach is mounted in boxes
Lk I, set upon the ribs I, I3, and IT3, as
before mentioned, and held in place by studs
and nuts &' L/, and each carries a pulley k2
Belts &* I* (omitted in most of the figures, but
shown in Fig. 4) connect the pulleys %22, be-
longing to the pitch-shafts, with the driving-
pulleys C O, &e., carried by the main driv-
ing-shaft, the whole arrangement being such
that the twelve pitch-shafts ¢, ¢, d, d', ¢, f,

f' 0,9, a, ¢/, and b are connected, respec-

tively, with the twelve driving-pulieys C, (¥,
D,DLE, F, I, G &, A, A, and B, so that
said pulleys C, ¢/, D, D', B, I, I/, G, &, A,
A',and B, respectively, drive the pitch-shafts,
(marked, respectively, ¢, ¢, d, d', e, 1, /', ¢, ¢,
a,a’yand b)) The twelve pulleys k? k¥ 2, &e.
belenging to the twelve pitch-shafts, respec-
tively, are made, preferably, all of exactly
the same diameter, and the twelve driving-
pulleys C, ¢, D, D, B, I, I, G, G/, A, A,
and B are made to differ in diameter in the
same proportions in which the vibration fre-
quencies of the twelve notes C, Cy, D, D1, E,
I, Fy, G, G4, A, Ak, and B differ from each
other in equal temperament; or the diame-
ters of the different pulleys &* & may be made
to differ, as desired, the diameters of the cor-
responding driving-pulleys C, ¢', D, D, E, T,
', &, G, A, A, and B being made such that

in the result said driving-pulleys C, C', D,

DLE, F, &, G G, A, A', and B give to the
pitch-shafts ¢, ¢, d, ', e, 1, /', g, ¢, a, @', and
b, driven, respectively, by them, angular ve-
locities proportional to the vibration fre-
quenciesin equal temperament of the twelve
notes C, C4, D, Dy, E, T, Fy, G, G, A, Ay,
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and B, for which the twelve pitch-shalts, re-
spoctively, stand. Baking the twelve pulleys
122, &e., attached, respectively, tothe twelve
pitch-shafts all of the same diamcter, how-
ever, and making the differences in piteh by
the different diameters given to the driving-
pulleys C, ¢, D, D', &, T, ', G, G', A, A/,
and B, the diameters of the twelve pulleys
last mentioned expressed in units (for exaw:
ple, cighths of an inch) may be made sub-
stantially as follows, to wit: diameter of pul-
ley C, 258.7; of pulley ¢, 275.9; of pulley B,
200.3; of pulley D', 807.4; of pulley £, 325.0;
of pulley ¥, 345.3; of pulley ¥, 365.8; of pul-
ley G, 887.6; of pulley G, 410.4; of pulley A,
435.0; of pulley A', 4G0.7; of puliey B, 458.2.
After the twelve pulleys C ¢, &e., have been
thus made of diameters corresponding to the
vibration frequencies of the pitch -shafits
driven by them any want of perfection in
tuning can be readily corrected by filing a
little either the proper pulley on the main
driving-shaft 1%, which will flatten the notes
of the piteh-shaft driven by the pulley filed,
or the pulley %* of the pitch-shalt may be
filed, which will sharpen the piteh of the
notes controlled Ly such piteh-shaft. The
piteh-shafts should of conrse Le well mounted
and well Inbrieated, so that they will run with
as little friction as may be, and the belts con-
necting the piteh-shaft pulleys 1* &%, &e., with
the driving-pulleys ¢ C' D I, &e., should be
drawn taut, so that the slip or at least the
difference in rate of slip of the belts afore-
said will De negligible, for any material dif-
ference in the rate of slip of the said belts A7
13, &e., would tend to throw the instrument
outoftune,and,finally,the main driving-shaft
1%, which carries the pulleys C C'D D, e,
must be given such a velocity that it will
bring the whole set of pitch-shafts, with the
rheotomes carried by them, vp to the pitch
desired.

When the rheotome-eylinders arc made ex-
actly like those illustrated in the accompany-
ing drawings with respeet to the number of
insulating and conducting sections in each,
giving the driving-shaft II*¥ such a velocity
that the pitch-shaft ¢ will make nine hundred
and sixty revolutions a minute will bring the
whole up very close to concert pitch—that is
to say, middle ¢ will have two hundred and
fifty-six vibrations.

The arrangement of »heotonies.—The differ-
entrheotome-cylinders correspond in the pre-
ferred construction illustrated in the draw-
ings cach to one of the notes which the appa-
ratus is adapted to produce. The twelve
piteh-shafts ¢ ¢’ d d', &e., it will be remem-
bered, which correspond, respectively, to the
twelve notes of the chromatic seale, carry
each seven rheotome-cylinders (marked, re-
spectively, 2, 4, 8, 16, 32, 64, and 128) which
serve to give the different octaves of the
note for which the piteh-shaft carrying them
stands. Iachrheotome-cylinder, as we have

seen, consists of a plurality of sets of insnlat-

ing and condueting seetions, as p’ and p?, &e.,
having vibration frequencies corresponding
to dilferent partials of the note which their
rheotome-cylinder serves to produace.  Hach
rheotome-cylinder,as represented inthe draw-
ings, in lact constitutes with its hrushes a
plarality of rheotomes.

Inthedeviee figured inthe drawingseachof
the rheotome-cylinders has in its (Lrst partial
set p'anumberof insulating-sections and also
anumber of conducting-seetions equal fo the
number expressed by the figure or figures
with whichtheeylinderismarked in the draw-
ings, to wit: The eylinder 2 has in its first
partial set of insulating and conducting sce-
tions p' two insulating-seetions and two con-
ducting-sections, the eylinder + has four, the
eylinder § has eight, the eylinder 16 has six-
teen, the eylinder 32 has thirty-two, the eyl-
inder 64 has sixty-four, and the eylinder 128
has one hundred and twenty-cight. In ils
sceond paviial sceb p* cach of these eylinders
has just twice as many insulating and con-
ducting scctions as it has in its firsb partial
set, in its third partial set p?it has threetimes
as many as it has in its first partial sct, in its
fourtls partial set p! four times as many, in
itsfifth partial set p® five times as many, and
in its sixth partial set p"it has six times as
many insulating aid condacting sections as
it has in its {irst partial set p'. Whether the
eylinders 2,4, 8, 16, 32, 64, and 128 shall have,
respectively, two, four, cight, sixteen, thirty-
two, sixty-four, and a hundred and twenty-
eightinsulatingand conducling sections each
in its fivst partial set is of course unimpor-
tant. The important point is that theiv vi-
Dration frequencies shall stand to each other
as two, four, eight, sixteen, thirty-two, sixty-
four, and one hundred and twenty-cight.

It will now be understood that the cighty-
four rheotome-eylinders illustrated in Kig. 1
correspond to the cighty -four notes of a
geven-octave planoforte, the seven earried by
the piteh-shaft ¢ correspond to the seven Cs,
the seven carried by the piteh-shaft ¢ corre-
spond to the seven C-sharps, the seven car-
ried by the piteh-shaft d correspond to the
seven 1Ys, the seven carried by the piteh-
shaft d' correspond to the seven I-shayps,
the seven earried by the pitch-shalt e corve-
spond to the seven s, the seven carried by
the piteh-shalt / correspond to the seven I,
the seven carried by the piteh-shalt /' corre-
spond to the seven ¥F-sharps, the seven car-
ried by the piteh-shalt ¢ correspond to the
seven ('s, the seven carried by the piteh-
shaft ¢’ correspond to the seven (-sharps,
the geven carried by the piteh-shalt ¢ corve-
spond to the seven A’s; the seven carried by
the piteh-shaft ¢’ correspond to the seven
A-sharps, and the seven carvied Hhy the piteh-
shaft D correspond to the seven I¥s. The
twelve theotome-cylinders marked 2, carried
by the twelve piteh-shafts, give the twelve
notes of the chromatic seale in the lowest oe-
tave, the twelve eylinders marked 4 give the
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second octave, the twelve marked 8 give the |

third octave, the twelve marked 16 the fourth
octave, the twelve marked 32 the fifth octave,
the twelve marked 64 the sixth octave, and
the twelve marked 128 give the twelve notes
of the chromatic Scale in the seventh octave,
and the sets of insulating and condueting sec-
tions p’, p?, P%, pt, p% and pf, belonging to the
different rheotome-cylinders, serve to give,
respectively, the first, second, third, foarth,
fifth, and sixth partials of the note for which
the cylinder to which they belong stands.

The general scheme of the rheotome-cylin-
ders having been made clear, it will De con-
venient before explaining the elestrical con-
nections to describe briefly the mechanical
construction of a rheotome-cylinder. The
rheotome - eylinders may be made in other
ways than that which I am about to deseribe.
No very special importance is attached to the
particular mode of construetion which I fol-
low. Nevertheless,it may bebest to deseribe
i6.  The rheotome-cylinder is first bored to
admit the pitch-shaft. Itisthen turned true.
Annular grooves are then cut in it, dividing
it into longitudinal sections P’, P 13, Pt P2,
and %, corresponding to the sets of insulat-
ing and condueting sections p', p2 2%, pY %,
and p® making the blank, as in Tig. 11. The
purpose of these annular grooves is to render
the operation of slotting easier. The differ-
ent lengthwise portions P/, P? T, &e., are
then slotted or milled out, so as to make
spaces sufficient to admit the insulating-sec-
tions p p, giving the blank the form illus-
trated in the detail sections Wigs. 114, 115,
and 11 in which P P are the conducting-
sections. Then the insulating-sections p 9
are filled in between the conducting-sections
as in [ig. 11°. The whole is made eylin-
drical. The insnlating-sections p p are fas-
tened firmly in place by strong binding-wires
m' m/', (omitted in most of the figures, but
shown in Ifig. 10,) wrapped tightly around
the whole.

The insulating-sections p » may be made
of any suitable material. They may be made
cheaply of hard tough wood well oiled and
seasoned. A somewhat more expensive but
much more enduring construction is to em-
ploy metal sections insulated from the adja-
cent condueting parts of the rheotome-cylin-
der. Brashes n n (omitted from Iligs. 1 and
2, and shown diagrammatically onlyin some
of the other views, but clearly illustrated in
Tigs. 8, 9, and 10) lie on each side of the rheo-
tome-cylinders and bear against said cylin-
ders, as shown in the drawings. The brushes
n 1 are supported each by a brush-holder,
which consists essentially of a casting 2/,
shaped as shown and mounted upon a con-
ducting-rod 7% The casting n’ is channeled
out, so that it admits (a) the brush n, (b) a
flat tension-adjusting spring 7%, and (¢) a
clamp-piece or clamp n'. A clamping-screw

7°, furnished with a lock-nut, holds the clamp
2! up tight against the brush n and flat spring

-1

n% By loosening the serew #° the brush n
may be slipped up and down, as required, for
adjusting. The center rod n? is supported
by a metal bracket 29 which is itself bolted
fast to one of the planks II% Dbefore men-
ticned. Iolts #727, furnished with lock-nuts

18 08, serve to hold the springs 23 1% at any

tension that may De necessary to give the
brushesthe required closeness of contact. No
special importance, however, is attached to
these details of construction. A skilled elee-
trician can vary them to any extent.

The arrangementofthe electrical cirenils.—
We are now in a position to explain the ar-
rangement of the electrical circuits. I shall
first explain the arrangement of circuits for
a single rheotome-cylinder and will show how
a rhectome-cylinder is made to produce elec-
trical undulations equivalent to a vich and
incisive musical tone, and after the arrange-
ment of circuits by which this is done for a
single note has heen made clear we will be
in a position to follow the arrangement DLy
which the different notes arve produced as do-
sired and with the power desired and at a
multiplicity of places simultanecusly.

As stated in the introductory part of this
specification, I first generate electrical vibra-
tions corresponding in periodieity to different
partial tones of the musical note desired. I
purify these vibrations corresponding to the
different sets of partials, purging them of
their havsher components by successive in-
ducbive transfers. Ithen combine the vibra-
tions answering o tone-partials of the note
desired and purified in the manner described
into one series or set of composite electrical
undulations. Ithen transferthese composite
clectrical undulations by induction to a cir-
cuit, which we may for convenience sake term
the “line-cireuit,” and with this line-cireuit I
connect the receiving-magnets of the vibra-
tion - translating devices. This is the pre-
ferred mode of carrying out my invention, buf
it may be varied greatly.

Tig. 13, which is a diagrammatic view,
shows the arrangement of ¢iveuits which I
prefer to use. P’ N is a large dynamo which
supplies current fo all the rheotome devices.
P, P4 P8, pY, 97, and pb are the different sets
of insulating and conducting sections belong-
ingto arheotome-cylinder and serving to give,
respectively, the first, second, third, fourth,
fifth, and sixth partials of the note for which
such cylinder stands, as before fully ex-
plained. #n, &e., arethe hrashes bearing on
these different scts of insulating and con-
ducting seetions. The keys are marked 7 4.
These keysare preferably made and arranged
like the keys of a pianoforte; but they may
be arranged in any suitable way whatever.
The part of a key r (seen in section in Fig. 13)
is the part behind the fulerum. When the
part in frount of the fulerum which the oper-
ater touches is depressed, the part seen in
section in Fig. 13 rises. Wach key » controls
a sliding eircuit-closer 4, made of suitable
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metal and shaped as illustrated in T'ig. 12.
The horizontal limb of the sliding circuit-

closer ' is eonnceted by a condueting con- |

tractile spring +2 with a metal bar 9, and with
thig bar one pole T of the dynamo is con-
nected by awire P*. The upper ends of the
sliding circuit-closers ¢’ #' lie when their keys
are in their normal positions in contact with
the non-condueting strip o4, which is attached
tothe non-conducting bar+5.  Contact-pieces
#0485 having their front surfaces in the same
plane with the front surface of the non-con-
ducting strip 2%, lie immediately above the
different sliding cireuit-closers '+, and each
key when depressed raises its sliding cireunit-
closer 7' from its normmal position of contact
with the non-conducting strip 4! to a position
of contact with the corresponding contact-
piece % &', % 5 sl 5 and s" are coils of
insulated wire corresponding to the sets of
insulating and conducting sections ', 9%, 9%,

% 97, and pf before mentioned of a rheotome-

eylinder. Each of such coils has one end
connected with the proper brush n, and each
of them has its non-brush-connected end con-
nected by a wire +7with the contact-piece 7%,
which corresponds with the key that stands
for the notewhich the rheotome-cylinder pro-
dunces. One pole of the dynamo P* N, we
have already seen, is connected with the bar
7%, The other pole of said dynamo is con-
nected with all the rheotome-cylinders. A
convenicnt way of malking the connection
practically is to connect one pole of the dy-
namo with the main frame formed of parts
I, I, Y, W% and 1%, as before deseribed.
Trom the main frame the current will con-
duct through the boxes k¥ L* to the piteh-
shafts and rheotome-cylinders. The connec-
tion, however, may be made in any suitable
way whatever. In the diagrammatic view
Fig. 13 the conneetion between the dynamo
and the rheotome-cylinder is represented as
made by a wire N% The connections being
as described, it will be seen that when any
key 7 is depressed the circuit is closed from
the pole P of the dynamo through the wire
P# 4o the bar 5, and from this bar through
the spring +* and sliding circuit-closer ' be-
longing to the particular key = depressed to
the contact-piece 79 belonging to the such
key, and from this contact-piece through the
wire +7 and coils &, §% &%, s%, &, and s" to the
Drushes n %, &e., and from these brushes
through the various sets of insulating and
conducting sections p', p?, p*, pt, pf, and pt
belonging to the rheotome-cylinder which
gives the note for which the key depressed
stands, and through such rheotome-cylinder
to the piteh-shaft which carviesit, and thence
Dy the wire N® back to the other pole N of
the dynamo.

The different sets of insulating and con-
ducting sections p/, p*, p%, pY, p%, and p'have,
as hefore fully explained, interruption fre-
quencies standing to each other as the num-
Ders one, two, three, four, five, and six, and

the set p’ has an interruption frequeney cor-
responding to the vibration frequeney of the
note for which the key » controlling it stands,
so that the effect of depressing a key is to
:ause powerful electrical vibrations in the
coils §', s &%, &%, 6%, and ¥ corresponding in
periodicity, respectively, to the first, second,
third, fourth, fifth, and sixth partials of the
note for which the Xkey controlling them
stands.  Proximate to the several coils ¥/,
s 5% 57 and §* ave other eoils &, 8% 5% 51 87,
and 8% respeectively, the coil 8" being in the
induetive {ield of coil ', S?in the field of &7
8% in the field of % S'in the field of s, 5% in
the fleld of % and S in the field of 5% The
several coils 8, 8% 95, 8% % and 8% respee-
tively form closed civeuits with other coils
marked, respectively, T, 1% 19 T4 17, and
8, Proximate to the several coils TV, 'T%) 1%,
T T and T% and within their respeetive
fields are other coils ¢, &, %, ¢4, %, and %, re-
spectively, and the several coils £/, &%, &, ', 1%,
and 8 respectively form closed cireuits with
other coils marked ', v?, 1% e, uf, and w’, re-
spectively. TProximate tothe several coils o/,
w?, ud, w18, and 1f last mentioned and within
their respective inductive fields are other
coils U, U2, U3, UL U and U, which are con-
nected together in series and form a closed
cireuit with another coil V.

The electrical vibrations in the coils s/, &%
§% 51 6% and s% having vibration frequencies
corresponding, respectively, to the first, see-
ond, third, fourth, fifth, and sixth partials of
the note for which the key controlling them
stands, are abrupt, harsh, and disagreeable.
They generate, however, by induction clee-
trical unduelations less abrupt and less harsh
in the closed cireuits & 17, 21?873, §' 1T,
S5, and $° 19 which correspond, respec-
tively,toand lieseverally within theinductive
influences of the aforesaid coils s/, s% %, 51, &7,
and s%  The electrical undulations in the cir-
cuits 8TV, 82 T, 837103, SV 55T and 391 gen-
erate by induction cleetrical undulations of
the same perviodicity, but less harsh, in the
cloged cireuits o', v, Fu®, gt Pusand °uf,
which covrespond, respectively, toand liesev-
erally within the inductive influences of the
several circuits &' 1V, 82 1% 88179, &e. Thus
the abrupt and harsh vibrations generated in
the circuits of the coils &, 8% 5%, s, &%, and s by
the eurrent-interrupting action of the rheo-
tome-cylinder hecome smooth and round vi-
brations in the cireuits 1" o/, & 4% 73, &e.
The modus operandi of the tone-purilying
process will be deseribed later.  ¥rom the eir-
cuits ¢ o, #ad, Pd, oty P08, and 1% b the
eleetrical undulations in such different cir-
enits corresponding, respectively, to the first,
second, third, fourth, fifth, and sixth partials
of the tone desirved ave transferred by indue-
tion to the civeuit formed of the coils U', U,
U3, U4, UP, U° and 'V, so that composite clec-
trical undulations angwering to a clear, vich,
and powerful musical tone are generated in
the civenit last named.
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Proximate to the coil V and in inductive
relation to it is another coil V', one terminal
of whieh is connected with the line-wire W
and the other terminal of which is connected
with the contact-pieee 7%, belonging to the cor-
responding key . The bar+®is connected by
a wire G* with buried plates or an equivalent
ground conmnection G° The line-wire W is
connected with the coilsw w, surrounding the
magnet-cores 1w’ w’, belonging to the vibra-
tion-translating devices, and through said
coils w w the line-wire W is connected with
suitable buried plates or equivalent ground
connections G* G so that the earth is made
to serve as a return. Thus the circuit of any
of the coils V', it will be seen, is completed
when the corresponding key = is depressed
(a) through the line-wire W, (0) through the
colls 2w w, surrounding the magnet-cores of
the vibration-translating devices, (¢) through
the ground connections G* G?, belonging to
the vibration-translating devices, (d) through
the earth serving as a return-conductor, and
(e) through the ground connection G3, wire
&, bar 7%, and the contractile spring 1%, slid-

. Ing circuit-closer 77, and contact-piece ¢, cor-
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responding to the key depressed.

A few rheotome-cylinders and keys only
are illustrated in Fig. 14, which is merely a
diagrammatic view; but it is to be under-
stood that there is a key for every rheotome-
cylinder and that every key and rheotome-
cylinder have connections exactly similar to
those illustrated in Figs. 13 and 14, subject
to the qualification that in the highest octave
served by the rheotome-cylinders marked 128
(and which rheotome-cylinders have, it will
be remembered, only two sets of insulating
and conducting sections p’ and p? answering
to the ground-tone and the second partial)
the coils s, s, 8% and s% 83 S, 8%, and S8 T3,
T4 15, and T £, 4 ¢, and {5, w3, vt P, and
uf, and U3, U, U5 and U® are of course omit-
ted, and in the next to the highest octave
served by the rheotome-cylinders 64 (which
rheotome-cylinders have, it will be remem-
bered, but four sets of insulating and con-
ducting sections, to wit, p’, p?, p% and p*, an-
swering to the first, second, third, and fourth
partials) the coils s and sf, 8% and 8¢, T and
T8 % and ¢, «® and uf, and U and US are of
course omitted.

ach key, it will be seen, when depressed
serves (a) to close the rheotome-interrupted
circuits s'.s% &e., corresponding to it and (b)
to close the circuit of the coil V', in which
the composite musical note corresponding to
it is produced elecirically, so that said coil
discharges its vibrations into the line-wire W
andreceiving-coils ww of the vibration-trans-
lating devices. Each of the keys serves also
to control the amplitude of the vibrations
thus transferrved to the line by its coil V', so
that the note is produced by the translating
devices piano or forte, as desired. Itremains
to describe how this is done.

Of the maling of the lones, piano or forle,

as desired.—I1 vary the loudness of the tones
in the apparatus shown in the drawings by
varying the inductive action between vibra-
tion-transferring and vibration-receiving cir-
cuits. Bly preferred apparatus (illustrated
in Fig. 15) consists, essentially, of two parts,
the one electrical, the other mechanical, to-
wit, (¢) an arrangement of inductive bodies
suitably mounted and serving by their rela-
tive movement to vary the strength of the vi-
bratory currents, and (b) a hammer and a
friction-driver action therefor, substantially
similar to that illustrated and described in
the specifieation of Letters Patent of the
United States No. 520,667, granted to me on
May 29, 1894, (to which specification refer-
ence is hereby had and made for a full de-
scription of such actions and the points to be
taken into account in their construction,)
whereby the hammer is caused to deliver a
blow, when the key is depressed, with greater
or less force, according to the pressure upon
the key, on one of the movable induetive
bodies before mentioned, thus moving said
induetive body with relation to the other in-
ductive body a greater or less distance, ac-
cording to the pressure upon the key, so as
tomake the toneloud or soft, asdesired. TFig.
15 illustrates the arrangement of parts for a
single key only. There is a similar set of
parts for each key, except that the friction-
driver, railg, and framing hereinafter de-
scribed (shown in section in Tig. 15) serve
for all.

21isa soft-iron core well laminated. Heads
22 22 are very firmly attached to this core;
and the coil V before mentioned, whose elec-
trical connections (illustrated in Figs. 13 and
14) have been already fully described, is
wound tightly around the core 21 near its up-
per end and inside the heads 22 22, The core
21, carrying the coil ¥, slides up and down
easily but closely in a guide-piece 23, which
is screwed fast to the rail 24. The coil V7,
whose electrical eonnections (illustrated in
TFigs. 13 and 14) have been already fully de-
seribed, is wound around a hollow bobbin 31,
which is attached to the lower surface of the
rail 33. The hollow bobbin 81 is concentric
with the coil V and core 21 and is of sufficient
diameterinside toadmitthe core 2l andcoil V.
A hole 34, ent in the rail 33, admits the core
21 when said core carries the coil V up into
the center of the coil V'. To the foot of the
core 21 is attached a cup-piece 26, containing
a cushion 27, of rubber, felt, ivory, or other
suitable resilient material. A metal ham-
mer 35, having a weight about equal to the
weight of the core 21 and coil V, serves, when
the key is depressed, to strike upon the rve-
silient material 27 attached to the core 21,
and thus to throw the core 21 and coil V up-
ward toward the coil V' a greater or less dis-
tance, according to the pressure with which
the key is depressed. A check R serves to

hold the core 21 and core V solong as the key
is depressed in whatever position they may
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be thrown into by the blow of the hammer 35. | scribed.

The core 21 lies normally with its lower head
22 resting on a cushion of felt 25, which cush-
ion lies down upon the top surface of the
guide-piece 25.

In its normal position, in which it appears
in Tig. 15, the coil V lies remote from the
coil V', and when the coil V thus lies remote
from the coil V' the influence of the coil V
on the coil V' is weak, weak currents only
are generated in the coil V', and the tones
given off by the vibration-translating devices
are soft; but when the coil V' is moved up
into the center of the coil V' the influence
of the core V on the coil V' is strong, strong
currents are generated in the coil V', and the
tones given off by the vibration-translating
devicesareloud. Thusevery degree of loud-
ness from pianissimo to fortissimo can be
given to the tones given off by the vibration-
translating devices simply by varying the
mutual induction of the coil V and the coil
V'. The core 21 and coil V are moved by the
action of the key-controlled hammer 85 into
different positions with relation to the ceil V7,
according to the foree with which the key is
depressed. The whole arrangement is such
that when the key is depressed the hammer
35 strikes the core 21 a blow more or less
foreible, according te the pressure upon the
key, thus moving the core 21 and coil V
greater or less distances from their normal
position toward the eoil V', according to the
pressure upon the key.

It remains to deseribe the action by which
the key controls the hammer.  We may con-
sider the hammer 35 as in a certain sense the
equivalent of a cominon pianoforte-hammer,
the essential difference being in the way in
which the blow is nutilized to affect the loud-
ness of the tone. Alany actions have been
invented and are known for controlling the
pianoforte-hammers by the keys. Some of
theseare power-actions and others depend en-
tirely on the force of the fingers. T preferto
use a power-action and of the friction-driver
variefy, because such actions are simple in
construetion, powerful in operation, and per-
fectly sympathetic; but any other suitable
action whatever may be used. DBy saying
that a friction-driver action is sympathetic I
mean that the force which it exerts is always
proportional to the foree exerted upon it—a
point of great importance. A convenient ar-
rangement of friction-driver action is that
illustrated in Fig. 15, and before mentioned.
718 the key, which controls the electrical con-
nections illustrated in Iigs. 15 and 14, and
before fully deseribed, as well as the mechan-
ical action now about to be described. RYis
a bell-erank lever which is fulerumed by
means of a flange R, serewed fast to the rail
R, A push-rod R eonnects the key » with
the horizontal arm of the bell-crank lever RE.
Said lever RS is connected by a tracker R®
with the fly-carrying lever R*¥ hereinafter de-

550,035

The trackers %, belonging to the
ditferent keys, diverge as they run baclk from
the bell-erank levers 1IR% to the fly-carrying le-
vers R®.  The office of the bell-cranks R?
and trackers R is to conneet the keys, lying
close together, with the expression-actions,
which require mueh more space, and any of
thewell-known deviees, such asroller-hoards,
fan-heavds, &e., used in pipe-organs forsimi-
lar purposes, may, of course, be used instead.

The hammer 55 is carvied by a shank 37,
which is fulerumed by means of a flange 38,
screwed fast to the rail 39,

R¥ is a hollow eylinder or drum mounted
upon a shaft R turned true and rvotated in
the direction of the arrow in any suitable
manner, as, for example, by an eleetric mo-
tor. Said friction-driver R serves as a {rie-
tion-ariver for all the actions, of which one
only, it will e remembered, is seeninIfig. 15,

RR' ig the contact-picee, which is eentered
by means of a pin R, set in the contact-piece-
carrying lever Y% It is conneeted by a link
R with the hammer-shank 57.  The suvface
of the contact-picce R¥, lying proximate to
the friction-driver R¥) is curved on the cen-
ter-pin R¥ as a center. The contact-picce-
carrying lever R'"scrves to move the contact-
picee toward and away from the frietion-
driver B, It is supported by a flange Y,
screwed fast to therail 39, Alight expansive
spring 13* helds the Tever IV in the position
illustrated in IFig. 15, with ils lower end rest-
ing against the adjustable stop 13, so that
the contact-piece RY lies normally in close
proximity to, but clear of, the friction-
driver RIS

The stop R is made adjustable by making
the hole, through which the holt or serew R™,
attaching said stop to the rail R™, passes, el-
liptical or elongated, so that when the screw
R s loosened the stop IR can be slipped
into the position desired and locked in that
position by tightening the serew R%,

A lever B2 fulerumed by a flange R¥
screwed fast to the rail 3¥ and held by the
contractile spring P nermally against the
adjustable stop R hasits lower end connect-
el by the tracker R™ with the vertical arm
of the bell-crank lever BS so that said bell-
crank lever, when rocked by the depressing
of the key, rocks the lever R%, moving its up-
per end to the left.  Thelever R*¥ carrics the
fly-lever B¥, the front end of which lies nor-
mally in close proximity to the nose R of
the contact-piece-carrying lever R'T

R is the check-picee, pin-jointed to the
contact-picee at ifs lower end and having its
upper end lying intermediate the lever R®
and the fixed check-rail R

R¥ i the Hy-releaser, which is pin-jointed
below to the contact-picee RY and above to
the Dridle-lever R which Iatterisfulerumed
by nieans of a flange R serewed fast to the

rail B The fiy-releaser RR* carries a pin

B3 which serves, as hereinafter deseribed,
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to knock the fly-lever R¥ out of engagement
with the nose R* of the contact-piece-carry-
ing lever RY.

R is a wrought-iron bell-crank lever fual-
crumed by means of a flange R¥, attached to
the rail R*. The vertical arm of said bell-
crank lever carries at its lower oxtremity a
check-piece or clutch R,  Alightcontractile
spring R* holds the bell-crank lever R* now-
mally in the position illustrated in Fig. 15,
with its vertical arm resting against the ad-
Jjustable stop R®, so that the check-picce R
lies very close to, but not in contact with, the
core 21, which core, it will be remembered,
carries the coil V. The check-picce R¥ lies
between the upper and the lower jaws of the
guide-piece 23, almost filling the space Dbe-
tween them, so that its up-and-down move-
ment is negligible. ’

An electromagnet RY (screwed fast to the
rail R and having one terminal connected
with the contact-spring R* and its other ter-
minal connected through the generator P! N
with the fly-releaser R*) lies below the hori-
zontal arm of the iron bell-erank lever R3 in
proximity to it. The fly-releaser R has a
projection R* overhanging the frec end of
the contact-spring R* before mentioned, so
that when the fly-releaser R* is pulled down
by the contact-piece R it closes circuit with
the spring R® through the magnet R and
generator P* N. The magnet BY thus encr-
gized pulls upon the bell-crank R* and presses
the check-piece R¥ against the coil-carrying
core 21 with considerable foree whenever the
key is depressed.

The operation is as follows: The key 7,
when depressed by the performer in front of
the fulerum, rises back of the fulerum, vais-
ing the push-rod RY, tilting the bell-crank le-
ver RS, and thus through the tracker R tilt-
ing the lever R* and pressing the fly-lever
R¥ against the nose R¥ of the contact-piece-
carrying lever R', so that the contact-picce-
carrying lever moves upon its ecenter until its
movement is arrested by the contact-piece R¥
coming in contact with the friction-driver R,
Thus the contact-piece is pressed against the
[rietion-driver with a foree great or small, ac-
cording to the pressure upon the key. Im-
mediately the contact-piece R¥ comes in con-
tact with the friction-driver R the friction-
driver exerts a traction upon the contact-piece
great orsmall, according to the pressure npon
the key, moving the contact-piece in the di-
rection of the arrow, Pig. 15. The contact-
piece R when thus moved draws down the
fly-releaser R, bringing the electrical con-
tact-point carried by the projection R*in con-
tact with the yielding contact-spring R*2 and
thus early in its movement closes the cireuit
of the clutch-magnet R, so that said mag-
net becomes magnetized and, attracting its
armature ¥, causes the cluteh R to press
firmly upon the coil-carrying core 21.  The
contact-piece R meanwhile continues its
movement and through the link R throws

up the hammer-shank 37 and hammer 35.
Thus the hammer rises with a force great or
small, according to the pressure upon the key,
until, when the hammer gets close to the re-
silient cushion 27, attached to the core 21, the
pin B%, carried by the fly-releaser R¥, comes
in contact with the fly-lever R*¥ and moves it
dewn outl of engagement with the nose R of
the contact-piece-carrying lever R'. At this
instant several operations take place practi-
cally simultaneously. («) the hammer 85
strikes the resilient cushion 27, attached to
the core 21, transferring its momentum to the
core 21 and coil V, se that they start up to-
ward the ecil V', while the hammer itself first
comes to rest and then moves baclk a short
distance toward ita normal position without,
however, returning the whole distance; (b)
on the frecing of the fly-lever R* by the action
of the fly-releaser B™ the back end of the key
movaes upward alittle, so raising the push-rod
R' and tilting the levers R¥and R® until the
further movement of the parts is arrested by
the lever R* coming in contactwith the con-
tact-piece-connected check-picce R¥, whichis
thus pressed firmly against the check-rail R®,
so that a check is opposed to the movement of
the contact-piece R¥ and hammer 35 sufficient
to prevent the hammer, when it rebounds on
delivering its blow, from returning to its nor-
mal position or from moving so far in that
direction as to break the circuit of the mag-
net B, and (¢) the core 21 and coil V, having
been set moving, as before deseribed, by the
blow of the hammer 85 upon the resilient
cushion 27, attached to the corve 21, move
upward for an instant, when they come to
rest under the opposing forces of gravity and
the friction resnlting from the application of
the check R¥ in a position of proximity to or
remoteness from the coil V', dependent upon
the force with which the key was depressed.
If the key be depressed gently, the contact-
piece is pressed against the frietion-driver
lightly, the frietion - drviver pulls upon i
lightly, the hammer moves lightly and taps
the vesilient cushion 27 lightly, so that the
core 21 and coil V move but a short distance
toward the coil V', when they come to rest;
buat if the key be depressed very forcibly the
contact-piece is pressed hard against the frie-
tion-driver, so that the friction-driver pulls
upon it strongly. Thehammer, thus forcibly
impelled, moves with great rapidity and de-
livers « vigorous blow upon the resilient
cushion 27, which sends the core 21 and coil
VY instantly up into the center of the coil V7.
if the key be depressed with any intermedi-
ate degrec of foree, the hammer delivers a
propertional blow and the core 21 and eoil V
assume a position of proximity to the eoil V'
correspondent with the pressure exerted upon
thekey. Thusby thetouch upon the keyany

desired position ean be given to the core 21
and coil V, and every different position of
such core and coil gives, it will be remem-
berved, a different degree of power to the vi-
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Drations received by the eoil V' from the coil
V and a different degree of loudness to the
tones given off Ly the vibration-translating
dovices. Thusevery degreeofloudness from
plantssimo to fortizsimo can be made, and
made instantly, for cach note individually
simply by the pressure upon the key, as in a
common pianoforte. When the key is re-
leased, the various parts return to their nor-
mal positions.

In large instruments the return of the core
21 and coil V to their normal positions should
be quickened by a suitable spring.

It remains to deseribe the vibration-trans-
lating devices. Any suitable form of receiv-
ing-telephonewhatever might be used tosome
cxtent as a vibration-translating deviee in
the carrying out of my invention. Receiv-
ing-telephones are made in a great variety of
forms and upon principles somewhat ditfer-
ent. Insomethe vibration-translatingaction
is due to the development of heat, varying
with the periods of the current, in a fine-
strained wire of high resistance, which, as it
periodieally expands and contracts under the
influenceof the varying currents,setsasonnd-
board with which it is connected in vibration.
In othorg, as in the well-known device of Pro-
fessor Dolbear, the line-cireuitisnever closed,
but the development of the aerial vibrations

depends upon the echanges in the electrostatic

attraction between two small diaphragns
placed in closs proximity to each other, well
insulated from each other, and connected one
with the line-wire and the other with the
ground or with a return-wire. In the forms
of telephonic recciver which have come into
practical use a magnet is wound with a coil
near one of its poles, so that the attraction
of this pole upon asmall soft-iron diaphragm
varies with the currents that vibrate through
the coil. Any of these devices might no
doubt be used to some extent in the carrying
out of my invention, particularly the sort
last named; but they all produce weak tones.
In order to produce powerful tones, I have
contrived a special form of vibratien-trans-
lating device, which cousists, essentially, of
(a) a good wooden sound-board, well con-
structed and braced and furnished with a
bridge—a sound-board, in short, very similar
to the sound-board of a pianoforte; () a plu-
rality of soft-iron armatures attached to the
bridge; (¢) a plurality of soft-iron cores lying
each with one pole close to one of the bridge-
carried armatures before mentioned; () coils
magnetizing these cores, so that the neces-
sary field is provided, which coils I sometimes
term ‘‘sustaining-coils,” and (¢) coils of fine
wire wound around the ends of the soft-iron
cores that pull upon the bridge-carried arma-
tures before mentioned. This deviee, when
supplied with the necessary curvents, pro-
duces tones of great power. The essential
features of the construetion are illustrated
in Fig. 16, which is a sectional clevation.

41 is a sound-board, 42 the bridge, and 43 43
the armatures attached to the bridge.

44 is the hottom, and 45 45 ave the sides, of
the frame that supports the sound-board 41.

w' w' are the soft-iron cores upon the ends
of which the coils w 2, conneeted with the
lne-wire W, are wound. Sustaining-coils w®
0%, arranged in series and having a battery
23 in eireuit, serve to maintain the magnet-
ism of the covesw' w'. The alternate sus-
faining-coilsw?u?, &e., are oppositely wound,
the first, third, &e., being wound in one di-
rection and the second and fourth in the op-
posite direction, so thab the proximate poles
of the cores w' w' are always of opposite sign.
The alternate coils 2 w arc in like mannor
oppositely wound. Each of the coils w 1w has
its outer end connected with the line-wire W.
The inner end of each of said coils is con-
nected with the core «', upon which it is
wound, and through the core w' with the yoke
wt, and the several yokes w! «w!are connected
with the buried plates or equivalent ground
connection 3% Thecoilsw wmightof course
be connected with the ground in any other
suitable way. In some of the diagrammatic
views they are shown otherwise connected.
The particular manner of making the ground
connection is not essential. A return-wire
may be used instead of the ground connce-
tion with advantage. The disadvantage is
the inecreased cost.

A few vibration-translating devices only
are shown connected with theline-cireuit wire
YW oin the drawings; but obviously a much
larger number may be connected with 16, and
obviously the line-circuit may have several
branches, each having oneor more vibration-
translating devices connected with it.

When it is desired to produce a large vol-
wme of sound in a large room ov hall by means
of the apparatus herein described, I consider
it better to use a plurality of vibration-trans-
lating deviees of moderate size than to at-
tempt {o secure the whole volume of sound
required from one large vibration-translating
device.

Suppressing of sparks at the brushes.—As
the various rheotome-controlled circuits 5" &*
s st &e., are broken by the conducting-sce-
tions of the rheotome-cylinders moving away
from the brushes 7 1, &e., sparks are pro-
duaced, which have an injurious effect upon
the Drushes and rheotome-cylinders.  Thesc
sparks should be suppressed as far as possi-

ble. Several ways of suppressing sparks are
known. Ihavetriedanuwmber,someof which

serve fairly well and some very imperfectly.
The eombination, with each set of insulating
and conducting sections, of a condenser hav-
ing one seb of plates connected with the brush
or brushes belonging to such set of insulat-
ing and conducting sections, and having the
other set of plates connected electrically with
the rheotome-cylinder, and a high-resistance
shunt-wire of negligible self-induction also
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connecting the brushes and the cylinder—in
other words, a condenser and a high-resist-
ance shunt across the break—I consider as
good asany. Thearrangement isillustrated
in IFig. 13, in which 51 51 are the condensers
and 52 52 the high-resistance shunts of negli-
gible self-induction.

In Figs. 13 and 14 and 18 to 22 T have shown,
for the sake of simplicity in Ulustrating the
main principles of the invention, a single pri-
mary controlled by each of the rheotomes.
A better construction, however, and the one
which I have used, is to employ two primaries
connected in sueh a way that the current is
admitted into one as it is cut off from the
other and circulates through the two coils in
oppositedirections. Thearrangementisillug-
trated diagrammatically in the detail view,
Ifig. 11%, in which two primary coils s and s’
are connected with the key-controlled con-
dueting-wire 77, leading through the key, (see
Tig. 13,) to one pole of the dynamo, whose
other pole is conneected with the rheotome-
cylinder, one of said coils being connected
with the brush or brushesn, lying on one side
of the rheotome-cylinder, and the other eoil
being connected with the brush or brushes n,
lying on the other side of said rheotome-cyl-
inder, the two brushes or sets of brushes De-
ingarranged in such a manner that when one
bears on a conducting-section of the rheo-
tome-cylinder the other bears on an insulat-
ing-section thereof, and the connections be-
ing made in such a manner that the corrent
cireulates in opposite directions in the two
coils s and s'.  The secondary coil §' is dis-
posed in inductive relation to the two pri-
maries s and s'.  This arrangement gives a
much greater current output for the total
weight of iron and copper used than the com-
mon form of inductorinm having a single pri-
mary, and I consider it decidedly better for
practical use.

A rheotome device is ordinarily so con-
structed that it interrupts the circuit eom-
pletely, or at least as nearly completely as
possible; but I do not understand that a de-
vice to be a rheotome must necessarily inter-
rupt the cireuit completely. Not all that I
have constructed are of that sort,and T donot
use the word ‘‘ rheotome” in this specification
as meaning only or necessarily a device which
interrupts the current completely or totally,
but simply as one which produces periodic
current-vibrations therein by throwing resist-
ance into the circuit and cutting it out of it.
A device adapted to do this gradually and
without any total interruption of the cireuit,
consisting, essentially, of conducting-pieces
rotating with relation to other conducting-
plecesin avessel filled with a condu cbing fluid,
isillustratedin the before-mentioned pending
application, Serial No. 558,939, filed August
10, 1895, and is one sort of rheotome device. I
considerthe form of deviee herein illustrated,
however, as more serviceable, and only refer
here to the other so that it will be understood

[
o

that by the words “rheotome” or “rheotome
device” I refer, broadly, to a device for pro-
ducing clectrical vibrations by periodically
throwing resistance into a cireunit and cutting
it outof it, and do not limit myself to a device
in which the circuit is totally interrupted by
the action of the rheotome.

Instead of generating the requisite electrical
vibrationsin the first instance by interrupting
electrical circuits we might generate them by
vibrating or rotating inductive bodies in the
presence of cirenits or civenitsin the presence
ofinductivebodies. e might, for example,
substitute for each of the rheotome-cylinders
(or, indeed, for each of the sets of insulating
and conducting sections p’ p* p?, &e., belong-
ing to a rheotome-cylinder) a suitable alter-
nating-eurrent generator so constructed and
arranged that it makes a number of current-
vibrations in a second equal to the number
of vibrations per second of the note for which
it stands. One such device is illustrated in
one of the drawings of a prior application of
mine for Letters Patent for an art of and ap-
paratus for generating and distributing musie
electrically, filed in the United States Patent
Office on August 10, 1893, Serial No. 558,939,
andIhavedesigned others. Iwishittobeun-
derstood, therefore, that alternating-current
generators,asabove mentioned, might he used
in carrying out much of my present invention
instead of thearrangement of rheotomes here-
in described. The important pointis the se-
ries of coils or circuits with the controlling
devices and suitable means, whether rheo-
tomes or alternating -current dynamos, for
generating the requisite electrical vibrations
in the coils. The arrangement of rheotome
devices I consider most convenient and eco-
nomical, at least for small installations; but
in some situations and in some portions, at
least, of the compass the arrangement of al-
ternating-current dynamos, as above men-
tioned, might be used instead. It will be un-
derstood, therefore,that whileIconsider rheo-
tomes the most convenient means of generat-
ing the electrical vibrations in the coils they
are not the only meaus that may be used for
that purpose in the carrying out of my inven-
tion.

T prefer to use rotatory rheotomes; but vi-
bratory rheotomes are well known to electri-
cians, and the better kinds of them might
doubtless be used, at least in small installa-
tions and in the lower compass, in carrying
outmyinvention, instead of the rotatory rheo-
tomes, which I prefer; and I wish it to be un-
derstood that when I speak in the statement
of elaim of a “‘rheotome” or “‘rheotomes” or
a ‘‘rheotome device” or ““rheotome devices”
or “‘rheotome mechanism,” without limiting
the words in the elaim to any particular con-
struction of rheotome, I use such words in
the broad sense.

Obviously, instead of rotating the conduct-
ing and insulating sections of the rheotome
and holding the brushes still we might rotate
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the brushes and hold the insulating and con-
ducting sections at rest. In either case it
would e a rotatory rheotome. T consider it
more convenient to rotate the insulating and
conducting sections and hold the brushes at
rest, and have employed this mode in prac-
tice; but T wish it to be understood that Ido
not limit myself to it, since the reverse mode
might be employed.

The principal advantages of my construc-
tion of rotatory rheotomes are () the good-
ness of the tones which they give in compari-
son with those ordinarily given by vibratory
rheotomes, my arrangement of rheotome eyl-
inder and brushes being free from the shock
and resulting irregular vibrations which not
mflequentlv attend the arresting of the vi-
brating spring by the fixed contaet serew in
a vibratory- rheotome device; (D) the great
power of these devices in comparison with a
vibratory-rheotome device,whichresults from
the large econtact-surfaces of the rotating cyl-
inder and brushes in comparison with the
small contact-surface of the vibrating spring
and fixed contact-screwof the vibratoryrheo-
tome, and (¢) the perfect tuning of the rota-
tory rheotomes, resulting from and inherent
in their eonstruction, and (c) less difficulty
from sparks and capacity to handle currents
of much, higher voltage.

The rotatory rheotomes, moving at a high
velocity, ‘“‘shear off” the sparks in a way
which is impossible with a vibratory rheo-
tome, and can thus handle easily currents
which would establish destruetive ares with
a vibratory rheotome. TFromthecausesabove
mentioned and others it results that a suit-
ablerotatory-rheotome device can handle cur-
rents enormously more powerful than can he
handled by a vibratory rheotome. This is
especially true in the higher part of the com-
pass.

In the drawings I show a sct of insulating
and conducting sections, as p’', for the ground
tone, and other sets, as p*p?, &e., for the over-
tones. This construction has important ad-
vantages, but it is necessarily somewhat ex-
A different arrangement, which re-
quires but a single set of rheotomes or a sin-
gle set of rotatory rate-governors (whether
these De rheotomes or not) answering to the
ground tones for the whole compass of the
instrument, and by which the same rheotome
or the same rotatory rate-governor that serves
for the ground tone of one note serves for the
second partial of the note an octave below,
for the third partial of the note a twelfth De-
low, for the fourth partial of the note two
octaves below, &e., is illustrated and fully
deseribed and claimed in the before - men-
tioned prior appheamon Berial No. 558,139,
filed August 10, 1893. The arrangement is
such thateach rheotome or each rotatory rate-
governor controls a plarality of circuits, one
of which serves to give the ground tone of

the note for which such rheotome or such ro-
ate-governor stands, another of which

tatory
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serves to give the second part ial of the note an
octave bolo\v, another to give the third partial
of thenoteatwellth bclf)w, anothertogive the
fourth partial of the note two octaves below,
&e.  Thisis the general idea of the construce-
11011 which bcln<> fully deseribed in the be-
fore - mentioned upphgm ton of August 10,
1895, it would he a waste of lime to deser 1be
at 1011” h heve. It forms a part of the sub-
ject- -matter of the prior Apph(nltlon above
mentioned, and T only refer to it here so that
it will be wnderstood that a plurality of rheo-
tomes giving different 1.<11L1(1].s of a tone, ora
phhahtq of 1ol‘tL01 y rate-governors (w hothm
these be rheotomes or nob) joining different

partials of a tone, may berheot omosoxmfwbc.

rotatory rate-governors each ol which serves
to give a (hllel(}llu eround tone, and so that it
will be c‘c.ully understood that when in the
statement of claim at the end of this specil 1-
eation Tspeak of a ¢ plarality of rheotomes,”

or of.' A ¢ plumhty of rheotome devices,” or
of o ¢ plurality of rotatory rate-gov unols

nel\inn to give or fumnoed 10 the U they give
dmcwnt pmtnl tones of a note, or use any
other similar language, or any lmnn e of
similar import, without narvowing it in the

claim to the particular construction or ar- ’

rangement of the rheotomes or of the rolatory
1%0 governors, I do not limit myself to the
arrangement o[‘ rhicotomes figured in the
drawings, in which the rheotome or the rota-
tory rate-governor that serves to give a par-
ticular partial for any note serves for that
pmtml of that note only.

By the constr uction ilustrated in the draw-
ings the difference in pitch of any two notes
in the samec octave, reckoning the octave
froma C tothe BB ELbO\ ¢ it, is madewholly by
the different angular velocities given to the
corresponding piteh-shafts. ri‘hus to illus-
trate by an example, any 1‘11001,omc ¢ylinder
standing for a G dilfers in piteh from the
COITCS pondmﬂ rheotome standing for the C
below it, only beeause the piteh- shaft g runs

almost onec and a half as fast as the piteh-
shaft c.  Obviously, however, the rheotomes
cmned by some of the pltch shafts, as, Tor

example, the piteh-shalt g, might be made
with a Iarger number of ins ULXUH“ and con-
ducting sections than the conospondmﬂ rheo-
tome-cylinders carried by other ])1L(‘h -shalts,
as, for oxample, those earried by the 1)mh-
shaft ¢, so thatwith smaller difference in the
(mnulm velocities of the piteh-shafts the
mqmsne differeneesin the pitch of the rheo-
tome-cylinders carried by them might he ob-
tained. It is not important .\]nm mode is
followed.

The rhectome-cylinders 2, 4, 8, 16, 32, G4,
and 128§, conmpondmn to dif lumlt octayv 05,
are lustrated in most of the drawings as of
the same size.  The views are to a great ex-
tent diagrammatic and on account of the
multiy 110115 of the parts figured somewhat
cmm])od so that it is not 1\1(1011/"11)1010 illus-
trate the sizes of parts. In fac :t, however, as
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will be readily understood, the rheotome-cyl-
inders, as 2 4 8§, standing for the lower notes
and having a small number of insulating and
condueting sections ouly in comparison with
the rheotome-gylinders which stand for high
notes can be made much smaller than the
rheotome - eylinders which stand for high
notes. The higherrheotome-cylinders ought
in fact to gradually increase in diametor, a
fact which appears to some extent in Fig. 7.
So, also, those portionsof a rtheotome-cylinder
which stand for overtones, particularly the
higher overfones, may be made larger, and,
indeed, in the higher notes should, for con-
venience sale, be made larger than the por-
tions which serve for the ground tone.

In the drawings T illustrate a set of rheo-
tome-cylinders giving the notes of the seale
through seven octaves, say from three oe-
taves below middle C to four octaves, lacking
one semitone, above it.  Very obviously, it
18 not necessary to the producing of much of
the very best music that the series should ex-
tend so far up. Organ musie, for example,
is seldom written above the T or the A two
octaves and a fraction above middle C, and
the same is true of violin music and of much
music written for the pianoforte. On the
other hand, organ-pipes are sometimesmade
to give tones four octaves below middle C.
It will be understood, therefore, that instead
of making the cylinder marked 16, carried by
the pitch-shaft ¢, give middle C, the whole
set of pitch-shafts may, if desired, be run so
much slower that such eylinder 16, carried by
said pitch-shatt ¢, will give the € an octave
below middle C, or will give any other lower
note desired. All this is obvious.

In the drawings the rheotome-cylinders 2,.

4, 8, 16, 82, 64, and 128 are ropresented, for
conveniencesake,as having,respectively, tio,
four, eight, sixteen, thirty-two,sixty-four, and
one hundred and twenty-eight conducting-
sections (and of course an equal number of
insulating-sections) in their ground-tone sets
Giving these numbers of insulat-
ing and condueting sections to the ground-
tone sets of the different rheotome-cylinders
2,4, 8,106, 82, 64, and 128, ithecomes necessary
to rotate the pitch-shaft ¢, as before stated,
with a velocity of about nine hundred and
sixty revolutions per minute in order to get
middle C from the rheotome-cylinder 16, car-
ried by the piteh-shaft ¢, and the cther pitch-
shafts would require even higher velocities.
Atsuchhighspeeds the slip of the belts would
be liable to be troublesome. Moreover, such
high speeds would tend to wear all the parts.
Practically, therefore, it will be understoed
that if it be desired to produce middle C from
therheotome-cylinder 16,carried by the pitch-
shafl ¢, then the different rhectome-cylinders
before mentioned (marked, respectively, 2, 4,
8, 16, 32, Gt, and 128) should, to secure the
most satisfactory results, have each a much
largernumber, as, say,for example, six, eight,
or ten times as many, of insulating and con-
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ducting sections in their ground-tone sets '
2" than the numbers with whieh sueh eylin-
ders are marked in the drawings, so that the
pitch-shafts will have much lower angular
velocities and the slip of the belts he made as
small as possible, or so small, at least, as to
be of no consegquence. It is not, however, it
should be understood, indispensable that the
actual slip of any belt be negligible. It is
only necessary that the differences in rate of
slip of the different belts driving the different
piteh-shafts should be practically negligible,
for it is the differences in the rate of slip
which tend to throw the notes out of tune.
The fact that the piteh-shafts always all of
them run light makes it easier to avoid trou-
bie from differences in slip than it would be
if the shafts carrvied loads, especially varying
loads.

By a “rotatory rate-governor,” as the term
is used in this specification and in the state-
ment of elaim at the end hereof, I mean a ro-
tating body which serves by itsrotatory move-
ment to govern the frequency of the vibra-
tions. A rotatory rheotome is one sort of ro-
tatory rate-governor. The armature or other
rotating part or parts of an alternating-cur-
rent generater is another sort of rotatory
rate-governor. In each case the frequency
of the vibrations produced depends upon and
varies with the rapidity of rotation. Inthebe-
fore-mentioned prior application, Serial No.
558,039, filed Augnst 10, 1895, rotatory rate-
governors are shown which are ineffect alter-
nating-current generators, or rather the ar-
matures theveof.

A feature of some importance in my pres-
ent invention relates to the arrangement of
the rotatory rate-governors in such a man-
ner, as hereinbefore pointed out, that perfect
tuning is readily secured and maintained.
Thus by placing the sets of insulating and
condueting sections p' p* p° pYy, &e., whieh
correspond to different partials of the same
note upon the same shaft I insure that they
shall always be in absolutely perfect accord-
ance, even to the phase relations; and so,
also, by putting the octaves of a note on the
same shaft 1 insure that the octaves shall be
always in absolutely perfect tune. Thus
those intervals which most readily betray any
want of truth are kept always perfectly true.
They have, indeed, a degree of truth which
it is not possible to maintain in any piano-
forte ororgan of the usualsort, and by giving
different rate-governors different angular ve-
locities I make it possible to produce the notes
perfectly tuned, in equal temperament or in
any othertemperament,witha moderate num-
ber of insulating and condueting sections in
each rate-governor; and my whole scries of
rotatory rate-governors are arranged in suclh
a manuer in the preferred construction, it
will be observed, that by tuning twelve
notes, to wit, one on each pitch-shaft, all the
notes of the instrument, ground-tones and
overtones alike, are at once brought into the
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most perfeet tune which equal temperament
admits. All these features in connection
with the arrangement of rheotomes serving
as rate-governors are equally applicable to
armatures or to any other rotating Dbodies
serving as rate-governors.

Remarks as to the electirical circuils.—The
purifying of the electrical tones, the combin-
ingof them, and the governing of their power
s0 as to give facility for correct musical ex-
pression are all important parts of my pres-
ent invention, each of which may be further
explained with advantage.

I purify the electrieal tones, it will be re-
membered, in my preferred form of appa-
ratus by successive inductive transfers, so
that the abrupt and harsh electrical vibra-
tions in the rhectome-interrupted circuits be-
come smooth and round before they are com-
municated to the vibration-translating de-
vices. It is notnecessary, however, to nse a
great number of inductive transfers. A
greater or lessnumbermay be employed than
arc made by the apparatus illustrated in Tigs.
15 and 14. Kach induective fransfer has a
tendency to purify the tone transferred and
by three or four successive inductive trans-
fers a very harsh tone may be made to be
guite round and smooth; but each inductive
transfer has the cffect of weakening the tone
transferred, and for this reason it is not de-
sirable to transfer the vibrations from circuit
tocireuit a great number of times. The tone-
purifying action of the tone-purifying device
depends upon the fact that where there is a
sensible amount of self-induetion in a cirenit
and a periodic electromotive foree, not re-
ducible to a single sine funection, preduecing
vibratory currents in such eireuit, the self-in-
duetion of the eircuit producing counter-elec-
tromotive foree therein eanses the vibratory
currents therein to approximate more nearly
to sine functions than the vibrations of elec-
tromotive force do from which the currents
result. In other words, the self-induction of
the eiveuit damps down the higher compo-
nents of the vibrations much more than the
fundamental or ground-tone component, and
the greater the self-induction of the cireuit,
other things being equal, the more nearly do
the current-vibrations approximate to sine
funetions—in other wwords, to pure tones;
andwhen electrical vibrationsarve transferred
by induction from circuit to circuit with each
inductive transfer the ground-tone compo-
nent and the overtone components of the vi-
brations are weakened different degrecs, the
overtcnes, particularly the high overtones,
being weakened very much more than the
ground-tone if a sufficient seli-induction is
given to the cireuit, so that a few such in-
ductive transfers have the effect of almost
completely weeding out the high and disa-
ereeable overtones, while weakening the
ground-tone to a very much less extent.

As before said, a multiplicity oreven a plu-
rality of sucecessive induetive transfers of the
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vibrations is not indispensable to the carry-
ing out of important portions of my inven-
tion. We can omit, for example, the eircuits
81, 82T &e., and cause the coils &' 5 6%
&e., to act directly on the cireuits ' o', £ v,
&e., as illustrated diagrammatically in Tig
18, or we may omit also the circuits & v/, *
1%, &e., and cause the coils 5" 5% §%, &e., to act
dircetly upon the coils U' U? U3, &e., as in
Fig. 19; and so far as certain important por-
tions of my invention are concerned nobonly
the circuits 8 1Y, 82 T2 &e., and ¢ o', £,
&e., can be omitted, but the coils U' U3, &e.,
may be omitted also, the coil V being placed
in circuit with the coils ¢ §%, &e., as illus-
trated diagrammatically in Fig. 21, so that
whatever current pulses through any of the
coils &', s &% g4 8%, or s¥ pulses also through
the coil V; ov, omitting the londness-control-
ling device, the wires s, %, &, 54, &% and s
might be econnected directly with the coil V',
Such an arrangement, however, wouald have
the disadvantage of throwing less agreeable
tones upon the line-wire W. For the same
strength of current in the rheotome-inter-
rupted eircuits s &* &% &e., the deviees ol
TFig. 21 produce louder sounds, and the de-
vices of Figs. 13 and 18 more musical and
agreeable tones. .

In purifying the tones it is very advanta-
geous to employ different tone-purifying de-
vices for different tones, for it is thus possi-
ble to adapt cach tone-purifying device elec-
trically in vespect of its self-induction, d&e.,
so that it purifies to the best advantage the
tone or tones for which it serves. In Figs. 13,
14, 18, and 20 a separate ilonc-purifying de-
vice is illustrated for each separate tone.

This T consider the best way; but at the same

time it is somewhat expensive. It is nof in-
dispensable, however, to have as many tone-
purifying devizes as there arc tones to be
purified, nor is it necessary to employ a dif-
ferent tone-purifying device for every differ-
ent tone. Tones which lie close together in
piteh may be purified together and those
which lie far apart in pitch may be purified
separately, and one tone-purifying device
may be made to serve for a plurality of tones
and another tone-purifying device for an-
other tone or plurality of tones, the different
devices serving for tones of different pitches.
A device of this sort is illustrated in Fig. 22,
in which the first-partial is purfied by itself
alone, the second and third partials are puri-
fied together, but separate from the otherpar-
tials, and the fourth, fifth, and sixth partials
are purified together, but separate from the
lower partials.  The civcuits 81" and £/« in
said figure serve to purily the tone fivst gener-
ated in the rheotome-interrupted cirenit s',be-
ing first-partial vibrations. The circuits 5

T and 2 u? purily the tones generated in the
rheotome-interrupted circuits s* and s% be-
ing the sccond and third partials, and the cir-
cuits ST and #f vt serve to purify the tones
aenerated in the rheotome-interrupted cir-
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cuits s, s, and &% being the fourth, fifth, and
sixth partials. This modification hasthe ad-
vantage of somewhat greater cheapness of
construction, but it is less perfect in opera-
tion, especially if the same tone-purifying de-
viee be used to purify tones which stand far
apart in piteh, for when the same tone-puri-
fying device is used for partials or for other
tones standing far apart in pitch the device
tends to weaken the high tones too much in
purifying the low tones sufficiently, or if it
does not weaken the high tones it leaves the
low tones insuffieiently purified.

Obviously with such a modification as that
illustrated in Fig. 22, instead of using a plu-
rality of coiled wires * and s a single primary
coil might be used, suitable resistances being
interposed between such coil and the two
brushes or sets of brushes n 2, controlling it
and corresponding, respectively, with the sets
of insulating and conduecting sections p?* and
2% and in like manner a single primary coil,
with the necessary resistances in the differ-
ent branch circuits, might be used instead of
the coils s, s, and s% Fig. 22.

-The vibrations may be communicated from
the different coils illustrated in the drawings
to the line-circuit and to the vibration-trans-
lating devices in other ways than as herein
described. Iconsiderthearrangementherein
described for communicating vibrations from
the coils in whieh they are generated to the
vibration-translating devices as good as any,
butIdonot limit myself tothem. Otherways
arc known. Several other ways are desceribed
in the before-mentioned pending application,
Serial No. 558,989, filed August 10, 1895, I
shall refer to one or two modifications only
out of many possible ones. Instead of con-
necting the eoils U, U?, U3, U4, U% and U’ in
series with each other and with the coil V
they may be arranged in parallel with each
other and in series with the coil V, as illus-
trated diagrammatically in Fig. 20, in which
case, to secure the best effects, the resistance
and induectance of each of the coils U, U3 U3,
U%, U?, and U® should be much greater than
that of thecoil V. 8o, also, it will be obvious
that, omitting the coil V' and omitting or
modifying the vibration-amplitude-govern-
ing device, the set of coils U’, U?, U3, U4, U3,
and U’ may be connected dirvectly with the
line, one terminal of such coils being con-
nected, for example, with the contact-piece
7%, belonging to the corresponding key, and
the other terminal of such coils being con-
nected with the wire W.

An important feature of my invention re-
lates to the generating of the different elec-
trical tones in different closed ecireaits, each
peculiarly adapted to the generating of that
tone or those tones for which it stands. I
have found that every coil is better adapted
to generating tones of some particular piteh
than it is to generating tones of a pitch much
higher or much lower. A coil will serve well

for generating tones several half-tones or
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even whole tones apart, but it will not serve
to s0 good advantage for tones far apart in
the seale. The exception is the casc of a coil
having a resistance very high in comparison
with its self-induetion. Such a coil is, how-
ever, il adapted to use in an induetorium,
its current output being cut down by the high
resistance.

To obtain the best results I do as set forth
in the paragraph following, to-wit: Taking
the series of rheotome-interrupted circuits s’
s's’,answering to the ground-tones of notes,
I give the coils in the lower part of the com-
pass such & number of turns of wire and such
sizos of laminated iron cores—in otherwords,
such amounts of self-induction—as will for
the curvent used give the maximum effect on
the tone-purifying cireuits 8' 1, arranged in
inductive relation to said coils & ¢, &e.
Ascending the scale I decrease with each coil
the amount of self-induction given to it, so
as to keep the loudness of the tones constant.
In ascending the scale I decrease the size of
the iron cores. They may,indeed, be wholly
omitted, especially in the higher parts of the
compass. To each of the closed circuits, as
817w, used for tone-purifying, I give such
an amount of self-induction as will have the
effect of suppressing the higher overtones to
a much greater extent than the fundamental
is suppressed. A fair ruleto follow to secure
this result is to make the produet of the angu-
lar velocity of the vibrations of the note for
which the coil serves, (to wit, the quantity
sometimes designated by electricians as “w”
and sometimes as ““ 27,”) multiplied by the
effective self-induction of the circuit to which
said coil belongs,equal to the resistance of said
civeuit. Itiswell known that a civeuit consti-
tuting the primary of an inductorium and hav-
ing a given self-induction when no current
flows in the secondary acts electrically as if it
had a less amount of self-induetion when cur-
rents flow in itssecondary. The currentsgen-
erated in the seccondary have, it is well known,
the effect of practically reducing or counter-
acting the self-induetion of the primary cir-
cuit. Bythe term ‘‘effective self-induction,”
as above used, I refer to the net or practical
self-induction of the cireuit, the influence of
neighboring cireuits in inductive relation to
it and in which currents flow in reducing or
counteracting the self-induetion of the circuit
first mentioned being taken into account;
butit is not necessary to follow the rule above
given, nor, indeed, any other hard and fast
rule, to obtain a substantial tone-purifying
effect from tone-purifying devices of the kind
illustrated in the drawings. The tone-puri-
fying effect will be heightened, within certain
limits, Dy increasing the effective self-indue-
tion with relation to the resistance. It willbe
heightened also by inereasing the number of
successive induetive transfers; but the cur-
rent output is somewhat reduced Dby these
means. .

What applies to the sets of circuits &', 8’
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T, ¢/, serving for the ground-tones ap-
plies in like manner to the sets of circuits, as
%, 8202 ¢ ud and §8, 8% T8 P ad &e., serving
for the overtones. 'T'he lowest members of
cach set—thatis, those serving for the lowest
tones—should have the largest amounts of
self-induction, and the sclf-induetion should
decrease as the pitch of the notes in the as-
cending scale increases, and the circuits ¢/,
S'1V ¢ of the ground-tone set should of
course have larger amounts of self-induetion
than the eorresponding circuits of the over-
tone sets. The same general rule applies to
the set of vibration-combining circuits,
formed each of agroup of coils U’, U, U3, U4,
U3 US and V. They should be adapted each
to the pitch of the note for which if serves.
The necessary adjustmentsare readily made
either by winding more or less wire in the
various coils to produce the effect desired or
by adding to the circuits of the various coils
suitable self-inductions. It goes without say-
ing that the coeflicients of mutual induction
subsisting between the varioussets of circuits,
which act directly upon each other induct-
ively, as s and 8" "IV, or ' TV and ¢ ', or ¥ 1/,
and the cirenit formed of the coils U’, U?, U7
U4, U5, U° and V should be made as large as
may be consistentwith not decreasing unduly
the effective self-induction of the separate
circuifs; and, further, if iron cores be used
they should not only be well Jaminated, but
should also be made to form open-air mag-
netie cireuits or air-return cireuits, particu-
larly in the expression devices and the tone-
purifying devices, with the principal part of
the magnetic reluctance in the air portion of
the circuit, for closed-cirenit cores tend, as
is well known, to deform the vibrations from
the sinusoidal form.

Whether the coil V in the device of Fig.
15 be moved or the coil V' is obviously not
material. Therelative movement of the two,
on which the changes in inductive influence
depend, is obviously the same whichever one
be moved, nor is it indispensable that either
one of the coils be moved. The important
point with such a device as that of Fig. 15 is
that the mutual induction between the vibra-
tion-transferring cireuit and the vibration-
receiving circuit be in some suitable manner
varied at the will of the performer. I can
produce this effect readily enough without
moving a coil. Onearrangement of this sort
is llustrated in the detail drawing Iig. 17.
The coil V and the coil V', both wound on
hollow bobbins, are alike fixed. Thecore 21
lies inside the coil V, but is movable with
relation to it. Said core 21 is moved in the
manner already fully described a greater or
less distance upward, according to the pres-
sure with which the key is depressed. In so
moving, the core 21 moves through the coil
V up toward and into the coil V', carrying
with it the field of the coil V. Thus, with-

out moving either coil, the inductive influ-

ence of the one upon the other is vavied atl
will.  Suechis one of many modifieations that
may be made.

The apparatus illustrated herein is the first
current-regulator expression mechanism or
current-regulator expression device, so Tar as
T am aware, ever contrived as an expression
device in an clectrical musieal instrumentor
electrical music-gencrating system in which
musicissynthesized electrically. Otherforms
of current-regulating deviees may doubtless
be used instead of it as general equivalents

of it; andwhilethe deviece described, consist-

ing of inductive bodies moved into different
positions with relation to each other, accord-
ing to the loudness of the tones desived, is
the best form of current-regulator expression
device that T have contrived for the purposes
of guch an instrument as that herein de-
seribed T wish it to be distinetly understood
thatIdo notlimit myself toit. Secveralother
forms of current-regulator expression device
have been invented by me, some of which are
fully described in the before-mentioned pend-
ing application, filed August 10, 1893, Serial
No. 558,939, and others, of which T intend to
fully describe in future applications.  These
various deviees and other deviees well known
to electricians might be used more or less per-
fectly with the other clements herein de-
scribed in place of the current-regulator ex-
pression device herein deseribed as general
eqnivalentsin many of the combinationshere-
inafter claimed of the current-regulator ex-
pression mechanism herein illastrated.

In the drawings I show the linc-circuit W
connected direetly with the coils w2 w of the
vibration-translating deviees, and this I con-
sider best, at least under ovdinary cireum-
stances, but obviously the electrieal vibra-
tions may be communicated or propagated
from the line-cirenit to the vibration-trans-
lating devices otherwise than by a condue-
tion connection between them. They may be
communicated or propagated from the line-
circuit to the vibration - translating deviees
by induction, the line-cireuit being connect-
ed, for example, with the primary of an in-
ductorium whose sccondary is connected with
the eoils w e of the vibration-translating de-
vices.

Having now fully described the best mode
and the best apparatus which T contemplate
using in carrying out my invention of an
electrical pianoforte, Iwish it to be distinetly
understood that a skilled clectrician may
vary from what has been illustrated and de-
seribed in many particulars, while adhering
to certain main features of the invention.
The essentials of the invention once grasped,
the meansof carrying them out may be varied
within wide limits. For every onc or almost
every one of the individual parts or subecom-
binations illustrated in the drawings clee-
trical or mechanical equivalents may be sub-
stituted. XMany such variations, substitu-
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tions, and modifications will be found illus-
trated in the other ease before mentioned, Se-
rial No. 558,939, filed August 10, 1895,

I use the terms ‘‘common receiver” and
‘“common-receiver vibration-translating de-
vice ” synonomously in this specification.

By a “‘common receiver” ora ¢ common-re-
ceiver vibration-translating device” Imean a
‘“device capable of translating eleetrical vi-
brations of different pitches into audible vi-
brations.” Iusetheterm *common receiver”
or ‘‘ecommon-receiver vibration -translating
device ” by way of contradistinetion to tuned
or monofone receivers, which are capable only
of translating each the mnote to which itis
tuned. Variousformsof common-receiver vi-
bration-translating devices are known to clee-
tricians. Allreceiving-telephones capable of
translating electrical vibrations correspond-
ing to speech into audible speech-vibrations
are common receivers, and a device may be a
common receiver so far as translating mu-
sicalelectrical vibrationsisconcerned,though
it be not sufficiently sensitive to properly
translate speech-vibrations.

In various places in this specifieation I
speakofa ““common supply-circuit” ina mu-
sie-distributing system.

By a ‘“‘common supply-circuit” I mean &
“cireunit which serves to supply vibrations to
a plarality of vibration-translating devices
dispesed in different places.” The common
supply-cireuit may be a line connected di-
rectly with the vibration-translating devices,
as illustrated in the drawings, or it may be,
as before pointed out, a circuit connceted
with the vibration-translating devices only
through inductive apparatus.

In various places in this specilication, and
particularly in the statement of claim at the
end hereof, Ispeak of “‘feeding-coils forming
parallel branches to the common supply-cir-
euit.”

By “feeding-coils” T mean ““coils which
serve to supply or feed vibrations to the comn-
mon supply-cireuit.”

In various places in this specification I
speak of a ‘“‘keyboard of pitch-keys.”

By a “keyboard of pitch-keys” I mean a
“keyboard whose keys serve to control the
production of tones of different pitches be-
longing to a musical seale and to afford fa-
cility to the performer to produce a tune by
their manipulation.” I prefer to use a key-
board like that of a pianoforte, but any suit-
able form of keyboard whatever inay be used.

In this specification T speak sometimes of
‘“electrical vibrations” and sometimes of
‘“electrical undulations.” Electrical undu-

lations accompany gradual changes of po-
tential. Electrical pulsations accompany or

are produced by violent changes of potential.
The rheotomes illustrated in the drawings
produce pulsations in the circuits s §° s &,
&c., and these pulsations produce by induc-
tion electrical undulations in the ecircuits
ST, 82T SETS, ST e

Inthisspecification T use the word “‘ vibra-
tions” as a broad term, including both pul-
sations and undulations.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I speak of ““electrical-vibration
cireuits” and in others of ‘‘electrical-undu-
Iation circuits” and in still others of “‘cur-
rent-undalation circuits.”

By an “electrical-vibration cireuit” I mean
a ‘‘cirenit in which electrical vibrations are
caused or produced,” and by an “electrical-
undulation eireuit” or a “* eurrent-undulation
cireuit” Tmean a ““¢ivenit in which eleetrical
undulations are caused or produced.”

By a “vibration-generating device,” or a
“vyibration-generator,” as the term is used in
thisspecification, Imean a ‘“ deviee serving to
produce or canse the production of electrical
vibrations,” and by an ‘“‘undulation-generat-
ing device,” or an ‘‘electrical-undulation-
generating device,” or a ‘‘current-undula-
tion-generating deviee,” and other similar
terms, as the same are used in this specifica-
tion, I mean a ‘“device serving to produce or
cause the production of electrical undula-
tions,” and by an ‘‘inductional undulation-
generating device,” or an ‘‘inductional un-
dulation-generator,” I mean a ‘‘device serv-
ing to produce or cause the preduction of elee-
trical undulations by induction.”

What I nmean by a “rheotome” and what I
mean by a ‘“‘rotatory rate-governor” has al-
ready been explained.

In variouns places in this specification, and
particularly in the statement of claim at the
end hereof, I speak of “tone-purifying de-
vices.” Dy a‘“tone-purifyingdevice” I mean
a ““device adapted and arranged to alter the
wave forms of electrical vibrations, assimilat-
ingthem more orless tothe sine form by elimi-
nating, suppressing, weakening, or excluding
in agreater or less degree the higher harmonie
components of the vibrations.” The device
which I have illustrated for this purpose in
the drawings, acting to purify the vibrations
by inductive transfers, I consider as good as
any, but other forms of deviee known to elec-
tricians may doubtless be substituted for that
shown in the drawings.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I speak of a ““set” of parts, as a
“set of cireuits,” a ““set of coils,” a ““set of
vibration-generating devices,” a ‘‘set of rheo-
tomes,” a ‘“set of rotatory rate-governors,” a
““set of composite-tone-generating devices,”
&c. 1 do not mean by the word “‘set” in
suech phrases to limit myself to the particular
number of parts (whether cirenits, coils, rheo-
toines, rate-governors, &e.) shown for each
octave or for the whole instrument in the
accompanying drawings, but by the word
“set” in sueh phrases I mean a suflicient
number to produce, with the other parts of
the apparatus, a practical musical effeet in
generating a tune electrically.
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In various places in this specification, and
particularly in the statement of claim at the

_end hereof, T speak of “current-regulator ex-

.

pression mechanism. By ““current-regula-
tor expression mechanisin” I mean ““mech-
anism sevving to govern the expression of a
musical composition by regulating an clee-
trical current or currents.”

I have shown in the drawjngs the form of
current -regulator expressien mechanism
which I consider best for an electrical music-
generating instrument, assimilated to a pi-
anoforte, but other electrical devices might,
as before said, be substituted for that shown
in the drawings as gencral equivalents there-
of, in those of thie combinations hereinafter
claimed, which contain current-regulator ex-
pression mechanism as one element of the
combination, without being limited to the
particular kind of current-regulator expres-
sion mechanism illustrated in the drawings.
Severalsuch are fully deseribed in connection
with the apparatus of the other case before
mentioned, No. 558,939, filed August 10, 1855,

In several places in this specification I
spealk in the same context of a “‘vibration-
emitting circuit” and a “‘vibration-receiving
cireuit, % for ming parts of the cxpression
mech%mbm I mean Dy this language two
circuits, one of which gives off vibrations in-
ductively to the other, and the circuit which
gives off the vibrations is the vibration-emit-
ting circuit, and the cireuit which receives
vibrations inductively therefrom is the vibra-
tion-receiving circuit.

In many places in the statement of elaim
ati the end herecf I speak in various forms of
words of, in effect, ‘“generating or producing
simultaneously electrical vibeations or elec-
trical undulations, having frequencies cor-
responding to different partials or compo-
nents of the same composite tone,” and in
other places T speals, in effect, of ““vibration-
gencrating devices, ? or “undulation—gener—
amng deuccs, or “Alcotonlc%,” “101’%013‘
rate-governors,” or ‘‘civeuits,” or ““coils,” o
“means,” or ‘“‘devices,” w h:uevm the names
employed may be, “serving sinmlinueously,
or acting simultanecusly, or operating simul-
taneously to produce vibrations or undula-
tions having frequencies corresponding to
different par Luls or components of the same
composite tone.” By the word “simultanc-
ously,” as thus used, I refer to practical or
substantial simultaneousness rather than to
mathematical simultaneous sness, and in the
sense in which T use the word “simultanc-
ously” in the phrases above mentioned and
in other similar phrases, undulations, vibra-
tions, partial tones, or components of a tone
are produced simultaneously when they are
produced so close together in point of time
that they appear to the ear to he produced
simultanecusly, and vibration-generating de-
viees, undulation- generating devices, rheo-
tomes, rotatory rate-governors, civenits, coils,
or other parts act simultancously to produce

vibrations, undulations, or toinges, or serve si-
multancously to produce vibrations, undula-
tions, ortones having frequencies correspond-
ing to diff "entpmlmlb or components of the
same composite tone when they produee their
respective vibrations so close togetherin point
of time that they appear to the ear to be pro-
duced at the same time.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I'speak of a “mulsiplicity” of parts,
as a ‘“multiplieity of cirvenits,” a “multiplic-
ity of electrical-vibration cirenits,” a “‘mul-
UphCLLV of clectrieal - undulation cireuits,”
a 1nulL1phcw) of vibration-gencrating de-
vices,” a* multiplicity of rheotomes, a ““ multi-
plicity of mmtmy rate-governors,” a ¢ multi-
plml‘*ol coils,” By the word “multiplie-
ity”in such and (111 similar phirases Lrefer to a
“humberof parts of the kind mentioned more
than a bare plurality,” (that is, more than
two,) but T do not limit or restriet myself by
the word “ multiplicity,” Twishit to beunder-
stood, toalarge number of parts. A number
of cirenits, or of coils, orof vibration-generat-
ing devices, or of rhcotomes, or of rotatory
rate - governors, &e., corresponding to the
notes of the diatonie scale through a single
oclave, would Dbe a “multiplicity ” in the
sense in which I use the word in this specifi-
cation, and even a smaller number of parts,
being more than a bare plurality, and being
sumueut with the other parts of the appara-
tus to produce a practical musical effect in
gencrating a tune electrically, would bhe a
“multiplieity,” in the sense in which I use
that word in this specification.

In various places in this speeification, and
particularly in the statement of claim at the
endhereof, I spealkof ““ dilferent votatory rate-
governors Deing rofafed with different angu-
far velocities,” ovof ““diflerent rate-governors
having different angular velocities,” or of
“driving mechanism,” ““whereby different

rate-governors aregiven different angular ve-
locities.” DBysuch phrasesandsimilarexpres-

sions, I wish it to be distinetly understood, I
do not limit myself to giving to every differ-
cnt rate-goverunora fhtlu ent angulm veloeity.
An mspe stion of the drawings, indeed, will
make this point clear. Tour hundred and
thirty-two rate-governors arc shown in the
drawings, which are driven at twelve differ-
ent angularveloeities, thirty-six rate-govern-
ors being driven at each of these twelve
speeds; but so many as twelve different an-
gular velocities are by no means indispensa-
ble. A muchsmaller nuinber may in fact be
used. The essential point is to employ dif-
ferent angular velocities, so as to obtain by
the combination of the dilferent angular ve-
locities with the number of vibrations pro-
duacedtoarevolution by the differentrate-gov-
ernors the proper piteh for each note instead
of attempting to produce the necessary differ-
ences in piteh wholly by the different num-
bers of insulating and conducting scetions
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given to the different rheotomes, all revolved
at the same angular velocity, as has been
attempted heretofore in sostenuto devices.
So when I speak in the statement of claim
of ““different tone-purifying devices, serving
forthe purifying of tonesof different pitches,”
orof ‘““different tone-purifying devices, serv-
ing for the purifying of different partial
tones,” or use other similar expressions or
expressions of similar import, I do not mean
to restrict or limit myself, T wish it to be un-
derstood, to a coustruction in which thers is
a different tone-purifying device for every
different note, for, as has already been made
clear, that is not necessary. The main point
is to purify each tone by a device electrically
adapted to purify such tone properly, and as
tones differing widely in piteh require dif-
ferent adjustments of the tone-purifying de-
vices to produce the proper effects of purifi-
cation upon them it becomes important to
use different devices for tones standing far
apart in piteh, but tones lying close together
in piteh eau be purified by the same device.
On the other hand, when in the statement of
claim I speak of “separate tone-purifying
devices for the separate notes” I mean, as
the use of the article naturally indicates, a
‘“different tone-purifying device for each dif-
ferent note.”

In various places in this specification I
spealc of ““a plavality of cireuits correspond-
ing to different partials of the same composite
tone,” and of “‘a plurality of circuits corre-
sponding, respectively, to different partials of
the same composite tone,” and of ““a plural-
ity of coils corresponding, respectively, to dif-
ferent partials of the same composite tone,”
and of “producing (or producing by indue-
tion) in different circuits (or in different
closed cirenits) or in different coils electrical
vibraticns or electrical undulations corre-
sponding io different partials or to different
partial tones or to different partials of the
same composite tone.”

By the above expressions and all similar ex-
pressions, I wish it to be understood, I do not
limit myself to employing a separate cireuit
or a separate coil for each different partial
tone, for a plurality of cireuits or of coils
may be used, serving each for a different par-
tial or for different partials, and a plurality
of partials may be produced in one or more
of the eoils or of the circuits which serve for
different partials, as illustrated, for exam ple,
in Fig. 22, in which, of the three different ¢ir-
cuits 8" 1Y, 8* 1% and $* T4 which serve for
different partial tones, the circunit 8' T/ serves
for the first partial vibration-generator only,
while the eirenit $° T? serves for the second
and third partials, and the circuit 8! T serves
for the fourth, fifth, and sixth partials. The
three circuits, however, it will be observed,
serve for and correspond to different partials,
and different partials are prodnced in the dif-
ferent cireuits.

In various places in this specification I

speak of a ‘“‘plurality of circuits,” or of a
“multiplicity of cireunits,” or of ““producing
different vibrations in different circuits.” In
the sense in which T use the language in this
spocification and in the statementof claim at
the end hereof circuits are different which
have a common return portion, or a common
conducting portion, as weli as those which
have no portion in common. Thus, to illus-
trate what I mean, the rheotome-interrupted
cireuits ', 5% 5%, 5%, &%, and s, serving for a note,
(see, for example, Ifig. 18,) are distinet and
different circuits, although they have certain
portions in common, and the coils U’, U?, U3,
U4, U%, and Ut in Fig. 20 constitute distinet
and different circuits in the sensein which I
use the language in this specification, al-
though their currents have a common return-
path through the coil V as much as the cir-
euits ' w', £ v 03, &e., which have no com-
mon return nor any other part in common.
The chief benefits resulting from producing
different tones in different circuits are, (a)
that it thus becomes possible to adjust the
different cireuits electrically to the piteh of
the tone or tones for which each circnifserves;
(b) much better facilities are afforded for
building up composite vibrations, and (c)
with different cireuits for different tones we
can, by acting upon the different circuits
separately, govern the tones produced in each
cirenit independently, and thus produce any
ensemble of tones desired. All these advan-
tages belong as well to the arrangement in
which the different circunits have a common
return or other conducting portion in coni-
mon as to onein which each eireuit is entirely
unconnected with the others.

In various places in this specification I
speak of ‘‘different” rate-governors having
or being given different angular velocities:
of ““different” tone-purifying deviees serving
for different tones; of producing “different”
tones in difterent cirenits, &e. By the adjec-
tive ““different” in such and similar phrases
I mean to refer to being distinet, to not being
the same, and I do not mean to imply dissimi-
larity. Thus in the drawings the different
pitch-shafts which have with their rotatory
rate-governors different angular velocities
are preferably made to be exactly alike.
They are only different, as illustrated in the
drawings, by rcason of being distinet, sepa-
rate, not the same, though, of course, they
might well be made dissimilar also. In like
manner the different circuits in which differ-
ent tones are produced may either be similar
or dissimilar, but the difference which I refer
to by the word ‘““different” applied in the
claims’ to such cireuits is that difference
which results from being distinet, from not
being the same. So with the different tone-
purifying devices. These may he similar or
they may be dissimilar, but so long as they
are distinet and not the same they ave *“dif-
ferent” in the sense in which T use the word.

By a “‘composite tone,” as the term is used
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in this speeification and in the statement of
claim at the end hereof, I mean a ““sound con-
sisting of a plurality of partials,” together con-
stituting what musicians consider and desig-
nate as a “note” in contradistinction to a
chord. Amoteisasimplenotewhenits vibra-
tions constitute a single sinusoidal series. It
isa composite tone or a composite note when
its vibrations consist, in clfect, of a plurality
of sinusoidal series bearing certain simple
mathematical relations to each other. By a
‘partial,” or a ““partial tone,” or a “tonc-
partial’—all which forins of expression are
used synonomously in this speeification—I
understand to be meant in strictness a pure
tone, (atone, that is, correspondmo toasingle
series of sinusoidal vibrations,) forming one
of the constituents or elements of & composite
tone—a tone clement, in short, not eapable

of being reduced into simpler constituents.
The terms ‘‘component tone” and ‘tone-

component” or “‘componsnt of a tone,” on the
other hand, (all of which Tusesynonomously,)
in this spoaﬁcatlon, and particularly in the
statement of claim at the end hereof, I us
in a broader and looser sense as sig mf5 ing
any portion of a composite toneless than the
whole. Thus a component of a composite
tone may be either a single partial, such as

is produced in the circnit ') Tig. 22, or it
may consistof two partials prod uoed toge hel',
ao

as, for example, in the civeuit® w?, Fig. 22,
in whiech, it will be remembered, both the sec-
ond and third partinls arep roﬂucod together;
or it may consist of a greater number o l,m'
tials produced in the sa.m, cire U'it, as, forex-
ample, in the circuit ¢* !, Fig. 22, in which,
it will be remembered, the fourth, {ifth, ,md
sixth partials arve all produced together. A
component of a composite tone, in short, may
be anything less than the w lole composnc
tone. It may be either a single partial or
plurality of partials.

In various places in this speeification, and
particularly in the statement of claim at the
end hereof, Ispeak of a “composite tone” and
a “composite sound,” of a ‘‘component tene ”
and a ‘“component sound.”

By a ‘““composite fone,” as before said, I
mean a ‘‘ tone consisting of different partinls,”
togetherconstimting‘:L,ginwlc note; bat‘‘ com-
posite sound” is a broader term and refers
alike to (@) a composite tone, in the scnse
above defined, (U) a chord or discord com-
posed of elemental or non-composite notes,
and (¢) a chord or discord formed in whole or
in partof compositenotles. A componenttone
is one of the parts, constituents, components,
or ingredients of a composite tone and may
be any portion, as before said, of such com-
posite tone less than the whole; buf it is al-
ways a portion only of the composite tone of
whiech it forms a part, a portiononly, that is to
say, (or something less than,) a single com-

5 posite musical note. A component sound, on

the other hand,is one of the parts or compo-
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nents of acomposite sound and may be cither
(a) a composite tone, not being a chord, or ()

a chord or a discord, conﬂ;i%tiug‘ either of com-
pomto or of non-composite notes.

In various placo% i this specifieation, and
particularly in the statement of claim at the
endhor of, Aspml\oi“pxodncnw differentse-

{es of vibrations or undulations in dilferent
circuit% The series of vibrations thus pro-
duced may be euhm simple or composite. In
fact, the preferred deviee illastrated in | the
drawings pr ()dums ]mr;gh complex vibrations
inthe cncmt.s s st Lo It pm(luce hl!ll])l(
or approximately simple, vibrations in the
civeuits ¢ o', 7 o, * %, &e., and it produces
compomto \nbl ations in other closed cireuits,

gueh as those formed by the sets of eoils U,
’J’, U3, U4, U5, UP and Voor by the coils VOV

In various pl wees in this speeifieation, and
particularly m the statement of elaim at the
end licreof, T spealk, in effect, of ““vibration-
'>Ln’*““\oxu;,” or ‘““vibration - generating de-
v 1ceu, or ““‘induectional undulation-genera-
tors,” or “inducticnal undulation -generat-
ing devices,” or “‘votatory rate-governors,”
or “rheotomes,” or “eirveunits,” or “coils,” or
other similar p rts adapted to produace the
notes of a musical sce HO, or serving or acting
or operating to produse the notes of a musical
scale, or sel ving oracting or operatling to pro-
duce ClOCll‘lC{ll Vibrations or undulations an-
swering or corresponding to the notesol amu-
sical seale. Dy such and all similar expres-
sions I wish it to De very clearly understood
Idouob atalllimit or vestirict myself to a con-
straction in which there is a different vibra-
tion-generating deviee orrheotome orrotatory
rate-governor—whatever the thing named
may bg—xor every differentnote of tlm scale,
for,in taect, w LllO]L 45 veory convenient to have
& separe ito vibration -eoncrating deviee for
every different note, that is not at all indis-
pensable, for one vibration-generator might

obviously be made to serve, at least in the
lowest pavt of the compass, for a plurality of
notes; but where, on the other hand, I spealk,
as in many phlccs I do in the jult ement of
claim, of vibration-generating devices, or un-
dulation-generating de\*iceg or rotatory rate-
governors, or rheotomes eon(y ponding to
the notes of a mu:’siml scale,” or having vi-
hration frequencies ““cor 10“')011(11110 to the
notes of o musical seale,” T mean to refer to
a cons struction or ol‘g(unmllon in which there
is a different vibration - gencrating device,
rheotome, rotatory rate-governor, or whatever
the term used may be, for cach differcutnote
of said musical seale. That is the construc-
tion illustrated in the drawings, and the onc
which I prefer.

In various places in the specification, and
particularly in the Smtemull of elaim atb Lho
end hereof, Ispeak of a “key,” orol “keys,”
or of ¢ note- controllers,” bringing vibration-
generating deviees, or lmﬂuhmon generating
dewccs, or cuuuts, or coils, or rheotomes, or
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rate-governors, or other similar parts into ac-
tion or into operation upon the line or upon
the vibration-translating apparatus.

I wish it tobe understood that when I thus
speak of ‘‘vibration-generating devices,”
‘“circuits,” ““eoils,” ““ rheotomes,” ““rate-gov-
ernors,” or other similar parts being brought
into action or operation upon the line or upon
the vibration-translating apparatus or de-
vices I do not restrict, limit, or confine my-
self to a construction or arvangement in
which the vibration-generating devices, cir-
cuits, coils, rheotomes, rotatory rate-govern-
ors, or other parts spoken of as being brought
into action upon the line or the vibration-
translating devices or apparatus are them-
selves directly acted upon in order thus to
bring them into action upon the line, for it
is not necessary that they be directly acted
upon in order tobring them into action upon
the line or the vibration-translating appa-
ratus or devices. Thus, for example, in the
drawings (sce Figs. 13 and 15) the various
parts belonging to a tone-synthesizing de-
vice (such as the rheotomes p', 2 2, pt, 97,
and p° rheotome-interrupted circuits & &2
s, &e., tone-purifying eirenits §' 17, 8 T,
S 1% &e., and U o, £ B s, &e., with the
vibration-combining and vibration-emitting
eircuit formed of coils U', U2, U3, U*, U3, U,
and V and the vibration - receiving circuit
V') are brought into action upon the line and
the vibration - translating devices in three
different ways, any one of which would be of
itself sufficientfor producing a practical mu-
sical effect, although thethree together make
a more perfect, satisfactory, and enduring
instrument. Thus, (a) the key », by closin g
the cireuits of the coils ¢ s* §%, &e., causes
electrical pulsations to be produced in such
coils, whieh in turn cause electrical undu-
lations to be produced in the other circuits,
as 81,8 TP 4, #ud, U7 U2 VY oand the
line W ; and if the key were omitted from the
cirecuit of the coil V' and said civeuit nor-
mally closed, as obviously it might readily
be, theaction of the key 7, in closing the rheo-
tome-interrupted circuits s’ s? 5%, &e., would
be alone sufficient to bring all the various
parts of the composite-tone-generating de-
vice into action upon the line and the vibra-
tion-translating devices. (0) On the other
hand, we might retain the key 7 in the circuit
of the coil V' and omit the key from the cir-
cuits s’ s*s%, &e., leaving such last-mentioned
circuits normally closed, in which case the
closing of the eireuit of the coil V' would be of
itself alonesufficient to bring the rheotome-in-
terrupted cireuits s’ s%s%, &e., and all the other
parts of the tone-synthesizing device into ac-
tion upon the line——a construction which isin
substance used in the apparatus of the other
case before mentioned, Serial No. 558,030, filed
Aungust 10, 1895, (c) The mechanical action

llustrated in Fig. 15 brings the vibration-
emitting coil V (which we may well suppose,
for the purpose of the present explanation, to

23

lic normally so far remote from the vibration-
receiving coil V' that the influence of the one
upon the other is negligible) into intimate in-
ductive relation to the vibration-receiving
coll V, so that if the rheotome-interrupted cir-
euits s's*s% &e., and the eireuit of the coil V7
were made to be normally closed the key-con-
trolled movement of the coil V with relation
to the coil ¥ would be of itself sufficient to
bring the varicus parts of the note-synthesiz-
ing device into action or operation upon the
line and the vibration-translating devices.
Practically, however, in such an instrument
as thatillustrated in the drawings of the pres-
ent case it is very advantageous to employ
all of these three methods. (@) It is advan-
tageous to have the rheotome - interrupted
cireuils 8" s* 5% &e., normally open, closing
them only when their note is required, for
thereby waste of current is avoided and the
destructive action of the sparks upon the
brushes eorresponding to a note is avoided at
all times except when such note is actually
sounding. (D) It is also very advantageous
to keep the circuits of the coils V! V' V', &e.,
corresponding to different notes normally
open, closing each only when its note is
sounded, for therehy waste and dissipation
of the eurrent sent to line through the idle
coils V' V' V7, (that is, the eoils V' V', whose
notes are not sounding,) forming parallel or
shunteirenitsto theline, areavoided; and (¢)
it is advantageous to vary the induction be-
tween the coils V and VY, in order to govern
the expression thereby; buat while the con-
struction shown is that which I consider most
advantageous for a practical music-generat-
ing apparatus, assimilated to a pianoforte, I
wish it to be very clearly understood that so
far as the meaning of the terms before men-
tioned is concerned, which refer to the hring-
ingof the cireuits, coils, vibration-generating
devices, rotatory rate-governors, rheotomes,
&e., into action or operation nupon the line or
the vibration-translating apparatus, and all
similar expressions T do not at all limit or
restrict myself to the particular construction
shown in the drawings for bringing such parts
into action nipon the line and vibration-trans-
lating devices, for other constructions well
Iknown to electricians might be used instead
of them.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I speak of a “‘note-controlling de-
vice, extra the line.” By a “note control-
ling device, extra the line,” I mean a note-
controlling deviee outside of (that is to say,
not inserted in) the main line. Thus in the
drawings the key #», considered as a note-
controlling device, inserted in the ecireuits
s, 8% 88 sY, 8, and §9, is extra the line; and
in like manner said key #, considered as a
key closing the circuit of the coil V', which
forms one of the branches of the line W, sup-
plying vibrations thereto, is “extra the line”
in the sense in which T use the words in this
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specification and in the statement of claim
at the end hereof. Animportant advantage
resulting from placing the diffevent keys or
other note-controlling devices extra the line
is that each note-controlling device is then
able to work 1ndep(>ndnmly of the others,
and to throw its note upon the line and to
shut it off fmm the line without rendering
the line ineapable of transmitting the no fos
controlled by other note-controlling devices;
and when Ispeak in this specification, and
particularly in the statement of claim at the
end hereof, of “‘ currvent-regulator expression
mechanism, extra the line” I mean current-
regulater expression meehanism whichis out-
side of (that is to say, not inserted in) the
main line. Thuosin the drawings the expres-
sion device, including the two coils V and
V', acting nduetndy upon each other, is
“gxtra the line” in the sense in which T use
the words in this speeification in the state-
ment of elaims at the end hereof.

Important advantages resulting from plac-
ing the expression devices, extra the line,
are («) that the different expression devieces,
if a plurality of expression devices Le om-
ployed, ean thus be made to act independ-
ently of one another to produce their dif-
ferent tones with different degrees of power,
and (b) that the electrical condition of the
line, (whether a single expression deviceor a
plurality of expression devieesbe employed,)
considered with relation to its electrical
characteristics, such as the coeflicients ol re-
sistance, self-induetion, and capamh‘ is un-
disturbed by the operations of the expres-
sion mechanism.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I speak ineffect of “current-regu-
lator expression mechanism operating in-
duetively to govern the loundness of 501111(1
given off by the vibration-translating appa-
ratus.” By thislanguageandotherlanguage
of the same gencral import I refer to expres-
sion mechanism acting to govern the loud-
ness of sounds given off by the common re-
ceivers by varying or regulating the stren gth
of the clectrical vibrations employed in pre
ducing sound and which expression mech-
anism mcludes vibration-emitting and vib
tion-receiving circuits and means operating
to vary the induetive relation subsisting
thercbetween.

In various pros in this specifi {tion, and
particularly in the statement of claim ab
theend hereof, Ispeakineffectof & “ plurality
of vibration- geuemtmg devices or undula-
tion-generating devices, or rheotomes or ro-

atmy rate-governors hm‘mo vibration fre-
quencies corrcspondmo to dilferent partials
of the same composite tone, serving or act-

-

ing or opemtinfr simultaneously to produce a
compomte tone or a composite note,” or I
speaix of “vibration-generating devl(‘e% rheo-
tomes, rotatory m’re 00\'01'1101'.), &e., serving
or operating or acting simultancously topro-

duce vibrations having frequencies corre-
sponding to different pnrlm]g of the same
composite tone or of the same composite
note.”  What I mean by the word “simulta-
neously” as thus used has already been made
clear, ,md, further, I wish it to be under-
stood that I do not by the terms above men-
tioned and other similar expressions limit or
restrict wmyself to a construcetion inwhich the
different parts mentioned as serving or act-
ing or operating simultaneously to produce
electrical vibrations having frequencics cor-
responding to different partials of the same
;omposite tone act always all of them to-
gothier when any of them acts, butonly to the
pmts corresy onding to dlliuon partials of
the same compo‘me tone which act, as dis-
tingnished from those which remain idle or
inactiv e, acting simultancously to produce a
composite tone, for that is all that is neees-
sary to the carrying oul of my invention,
for it would be possible to 11'1‘;Lng(> the parts
in such a manner that the scts of coils, cir-
cuits, rotatory rate-governors, rheotomes, or
other vibration - lmnxlat,mo devices corre-
sponding to certain partials would beat times
entirely out of action, some of the partials
being used and others heing omitted, and in
fact such a construetion is fully illustrated
and deseribed in the other application be-
fore mentioned, Serial No. 558,939, filed Au-
gust 10, 1895, in which fthe broad features of
my invention are illastrated as applied to the
special purpose of generating organ music.
Iuse theterms“note-controller” and “note-
controlling deviee” in this specification and
in the statement of claim at the end hereol
synonymously. The arrangement of note-
controlling deviees illustrated, consisting of
the keys ¢+ with the eireuit- conbrolhno (10—
vices conne"ted with them, is a (,onvonmnt
one and is as good as any that T am aware of;
butitis only one out of several forms of note-
controlling devices that may be used, and I
wish it to be very distinetly understood that
I do not ab all limit myself to the particular
form of note-controlling deviees illustrated
in the drawings, for they may be modified
within wide limits and other forms of note-
controlling device may be substituted for
then.
In various places in the statemont of claim
Tspeak of “rhooiomoo, andin others of ““‘ro-
atory rate-governors,” and in still others of
“vibration- 00110'"&1015 or ‘““vibration-gener-
ating dences or “undulation-generating de-

vices.”
By m “rheotome,” ashas already been made
clear, I mean a dc\'lcc whicl serves to pro-

duce eleetucnl vibrations by affecting the re-
sistance of a cireuit periodically, throwing in
and cutting out res 151‘11100 alternately. “IRo-
tatory 1 ,ame -governor” is in one aspect a nar-
rower term than “rheotome,” for a rotatory
rate-governor must have a rotatory move-
menL while a rheotome may Dbe either vibre
tory or rotatory; butb ““‘rotatory l“li,()-g()\'
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ernor” is a broader term than ““ rheotome,” in
that it refers as well to a rotatory body acting
to produce periodic currents wholly by indue-
tion (such as the armature of an alternating-
current dynamo or the special Torm of such
device desecribed in the other application be-
fore mentioned, Serial No. 558,959, and before
referred to) as to one which produces its cur-
rents in the first instance by current inter-
rupting. ‘“Vibration-generating device ” is a
still broader term. It is indeed nomen gen-
eralissimum, referring alike to rheotomes,
both rotatory and vibratory, and to rotatory
rate-governors, whether of the current-inter-
rupting or the induetion-generating sort, and
to all other devices acting to produce elec-
trical vibrations periodically. ‘‘Undulation-
generating device” is likewise a broad term,
referring aliketo the various sorts of devices
which operate to produce electrical undula-
tions periodically.

In various places in this specification, and
particularly in the statement of claim at the
end hereof, I speak of ‘““‘translating compos-
ite  electrical vibrations or composite elec-
trical undulations into aerial vibrations of
similar wave form.”

What I mean to refer to by the language
above recited and other similar expressions
is a process of translating in which the wave
form of the electrical vibrations controls or
affects the wave form of the aerial vibra-
tions—a process of translating in which the
electrical vibrations produce aerial vibrations
of similar timbre—asdistinguished from those
processes of translating by monotone-receiv-
ers in which the piteh of the electrical vibra-
tions only is reproduced, the timbre of the
sound communicated to the ear being that of
the translating device itself unaffected by the
timbre or the wave form of the electrical vi-
brations operating it; but very obviously the
aerial vibrations, having wave forms similar
to the wave forms of a given composite elec-
trical tone, may coexist with or be superposed
upon other aerial vibrations corresponding to
other composite tones, the two sets or the plu-
rality of sets of composite electrical vibrations
corresponding to different composite tones to-
gether producing resultant aerial vibrations
having as components aerial vibrations corre-
spondingtothedifferent setsof composite elec-
trical vibrations translated. Thus, for exam-
ple, I speak in some places of “producing a
composite tone in some specified manner elec-
trically” and then of ““ translating the compos-
ite electrical undulations into aerial vibra-
tions of similar wave form.” Such composite
electrical vibrations or undulations corre-
spondingtoacomposite tonemay betranslated
by themselves alone, ov they may be combined
with other electrical vibrations before they are
translated into aerial vibrations, and when
translated into aerial vibrations they may co-
exist as aerial vibrations along with other sets
of aerial vibrations corresponding to other
composite tones; and yet so long as the essen-

w
<t

tial characteristics of the electrical vibrations
first mentioned are reproduced by the aerial
vibrations the electrical vibrations will be
translated into aerial vibrations of similar
wave form in the sense in which I use that
language in this specification. To further
illustrate: When but one composite tone is
produced, the aerial vibrations given by the
common receivers correspond closely in wave
form, in whatever way considered, with the
composite electrical vibrations corresponding
to the one composite tone produced ; but when
two composite tones are produced simultane-
ously,orachord of composite tones, though the
process is exactly the same, the aerial vibra-
tions produced are resultantsof the vibrations
corresponding to the different composite notes
sounding; butthese resultant vibrations, cor-
responding to a plurality of simultaneously-
sounded composite notes, contain as compo-
nents the separate vibrations belonging to
each composite note individually; and when
two or three or a greater number of composite
notes are thus simultaneously produced elec-
trically and translated into audible aerial vi-
brations in the manner hereinbefore de-
scribed each composite electrical tone istrans-
lated into aerial vibrations of similar wave
form practically and to all intents and pur-
purposes so far as the ear can diseern, and
in the sense in which T use the language in
this specification, just as truly as when a
composite nofe is produced and translated by
itself alone.

My invention embraces different parts, de-
vices, and subcombinations, some or all of
which may beused individually in a complete
whole other than or different from the com-
plete whole of the apparatus herein described.
I desire full protection for every part of my
invention and wish it to be distinetly under-
stood that I have no desire or intention to
dedicate or abandon any part of it to the
publie.

What I claim as my invention, and desire
to seeure by Letters Patent, is—

1. Inanelectrical music-generating system,
the method of producing composite musical
sounds electrically, which consists in (@) pro-
dueing by induction, in different closed cir-
cuits, electric-current undulations corre-
sponding to different component sounds of
the composite musical sound desired; ()
synthesizing in a conductor resultant undu-
lations out of the undulations produced, as
above mentioned, in a plurality of closed cir-
cuits; and (c¢) translating the built-up elec-
trical undulations into composite aerial vi-
brations of similar wave form.

2. Inanelectrical music-generating system,
the method of producing composite musical
sounds electrically, which consists in (a) pro-
ducing by induction, in different circuits,
electric undulations corresponding to differ-
ent component sounds of the composite musi-
cal sound desired; (0) produecing in a con-
ductorresultant undulations out of the undu-
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lations produced, as above mentioned, in a
plurality of circuits; and (¢) translating the
built-up electrical undulationsinto composite
aerial vibrations of similar wave form.

3. Inanelectrical music-generating system,
the method of producing composite musical
sounds electrically, which consists in (a) pro-
ducing, by induction, in different closed eir-
cuits, eleetric-current undulations, corre-
sponding to different component sounds of
the composite musieal sound desived; (0)
transferring undualations from such cireuits
by induction toa vibration-combining cireuit,
so that resultant electrical undulations, an-
swering to the composite musical sound re-
quired, arve produced in the vibration-com-
bining cirveuit; and (¢) translating the com-
posite electrical undulations into aerial vi-
brations of similar wave form.

4. Inanelectrical music-generating system,
the method of produeing composite musical
sounds electrically, which consistsin (a) pro-
dueing, by induection, in different civeuits,
electric undulations corresponding to differ-
ent component sounds of the composite mu-
sical scund desired; () transferring undua-
lations from such ecireuits by induetion to
a vibration-combining circuit, so that clec-
trical undulations, answering to the com-
posite musical sound required, are produced
in the vibration-combining eireuit; and (¢)
tranglating the composite electrical undula-
tions into aecrial vibrations of similar wave
form.

5. The method of producing music electric-
ally, which eonsists in («) producing,in dif-
ferent circuits, different series of clectrical
vibrations, of frequencies corresponding to
different tones; (D) puwrifying different scries
of vibrations separately and simultaneously;
(¢) synthesizing resultant electrical vibra-
tions, corresponding {c composite musical
sounds, out of the separately-purified elec-
trical vibrations above mentioned; and ()
translating the composite electrical vibra-
tions into acrial vibrations of similar wave
form. :

6. The method of producing musiceleetric-
ally, which consistsin (@) producing, in dif-
ferent cirveuits, different series of electrie-
currentvibrations,of [requencies correspond-
ing to different tones; (U) purifying different
series of vibrations separately and simultane-
ously, by successive induactive transfers; (c)
synthesizing resultant electrical vibrations,

corresponding to composite musical sounds,-

out of the separately-purified electrical vi-
brations above mentioned; and (d) translat-
ing the composite electrical vibrations into
aerial vibrations of similar wave form.

7. Inan electrical music-generating system,
the method of producing a composite musical
tone electrically, which consists in («) produe-
ing by induetion, in different closed circuits,
electric - current undulations corresponding
in periodicity to different components of the
composite tone required; (b) synthesizing in

a conductor resultant cleclrical undulations,
corresponding to the composite tone required,
out of the undulations produced in the closed
cirenits before mentioned; and (¢) translating
the built-up electrical undulations into com-
posite acrial vibrations, of similar wave form.
8. Inanclectrical music-generating system,
the method of producing a composite musical
tone clectrically, which eonsistsin («) produe-
ing by induection, in different cireuits, electric
undulations corresponding in periodicity to
different components of the composite tone
required; (b) producing ina conductor result-
ant electrical undulations, corresponding to
the composite tone required, ont of the unda-
lations produced in the circuits hefore men-
tioned; and (¢) translating the built-up elec-
trical undulationsinto compositeacrial vibra-
tions, of similar wave form.

0. Inanclectrical music-generating system,
the method of producing a composite musical
tone electrically,which consists in («) prodac-
ing by induetion, in different closed cireuits,
clectric-current undulations, corresponding
in periodicity to different components of the
composite tonerequired; (0) transferring un-
dulations by induetion from the civeuits be-
fore mentioned o a vibration-combining cir-
cuit, so that resultant electrical undulations,
corresponding to the composite tone required,
are produced in the vibration-combining eir-
enit; and (¢) translating the composite clee-
trical undulations thus produced into acrial
vibrations of similar wave form.

10. In an electrical music-generating sys-
tew, the method of producing a composite
musical tone electricnlly, which consists in
(a) producing by induction, in different cir-
cuits, electrie undulations, corresponding in
neriodicity to different components of the
composite tone required; () transferring un-
dualations by induction from the cireuits be-
fore mentioned to a vibration-combining ¢ir-
cuit, so that resultant electrical undulations,
corresponding to the composite tonerequired,
are produced in the vibration-combining cir-
cuit; and (¢) trauslating the composite clee-
trieal undulations thas produced into acrial
vibrations of similar wave form.

11. In an electrical musie-generaling sys-
tem, the method of producing a composite
musical tone cleetrically, which consists in
(a) producing, in different cirenits, different
series of electrical vibrations, of frequencics
corresponding to different components of the
composite tone desived; (D) purifying differ-
ent series of vibrationsscparately and simul-
taneously; and (¢) translating the purified
clectrical vibrations into andible acrinlvibra-
tions. :

12. In an cleetrical music-generating sys-
tem, the method of producing a composite

musical tone eclectrically, which consists in
(a) producing, in different eireunits, dilferent
series of cleefrical vibrations, of frequencies
corresponding to different components of the
composite tone desired; (D) purifying differ-
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ent series of vibrations separately and simul-
taneously; (¢) synthesizing resultant elec-
trical vibrations, corresponding to the com-
posite musical tone required, out of the sepa-
rately - purified electrical vibrations above
mentioned; and (d) translating the resultant
electrical vibrations into aerial vibrations of
similar wave form.

13. In an electrical music-generating sys-
tem, the method of producing a composite
musical tone electrically, which consists in
(&) producing, in different circuits, different
series of electrical vibrations, of frequencies
corresponding to different components of the
composite tone desired; (0) purifying differ-
ent series of vibrations separately and simul-
taneously, by successive inductive transfers;
(c) synthesizing resultant electrical vibra-
tions out of the separately-purified electrical
vibrations above mentioned; and (d) trans-
lating the resultant electrical vibrations into
aerial vibrations of similar wave form.

14. The method of producing a musical com-
position electrically, which consists in (a)
producing by induction, in different closed
circuits, different series of electrical vibra-
tions, corresponding in frequencies to the
ground tones of different notes of the musical
composition desired; (b) producing, also, at
the same time, by induction, in other closed
circuits, other series of electrical vibrations
corresponding in frequencies to overtones of
the ground tones before mentioned; and (c)
producing, by means of the electrical vibra-
tions aforesaid, audible acrial vibrations.

15. The method of producing amusical com-
position electrically, which consists in (a)
produeing by induetion, in different circuits,
different series of electrical vibrations, corre-
sponding in frequencies to the ground tones
of different tones of the musical composition
desired; (D) produecing, also, at thesame time,
by induection, in other cireunits, other series
of electrical vibrations corresponding in fre-
quencies to overtones of the ground tones be-
fore mentioned; and (¢) producing, by means
of the electrical undulations aforesaid, audi-
ble aerial vibrations.

16. The method of producing a musical com-
position electrically, which consists in («)
producing, in different civeunits, different se-
ries of electrical vibrations, corresponding in
frequencies to ground tones of different notes
of the musical composition desired; (D) pro-
ducing, also, at the same time, in other cir-
cuits, other series of electrical vibrations,
corresponding in frequencies to overtones of
the ground tones before mentioned; (¢) puri-
fying different series of vibrationsseparately;
and (d) producing from the purified clectrical
vibrations above mentioned audible aerial vi-
brations.

17. The method of producing a musical com-
position electrically, with composite tones,
which consistsin (o) producing by induction,
in different closed cireuits, different series of
electrical undulations, corresponding to the

ground tones of different notes of a musical
composition; (0) producing, at the sametime,
by cobperating devices, and by induction, in
other closed circuits, other series of electrical
undulations, corresponding to overtones of
the ground tones before mentioned; (¢) syn-
thesizing composite electrical undulations out
of the ground-tone undunlations and the over-
tone undulations before mentioned; and (d)
translating the composite electrical undula-
tions thus produced into aerial vibrations of
similar wave form.

18. Themethod of producing a musical com-
position electrically, with composite tones,
which consists in («) producing by induetion,
in different circuits, different series of elec-
trical undulations, corresponding to the
ground tones of different notes of a musical
composition; (b) producing, at the same time,
by codperating devices, and by induetion, in
other circuits, other series of electrical undu-
lations, eorresponding to overtones of the
ground tones before mentioned; (¢) producing
composite electrical undulations out of the
ground-tone undulations and the overtone
undulations before mentioned; and (d) trans-
lating the composite electrical undulations
thus produced into aerial vibrations of simi-
lar wave form.

19. Themethod of producing a musical com-
position electrically, with composite tones,
which consists in (a) producing, in different
cireuits, different series of electrical vibra-
tions, corresponding to the ground tones of
different notes of a musical composition; (D)
producing, also, at the same time, in other
circuits, other series of electrical vibrations,
corresponding to overtones of the ground
tones before mentioned; (¢) purifying ditfer-
ent series of the vibrations before mentioned
separately; (d) synthesizing composite elec-
trical vibrations out of the ground-tone vibra-
tions and the overtone vibrations before men-
tioned; and (e) translating the composite
eleclrical vibrations into aerial vibrations of
similar wave form.

20. Themethod of producing a musical com-
position electrically, with composite tones,
which consists in (a) synthesizing, in differ-
enl circuits, composite electrical vibrations
corresponding to composite musical notes of
different pitches; (0) transferring the com-
posite electrical vibrations above mentioned
as corresponding to notes of different pitches,
from the eircuits above mentioned, by induc-
tion, to a vibration-combining circuit, so that
composite electrical vibrations, correspond-
ing to chords of composite notes, are produced
in said vibration-combining cireuit; and (c¢)
translating the composite electrical vibra-
tions last above mentioned into acrial vibra-
tions of similar wave form.

21. Themethod of producing a musical com-
position electrically, with composite tones,
which consists in (¢) synthesizing, by induc-
tion, in different coils, composite electrical
vibrations corresponding to different notes;
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(D) synthesizing out of the composite elec-
trical vibrations, corresponding to notes, in
a plurality of the coils before mentioned, com-
posite electrical vibrations corresponding to

5 chords of eompomta notes; and (¢) translat-
ing the composite vibrations thus produced
into composite aerial vibrations of similar
wave forms.

22. In an electrical music-generating sys-

10 tem, the method of producing notes of & mu-
sical composition with expression, which con-
sists in (o) produeing, in differvent circunits,
electrical vibrations corresponding to differ-
ent tones; (b) synthesizing out of the vibra-

15 tions thus produced, resultant electrical vi-
brations; (¢) transferring suchresultantelec-
trical vibrations by induction {rom one cir-
cuit to another; () varying the londness of
the sounds produced I)y varying the indue-

20 tive relations subsisting betweeu the two cir-

cuits last above mentioned; and (e} translat-

ing the electrical vibrations produced in man-
ner above degeribed into audible aerial vibra-
tlons

23. Tn an electrical musiec- generaling sys-
tem, the method of preducing mus icalsounds
with expression, which consists in («) pro-
dueing, by induetion, in different eireuits,
electrical undulations correspounding to differ-

30 ent tones; (b) synthesizing, by means of the
undulations generated in the circuits before
mentioned, resultant electrical undulations;
{¢) transferring such resultant electiical un-
dulations, by induetion, from one circuit to

35 another; (d) varying the louduess of the re-
sultant sounds by varying the inductive rela-
tions subsisting hetween the two circuits last
above menhoned, andd () translating the
electrieal undulations into audible acrial vi-

40 brations.

24. In an eclectrical music-gencrating sys-
tem, the method of producing music electric-
ally, which consists in () produneing, by in-
duction, in different civcuits, clectrical un-

45 (Iuhmons corresponding to different compo-
nent sounds of the composite musical @ovnd
desired; (D) synthesizing resultant electrical
undulations out of the undulations produced
in the cireuits before meuntioned; (¢) varying

so the amplitude of the component unduintions
entering into the resultant electrical undula-
tions above mentioned independently of each
other; and (d) translating the composite elec-
trical undulations produced, into acrial vi-

55 brations of similar wave form.

In an electrical music-gencraling sys-
tem, the method of producing musie clectrie-
ally, whieh consists in () producing by ia-
duction, in different cn*cmts electrical un-

6o du]atwn s corresponding fo different compo-
nent sounds of the composite musical sound
desired; (D) ynthml/,mn 1‘051111‘11& eleclrical
unduldtlons out of the undulations produced
in the eireuit before mentioned; {(¢) varying

65 the amplitude of component undulitions en
tering into the resultant clectrical undula-
tionsabovementioned, independently of each

25

25.

other, by varying the inductive relations sub-
sisting Dbetween different vibration-cmitting
and vibration - receiving ecirenits; and (d)
translating the composite cleetrical undula-
tions produced in manner above deseribed,
into acrvial vibrations of similar wave form.

26. The method of producingmusic electrie-
ally, which cousists in (a) producing by in-
ducLlon, in different circuits, clectrieal un-
dulations eorresponding to dnlmunt compo-
nent sounds of the ecomposite musical sound
which it is desired to produece; (U) transfer-
ring undulations by induection from the dif-
ferent cireuifs hefore mentioned to a line,
througl one or more infermediate cireuits;
(¢) varying the amplitude of the electrical
undulations thrown upon the line, interme-
diate the line and the cireuits in which the
differcnt CO)‘I‘GSDOI](UW" series of elceetrical
vibrations are first produced; and (d) trans-
lating the clectrical vibrations thrown upon
the line iute audible aerial vibrations.

27. The method of producing music electric-
ally, which consists in generating by indue-
tion, in different circuits, clectrical undula-
tions of different sorts, corresponding to dif-
ferent components of the sound which it isde-
sired to preduce; transferring electrieal un-
dulations from these dilferent circunits to a
common vibration-combining cireuit, by in-
duction; varying the amplitude of the differ-
ent sets of undulations independently of cach
other by varying the induetive relations of
differenteircuitsindependently of each other;
and translating the camposite clectrical un-
dulations, prud teed in manner above men-
tioned into audible acrial vibrations of simni-
lar wave form.

25.- The method of producing music electric-
ally, which consists in («) producing in dif-
{feventeirveunits, different series of electrical vi-
brations, concsponding to different tones;
() purifying differentserics of vibrationssep-
arately; (¢) synt’zmsivinw resultant electrical
undulations out of the separately-purified
clectrical vibrations; ((Z) raryingthe loudness
of different component sounds of the compos-
ite musical sound produced, by varying the
a.nplitudc of the corresponding series of elee-

rical vibrations; and (e) translating the com-
1)051@ clectrical undulations, produced in
manney above deseribed, into aerial vibra-
tions of similar wave form.

29. Themethod of producing music eleetrie-
ally,whicheonsistsin () producing, by indue-
tion, in different eireuits, clectrical undula-
Lum,s of [requencies corresponding to differ-
ent tones; (0) purifying the different series
of vibrations separately; (¢) synthesizing re-
sultant electrical undulations out of the puri-
fied electrical nndulations above mentioned;
(d) varying the loudness of different compo-
nent sounds of the ecmposite musical sound
produced, by varying the amplitude of the
w‘xo::pm*dnw series Tof electrical vibrations
indepondently of cach other; and (¢) trans-

lating the composite cleet ieal undulations,
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produced in manner above described, into |

acrial vibrations of similar wave form.

30. In an electrical music-génerating sys-
tem, the method of producing a composite mu-
sical tone, which consists in (a) producing,
by induction, in different circuits, electrical
undulations corresponding in periodicity to
different partials of the composite tone re-
quired; () synthesizing out of the undula-
tions generated in said cireuits, ecomposite
eleetrical undulations corresponding to the
composite tone required; (¢) transferring
such composite undulations by induction
from one cireuit to another, varying the loud-
ness of the note produced by varying the in-
ductive relation subsisting between the two
circuits last above mentioned; and (d) trans-
lating the electrical undulations into aerial
vibrations of similar wave form.

31. The method of producing music electric-
ally, with agreeable tones and with proper ex-
pression, which consists in (a) producing, by
induction,in different circuits, differentseries
of electrical vibrations, answering to ground
tones and overtones of the nctes of a musieal
composition; (0) synthesizing out of the vibra-
tions thus produced, composite electrical vi-
brations, corresponding to chords of compos-
ite tones; (c) translating such composite vi-
brations into audible aerial vibrations; and
(d) varying the loudness of the sounds pro-
duced by varying the inductive relations sub-
sisting between vibration-emitting and vibra-
tion-receiving cireuits.

32. In an electrical music-generating sys-
tem, the method of producing composite mu-
sical sounds electricaily, which consists in (a)
causing simultaneously, in different circuits,
clectrical vibrations of frequencies corre-
sponding to different component tones of the
composite musical sound desired; (b) gener-
ating from a plurality of groups or sets of such
electrical vibrations, corresponding complex
electrical vibrations of different sorts, simul-
taneously; (c) generating from the complex
electrical vibrationslast mentioned, resultant
and more highly complex electrical vibra-
tions; and (d) translating these complex elec-
trical vibrations into complex aerial vibra-
tions, of similar wave forms.

33. In an electrical music-generating sys-
tem, the method of producing composite mu-
sical sounds electrically, which consistsin ()
causing simultaneously, in different circuits,
electrical vibrations of different frequencies,
corresponding to different component tones
of the composite musical sound desired; (b)
transferring vibrations by induction, from
different groups of these cirenits to corre-
sponding vibration-receiving cireuits simul-
taneously; vibrations of each group of cir-
cuits aforementioned, being transferred to a
vibratien -receiving circuit proper to such
group; (c¢) synthesizing resultant and more
highly complex electrical vibrations out of
the vibrations generated in the vibration-re-
ceiving circuits above mentioned; and (d)
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translating these complex eclectrical vibra-
tions into complex aerial vibrations, of simi-
lar wave forms.

- 34. Tn an electrical music-generating sys-
tem, the method of producing composite mu-
sical sounds electrically, which consists in (@)
causing simultaneously, in different circuits,
electrical vibrations of frequencies corre-
sponding to different components of the com-
posite musical sound desired; (0) transfer-
ring vibrations, by induction, from different
groups of these circuits to corresponding vi-
bration-receiving circuits, simultaneously,
the vibrations of each group of circuits afore-
mentioned being transferred to a vibration-
receiving cireuit proper to such group; (¢)
transferring vibrations by induction from
group-vibration-receiving cireuits last above
mentioned to a common vibration-receiving
cireuit, so that resultant and more highly
complex electrical vibrations are generated
in said common vibration-receiving eircuit;
and (d) translating these complex electrical
vibrations into complex aerial vibrations, of
similar wave forms.

35. In an electrical music-generating sys-
tem, and in combination, a multiplieity of ro-
tatory rate-governors, serving for the produc-
tion of the notes of a musical scale through
one or more octaves electrically; and driving
mechanism for said rate-governors, whereby
different rate-governors ave given different
angular velocities.

36. In an eleecirical music-generating sys-
tem, and in combination, an organization of
rotatory rate-governors, serving for the pro-
duction of the notes of a musical scale, differ-
ent rate-governors being formed so that they
produce different numbers of vibrations to a
rotation; and driving mechanism forsaid rate-
governors, serving torotate different rate-gov-
ernors with different angular velocities.

37. In an electrical music-generating sys-
tem, and in combination, a multiplicity of ro-
tatory rate-governors, serving by their rota-
tions to govern the frequencies of electrical
vibrations, said rotatory rate-governors being
arranged in a plurality of groups; the mem-
bersof eachindividual group being connected
together, so that they rotate with the same
angular velocity; different groups of rate-
governorshaving different angular velocities,
and serving for different notes.

38. In an electrical music-generating sys-
tem, and in combination, a multiplicity of ro-
tatory rate-governors, and a plurality of
shafts, eachimpelling a plurality of the rate-
governors before mentioned, having vibration
frequencies standing to each other as differ-
ent power of two; the different shafts serving
for different notes.

39. In an electrical music-generating sys-
tem, and in combination, a multiplicity of ro-
tatory rate-governors; twelve pitch-shafts,
corresponding to the twelvenotes of the chro-
matic scale, and each impelling a plurality of
the before-mentioned rate-governors, having
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vibration frequencies standing to each other
as different powers of two, and serving to
give different octaves of the note to which
the pitch-shaft impelling them corresponds;
and suitable driving mechanism, whereby the
pitch-shafts ave impelled.

40, Inanelectrical music-generating appa-
ratus, and in combination, a shaft and a plu-
ality of groups-of rate-governors impelled
by said shaft, the different groups of rate-
governorsserving to produce differensoctaves
of a note, and the different rate-governors in
a group serving to prodace different partialsg
of a note.

41. In an electrical music-generating sys-
tom, a device for generating composite mil-
sical tones electrically,includinga plurality of
shafts each impelling a plurality of groupsof
vate-governors; different shafts serving for
different notes; the different groups of rate-
governors impelled by a shaft serving to pro-
duce different octaves of anote; and the dif-
ferent rate-governors in a group serving to
produnce different partidls of a note; and suit-
able driving mechanism, whereby the shafis
Defore mentioned ave impelled.

42, In an clectrical music-generating sys-

tem, and in combination; («) a pluvality of
common -receiver vibration-translating de-
vices; (0) a multiplicity of electrical vibra-
tion - circuits; (¢) a multiplicity of rotatory
rate-governors, serving by their rotations to
cause electrical vibrations, of different fre-
quencies, to be produced in the circuits be-
fore mentioned; (d) driving mechanism for
said rotatory rate-governors, whereby differ-
ent rate-governors are given differentangular
velocities; and (e) a keybhoard of piteh-keys,
controlling the action of the vibration-gen-
erating devices upon the vibration-translat-
ing apparatus.
" 43. In an electrical musie - generating sys-
tem, and in combination, () an apparatus
serving to generate electrical vibrations cor-
responding to the notes of a musical scale,
through one or more octaves, and including
a multiplieity of coils, a multiplicity of rota-
tory rate-governors,serving to cause electrical
vibrations to be produced in said coils induc-
tively and driving mechanism for said rate-
governors whereby different rate - governors
are given different angular velocities; (D)
common - receiver vibration - translating de-
vices; and (¢) note-controllers, operating to
bring the different vibration - generabing de-
vices into action, each as required, upon the
vibration-translating apparatus.

44. In an electrical music - generating sys-
tem, and in combination, a line; one or more
common - receiver vibration - translating de-
vices, supplied with vibrations by the line;
and an apparatus serving to gencrate music
in the line electrically, said apparatus includ-
ing (@) an organization of rotatory rate-gov-
ernors, adapted to produce the notes of a mu-

“sical scale, through one or morse octavesin the

line aforesaid, by induetion; (b) driving mech-
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anism for said rotatory rate-governors; and
(¢) note-controllers, whereby the different
rate-governors are made to act upon iheline
to produce their respective notes therein elee-
trically, as required.

45. In an clectrical music-generating sys-
tem, and in combination, therein with a line
and one or more common-receiver vibration-
translating devices, an apparatus serving to
generate music in the line electrieally, said
apparatus including () an organization of ro-
tatory rate-governors, adapted to produce the
notes of a musical seale, through one or more
octaves; (0) driving mechanism for said ro-
tatory rate-governors, whereby differentrate-
governors are given dilferent angular veloei-
tics; and (¢) note-controllers, whereby the
different rate-governors ave made to actupon
the line to produce their respective notes
therein electrically, as required.

46. In an eleetrical music-generaling sys-
tem, and in combination, therein witlh aline
and one or more common-receiver vibration-
translating devices, an apparatus serving to
gcnorate music in the line clectrically, said
apparatus including (¢) an organization of ro-
tatory rate-governors, adapted to produce the
notes of a musical seale, through one or more

ctaves, in the line, by induction; (D) driving
mechanism for said rotatory rate-governors,
whereby different rate - governors are given
diftorentangular veloeities; and (¢) note-con-
trollers, whereby the different rate-governors
are made to act upon the line to produece their
respective notes therein cleetrically, as re-
quired.

47, An electrical music- distributing sys-
tein, having a pluvality of common-receiver
vibration-translating devices, disposed in dif-
forent places,in combination withan clectrieal
music-generating apparatus, seirving Lo sup-
1y music electrically to the various common-
receiver vibration-translating devices afore-
said, said electrical music-generating appa-
ratus ineluding (¢} anorganization of rotatory
ate-governors, adapted to produce the notes
of a musical seale electrically, by induction;
() driving mechanizm forsaid rotatiory rate-
governors; and (¢) note-controllers, whereby
the different rate-governors are made to act,
each as required, upon the vibration-translat-
ing devices aforesaid.

48, An electrical musice-distributing sys-
tem, having a plurality of eommon-receiver
vibration-translating devices, disposed indif-
ferent places,in combinationwith an cleetrical
music-generating apparatus, serving to sup-
ply music electrically to the various comnron-
receiver vibration-translating devices afore-
sald, said electrieal musie-generating appara-
tus including («) clectrical vibration-genecra-
tors, serving to produce electrical vibrations
answering to the notes of a musical scale, by
induetion, and cach, in general including aro-
tatory rate-governor; (0) driving mechanismn
forsaidrotatory rate-governors; and (c) a key-
board of piteh-leys, controlling the action of
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the electrical vibration-generators upon the
vibration-translating devices aforesaid.

49. An electrical music-distributing sys-
tem, having a plurality of common-receiver
vibration-translating devices, disposedin dif-
ferentplaces,in combinationwith anelectrical
musie-generating apparatus, serving to sup-
ply music electrically to the various common-
receiver vibration-translating devices afore-
said, said electrical musie-generating appara-
tus including («) electrical vibration-genera-
tors, serving to produce electrical vibrations
answering to the notes of a musical scale, and
each,in general including a rotatory rate-gov-
ernor; (0) driving mechanism for said rota-
tory rate-governors, whereby different rate-
governors are given different angular veloci-
ties; and (¢) note-controllers, controlling the
action of the electrical vibration-generators
upon the vibration-translating devices afore-
said.

50. An electrical music-distributing sys-
tem, having a plurality of common-receiver
vibration-translating devices, disposed in dif-
ferentplaces,in combination with an electrical
music-generating apparatus, serving to sup-
ply musie electrically to the various common-
receiver vibration-translating devices afore-
said, said electrical music-generating appara-
tus ineluding («) electrical vibration-genera-
tors, serving to produce electrical vibrations
answering to the notes of a musical secale, by
induction, and each, in general including a ro-
tatory rate-governor; (b) driving mechanism
for said rotatory rate-governors, whereby dif-
ferent rate-governors ave given different an-
gularveloeities; and (¢) note-controllers, con-
trolling the action of the electrical vibration-
generators upon the vibration-translating de-
vices aforesaid.

51. In an electrical music-generating sys-
tem,suitable vibration-translating apparatus,
operating to tramslate electrical vibrations
into audible aerial vibrations, in combination
with an apparatus adapted to generate elec-
trieal vibrations answering to the notes of a
musical seale, and ineluding (a) a multiplicity
of electrieal undulation-circuits; () a multi-
plicity of inductional undulation-generating
devices, whereby musical electrical undula-
tions, of frequencies corresponding to differ-
ent notes are produeed induetively in the va-
rious electrical undulation - cireuits Defore
mentioned; and (¢) a keyboard of piteh-keys,
serving to bring the various undulation-gen-
erating devices above mentioned into action,
each as required, upon the vibration-trans-
lating apparatus.

52. In an cleetrical music-generating sys-
tem,suitable vibration-translating apparatus,
operating to translate electrical vibrations
into audible aerial vibrations, in combination
with an apparatus adapted to generate elec-
trical vibrations, answering to the notes of a
musicalscale, andincluding (o) a multiplicity
of electrical undulation-circuits; (b) a multi-
plicity of induetional undulation-generating
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devices, whereby musical electrical undula-
tions, of frequencies corresponding to differ-
ent notes, are produced induetively in the va-
rious electrical undulation - eirenits before
mentioned, whensaid cireunits ave closed; and
(¢) keys, formed into a keyboard, serving to
close the electrical undulation-civeunits before
mentioned, and adapted to afford facility to
the performer to throw, by their manipula-
tion, the notes of a musical composition, each
asrequired, into the vibration-translating ap-
paratus.

53.-In an electrical music-generating sys-
tem, and in combination, (A) suitable vibra-
tion-translatingapparatus,operating to trans-
late musieal electrical vibrations into audible
music; (B) an apparatus serving to generate
the requisite electrical vibrations, including
(a) & multiplicity of coils, and (b) a set of
inductional undalation -generating devices,
having vibration frequencies corresponding
to the notes of a musical seale through one or
more octaves, serving to cause vibrations in-
ductively in the coils aforesaida; the different
coils being acted upon by different undula-
tion-gencrating devices; and (C) note-con-
trollers, whereby the different undulation-
generating devices are made to sound their
respective notes, each as required, in the vi-
bration-translating apparatus.

54. Anclectrical musie-distributing system
including a multiplicity of common-receiver
vibration-translating devices, disposed in dif-
ferent places, in combination with an clec-
trieal music-undulation-generating appara-
tus, adapted to generate electrical undula-
tions, corresponding to thenotes of a musical
composition, and operating to supply such un-
dulations to the common-receiver vibration-
translating devices, disposed at different
places, as before mentioned; said electrical
music-undulation-generating apparatus in-
cluding (a) a multiplicity of electrical undu-
lation - cirenits; (0) induetional undulation-
generating devices, serving to produce elee-
trical undulations, of frequencies correspond-
ing to different notes, in the different elec-
trical nndulation-cireunits before mentioned,
induetively; and (¢) note-controllers, oper-
ating to bring the various clectrieal undula-
tion-gencrating devicesbefore mentionedinto
action, cach as required, upon the common-
receiver vibration-translating devices, and
adapted to afford facility for the production
of a tune by their manipulation.

53. Aneleetrical musie-distributing system,
including a plurality of common-receiver vi-
bration-translating devices, disposed in dif-
ferent placcs, in combination with an elec-
trical music-undulation -generating appara-
tus, adapted to generate clectrical undula-
tions corresponding to the notes of a musical
composition, and serving to supply sueh un-
dulations to the various common-receiver vi-
bration-translating devices before mentioned,
such apparatus including (a) a multiplicity
of coilg; (D) inductional undulation-generat-
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of {requencies corresponding to dilfcrent
notes, are produced in the diflerent coils be-
fore mentioned inductively; and (¢) note-con-
trollers, serving to bringsaid ceilsinto action,
each as required, upon the common-reeeiver
vibration-translating devices, and adapled to
afford facility forthe production of atuune by
their manipulation.

50. In an electrieal music-gencrating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices, an organization serving to produnce
electrical undulations corresponding to the
notes of a musical seale and including a mul-
tiplicity of current-undulation circuits, se:
ing for tonesof different pitches; the current-
undulation circuits serving for low tones hav-
ingrelatively large amounts of self-induction;
the current-undulation circuits scrving for
tones of medium pitch having less amounts
of self-induection; thecurrent-undulation cir-
cuits serving for tones of high piteh, having
relatively small amounts of self-induaction;
such varying amounts of self-induclion being
given to the different current-undulation
circuits that in general cach cireuit tends
strongly to suppress the higher overtones and
harsher components of the electrical tone or
tones for whieh it serves, withoutinjuriously
weakening the ground tone or ground tones
thercof; and inductional undulation-generat-
ing mechanism, serving to produce the requi-
site electrical undalations in the various cir-
cuits before mentioned, such undulation-gen-
erating mechanism including an crganization
of rotatory rate-governors, with suitable driv-
ing mechanism therefor.

57. In an electrical music-generatling sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices, an organization serving to produce
electrical undulations, corresponding to the
notes of amusical scale, andincluding a mul-
tiplicity of current-undulation cireuits, serv-
ingfortones of different pitches; the current-
undulation cireuits serving forlow tones, hav-
ing relatively large amounts of self-induction;
the current-undulation ecireuits serving for
tones of medium piteh having less amounts
of self-induction; the current-undalation cir-
cuits serving for tones of high piteh having
relatively small amounts of self-induection;
suchvarying amounts of self-induction heing
given to the ditferent current-undulation cir-
cuits that, in general, each circuit tends
strongly to suppress thehigher overtones and
harsher components of the cleetyrical tone or
tones forwhich it serves, without injuriously
weakening the ground tone or ground tones
thereof; and inductional undulation-generat-
ing mechanism, serving to produce the requi-
site electrical undulations in the various cir-
cuits before mentioned, sach undulation-gen-
erating mechanism including (@) a multiplic-
ity of rheotomes, having vibration frequen-
cies corresponding te the notes of a musical

arv-

| seale, and (1) primary cireuits, affected by

said rvheotomes and serving to causc the pro-
duction of electrical undulations inductively
in the civenits first in this paragraph men-
tioned.

58, In an ecleetrical music-gencrating sys-
tem, and in cembination, therein with onc or
more comnion-receiver vibration-trauslating
devieces, a set ¢of enrrent-undulation cireuits,
corresponding with the notes of a musical
seale through one or more octaves; indue-
tional vibration-gencrating devices, whereby
emrent-undulations of the requisite frequen-
cies are cansed in the different current-undu-
lation cireaits, asrequired; different amounts
of self-induction being given to different cur-
rent-undulation circuits; the current-undula-
tion cireuits serving for lownoteshaving rela-
tively large amounts of sclf-induction; the
current-undulation cireuits serving for notos
of medium piteh having less amounts of self-
induetion; and the current-undulation cir-
cuits serving for notes of high piteh having
relatively small amonnts of self-induction;
such varying amounts of self-induction being,
in the result, given to the different current-
undulation circuits that in general each tends
strongly tosuppress the higherovertones and
harsher components of the note for which it
stands, without injuriously wealkening the
ground tone thereof.

59. In an clectrical music-generating sys-
temn, and in combination, suitable vibration-
translating appavatus, and an apparatus for
eenerating the requisite electrical vibrations,
ineluding a multiplicity of electrieal undula-
tion-circuits; and inductional undulation-
eenerating deviees, whereby enrrent-undula-
tions of the vequisite frequencies are gener-
ated induetively in the various electrical un-
dalation-cirenits before mentioned; the dif-
ferent current - undulation cireuits before
mentioned serving for tones of different
pitehes; the current-undulation circuits serv-
ing for low tones having relatively large
anounts of self-induction; the current-undu-
lation cirenits serving for notes of medium
piteh having less amounts of self-induction;
the current-undulation circuits serving for
tones of high pitch having velatively small
amounts of sclf-induction; such varying
anounts of self-induction being, in the result,
given to the different envrent-undulation eir-
cuits before mentioned, that in general cach
tends strongly to suppress the higher over-
tones and harsher compenent of theelectrical
fone or tones for which it serves, without
injuriously weakening the ground tone or
ground tones thereol; and a keyboard of
piteh-keys, controlling theaction of the vibra-
tion-generating apparatus upon the vibra-
tion-translating apparatus.

60. Aneleetrical music-distributing system,
including a multiplicity of common-receiver
vibration-translating devices, in combination
with a eentral-station clectrical musie-vibra-
tion-gencrating apparatug, including («) a
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multiplicity of current-undulation circuits;
(0) inductional undulation-generating de-
vices, whereby current-undulations of the
requisite frequencies are produced induct-
ively in the different current-undulation cir-
cuits before mentioned; the different current-
undulation circuits before mentioned serving
for tones of differentpitches; the current-un-
dulation cireuits serving for low tones having
relatively large amounts of self-induction;
the current-undulation circuits serving for
notes of medium piteh having less amounts
of self-induction ; the current-undulation cir-
cuits serving for tones of high piteh having
relatively small amounts of self-induction;
such varyingamounts of self-induetion being,
in the result, given to the different current-
undulabion eircuits before mentioned, that in
general each tends strongly to suppress the
higher overtones and harsher components of
the electricaltone or tones for whichitserves,
without injuriously weakening the ground
tone or ground tones thereof; and (¢) note-
coutrollers controlling the action of the vibra-
tion-generating apparatus upon the vibration-
translating devices.

61. In an apparatus for generating music
electrically, and in combination, a multiplic-
ity of rheotomes, having vibration frequen-
cies corresponding with the notes of a mu-
sical scale through one or more octaves; a
plurality of inductoriums; some serving for
notes of high pitch, and others serving for
notes of low piteh; each inductorium having
at least one rheotome-controlled primary cir-
cuit and at least one secondary; a keyboard
of pitch-keys, and circuit-controlling devices
operated thereby.

62. In an electrical music-distributing sys-
tem, a plurality of common-receiver vibra-
tion-translating devices, located at different
points, in eombination with a central-station
vibration-generating apparatus, including a
multiplicity of rheotomes, having vibration
frequencies corresponding with the notes of a
musical scale through one or more octaves; a
plurality of inductoriums, some serving for
notes of high pitch and others serving for
notes of low piteh; each inductorium having
at least one rheotome-controlled primary cir-
cuit and at least one secondary; and a key-
board of piteh-keys, controlling the action of
the other parts before mentioned upon the vi-
bration-translating devices.

63. In an electrical music-generating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices,an apparatus serving to generate elec-
trical vibrations, corresponding to the notes
of a musical composition, said apparatus in-
cluding {(a) a plurality of inductoriums some
serving for low notes, some serving for high
notes, and some for notes of mediwn piteh;
(D) vibration-generating devices having vi-
bration frequencies corresponding to the
notes of a musical scale, serving to produce
vibrations in the primaries of the inductori-
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ums before mentioned; and (¢) note-control-
lers, wherehy the various vibration-generat-
ing devices are made to sound their respec-
tive notes, each as required, in the vibration-
translating apparatus.

64. In an electrical music-generating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices,an apparatusserving to generate elec-
trical vibrations corresponding to the notes
of a musical composition, said apparatus in-
cluding (a)aset of inductoriums, correspond-
ing to the notes of a musical scale, through
one or more octaves; (D) a set of vibration-
generating devices, having vibration fre-
gquencies corresponding to the notesof a mu-
sical seale, serving to produece vibrations in
the primarvies of the different inductoriums
before mentioned; and (¢) note-controllers,
whereby the various vibration-generating de-
vices aforesaid are made to sound their re-

spective notes, each as required, in the vibra-

tion-translating apparatus.

5. In an electrical music-generating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices, an apparatus for generating musical
electrical undulations, including a multiplic-
ity of inductoriums; means whereby elec-
trical vibrations, of fregquencies correspond-
ing to different notes, are produced in the
primaries of different inductorinms; and a
keyboard of pitch-keys, operating to close sec-
ondary cireunits of the aforesaid inductoriums.

66. In an electrical music-generating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices, an apparatus for generating the reg-
uisite electrical undulations including (@) a
rheotome, (b) a rhectome-interrupted cireuit,
and (¢) a circuit in which current-undulations
are produced inductively as a consequence of
the current-vibrations in the rheotome-inter-
rupted cireuit; and a single key, serving ta
close both of the eireuits hefore mentioned.

67. Inan electrical music-distributing sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices; a
common supply-circuit, from or by which
electrical vibrations are supplied to the com-
mon-receiver vibration-translating devices; a
plurality of feeding- coils, forming parallel.
branches to the common supply-cireuit, and
serving to supply different tones thereto; in-
ductional undulation - generating devices,
whereby the requisite electrical undualations
are produced in the feeding-coils before men-
tioned, when their cirenits are closed; and
suitable circuit-controlling devices, whereby
the branch cireuits of the various feeding-
coils before mentioned are closed at will.

68. In an electrical music-distributing sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices; a
common supply-circuit, from or by which
electrical undulations aresupplied to the coni-
mon-receiver vibration-translating devices;
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and a plurality of feeding-coils, forming par-
allel branches to the common supply-circuit,
and serving to supply different tones thereto;
inductional undulation-generating devices,
whereby the requisite electrical undulations
are produced in the feeding-coils before men-
tioned when their circuits ave clesed; and a
keyboard of pitch-keys,controlling the branch
cireuits of the feeding-coils before mentioned.

69. In an electrical music-generating sys-
tem, one or more comimnon-receiver vibration-
translating devices, serving to translate mu-
sical electiical vibrations into audible musie,
in combination with an apparatus serving to
generate the requisite eleetrical vihrations,
said apparatus including (¢) vibration-gen-
erating devices, adapted to produce the note
of a musical seale electrically; (D) a plurality
of tone-purifying devices, whereby different
tones are purified separately; and (¢) note-
controllers, whereby the different vibration-
generating devices are made to sound their
respective notes, each as required, in the vi-
bration-translating apparatus.

70. In an electrical mmnsic-generating sys-
tem, one or more common-receiver vibration-
translating devices, serving to translate mu-
sical electrical vibrations into audible music,
in combination with an apparatus serving fo
generate the requisite electrical vibrations,
sald apparatus including (¢) vibration-gen-
erating devices, adapted to produce the notes
of a musical seale electrically; (D) a plurality
of tone-purifying devices, serving for the puri-
fying of tones of different pitches, and oper-
ating to purify their respective tones by sue-
cessive inductive transfers; and (¢) note-con-
trollers, whereby the different vibration-gen-
erating devices are made to sound their re-
spective notes, each as required, in the vibra-
tion-translating apparatus.

71. In an electrical music-generating sys-
tem, suitable vibration-translating apparva-
tus, serving to translate musical electrical
vibrationsintoaudible musie, in combination
with an apparatus serving to generate the
requisite electrical vibrations, said apparatus
ineluding («) vibration-generating devices,
adapted to produce the notes of a musiecal
scale electrically; () a plurality of tone-pu-
rifying deviees, different tone-purifying de-
vices serving for the purifying of tones of
different pitches; and (¢) a keyboard of piteh-
keys, whereby the different vibration-gener-
ating devices are made to sound their respec-
tive notes, each as required, in the vibration-
translating apparatus.

72. In an electrical music-generating sys-
tem, one or more common-receiver vibration-
translating devices, serving to translate mu-
sical electrical vibrationsinto aadible musie,
in combination with an apparatus serving to
generate the requisite electrical vibrations;
said apparatus including (@) an organization
of rotatory rate-governors, adapted to pro-
duce electrical vibrations corresponding to
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the notes of a musical seale; () a plurality

of tone-purifying devices, whereby different
tones are purified separately; and (¢) note-
controllers, whereby the different vibration-
generating devices are made to sound their
respective notes, each as required, in the vi-
bration-translating apparatus.

73. Tn an clectrical music-generatling sys-
tem, one or more common-receiver vibration-
translating devices, operating to translate
electrical vibrations into audible vibrations,
in combination with a device serving to syn-
thesize a composite musical sound eclectrie-
ally, including («) a plurality of vibration-
eenerating deviees, whereby musical tones of
ditferent pitehes ave produced; (0) a circuit
to which vibrations are propagated induc-
tively from the vibration-generating devices
before mentioned; and (¢) a plurality of tone-
purifying devices, interposed belween the
vibration - generating devices before men-
tioned and the eireuit before mentioned; dif-
ferent tone-purifying dovices operating to
purify different tones.

74. In an eleetrieal music-generating sys-
tem, and in combination therein with one o
more common-receiver vibration-translating
devices, a device serving to generate a com-
posite musical seund electrically, including
() a plurality of circuits; (0) meanswhere-
by current-vibrations, corresponding to dif-
ferent tones, are produced in saild cireuits;
(¢) a ecireuit to which vibrations are propa-
gated inductively from the vibration-gener-
ating devices before mentioned; and (d) a
plurality of tone-purilying devices, induc-
tively intermediate the civcuits first in this
paragraph mentioned and the ecireuit last
above meuntioned; said tone-purifying de-
vices including each one or more closed cir-
cuits, serving te receive vibrations by induc-
tion from one of the eircuits first in this para-
oraph mentioned and to transifer such vibra-
tions by indnetion to the other cireuit above
mentioned.

75. In an electrical music-generaling sys-
tem, a composiie-tone-generating device in-
cluding, in combination, a circuit, and a plu-
wlity of vibration-generating devices, having
vibration frequencies corresponding to dif-
ferent partials of the same composite tone,
serving to produece vibralions in the eircuit
before mentioned; and a key, controlling the
vibration - generating deviees before men-
tioned.

76. In an electrical music-generating sys-
tem, and in ¢ombination therein with a line
and one or more conmmon-receiver vibration-
translating devices, a composite-tone-gencr-
ating device, acting to generate electrical vi-
brations ecorresponding to different compo-
nentsof the same composite tone; and a note-
controlling device, extra the line, operating
to bring said composite-tone-gencrating de-
vice into action upon the line.

77. In an eclectrieal music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
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translating devices, a composite-tone-gener-
ating device acting to produce electrical vi-
brations corresponding to different compo-
nents of the same composite tone; and a note-
controlling device intermediate the compos-
ite-lone-generating deviee aforesaid and the
line, whereby the different components afore-
sald are thrown upon the line. ’

78. In an electrical music-generating sys-
tem, and in combination, a circuit; one or
more common-receiver vibration-translating
devices, supplied with vibrations by said eir-
cuit; and a plurality of normally-coacting
electrical vibration-generating devices, hav-
ing vibration frequencies corresponding to
different partials of the same composite tone,
acting simultaneously to produce a composite
musical tone from the vibration-translating
devices before mentioned.

79. In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices; a
plurality of cireunits, corresponding respec-
tively to different components of the same
composite tone; means whereby electrical vi-
brations, of frequencies corresponding to dif-
ferentcomponents of the same composite tone,
are produced in the different circuits before
mentioned; and a key, controlling said cir-
cuits.

80. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, & composite-tone-gener-

ating device, including (@) a plurality of eir-

cuits, corresponding respectively to different
components of the same composite tone; (b)
means whereby electrical vibrations corrve-
sponding to different components of the same
composite tone are produced in the different
circuits before mentioned; and a note-con-
trolling device, extra the line, operating to
bring the circuits before mentioned info op-
eration upon the line so that a composite tone
is produced therein.

81. In an eleetrical music-generating sys-
tem, and in combination, a line; one or more
vibration-translating devices, supplied with
vibrations by theline, and operating to trans-
late musiecal electrical vibrations into audible
musie; a plurality of circuits, corresponding
to different components of the same composite
tone, and arranged in such a manner that
they act, when closed, upon the line indue-
tively; means whereby eleetrical vibrations,
of frequencies corresponding to different com-
ponents of the same composite tone, are pro-
duced in the circuit before mentioned; and
anote-controlling deviee, serving to close the
circuits before mentioned as acting upon the
line induectively.

32, In an electrical music-generating sys-
tem and in combination, a plurality of coils,
corresponding respectively to different com-
ponents of the same composite tone; induc-
tional undulation-generating devices, where-
by electrical undulations of frequencies cor-

@
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responding to the different component tones
aforesaid are produced simultaneously in the
ditferent coils aforesaid; suitable vibration-
translating apparatus; and a key, governing
the action of said coils npon said vibration-
translating apparatus, and serving to afford
facility to the performer to produce at will,
by its manipulation, a composite tone from
the vibration-translating apparatus aforesaid.

83. In an electrical music-generating sys-
tem, and in combination, a plurality of coils,
corresponding respectively to different com-
ponents of the same composite tone; means
whereby electrical vibrations, of frequencies
corresponding to the different component
tones aforesaid are produced in the different
coilsaforesaid; a vibration-combining circuit,
to which vibrations are transferred by induec-
tion from the various coils before mentioned;
and a key, controlling the action of the coils
before mentioned upon the vibration-com-
bining circuit aforesaid, and serving to afford
faeility to the performer to produce a com-
posite tone at will, by its manipulation.

84. In an electrical music-generating sys-
tem and in combination, (a) suitable vibra-
tion-translating devices, operating to trans-
late musical electrieal vibrationsinto audible
music; (0) a composite-tone-generating de-
viece, serving to produce a musical note by
gynthesis and including for this purpose a
plurality of coils and a plarality of normally-
coacting induectional undulation-generating
deviees, serving simultaneously to produce
in the coils before mentioned, electrical un-
dulations having vibration frequencies cor-
responnding to different components of the
composite tone which they coact to produce.

85. In an eleclrical music-generating sys-
tem, and in combination, a line; one or more
vibration-translaling devices, supplied with
vibrations by the line; and a vibration-gen-
eratingapparatus, serving tosupply eleetrical
vibrations to the line, and including (@) a
plurality of coils, (0) inductional undulation-
generating mechanism, serving to produce
simultaneonsly in the coils before mentioned,
cleetrical vibrations, of frequenecies. corre-
sponding to ditferent components of the same
composite tone, and (¢) a key, operating to
bring the coils before mentioned into action
upon the line, and serving to afford facility
to the performer to throw a composite tone
upon the line by its manipulation.

86. In an electrical music-generating sys-
tem, and in ecombination, a circuit; a device
for generating in said circuit electrical undu-
lations, corresponding te a composite tone,
including a plurality of rheotomes, having
vibration frequencies, corresponding to dif-
ferent partials of the same composite fone;
and a key, eontrolling the rheotomes afore-
said.

37. In an electrieal music-generating sys-

tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tene-gener-
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ating device, including rheotomes, operating
o produce different components of the same
composite tone, and anote-controlling device,
extra the line, serving to bring said rheotomes
into action upon the line.

88. In an electrical music-generating sys-
tem, and in ecombination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating device, including (a) a plurality of cir-
cuits; (0) rheotomes operating to produce dif-
ferent componentsof thesame composite tone
in the different circuits aforesaid; said cir-
cuits acting npon the line aforesaid induec-
tively; and (¢) a nete-controlling device, ex-
tra the line, controlling the action upon said
line of the vibration-generating devices afore-
said, i

89. In an electrical music-generating sys-
tem, means serving to produce a composite
musical note, ineluding in combination,a plu-
rality of common-receiver vibration-translat-
ing devieces; a plurality of rheotomes,having
vibration frequencies eorresponding to diifer-
ent partials of the same composite tone; cir-
cuits acted on Dy said rheotomes; and a key,
serving to bring said rheotomes into action
upon said cireuits.

90. In an electrical music-gencrating sys-
tem, a device serving to produce a composite
musical note electrieally, including, in com-
bination,a plarality of primary cireunits; rheo-
tomes having vibration frequencies corre-
sponding todifferent partialsof the same com-
posite tone, serving to produce vibrations in
said primary cirenits; a vibration-combining
cireuit, to which vibrations are propagated
by induection from the primary circuits before
mentioned; and a key controlling said pri-
mary circuits.

91. In an electrical music-generating sys-
tem, means for producing a composite musical
note electrically, including a plarality of in-
duetoriums, having eacli a secondary cireuit
of its own,in combination with a plurality of
normally-coacting vibration -generating de-
vices, having vibration frequencies, corre-
sponding to different partials of the same com-
posite tone, acting together to produce elee-
trical vibrations in primary circuits of the in-
ductoriums before mentioned.

92. In an electrical music-gencrating sys-
tem, and in combination, a plurality of induc-
torinms; a plurality of vibration-generating
devices, serving to produce electrical vibra-
tions in the primaries of the different indue-
toriums before mentioned, and having vibra-
tion frequencies ecorresponding to different
partialsof thesame compositetone; and a key,
controlling the production of vibrationsinthe
primaries of the different inductorinmsbefore
mentioned.

93. In an electrical music-generating sys-
tem, and in combination, a line; one or more
vibration-translating devices, supplied with
vibrations by the line; a civeuit, serving to
supply electrical vibrations to the line; vibra-
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tion-generating devices, having vibration fre-
guencies corresponding to different partials
of the same composite tone, acting upon the
cirenit last above mentioned to produee vi-
brations therein; and a note-controlling de-
vice inserted in said cirenit.

9+ In an electrical music-generating sys-
tem, and in combination thercin with a line
and one or move common-receiver vibration-
translating deviees, a composite-tone-gener-
ating device, including («) a cireuit, acting
inductively upon the line aforesaid to supply
electrical vibrations thereto; (0) means act-
ing to preduce electrical vibrations, corre-
sponding to different partials of the same
composite tone, in the circuit last aforesaid;
and (¢) a note-controlling device, extra the
Iine, whereby the composite-tone-generating
device aforesaid is brought into action upon
the line.

95. In an electrical music-gencrating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating deviee, including (a) a plurality of cir-
cuits; (b) means whereby different compo-
nents of the same composite tone are pro-
dueed in said cireuits; (¢) a cirenit to which
vibrations are communicated by induction
from the cireuits aforesaid, said cireuit oper-
ating upon the line induectively to transferits
vibrations thereto; and (d) a note-controlling
device, whereby the composite tone produced
by the means aforesaid is thrown upon the
line, when required.

96. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
transiating devices, a composite-tonc-gener-
ating deviee, including, (@) a pluarality of cir-
cuits; (b) means whereby different compo-
nents of the same composite tone are pro-
duced in said circuits; (¢) a civeuit to which
vibrations are communicated by induction
from the cireuits aforesaid, said circuit oper-
ating upon the line inductively to produce
vibrations therein; and (d) anote-controlling
device inserted in the eircuits first above
mentioned.

97. In an electrical music-gencrating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tonc-gener-
ating device, including (a) a plurality of ¢ir-
cuits; (0) means whereby differcnt compo-
nents of the same coniposite tone are pro-
duced in said circuits; (¢) a cireuit to which
vibrations are communicated by induction
from the cireuits aforesaid, said circuit oper-
ating upon the line to produce vibrations
therein; and (d) a note-controlling deviee,
serving to close both the cireuits first in this
paragraph mentioned and also the other cir-
cuit before mentioned as operating upon the
line to produce the vibrations therein.

98. In an electrical music-generating sys-
tem, and in combination, a plurality of cir-
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cuits; vibration-generating devices, having | musieal tone electrically, including & eirveuit

vibration frequencies corresponding to dif-
ferent partials of the same composite tone,
serving to produce electrical vibrations in the
cireuits before mentioned; a circuit to which
vibrations are propagated inductively from
the circuits before mentioned; and a key,
serving to close both the cirenit last above
mentioned and also the other circuits, first in
this paragraph mentioned. _

99. In an electrical music-generating sys-
tem,suitable vibration-translating apparatus,
operating to translate electrical vibralions
into audible aerial vibrations, in combination
with a device serving to synthesize a compos-
ite musical tone electrically, including (a) a
plurality of vibration -generating devices,
having vibration frequencies corresponding
to different partials of the same composite
tone, and (0) a plurality of tone-purifying de-
vices; different tone-purifying devices serv-
ing for the purifying of different components
of the tone.

100. In an electrical music-gencerating sys-
tem,suitable vibration-translating apparatus,
operating to translate electrical vibrations
into audible aerial vibrations, in combination
with a device, serving to synthesize a com-
posite musical tone electrically, and includ-
ing (a) a plurality of vibration-generating de-
vices, having vibration frequencies corre-
sponding todifferent partials of thesame comn-
positetone; (b)a vibration-combining cireuit,
to which vibrations arve propagated induc-
tively from the various vibration-generating
devices before mentioned; and (¢) a plurality
of tone-purifying devices, interposed between
the vibration-generating devices before men-
tioned and the vibration-combining circuit
before mentioned; different tone-purifying
devices serving for the purifying of different
components of the tone.

101. In an electrieal music-generating sys-
tem, a composite-tone-generating device, in-
cluding in combination, (a) & plurality of cir-
cuits; (b) means whereby current-vibrations,
corresponding in frequencies to different com-
ponents of the same composite tone, are pro-
duced insaid eireuits; (¢) a vibration-combin-
ing cireuit, serving to combine the vibrations
corresponding to different components of the
same composite tone info one series of com-
posite vibrations and (d) a plurality of tone-
purifying devices, inductively intermediate
the cirveuits first in this paragraph mentioned
and the vibration-combining ecircuit above
mentioned; said fone-purifying devices in-
cluding each one or more elosed circuits, serv-
ing to reeeive vibrations by induction from
one of the circuits first in this paragraph men-
tioned and to transfer such vibrations by in-
duction to the vibration-combining cireuit
above mentioned.

102. In an electrical music-generating sys-
tem, aud in combination therein with one or
more common-receiver vibration-translating
devices, a device for generating a composite

|

and & plurality of rotatory rate-governors,
having vibration frequencies corresponding
to different partials of the same cemposite
tone, acting simultaneously to produce elee-
trical vibrations in the cirecuit before men-
tioned, by induection.

103, In an electrical music-generating sys-
tem, and in combination therein with com-
mon -receiver vibration-translating devices,
a plurality of rotatory rate-governors, having
vibration frequencies corresponding to dif-
ferent partials of the same composite tone
acting by induction simultaneously to pro-
duce a composite musical note from the com-
mon-receiver vibration - translating devices
before mentioned; and a key, serving to bring
said rotatory rate-governors into action upon
the common-receiver vibration - translating
devices before mentioned. )

104. In an electrical music-generating sys-
tem, a deviee serving to generate a composite
musical tone electrically, including a plu-
rality of cireunits; a plurality of rotatory rate-
governors, having vibration frequencies cor-
responding to different partials of the same
composite tone, serving by their rotation to
cause electrical vibrations-to be produced si-
multaneously in the cireuits before men-
tioned; and a vibration-combining cireunit, to
which electrical vibrations are propagated by
induetion from the circuits before mentioned,
so that resultant electrical undulations, cor-
responding to the composite tone required are
formed in said vibration-combining circuit.

105, In an electrical music-gencrating sys-
tem, and in combination therein with one or
nore common-receiver vibration-translating
devices, a composite-tone-generating device,
including (a) a plurality of civenits; (D) ro-
tatory rate-governors, serving by their rota-
tion to ecause electrical vibrations to be pro-
duced in the circuits before mentioned, said
rotatory rate-governors having vibration fre-
quencies corresponding to different partials
of the same composite tone; and (¢) a note-
controlling device, controlling the circuits be-
fore mentioned.

106. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating device, including (@) a plurality of eir-
cuits; (0) rotatory rate-governors, acting to
produce electrical vibrations, corresponding
to different components of the same composite
tone, in the different circuits aforesaid; and
(c) a note-controlling device, extra the line,
controlling the action upon the line of the ro-
tatory rate-governors aforesaid.

107. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating deviece, including (a) a plurality of cir-
cuits; () rotatory rate-governors, acting to
produce electrieal vibrations, corresponding
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to different components of the same composite
tone, in the different circuits aforesaid; and
(¢) anote-controlling device intermediate the
rotatory rate - governors aforesaid and the
line.

108. In an electrical musie-generating sys-
tem, means for generating a composite mu-
sical tone electrically, including, in cocmbina-
tion, (@) suitable common-receiver vibration-
translating devices; (0) a plurality of coils; (¢)
a plurality of rotatory rate-governors, having
vibration frequencies corresponding to differ-
ent partials of the same composite tone, scrv-
ing by their rotations to cause electrieal vi-
brations to be produced induectively in the
coils before mentioned simultaneously.

109, In an electrical music-generating sys-
tem, means for generating a composite mu-
sicaltone, including, in combination, suitable
vibration-translating apparatus operating to
translate electrical vibrations into audible
aevial vibrations; a plurality of coils; a plo-
rality of rotatory rate-governors, having vi-
bration frequencies corresponding to dilfer-
ent partials of the same composite tone, serv-
ing by their rotations to cause electrical vibra-
tions to be produced inductively in the coils
beforementioned simultaneously; and anote-
controlling device,controlling the action upon
the vibration-translating devices of the other
parts before mentioned.

110. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating device, including (a) a plurality of coils;
(b) rotatory rate-governors, corresponding to
different components of the same composite
tone, serving by theirrotations to cause elec-
trical vibrations te be produced induectively
in the coils before mentioned; and (¢) a note-
controlling device, extra the line aforesaid,
controlling the action upon the line of the
rotatory rate-governors aforesaid.

111. In an electrical music-generating ays-
tem, and in combinatian therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating device, including (a) a plurality of coils;
(b) rotatory rate-governors, corresponding o
different components of the same composite
tone, serving by their rotations to cause clee-
trical vibrations to be produced inductively
in the coils before mentioned; and (¢) & note-
controlling device, intermediate the coils
aforesaid and the line, controlling the action
of said coils upon the line.

112, In an electrical music-generating sys-
tem, andin combination therein with suitable
common - receiver vibration-translating de-
vices, a composite-tone-synthesizing device,
including a plurality of circuils, a plarality
of rotatory rheotomes, having vibration fre-
quencies corresponding to different partials
of the same composite tone acting simultane-
ously to produce electrical vibrations in the
cireuits aforesaid; and avibration-combining
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cirenit, subjected to inductive influences re-
sulting from the current-variations in the
rheotome-alfected civenits before mentioned,
s0 that electrical undulations, corvesponding
to a composite musical note, are generated in
the vibration-combining cireuit aforesaid.

113, In an electrical music-generating sys-
tem, and in combination therein with suitable
vibration-translating apparatus, a composite-
tone-generating deviee, including a plavality
of cirenits, a plurality of rolatory rheotomes,
having vibration frequencies corresponding
to different partials of the same composite
tone; acting simultaneously to produce elee-
trieal vibrations in the cireuits aforesaid; a
vibration-combining circuit, subjected to in-
ductive influences resulting from the current-
variations in the rheotome-alfected cireuils
before mentioned; and a note-controlling de-
vice, serving to bring the vibration-generat-
ingdevices beforementionedinto action upon
the vibration-translating apparatus.

114. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-reeciver vibration-
translating deviees, a composite-tone-gener-
ating deviee, including (a) a plurality of eir-
cuits; (D) rotatory rheotomes, whereby elec-
trical vibrations corresponding to different
components of the same composite tone are
produced in the different cireunits aforesaid;
and (¢) a note-controlling device, extra the
line aforesaid, controlling the action upon the
line of the rotatory rheotomes aforesaid.

115. In an clectrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating deviees, a composite-tone-gencr-
ating device, including (o) a plurality of cir-
cuits; (b) rotatory rheotomes, whereby elec-
trical vibrations corresponding to different
components of the same composite tone are
produced in the different cireuits alforesaid;
and (¢) a note-controlling device, intermedi-
ate the rhectomes aforesaid and the line.

116. In an electrical music-generating sys-
ten, and in ecombination, a plurvality of com-
mon-receiver vibration-translating deviees,
and a multiplicity of groups of electrical vi-
bration-generators; differcut vibration-gen-
erators of a group serving for the production
of different components of the samne compos-
ite tone, and the different groupsof vibration-
generators serving for the production of the
notes of a musical seale through one or more
octaves.

117. In an clectrical music-generaling sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices,
and a multiplicity of groups of electrical vi-
bration-generators; different vibraticn-gen-
erators of & group serving for the production
of different components of the same compos-
ite tone, and the different groups of vibration-
generators serving for the produetion of the
notes of & musical scale through one or more
octaves; and note-controlling devieces, each
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controlling the action of one of the groups of
electrical vibration-generators before men-
tioned upon the common-receiver vibration-
translating devices.

118. In an electrical music-generating sys-
tem and in combination, a plurality of com-
mon-receiver vibration-translating devices,
and a set of composite-tone-synthesizing de-
vices, each including a group of circuits and
vibration-generating devices whereby elec-
trical vibrations corresponding in periodicity
to different partials of a composite tone are
generated in the different circuits of a group,
as required; the different cireunits of a group
serving for the development of different com-
ponents of the same musical note, and the
different groups of circuits serving for the
production of the notes of a musical scale
through one or more octaves.

119. In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices;
a set of composite-tone-generating devices,
each including a group of cireuits, and vibra-
tion -generating devices, whereby electrical
vibrations corresponding in periodicity to dif-
ferent partials of a composite tone are pro-
duced in different circuits of a group, as re-
quired; the different circuits of a group serv-
ing for the development of different compo-
nents of the same musical note; and the dif-
ferent groups of circuits serving for the pro-
duction of the notesof a musical scale through
one or more octaves; and note-controlling
deviges, each controlling the action of one of
the groups of circuits above mentioned upon
the vibration-translating devices.

120. In an electrical music-generating sys-
tem, a set of composite-tone-synthesizing de-
vices, each including a groupof coils, in com-

-bination with induetional vibration-generat-

ingdevices, whereby electrical vibrations cor-
responding to different partials of a note are
generated in the different coils of a group, as
required; thedifferentcoilsof a groupserving
for the development of different components
of a tone for which such group serves, and
the different groups of coils serving for the
production of the notes of a musical scale
through one or more octaves.

121. In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices;
a set of composite-tone-generating devices
each including a group of coils, and indue-
tional vibration-generating devices, wherchby
electrical vibrations corresponding to differ-
ent partials of a tone are generated in differ-
ont coils of agroup, asrequired; the different
coils of a group serving for the development
of different components of the tone for which
such group serves, and the different groups
of coilsserving for the production of the notes
of a musical scale through one or more oc-
taves; andnote-controlling deviees, each con-
trolling the action of one of the groupsof coils
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above mentioned upon the vibration-trans-
lating devices.

122, In an electrical music system and in
combinaton, a plurality of common-receiver
vibration-translating devices, and means for
generating the requisite electrical undula-
tions, including a multiplicity of groups of
rheotomes, each group, in general, including
a rheetome, serving to produce the ground
tone of a note and one or wore other rheo-
tomes serving to produce one or more over-
tones of such ground tone; the different
ground-tone rheotomes having vibration fre-
quencies corresponding to the notes of a mu-
sical scale through one or more octaves.

123. In an electrical music system, and in
combination, a plurality of common-receiver
vibration-translating devices, and means for
generating the requisite electrical undula-
tions including a multiplicity of groups of
rheotomes, each group in general including a
rheotome serving to produce the ground tone
of a note, and one or more other rheotomes
serving to produce one or more overtones of
such ground tone, the different ground-tone
rheotomes having vibration frequenecies cor-
responding to the notes of a musical scale
through one or more octaves; and a key-
board of pitch-keys, cach key, in general,
controlling the action of a ground-tone rheo-
tome and one or more overtone-rheotomes
upon the vibration-translating devices.

124, In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration -translating devices,
and an apparatus serving to generate the
requisite eleetrical vibrations, including a set
of rotatory rate-governors,serving for the pro-
duction of ground tones of notes; and oneor
more supplemental sets of rotatory rate-gov-
ernors, acting simultaneously for the produc-
tion of overtones for the notes.

25, In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices,
and an apparatus serving to generate the
requisite electrical vibrations, including a sct
of cireuits serving for the production of
ground tones of notes; and one or more sup-
plemental sets of circuits, serving simulta-
neously for the production of overtones of
notes; and rotatory rate-governors, serving to
cause clectrical vibrations of the requisite
frequencies in the cireuits before mentioned.

126. In an electrical music-generating sys-
tem, and in combination, a plurality of com-
mon-receiver vibration-translating devices,
and an apparatus serving to generate the
requisite electrieal vibrations including a set
of coils serving for the produection of ground
tones of notes; one or more supplemental sets
of coils serving simultaneously for the pro-
duction of overtones of notes; and rotatory
rate-governors serving to cause electrical vi-
brations of the requisite frequencies in the
coils before mentioned.
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127. Inan electrical music-distributingsys-
tem, and in combination, a common supply-
circuit; suitable vibration -translating de-
vices, fed from or by said common supply-cir-
cuit; and an apparatusserving to produce in
the common supply-cireuit the notes of a
musical composition electrically with suitable
composite tones, including a set of rotatory
rate-governors serving for the production of
ground tones of notes; and one or more sup-
plemental sets of rotatory rate-governors
serving for the production of overtones for
the notes; corresponding members of the dif-
ferentsets of rate-governorsabove mentioned
acting simultaneously to produce composite
electrical vibrations in the circuit first in this
paragraph mentioned.

128. In an electrical musie-distributing sys-
tem, and in combination, a common supply-
cireuit; suitable vibration -translating de-
vices, fed from or by said common supply-eir-
cuit; and an apparatus serving to produce in
the common supply-circuit the notes of a
musical composition electrically, with suit-
able composite tones, including a set of cir-
cuits serving for the production of ground
tones of notes; one or moresupplemental sets
of circuits, serving for the production of over-
tones for the notes; rotatory rate-governors
serving to produce electrical vibrations of the
requisite frequencies in the circuits before
mentioned; corresponding cireuits of the dif-
ferent sets above mentioned acting simulta-
neously to produce composite electrical vi-
brations in the circuits first in this paragraph
mentioned.

129. Inan electrical music-distributing sys-
tem, and in combination, a common supply-
circuit; suitable vibration -translating de-
vices fed from or by said common supply-cir-
cuit; and an apparatus serving to produce in
said common supply-circuit the notes of a
musical composition electrically, with suit-
able composite tones, including a set of coils
serving for the production of ground tones
of mnotes; one or more supplemental sets of
coils serving for the production of overtones
for the notes; and rotatory rate-governors
serving to produce electrical vibrations of the
requisite frequencies in the coils before men-
tioned; corresponding coils of the different
sets before mentioned acting simultaneously
to produce composite electrical vibrations in

the circnit first in this paragraph mentioned.

130. In an electrical music-generating sys-
tem, and in combination, (a) electrical vibra-
tion-generating devices, corresponding to the
notes of a musieal seale through one or more
octaves (0) one or more common-receiver vi-
bration-translating devices; (¢) note-control-
lers, whereby the different vibration-generat-
ing devices are made to produce their respec-
tive notes, each as required, in the vibration-
translating apparatus; and (d) current-regu-
lator expression mechanism, operating in-
duetively togovern the loudness of thesounds
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given off by the vibration-translating appa-
ratus. .

151. In an electrical music-generating sys-
tem, and in combination, (¢)aline; (b)oneor
more common-receiver vibration-translating
devices; (¢) electrical vibration-generating
devices, acting to produce the notes of a mu-
sical scale in said line; (d) note-controllers,
whereby the different notes are thrown upon
theline, each asrequired; and (e) current-reg-
ulator expression mechanism, extra the line,
operating to govern the loudness of sounds
given off by the vibration-translating appa-
ratus.

152. In an electrical music-generating sys-
tem, and in combination, {(«) aline; (b)oncor
more common-receiver vibration-translating
devices; (c¢) electrical vibration-generating
devices, acting to produce the notes of a mu-
sical scale in said line; (d) note-controllers,
whereby the different notes are thrown upon
theline, cach asrequired; and (e) current-reg-
ulator expression mechanism, operating to
govern the loudness of sounds produced by
the vibration-translating apparatus by gov-
erning the voltage of the vibrations thrown
upon the line.

133. In an electrical music-generating sys-
tem, and in combination, {«) aline; () oneor
more common-receiver vibration-translating
devices; (¢) vibration - generating devices,
whereby the notes of a musical scale are pro-
duced in said line electrically; (d) note-con-
trollers, whereby different notes are thrown
upon the line, each as required; and (e) suit-
able current-regulator expression mechanism,
interposed between the vibration-generating
devices aforesaid and the line, operating to
govern the loudness of sounds produced by
the vibration-translating apparatus.

134, In an electrical musie-generating sys-
tem, and in combination, (¢) aline; (b) oncor
more common-receiver vibration-translating
devices, supplied with electrical vibration by
the line, and operating to translate said eiee-
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trical vibrations into audible vibrations; (¢) -

electrical vibration-generating devieces, cor-
responding to the notes of a musical scale
through one or more octaves and serving 1o
produce electrical vibrations by induction in
theline; (d) note-controllers, whereby the vi-
bration-generating devices are made to pro-
duce their respective notes in the line elec-
trically, as required; and (e) suitable cur-
rent-regulator expression mechanism, where-
by the loudness of the sounds given off by the
vibration-translating devices is governed.
135. In an electrical music-generating sys-
tem, and in combination, (@) electrical vibra-
tion-generating devices, serving to generate
electrical vibrations corresponding to notes
of a musical composition; () one or more
common -receiver vibration-translating de-
vices; (¢) note-controllers, whereby the dif-
ferent vibration-translating devices are made
to sound their respective notes, in the vibra-
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tion-translating apparatus; and (d) current-
regulator expression mechanism, operating
simultaneously with the note-controllers, and
serving to govern the loudness of the sounds
given off by the vibration-translating appa-
ratus.

136. In an electrical music-generating sys-
tem, and in combination,(¢) aline; (b) vibra-
tion - translating apparatus, supplied with
electrical vibrations by the line, and operat-
ing to translate such vibrations into audible
aerial vibrations; (¢) vibration - generating
devices, adapted to produee the notes of a
musical seale, and operating to produce elec-
trical vibrations by induetion in the line; (d)
keys, whereby the vibration-generating de-
vices are made to produce their respective
noteselectrically in the line, each as required;
and () current-regulator expression mechan-
ism, controlled by said keys, and serving to
vary the loudness of the tones given off by
ths vibration-translating apparatus.

1587. In an electrical music-generating sys-
tem, and in combination, (a) suitable vibra-
tion - translating  apparatus, operating to
translate electrical vibrations into audible
aerial vibrations; (0) electrical vibration-gen-
crating devices, adapted to produce the notes
of a musical scale electrically; (¢) note-con-
trollers, whereby the different vibration-gen-
erating devices are made to sound their re-
spective mnotes in the vibration-translating
apparatus, as required; and (d) one or more
inductional expression devices, interposed
between the vibration-generating devicesand
the vibration-translating apparatus, and op-
erating to govern the loudness of the sounds
produced in the vibration-translating appa-
ratus, by varying the induetive relation sub-
sisting between vibration-emitting and vibra-
tion-receiving eircuits, beloneing to said ex-
pression device or devices.

138. An electrical music-distributing sys-
tem, including a plurality of common-receiver
vibration-translating devices, located in dif-
ferent places, in combination with a central
electrical music vibration-generating appa-
ratus, having (@) means for generating the
notes of a musical scale through one or more
octaves electrically; and (b) one or more
expression devices, each including a vibra-
tion-emitting circuit, a vibration - receiving
circuit, and means whereby the inductive re-
lation subsisting between the vibration-emit-
ting cireuit and the vibration-receiving ecir-
cuit is varied at will; so that the loudness of
the notes produced by the vibration-translat-
ing devices, located as before mentioned, in
different places, is governed at will from the
central instrument.

139. An electrical music-distributing sys-
tem, including a plurality of common-receiver
vibration-translating devices, located in dif-
ferent places, in combination with a central
electrical music vibration-generating appa-
ratus, having (@) means for generating the
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notes of a musical scale through one or more
octaves, electrieally; and (b) one or more
expression devices, each including a vibra-
tion-emitting cireunit, and a vibration-receiv-
ing circuit, one of said cireuits being mount-
ed for movement with relation to the other,
so that the loudness of the notes produced
by the vibration-translating devices, located
as before mentioned at different places, is
varied at will from the central instrument,
by varying the relative positions of the two
cireuits above mentioned.

140. In an electrical music-genervating sys-
tem,suitable vibration-translating apparatus,
operating to translate electrical vibrations
into audible acrial vibrations, in combination
with an apparatas serving to produce the req-
uisite electrical undulations, including (a) a
vibration-emitting civeuit; (b) means where-
by the requisite electrical vibrations are pro-
duced in the vibration-emitting eireuit; (c) a
vibration-receiving eiveuit, in induective rela-
tion to the vibration-emitting circuit; and a
key, varying the inductive relation subsisting
between the two cirenits named, so that the
loudness of sounds produced by the vibration-
translating devices is governed at will by
means of the key.

141. Inanelectrical musie-distributing sys-
tem, and in combination, a line; one or more
vibration-translating devices, supplied with
electrical vibrations by said line, and operat-
ing to translate such vibrations into audible
aerial vibrations electrical vibration-generat-
ing devices, adapted to produce the notes of
a musical seale electrically and operating to
produce vibrationsin theline aforesaid; note-
controllers, whereby the different vibration-
generating devices are made to throw their
respective notes upon the line, as required; a
current-regulator expression device; and a
power device, controlling said current-regu-
lator expression device.

142. In an electrical music-generating sys-
tem, and in combination, suitable vibration-
translating apparatus; vibration-genervating
deviees, operating to produce mausical elec-
trical vibrations in said vibration-translating
apparatus; a current-regulator expression
device, serving to vary the londness of sounds
produced by the vibration-translating appa-
ratus; a power device, controlling said cur-
rent-regulator expression device; and a key,
controlling the action of the power device
upon the current-regulator expression device.

143, In an electrical music-generating sys-
tem, and in combination, suitable vibration-
translating apparatus; vibration-generating
devices, operating to produce musical elec-
trical vibrations in said vibration-translating
apparatus; a current-regulator expression
device, serving to vary the loudness of sounds
produced by the vibration-translating appa-
ratus; apowerdevice, controlling said expres-
sion device, said power device consisting es-
sentially of a friction-driver and a contact-

@

70

8o

85

Q0

95

100

10§

130



(85§

15

20

35

40

43

(821
i

6o

42 580,035

piece moved thereby; and a key controlling
the action of the friction-driver upon the con-
tact-piece.

144. In an clectrical musie-generating sys-
tem, and in combination, common-receiver
vibration-translating devices, and an appa-
ratusserving to produce eleetrical vibrations,
including (a) a circuit; (D) one or more in-
ductional vibration-generating devices, serv-
ing to produce the requisite clectrical vibra-
tions in the circuit; (¢} a current-regulator
expression device, serving to govern the am-
plitude of the electrical vibrations produced
in the cirenit before mentioned; and (d) a
key,controlling both the vibration-generating
device, and the expression device.

145. In an electrical music-generating sys-
tem, and in ecombination, suitable vibration-
translating apparatus; a vibration-emitting
circuit; one or more vibration-generating de-
vices, serving to produce the requisite elee-
trical vibrations in the vibration-emitting cir-
cuit; a vibration-reeeiving circuit, to which
electrical vibrations are propagated induct-
ively from the vibration - emitting civeuit;
and a key, controlling the aection of the vi-
bration-generating deviees upon the vibra-
tion - emitting cireuit; said key controlling
alsothe inductive relation subsisting between
the vibration-emitting and vibration-receiv-
ing circuits before mentioned; so that the
londuess of the sounds produced by the vi-
bration-translating apparatus is governed at
will by means of the key. B

146, In an electrical music-generating sys-
tem, and in combination, suitable vibration-
translating apparatus; a vibration-emitting
cirenit; one ormore vibration-gencrating de-
vices, serving to produce the requisite elee-
trical vibrations in the vibration-emitting cir-
cuit; a vibration-receiving circuit; to which
electrieal vibrations are propagated induct-
ively from the vibration - emitting circuit;
and a key, serving to close the vibration-re-
ceiving cireuit before mentioned; said key
serving also to control the inductive relation
subsisting between the vibration -emitting
and vibration-receiving cireunits before men-
tioned; so that the loudness of scunds pro-
duced by the vibration-translating apparatus
is governed at will by means of the key.

147, In an electrical musie-generating sys-
tem, and in combination, («) suitable com-
mon-receiver vibration-translating devices;
(b) suitable vibration - generating devices,
adapted to produce the notes of a musical
scale electrically; (c¢) keys, serving to bring
the various vibration-generating devices into
action, each as required, upon the vibration-
translating deviees; and (d) suitable current-
regulator expression mechanism, also con-
trolled by the keys before mentioned, and
operating to govern the loudness of sounds
given off by the vibration-translating devices.

148. In an electrical music-gencrating sys-
tem, and in combination, a line; one or more
vibration-translating devices, supplied with

electrical vibrations by said line; a composite-
tone-generating device, scerving to produce
electrical vibraticns corresponding to differ-
ent partials of the same composite tone in the
line aforesaid, by induction simultancously;
a koy, operating to bring such composite-tone-
generating device into action upon the line;
and current-regulator expression mechanism,
operating to govern the loudiess of the sounds
given off by the vibration-translating appa-
ratas.

149. In an clectrical music-generating sys-
tem, and in combination thercin with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-genei-
ating deviee, serving te produce cleetrical vi-
brations eorresponding to different partials
of the same composite tone in the line afore-

aid; anote-controlling device, extra the line,
operating to bring the composite-tone-gencer-
ating device aforesaid into acticn upon the
line; and current-regulator expression mech-
anism, operating to govern the loudness of
the sounds produced.

150. In an clectrical musice-generating sys-
tem, and in combination therein with a line
and one or more comimon-receiver vibration-
translating devices, a composile-tone-gener-
ating device, serving to produce clectrical vi-
brations corresponding to different partials
of the same composite tone in the line afore-
sald; a note-controlling deviee, operating to
bring the composite-tone-generating dovice
aforcsaid into action upon theline; and cur-
rent-regulator expression mechanism, extr:
the line, operating to govern the londness of
sounds given oft by the vibration-translating
apparatus.

151, In an cleetrical music-generaling sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, a composite-tone-gener-
ating deviee serving to produce electrical
vibrations eorresponding to different pavtials
of the same composite tone in the line afore-
said; a note-controlling device, operating 1o
bring the composite-tone-generating deviee
aforesaid into action upon theline; andecur-
rent-regulator expression mechanism, oper-
ating to govern the loudness of sounds pro-
duced by governing the voltage of the vibra-
tions thrown upen the line.

152. In an electrical music-generaling sys-
tem, and in combinalion, onc or more com-
mon-receiver vibration-translating devices;
a composite-tone-generating device, serving
to produce electrical vibrations having fre-
guaencies corresponding to different partials
of the same composite tone; aliey, operating
to bring the composite-tone-generating de-
vice aforesaid into aclion upon the common-
receiver vibration-translating devices; cur-
rent-regulator expression mechanism, oper-
ating to govern the loudness of the sounds
prodiced by the composite-tone-generating
device aforesaid, in the common receivers;
the key before mentioned serving to control
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said expression mechanism, and thereby to
govern the loudness of the sounds produced.

153. In an electrical musice-generating sys-
tem, and in combination therein, with & line
and one or more common-reéceiver vibration-
translation devices, (a) vibration-generating
devweb, adapted to produce g oround tones of
notes in the line aforesaid bymdueilon (0)
other devices operating to produce one or
more overtones tothe ground tones aforesaid;
(n) different note-contr ollers, whereby the va-
rious tones are thrown upon the line, as re-
quired; and (d)current-regulator expression
mechanism governing the loudness of the
sounds given off by the vibration-translating
apparatus.

154. In an electrical music-gencrating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
translating devices, an electrical music-gen-
erating apparatus, including (a) means op-
crating to produce ground toues or notes in
the line aforesaid; (b) other devices operat-
ing to produce one or more overtones of the
Oround tones aforesaid; (¢) note-controlling
de\'lces extra the hne, each operating lo
throw upon the line a ground tone and one
or more overtones 1110100f, and (d) current-
regulator expression mechanism, governing
Lhe loudness of sounds given off by the vibra-
tion-translating apparatus.

155. In an electrical music-generating sys-
tem, and in combination therein with a line
and one or more common-receiver vibration-
transiating devices, an electrical mus1e gen-
erating apparatus, including («) means 5 0]-
erabmo to produce ground tones of notes in
the lino aforesaid; ( ) other devices operat-
ing to produce one or more overtones of the
oround tones aforesaid; (c¢) suitable note-
conLrolhnfr devices; and (d) current-regula-
tor expression mechanism, extra the line, op-
erating to govern the ]oudness of sounds
given ol'f by the vibration-translating appa-
ratus.

156. In an electrical music-gencrating sys-
tem, and in combination therein with a line
and one or more cominon-receiver vibration-
translating devices, an electrical music-gen-
erating apparatus, including (a) means oper-
ating fo produce g oxound tonces of notes in the
line afmesmd (b) other devices opehmnﬂ to
produce one 01 more overtones of the ground
tones aforesaid; (c) suitable note- eontlolhno
devices; and (d) current-regulator expression
mechanism, operating to govern the loudness
of sounds produced by governing the voliage
of the vibrations thlown upon Lhc line.

157. In an electrical music generating or
distributing system, the combmanon with
one ormore common-receiver vibration-trans-
lating devices, of a multiplicity of composite-
tone- Oenemtmo devices, eachincludinga plu-

ahLy of Vlbmtlon Oehelauno devices, aetma
simultaneously to p1oduce in a cirenit clec-
trieal vibrations having frequencies corre-
sponding to different partials of the same

composite tone; keys, controlling the action
of said composite-tone-generating devices
upon the vibration-translating devices afore-
said; and suitable current-regulator expres-
sion mechanism, controlled by said keys, and
operating to govern the loudness of the tones
given off by the vibration-translating appa-
ratus.

158. In an electrical music-generating sys-
tem, and in combination, an organization of
electrical - vibration genervators, serving fov
the production of electrical vibrations, corre-
sponding to the notes of a musical scale; one
or more comimon-receiver vibration-translat-
ing devices, serving to translate electrical vi-
brations into audible acrial vibrations; sepa-
rate tone-purifying devices for the separate
notes; note-controllers, whereby the different
vibration-generating devices are made to act
upon the vibration-translating apparatus, for
the sounding of their respective notes, as re-
quired in the production of a musical com-
position; and cuarrent-regulator expression
mechanism, whereby the loudness of the
sounds given off by the vibration-translating
apparatus is governed at will.

159. In an electrical music-generating sys-
tem, and in combination, an organization of
electrical- vibration generators, serving for
the production of electrical vibrations corre-
sponding to the notes of a musical scale; one
or more common-receiver vibration-translat-
ing devices, serving to translate electrical vi-
brationsinto audible acrial vibrations; a plu-

rality of tone-purifying devices, interposed
between the vibration-gencrating devlceg and
the vibration-translating de\'lces above men-
tioned, and operating to purify electrical vi-
brations by one or more inductive transfers;
said tone-purifying devices serving, some for
the purifying of low tones, some for the puri-
fying of high tones, and some for the purify-
ing of tones of medium pitch; note-control-
lers, whereby the difterent vibration-generat-
ing devices are made to act upon the vibra-
tlon translating apparatus for the sounding
of their respective notes, as required in the
produetion of a musical composition; and cur-
rent-regulator expression mechanism, where-
by the loudness of the sounds given off by the
vibration-translating apparatus is governed
at will,

160. In an electrical music-generating sys-
tem, and in combination therein with one or
more common-receiver vibration-translating
devices; electrical vibration-generating de-
vices, serving to produce ground tones of
notes electrically; othervibration-generating
devices, serving simnltancously to produce
overtones for said greund tones; suitable
tone - purifying devices; mnote - controllers,
whereby the various vibration-generating de-
vices aforesaid are made to act upon the vi-
bration-translating apparatuas, for the sound-
ing of their respective notes, as required; and
current - regulator expression mechanism,

whereby the loudness of the sounds given off
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by the vibration-translating devices is gov-
erned.

161. Inan electrical music-generating sys-
tem, and in combination, (@) suitable vibra-
tion - translating apparatus; (0) vibration-
generating devices,serving to produce ground
tones of notes; (¢) vibration-generating de-
vices,servingsimultancously to produce over-
tones for the notes; (d) suitable tone-purify-
ing devices; (e) keys, each, in general, serv-
ing to bring into action upon the vibration-
translating apparatus a ground-tone vibra-
tion-generating device and one or more over-
tone-vibration-generating devices; and (f)
suitable current-regulator expression mech-
anism, whereby the loudness of the sounds
given off by the vibration-translating appa-
ratus is governed.

162. In an electrical music-generating sys-
temn, and in combination, («) suitable vibra-
tion - translating apparatus; () vibration-
generating devices, serving to produce ground
tones of notes; (¢) vibration-generating de-
vices, serving to produce overtones for the
notes; (d) suitable tone-puvifying devices;
(¢) keys, controlling the action of the vibra-
tion-generating devices upon the vibration-
translating apparatus; and (f) suitable cur-
rent-regulator expression mechanism, con-
trolled by the keys before mentioned, and
serving to govern the loudness of the sounds
given off by the vibration-translating appa-
ratus.

163. Anelectrical music-generating system
including, in combination, (a) a plurality of
common-receiver vibration-translating de-
vices; (0) amultiplicity of electrical-vibration
circuits; (¢) a multiplicity of rotatory rate-
governors; serving by their rotations to cause
clectrical vibrations to be produced in the
electrical - vibration ecircuits bhefore men-
tioned; (d) driving mechanism for said rate-
governors, whereby different rate-governors
are given different angular velocities; (e)
keys controlling the action of the vibration-
generating devices upon the vibration-trans-
lating devices; and (f) suitable current-reg-
ulator expression mechanism, whereby the
loudness of the sounds given off by the vibra-
tion-translating devices is governed at will.

164. In an clectrical music-generating sys-
tem, and in ecombination, (@) a line; (D) one
or more common-receiver vibration-translat-
ing devices; (¢) rotatory rate-governors, cor-
responding to the notes of a musical scale
through one ormore octaves, operating to pro-
duce electrical vibrations in the line, by in-
duction; (d) note-controllers, whereby the
different rotatory rate-governors are made to
throw their respective notes upon the line, as
required; and (e) suitable current-regulator
expression mechanism, whereby the loudness
of the sounds given off by the vibration-trans-
lating apparatus is governed.

165. In an electrical musie-generating sys-
tem, and in combination, (@) a line; (0) one
or more common-receiver vibration-transiat-
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ing devices; (c) an organization of rotatory
rate-governors, adapted to produce the notes
of a musieal seale through one or more oc-
taves, operating to produce electrical vibra-
tions in the line; (d) note-controllers, where-
by the different notes are thrown upon the
line, each as required; and (¢) current-regu-
lator expression mechanism, extra the line,
operating togovern theloudness of the sounds
produced.

166, In an electrical music-gencrating sys-
tem, and in combination, («) a line; (D) one
or more common-receiver vibration-translat-
ing devices; (¢) an organization of rotatory
rate-governors, adapted to produce the notes
of a musical seale through one or more oc-
taves, operating to produce electrical vibra-
tions in the line; (d) note-controllers, where-
by the different notes are thrown upon a line,
each as required; and (e) current-regulator
expression mechanism, interpoged between
the rotatory rate-governors aforesaid and the
line, operating to govern the loudness of the
sounds given off by the vibration-translating
apparatus.

167. In an electrical music-generating sys-
tem, and in combination, («) a line; (b) one
or more common-receiver vibration-translat-
ing devices; (¢) an organization of rotatory
rate-governors, adapted to produce the notes
of a musieal scale through one or more oc-
taves, operating to produce clectrical vibra-
tions in the line; (d) note-controllers, where-
by the differentnotesarethrownupontheline,
each as required; and (e) current-regulator
expression mechanism, operating inductively
to governtheloudness of the sounds produced
by the vibration-translating apparatus.

168. In an electrical music-generating sys-
tem, and in combination, («) a line; (b) one
or more common-receiver vibration-translat-
ing devices; (¢) an organization of rotatory
rate-governors, adapted to produce the notes
of a musical scale through one or more oc-
taves, operating to produce electrical vibra-
tions in the line; (d) note-controllers, where-
by the different notes are thrown upon the
line, cach as required; and (e) current-regu-
Iatorexpression mechanism, operating to gov-
ern the loudness of the sounds produced by
governing the voltage of the vibrations thrown
upon the line.

169. Tn an electrical music-generating sys-
tem, and in combination, (@) means for gen-
erating electrical vibrations corresponding to
the notes of a tune, including a multiplieity
of rotatoryrate-governors, and driving mech-
anism, whereby different rate-governors are
given different angular velocities; (0) one or
more common-receiver vibration-translating
devices; (¢) note-conftrollers, whereby the dif-
ferent rate-governors are made tosound their
respective notes, as required, in the vibration-
translating apparatus; and (d) cuorrent-regu-
Iator expression mechanism, whereby the
loudness of the sounds given off by the vibra-
tion-translating apparatus is governed.
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170. In an electrical music-generating sys-
tem, and in combination, (¢) a line; (D) one
or more vibration-translating devieces, sup-
plied with electrical vibrations by said line,
and operating to translate such vibrations
into audible vibrations; (¢) means for gener-
ating in the line electrical vibrations corre-
sponding to notes of a tune, including a plu-
rality of rotatory rate-governors, and driving
mechanism, whereby different rate-govern-
ors are given different angular velocities;
(d) note-controllers, whereby the different
rate-governors aforesaid are made to sound
theirnotes,asrequired,in the vibration-trans-
lating apparatus; and (e) current-regulator
expression mechanism, whereby the loudness
of the sounds given off by the vibration-trans-
lating apparatus is governed.

171. In an electrical music-generating sys-
tem, and in combination, (@) one or more
common-receiver vibration-translating de-
vices; (D) inductional undulation-generating
devices, corresponding to the notes of a mu-
sical scale through one or more octaves; (¢)
note - controllers, whereby the different in-
ductional undulation-generating devices are
made to sound their respective notes, as re-
quired, in the vibration-translating appara-
tus; and (d) sunitable current-regulator ex-
pression mechanism, whereby the loudness
of the sound given off by the vibration-trans-
lating apparatus is governed.

172. In an electrical niusic-generating sys-
tem and in combination, () a line; (b) one
or more common-receiver vibration-translat-
ing devices, supplied with electrical vibra-
tions by the line, and serving to translate

‘said vibrations into audible vibrations; (¢)

inductional undulation - generating devices,
corresponding to the notes of a musical scale
through one or more octaves; (d) note-con-
trollers, whereby the differentinductional un-
dulation - generating devices aforesaid are
made to throw their respective notes upon
the line, as required; and (e) suitable cur-
rent-regulator expression mechanism, where-
by the loudness of the sounds given off by the
vibration-translating apparatus is governed.

173. In an electrical music-generating sys-
tem, and in combination, (a) clectrical vi-

45

bration-generating devices, corresponding to
the notes of a musical scale through one or
more octaves; (b) one or more common-re-
ceiver vibration-translating devices; (¢) note-
controllers, whereby the different vibration-
generating devices are made to produce their
respective notes, each as required, in the vi-
bration-translating apparatus; and (d) a plu-
rality of independently-acting current-regu-
lator expression devices, whereby different
notes are made to sound with different de-
grees of loudness.

174, Inan electrical music-generating sys-
tem, and in combination, (a) a line; (D) one
or more vibration-translating devices, sup-
plied with eleetrical vibrations by said line,
and operating to transiate such vibrations
into audible vibrations; (¢) electrical vibra-
tion-generating devices, corresponding to the
notes of a musical scale through one or more
octaves; (d) note-controllers, whereby the
different vibration-gencrating devices afore-
said are made to throw theirrespective notes
upon the line, as required; and (e) a plurality
of independently - acting current-regulator
expression devices, whereby different notes
are made to sound with different degrees of
loudness.

175. In an electrieal music-generating sys-
tem, and in combination, (@) means for gen-
erating electrical vibrations corresponding to
the notes of a tune, including rotatory rate-
governors, and driving mechanism whereby
different rate-governors are given different
angular velocities; (D) one or more common-
receiver vibration-translating devices; (¢)
note-controllers, whereby the different rate-
governors are made to sound their respective
notes, as required, in the vibration-translat-
ing apparatus; and (d) a plurality of inde-
pendently - acting current-regulator expres-
sion devices, whereby different notes are
made to sound with ditferent degrees of loud-
ness.

Bigned at Washington this 4th day of Teb-
ruary, 1896.

TITADDEUS CATIILT.

Attest:

M, I1. Camrrny,
Arrur 1. CAHILL,

6o

05

70

75

So

90

95




