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1,295,691.

Specification of Letters Patent.

Continuation of applications Serial Nos. 194,114 and 194,116, filed February 17, 1904, which were continua-
tions in part of applications Serial No. 43,944, filed January 19, 1901, and Serial No. 145,197, filed
February 26, 1903. This application filed June 26, 1915, Serial No. 36,420. Renewed May 8, 1918,

Serial No. 233,369,

To «ll whom it may concern:

Be it known that I, Taapprus CaniiL, a
citizen of the United States, residing at New
York city, New York, have invented cer-
tain new and useful Improvements in the
Art of and Apparatus for Generating and
Distributing Music Electrically, of which
the following is a specification.

This application is a continuation of my
prior application, No. 194,114, filed Febru-
ary 17,1904 ; also, in like manner, it is a con-
tinuation of my other prior application, No.
194,116, also filed Feb. 17,-1904; both these
applications were divisions of my earlier ap-

plication No. 145,197, filed Iebruary 26,

1903. All of the accompanying drawings,
except. Figures 5* to 5%, are copies of simi-
larly numbered drawings that were filed in
each of the three cases aforesaid, Nos.
145,197, 194,114, and 194,116. All that part
of this specification preceding “Part two”,
excepting this paragraph and the brief de-
scriptions of and references to Figs. 5* to
5%, is a copy (with occasional corrections,
amendments and additions, intended . to
make the matter clearer) of pages 1 to 62 of
the specifications of the two original appli-
cations aforesaid, Nos. 194,114 and 194,116,
the descriptive portions of which (as dis-
tinguished from the claims) were for the
most part in duplicate; and the great bulk
of the same is also in substance a copy of
similar descriptive matter contained in the
original application before mentioned, No.
145,197, filed February 26, 1903. The ma-
jority of the claims, filed herein are copies
(either exact copies or copies in substance)
of claims which were submitted in the prior
applications aforesaid, Nos. 194,114 and
194,116 and all the claims inserted herein
might consistently with the law and the
practice of the Patent Office have been as-
serted in any one of the three applications
aforesaid, Nos. 145,197, 194,114 or 194,116,
when the same were filed ; and this continua-
tion application is filed (and the supplemen-
tal description contained in Parts two and
three hereof and in Figs. 5* to 5% is added)
for the purpose of describing the invention
(and the manner of using it most advan-
tageously) more fully, clearly and perfectly
in certain particulars than is done in the
specifications of the prior applications

aforesaid, No. 145,197, No. 194,114 and No.
194,116, ‘

The application No. 194,114, filed Febru-
ary 17, 1904, (of which this is a continua-
tion) awe have already seen was filed as a di-

“vision of original application No. 145,197,

filed February 26, 1903.
stated in said application,
follows:

The principal part of the subject matter
of the present application was also clearly
disclosed in a prior allowable application of
mine, No. 43,944, filed January 19, 1901;
and most of the claims asserted herein, if
not all of them, were either asserted in the
same words or in substance in said original
application, No. 43,944, or might, under the
law and practice of the Patent Office, have
been so asserted in said original application.
In so far as the subject-matter of the present
application is identical with the subject-mat-
ter of said original application, No. 43,944,
filed January 19, 1901, this application is a
continuation of said original application,
No. 43,944

A large part, then, of the subject matter
of the present application, it is to be under-
stood, 1s identical, not only with the subject-
matter illustrated and deseribed in the ap-
plications aforesaid, No. 194,114, filed Feb-
ruary 17, 1904, and No. 145,197, filed Feb-

Further, it was
No. 194,114, as

ruary 26, 1903, but also it is identical with.

the subject-matter described and claimed in
my other pending application aforesaid, No.
43,944, filed January 19, 1901; and in so far
as the subject-matter described and claimed
in the present application is identical with
the subject-matter disclosed in said original
application, No. 43,944, the present applica-
tion is a continuation also of said applica-
tion, No. 43,944, :

In Yetters Patent of the United States to
me No. 580,085, dated April 6, 1897, 1s de-

Patented Feb. 25, 1919,
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scribed an art of and apparatus for generat-

ing and distributing music electrically. My
present invention consists in certain im-
provements in that art and in the apparatus
for practising the same, which are herein-
after described, by means of which improve-
ments certain new and useful effects are pro-
duced, which have never, so far as I am
aware, been produced before. )
More particularly, the objects of my in-
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vention are to improve the character or

" quality of music that is produced electri-
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cally; to increase the facilities for expres-
sion, afforded to the performers; to increase
the number of subscribers’ instruments that
can be supplied with musical electrical vi-
brations from a single central - station in-
strument and to enable the individual sub-
scribers to regulate the power of the musical
sounds produced upon their premises by the
electrical vibrations transmitted from the
central station, each subscriber independ-
ently of the others. And, without attempt-
ing in this introductory portion of the speci-
fication any definition of the invention or
any formal statement of claim,

I would say, briefly and informally and
by way of introductory explanation, that
my present apparatus, hereinafter described,
differs from the apparatus illustrated and

accompanying the Letters Patent aforesaid,

“in the following, among other particulars,

namely :

First. In the apparatus illustrated in the
drawings accompanying the specification of
the Tetters Patent aforesaid, a set of pitch-
shafts is employed, corresponding respec-
tively to the notes of a musical scale within
the compass of an octave (twelve for the
chromatic scale of equal temperament), each
of said shafts giving movement to rotary
vibration-generating devices for producing
electrical vibrations corresponding to the
successive octaves of that noté of the scale to

which such shaft corresponds, each of these
shafts being connected by a belt of its own

with a_common driving-shaft from which
they all receive movement. With this ar-

rangement, the several octaves of a note were-

necessarily in tune with each other, for the
rotary devices by which the electrical vibra-

“ tions corresponding to them were produced

were carried by the same shaft; but the vi-
bration-generating devices corresponding to
notes that were not octaves of each other
were carried by different shafts and were
liable on account of variations in the
amounts of slip of the belts driving those
shafts to get out of tune, from time to time,
more or less, thereby necessitating care and
attention. In the specification aforesaid,
the possibility of using toothed gearing for
the pitch-shafts, thereby to avoid slip, was
referred to. But no toothed gearing was
illustrated in the drawings or deseribed in
the specification, for none suitable for the
purpose thad been contrived at that time,
But in the accompanying drawings a toothed
gearing is clearly illustrated and which is
hereinafter fully described by means of

“which all the pitch-shafts are connected to-
gether in such a manner that it is impossible

for the notes to get out of tune with one
another; and everything is contrived in such

1,205,391

a manner ‘that the most perfect and un-
changeable tuning of the notes with relation
to one another is produced. Variations of
the whole set from concert pitch are, of
course, possible, but such variations do not
affect the tuning of the notes with relation
to one another mnor the goodness of the
chords, the tuning for which is more perfect
and unchangeabfe than has ever been at-
tained before in any musical instrument so
far as I am aware. :

Second. With the apparatus described in
the specification before mentioned there was,
in general, for each note, at least in the mid-
dle and lower part of the compass, a group
of vibration-generating devices serving only
for that note and one serving to produce the
ground tone, another the second partial, an-
other the third partial, another the fourth
partial, another the fifth partial and an-
other the sixth partial. In other words, to
produce the first six partials of the several

- notes, six sets, in effect, of vibration-generat-

ing devices were employed. But with the ap-
paratus hereinafter described, there are used,
preferably, a principal or ground-tone set of
generators, a supplemental or third partial
set' of generators and another supplemental
or fifth partial set of generators; and things
are arranged in such a manner that from the
principal or ground-tone set cf generators
the first, second, fourth and eighth par<iais
and, if desired, the sixteenth partials, are
derived ; from the third partial set, the third
and sixth and, if desived the twelfth partials
are derived; and from the fifth partial set
the fifth partials and, if desired, the tenth
partials are derived. Thus, from a small
number of vibration-generating devices, a
large number of sets of partials are pro-
duced, and the whole apparatus is simphfied
and cheapened. And, further, a simplified
form of machine is also illustrated and de-
seribed, from which some very fair musical
effects may be produced with a single set of
vibration-generating devices.

Third. In the system described in_the

specification accompanying the Letters Pat-

ent, before mentioned, the electrical waves, as
produced in the first instance by the vibra-
tion-generating devices, varied more or less
widely from the sine-form and were then
assimilated, in a greater or less degree, to
the sine-form by successive inductive trans-
fers, tone-purifying devices being used for
that purpose. By my present invention, I
preferably generate electrical waves in the
first instance as nearly sinusoidal as con-
veniently may be and am thus enabled to
dispense, in whole or in great part, with all
devices that serve merely for tone-purifying,
thus further simplifying and cheapening the
apparatus. And by my present invention
the whole apparatus is, or at least may be,
so organized, as hereinafter more fully de-
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scribed, that a more or less considerable
effect of tone purifying may be produced by
successive inductive transfers of the vibra-
tions, in the vibration-combining devices
and the expression devices, without employ-
ing any devices that serve merely or solely
for tone purifying and without complicating
the apparatus or greatly increasing its cost.

Fourth. In the specification accompany-
ing the Letters Patent aforesaid, a form of
vibration-translating device is described,
having a wooden sound-board, set in vibra-
tion by a plurality of small electro-magnets,
receiving vibratory electrical currents from
vibration-generating devices. By my pres-
ent invention, I use, preferably, as a vibra-
tion-translating device, in combination with
the other parts of the apparatus, an elec-
trically-vibrated diaphragm, preferably of
soft iron or soft steel (in effect, a receiving
telephone) in combination with a horn or
other suitable reinforcing air-chamber. This
form of vibration-translating device, par-
ticularly if the diaphragm be made (as I
have been making them) of soft iron or
steel, is quite free from alteration by the
weather and produces sounds of a good qual-
ity and of great power, through a wide
range of pitch, and with less electrical en-

ergy than is required by the kind of vibra--

tion-translating device illustrated and de-
scribed in the specification accompanying
the Letters Patent hereinbefore enumerated;
and seems also more satisfactory in other
particulars.

Fifth. In the system of generating and
distributing music electrically, described in
the specification accompanying the Letters
Patent before mentioned, the subscriber or
hearer had no power to regulate the loud-
ness of the sounds produced upon his prem-
ises. That was controlled from the central
station only. By my present invention, I
not only provide numerous devices to enable
the performers or operators at the central
station to control the loudness and timbre
of the sounds, but I also provide means on
the premises of the subscriber, by which he
can himself alter and regulate the loudness
of the sounds produced on his own premises
at will, and without interfering with the
like control, by other subscribers, of the
loudness of the sounds produced on their
premises.

Sixth. In the apparatus described in the

- specification before mentioned and illus-

trated in the drawings accompanying and
forming part of the same, a single circuit-
closing switch was used, common to all the
circuits in which electrical vibrations cor-
responding to different partials of the
same composite tone were produced. But in
the apparatus hereinafter described, a group
of switches is preferably used for each such
group of circuits, a switch for each cirguit,

a

Thus I make it possible to easily control
the several partials or components of a tone

- independently one of another, and, also by

dividing the current controlled between a
number of switches, increase the , total

“amount of current that can be controlled.

Seventh. In the apparatus described in
the specification before mentioned and illus-
trated in the drawings accompanying and
forming part of the same, the switches or
circuit-closing devices were connected di-
rectly with the finger-keys and operated by
the muscular power of the operator’s fingers.
But in the apparatus hereinafter described,
or at least in the preferred from of that ap-
paratus, the switches are operated by pneu-
matic power-devices that are controlled by
the’finger-keys. By this means, I make it
possible for the performer to control with a
light and easy touch, vastly greater amounts
of electrical energy and to supply from a
single central station instrument, powerful
musical tones to a large number of persons,
each in his own house.

Eighth. In the apparatus described in the
specification before mentioned and illus-
trated in the drawings accompanying and
forming part of the same, the exciting
windings for a group of alternators were
connected together in series and no means
provided for altering the intensity of ex-
citation. But in the apparatus hereinafter
described, I provide, preferably, independ-
ent or parallel circuits for the exciting
windings of the several alternators, and also
provide means for altering the intensity of
excitation of the several alternators, each in-
dependently of the others. Thereby I make
it possible to easily voice the instrument so
as to transmit over the mains the several
series of vibrations, each with the power re-
quired; and make it possible also to com-
pensate, in a measure, the tendency of the

‘lines to transmit and of the diaphragms to

produce some tones less strongly than others.

Ninth. The improvements above enumer-
ated are of a genera]l character, which
would seem to be, in general, applicable,
whatever the nature of the expression mech-

_anism used may be. But my present inven-

tion differs widely from the apparatus de-
scribed in the specification before mentioned

and illustrated in the drawings accompany-

ing and forming part of the same, in re-

" spect of the expression mechanism, by means

of which new effects are produced, which
have never, so far as I am aware, been pro-
duced before. The expression. mechanism
described in the specification accompanying
the Letters Patent before mentioned, while
very different in structure and in its phys-

ical mode of operation from a common’

pianoforte, resembles the pianoforte in re-
spect that the loudness of each note is de-
signed to be controlled independently of the

70

75

80

8b

90

95

100

108

110

118

12¢

126

130



" 10

15

20

25

30

356

40

~ other key.

45

50

55

60

65

4

other notes, merely by the touch of thé per-

former upon the key. My present appara-
tus, while differing widely in its structure
and in its physical mode of operation, and
even in its musical capacities from a pipe

organ, yet resembles an organ in respect of’

some of its musical powers and functions
more nearly than a pianoforte. And im-
portant parts of my invention relate to a
yariety of expréssion devices, whereby divers

‘musical effects are produced, which could

/

_tion-generating devices.

not be produced with the expression mech-
anism illustrated in the drawings accom-
panying and forming part of the specifica-
tion before mentioned. Thus— = -

(@) By my present invention I employ a-
plurality of keyboards and preferably con- -

trive things in such a manper, as hereinafter
more fully described, that all these key-
boards are supplied with the requisite elec-
trical vibrations from a single set of vibra-
Some important
musical effects that are impossible’ with a
single keyboard are thus made possible, and
with but little increase in the cost of the
apparatus. ' v

(b) I contrive things in such a manner,
as hereinafter more fully described, that the
performer can easily alter at will and within

certain limits the timbre, tone-color or qual-

ity of the notes of a keyboard.

(¢) I also provide devices common to a
plurality of the notes of a keyboard (or pref-
erably common to all the notes of a key-
board) for governing the loudness of any of

said notes, and by these means make it pos--

sible for the performer to produce a variety
of effects that are not possible with the ap-
paratus described in the specifications ac-
companying the Letters Patent hereinbefore
mentioned, in which the expression device
for each key is entirely independent of every

(d) 1 provide, as before said, a plurality of
keyboards; and preferably T arrange the ap-
paratus as hereinafter more fully described,
so as to enable the performer to regulate
and alter at will the timbre of the notes of

‘each keyboard, independently of the other

keyboards, so as to produce tones of different
timbres upon or by means of the different
keyboards, and also to vary the loudness of
the notes of the several keyboards, independ-
ently of one another. ,

(¢) 1 provide an electrical swell device,
or preferably a plurality of independently
acting-electrical swell devices, by means of
which the loudness of the notes produced
may be increased or decreased, rapidly or
slowly, to any extent from the softest to the
loudest.

(7) T provide a dynamic manual, that is,

“a keyboard each of whose keys corresponds to

a different degree of loudness of tome, by

means of which the performer can govern.

1,205,801

the loudness of the sounds produced by de-
grees or steps of a scale of loudness, and can’
change the loudness with absolute instan-
taneousness from one degree to danother,

‘thereby producing some musical effects,
which, so far as T am aware, have never been

produced before.

By properly manipuliting these various
expression devices, a composition can be pro-
duced with different kinds of timbre and ex-
pression; notes of different timbres can be
produced simultaneously ; the melody can be
made prominent while the accompaniment is
subdued ; any note of a chord, played upon

.one keyboard, can be increased or diminished

in loudness independently of the other notes
of that chord, played upon other keyboards;
and a great variety of effects produced, some
of which have never, so far as I am aware,
been produced heretofore. And these effects,
produced by one or more performers at a
central stafion, may be heard by a large
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number w©of subscribers, each at his own .

house; and each of these subscribers can
regulate and alter instantly at will, the)
loudness of the sounds produced on his’

premises according to his own sense of what |

is agreeable to him. ~

Tn brief, then, my improved apparatus,
it will be seen, cmbodies, first, certain im-
provements, such as the first, second, third,
fourth, fifth, sixth, seventh and eighth points
hereinbefore set forth, that seem to be, in
gereral, applicable to an electrical music-
generating apparatus, whether expression
mechanism of one kind or of another be em-
ployed, and by means of which the tuning is
rendered perfect and unchangeable, and the
apparatus simplified and cheapened, and
rendered in various ways more powerful,
more perfect: and more satisfactory; and,
second,. it embodies certain novel forms of
expression mechanism, by which new and
important musical effects may- be -produced
electrically, which have never, so far as I am
aware, been produced electrically before,
and some of which have never, so far as I

90

95

10(
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11(

am aware, been produced before in any man-

ner whatever. S : -

While I consider it convenient to use in
the same apparatus all the improvements
above referred to, I wish it to be clearly un-
derstood at the outset that one or more of
those improvements may be used and the
others not used or a portion of them may be
used in one form of apparatus and another
portion used in another and different form
of apparatus.

For -greater convenience, I shall first de-
scribe, with reference to the accompanying

drawings, one form of apparatus for em- .

bodying my invention and by means of

which it may be practised. After that one

form has been made c@{xz, I shall describe
0

some of the more important of the many

11!
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alterations and -modifications that may be
made. '

In the accompanying drawings, Figs. 1 to
45 illustrate the form of apparatus that I
shall first describe ; while Figs. 46 to 92 illus-
trate some of the many possible modifica-
tions or alternative constructions.

Fig. 1 is a schematic view, illustrating the
electrical connections for one keyboard and
one set or register of tones only.

Fig. 14 is a schematic view, similar to Fig.
1, but illustrating a simpler form of appa-
ratus, from which the expression devices
are omitted.

Fig. 2 is a schematic view, partly in sec-
tion, partly in elevation, showing a key of
a keyboard and a circuit-closing device con-

" trolled by that key and serving, when that

key is depressed, to throw the vibrations of
the corresponding alternator upon the line.
Fig. 3 is also a schematic view, intended
to illustrate, as far as possible in a single
view, the leading features of the electrical
connections, and in particular illustrating
the facts () that in general each alternator
supplies electrical vibrations of the same

-frequency to different keys, supplying a

partial tone of one order to one key, and par-
tial tones of other orders to other keys; and
(#) that in general each key controls a
plurality of sets of vibrations, correspond-
ing respectively to different orders of partial
tones, as for example, first-partial or ground-
tone vibrations whose frequency we may in-
dicate, by n, and second-partial, third-par-
tial, fourth-partial, fifth-partial, sixth-par-
tial, eighth-partial, tenth-partial, twelfth-
partial, and sixteenth-partial vibrations
whose frequencies we may indicate by 2n
3n, 4n, 5n, 6n, 8n, 10n, 12n, and 16n re-
spectively. And in Fig. 8, it is'to be under-
stood, the keys, generators and connections
are shown for the successive octaves of one
note of the scale only, for example, the suc-
cessive octaves of C. For each of the other
notes of the scale, there are similar alterna-
tors, keys and connections. But the com-
mon-return bars 54, 547, 54°, 54¢, 544, ete.,
the primary coils 56, 562, 56° 356°, etc., the
several inductoriums and expression devices
illustrated, serve in common not only for
the keys 45, 45, illustrated in Fig. 8, and cor-
responding; as before said, to successive oc-
taves of a single note, but also for the keys
corresponding to the other notes, and which
are necessarily omitted from Fig. 8. Thus
it will be seen, Fig. 1 illustrates the electri-

cal connections of all the keys of a keyboard,

for more than an octave, for one order or

register of tones only, say the ground-tones;

while Fig. 3 illustrates the electrical con-
nections, for the various orders of partial
tones, for the keys corresponding to the suc-
cessive octaves of one note of the scale
only. To make the apparatus of Fig. 3 com-

a2

plete, we must add the keyboard-keys 45, 45,
the alternators, contact-springs and connec-
tions for the other notes of the scale, in their
various octaves, which, if not practically im-
possible with the size of sheet allowed by
the rules of the Patent Office, would involve
such a large number of intersecting lines as
to interfere with the clearness and simplicity
of the figure. .

Fig. 3% is a view in general similar to Fig.
3, but illustrating more clearly a portion of
the circuits illustrated in Fig. 8.

Fig. 4 is a detail view. partly in section,
partly in elevation, illustrating the actual
arrangement of the several contact springs
49, 49, 49°, 49°, 499, 49°, 497, 498, 49" and 49",
with the bars 54, 542, 54®, 54¢ etc., which are
shown schematically in Figs. 8, 34, 5, and
other figures.

Fig. 5 is a schematic view, showing, in

part, the electrical connections of one key
1n each keyboard, to illustrate the fact that
the same vibration-generators that supply
the requisite electrical vibrations for one
keyboard, supply, or at least may supply, the
electrical vibrations for the other keyboards
also. '
Fig. 5% is a diagrammatic view,.similar
to Fig. 55 but it differs from Fig. 5 in that
while the former represents a construction
in which the ground-tones and the har-
monics of the same identical frequencies, in
a plurality of keyboards or switchboards,
are fed with the vibratory electrical currents
required, from the same armature windings,
Fig. 5* illustrates a construction in which
distinet armature windings are provided for
the different keyboards or switchboards; one
set-of windings for oneswitchboard and key-
board, and another set of windings for an-
other switchboard and keyboard ; and so on.
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Fig. 5B is also a diagrammatic view, in -
Z L 3

general similar to Fig. 5, but differing from
that figure in that a transformer is used for-
each alternator, the primary of such trans-
former being fed by such alternator, and
said transformer is provided with a plurality
of secondary windings, corresponding re-
spectively to the ground-tones and harmon-
ics that are fed from that generator to the
different switchboards, one winding for each,
as clearly seen in the drawings; that is, each
ground-tone and each harmonic in- each
switchboard that is fed from a given genera-
tor has a secondary winding of its own, in
the transformer whose primary is connected
in series with such generator. _
Figs. 5 5P and 5% are also diagrammatic

“views, illustrating features of the invention

which are described more in detail herein-
after. : :
Fig. 6 is a schematic view illustrating one
arrangement of apparatus and of circuits
for combining the electrical vibrations, cor-

- resporiding to partialsof different orders, into
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composite electrical vibrations corresponding

to notes (or chords) of compositetones; and
for varying the timbre of said composite
tones, for each keyboard independently of
the other keyboards; and for combining the

electrical vibrations controlled by a plural-

ity of keyboards, into a single series of more
highly composite vibrations; for varying
the. loudness of the notes of the different
keyboards, one keyboard independently . of
another; and also illustrating means for
varying the loudness of the ensemble of
tones suddenly by a dynamic keyboard ;-and
also illustrating means connected with each
vibration-translating device, by which the
subscriber can vary, at will, the loudness of
the tones produced upon his premises.

Fig. 7 1s a plan view, largely schematic,
illustrating one of the arrangements of gear-
ing that I have contrived for driving the
twelve pitch-shafts, that correspond respec-
tively to the twelve notes of the chromatic
scale, each with the angular velocity re-
quired. ‘ :

Figs. 8 and 9 are sectional views in eleva-
tion, illustrating one of the twelve pitch-
shafts, shown in Fig. 7, with the alternators
to which it gives movement; Fig. 8 illus-
trates the lower portion of said shaft with
the alternators of the ground-tone set
(marked 2, 2, in the schematic views) that

~are carried by it; while Fig. 9 illustrates the

86

40

45

50

56

60

upper portion of said shaft, with. the ‘sup-.
plemental alternators of the third and fifth

partial sets (marked 3, 3, and 4, 4, in the
schematic views) that are carried by it.

Fig. 10 is a view similar to Fig. 8, but on
a larger scale, and with the rotating parts
in gection.
© Figs. 11, 12, 13, 14, 15, 16 and 17 are de-
tail sectional views, partly in elevation, on
the lines 11, 11; 12,192; 13,13 ; 14, 14; 15, 15;
16, 16 and 17, 17, respectively, Fig. 8, 1llus-
trating the characteristic differences of the
seven alternators respectively of the ground-
tone set that are carried by a pitch-shaft,
corresponding respectively to the successive
octaves of that mote of the scale to which
such shaft corresponds, and constructed to
produce respectively 3,6, 12,24, 48,96 and 192
cycles or complete electrical vibrations for
each revolution of the pitch-shaft carrying
them. In Figs. 11 and 12, the armatures
and the exciting windings, of the field-

magnets 24, 24, and 25, 25, are omitted;

and in Figs. 15, 16 and 17 much of each
alternator is broken away.

Fig. 12% is a detail view
vation and somewhat similar to Fig. 12, but
illustrating the armature coils and their sup-
porting devices, which are omitted from
Fig. 12. In Fig. 12* some of the parts are

* removed to expose others to view. Fig, 12%

65

is a detail section on the line 128,128, Fig.
124, , .

in sectional ele-

- 1,205,861

Figs. 18 and 19 are sectional views, partly
in elevation, on the lines 18, 18, and 19, 19,
Fig. 9. B

Figs. 184 and 18" are detail sectional views
in elevation, on a larger scale than Fig. 18,
illustrating two different shapes of inductor
teeth.

Fig. 20 is a plan view, partly schematic,
illustrating. one form of keyboard arrange-
ment with the, various accessories, namely,
(a) . the four pitch-keyboards; (&) the dy-
namic manual; (¢). the groups of keys or
switches, corresponding to the different or-
ders of partial tones for the four pitch-key-
boards by manipulating which the strengths
of the different elements of ‘the tone are ad-
justed at will from nothing to the maximum
and (d) the four pedals 95, 95, correspond-
*ing respectively to the four pitch-keyboards
and which are connected to control the elec-
trical swell devices corresponding respec-
tively to the four keyboards. .

Figs. 21, 22 and 23 are detail views illus-

* trating one arrangement of the tone-partial

switches, by the manipulating of which the
timbre of the notes of a keyboard may be
controlled. Fig. 21 is a sectional view in
elevation on the line 21, 21, Fig. 20; Fig.
92 g front elevation, illustrating one group
_of the tone-partial controlling. switches;
and Fig. 23 a top view of the same.
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Figs. 24 and 25 are detail views illustrat-

ing one form of impedance coil. Fig. 24 is
an elevation, and Fig. 25 a sectional eleva-
tion, on the line 25, 25, Fig. 24.

~ Fig. 26 is a sectional view, partly in ele-
vation, illustrating one form of vibration
combining inductorium, and Fig. 27 is a
detail sectional view, partly in elevation, on
the line 27, 27, Fig. 26. ' :
Figs. 28, 29, 80, 31, 32 and 33 are detail
_views, illustrating one form of my electrical
swell device. Fig. 28 is a front elevation of a
singl§ electrical swell; Fig. 29 is a top view
‘of the same; Fig: 30, an end view of the
same, showing in sectional elevation the
connections with a foot pedal, by which the
electrical swell is operated ; Fig. 31 is a view
partly in section, partly in elevation, and
lafgely schematic, illustrating the four

swell devices, corresponding respectively to -

the four pitch keyboards and operated re-

-100

110

spectively by the four pedals, 95, 95, Figs. .

20 and 80; Fig. 82 is a top view of one of the
conducting plates, 130, belonging to the elec-

120

trical swell devices, and, Fig. 83 is a detail -

cross-section, partly in elevation, on the line
33, 33, Figs. 28 and 29. 3

Fig. 34 is a sectional view in elevation,:
illustrating one of my vibration translating
devices. . ' '

Fig. 35 is a detail view similar to Fig.
34, but on a larger scale; t%e most of the
reinforcing horn: being broken away.

Fig.86is.a detail, a plan view,on alarger

125
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scale than Fig. 85; the reinforcing horn,
mouth-piece and diaphragm being removed.

Fig. 87 is'a view in general similar to
Fig. 35, but illustrating a construction in
which an electro-magnet, excited by a local
battery, is used,in place of the permanent
magnet, illustrated in Fig. 35.

Figs. 38, 39, 384, 40, 41, 42, 43, 44, and 43,
illustrate a key-controlled power-action, for
operating the switches, by which the alter-
nators, corresponding to different partials of
a tone, are made to act upon the line. Fig.
38 is-the principal view, partly in section,
partly in elevation, and partly schematic,
illustrating the power connections between

‘one of the keys of one of the kevboards and

its switches; a part of the switch-operating
bar being broken away and the most of the
switches omitted; Fig. 39, which is a detail
sectional view in elevation, on a scale smaller
than that of Fig. 38, shows the switch-oper-
ating bar, corresponding to a key 45, com-
plete; Fig. 38* is a detail view, partly in sec-
tion, partly in elevation, illustrating the de-
tails of the insulated mechanical connections
between the switch-operating bar and the

* switch-blades moved by it; Fig. 40 is a plan
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view, on a scale smaller than that of Fig. 88,
illustrating a portion of the cylinder-table,
wind-chest and valve mechanism; the cylin-
der table being in part broken away to ex-
pose the wind-chest and valve mechanism to
view; Fig. 41 is a detail plan view, on a
larger scale than Fig. 38, illustrating a por-
tion of one of the bars 54 or 54* or 54b, etc.,
forming part of the circuit for all the par-
tial-tones of one order in one keyboard,
showing a number of switch-jaws attached
to said bar; Fig. 42 is a detail, a rear eleva-
tion (also on a larger scale than Fig. 38) of
one of the bars as 54, 54, ete., with the insu-
lating bar 287 attached to it and the hinges
or hangers of a plurality of switches at-
tached to said insulating bar; Fig. 43, which
is a front elevation, illustrates portions of
the frame by which the bars 54, 542, 54®, etc.,
and various other parts of the apparatus are
supported; and in this view the principal
portions of the various horizontally-extend-
ing parts have been broken away; Fig. 44 is
a detail, a sectional view in elevation on the
line 44, 44, Fig. 43; and Fig. 45 is a sectional
view in elevation, illustrating a modification
of Fig. 38, in which the valve-mechanism is
actuated directly by the keys, and the elec-
tro-magnets used for this purpose in the de-
vice of [fig. 38 are dispensed with.

Figs. 46, 47, 48 and 49 are schematic
views, somewhat similar in character to Figs.
3 and 34, but illustrating modified or alter-

native arrangements of the alternators for

producing complex electrical vibrations cor-
responding to the composite tones required.

Of these— o )
Fig. 46 illdstrates a modification, in which

7

a_group of alternators is used for each note,
all the alternators of a group serving for
that note only to which such group corre-
sponds, as in the apparatus described in the
specification of the Letters Patent before
mentioned, dated April 6, 1897, but com-
bined with means corresponding to each
order of partia] tones represented in a group
of alternators, for preventing such order of
partials from sounding or for causing it to
sound, with greater or less force as required ;

Fig. 47 illustrates a construction in which
the principal or ground-tone set of alter-
nators only is nused and sets of electrical vi-
brations, whether sinusoidal or complex, cor-
responding in frequency to the first, second,
fourth, eighth and sixteenth partials ave de-
rived from this one set of alternators and
independently controlled ;

Fig. 48 illustrates a construction in which
the principal or ground-tone set of alter-
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~nators 2, 2, is used with the fifth-partial sup-

plemental set 4, 4; the third-partial supple-
mental- set being omitted and things ar-
ranged in such a manner that the principal
or ground-tone set of alternators not only
supplies the first, second, fourth, eighth and
sixteenth partials with perfect truth of tun-
ing, but also supplies approximate but
but . slightly imperfect third, sixth and
twelfth partials; and .

Fig. 49 illustrates still another arrange-
ment, in which the principal or ground-tone
set of alternators supplies not only the first,
second, fourth, eighth and sixteenth par-
tials with perfect truth, and the slightly im-
perfect third, sixth and twelfth partials, but
also supplies imperfect or approximate fifth
and tenth partials.

Figs. 50, 51, 52, 58 and 334 illustrate a
modified construction, in which the loud-
nesses of the several orders of partial tones
of each keyboard are controlled, each inde-
pendently of the other, and the Joudness of
the notes of the several keyboards controlled,
each keyboard independently of the other,
by varying the mutual induction subsisting
between wibration-transferring and vibra-
tion-receiving circuits. The several figures
are described more in detail hereinafter.

Figs. 54 and 55 are schematic views, illus-
trating a form of expression-mechanism, in
which the loudnesses of the several orders of
partial tones are governed, each independ-
ently of the other, by varying the number of 120
active turns in coils corresponding to such
orders of partial tones.

Fig. 56 is a schematic view, illustrating a
form of apparatus in which the loudness of
the tones is governed by acting upon a plu- 125
rality of vibration-transferring circuits.

Fig. 57, which is a detail side elevation,
and Fig. 58, which is a detail view partly in
plan, partly in section, illustrate an expres-
sion device in which the loudness of the tone 130
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in some cases is omitted.

8

is governed by screening a secondary coil,
more or less, from the corresponding pri-
mary. ' ‘ .

Figs. 59, 60 and 61 are schematic views,
illustrating modified ‘arrangements of the
circuits, which are hereinafter described;

Figs. 62 and 63 illustrate a modified ar-
rangement of the alternators. i

IFigs. 64 to 77, inclusive, are schematic
views, illustrating modified or alternative
arrangements of the gearing, for the alter-
nators, adapted to the chromatic scale of
equal temperament. Figs. 78, 79, 80 and 81
illustrate different arrangements of the gear-
ing for the alternators, adapted to the dia-
tonic scale of the natural or just tempera-
ment. : ‘

Tig. 82 illustrates a construction in which
a plurality of sets of ground-tone alternators
are used.

And Figs. 83 to 92 illustrate modified ar-
rangements of the expression devices, which
are hereinafter more fully described.

- 1 have spoken of several of the figures
above described as schematic views or as in
part schematic. By a schematic view I mean
a view illustrating certain essential features
of a device, apparatus or arrangement of
parts, in which, in order to illustrate the es-
sential features more clearly, no effort is
made to show the true sizes, proportions,
relative distances and positions of the parts,
or, indeed, in many cases, their form. Such
views are especially necessary in illustrating
electrical circuits and apparatus. In most
of the schematic views, if not in all, a few
things of a kind are in some cases shown in
illustration of all the things of that kind;
for an attempt to illustrate all those things
in one view would be impracticable, 1f not
impossible, and would tend to obscure the
clearness of the drawing. In many of the
views, whether schematic or geometric, a
greater or less portion of ‘the apparatus is
broken away, as the break-lines indicate, or
Further, I have
not_endeavored to illustrate or describe all
the minute details of construction of things
old and well known, such, for example, as
alternators, inductoriums, switches and key-
board mechanisms, etc., but I have clearly
iNlustrated and fully described those features
of construction that are new with me and es-
cential to the cairying out of the invention.
The schematic drawings, as before said, are
of course not. made to scale, and in the draw-
ings that are made to scale different scales
are of necessity used for different figures;

‘but all that is new with me and essential to

the invention is so clearly illustrated and so
fully described that persons skilled in that
part of the electrical art which relates to al-
ternating currents and alternating current
machinery and apparatus, can make a work-

ing machine from the information contained
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in this specification and in the accompany-
ing drawings. o

Similar reference numerals refer to simi-
lar parts in all the figures.

In many cases, one Or more parts only of a
group of similar parts is marked, and in
others, only one part or a few parts of one
group, out of several similar groups, are
marked; and in some cases a series of parts
is not completely marked in each figure in
which such series of parts appears, but has
some of its parts marked in one figure and
some in another, as the lines of the figures
permit. This is particularly true of the sets
of springs 49, 49%, 49v, 49°, 499, 49, 49°, 405,
49" and 495 of the series of bars 54, 547, GELN

| Bde, 549, 54e, 54, 54%, 54" and 545 and of the

series of coils 56, 562, 56°, 56°, 567, 56°, 561,
565, 56" and 56'; and in several figures in
which it is not possible to apply the refer-
ence numerals, as 56, 56%, etc., directly to the
coils to which they refer, said reference nu-
merals have been applied to the terminals of
said coils. Also in several of the figures (see
Figs. 6, 50 and 54), the legends, First man-
ual, Second manual, Third manual, and
Pedal have been used not with reference to
those four keyboards themselves, but with
reference to parts

boards, respectively.
I shall first describe the apparatus illus-
trated in Figs. 1 to 45, after which it will ‘be

* easily understood that numerous modifica-

tions of that apparatus may be made with-
out at all departing from the essential prin-
ciples, processes and combinations belonging
to my invention, or at least without substan-
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or groups of parts apper-
‘taining to or controlled by those four key-

g5

100

tially departing from certain of the essential

principles, processes or combinations belong-
ing to my invention.

A rich musical tone consists, as physicists
have proved, of a plurality of component
tones, which are sometimes called partial
tones, tone-partials, or, more shortly, par-
tials, and which usually bear certain simple
mathematical relations to each other. Of
these component tones, the lowest is called
the ground-tone or first partial. The others
are called upper partials, over-tones, or har-
monics, all which terms I use herein synony-
mously. Also, T use the words partial tones,
tone-partials or partials, when no limiting
words are used, in a sense broad enough to
refer alike to a ground-tone or to an over-
tone.

Representing the number of vibrations in
unit time of the first partial or ground-tone
of a note by n, then 2n, 3n, 4n, 5n, 67, Tn, 8n,
10n, 12n, 167 and so on, are the numbers
of vibrations in unit time of the second,
third, fourth, fifth, sixth, seventh, eighth,
tenth, twelfth and sixteenth partials, respec-
tively. of that note. The quality or timbre
of a musical note depends upon (@) what
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upper, partials or overtones enter into it,
(6) the strength of those partials with rela-
tion each other and to the ground-tone, and
(¢) probably also, to a less extent, upon the

phase relations of the different partials. As

we shall see hereinafter, electrical waves
may be produced from a single alternator
which shall produce a musical note; but
richer and more satisfactory notes than ean
be produced as far as I am aware, from a
single alternator—notes very much more
suitable for producing striking musical ef-
fects—can be produced by building up a
note of the timbre or quality of tone de-
sired, by using a plurality of alternators,
having vibration-frequencies corresponding
to different partials of the note required, and
each contributing its proper component to
that note. -

The most simple and natural arrangement
for this purpose would be to employ a dis-
tinct group of alternators for each note of
the scale, as many groups of alternators as
there are notes, each group of alternators
serving for its own note only, and each
group- containing one alternator for pro-

ducing the ground-tone of the note for which .

such group serves; the other alternators of
such group serving each to give a different
overtone. Such an arrangement is described
in the specification of the Letters Patent be-
fore mentioned, dated April 6, 1897; and

such an arrangement of alternators may be .

used with the various expression - devices
hereinafter described, and with certain of
the other novel features of my present in-
vention, as illustrated, for example, in Fig.
46. But to reduce the expense involved in a
system requiring so many alternators, I have
contrived several arrangements or combina-
tions of parts, which will be hereinafter de-
scribed, and by means of which the number
of alternators required is greatly reduced.
In the system illustrated in Figs. 1 to 45,
which I shall first describe, there are,
First, a principal set of alternators, hav-
ing vibration-frequencies corresponding re-

spectively to the vibration-frequencies of the

notes of a musical scale, through a sufficient
range. Seven octaves, lacking one half-
tone, are illustrated in the drawings, though,
of course, a greater or less compass may be
used, if desired. From this one principal
set of alternators, the ground-tones and also
the second, fourth, eighth and sixteenth
partials (whose frequencies are respectively
two, four, eight and sixteen times that of
their ground tone) are derived in the man-
ner hereinafter described. :
Second, a supplemental set of alternators,
each of which has a vibration-frequency

.three times that of the corresponding alter-

nator in the principal or ground-tone set;

and from this supplemental set of alterna-

tors, the third partials, the sixth partials and

“seribed.

the twelfth partials are derived, in the man-
ner hereinafter described.
Third, another supplemental set of alter-

nators, each of which has a vibration-fre- -

quency five times that of the corresponding 70
alternator in the ground-tone set; and from
this second supplemental set of alternators -
the fifth partials and the tenth partials are
derived, in the manner hereinafter de-

In most of the drawings, I have illustrated
this electrical system as adapted to the
chromatic scale of equal temperament, which

is now used almost universally throughout -.

christendom ; but it is to be understood that 80
my invention is applicable also to other
scales and temperaments. For the chro-
matic scale -of equal temperament, then, we
have, or at least may have as illustrated in -
the drawings, 12 shafts, 12, 1%, 1°, 19 1¢, 1, 85
15, 1b, 11, 1% 1! and 1™, corresponding Te-
spectively to the twelve consecutive notes of
the chromatic scale (as C, C-sharp or D-flat,
D, D-sharp or E-flat, E, F, F-sharp or G-flat,
G, G-sharp or A-flat, A, A-sharp or B-flat, 90
and B,) and each carrying or giving move-.
ment to the alternators that serve to pro- -
duce the successive octaves of the note to

.which such shaft 'correspond's and for which -

it serves. For convenlence, we may term- 95
these shafts 12, 1°, etc., pitch-shafts. With

the exact arrangement of parts illustrated in

the drawings, and which, it is to be under-
stood, may be varied from, more or less as
required, each pitch-shaft gives movement 100
(a% to seven ground-tone alternators, 2, 2,
having vibration-frequencies corresponding
respectively to the vibration-frequencies of .
successive octaves of the note for which the
pitch-shaft carrying them stands; () to six 108
third-partial alternators, 8, 3, and (¢) to
five fifth-partial alternators, 4, 4. 1f the
lowest in pitch of the ground-tone alterna-
tors have a frequency of n cycles per sec- ,
ond, the other ground-tone alternators, in the 110
ascending scale, must have frequencies of 2n, '
4n, 8n, 16n, 32n, and 84n respectively; if the
lowest of these ground-tone ‘alternators, 2,

2, produces, for example, 8 cycles or com-
plete to-and-fro electrical -vibrations per 115
revolution, as illustrated in the drawings,

the other ground-tone alternators, carried by

the same pitch-shaft, will preduce, respec-
tively, 6, 12, 24, 48, 96, and 192 cycles or
complete to-and-fro electrical vibrations for 120
each revolution of such shaft. From this
ground-tone set of alternators, as before
said, we derive, in a manner hereinafter de-
scribed, not only the ground-tones, or.first _
partials, but also the second, fourth, eighth 125
and sixteenth partials.. Very fair music can

be produced, as we shall see later, from the
ground-tone set of alternators alone, espe-
cially when things are arranged as herein-
after described, so that we derive from the 130
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ground-tone set, second, fourth, eighth and
sixteenth partials, as well as ground-tones.

But it is for many purposes desirable to add,
* shafts will give the note C in its successive

as illustrated in the drawings Figs. 3, 34,
5, ete., the two supplemental sets of alter-
nators before mentioned. Representing, as
before, the vibration-frequencies of the alter-
nators 2, 2, of the ground-tone set, carried
by a given pitch-shatt, by n, 2n, 4n, 8n, 16n,
89n, 64n and 128n respectively, the vibra-

- tion-frequencies of the corresponding alter-
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nators of the third-partial set will be 3n, 6n,
12n, 24n, 48n, and 96n, and so on, if the
series be carried higher, each third-partial
alternator having a vibration-frequency ex-
actly three times that of the corresponding
ground-tone alternator; while the vibration-
frequencies of the alternators 4, 4, of the
fifth partial set will be 5n, 10n, 20n, 40n,
and 807, and so on, if the series be carried
higher, each fifth-partial alternator having
a vibration-frequency exactly five times that

of the corresponding ground-tone alternator.

By the vibration-frequency of an alternator,
I ‘mean the number of vibrations that it
produces in unit time. - And with the alter-
nators of the ground-tone set, carried by a
given pitch-shaft producing for each revolu-
tion of such shaft, respectively, 8, 6, 12, 24,
48, 96 and 192 complete, or to-and-fro elec-
trical vibrations per revolution, the alter-
nators 3, 3, of the third partial set produce,

respectively, 9, 18, 86, 72, 144 and 288 (and

so on, if the series be carried higher), com-
plete electrical vibrations per revolution;
while the alternators 4, 4, of the fifth-partial
set, produce, respectively, 15, 30, 60, 120 and-
240 (and so on, if the series be carried
higher), complete electrical vibrations per
revolution of the same shaft. And as the
ground-tone alternators 2, 2, the third-
partial alternators .3, 3, and the fifth-
partial alternators 4, 4, corresponding. to
any given note are all alike carried by the
same pitch-shaft, and all have their rotary;
members attached fast to said shaft, any
variation in their relative pitch is impos-
sible, and if accurately made, they remain
perfectly and unchangeably in tune with
each other.

The twelve pitch-shafts, 17, 1°, 1¢, 19 1°,

1t 15, 1n 15, 1% 11 and 17, with the sets of

17

60

65

alternators carried by them, may be made

to be exactly alike; that is, the alternators

carried by any one of the twelve pitch-shafts
may be in every respect exactly like the
corresponding alternators carried by the
other pitch-shafts; and for the sake of con-

* venience of explanation (and for that rea-

son only), we shall first assume this exact
similarity ; in which case, to make the twelve
pitch-shafts correspond respectively to the
twelve notes of the chromatic scale, we drive
those shafts with angular velocities corre-
sponding respectively to the vibration-fre-
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quencies of the twelve notes of the chromatic
scale. And when thus driven, the alterna-
tors carried by one of the twelve pitch-
octaves; the alternators carried by another 70
pitch-shaft will give the note C-sharp or
D-flat of equal teraperament in its successive
octaves, while the other ten shafts will
give each the. successive octaves of the note

of the chromatic scale to which such shaft 75

-corresponds.

Of the gearing for the pitch-shafts.

One form of gearing that I have contrived
for this purpose, is illustrated schematically
in Fig. 7; in which 17, 1¥, 1°, 19, 1°, 1%, 15,
14, 1171% 11 and 1™, are, as before said, the
twelve pitch-shafts, correspending respec-
tively to the twelve consecutive notes of the
chromatic scale and each giving movement
to the alternators that serve to produce the
sticeessive octaves of that note of the chro-
matic scale to which such pitch-shaft corre-
sponds. Each of these pitch-shaftsis mount-
ed in suitable bearings, (preferably self-
alining bearings, with ring oilers) 5, 5, sup-
ported by the pedestals 6, 6, that rise from
the bed-plate 7, 7. This bed-plate, at least
in the case of large machines, is preferably
made of a plurality of sections, as 7, 7, sup-
ported on masonry ard firmly bolted to-

80
86
90

95

" gether. The bed-plate 7, 7, the bearings 5,

5, -and the ‘pedestals 6, 6, form no part of
my invention and are not illustrated in de-
tail in the drawings. They appear to some 100
extent in Figs. 8, 9, and 10, but the bear- .
ings and pedestals are entirely omitted from
Fig. 7 and the other figures, 64 to 81, which
illustrate different arrangements of the gear-
ing; and the bed-plate is omitted from most 105
of these figures; and in all these figures the
alternators carried by a pitch-shaft and
which are clearly shown, so far as is essential

to my invention, in Figs. 8 to 19, inclusive,

are omitted: The twelve pitch-shafts, it 119 .
will be seen, with the arrangement of gear-

ing illustrated in Fig. 7, are arranged in -

_four groups of three shafts each; and the

three shafts of each group correspond to
three consecutive notes of the chromatic 115

“scale. As the shafts are geared together in

Fig. 7, movement applied to any one will
move all. But the shaft 8, having at its
opposite ends the toothed wheels 9 and 10,
connects the four groups of pitch-shafts be- 120
fore mentioned; so that it is convenient to
drive said shaft 8; for which purpose the
electrical motor, 11, may be used, with its
armature mounted on and keyed to said
shaft; or any other motor or driving mech- 125
anism whatever that is suitable for the pur-
pose may be used. In Fig. 7, as also in all
the other figures that illustrate modifica-

" tions of the gearing, a reference numeral

consisting of figures followed by the letter 130



- T, indicates a gear-wheel haying as many
teeth as the number indicated. by. such
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- group (1P, 1, 1t or 1' as aforesaid) is con-.
nected -with the highest shaft (in pitch) of its.
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figures: Thus 89T, applied as a reference
numeral to a part, indicates that it is a gear-
wheel having eighty-nine teeth; 84T, a gear-
wheel with 84 teeth; 37" and 44T, respec-
tively, gear-wheels of 87 teeth and 44 teeth,
respectively,.and so on. :

The twelve pitch-shafts 12, 1°, etc., are

arranged as before said, in four groups of
three shafts each; the three shafts of each
group. cotrresponding to three consecutive

notes of the chromatic scale. The first group-

consists of the shafts 1%, 1%, and 1°; the sec-
ond, of the shafts 1%, 1°, and 1¢; the third, of
thé shafts 1%, 1%, and 1'; and the fourth
group, of the shafts 1%, 1, and 1™. Apnd in
each of these groups, the lowest shaft (in
pitch) of the group (the shaft 1%, in the first
group; 19, in the second; 1%, in the third;
and 1%, in the fourth group) is comnected
with the middle shaft of its group, (1" in
the first group, 1°, in the second; 1%, in the
third ; and 1}, in the fourth group) by a gear
897, having 89 teeth, keyed fast to said low-
est shaft and meshing with a gear 847, hav-
ing 84 teeth Keyed fast to the middle shaft of
the same group ; and the middle shaft of each

group, (the shaft 1°, for the first group; 1,
for the second; 1i, for the third and 1= for
the fourth group) by a gear 897, having 89
teeth, keyed fast to said middle shaft and
meshing with a gear 847, having 84 teeth
keyed fast to the highest shaft of the same
group. : : - :

The shafts 12, 1> and 1°, constituting the

first group, are driven by means of a gear

88T, keyed. fast to the shaft 1°, having 88
teeth, and meshing with the gear wheel 9 that
is keyed to the shaft 8; whilethe shafts 14,1°
and 1%, constituting the second group, are
driven by meéans of a gear 74", having 74
teeth, keyed fast to the shaft 1° and also
meshing with the gear wheel 9. But the

third group of shafts (15, 1* and 1') and the

. fourth group (1% 1' and 1™), respectively,

50
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are driven by the wheel 10 keyed to the shaft

8 and meshing with the gear 88T of 88 teeth,
keyed fast to the shaft 1t and the gear 74T,
of T4 teeth, geared fast to the shaft 4.
Supposing the alternators carriéd by each
of the twelve pitch-shafts, 12, 17, 1¢, 14, 1°, 1F,
1z, 10 11, 1%, 1! and 1™ to be like (and in par-
ticular to produce the same numbers of

.¢ycles per revolution as) the corresponding

alternators on each of the other pitch-shafts
(in which case the only differences between
the said twelve pitch-shafts, by which they
are made to correspond respectively to the
twelve notes of the chromatic scale, consist in
the different angular velocities with which
they are respectively driven, a condition

of things which we shall term “Case A” to

1L

distinguish it from the other cases herein-
after explained) the wheels 9 and 10 may
have respectively 128 and 181 teeth, or any
equal multiples thereof as 256 and 362 teeth,
respectively. And.if the shaft 8 be driven
with a speed of 233 revolutions per minute

the twelve pitch-shafts, 12, 1°, 1¢, 19, 1e, 11, 1#,-

1%, 11 1%, 11,'and 1™, will correspond respec-
tively to the twelve consecutive notes of the
chromatic scale founded on ¢; the shaft.12
corresponding to the note ¢; 1%, to ¢-sharp
or d-flat; 1°, to d; 19, to d-sharp or e-flat; 1°,
to e; 1%, to f, 18, to f-sharp or g-flat; 1,0 ¢,
1, to g-sharp.or a-flat; 1%, to a; 1!, to a-sharp
or b-flat; and 1™ to b; which makes the low-
est note of the series of alternators before de-
scribed, the ¢ (C,) of 82 vibrations per sec-
ond, (which is the lowest ¢ of the piano-
forte), and the highest note, or at least the
highest ground-tone, the b, seven octaves

70
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lacking one half-tone above the ¢ last men- -
tioned. If the ‘Speed of the shaft 8 be al-

tered, the pitches of all the notes will be al-

tered together in exactly the same propor-.

tions: Thius, at a speed of 195.93 revolu-
tions per minute, the shaft 12, would corre-
spond to the note @, making the lowest note
of the instrument the low A of the-piano, the
A of 26.9 vibrations per second; at a speed
of 293.63 revolutions per minute, to the note
¢, making the lowest note of the instrument
the low orchestral E-of 40.3 vibrations per
second. . The builder or user can drive the
machine at whatever speed, within its safe
working limits, may best suit his purposes,
and at whatever speed the shaft 8 may be
driven, the twelve shafts 12, 17, 1¢, 19, 12, 1,
15, 18, 14, 1% 11 and 1™, will, as before said,
correspond respectively to the twelve con-
secutive notes of the chromatic scale; and.
the ground-tone alternators 2, 2, (Figs. 8
to 17) carried by each such shaft, will pro-
duce the successive octaves of that note of
the chromatic scale to which the pitch-shaft
carrying them corresponds.

Any variation in the angular velocity of
the series of shafts will produce, as before
said, a corresponding alteration in the pitch
of all, but the relative pitches of the va-
rious alternators will remain fixed and un-
changeable: for all the twelve shafts 1%, 1b,

-etc., are geared together in such a manner

90

95
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118

that no change can be made in the angular

velocity of any one shaft without a corre-
sponding change being made in the angular
velocity of all the others. This fixed and

120

unchangeable relation of the notes of any

given chord, this impossibility of the notes
getting out of tune with one another with-
out an actual breaking down of the machine,
is, so far as I am aware, a new result never
attained before in any electrical music ap-
paratus, nor so far as I am aware in any

commercially useful or musically merito-

rious musical instrument.

12§
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Numerous alterations may be made in the
arrangement of the shafts and gearing with-
out departing from certain of the essential
principles, combinations or subcombinations

belonging to my invention. Some of these
will be de-

alterations and modifications
seribed hereinafter.

/" Of -the alternators.

/ We have already stated the relative vi-
bration-frequencies of the various alternators
2, 2, of the ground-tone set and also of the
supplemental sets 3, 3, and 4, 4, when such
supplemental sets are used. Any kind of al-
ternator. whatever that is suitable for the
purpose may be used.
alternator be used, it is important. that the
successive cycles of any given alternator be
least that the periodic time
of each wave be substantially the same as
that of every other wave. For if the succes-
sive-cycles of an alternator have materially

several armature coils,

happen if the pole pieces of such alternators
as those illustrated in Figs. 11 and 12, or
the teeth of the revolving inductors illus-
trated in Figs. 13 to 17 be unequally spaced)
the effect upon the purity of the notes and
especially upon the chords is liable to be
disastrous: Inequalities may perhaps exist
so minute as not to be sensibly prejudicial,
and possibly some special effects might be
produced in special cases by inequalities (I
affirm nothing on that point) ; but at least
for all ordinary purposes, it is, according to
my experience, a safe rule to make the pole
pieces 24, 24, and 25, 25, in Figs. 8, 10, 11
and 12 as nearly as is conveniently possible
of equal sizes and disposed equidistant one
from another. So also, while the different
inductors illustrated in Figs. 8, 9 and 10,
and 13 to 17 have preferably teeth of differ-
ent sizes, each inductor should, in my judg-
ment, to secure the best effect, have all its
teoth as mearly -as is conveniently possible
of exactly equal size and exactly equidistant

_ one from another. To this end, I have cut

50.
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to construct the alternators in such a manner -

60

[ 1]

the teeth of the inductors that I have used
in a large and carefully built gear-cutting
machine, provided with a very accurate in-
dexing mechanism, and in particular having
a large and very accurate worm-wheel and
Worm. _ \
Further, with such an arrangement of cir-
cuits as is illustrated in Figs. 3, 34, 5 and 6,
(or in Figs. 46, 48,49 and. 61) it is desirable

that they will produce sinusoidal or very
nearly sinusoidal current waves, that is, cur-
rent waves as free from harmonies as is
practicable. But with some of the modifica-
‘tions of the apparatus hereinafter described,

some irregular or non-sinusoidal shapes of

- colls or the

But whatever kind of flux through those coils should vary sinu-

to a sine-wave of impressed

generate .
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waves are in my judgment as good as the
sinusoidal waves, if not preferable to them.
The problem of constructing an alterna-

“tor so that it will give a sinusoidal wave
"of voltage or of current is one that has re-

ceived a great deal of attention from persons
skilled in the art—from electrical engineers
and alternator builders, and many alterna-
tors have been built whose waves of im-
pressed voltage are very nearly sinusoidal.
I shall therefore say nothing further on the
subject here than that to produce a sine-
wave of impressed voltage the rate of cut-
ting of
i rate of change of the magnetic

soidally ; that a close enough approximation

i voltage, for
most purposes, is easily obtained from an
alternator having an armature of coils with-
out iron, such as the two generators have
that are illustrated to the left of Figs. 8
and 10 and in Figs. 11, 12, 124 and 127, and

_bereinafter described; and that with indue-

tor alternators, such as are jllustrated in
Figs. 8, 9 and 10 and 13 to 19, the teeth
of the rotating inductors should be
(and it is common practice to curve them)
o as to make the introduction of lines of
force or of magnetic flux into the armature
coils and the withdrawal of the same there-
from gradual; and that the point to be
aimed -at, in order.to produce a sine-wave of
impressed electro - motive force, is to so
shape the curvature of the teeth of the in-

.ductor that the rate of cutting of lines of

force by the armature coils, as the inductor

“revolves, shall vary sinusoidally. In the

drawings, Figs. 13 to 19, no attempt has
been made to illustrate the curvature of the
teeth, as those figures are on toe small a
scale to admit of accurate representation
of the curvature required; but in Fig. 18*
one form of curved tooth is illustrated. But
here two points are to be borne in mind,
first, that in building an inductor alternator
to produce a perfect. or nearly perfect sine-
wave, particularly if it be a small machine
or one with small teeth, it is often (if not
always) necessary first to cut the teeth with
a view to producing the curve of impressed
voltage desired;
and to ascertain with the instruments usu-
ally used for that purpose the exact shape of
its actual curve of impressed voltage, and
then not infrequently to alter the cutters
more or less (supposing the
done with milling cutters), and recut the
teeth so as to produce more nearly the exact

curve of impressed voltage desired. Sec-

ondly, it is to be understood that while I con-
sider a sine-wave of impressed voltage as
preferable in certain cases, as before stated.
even in those cases an excellent musical ef-

fect may be produced~when the wave of

carved,

then to.run the machine .
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the lines of force by the armature -
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impressed voltage is not exactly sinusoidal
and that in some of the modified construc-
tions helelnafter described, I consider a
wave that is not strictly sinusoidal to be
preferable. And thirdly, the nature of the
circuits upon which the alternators act is
also very important as affecting the shape of
the current wave. This matter is referred
to more at length hereinafter.

As T have before said, any form of alter-
nator whatever that is suitable for the pur-
pose may be used. But for divers practlcal

' reasons, which it is 110t necessary to enlarge
upon here, I have found it convenient to use

inductor alternators for the higher tones
and a different form of alternators, in some
cases at least, for the lower tones. Figs. 8
to 17 show one convenient arrangement of
alternators (out of many possible ones) for
producing the successive octaves of one of
the notes of the scale. 21, 22, and 23 (Figs.
8, 10, 11 and 12) are turned disks of iron or

steel (preferably steel castings or ivon or:

steel forgings) to which the iron or steel
pole pieces 24, 24, belonging to the lowest
or leftmost alternator, Figs. 8 and 10, and
25, 25, belonging to the second alternator,
I“IO'S, § and 10, are suitably ‘attached, as for

- example by the nuts 26, 26, and washers 262,

80

35

262. . The pole pieces 24 carrled by the dlsk
21, are exactly opposite the corresponding
pole-pieces 24, carried by the disk 22; and
the pole-pieces 25 carried by the disk 23 are
exactly opposite the corresponding pole-
pieces 25 carried by the disk 22. Exciting
coils 27, 27, are wound upon the pole-pieces
24, 24, and similar coils 28, 28, are wound

' upon the pole-pieces 25, 25, The coils 27,

10

45

27, are connected togethel in series or in’
parallel (preferably in series) and have.

their opposite terminals connected to the in-
sulated contact rings 29, 29, upon which the
brushes 80, 30, bear, which are connected
through a theostat 12, Fig. 8, with the op-
posite poles of a direct current dynamo 31,
or other suitable electric source. The ex-

. citing coils 28, 28, have their opposite ter-
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minals connected to similar insulated con-
tact-rings 29, 29, upon which other brushes
bear that are connected through a’similar
rheostat 12, with the opposite poles of the
exciting dynamo, 31, before mentioned. In
the air gap or space between the poles 24, 24,

and 25, 25, lie the armature coils 32, 32,
made preferably of insulated copper ribbon -

or strip, wound upon cores 328, 322, of vul-
canite or other suitable 1nsu1a.t1ng material.
To give greater strength and stiffness to the
coils 82, 82, the copper ribbon or strip out
of which they are wound, and the external
surface of the cores upon which they are
wound, are preferably a little curved, as

-illustr: abed for example, in section in Flg
1258,

And to prevent the ribbon out of which
the coil is wound from unwinding, the coil

such note.

ig

may bé securely Wi'apped with binding wire
at 52" as illustrated in Fig. 124, the binding -

wire bemg well insulated from the coil about
which it is wrapped and being soldered to-

gether in the usual manner to prevent it

from unwrapping. Each of the coils 32 is

70

firmly attached by a segmental clamp 33, to

the stiff fixed ripg 85; -a bolt 84, passing
through said clamn 33 and the core 32* and
ring 85, with a tightening nut 34* by which
the coil 32 is locked firmly in place.. Pieces
of hard fiber or other suitable insulating
material, 32¢ and 329, (Figs. 124 and 12B),
are mterposed between the coil 32 and the
segmental clamp 33 and ring 35 respectively.
The segmental clamp 83 is provided with
two ears or lugs 33 33% to'engage the outer
surface of the ving 35 and these lugs, with
the bolt 34, hold the clamp 83 in place. The
ring 85 is preferably made of bronze, Ger-
man silver or other non-magnetic material
and is firmly bolted to the cast iron foot 35“,
which is in turn bolted to the bed-plate 7.
The exciting coils 27 and 28 are wound
in such a manner () that each of the poles

24, 25, on the disks 21 and 23 is of opposite,

polarlty to the pole facing it on the disk 22;
(0) that, advancing circumferentially, the
successive poles 24, 24, are alternately of
opposite polarity, while (¢) all the pole-
pieces 25 carried by the disk 22 are of one
polarity and all the pole-pieces carried by

-the disk 23 are of the opposite polarity. In

the drawings, Figs. 8, 11 and 12, the differ-
ing polarities are indicated by the letters N,
signifying north pole, and 8, signifying
south pole. The purpose and the result of
the arrangement described is that with every
revolution of the pitch-shaft earrying them,
the six pairs of pole-pieces 24, 24, belonging

-to the leftmost alternator, Fi igs. 8 and ‘10,

produce three cycles or complete electrical
vibrations, in the armature coils 32, 82, that
lie in the gap between said pole- pleces 24,
24 ; while the six pairs of pole-pieces 25, 20,
belongmo to the next adjacent alternator
produce just twice as many electrical vibra-
tions per revolution in the armature-coils
32, 32, that lie in the gap between said pole-
pleces 25, 25, -

The armature-coils 32, 32, that lie in the
gap between the pole-pleces 24 24, are con-
nected together into one series in such a
manner; according to the known rules of the
electrical art, that the *voltage in one rein-
forces the voltage in another.

The armature-coils 82, 32, that lie in the
gap between the pole- pleces 25, 25, are ar-
ranged in two groups, one to "furnish the
ground-tone of the note to which the alter-
nator of which such coils form part corre-
sponds; the other group to furnish the
second-partial of the note an octave below
The several coils of each of these
groups are connected together in series so
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that the voltage in each reinforces that in

the other. . »

The general type of alternator just de-
scribed, having a disk armature, without
iron, in the air-gap between opposite sets
of pole-pieces, may be used, if desired, to
produce some of the tomes of the middle
compass as well as the tones of lower range;
the number of pole-pieces being doubled
with each ascending octave. But in many
cases,

more convenient to use, for the tones of the

" middle as well as the higher compass, alter-
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‘nators having rotating iron armatures or

inductors. _y ,
Figs. 8 to 10 and 13 to 17 illustrate one

arrangement of inductor-alternators for giv-
ing the higher octaves of the notes produced
by the bass-generators, illustrated to the left
of Figs. 8 and 10 and in Figs. 11 and 12,
and already described. In each of these
inductor-aliernators there is () a rotating
inductor 36, formed of thin plates of soft
iron or steel suitably insulated from each
other, bolted together between the stiffening
side plates 87, 87, and keyed to the shaft 12,
or 1°, etc., to rotate therewith; (5) a plu-

if not in all, it will probably be found

.1,205,891

together in such a manner that the voltage
in each reinforces the voltage in the others.
Thus, for example, the coils 40, surrounding
the first, third, fifth, and other odd-num-
bered teeth of a given field-pole, should be
wound in one direction and the similar coils
surrounding the second, fourth, sixth and
other even-numbered teeth of the same field-
pole, should be wound in the opposite direc-
tion. For as the magnetic flux increases in
the first, third and fifth coils, 1t decreases
in the second, fourth and sixth coils, and
vice versa. And the various groups of coils
40, 40, belonging to a given alternator but
controlled. by different keys. 45, 45, should

‘bave their like terminals connected with the

common-Treturn wire-48, and their other-ter-
minals (like to each other but opposite in

- polarity to the terminals first mentioned)

rality of field poles 88, 88, of alternate north .

and south polarity, each having an exciting

winding 89 wound about it, and a plurality .

of armature coils 40, 40, wound in slots
formed in the polar face of the.field pole, in
immediate proximity to the rotating induc-
tor 36; and (¢) a suitable frame 43, pref-
erably of annular internal shape, to which
the pole-pieces 38, 38, are secured by the I-
shaped keys 44, 44, shown in the drawings,
or in any other suitable manner. .
The stiffening side plates 37, 87, are sep-
arated from the iron or steel plates of the
inductor 36, by annular plates or rings 372,
372, of German silver or other suitable non-
magnetic material, to prevent or reduce to
a minimum the production of Foucault or
eddy currents in said plates 37, 37. To pre-
vent the production of such currents in the
shaft 12, 1%, etc., a sleeve of German silver

37 is interposed between said shaft-and each .

of the inductors 36; or said inductors may
be mounted on spiders carried by said shaft.
~ The five inductors illustrated in Figs. 8
and 10 (and in detail respectively in Figs.

18, 14,715, 16 and 17) have respectively, 12,
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94, 48, 96, and 192 teeth, and each of them
makes as many complete electrical vibrations
per revolution as it has teeth. For a given
angular space there are, it will be observed,
two armature teeth on the field poles 38,
Figs. 18, 14, 15 and 16, for each tooth of
the inductor lying in the same angular space.
The armature coils 40, 40, belonging to a sin-
gle inductor, may be, and we shall suppose
are, connected together in series, in groups, as
illustrated in Fig. 14; in ‘which case, the
several coils of a group should be connected

I

connected with the appropriate contact-
springs 49, 492 etc. (or with their equiva-
lents, the switches 282, 282%, etc.), so that
when a plurality of keys act to throw vibra-

‘tions upon the line from different circuits,

fed by the same alternator, those vibrations
will reinforce each other in the effect they
produce upon the line and vibration-trans-

lating devices and upon the ear, instead of
counteracting each’other, as they would do, .

if the connections were incorrectly made.
And the energizing coils 39, 39, upon the

field poles 88, 38, surrounding any given

inductor 86, are connected and wound in
such a manner that the current flows around
the adjacent field poles 38, 38, in opposite
directions, so that these field poles are al-
ternately of opposite sign; each north pole
having a south pole on each side of it and

each south pole, a north pole on each side,

of it.

Except in very large machines, the induc-
tors 36, 36, Figs. 15, 16 and 17, must have
small teeth. To avoid the difficulty of wind-
ing these small teeth each with its own coil
as illustrated in Figs. 13 and 14, we may
pass a single insulated conductor, as in Fig.
15, (or a plurality of such conductors) for-
ward through one armature slot between two
contiguous teeth and backward through the
next adjacent slot—passing the winding for-

ward through the first, third, fifth, seventh

slots, etc., and backward through the second,

fourth, sixth, eighth slots, etc.; or we may.,
arrange the teeth in groups and wind a °

single coil on each such group; the groups

70
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being preferably arranged in such a manner
that the total magnetic flux through a given "

field pole 38 remains constant. Onearrange-
ment for this purpose is illustrated in Fig.
17, in which the several groups of teeth,

125

formed upon a given field-pole 38, it wil

be observed, are so placéd with relation to
each. other and with relation to the teeth
of the corresponding inductor 86, that when
the magnetic flux increases in the teeth of

130
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the first, third and fifth, etc., groups, it de-
creases in the teeth of the second, fourth and
sixth, etc., groups, and vice versa., The coils
wound about the stems of the teeth of the
first, third and fifth, etc., groups, should,

therefore, be wound- in one direction, while

the similar coils wound about the stems of
the teeth of the second, fourth and sixth,

- ete., groups should be wound in the opposite

direction.

For producing the third partials of ‘the .

notes whose ground-tones are supplied re-
spectively by the alternators illustrated in
Figs. 11, 12, 13, 14, 15 and 16, respectively,
we -may employ, for example, inductor al-
ternators in general similar to those already

described but having, respectively, 9, 18, 36, .

72,144 and 288 teeth, as illustrated schemati-
cally in Fig. 9; and for producing the fifth
partials of the notes whose ground-tones are
supplied, respectively, by the alternators
illustrated in Figs. 11, 12, 13, 14 and 15, re-
spectively, we may employ, for example, in-

ductor alternators in general similar to those

already described, but having, respectively,

" 15, 30, 60, 120 and 240 teeth, as illustrated

30
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schematically in Fig. 9. But, as before said,
it is to be understood that a set of ground-
tone alternators, as illustrated, for example,
in Figs. 8 and 10 and in-Figs. 11 to 17,
may be used, if desired, and the supple-
mental sets of alternators for producing the
third and fifth partials, illustrated, for ex-

ample, in Fig. 9, be entirely dispensed with ;.

all which is more fully explained herein-
after. ' : .
Figs. 8 to 17 illustrate the alternators that
may be used for producing the successive
octaves of a single note of the chromatic
scale, and which successive octaves have

- vibration frequencies of n 2n, 4n, 8n, 16n,

32n, and 64n, respectively. For each of the
other 11 notes of the chromatic scale a simi-
lar set of alternators may be used, the
twelve similar sets of alternators carried. by
the twelve pitch-shafts 12, 1° etc., being
made to give each its appropriate note by
the different angular velocities with which
said shafts are driven by suitable gearing,
as, for example; that illustrated in Fig. 7
and already described. ' .

Of the electrical circuits.

We are now in a position to explain the
electrical circuits, Let us first consider the

schematic views, Figs. 1 and 2, which show a -

single set of circuits, each key controlling

one circuit only. 2, 2 are the ground-tore -

alternators before described as mounted on
the twelve pitch-shafts 12, 1%, etc. (Figs. 7

and 8 to 17), and having vibration fre-
resyfectively, to con-

guencies corresponding,
secutive notes of a musical seale; the sev-
eral alternators on any given shaft hav-
ing vibration frequencies standing to each

-pitch-shaft corresponding to ¢ produce, re-

K. |

other as 1, 2, 4, 8, 16, 32 and 64, respec-
tively, and, with the construction illustrated
in Figs. 8, 10, and 11 to 17, producing, re-
spectively, 3, 6, 12, 24, 48, 96 and 192 cy-
cles per revolution of the pitch-shaft car-
rying them; and the twelve pitch-shafts 12,
1°, etc., having, as before described, angu--
lar velocities corresponding, respectively, to
the vibration frequencies of the twelve notes
of the chromatic scale in equal tempera-
ment.. The result of this arrangement is

70

75

“that the seven alternators 2, 2, of the prin-

cipal or ground-tone set (Figs. 8, 10, and
11 to 17), produce the seven successive oc-

-taves of that note of the chromatic scale to 80

which the pitch-shaft carrying them cor-
responds and for which it serves. Thus the
seven alternators of the ground-tone -set
(Figs. 8, 10, and 11 to 17) carried by 'the

85
spectively, the, seven octaves of ¢; the seven.
similar alternators carried by the pitch-
shaft corresponding to ¢-sharp produce, re-
spectively, the seven octaves of ¢c-sharp; the
seven carried by the pitch-shaft correspond-
ing to the note d, produce the seven octaves
of d, and so on. While the twelve alter- .
nators of the kind illustrated in Fig. 11
carried by the twelve pitch-shafts, 12, 1° etc., .
respectively produce the lowest twelve half- g5
tones -or lowest octave of the instrument,

90

‘the twelve alternators of the kind- illus-

trated in Fig. 12, carried by the twelve
pitch-shafts, respectively, produce the next
twelve half-tones, or second octave, in the 100

- ascending scale; the twelve alternators like

TFig. 13, the third octave; the twelve alter-
nators, like Fig. 14, the fourth octave; the
twelve alternators of the kind illustrated in
Fig. 15, the fifth octave; the twelve alter- 105
nators like that illustrated in Fig. 16, the ~
sixth, octave, in the ascending scale; ‘while,
finally, the twelve alternators like that illus-

‘trated in Fig. 17, and carried by the twelve-

pitchsshafts, respectively, produce the next 110

twelve half-tones, or seventh octave, in the

ascending scale. ‘ S
Returning to' the schematic. views, Figs. .

1 and 2: 45, 45, arve the keys at the key-.

board, centered at 46 on the bar 47, and 115,

which are preferably arranged like the keys-

of a pianoforte or organ; though of course -

it 15 to be understood that any other suit-

able arrangement of keys,or of switches, or

of circuit-controlling devices, may be used 120

instead.” For greater convenience of con-

struction, each of the alternators 2, 2, has

one pole connected with the common-return

wire 48, while the other pole is connected

with a contact spring 49, which is attached 125 .

by the screw 50, or in any other suitable

manner, to. the insulating bar 51. Each of

‘the contact springs 49 carries. a platinum

contact point 52, which makes contact, when
the corresponding key 45 is depressed, with 180 -



10

* 63, in the circuit of which
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)
a similar contact point set in the screw 53;
which latter is adjustable by & lock-nut in
the metal bar 54. The circuit is compléted
(if any of the switches 55, 56, or 55 be
closed), through the primary coil 56, which
lies in inductive relation to the secondary
coil 58, in the circuit of which are (a) the
impedance coils 60, 60, controlled by the
brushes or contact fingers 61, 61, of the
electrical swell device (Figs. 1 and 28 to
33), and () the primary coil 62, which
lies in inductive relation to the secondary
latter are (¢) the
by - induction on

primary 64, which .acts
it) the set of im-

the secondary 65, and (
pedance coils 66, 66, controlled by the keys
67, 67, of the dynamic manual. To the
opposite terminals of the secondary coil 65
last mentioned are connected the line wires
or mains 68 and 69, across which the vibra-
tion-translating devices 70, 70 (by which
the electrical vibrations are translated into
audible vibrations) may be connected, as
illustrated, for example, in Fig. 1. 7L, 72
and 73 is a rheostat in series with the vibra-
tion-translating device 70, and by means of
which the loudness of the sounds produced
by each vibration-translating device may be
controlled independently of the other vibra-
tion-translating devices, so that each sub-
seriber can control at will the loudness o
the music produced upon his premises. Ti
are the impedance coils of said rheostat; 72
the-contact-plates or contact buttons, with
which said coils are connected; and 73 is
the contact brush or rheostat handle, by
manipulating which the several coils 71 are
inserted in the circuit or cut out of it as
required. -

The effect of the arrangement described
is such that if any key 45 of the key-board
be depressed, the alternator whose. vibra-

tion frequency is identical with that of the

note for which such key stands has its cir-
cuit closed through the contact spring 49,
controlled by such key depressed, the screw

‘53 corresponding to such spring, the metal

bar 54, in which such screw 1is set, the

primary coil 56, the switches 556 or 552,

and the common-return bar 48. And. the
vibratory currents which circulate through
the primary coil 56, act by induction on the
circuit containing the coils 58 and 62; which
circuit acts by induction on the secondary
coil 63, with which its primary 62 is' in
inductive relation; and the circuit contain-
ing ‘the coils 63 and 64 acts inductively, if
one of the dynamic keys 67, 67, be depressed
or cloged, upon the secondary 65, which,
through the line wires or mains 68 and 69,

transmits its vibrations to the vibration-

transiating devices, 70, 70, which may be
located in places miles apart, and by which
the electrical vibrations are converted into

audible aerial vibrations. If a plurality of

1,265,691

keys be depressed simultaneously, the al- .

ternators corresponding to those keys act,
each in the -manner already described, to
producé its appropriate note 1n the vibration-
translating devices 70, 70.

Obviously, if we were content to dis-
pense with the expression devices which

76

have been briefly described, such as the = -

switches 55, 552, the rheostat 60, 60, and 61
and the dynamic manual, the line wires or
mains 68 and 69 across which the vibration-
translating devices 70, 70, are. connected
might be connected directly, one to the
common-return bar 48 and the other to the
conducting bar. 54, in which the contact
screws 53, 53, are set; or the vibration-
translating devices 70, 70, might be fed in
any other manner that is sultable to the
purpose, by the vibratory currents which
flow in the alternator circuits when the keys
45, 45, are depressed. On dispensing only
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with the switches 55, 55 and 55 and the

coils 56, 58 and 120, we may connect one

terminal of the coil 62 to the bar 5% and.

the other to the common-return wire 48,
through the coils 60, 60, contact-buttons 130,

90

brush 61, thus retaining the electrical swell | 4

device and the dynamic manual, as illus-
trated in the drawings. With such an ap-
paratus as that illustrated in Figs. 1 and 2,
musical notes and chords may be produced,
and the expression may be controlled within
certain limits. : :
But more satisfactory results can be pro-
duced by building up a_composite musical
note in the manner which we shall now de-
scribe, with: reference particularly to Figs.
3,34 4,5 and 6. Fig. 3, it will be remem-
bered, illustrates the vibration-generating
devices and keys for the successive octaves
of one single note of the scale only; the
similar generators and keys used for the suc-

95

100

105

cessive octaves of each of the other notes -

of the scale being of necessity omitted, on
account of the smallness of the sheet and
to prevent confusion of the numerous lines
illustrating the various circuits, while Fig.
84, illustrates more clearly a portion of the
circuits of Fig. 8. 2, 2, are the ground-
tone alternators, from which the ground-
tones and the second, fourth, eighth and
sixteenth partials are derived; 3, 3, are the
third partial alternators, from which the
third, sixth and twelfth partials are derived;
and 4, 4, are the fifth partial alternators,
from which the fifth and tenth partials
are derived. The alternators which stand on
the same horizontal level in the drawings
(Figs. 8, 34, and 5) serve, respectively, to
furnish the first, third and fifth partials of
the same note, or it may be the second,
sixth and tenth partials. ‘Let us first explain
the arrangement of parts for one keyboard,
after which the arrangement for the other
keyboards will be easily understood. Each

110.
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alternator, it. will be observed, subject to-

certain exceptions hereinaftef pointed out,
has a plurality of windings, serving respec-
tively for partial tones of different orders,
but all of the same periodicity, and has one
end of each winding connected with the
common-return bar 48 and has the other end

of each winding connected with the appro-.

‘priate contact spring, 49, or 49*, 49, 49°, 494,
49,491 498, 49b 49! as the case may be,

" the "different windings being connected re-

spectively with different springs 49, 49,

- 490, etc., operated by keys 45, 45, that cor-

15

20

25

respond to different octaves of the same
note; so that each alternator, subject to the

‘exceptions hereinafter mentioned, furnishes
a partial-tone of one order to one key and -

a partial-tone.of another order to another
key. One alternator, with its plurality of
windings, is illustratéd geometrically in
Fig. 14, but in the diagrammatic or sche-
matic views Figs. 3, 84 and 5, each alter-
nator is represented diagrammatically by a
plurality of concentric circles (correspond-
ing to real or imaginary contact-rings or

. slip-rings of the kind in universal use in

80

85

40

those alternators in which the armature-
coils revolve), with brushes bearing there-

on. The outer or heavier circle in the sche-
matic views represents the contact-ring or
other armature terminal to which the like
ends of all the armature windings of an
alternator are connected; while the inner
circles' represent each.the other terminal

‘of one of the windings. With this explana-

tion the reader may find it easier to fol-
low the drawing. Xach key, Figs. 3, 34, 4
and 5 (excepting the keys of the highest

" octaves) controls a group of contact-springs

(49, 49 490, 49c 403, 49e, 491, 495, 49" and
491y, which- correspond respectively 'to dif-
ferent partial-tones of the note for which
such key stinds; and these springs make

" electrical connection, when the correspond-

ib

ing key is depressed, with the contact screws
53, set. respectively in the metal bars 54, 542,
54b, b4e, 544, 5de B4t 548 54% and 54!, which

bars are insulated one from another and.

. correspond respectively to and serve respec-

50

" teenth orders of partial tones. Each of the'
contact springs, 49, 49%, 49" etc., is con-

X1

- 49,498, 49h "and 49'; controlled by any given °

60

(1]

tively for, the first, second, third, fourth,

fifth, sixth, eighth, tenth, twelfth and six-

nected with the proper slternator, as illus-

trated"in the drawing; so that the several -

contact ‘springs 49, 49, 49 49¢, 499, 49°,

key, are. connected "respectively with. the

. alternators that give the first; second, third,
fourth, fifth, sixth, eighth, tenth, twelfth,
and sixteenth partials of the note to: which-

the key controlling -them corresponds. -1f
the alternater with

controlled by a given key, is connecte

“have their

56°; a
“through the bar 54° and- coil 56; all corre-
sponding to sixth partials, through the bar
-54° and ¢oil 56¢; all corresponding to eighth~1156
-partials, through the bar 54! and coil 56f; -

which the 'sprindg; 49,
ted, has -
a frequency of =, then the alternator with -

which the other springs 49¢, 495, 497, 49°, 49¢,

491, 495, 49", and 49!, controlled by said key,

are respectively connected, have frequencies

17

respectively of 2n, 3n, 4n, 5n, 6n, 8n, 10n, .

12n, and 16n. The bars 54, 54®, 54°, 54°,
543, 54 541, 54s, 54" and 54!, (with which
the springs 49, 49%, 495, 49¢, 494, 49, 49,
498, 49%, and 49, respectively, make contact)
circuits closed respectively
through the corresponding primary coils 56,
56%, 56%, 56°, 56%, 56¢, 56!, 56¢, 568, and 564,
the impedance coils 120, 120, or.the wires

of small or -negligible impedance 120%, the

switches 55, 55, or 552, 55%, and the common-
return wire 48; _ » ‘
Thus, it will be seen, the several contact-

springs as 49, 49°, 49®, etc. (or their ‘equiva--

lents, the circuit-controlling switches, 282,

- 2822, 2820, etc., illustrated in Figs. 88, 39,

41 and 42, and hereinafter described), con-

trolled by any key, 45, correspond respec- .

tively to different partial tones of the note
for which such key stands. In like man-

ner the bars 54, 5de, 54b, bde, 549, 5de, b4t

545, 54" and 54' (Figs. 3, 34, 4, 5, 6, 38,
39, 43 and 44), belonging to a keyboard,
with the primary coils 56, 56°, 56, 56¢, 561,
56¢, 56¢, 568, 56% and 56!, connected respec-

70
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80

85,

90

tively with them, correspond respectively to -

the first, second, third, fourth, fifth, sixth,
eighth, tenth, twelfth and sixteenth orders
of partial tones respectively. And all the
contact springs, corresponding to first par-
tials, belonging to a keyboard and con-
trolled by the different keys of that key-
board, close the circuit of the appropriate

alternator when the corresponding key 45°

is depressed, through the first-partial "bar

54 and the first-partial coil 56; all the con-

tact springs of a keyboard, corresponding

“to second partials, close circuit through the

o5

100

105

second-partial - bar 54* and second-partial
coil 562; all corresponding to third partials, .

third-partial coil 56°; all corresponding to

fourth -Yartials through the bar 54° and coil
all ‘corresponding to fifth partials,

all corresponding to tenth partials, through
the bar 545 and coil 56¢; all corresponding

to twelfth partials, through the bar 54" and

coil 56"; and all corresponding to sixteenth
partials through the bar 54! and coil 56 "

. Each of the alternators of the ground-

through the third-partial bar 54* and the

110

120

tone set supplies the ground tone to one note, " -

“the second partial to the note an -octave
-below, the fourth partial to the mote two

octaves below, the eighth partial to the note

thiree octaves below, and>the sixteenth par--

125

tial to the note four octaves below; sub-

.ject to the exception that where there,is no

ote in'the compass of the instrument four-

180.



10

16

' 20

25

30

35

40

45

18

octaves below the pitch of an alternator to
which it might supply a sixteenth partial,
or three octaves below, to which it might
supply an eighth partial, or two octaves be-
low, to which it might supply the fourth
partial, or one octave below to which it
might supply a second partial, such alterna-
tor does not furnish such sixteenth, eighth,
fourth, or second partial, as the case may

be. And each of the alternators 3, 3, of the

third partial set supplies the third partial
to one note, the sixth partial to the note an
octave below it, and the twelfth partial to
the note two octaves below it; subject, of
course, to the exception that where there
is no note in the compass of the instrument

two octaves below that to which the third

partial alternator supplies the third par-
tial, to which it might supply a twelfth
partial, or one octave below, to which it
might supply a sixth partial, such alternator
does not supply such twelfth or sixth par-
tial, as the case may be. And each of the
alternators 4, 4, of the fifth partial set sup-
plies the fifth partial to one note, and it also
supplies the tenth partial to the note an
octave below such note, except where there
is no such note an octave below it in the
compass of the instrument, to which a tenth
partial might be supplied. .

Such is the general rule; but to illustrate
a specific case, let us assume, with refer-
ence to Fig. 3, that the keys 45, 45, shown
correspond to the seven successive octaves
of ¢, which may be written, ascending from
the lowest to the highest, as C,, C, ¢, ¢, ¢*,

¢, and ¢, and whose notes have relative:

vibration-frequencies which we may repre-
sent by n, 2n, 4n, 8n, 16n, 32n, and 6in, re-
spectively, and whose numbers of complete
vibrations. per second may be represented
arithmetically with suffiaent accuracy by
the numbers 32, 64, 128, 256, 512, 1024, and
2048, respectively. ‘The alternator having
a vibration frequency of 64n or of 2048 vi-
brations per second supplies the ground-

* tone to the ¢ of 2048 vibrations (¢'¥): the

50
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80
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second partial to the ¢ of 1024 vibrations
(¢'11) 5 the fourth partial to the ¢ of 512 vi-

brations (¢'); the-eighth partial to the ¢

of 256 vibrations (¢'), and the sixteenth par-
tial to the ¢ of 128 vibrations (¢). The
alternator which has a frequency of 1024
vibrations per second supplies the ground-
tone to the ¢ of 1024 vibrations (¢'t'); the

second partial to the ¢ of 512 vibrations

(¢'') : the fourth partial to the ¢ of 256 vi-
brations (¢i); the eighth partial to the ¢
of 198 vibrations (¢); and the sixteenth
partial to the ¢ of 64 vibrations (C). The
alternator-of 512 vibrations per second sup-
plies the ground-tone to the ¢ of 512 vibra-
tions (¢i); the second partial to the ¢ of
256 vibrations (c¢'); the fourth partial to
the ¢ of 128 vibrations (¢) ; the eighth par-
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tial to the ¢ of 64 vibrations (C); and the
sixteenth partial to the C of 32 vibrations
(C,), The alternator having a frequency
of 256 vibrations per second supplies the
ground-tone to the ¢ of 256 vibrations per
second (¢'); the second partial to the ¢ of
128 vibrations per second (c¢) ;. the fourth
partial to the ¢ of 64 vibrations (C); and
the e¢ighth partial to the ¢ of 32 vibrations
(C,). The alternator having a frequency
of 128 vibrations per second supplies the

70

75

ground-tone to the ¢ of 128 vibrations (¢);

the second partial to the ¢ of 64 vibrations
(C); and the fourth partial to the ¢ of 32
vibrations (C,). The alternator having a
frequency of G4 vibrations per second sup-
plies the ground-tone to the ¢ of 64 vibra-
tions (C); and the second partial to the ¢
of 32 vibrations (C,). While the alternator
having a frequency of 32 vibrations per sec-
ond merely supplies the ground-tone to the
C of 32 vibrations per second (C,). In like
manner, the alternator having a frequency
of 96n, (KFig. 3) or of 3072 vibrations pcr
second supplies the third partial to the ¢
of 1024 vibrations per second (¢'); the
sixth partial to the ¢ of 512 vibrations (") ;
and the twelfth partial to the ¢ of 256 vi-
brations (c¢'). The alternator of frequency
48n (Fig. 3) or of 1536 vibrations per sec-
ond supplies the third partial to the ¢ o¥
512 vibrations (c); the sixth partial to
the ¢ of 256 vibrations (¢') ; and the tweltth
partial to the ¢ of 128 vibrations (¢). The
alternator having a frequency of 24n (Fig.
3) or of 768 vibrations per second, supplies
the third partial to the ¢ of 256 vibrations
(¢!) 3 the sixth partial to the ¢ of 128 vi-
brations (¢); and the twelfth partial to the
¢ of 64 vibrations (C). The alternator of
frequency 12n (Fig. 3) or of. 384 vibra-
tions per second supplies the third partial
to the ¢ of 128 vibrations per second (¢):
the sixth partial to the ¢ of 64 vibrations
(C): and the twelfth partial to the ¢ of
32 vibrations (C,). The alternator of fre-
quency Gn (Fig. 3) or of 192 vibrations
per second, supplies the third partial to the
¢ of 64 vibrations ((Y), and the sixth partial
to the ¢ of 32 vibrations (C,). While the
alternator of frequency 3a (Tig. 3) or of
96 vibrations per second, nierely supplies
the third partial to the ¢ of 32 vibrations
(C,). In like manner, the fifth partial al-
“ternators of frequencies 80u, 40n, 200, and
10n, (Fig. 3) and which have for the note
¢ vibration frequencies of 2560, 1280, 640,
and 320 per second respectively, supply re-
spectively, the fifth partials to the C's of
512, 256, 128 and 64 vibrations respectively
and the tenth partials to the ¢’s of 256, 128,
64, and 32 vibrations respectively; while the
fifth partial. alternator (Fig. 3) having a
vibration frequency of 57 or in the case sup-
posed, of 160 periods a second merely sup-
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.plies the fifth partial to the ‘¢ of 32 vibra-

tions (C,)." And what is true of one-of the
notes of the chromatic scale, as illustrated’
in (Fig. 8) and just described is equally

true of the other eleven notes of that scale,

mutatis mutandis.

It will be observed that the higher partials -

fail in the upper part of the compass. Thus,

‘with the exact arrangement of parts illus-
trated in the drawings, the key 45 corre- .

sponding to the note ¢ of 2048 vibrations

- per second, controls a ground ‘tone or first-

15

partial alternator only; and the same is true

of all the keys corresponding to notes of -

higher pitch; the keys. corresponding to
notes from the ¢ of 1028 vibrations (¢) to

~“the & eleyen half-tones above.it, each con-

trols only alternators corresponding to-its

_ first, second and third partials; the keys cor-

20

25

80.

responding to notes from the ¢ of 512 vibra--

tions (e) to the b eleven half-tones above it,
each controls alternators corresponding to’
its first, second, third, fourth, fifth, and sixth
partials; the keys corresponding to notes
from the ¢\of 256 vibrations (c¢') to the b
eleven half-tones above it, each controls al-

_ternators corresponding to its first, second,

third, fourth, fifth, sixth, eighth, tenth.and
twelfth partials; while all the keys corre-

sponding to notes below the ¢ of 256 vibra-
. tions (¢') each controls alternators having
yibration frequencies corresponding to its

first, second, third, fourth, fifth, sixth,

- eighth, tenth, twelfth and sixteenth partials.

35

40

But first, it is to be observed that the range
of the manuals illustrated in the drawings,
of seven octaves lacking one-half tone, is
considerably greater than the range of the
keyboards of an organ; secondly, in .my
judgment it is not objectionable to have the

- higher over-tones fail when the pitch of the

45

notes is very high, for the presence of high
over-tones in very high notes tends to make.

‘themr shafp and cutting; thirdly;, we have
partials-as high as the sixteenth for all notes.

below the ¢ of 256 vibrations (middle ¢);

. as high as the twelfth~for all notes below

50

the ¢ of 512 vibrations;.as high as the sixth
for all notes below the ¢ of 1024 vibrations;

(anid the .vast majority of the notes played
in any ordinary composition are below that
¢) ; while we have the first, second and third

. partials for all.notes below the ¢ of 2048

_ " yibrations; fourthly, unless the alternators:
1
* " “soidal waves, some weak harmonics (usually

are constructed to produce perfectly sinu-

. at least the ‘third -or fifth padrtial). will be.

present even ‘in the waves of the ground-

- tone set of alternators; and fifthly, so far as

60

the principle of my invention is concerned,
and ‘except for the mechanical and electrical
difficulties involved in generators-for pro-
ducing

r

such very rapid vibratiens; and per- -
- haps in the receivers for properly trans-
- 6% lating them, we might remedy the difficulty,

10

if difficulty it be, by carrying the series of

/slternators, both -of the ground-tone set and’

also of the supplemental sets for producing
_third and fifth partials, as much higher as
may be required. -

quality of the notes produced.
Whether one key be depressed alone, or'a
plurality of keys simultaneously, all the first
~partials or ground-tone vibrations, it will
be observed, vibrate, supposing the. several
switches 55, 55, 55, 552, to be closed, through
the coil 565 all the second partial vibrations

through the coil 56°; all-the fourth partials,

through ‘thé coil 56°; all the fifth partials,

through the coil 567; all the sixth partials,
* through the coil .5691; all the eighth partials,
through the (_:qll 56t; all the tenth par_tlgls,
'tlﬁroug%t}}lle c01_11562 ; all ti‘}lle ﬁweifth partlalﬁ
through - the coil 56"; and all the sixteent
partials, through the coil 56'; and all these
coils act by induction upon the circuit which
contains the secondary coil 58, the impe-
“dance coils 60, 60, and the prim,ary coil 623

through the coil 56%; all the third partials,

£ 70
Of the means for controlling the. timbre or -
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“which cireuit acts by induction, through the

coil 62 on the coil 63; which latter is in series
with the coil 64, which in turn acts by induc-
tion on the coil 65, with which the mains 68
and 69 are connected, and by which the
vibration-translating devices 70, 70, are fed.

In series with each of the coils 56, 562, 56",
56°, 564, 56¢, 56¢, 568, 56" and 56 and in par-
allel with each other is a group of impedance

8

100

coils 120, 120, 120, (Figs. 3, 34, 5 and 6), the

circuits of which may be ¢losed, as required,

by the switches 55, and in parallel with each

group of these impedance coils 120, 120, is
a conductor: 120*, of negligible impedance,

108

the circuit of which is opened-or closed, as -

required, by the switch 55% .- A greater or

less number of the impedance colls may be
used in ‘each group, as the builder thinks’'
best.. A few only are illustrated in the

drawings., Seven or eight in each- group
will, in my judgment, serve practically as
well, in most cases, as a larger number. The

self-induction of these coils 120, 120, is not
important, but I consider it preferable to

ive to each of said coils, if a large number

e used in a group, and all the members of a
“group be made to be exactly alike, at least
as much ohmiciresistance and self-induction
as the ohmic resistance and self-induction of
the primary coil 56, or 56* or-56°, in circuit
with which they are connected; multiplied

by a number not less than one-half the num-

her of the coils 120, 120, in such group. -

If-in the case supposed, we indicate the
ohmic resistance of the primary coil 56, or
562 or 56V, etc., as the case may be, by R,
and its -self-induction.by L, and the num-
ber of impedance’ coils 120, 120, similar to

exact amounts of ohmic resistance and of -
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one another, by », then, in such case I would
consider it preferable to give to each of said
coils an amount of ohmic resistance not less

than I—{z—» and an amount of self-induction

not less than %ﬁ

Greater amounts of ohmic resistance and
of self-induction than this may be given to
the similar coils 120, 120, particularly if
there be a large number of them, or less
amounts may be given, and still some effect
of control be exercised by the manipulation
of the switches 55, 55, and 55

Instead of giving to each of the coils 120,
120, of a group the same self-induction and
the same ohmic resistance as each of the
others of said group, a better plan, at least
in cases where a small number only of the
coils 120, 120, is used in a group, is to give
unequal amounts of self-induction and
ohmic resistance to the several coils 120,
120, of a group. Thus, supposing that we
have six such coils only in a group, we can
give to one of them the same amount of
ohmic resistance and the same amount of

self-induction as the primary coil 56, 562,

56°, etc., with which such coil 120 is in series,
and to the other five coils 120, 120, of the
same group we may give, respectively, 2,
4, 8,16 and 32 times as much ohmic resistance
and as much self-induction as the primary
coils 56, 562, 56", with which they arein cir-
cuit; or we may give to them other and
different amounts of self-induction and re-
sistance, as the builder may think best. In
any case, if all the switches 55,53, and 55,
of a given group be opened, no current will
flow through the corresponding primary 56,
or 562, or 6P, ete., but if any of the switches
55, 55, of that group be closed, some cur-
rent can flow. DBy giving, as above de-
scribed, different amounts of impedance to
the different coils 120, 120, of a group, each

“of the switches 53, 55, is made to correspond

to a different degree of loudness of tone;
and when a plurality of those switches are

~closed simultaneously, a resultant effect is
obtained, louder than that produced by the

closing of either of those switches by itself
alone.  And by closing the switch 55%, the
maximum effect of loudness is produced.
Thus by opening all the switches, 55, 55,
and 55° of a given group, the performer can
entirely exclude from the notes of the corre-
sponding keyboard the order of partial
tones supplied by or through the primary 56,
or 56, 56V, 56¢, 569, 56°, 561, 568, 56h, or 56,
(as the case may be) with which such
‘switches are connected ; by closing the dif-
fercnt switches 55, 55, of a glven group
singly or in different combinations, he can
cause the corresponding order of partial
tones to sound with various degrees of loud-

‘keyboard.

o3
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ness less than the maximum; and by closing”

any of the switches 552, 55% can cause the
corresponding order of partial tones to
sound in the note with its maximum loud-
ness. Thus by properly manipulating the
various switches 55, 55,"and 55" of the dif-
ferent groups, particularly if the vibrations
produced by the alternators2, 2,3, 3, and 4, 4,
be strictly sinusoidal (that is, entirely free

from harmonics), a skilful performer can.

produce a great variety of different qualities
of tone and can change the timbre from time
to time at will.

OF the means for governing the loudness of
: the notes of a keyboard.

The switches 55, 53, and 55%, 552, it will
be observed, bear a certain resemblance, In
their musical functions and capacities, to the
different draw-stops or register-controlling
devices of an organ, though utterly different
in their structure and in their physical mode
of operation. And by suitably manipulat-
ing the various switches 55, 55, and 55%, 55%,
a skilful performer could govern, within
certain limits, the loudness as well as_the
timbre of the notes of the corresponding
T consider it preferable, how-
ever, to use the switches 55, 55, and 55%, 55%
only for varying the timbre; or at least to
furnish another device, whose function is to
govern the loudness of the note or notes of
a keyboard whatever their timbre may be.
I have contrived several devices for this pur-
pose, the best of which, in my judgment, is
that illustrated schematically in Figs. 1, 3,
32 and 6, and more in detail in Figs. 28 to
33. T shall first explain the principle, briefly,

“with reference to the schematic views, Ifigs.

1. 3, 3% and 6, and shall then explain the
features of the preferred construction more
in detail and with reference to Figs. 28 to
33. 60, 60, are impedance coils, electrically
conmected together in sevies with each other.
61 is a brush or contact-finger connected
with one terminal of the coil 58, and

mniounted to travel over and make contact

with the contact-plates (or contact buttons
as they are represented in the schematic
views, Figs. 1, 3, 34 and 6), 130, 130. The
terminals of the series of impedance coils
are connected with the extreme contact-
plates 180, 130, and the junction of each im-
pedance coil with the next is also connected:
with the corresponding contact-plate 130, as
clearly illustrated in the drawings. One
terminal of the coil 62 is connected with one
of the extreme contact-plates or buttons 130,
130, (the rightmost one in the schematic
views, though whether rightmost or left-

most is, of course, immaterial) ; the other

terminal of said coil 62 is connected with
one terminal of the coil 58 whose other ter-
minal is connected with the brush.or contact-

finger 61. If said brush or contact-finger
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lie in coutact with the leftmost contact-plate

or button (as the thing is illustrated in Figs.

1, 3,34 and 6) the whole series of impedance
coils, 60, 60 (of which coils a few only are

shown in the schematic views) are inserted
1in the circuit of the coils 58 and 62, giving it

a large impedance. But as the brush 61 is

-moved toward the right; the impedance coils

60, 60, are gradually cut out of the circuit
until, when the brush 61 reaches, the right-
most contact-plate. or button, all the coils
60, 60, are cut out of the circuit. Thus by
moving the brush 61 from point to point, the
impedance of the circuit containing the coils
58 and.62 can be altered within wide limits.

By thusaltering the impedance, we alter the
amplitude of the vibrations transmitted

from the alternators-2, 2, 8, 3, and 4, 4, to
the vibration-translating devices 70, 70, and
thus alter the loudness of the notes produced
by those vibration-translating devices.

The device described constitutes, in effect,
an electrical crescendo and diminuendo de-

vice, or as we may term it more, shortly, an
electrical swell, by which the loudness of the

notes may be increased or decreased, slowly

.or rapidly,-more or less, as required, and to

30

secure the best .effects, two things aré im-
portant:’ )

First. Tn' order to produce slow and easy

" - or smooth crescendos and diminuendos, it is

35

necessary to have a sufficient number of the
impedance coils, 60, 60, or their equivalents,
so that the change in loudness, as the brush
61 moves from one to another, is scarcely
perceptible, or at least not plainly marked.

A few only of the coils 60, 60, are shown in.

~ the schematic drawings, such as Figs. 1, 3, 34

40

and 6, in illustration of the principle; but

in practice I consider it advantageous to use
a larger number. " In one apparatus built

“according to my invention thirty-two of the

- coils 60, 60, were first used; but the appa-

45

ratus was. afterward improved by increas-.
ing the number to forty-eight; and-while a .

" smaller number, if nicely proportioned, in

50

55

60

respect to self-induction and resistance, to
one another and to the coils 58 and 62, might
perhaps be used with a fair degree of satis-
faction, a larger number would not be out of

-place.

Second. It is 'a matter of great impor-

‘tance, in securing smooth crescendos or di-

minuendos from this deviee that the contact
device or brush 61 (Figs 1, 8, 34 and 6) in
moving across the contact-plates or buttons
180, 180, shall not break the circuit but shall
merely alter its impedance; for a sudden
artd 'total interrupting of the circuit not
only results in silence, so far as the musical

- sound required is concerned, but also is apt

.65

to cause an unmusical sound—=%ometimes, a -

very perceptible noise—in the. receivers 70,

70, at the instant of breaking the circuit..

To avoid this difficulty, I have employed

ing material.

L

satisfactorily the device illustrated in Figs.

28 to 83, in which 60, 60, are the impedance '

coils before mentioned; 130; 130, the con-
tact-plates, and 61, 61, the contact-fingers or
brushes. 131 and 182 are stiff bars of any
suitable material, between which the contact-
plates are securely fastened by bolts 133 and
nuts 134. It is convenient (but by no means

- necessary) to make the extreme contact-

plates, 180, 180, several times as thick as
the  intermediate ones; for then the con-

70

75

tact-fingers 61, 61, without requiring any"

very fine fitting, readily take their extreme
positions, without passing entirely off- the

-extreme contact-plates and breaking the cir-

cuit. ‘The conducting plates 130, 130, are
insulated from each other and’ from the

~metal bars 181, 182, by plates 185, 135, of
suitable insulating material,. and the bolts

183, 183, are insulated from the plates 130,
130, by sleeves or cylinders 136, of suitable
insulating material, surrounding said bolts;
see Fig. 83. I have used copper for the
plates 180, 130; paper for. the insulating
plates 135, 135; iron and steel for the bars

80

‘86

90

181, 132; and hard rubber or hard fiber for

the insulating sleeves 136, 136; but in each

. case any other suitable material might be

used ‘instead of that which I have used;.and
for a larger machine or higher voltages, it
would probably be preférable to use some

* better insulating material than paper, such
-as mica, vulcanite or asbestos, for the insu-
-lating plates 185, 135. For greater con-

venience in making electrical connection

" with the corresponding coil 60, each of the
conducting platés- 130 is provided with an:

extension or lug 180, to which the wire 137

95

100

is soldered that connects it electrically with -

the impedance coils. :
After the conducting plates 130, 130, the
insulating plates 135, 135, and the bars 131
and 182, have been properly assembled and
fastened securely together by means of the
bolts 133 and nuts 134, that portion of the
plates over which the brushes 61; 61, are to
travel is reduced to a good surface by filing,
or in any other suitable manner; the insula-
tion of the several contact plates 130, 180, is
tested and said plates are connected with
the impedance coils 60, 60, in the manner

105

110

1146

illustrated in the drawings and before de- -

seribed. - S
" The contact fingers or brushes 61,61, may
be made of copper or other suitable conduct-
They are pivoted at 140, to
the mietal lever 141 and are held by con-
tractile springs 612, (a spring for each con-
tact-finger) or in any other suitable man-
ner, in contact with the faces of the plates

120

125

180, 130, and 135, 135. As I have already .

explained, it is very desirable to arrange
things in such a manner that the impedance
of the circuit is altered gradually without

its continuity being broken; and to this end

130
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I have employed a plurality of contact-
fingers of unequal lengths, (see particularly
Fig. 28) so that, at any given instant and
in .any given position of the lever 141, some
one or more of said fingers malkes connection
with one of the contact plates 130, 130. I

" have been using four contact-fingers in a set
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(Fig. 28), though it is not improbable that
with fine fitting a smaller number, as two or
three, might perhaps be made to suffice. The
Jever 141 that carries the contact-fingers 61,
61, is fulerumed at 142 and connected at 143
by a rod 144, with the arm 145 of the rock
shaft 146, whose other arm 147 is connected
by the rod 148 with the arm 149 of the cor-
responding swell-pedal or swell-lever 95,
which is fulerumed on the rod 151; which
rod is mounted in thelugs or posts 152, 152.
that rise between the pedals of the pedal
keyboard ; or it may be mounted in any other
suitable manner. A brake or friction-lever
158 is fulerumed at 154, and pressed by the

contractile spring 155 against the curved butt -

or heel of the lever 141, so as to hold that
lever and the contact-fingers 61,61, in what-
ever position they may be placed by the per-
former. The performer, by acting on the
swell-pedal 95, can quickly move the corre-
sponding contact-fingers 61, 61, to any posi-
tion desired and can change the loudness of
the notes controlled thereby from the mini-
mum to the maximum or vice versa, either
quickly or slowly as required.

Some details in relation to the coils 60, 60,
will be given hereinafter. :

Of the plurality of pitch-keyboards.
- So far I have described the arrangement
of circuits for one keyboard only, but the
connections which are illustrated in Fig. 3

for one keyboard are the same in substance
for the other keyboards. See particularly

Figs. 5 and 6; also Figs. 20, 30 and 31. The

sets of contact-springs 49, 492, 49b, 49°, 499,
49e, 49t 495, 49" and 49, are repeated for each
keyboard ; so also the contact screws 53; the
contact bars 54, 542, 54b, 5de, 544, 5de, 541, bde,
54p and 5415 the primary coils 56, 56, 56°, 56¢,
564, 56, 561, 568, 56" and 56'; with the im-
pedance .coils 120, 120, and switches 55, 55,
and 552, 552, for controlling their circuits;
the corresponding secondary coil 58, the im-
pedance coils 60, 60, with the contact-plates
130, 180, and the contact-fingers 61, 61, for
controlling the same; the lever 141 (Fig.
31), for carrying said fingers, and the swell-

pedal 95 (Figs. 20 and 30), with the con-.

nections shown for transmitting movement
therefrom to the lever 141, and fingers 61,
61,—all these are, or at least may be, re-
peated for each of the four keyboards, and
1n each case the vibration-combining circuit
belonging to a keyboard and containing the
primary coil 62 acts by induction upon
the circuit in which the coils 63 and 64 are
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inserted, which in turn acts inductively upon
the coil 65 and line or mains 68 and 69, to
feed the vibration-translating devices 70, 70,
with the. requisite electrical vibrations. In
brief, all the parts that we have described
for one keyboard are, or at least may be, em-
ployed in and duplicated for the other key-
boards,—all but the generators, which, on
account of their great cost and expense, it is
desirable to keep as few as possible, though
of course they too may be duplicaed for the
several keyboards if desired. DBut with the
simpler and cheaper and, therefore, prefer-
able arrangement illustrated in the draw-
ings, and particularly in Fig. 5, each genera-
tor has multiple connections to the several
keyboards, and each generator is connected
in each of the keyboards with the contact

devices which we have already described for

one keyboard. ~ The arrangement is so0
clearly illustrated in Figs: 5 and 6 as to re-
quire no further explanation.

Having, then, for each of the four pitch-
keyboards the various devices already so
fully described for one, it will be understood
that the performer or performers can give
to one keyboard one timbre or quality of
tone, and to another keyboard another and
a different timbre, by using different sets or
combinations of over-tones in the different
key-boards, or by giving different strengths
to the same orders of partial tones in the
different keyboards, or by a combination of
the two methods just described; and it will
also be understood that the timbre of each
keyboard can be changed at any time inde-
pendently of the other keyboards. Alsv,
each keyboard may be given a different loud-
ness of tone and 1its loudness changed from
time to time independently of the other key-
boards, by suitably. controlling the swell-
pedal 95, and contact-fingers 61, 61, corre-
sponding to that keyboard. '

Of the dynamic manual.

See particularly Figs. 1, 3, 5, 6 and 20.

The changes -of loudness resulting from
manipulating the pedals 95, 95, and thereby
moving the contact-fingers 61, 61, with rela-
tion to the corrésponding contact-plates 130,
130, may be made as slowly as required;
they may also be made quite rapidly. But
whether made slowly or rapidly, the changes
of loudness thus produced are of necessity
gradual, if a large number of the coils 60, 60,
be used, as they should be, to produce the
best effects. But by properly manipulating
the keys 67, 67, of the dynamic manual, the
loudness of the notes can be increased or de-
creased by greater or less steps as required,
and with absolute instantaneousness. See
Figs. 1, 8, 34, 5, 6 and 20. A set of im-
pedances or impedance coils 66, 66, are con-
nected together in series. -The keys 67, 67 of
the dynamic-manual (so called to distin-
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guish it from the pitch-keyboards, whose
keys correspond to notes, and are marked 45,
45,) serve to control these impedances,  as
clearly illustrated in the drawings. Thus in
the drawings (though of course the order
may -be reversed) the leftmost or lowest
dynamic key 67 closes the circuit of the coils
63 and 64 through all the impedance coils 66,
66; the second key, ascending from the left,
closes circuit through all said coils 66, 66,
save one; the third key closes circuit through

all save two; and so on, each of the keys 67, .

67, closes circuit through all the impedance
coils above it in the series; each of said keys
67, 67, ascending from the left closes circuit

“through a less impedance than the coil below

it in the series, until we reach the rightmost
one of said keys 67, 67, which, as the draw-
ings show, closes circuit independently of
said coils 66, 66. Thus every one of the
keys 67, 67 gives a different amount of im-
pedance to the circuit containing the vibra-
tion-transferring coils 63 and 64. These
changes in impedance, if a properly connect-
ed touch be used upon the keys 67, 67, so as

‘to avoid interrupting the circuit, are made

© with absolute instantaneousness, and the
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loudness of the notes produced by the vibra-
tion-translating devices 70, 70, is changed
with like instantaneousness. The dynamic
keys 67,67, are illustrated in the schematic
views, such as Figs. 1, 8, 34, 5 and 6, as mere
switch-keys. Such, an arrangement would
be a possible one, but preferably said keys
are formed into a keyboard, much like that
of a pilanoforte, as illustrated in Fig. 20,

- and arranged to control circuit-closing de-
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vices or switches, electrically equivalent to
the switch-keys 67, 67, Figs. 1, 8, 84,5 and 6.
Thus, in a small instrument, circuit-closing
devices may be used for the dynamic keys,
similar to those illustrated in Figs. 1 and 2,
for the pitch-keys, the key-operated contact
springs, 49, 49, being connected, for example,
with the coils 66, 66, as the contact-buttons
are in the schematic views, and the metal-
bar 54 carrying the contact-screws 53, 53,
being connected with one terminal -of the
coil 64, whose other. terminal is connected
through the coil 63 with the rightmost one
of the contact-springs 49. Or in a larger

instrument, a pneumatic power device, con-

trolled by the dynamic key and controlling

the appropriate switch, may be used.
When the dynamic manual is not being

used, the rightmost key 67, (Figs. 3 and 20),

or any other key desired, can be locked down

so ‘long as required, by placing a suitable
weight on the key desired, thus leaving the
performer’s hand free for other purposes,
until he again wishes to use such dynamic
manual. ‘ '

Fig. 20 illustrates the pitch keyboards and
the dynamic keyboards disposed in such a
manner as to permit of one performer oper-

28

ating the -four pitch keyboards (three man-
uals and one pedal keyboard) or any one or
more of them that he desires, while another
performer operates the dynamic keyboard
and the switches 55, 55, and 552, 55°, control-
ling the different orders of partial tones in
the four pitch keyboards; the four swell
pedals 95, 95, being arranged in such posi-
tions that two of them can be conveniently
operated by one performer and two by the

‘other. - But the whole arrangement is such,

it will be seen, that one performer, playing -
upon one or more of the pitch manuals and
the pedal keyboard, can operate to some ex-
tent the swell pedals 95, 95, the switches 55,
55, and 552, 552, and the dynamic keys 67, 67.-
But it is preferable to have two performers,

In Fig. 20 the group of switches 55 and

70
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R0

552 on, the same horizontal level with- the .

three manuals of pitch-keys or note-control-
ling keys 45; 45, correspond respectively to,
and serve respectively for, the manuals with

‘which they are on the same horizontal level;

while the switches 55, 55, and 55% on the
same level with the dynamic manual corre-

85
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spond to, and serve for, the pedal keyboard.

See also Fig. 6.

It will be seen, that (a) each of the pitch- . -

keys, 45, 45, excepting only the highest keys
of the keyboard, controls a plurality of

series of vibrations, having frequencies cor-
responding to different partials of the note
for which such key stands; (b) the vibra-
tions corresponding to partials of one order
are passed through one coil and the vibra-
tions corresponding to the partials of the
other orders through other coils,.as 56, 562,

85

100

56°, etc., each order of partials having a -

coil of 1ts own; (¢) by manipulating the
various switches 55, 55, and 552, 552, any
order of partials with which the instru-
ment is provided can be caused to act or
not to act, as required, and if caused to act
can be made to act with greater or less
power as required; (d) by manipulating
the various switches 55, 55, 55%, 55%, con-
trolling, respectively, different orders of
partial tones, the- skilful performer can,
particularly if the alternators 2, 2; 3, 3,
and 4; 4, be constructed to produce strictly
sinusoidal waves, produce a great variety
of timbres by mixing with the ground-tone
or first-partial, whose periodicity we may
represent by =, the several higher partials
or overtones, as 2n, 3n, 4n, bn, 6n, 8n, 10n,
12 and 16n, giving to the ground-tone and
to each of said over-tones different degrees

of strength as required; (¢) the skilful per-
former can thus produce tones of one-

timbre on one pitch kevboard and tones of
different timbres on each of the -other pitch
keyboards: (f) by suitably controlling the
contact-fingers 61, 61 (Figs. 1, 8, 34, 5, 6,
and, 28 to 33), the loudness of the notes of

-¢."h keyboard can be increased or decreased
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tion-translating device
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by imperceptible degrees, rapidly or slowly
as required, while (g) by playing upon the
keys 67, 67, of the dynamic keyboard the
lotidness of the notes produced by the set

‘of vibration-translating devices 70, 70, can

be changed with absolute instantaneousness,
by ‘small or large degrees, as required.

By the proper manipulation of the various
devices before described, very beautiful music
may be produced and in a number of places
simultaneously, and each subscriber can
regulate the lotudness of the music produced
on his premises to suit his own taste by
adjusting the position of the contact-fingers
or rhebstat handle 73. The impedance coils
71, 71, the contact-plates 72, 72, and the con-
tact-ingers or. brushes 73 may be con-
structed and arranged in all respects like
the impedance coils 60, 60, contact-plates
130, 130, and contact-fingers 61, 61, illus-
trated in Figs. 28 to 33, and already de-
seribed; the contact-fingers 73, 73, being
pivoted to a lever as 141, and a brake as
153 and spring 155, as in Fig. 30, used to
hold it in whatever position it may be
placed; or said impedance coils 71, 71, with
the contact devices for controlling them
may be constructed and arranged in any
other manner whatever that 1is suitable for
the purpose.

OF the vibration-translating devices.

of vibration-receiving or vibra-
whatever that is
suitable for the purpose may be used for
translating the electrical vibrations, pro-
duced in the manner above described, into
audible aerial vibrations, or for producing
in any suitable manner audible vibrations
by ‘means of the electrical vibrations. - Any
good receiving telephone of the kind used
in ordinary telephony will, if connected
across the mains 68 and 69, produce some
effect in translating the electrical vibrations
into audible vibrations, but whether the
effect be greater or less will depend much
upon the receiving telephone that is used.
The best device, however, that I have found
for the purpose is that illustrated in the
drawings. Kach vibration-translating de-
viee 70, 70, in the schematic views consists
of a horn 74 (Figs. 34 to 37), closed at one
end by a telephone diaphragm 75,
vibrated by the action of the undulatory
clectric currents passing from the lines or
mains 68, 69, through the coils 76, that are
wound about the poles or the polar exten-
field-magnet 77. The

Any kind

sions of the usual
diaphragm 75 and the magnet 77 are, for
greater convenience, contained in and se-
oured to the usual cylindrical case 78, whose
mouthpiece 79 screws down upon it in the
usual manner, to clamp the diaphragm 5
in position. The mouth-piece 79 is fur-

nished with a cylindrical extension, 79,

which 1s:

1,205,601

into which the small end of the horn 74

is fitted. I have used a diaphragm of the
size usually employed in telephone receivers,
having an extreme diameter of two and
three-sixteenths (27%) inches, the diameter
of the portion free to vibrate being one and
fifteen-sixteenth (133
a thin diaphragm of the above diameter

and of about one one-hundredth of an inch

thickness more satisfactory, particularly for
the lower notes, than a diaphragm of
greater thickness. I have used horns of
metal and horns of wood of varying lengths
from thirty inches to eight feet and think
there is no doubt that either longer or
shorter horns may be used. I have. found
the effect from a brass homn somewhat
brighter than that from 2 wooden horn;
and have found, particularly for the lower
notes, a horn five or six feet long more sat-
isfactory than a horn thirty inches long. I
have also found a telephone with pole-
pieces one-sixteenth ) of an inch thick,
measured on the line # , Fig. 36, preferable
to one with pole-pieces one-eighth (14) of
an inch thick, measured on that line. I
do not mention these various details as in-
dispensably necessary, but I have found
them advantageous in obtaining satisfac-
tory results and therefore mention them
for what they are worth, be that more or
less. Under altered circumstances they may
perhiaps be wholly unimportant.

Tnstead of using a permanent steel mag-
net, as in Figs. 34 and 35, an electro-magnet
might doubtless be used, supplied with the
ustal coils 76 on its polar terminals to re-

inches. I have found
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ceive current from the lines or mains 68, -

69, and with exciting coils 80, 80, wound
about its cores 81, and -supplied with cur-
rent by a local battery 82. T

The telephonic receiver may, of course,
be used entirely apart from the horn T,
but the effect, so far as my experience has
extended is much less satisfactory. Under

altered circumstances, however, supposing

an improved arrangement of the magnet

if any such can be made,
possibly the horn 74 may be found much
less important than it is with - the dia-
phragms and magnets that I have been
using. ‘

Of the impedance coils and the induc-
toriums.

Any form of impedance that is suitable
for the purpose may
pedance coils, such as
120, 120, etc.

So also any form of inductorium that is
suitable for the purpose may be used.
impedance coils and the inductoriums may
be made either with iron cores or without.
1f iron cores be used, I consider it pref-
erable that the iron should not form a

and diaphragm,

60, 60; 66, 663 71, T1;
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closed magnetic circuit, but that the mag-
netic ecircuit should be partly through iron
and partly through air, with"the principal
portion of thie reluctance (or magnetic re-
sistance) in the portion of the circuit that
is of air. And further, to secure the best
results it is' desirable that things be ad-
justed in such a manner, according to the

known rules of the electric art that the.

currents flowing in the impedance coils as
60, 60; 67, 67; 71, 71; 120, 120, etc., will
not be strong enough to magnetize the iron
of the core to saturation. This end ig easily

‘accomplished by making the reluctance -of

the iron part of the circuit a small part
of the whole reluctance and keeping the
maximum current density (that is, the
maximum current, measured in amperes,
multiplied by the number of turns of wire
to each unit of axial length of the coil)
within the required limits. Thus, suppose
the reluctance of the iron part of the cir-
cuit to not exceed (unless at very feeble
intensities of magnetization) one-tenth of
the whole reluctance (which is the case

with short, thick cores, such as that illus-

trated in Figs. 24 and 25) and the maximum
current density to not exceed forty ampere-
turns per centimeter length; or 100 ampere-
turns per. inch. length of the iron part of
the core saturation, will not be approached.
The object of keeping the reluctance in the
air part of the circuit greater than that of
the iron part (and ‘which is the case with
the impedance coil -illustrated in Figs. 24
and 25 and also with the inductorium illus-
trated in Figs. 26 and 27, when the distance
between the central core 165 and the side

cores 166 and 166, is, as shown in Fig. 26,

more than one one-hundredth of the length
of the iron portion of the circuit) is to
avoid or reduce that distortion of a sinusol-

-dal wave which occurs in an electric cir-

cuit wound about a core forming a closed
iron magnetic ecireuit, particularly when
feeble currents are used or when saturation
of the core is nearly approached.

‘Subject to - these disadvantages, closed -

iron magnetic circuits may, of course, be
used, either for the impedance coils or *he
inductoriums; but, as T have already said,
I consider it much better to use iron and
air magnetic circuits, as shown, for ex-
ample, in Figs. 24, 25 and 26. @ -

Figs. 24 and. 25 illustrate a form of im-
pendance coil that T have been using, in

which 160 is the core, formed of thin plates

of very soft iron or steél, such as is used
in good transformers, insulated from each
other and held together by insulated rivets

161, 161, and furnished with heads 162,.

162, of hard vulcanized fiber or other suit-
able substance, between which the wire 163
of the coil is wound. '

Figs. 26 and 27 illustrate one form of in-

ductorium that may be used: 165 is the
central part of the core and 166, 166, the
side pieces, all made of very thin sheets/
of good soft iron or steel, such as is use
in the best transformers and suitably in-
sulated from each other in any approved
manner. Insulated rivets 167, 167, fasten
the core-plates of each core together. The
primary and secondary coils may be wound
upon the side pieces 166, 166, as well as
upon the central part 165 of the core, but
in Fig. 26 only the central part is wound.
56, 562, 56°, 56e, 564, 56°, 561, 568, 56% and

56!, are the primary coils, shown schemati- -

cally in Figs. 3, 3%, 5 and 6 and servin
respectively for the first, sécond, third,
fourth, fifth, sixth, eighth, tenth, twelfth
and sixteenth: partials. 58, 58, 58(,‘are sec-
tions of the secondary winding, which to
increase the mutual induction, are- inter-
spersed between the layers of the primary
winding, as shown in Fig, 26; or they may
be arranged in any other smitable manner.
Thus, for example, instead of arrangin
the various coils as 56, 562, 56° etc., an
58 in different circumferential layers, as
illustrated in section in Fig. 26, they might

- be made into coils of short axial length and

arranged side by:side around the core-pieces
165 or 166, 166. The side plates 166, 166,
may be adjusted to stand at a greater or
less distance from the central core-piece
165, thereby varying the length of the air-
gap, the relative reluctances of the air por-
tion and the iron portion of the magnetic
cireuit, the total reluctance of that circuit,
the self induction of each of the windings,
as 56; 56%, ete., and 58 and the mutual in-
ductions subsisting between the coils 58, 58,
and the primary ecoils as 56, 56°, etc. A
certain amount of adjustment is thus easily
made by the (builder. ,

An inductorium having fewer windings
than that illustrated in Figs. 26 and 27 (for
example, the inductorium including the coils
62, 62 and 63 or that including the coils 64
and 65, in Figs. 1, 3, 34 and 6, and 46 to 49
and 61, or those formed by these coils in the
modified constructions, Figs. 50 to 60) ; may
be made exactly like that illustrated in Figs.
26 and 27, except in respect to the smaller
number of windings.
form of inductorium illustrated in said Figs.
26 and 27, any other form of inductorium
that is suitable for the purpose may be use
instead. Thus, for example, the side pieces
166, 166, may be entirely dispensed with, in’
which case to obtain the same effect, the core-
piece 165 should be made of a larger size; or,
subject to the disadvantages already pointed
out, a closed iron circuit might be used of
any suitable form; in which case a smaller
indiictorium can be used; or an.inductorium

may be used entirely without iron; in which -

case larger wires and a much greater weight
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suitable for the purpose may be used.’
Referring, again, to the impedance coils
60, 60, Figs. 1, 3, 84, 5 and 6, and Figs. 28
and 29, some effect of expression in control-
ling the loudness of the notes of the several
keyboards can be obtained from a small num-
ber of said coils; indeed a very substantial
effect could be obtained from even a single
coil of sufficient size to markedly reduce the
loudness of the tones when inserted in the
circuit. One such coil would give, when in
the circuit, the effect of a soft pedal or soft
stop, and when cut out of the circuit by the
movement of the brush 61, the effect of a
loud pedal or a loud stop. But a better effect

-will be obtained by using a larger number as

two, three, four, five, six or seven of said coils,
and a still better effect by using a still larger
number as forty, fifty or sixty. The best ef-
fect can only be obtained when the number
of the coils 60, 60, is large enough to produce
great variations.in the loudness of the tone
by successive steps which are so small that
they are individually either not discernible
by the average ear, or scarce discernible.
One practical mode of effecting this end is
for the builder to wind a coil of wire (a few
turns will ordinarily be sufficient, at least if

a laminated iron core be used for such coil,

as in Figs. 24 and 25) using a wire large
enough to carry the maximum current with-
out undue heating and using this coil as the
first coil of his series of coils 60, 60, (the
rightmost coil in the schematic drawings,
Figs. 1, 3, 34, 5 and 6, and the leftmost coil
in Figs. 28 and 29) winding on such an
amount of wire that he can scarce discern
the change in loudness when said coil is in-
troduced into the circuit of the coils 58 and
62, or cut out from said circuit. - He pursues
the same course with the second coil and
with the third coil and with all the higher
coils of the series; winding preferably a
greater number of turns, supposing the size
of core to remain the same, into each coil

. of the ascending series than is used in the

coil next below-it in the series; winding such
an amount of wire into each successive: coil

‘that he can not discern or can scarce discern

the change in loudness, when (all the other
coils 60, 60, below it in the series being in the
circuit of the coils 58 and 62) it is inserted
into the circuit or cut out of the circuit. It
is also convenient with every few coils (for
example every fifth or sixth coil in the as-
cending series in a set of fifty or more of the
coils 60, 60) to take a wire one number of
the Birmingham or other similar wire gage

“smaller than that used for the coils next

below in the series. So far I have assumed
that the same size of core or bobbin is used

" for the whole set of coils 60, 60. If the size

of the core be increased in the ascending scale,
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the increase might, of course, possibly be at
such a ratio that no increase in the number of
turns of wire would be necessary; but in
any case the substantial rule remains the
same—to add with each of the coils 60, 60,

70

some additional impedance to the circuit, but .

where the best effect in the way of smooth
and easy crescendoes and diminuendoes is to
be produced, not to add with any one coil
such an amount of impedance as would very
perceptibly vary the loudness of the sound,

75

when that coil by itself alone is inserted into

the circuit or cut out from it. - .

In one respect it is desirable to vary the
self-induction and the ohmic resistance of
the circuit containing the coils 56 and 62 in
equal proportions; for thusthe time-constant

. .. L .
of the circuit, _, remains the same whether

many or few of the coils 60, 60, be intro-

duced into the circuit and the high notes and

low notes are altered in strength in the same
or nearly the same proportions by the addi-
tion of the successive coils 60, 60; while.if
we vary the resistance alone without varying
the self-induction, or the self-induction alone
without varying the ohmic resistance, high
notes and low notes will be unequally af-
fected. But it is not important that the self-
induction and the ohmic resistance be varied
in exactly the same proportions, and, in fact,
a very good effect in controlling expression
can be produced by a skilful performer by
varying the self-induction alone, or the
ohmic resistance alone. To vary the ohmic
resistance, without varying the self-induc-
tion. we will make the successive coils 60, 60,
of the appropriate resistances and of negli-
gible self-induction as, for example, by wind-
ing two parallel wires, well insulated from
each other, and connecting them in such a
manner that the current flows into the coil
through one and flows out through the other;

or practically the same result may be ac-

complished in any other suitable manner.

To vary the self-induction without varying

the resistance we, will make the coils 60, 60,
of negligible resistance and of sufficient self-
induction. ' _

The same course may be pursued in ad-
justing the self-induction and resistance of
the coils 71, 71, to the circuit for which they
serve, as in adjusting the coils 60, 60, to the
circuit for which they serve. Also, the same
course may be pursued in adjusting the coils
66, 66, to the circuit for which they serve as
in adjusting the coils 60, 60, to their circuit;
but in the case of the coils 66, 66, it is pref-
erable to arrange things in suclx a manner
that there shall be a plainly perceptible dif-
ference in loudness, produced by the inser-
tion of each of said coils into the circuit or
the cutting it out of the circuit.

.1 have spoken of the series of impedance
coils, 71, 71, being like the series of coils
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60, 60. I mean similarity in principle and
substance, and not mere identity in size and
shape. Ordinarily, a plurality of receivers
70, g05 would be connected in parallel across

the mains 68, 69. A few receivers only or a

great number may be so connected. Ordi-
narily, the resistance of one of the receivers
70 would be much greater than that of the

~circuit in which the coils 60, 60, are inserted,
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and the amperage in any one of the sets of
coils 71, 71, much smaller than that in the
coils 60, 60. In such a case, the impedance
coils 71, 71, would be made much smaller
and wound with a finer wire and to a much
higher resistance than the corresponding
coils of the series 60, 60.

Of -the key-contfolled power-action, for
operating the switches. ‘

In what has preceded I have, for conven-
jence sake, spoken only of the contact
springs, 49, 49%, 49®, etc., 1llustrated for sim-
plicity’s sake in the schematic views (Figs.
1,2, 8, 84, and 5, and in Fig. 4) as key-con-
trolled, circuit-closing -devices. It is pos-
sible to use contact springs, at least in a very
small installation.- I have so used them.
But a much betger construction, particularly
for a large instrument or plant, is to employ
knife-switches, making a sliding contact and
operated by power mechanism that is con-
trolled by the key. One device for this pur-
pose is illustrated in Figs. 38 to 44, in which

45 is the key, centered at 46 on the bar 47, .

and operating, through an adjustable screw
170, the contact spring 171, which is clamped
between and insulated from the parallel bars
172, 172. 178 is a coil of insulated copper
wire, wound about the hollow spool or bob-.
bin 174, which may be of thin German sil-
ver, brass, or other suitable material. This
bobbin encircles the lower fixed core 175 of
the electro-magnet, which core, 175, is pref-

‘erably made in the form of a cleft cylinder,

‘as illustrated in Fig. 88, and attached by the
screw 176 to the stout bar 177 which may be
of any suitable material, but preferably of
soft iron or steel. " The armature or movable
core 178 is in general like the fixed core 175,
but may be made shorter and should fit
loosely in the hollow spool 174, so that it
may move easily therein, without binding
or sticking. The rod 179, screw-threaded at
its lower end where it enters the armature*
178, and adjustable by means of a lock-nut,
is pivoted at 180 to the bell-crank lever 181,
which lever is fulerumed at 182 and con-
nected at 183, by the link 184, with the stem
185, that carries the two disk-valves 186 and
187. 'One terminal of the coil 173 before
mentioned, is connected to the insulated
spring 171 aforesaid, and the other terminal
of said coil is connected with one pole of the
battery 188, whose other pole is connected
with the common-return bar 189. This is,

or at least may be, true of all the coils 173
belonging .to the several magnets corre-
sponding to the several keys-of a keyboard ;
that is, each of said coils has, or at least may.
have, one terminal connected with one pole
of the battery 188 aforesaid, and the other
with the contact spring 171 corresponding
to and controlled by the key to which such
coil corresponds and for which it serves; so
that when any key is depressed it presses the
spring 171 ~corresponding to it upward,
bringing the platinuni contact point 190 in
said spring in contact with a similar contact
point set in the metal screw 191, which screw
is set in the metal common-return bar 189
aforesaid, and adjustable up and down
therein by means of a lock-nut.

The result is that when any key 45 of the
keyboard is depressed, it closes the circuit of
the corresponding coil 173 through the bat-
tery 188, whereupon the electric current,
flowing through said coil, magnetizes the
core 175 and armature 178, which imme-
diately attract each other so that said arma-
ture moves toward said core, thereby mov-
ing the valve-stem 185 in the direction of
the arrow, Fig. 88. 198 is a small metal cyl-
inder, made preferably of brass, bronze, or

. other suitable non-rusting material, and 194

is a piston fitted to move easily and substan-
tially air-tight in said.cylinder. Said pis-
ton 194 is connected by a link 195 with the.
switch-controlling bar 196, said link being
pivoted at 197 to said piston, and, at 198, to
said switch-controlling bar. The piston 194
serves to move the switch-controlling bar
196, so as to close the various switches 282,
989, 289b, 289°, 9829, 282¢, 2821, 2895, 282",

and 282!, which correspond to the different-

orders of partial tones controlled by the cor-
responding key 45. And there is, it is to be
understood; for each keyboard a cylinder
193, and piston 194, with the switch-operat-
ing bar 186 and switches operated thereby,

for each key of such keyboard. These cylin-

ders and pistons are preferably ranged. in a
double row, as illustrated in Figs. 38 and
40. For the four keyboards illustrated in
the drawing and hereinbefore described -
there would be, therefore, four double rows
of the cylinders: 194, 194, of which one
double row only is illustrated in the draw-
ing. The mechanism illustrated in Fig. 38,
which we are now describing, is to be du-
plicated, it is to be understood, so far as
the circuit - closing device, electro - magnet,
valves, cylinder and piston, and switch-op-
erating bar and switches, are concerned, for
each key of the keyboard, and the parts for

-one keyboard are to be repeated for each of
the other keyboards. The cylinders 194 are -

mounted upon and screwed to a metal table
270, whose top and bottom are planed true. .
Parallel bars, 271, 272, 273, are attached to

_said table and, a plate 274 is attached to said
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bars, as shown in cross-section in Fig. 38.
The table 270, the plate 274, and the parallel
bars 271 and 272, form the wind-chest 275,
which extends continuously lengthwise the
table 270 the whole length of the double
row of cylinders 194, 194. This wind-chest
is closed air tight at both ends, and is sup-
plied with wind or compressed air from a
suitable reservoir or pumping device, and at
any suitable pressure, as for example from
3 pounds to 5 pounds to the square inch.
The table 270, the plate 274, and the parallel
bars 272, 273, form another chamber which
is subdivided by air-tight partitions 276,
into separate compartments 277, 277, for the
several pairs of disk-valves 186, 187, etc.,
which serve respectively the cylinders 194,
194. Tor each of the compartments 277,

" there is (@) a port 278, communicating with
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the interior of the corresponding cylinder
193; () a port 279, communicating with the
wind-chest 275, and (¢) another port 280,
communicating with the external atmos-
phere. Each disk-valve 186 normally covers
the corresponding port 279, communicating
between the compartment 277, for which
such. valve serves, and the wind-chest 275;
and the similar port 280 is normally not
covered by the other disk-valve 187, and so
gives free communication between the exter-
nal atmosphere and the compartment 277
and cylinder 193, connected with said com-
partment. A contractile spring 281 holds
the disk valve 186 mormally covering its
port, but when the circuit is closed by the
key 45, through the battery 188 and coil 173,
in the manner above described, the armature
178 is attracted, as before stated, to the core
175, and, through the bell-crank lever 181
and link 184, moves the valve stem 185 in
the direction of the arrow, Fig. 88, uncover-
ing the port 279 and covering the port 280,
so that compressed air passes from the wind-
chest 275 through the ports 279 and 278 into
the cylinder 1938, moving the piston 194, and
through. the link 195, lifting the bar 196,
which in turn lifts the several switches 282,
2802, 2890, 282c, 2823, 282¢ 282f, 282t 282"

‘2821, which correspond respectively to and

take the places of the contact springs 49,

492 49b, 49, 499, 49°, 49T 49%, 49h 4G re-

* spectively (the electrical connections of

55

/0

which are illustrated in the various sche-
matic views, Figs. 1, 3, 34, 5 and 6, and have
been already fully described), so that each
of said switches makes connection with the
corresponding spring jaws 283, screwed fast
to the conducting-bar 54, 542, 54°, 54°, 549,
54e 54t 548 54b 54Y, as the case may be, cor-
responding to it. These conducting bars, 54,
54s, 54, Bde 549 5de 547 545 54n 54l and
their place in the electrical system have been
already fully described in conmection with

. the schematic views, Figs. 1, 8, 34, 4, 5, 6, in

(1

which they are shown as supporting the con-

1,205,801

tact screws 53, 53, which in these schematic
views are the equivalents of the spring jaws
283, 283, Figs. 38 to 44. Each of the
switches, 282, 2822 282, 282¢, 282¢, 282°,
2821, 2828, 982" 2821 is pivoted or hinged
at 285 to its hanger 286, which may be of the
usual construction, for hangers of knife-
switches, well known in the electrical art.
These hangers are secured fast to insulating

‘bars 287, 287, which may be of vulcanized

fiber, slate or other suitable material screwed
fast to the corresponding conducting bar 54
or 54® etc., as the case may be; and each
hanger is connected by a conducting” wire
288 with one terminal of the corresponding
armature winding, as the springs 49, 49,
49%, etc., are connected in the schematic
views as Figs. 1 to 5 and 46 to 49 (which
springs, it will be remembered, are the equiv-
alents in the schematic views of the switches
282, 2822, 282P etc., in: Figs. 38 to 44) -the
other terminal of which is connected with
the common-return wire 48, before men-
tioned.

Thus, it will be seen, when the key 45 is
depressed, it acts, throngh the power mech-
anism described, to close the switches 282,
282, 280b 982c, 2824, 282¢, 282f 2825, 282"
and 282!, which close the circuits of the al-
ternators having vibration-frequencies cor-
responding respectively to the first, second,
third, fourth, fifth, sixth, eighth, tenth,
twelfth and sixteenth partials of the note
for which such key stands; closing the cir-
cuits of said alternators respectively through

the bars 54, 5ds, 54v, Bde, 549, 5de, 54t 5ds,.

54% and 54!'; which bars correspond respec-

_tively to the first, second, third, fourth, fifth,

sixth, eighth, tenth, twelfth and sixteenth
orders of partial tones, and connect through
the primary coils 56, 562, 560, 56°, 562, 56°,
567, 568, 56" and 56i respectively, with the
common-return wire 48, ¥igs. 8, 34, 5 and 6.
The coils 56, 562, 562, etc., act upon the vi-
bration-translating devices, 70, 70, in the
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manner and by the means already described,

to produce their appropriate sounds thereon.

‘When the key 45 is released by the per-
former, it returns to its normal position
under the influence of the usual returning
spring or leads (which are not shown in the
drawing, being well known to all persons
conversant with the building of piano and
organ keyboards); the contact-spring 171
falls away from the contact-screw 191, there-
by breaking the circuit through the coil 173;
whereupon the core 175 loses its magnetism
and ceases to attract the armature 178; upon
which the contractile spring 281 returns said
armature and the valves 186 and 187 to
their normal positions; opening the port 280
which communicates between the cylinder
198 and the external atmosphere, and clos-
ing the port 279, which communicates be-

tween said- cylinder and>the wind-chest ;
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whereupon the pressure inside said cylinder
ceasing, the contractile spring 290 réturns
the bar 196, piston 194, and switches 282,
989s 282° 98D, 282¢, 282°, 289, 289%, 989k
and 282! to their normal positions, breaking
the corresponding alternator cireuits con-
trolled by said switches, and causing the
sounds which-such alternators produced in

the various vibration-translating devices 70,

70, to cease. Two lugs, 291, 291, attached
fast to the.bar 196, engage alternately the
stop-bar 292, which limits the movements of
the bar 196, piston 194, and switches 282,
The stop 292 is screwed fast to
the rail 292* and is covered with thick felt
2931 or other suitable sound-deadening mate-
rial. -

The switch-opening bar 196 is mounted by
means of the bridle-levers 294, 294, which
levers are pivoted to the hangers 295, 295,
which are screwed fast to the bars 296, 296.

Each of the switch-levers 282, 2822 282F,
ete., is connected -with the switch-operating
bar 196 by a block 267 (Figs. 88 and 38*)
of vulcanized fiber or other suitbale insu-
lating material, which is pivotally mounted
on a shoulder screw 298, which screw is set
in the bar 196 and held in place by a lock
nut. The block 297 has parallel sides to
work in a groove formed in the correspond-
ing’ switch-lever (282 or 282%, etc., as the
case may be) and serves with the insulating
washer 2972 to insulate the switch lever from

the bar 196.  Any other means of insulating

that is suitable for the purpose may o

course be used instead. - :
Any suitable packing for the piston 194,

that leaves it free to. move under a moderate

air pressure may be used. As various pack--

ings are known, I have not considered it

‘niecessary to burden this specification with

any illustration or description of suchde-
tails of construetion.

Instead of using the cylinder 193, and the.

piston 194 as 2 motor device, any other mo-
tor device that is suitable for the purpose
may be used instead; thus, to mention one
example, we might use, instead of the cylin-
der 193 and piston 194, the form of pneu-
mati¢ power device, resembling a bellows,
sometimes used in large pipe organs to oper-
ate the valves, and known as a pneumatic
lever; and for small installations it is not
improbable that pneumatic levers may be
found preferable; but for a large installa-
tion with large and heavy switches the cyl-
inder and piston device will probably be

fourid more satisfactory as being capable of.

- opérating with a higher pressure of com-

60

65

pressed air and requiring less space.

Instead of operating the valves 186, 187,"

by an electro-magnet as illustrated in Fig.

38, they may be operated in any other suit-
able manner whatever. Thus, to mention

one modification .only, the wind-chest 275;

.

and the compartments or chambers 277 , 277,
corresponding to and connected with the

cylinders 193, belonging to a keyboard may -

. be located in proximity to that keyboard, -

and the valves operated by the keys as illus-
-trated in Fig. 45, in which pipes 297, 297,
‘(broken away in the drawing) lead to and
communicate with the interior of the several
cylinders 198, 193. '

The conducting bars 54, 54%, etc., to- 54},
of a set corresponding to the different orders
of partial tones controlled by the keys of a
keyboard, may be mounted by means of

frames 298, 298, Figs. 43 and 44, to which’

said bars are connected and from which they
are electrically insulated ; the several frames,
carrying respectively the sets of bars cor-
responding to the several keyboards, being
arranged in any convenient positions what-
ever, as, for example, in line with each other,
" in proximity to a wall or rack, along which
the wires .corresponding to . the different
windings of the several -alternators are led.
With such a construction as that illustrated
in Figs. 38 to 44, the several wind-chests
may be ranged each under its own set of
cylinders 193, 198. But with the arrange-
ment illustrated in Fig. 45, the several wind-
chests and valve-chests belonging to a key-
board may be mounted one over another, the
pipes 297, 297, being led each to the cylinder
'193, mounted on the eylinder-table 270, Figs.
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38, 39, 43 and 44, or mounted in any other .

suitable manner and corresponding to and
controlled by the key that operates the valves
which control the supply of wind to the
chamber 277 with which said pipe connects.
“And numerous other modifications may be
made, which is would be useless to describe.

Of. modified ond dlternative constructions.

I have now described one form of ap-

. paratus for practising my invention. Many
modifications of that apparatus may be made
without departing materially from the es-
sential features, or at least without depart-
ing materially from certain of the essential
features of my invention. ‘A few of these
modifications I shall now describe. First 1
shall point out some of the more important
of the modifications that may be made in the
means for producing tone of an agreeable
“timbre and for varying the timbre; then I
~shall point out a few of the many possible
‘modifications of the expression mechanism;
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then certain modifications in the vibration- .

generating devices, apart from the gearing;
_then certain modifications of the gearing;
and then certain modifications of a miscel-
laneous character. v _
And in describing the various modified
constructions, illustrated in Figs. 46 and
following, those parts'in any figure that are
like the preferred construction, and which
have been before déscribed, will require no
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further description. The reader will un-
derstand them from the description already
given and the further description will be
confined in the case of each of the figures
illustrating modifications, to those parts
shown therein, which have not been before
described. :

Of modified and altérnative comstructions
for synthesizing motes of the timbre re-
quired.

I have already pointed out the well-known
fact that a rich musical note usually, if not
invariably, includes with the ground-tone or
first partial a number of upper partials,
overtones or harmonies; and I have pointed
out two modes of producing such tones elec-
trically, namely, first, the mode described in
the specifieation accompanying the Letters
Patent before mentioned, dated April 6,
1897, in which for each note a group of
alternators is used, all serving for that note
only and each serving to give one of the
partials of that note; an example of which
construction combined with certain of the
improvements hereinbefore described, and

particularly with the nmeans for using one

order of partials or another, or any com-
bination of these, each order of partials with
the power required, is illustrated schemati-
cally in Fig. 46; and, second, the simpler
and more economical mode illustrated in
Fig. 3 and hereinbefore described, by which
a ground-tone set of alternators and two
supplemental sets, corresponding respec-

‘tively to the third and fifth partials, are

used, and the ground-tones, the second
partials, the fourth partials, and, if desired,
the eighth and sixteenth partials, are de-

rived from the ground-tone set of alter-

nators; the third and sixth partials, and, if
desired, the twelfth partials, derived from
the third-partial supplemental set of alter-
nators; and the fifth partials, and, if, de-
sired, the tenth partials, derived from the
fifth-partial supplemental set of alternators.
But to more perfectly and fully explain the
present invention and to avoid any mis-
apprehension, it will be advantageous to
point out the following facts:

First. A good, or at least a fair, musical
effect may be produced from a single set of
alternators, each alternator supplying vibra-
tions to one note only, and each key con-
trolling one alternator only. Fig. 1 illus-
trates such an arrangement.

Sécond. A much better musical effect may
be produced, with a very moderate increase
in expense, by using a single set of alter-
nators to supply the ground-tones, and the
second partials and fourth partials, and, if
desired, the eighth and sixteenth partials,

- as already described in connection with Figs.

3 and 34; the supplemental set of alternators

J
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for the third and fifth partials being en—>
tirely omitted. Such an arrangement is
illustrated in the schematic view, Fig. 47,
which differs, it will be seen, from Fig. 3*
only in that the supplemental set of alter-
nators for supplying the third, sixth and

13

70

twelfth partials, and the other supplemental . .

set of alternators for supplying the fifth and
tenth partials, with the various circuits and
contact devices and coils for controlling said
third, sixth, twelfth, fifth and tenth partials
have been omitted. _

" Third. We may; of course, use, with the
ground-tone alternators, the supplemental
set, of alternators from which the third and
sixth, and, if desired, the twelfth partials
are derived, and may omit the supplemental
set of alternators from which the fifth and
tenth partials ave derived; or we may use
with the ground-tone set of alternators, the
supplemental set of alternators from which

the fifth partials, or the fifth and tenth

80

85

partials, are derived, and may omit the sup- -

plemental set of alternators from which the
third, sixth and twelfth partials are derived.
These facts are so obvious that illustration
by drawings is unnecessary. ’

Tourth. A truethird parfialhasafrequency

exactly three times that of the corresponding

ground-tone; a true sixth partial a frequency
exactly six times and a true twelfth partial
a frequency exactly twelve times that of the
ground-tone. Thus if we designate the fre-

90

95

quency of the ground tone by 7, the third, .

sixth and twelfth partials should have fre-
quencies of exactly 3n, 6n, and 12n, respec-
tively. In the equal temperament system of
tuning, any two notes that are an octave and
a fifth or nineteen half tones apart have fre-
quencies of nearly one to three; any two

‘notes that are two octaves and a fifth or

thirty-one half tones apart have frequencies
of nearly one to six; and any two notes that
are three octaves and a fifth or forty-tliree

- half tones apart have frequencies of nearly

one to twelve; assuming, In each case, that
the tuning is mathematically perfect. The
higher note, in any such case, is very nearly

ground-tone set of alternators. ground-tones,
second partials, fourth, eighth and sixteenth
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..00113 or 1/886 flat of the perfect nterval. -
. In fact, we can not only derive from the

115

partials, as already fully described, but wé

can also derive approximate but somewhat
imperfect third, sixth and twelfth partials
from the same ground-tone set of alterna-
tors, and thereby dispense, for economy’s
sake, with the third partial supplemental set
of alternators 3, 8, before described in con-
nection with Fig. 8, thus reducing the cost of
the plant at the expense, it must be very
clearly understood, of being compelled to use
third, sixth and twelfth partials a little flat

120

126

of the perfect intervals. Such an arrange- -
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ment is illustrated schematically in Fig. 48,

which, in illustration of the principle,shows’

one key with the various alternators b

_ which 1ts several partial tones are supplied,

10

and one alternator with its connections to all
the different keys of the keyboard to which
it supplies partial tones of its own frequency.
In this figure, as in Figs. 8, 34, 5, 46, 47 and
49, an alternator with a plurality of arma-
turg’ windings is illustrated -schematically
by/ concentric circles with brushes bearing
thereon, each of said circles, excepting the
duter one, representing a different, armature

' “winding, and the outer circle representing
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the common return for all said windings. In
Fig. 48 we have the alternators 2, 2, of the

round-tone set, supplying the ground-tones
g first partial,s, glIl)dy tlﬁe sec%fxd, fourth,
eighth and sixteenth partials in the manner
already fully described in connection with
Fig. 3, and also supplying approximate
third, sixth and twelfth partials, namely, in
the case of each ground-tone alternator the
third partial is supplied to the note one oc-

tave and a fifth below that to which such’

alternator supplies the ground-tone; the
gixth partial, to the note two octaves and a
fifth below and the twelfth partial to the
note three octaves and a fifth below that to
which such alternator supplies the ground-

“tone; subject, of course, to the exceptions, in

every case, that if there be no note in the
compass of the instrument three octaves and
a fifth below the note to which a given alter-

nator supplies the ground-tone, to which it.

can supply a twelfth partial, or two octaves
and a fifth below, to which it ¢can supply a
sixth partial, or one octave and a fifth below,
to which it can supply a third partial, it
does not in such case supply a twelfth, sixth
or third partial, as the case may be. The
supplemental set of alternators 4, 4, for sup-

plying the fifth partials or the fifth partials

and the tenth partials, as already fuily de-

seribed, in connection with Figs. 8 to 19, may

be used, it is to be understood, in connection

they may be dispensed with, thereby reduc-
ing the cost of the instrument and reducing
also its range of capacities, particularly in
respect of timbre. Or, o
Fifth. A perfect fifth partial has-a fre-
quency exactly five times that of the corre-
sponding first partial or ground-tone, and
musically;- forms a just or natural major
third to the double octave or fourth partial
of the ground-tone. "In‘like manner, a per-
fect tenth partial has.a:frequency exactly
ten times that of the corresponding ground-
tone, and musically forms'a just major third
to the third octave above the ground-tone or
to the eighth partial of the tone, when the
‘tone contains an.eighth partial. A major

81

- third in equal temperament has not the exact

ratio of 4 to 5, which characterizes the major
third of the just or natural temperament,
but has more nearly the ratio of 4 to 5.0397;

.and in the equal temperament system any

given note forms an approximate but imper-
fect fifth partial to the note two octaves and
a major third below it and an approximate
but imperfect tenth partial to the note three

85

70

octaves and a major third below it. . And -

we may, for economy’s sake, dispense with

the supplemental set of alteérnators 4, 4, by’

which the perfect fifth and tenth partials’,
are supplied, as already fully described in
connection with Fig. 3, and use, at least for

“some purposes and to some limited extent,
the approximate but imperfect fifth-par--

75

80

tials, or fifth and tenth partials derived, in -

the case of any given ground-tone, from the
alternators which supply the ground-tones
to the notes respectively two octaves and a
major third an

Fig. 49 illustrates schematically a construc-
tion of this kind, showing for one key, the
alternators by which it is supplied with the
electrical vibrations answering to the re-
quired. tone partials; and showing also, for
one alternator, its connections to'all the keys
of a keyboard to which it supplies vibrations,
supplying a partial of one order to one key,
and partials of other orders, but all of the
same frequency as the first, to other keys.
With the system illustrated schematically in
Fig. 49 we have only. the alternators of the
ground-tone set 2, 2, and each of these (a)

supplies, as before described, a ground-tone

to one note, a second partial to the note an
octave below the first, a fourth partial to the
note two octaves below the first, an eighth
partial to the note three octaves below the
first, and a sixteenth partial to the note four
octaves below the first; subject to the excep-
tions already pointed out in connection with
Fig. 3; and (b) supplies also, as already de-

> ‘ ] . seribed in connection with Fig. 48, approxi-
with the modification illustrated in Fig. 48,
as illustrated schematically in said figure,.or

mate but slightly imperfect third, sixth, and
twelfth partials respectively to the notes one
octave and a fifth, two octaves and a fifth
and three octaves-azid a fifth below that to
which it supplies the ground-tone; subject,

- of ‘course, to the exceptions already pointed

out in connection with Fig. 48; and (¢) also
supplies’ approximate but. imperfect fifth

and tenth partials to the notes, respectively,

two octaves and a major third and three oc-
taves and a major third below that to which
it supplies the ground-tone; subject, of

85

three octaves and a major
‘third above the first-mentioned ground-tone.
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course, to the exceptions, that if there be no

note in the compass of the instrument two
octaves and a major third below a given al-
ternator, to which it can supply an approxi-
mate fifth partial, or no note three octaves
and a major third below-such alternator, to
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which it can supply an approximate tenth
partidl, it does not supply such fifth or tenth
partial. :

“To now briefly recapitulate this matter, we
may say: _ ,

Tirst. That from a single set of alterna-
tors and an arrangement of keys or note-
controlling devices, each of which controls
one alternator only, musical notes of good,
or, at least, of fair quality, and of great
power may be produced, and that with such
an apparatus as is illustrated for example
in Fig. 1; a skilful performer can produce
some agreeable musical effects. T

Second. That from a single set of alterna-
tors supplying the ground-tones or first par-
tials, and also the second and fourth par-
tials, and, if desired, the eighth and six-
teenth partials, as illustrated, for example,
in Fig. 47, much richer and more striking
tones and much better musical effects can be
produced. o '

Third. That by employing for each note
of the scale a group of alternators having
vibration-frequencies corresponding respec-
tively to the ground-tone and to a plurality
of the overtones thereof, as described in the
specification of the Letters Patent before
mentioned, dated April 6, 1897, and as illus-
trated in connection with my other improve-
ments hereinbefore described in Fig. 46,
still better musical effects may be produced,
since the performer has not only the first,

‘second and fourth partials under his control,

but has also the third, fifth and sixth par-
tials to use or not use, singly or in combina-
tion, as he may desire; but in this case the
improvement in musical capacity is attained
at the cost of a great increase in the com-
plexity and expense of the plant.

Fourth. That with the simple construe-
tion illustrated in Fig. 8, and before fully
described, by which we employ with the
ground-tone set of alternators, from which
the ground-tones and the second, fourth
eighth and sixteenth partials are derived,
a supplemental set of alternators from which
the third partials, and also preferably the
sixth and twelfth partials are derived,
and another supplemental set of alternators
from which the fifth partials, and also pref-
erably the tenth partials, are derived, we

.obtain as good musical results as with the

system illustrated in Fig. 46, at a very much
lower expense.

Fifth. That with the modification illus-
trated in Fig. 48, in which the supplemental
set of alternators for the third, sixth and
twelfth partials is dispensed with, and ap-
proximate but somewhat imperfect, third,
sixth and twelfth partials derived from the
ground-tone set, we reduce the cost of the
plant at the expense of having some of our
partial tones not exact multiples by the req-

1,295,691

uisite small numbers _of the corresponding ¢

ground-tones. And, :

Sixth. That ‘with the further modification
illustrated in Fig. 49, by which not only the
third partial supplemental set of alternators
is dispensed with, as just described, but also
the fifth partial supplemental set, and ap-
proximate but imperfect fifth and tenth par-
tials are derived from the ground-tone set
of alternators, a further reduction in ex-
pense is effected as compared with the struc-
ture illustrated in Figs. 3, 34, 5, and 8 to 19,
at the expense of having the fifth and tenth
partials imperfect, as well as the third,
sixth and twelfth partials, and in a greater
degree. _

In any case in which extreme economy is
necessary, the structure illustrated in Fig.
1, or better, if it can be at all afforded, that
illustrated in Fig. 47 should be used. The
construction already described in connection
with Fig. 3 and Figs. 8 to 19, is preferable
in that it gives perfect third, fifth, sixth,
tenth and twelfth partials as well as per-
fect first, second, fourth, eighth and six-
teenth partials. With the cheaper construc-
tion illustrated in Fig. 48, the extent to

‘which the approximate but imperfect third,
" sixth and twelfth partials may be used, and

with that. illustrated by Fig. 49, the extent
to which the approximate but imperfect fifth

and tenth partials may be used must be de-.

termined by the taste and skill of the per-
former and the nature of the effects to
be produced. By properly operating the
switches 55, 55, 55%; 55%, any performer can
use any one or more of the imperfect sets
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of partials (as well as any one or more of -

the perfect sets of partials) as and when
he will and with more or less strength, as be
desires. And when he does not wish to use
them, he cuts them out of the tone com-
pletely. :

With the arrangements of alternators and
circuits illustrated in Figs. 8 and 46, I con-
sider it, as before stated, desirable that the
several alternators sheuld produce current-
waves as nearly as possible sinnsoidal; and
this is even more emphatically true with ref-
erence to. the modified constructions illus-
trated in Figs. 48 and 49, in both of which
a third partial or harmonic 3z, existing in

"the waves of the ground-tone alternators 2,
2, would tend to beat with the approximate .

third, sixth and twelfth partials derived
from higher alternators of the same set;
while in the construction of Fig. 49 any

1056

110
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fifth partials in the waves of the alternators .

2, 9, of the ground-tone set would tend to
beat more strongly with the imperfect fifth
and tenth partials derived from the higher
alternators of the same ground-tone set.
But with a system such as that illustrated
in Fig. 1, in which there is but one set of
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alternators and in which each key controls
one alternator ‘only, the presence of har-
monics of moderate power in the waves of
the alternators is rather beneficial than ob-
jectionable, at least in the lower part of the
compass, and in so far, at-least, as the har-
monics of frequencies three and five times
respectively the ground-tone, are concerned.
And with the arrangement illustrated in
Fig. 47,1 consider that a weak third partial,
which it is well known often exists in the

waves of an alternator, and even a weak fifth '

partial may be rather beneficial than in-
jurious. :

Finally, the wave-form of any given alter-
nator, if it be not strictly sinusoidal, is more
or less altered in transmission from its

- source to the vibration-translating devices
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70, 70. The general effect, of this altera-
tion consists in a suppression of the higher
components of the wave to a greater extent
than the lower components. Thus the waves
of electric current vibrating through the
coils 76 (Figs. 84 and 85) of the receiving
telephones, may be much more nearly sinu-
soidal than the waves of impressed voltage

in the alternators producing them; and this

effect of tone-purifying, by suppressing the
higher harmonics of the waves to a greater
extent than the ground-tone, may be height-
ened by increasing the self-induction and

resistance of the several circuits which act

inductively one upon another, to transmit

vibrations from the alternators to the vibra- |

tion-translating devices and reducing the
mutual inductions of each pair of induc-
tively-interacting circuits. Thus, if, avoid-

ing in our inductoriums and impedance coils .

all closed or nearly closed iron magnetic
circuits, as before described, we increase the
self-induction and the ohmic resistance of
the following circuits, namely: (&) the cir-
cuits including the coils 56, 563, 560, etc, ;
(b) the circuit including the coils 58, 62 and
60, 60; (¢) the circuit including the coils
63, 64 and 66, 66; and (d) the circuit includ-

ing the coil 65, mains 68 and 69 and vibra- .

tion-translating devices 70, 70, Fig. 3; and
if at the same time we diminish the mutual
inductions subsisting between the primary

" coils as 56, 562, 56 and their secondary 58,

55

60

“and that between the coils 62 and 63, and

that between the coils 64 and 65, an alter-
nator whose wave of impressed voltage con-
tains a number of harmonics of considerable
strength, will cause waves of current much
more nearly sinusoidal in the mains 68 and
69. Thus, it is possible to make the very
same circuits that serve for the combining

of .the vibrations serve also to some extent .

as tone-purifying devices. But by generat-

ing sinusoidal waves in the first instance, .

the need for tone-purifying is eliminated
and the loss of power that it involves pre-
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vented.  Whatever the nature of the waves

produced by an alternator may be, the dis- .

tributed capacity of a long line or cable
tends to alter any complex wave-form more
or less, suppressing the higher components
of the wave to a greater extent than the
lower components. This difficulty, however,
should not with good lines be ‘so serious as
to prevent the practical distribution of elec-
trical music, produced in the manner here-
inbefore described, to considerable distances
from a central station. " It has been dis-
tributed by my system over a metallic cir-
cuit more than a hundred miles in length
and which included several miles of cable,
_producing, under these circumstances, sounds
almost as loud as those produced by an
orchestra. Finally, the difficulties just men-

‘tioned in respect of alteration of the wave-

forms of the impressed vibrations by a dis-
tributed capacity of a long line or cable, are

‘not practically by any means so serioug in

distributing musie - generated electrically,
with an instrument such as that hereinbefore
described, as in distributing music electri-
cally by means of microphones. First, for

“the reason that the currents produced by

the alternators hereinbefore described are
enormously more powerful than any cur-
rents that a microphone can handle;- and,
second, because by means of the rheostats
12, 12, each alternatorfcan be given such a
voltage as is required to put its vibrations
over the line with the requisite power rela-
tive to the vibrations of the other alterna-
tors; and, finally, the power of each note,
and, .indeed, of each partial tone of each
note, is controlled by the performer, who
listens to one of the receivers 70, 70, simi-
lar to that to which his hearers listen, at
their more or less distant stations, and is
thereby enabled to counteract or compensate
in some measure the effects of a line in alter-
ing the wave-forms of the transmitted vi-
brations, producing in the result such sounds
as seem agreeable to him.

The supplemental sets of generators 3,

3, and 4, 4, before described, have frequen-

cies respectively three times and five times
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that of the corresponding ground-tone gen- .

erators. I consider supplemental generators
of these frequencies more useful in general

115

than supplemental generators of other fre-’

quencies. - But supplemental generators of’

othér frequencies may be used, either with
the third partial generators 3, 3, and fifth-
partial generators 4, 4, or without.them. To

120

give one illustration of this principle, we .

may use, with .a set of ground-tone alter-
nators 2, 2, adapted to produce sinusoidal or
nearly sinusoidal waves, a supplemental set
of alternators 22, 22 of éxactlv the same
frequencies as the alternators 2; 2, but con-
structed to produce a different shape of
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wave. Let us suppose the alternators of the
first set for the lower notes to be of the

in Figs. 11, 12, 12* and 127, and the alter-

5 nators of the same set for the higher notes.

to be inductor-generators.of the type illus-
trated in Figs. 8 and 10 and Figs. 13 to 16,
having the teeth of their rotating inductors
curved, as illustrated in Fig. 184 or in.such
a manner as to produce a_sinusoidal or
nearly sinusoidal wave; and let us suppose
one supplemental set of alternators 2, 22,
* to have rotating inductors for all its alter-
nators (of which the two carried by a pitch-
shaft and corresponding to the two lowest
notes of that shaft, may be of the type illus-
trated in Figs. 62 and 63, or of any other
suitable kind; the four corresponding to
the third, fourth, fifth and sixth notes of
that shaft- may be of the type illustrated in
Figs. 62 and 63, or of the type illustrated
in Figs. 8 and 10 and 18 to 16, or of any
- other suitable type; and the alternator cor-
responding to the highest note of said shaft
may be of the kind illustrated in Fig. 17
or of any other suitable kind) said inductors
being keyed to the same shaft that gives
movement to the corresponding altérnators
2, 2, and furnished with sharp or square-
cornered teeth of a peripheral breadth of,
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_say, one third the pitch (that is, one-third

the distance from the center of a tooth to
-the center of the next adjacent tooth), as
.illustrated, for example, in Fig. 18%; the
35 seven inductors of the supplemental set 27,
9a, carried by a pitch-shaft having for the
arrangement of parts illustrated in the
drawings 8, 6, 12, 24, 48, 96 and 192 teeth,
respectively, so as to produce exactly the
same.number of cycles in unit time as the
corresponding alternators of the set 2, 2,
carried by the same shaft. The wave-shape
of the vibrations produced by the supple-
mental ground-tone set of alternators 22, 22,
will be different in the case described from
- the wave-shape produced by the alterna-
tors 2, 2; and the timbre of the notes pro-
duced from the vibration-translating devices
70, 70, by the two sets of alternators 2, 2
and 2%, 2%, will be markedly different. With
these two ground-tone sets of alternators 2,
2 and 2%, 2, of differing wave-shapes, we
may use also. the third-partial supplemental
set of alternators 8, 3 and the fifth-partial
supplemental set 4, 4; or we may omit one

40
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or-both of said supplemental sets. Further,

with the two ground-tone sets of alternators,
2, 2 and 2°,.2%, adapted to produce notes of
different timbres, we may derive from each

60 set of alternators a plurality of sets of vi-

brations having frequencies corresponding .

-~ respectively to the first, second, fourth, and
if desired also to the eighth and sixteenth
partials; which vibrations may be sinusoidal

65 or nearly sinusoidal in the case of the alter-

kind
lustrated to the left of Figs. 8 and 10, and

"nators are used, namely,
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nators 2,‘2, and more or less highly c,om,plex'
in the case of-thé alternators 2* 20 And

each of these sets of vibrations may be made”

to be usable and controllable independently
of the others, in the manner and by the

means already described in connection with

the coils 56, 562, 56°, 56°, 562, etc.

- Fig. 82, which is a view in general simi-
lar to Fig. 34, illustrates such a construc-
tion, in wl%ich two ground-tone sets of alter-
the set 2, 2, for
producing vibrations as nearly- sinusoidal

as possible, and the set 22, 22, for producing

markedly complex vibrations, . containing-

odd-numbered partials as well as the ground-
tone; the first, second, fourth, eighth and
sixteenth .partials being derived from the
alternators of the set 2, 2; and three sets
of composite vibrations having frequencies
corresponding respectively to.the first, sec-
ond and fourth partials being derived from

“the set of alternators 2%, 2° The construc-

tion, arrangement and mode of operation,

appear so clearly from Fig. 82, in the light -

of the description already given, that tfur-
ther description would be out of place.
Instead of using a single set of supple-

‘mental ground-tone alternators 2%, 2%, a plu-

rality of such sets may be used, each con-
structed to produce a different wave-shape
and a different quality of tone.

OF modified and alternative constructions of
‘the timbre-controlling devices, and of the
expression-controlling devices.

Instead of using the means for controlling
the timbre and loudness already described
and illustrated particularly in Figs. 3, 3%, 6,
and 20 to 33, we may use a variety of other
devices. Thus, for example, instead of con-
trolling the loudness of the several sets of
partial tones of a keyboard, or the loudness
of the notes of a keyboard by varying the
resistance and self-induction of a circuit, or
by varying the resistance or the self-induc-
tion of a circuit, as before described, we may
produce similar results by varying the mu-
tual induction subsisting between vibration-
transferring and vibration-receiving circuits.
One arrangement for this purpose is illus-
trated in Figs. 50 to 534, of which Fig. 50,
which is a schematic view, shows the con-
nections between the bars as 54, 54, etc.,
before described, and the coils as 56, 567, etc.,
before described, of one keybeard, and the
vibration-translating devices; the connec-
tions, controlled by the keys, between said
coils as 56, 56%, and said bars as 54, 54%, etc,,
and the alternators being as before described
in connection with, and as illustrated in, the
preceding figures. Fig. 51, which is also a

. schematic view, shows the coils 56, 56*, etc.,

corresponding respectively to the different
order of partial-tones, for one of the four

keyboards, with tlie connections between the
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same and the vibration-translating devices;
Fig. 52 is a detail, a plan view, illustrating
the arrangement of the four pitch keyboards
(thre¢ manuals and a pedal keyboard), the

_dynamic manual, the switches 55, for each

keyboard, for interrupting the circuits of the
colls 56, 562, 56P, etc., corresponding to the
different orders of partial-tones of that key-
board, the swell-pedals 95, 95, correspend-
ing to the four keyboards, and the draw-tops

97,97, for each keyboard, corresponding to

the - different orders of partial-tones with
which such keyboard is supplied and serving
for regulating the strength thereof, one in-
dependently of another. And Figs. 53 and
584 are detail sectional views, partly in ele-
vatipn in a plane parallel with the length

of the draw-stops 97, or parallel with the

length of one of the keys 45 of the keyboard,
illustrating the connection between the draw:
stops. and the inductoriums controlled by
them, and also between the swell-pedals and
the inductoriums controlled by them. Fig.
58 illustrates the front portion of the mecha-
nism, and Fig. 534 the rear portion. -
Those parts illustrated in Figs. 50 to 534,
that are illustrated in Figs. 1 to 45, and have
been before described, will require no de-
scription, but the present description will be
confined to those parts in Figs. 50 to 53
which have not been before Cescribed. The
primary. coils 56,.56%, 56°, 56, 569, 56°, 56,
56¢, 56b, 564 for each keyboard, correspond-

ing to the different orders of partial tones-

of that keyboard are retained, but are wound
upon separate cores 83, 83, made of thin and
very soft and well annealed iron or steel
%lates,’ which are bolted firmly to the bar 84.

or the single secondary coil 58 of Figs. 8-

and 6, a plurality of secondary coils 58, 58,
one for each of the primary coils 56, 56, 56°,

- 56°, 562, 56¢, 561 56%, 56", and 56!, is used.

45

50

55

60

Thus, it will be seen, there is a distinct in-

ductorium for each different order of partial
tones of each keyboard, and one of the coils
of each of these tone partial inductoriums
is mounted to move with relation to the other.
Electrically, it makes no difference whether
we move the primary or the secondary, or
both; but mechanically it is convenient to
move only one and that the lighter one. In
the drawings, the secondary is the lighter
coil and it is mounted to move with relation

_to the primary. The several secondaries 58,

58, belonging to a keyboard are illustrated

“in Figs. 50 and 51 as. connected together in

series to form one circuit, though, obviously,
it -would be possible to arrange them in
parallel circuits. FEach of the secondary
coils 58, 58, is wound upon a spool or bobbin
85, which has a hollow interior sufficiently
large to permit it to slip easily over the cor-
responding primary coil (56, 56*, 56°, etc.,
as the case may be). Each of the bobbins 85
with its coil 58, is mounted upon and firmly
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attached to a bar 86, which is mounted by

-means of the grooved wheels 87, 87, 87, 87,

pivoted at 88 to the hangers 89, which are
screwed fast to the rail 90, as illustrated in
the drawing. .

The bar 86 is connected by a link 91, with
one arm- 92, of a rock-shaft 93, whose other
arm 94 is connected by another link 96, with

the draw-stop 97, which slides in the fram-.

ing 98 of the keyboard and is furnished with
a knob or handle, which the performer ma-
nipulates. When the parts occupy the po-
sitions in which they are shown 1n Figs. 53
and 534, the secondary coil 58 stands remote

from the corresponding primary coil (56,

562, 56, ete., as the case may be). But the
performer, by. pulling the draw-stop 97
toward him, gives movement through the
link 96, rock-arm 94, rock-shaft 93, arm 92
and link 91 to the secondary coil 58, moving
said coil into a position of greater or less
proximity as required to the corresponding
primary coil, (56, 562, etc., as the case may
be.) thereby varying the mutual induction
between. such secondary 58 and the.corre-
sponding primary coil, thus increasing or
decreasing the loudness of the corresponding
order of partial tones, at the will of the per-
former. '

The secondary coils 58, 58, corresponding

‘to the different orders of partial tones be-

longing to a keyboard, are connected in
serles, it will be observed, with a primary
coil 62, whose secondary 63, (like the sec-
ondaries 58, 58) is mounted upon a similar
but larger bobbin 85, constructed to move
over the primary coil 62, said bobbin being
mounted upon a bar 86, which is itself
mounted between the grooved wheels 87, 87,
87, 87,-and connected by a link 91 with the
arm 92, of -a rock-shaft 93, all as before
described, in connection with the bobbin 85,
that carries one of the coils 58, 58. .But. the
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four rock-shafts 98, 93, that serve to trans- -

mit movement to the secondary coils 63, 63,
corresponding respectively to the four pitch
keyboards, have their lower arms 94, 94,
connected by the links 148, with the. arms

149, of the swell pedals 95, 95, as illustrated

in Fig. 53; instead of being connected with
draw-stops 97, 97." :

In like manner, the secondary coils 63, 63,
of the several key-boards are connected in
series with- each other (though of course
they might be connected in parallel with
each other) and in series with the primary
coil 64, and with the impedance-coils 66, 66,

‘controlled by the keys 67, 67; of the dynamic

manual. = : x ,
The primary 64 acts by induction on the
secondary 65, which is connected with the
mains 68, 69, and the vibration-translating
devices 70, 70, as before described.
Thus, it will be seen, with the apparatus
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illustrated in Figs. 50 to 53, the performer -
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Aca'r.x",‘_by opehing'the switches 55, 55, wholly

prevent any one or more of the coils 56, 562,

56b, 56°, etc., from acting on the lines 68, 69,

and by properly manipulating the draw-
stops 97, 97, he can regulate the intensity of

_ the action of such of the coils 56, 562, 56,

10

ete., as he permits to act upon the line, from
the;minimum to the maximum, merely by
drawing the stops 97, 97, in or out, more or
less, as he finds necessary to produce the de-
dired effect. By operating the swell-pedals
95, 95, he varies the strength of the tones of
each keyboard at will independently of any

. other keyboard. While by the dynamic

15

20

‘keys 67, 67, he can alter the loudness of the
.note_by greater or less degrees, and with

absolute instantaneousness.

- And numerous other modifications of the
expression mechanism may be made. Thus,
for example, instead of varying the loudness

" of the tones by. varying the impedance of

26

a circuit, as 1illustrated, for example, in.

Figs. 8 to 6 and 28 to 33, or by varying the
mutual induction subsisting between vibra-
tion-transferring and vi%ration-receiving
circuits, as illustrated, for example, in Figs.
50 to 582, we may vary the loudness by

varying the number of active turns in a

_coil—that is, by varying the number of turns

30
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through which the current, circulates. Fig.

34, which is a schematic view similar in kind .

to Figs. 6 and 50, but illustrating the ex-

_pression mechanism for one of the four

keyboards only, shows an arrangement for
varying the loudness of the different ele-
ments of the toné by varying the number
of active turns in the several primary coils
56, 56%, 56Y, B6e, 56L, 56, 56%, 56e, H6v, B
Fach of these coils is in fact divided into
sections by the leading-out wires 200, which
connect with contact buttons 201, with which
the switch 202 makes contact. From an in-

‘spection of the drawing, it will appear that

- the number of active turns in any of the
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primary coils 58, 56, 56, ete., thel is to say,
the number of turns of said coil through
which the currents from the aliernsaiors cir-
enlate, can be varied at will within certain
limits by throwing the switch 202, centers

at 208, into contact with the diffarent contact .
b :

buttons 201, 201. Axn impedance-coil 204 is
inserted in series with each of the coils 586,
502, etc., s0 as to prevent any very consider-
able increase in the amperage or Intensity of

eurrent in said eoil when the current flows:

throngh only a small portion of its turns.
For greater clearness and fo avoid multi-
plicity of crossing lines, the secondary coils

58, 58, corresponding respectively to the pri-

mary coils 58, 562, 56°, etc., are illustrated in

Fig. 54 as connected in series with each

other and with the rheostat-coils 60, 80, and
brush 61, and with the primary coil . 82,
which acts wpon the line and receiving tele-
phones 70, 70, through the coils 63, 64 and

1,205,601

65, in the manner illustrated in the draw-
ings and already described in connection
with Figs. 1, 8, and 6. But obyiously a sin-
gle secondary coil 58, might be used for a

-keyboard, and all, the corresponding pri-

mary coils 56, 56% 567, etc., be arranged in
direct inductive relation to it, as illustrated
for example in Figs. 3 and 6.

In Fig. 55, each -of the primary coils-56,
56, 56b, etc., acts by induction on a corre-
sponding secondary coil 205, which is di-
vided, in effect, into sections by the leading-
out-wires 200, which connect with.the sev-
eral contact buttons 201, 201, with which the

-corresponding switch 202 makes contact.

This switch serves by its movement. from one
contact-button 201 to another to cause the
current induced by the corresponding pri-
mary coil (56, 562, 56, etc., as the case may
be) in the coil 205, to circulate through a

greater or less number of the turns of said

secondary coil 205. The several secondar}y:
coils 205, 205, are connected in series eac
with the corresponding primary coil 206, and
all the primary coils 206 act by induction
upon the secondary coil 207, which acts upon
the line in the $ame manner as the coil 58,
igs. 1,3, 8 and 6; or it may act upon the line
in any other suitable manner. An imped-
ance coil 204 (Fig. 55) is inserted in series
with each pair of coils-205, 206, to prevent
dissipation of energy in any of the coils 206,
conveyed to it by induction from one or
more other of said coils 206, when the coil
205 connected with the first mentioned coil
206 has but a few of its turns active; a con-

dition of things in which the voltage gener-.

ated in the coil 205 would be low and its
impedance small, making it possible, apart
from the impedance coil 204, for current to
flow in one of the primaries 206, very much
as if it were a shori-circuited secondary to
one of the other of seid primaries 206 or to
the secondary 207. - A few sections only are

‘shown for each of the coils 56, 562, 56°, ste.,

(Fig. 54) and 205, 205, (¥Fig. 55), in illus-
tration of the principle, but a much larger

number may be used in practice.

The principle of governing the loudness
of an electrically-produced sound, by gov-
erning the intensify of inductive action of
one coil npon another, by varying the num-
ber of active turns in one of said coils, whick
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1 have illustrated in Figs. 54 and 53, as ap-

plied to governing the loudness of the sev-
eral partial tones of a keyboard, may be
used, if desired, for other purposes. Obvi-
ously, the intensity of action of the coils 62,
62, corresponding to the several keyboards,
upon the coil 63 might be governed in this
manner, or the intensity of action of the coil
84 upon the coil 85 might be thus governed.
But T consider the means illusirated in Figs.

1 t0 6,.20, 28 to 33, before described, for

governing the intensity of action of the coils

i2
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62, 62, upon the coil 63, and of the coil v4
upon the coil 65 to be preferable. ,

Another mode of varying the loudness
either of the several partial tones of a key-
board or of the notes of the different. key-
boards, or of the ensemble, is to vary the

number or character of circuits or conduc--

tors that are used to transfer vibrations in-
ductively from one field to another. One
arrangement for this purpose is illustrated
in Fig. 56, in which 56, 562, 56, etc., are the
primary coils, corresponding respectively to
the different orders of partial tones of a

keyboard, and which coils are connected
through the bars 54, 54°, 54°, etc., and the

key-controlled contact-springs 49, 49, 49v,
etc., or switches 282, 2822, 282P, etc., with the
alternators as before described, and through
which primary coils the electrical vibrations
corresponding respectively to the different

orders of partial tones vibrate, when the -

proper keys are depressed, as already ex-
plained in connection with Figs. 8, 34, and 6.
In inductive relation to each of these pri-
mary coils 56, 56%, 56" etc., is a group of
secondary coils 210, 210, a different group
for each of the primary coils 56, 562, 56°, etc.
Each of the secondary coils, 210 of the sev-
eral groups corresponding to one keyboard
has one end connected with the common-
return wire 211 of small or negligible self-
induction and resistance and the other end
connected through an impedance coil 214
and a switch 212 with a plurality of primary
coils 218, arranged in parallel circuit and
having their other terminals connected with
the common-return wire 211 aforesaid.

* Each of the secondary coils 210, correspond-
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ing to a keyboard, it will be seen, passes its
vibrations, when the switch 212 correspond-

ing to it is closed, through the primary coils.

213, aforesaid. We might of course make
all 'the coils 210 0f a group exactly alike, in
which case any given primary coil as 56, 56°,
56®, etc., would exert a greater or less influ-
ence upon the inductorium of which the coils
213, aforesaid constitute the primary wind-
ing, according to the number of said coils
210 whose switches 212 were closed. Or we
may give unequal numbers of turns to the
different coils 210 of a group, giving, for
example, to one of said coils, a small num-

- ber of turns which we shall designate as »

turns, to another 2n turns, to another 4x
turns, and so on; or giving a umniform num-

ber of turns to all the coils 210 of a group

(that is, all the coils 210 that are acted upon
by the same primary coil 56 or 569, etc.,) or

-We may give different amounts of imped-
ance to the several impedance coils 214; 214,
which are inserted in the circuits of the sev-

eral coils 210, 210, aforesaid. Whatever ar-
rangement we adopt, by closing -different

~ones of the switches 212, or by closing . dif-

ferent combinations of said switches, we can

87

alter greatly the intensity of action on the
coils 213, of any of the coils 56, 562, 567, etc.,
independently of the other coils 56, 562, 56Y,
etc., and by giving different intensities of
action from zero to their maximum powers
to. the different-coils 56, 562, 56, etc., can
alter the timbre, within certain limits, as
required. : .

In inductive relation to the primary coils
213, Fig. 56, is a group of secondaries 215;

~and the secondaries 215 of the four key-

boards (those for one keyboard only being
shown in Fig. 56), act in turn by induction
through the primary coils 216, that are con-
nected in series with-said coils 215, respec-
tively, upon the ensemble circuits, as illus-
trated schematically in Fig. 56. 217, 217,

are impedance-coils, inserted in series with
_the coils 215 and 216; and 218 are switchés

inserted in said circuits, by the manipulating
of which any one or more of the secondary
coils 215, corresponding to any given key-
board, can be made to act through the pri-

‘mary coil 216, in series with it upon the en-

semble circuits, each of which includes the
secondary coils 219; 219 (in inductive rela-
tion to the groups of primary coils 216, 216,
of the several keyboards), the primary coil
220, the impedance coil 221 and ' the
switch 222,

By suitably manipulating the switches 212
controlling the coils 210, 210, corresponding
to a keyboard, the timbre of the notes of that

‘keyboard ‘can be varied within wide limits,

at the will of the performer. And by suit-

ably ‘manipulating the switches 218, 218,

each of the secondary coils 215, of the group

belonging to a given keyboard, may be made
to act upon the ensemble circuits (219, 219,

220) or not, as required ; and thus the inten-

sity of the notes of each keyboard can be
governed, as required, independently of the -
other keyboards. And by manipulating the

switches 222, 222, the power of the ensemble

of tones can be governed.

The several impedance coils 214, 214,
should each have sufficient impedance to pre-
vent any of the coils 210 from acting as a
short circuit of small impedance to the cur-
rents which any other of the coils 210 should

- produce in the coils 213.. In like manner,

the impedance coils 217 should each have
sufficient impedance to prevent the circuit in
which it is inserted from acting as a closed
secondary of small impedance, to any other
parallel circuit 215, 216, of the same group.
So, also, each of the impedance coils, 221,
should have a sufficient amount of imped-.
ance to prevent the cireuit in which 1t is’
inserted from acting as-a closed secondary,
of small impedance, to any of the other cir-
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cuits 219, 219, 220. In these, as in other
cases, the builder can give to each coil the

impedance desired, by winding on more or
less wire, as required. .
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Another kind of expression device is illus-
trated in Figs. 57 and 58, of which Fig. 57 is
a view similar to Fig. 534 and makes with
Fig. 53 a complete view, Fig. 53, showing
the front portion of the mechanism of Fig.
57, as well as of Fig. 534, the front portion

being identical in the two cases. In these .

figures 56 is the primary eoil and 58 the

secondary coil of a tone-partial inductorium

(see Fig. 50); or the two coils might con-
stitute one the primary and the other the
secondary of a keyboard inductorium an-
swering to the coils 62 and 63 in Figs. 3, 34
and 6, or to the coils 64 and 65 in Figs. 3,
34 and 6. 280.is a thick plate or screen of
copper or other suitable well-conducting ma-
terial, mounted by a bar 86, which bar is
itself mounted by means of the grooved

-wheels 87, 87,87, 87, and conpected: by a link .

91 with the arm 92 of the rock-shaft 93, to
receive movement from one of the draw-

stops 97, or from one of the swell-pedals 95,

by the means and in the manner already de-
scribed in connection with Figs. 58 and 53*.
When this metal screen 230 is clear of or

remote from the two coils, as 56 and 58,

‘Figs. 57 and 58, for which 1t serves, the ac-
tion of the one upon the other is not inter-
fered with, but when the screen 230 is thrust
fully between said coils 56 and 58 the action

of one upon the other is greatly hindered

or reduced or screened by means of the Fou-
cault or eddy currents that are generated by
induction in the substance of the thick con-
ducting plate or screen 230. A coil of cop-
per wire or ribbon closed upon itself might,
of course, be used as a screen, instead of the
solid plate 230, but the plate 1s preferable in
respect of being simpler and cheaper. The
screening action is somewhat more intense
for the high notes than for the low. The
operation of this expression device is more
satisfactory when the coils 56 and 58 used
are of large diameter and short axial length
than where they are of small diameter and
great axial length. The former is the pref-

" erable construction.

80

65
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Another mode of governing the loudness
of the tones by varymg the intensity of in-
ductive action of one circuit upon another
is to place a third circuit in inductive rela-
tion to the first circuit or-to both circuits,

and to open and close the third circuit, or

to alter its impedance. Fig. 83 illustrates a
possible construction of this kind for vary-
ing the intensity of action of the primary
coils 56, 562, 56°, 569, 56°, and 56¢, before
described, upon their- respective secondary
coils, 58, 58. 800, 800, are the regulating
coils or circuits arranged in intimate induec-
tive relation to the pairs of inductively-in-
teracting circuits, (as 56 and 58, 56* and 58,
etc.), the intensity of action of ‘one of which

upon the other is to be controlled. 120, 120, .

‘are the .impedance coils, before described,

1,205,691

arranged in parallel; and 301 are switches
corresponding to sald coils 120, 120, by
which the circuit of the coil 300 may be
ctosed through one or more of the impedance
coils 120, as desired. If the switch 55, con-
trolling the circuit of the coil 56, or 562, 56P,
etc., be open, such coil can, of course, exert
no influence upon its secondary coil 58. But
if the switch .55, controlling the circuit of .
the coil 56, for example, be closed, the in-
tensity of action of said coil 56 upon its.

-secondary 58 will be influenced more or less

by the coil 300 if any of the switches 301
be closed. If the circuit of the coil 300 be
open, the coil 56 will exert its full influence
on the coil 58, unaffeected by the coil 300.
But if any one or more of the switches 301,
301, or 3012, be closed, the vibratory currents

in the coil 56 will produce, by induction, cur-

rents in an opposite sense in the coil 300,
which latter will tend to weaken the influ-
ence of the coil 56 upon the coil 58, more
or less, according to the circumstances. The
greater the mutual induction subsisting be-
tween the ‘coil 300 and the coils 56 and 58,
and the. greater the admittance of the cir-
cuit' of which the coil 300 forms part, the
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90

more powerful will the influence of said -

coil be in weakening or neutralizing the
influence of the coil 56 on the coil 58. That
influence, in any given case, will be at its
maximum when the switch 301* is closed,
which, it will be seen, short-circuits the coil -

‘300 on itself. If the builder wind the coil
800 of a wire of the same diameter and

length as that used for the coil 56,.and paral-
lel to.it around the same core, he can readily,
by winding a greater or less amount of wire
of greater or less resistanee into the several
coils 120, 120, produce, when the circuit of
300 is closed through one of said coils 120,
by the appropriate switch 301, a greater or

- less change in the intensity of action of the

coil 56, for any given note upon the coil 58
corresponding to it,

In like manner the intensity of inductive
action of the coil 62 upon the coil 63 may
be varied by varying the impedance of a coil
302 wound about the same core as the cotls
62 and 63 in intimate inductive relation to
them: One arrangement for this purpose is
illustrated in Fig. 83, the coils 60, 60, and
switch 61 (see also Figs. 28 to 33), being in-
serted in series with the coil 302 aforesaid.

- Instead of governing the loudness of the
tones by varying the Intensity of inductive
action of one coil, as 56, upon another as 58,
by varying the impedance of the coil 300,
an effect of control may be produced by
varying the number of active turns in the .
¢oil-300. Such a construction is illustrated
in Fig. 83, for controlling the action of the
coils 56¢ and 56" upon the coils 58, 58, cor-
responding respectively to them. :200 are the
leading out wires; 201 the contact-buttons
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with which such wires are connected, and
202 the switch which, by making contact with
one or another of saig contact-buttons, reg-
ulates the number of turns of the coil 300
that are closed and therefore.active in weak-
ening the inductive action of the primary-
coil (as 56¢ or 56") on the corresponding
secondary coil. With this form of device,
as with those illustrated in Figs. 54 and 55,
the smaller the sections of the coil connected
with the contact-buttons 201, and the greater
the number of such sections and buttons, the
more perfect the control.

Instead of using one coil 300, for each pair
of inductively interacting coils (as 56 and
58 or 56* and 58, etc.), and varying its im-
pedance or varying the number of its ac-
tive turns as before described, we may. em-
ploy a plurality of such coils, each of less
power than.the coil 300 before described,

and close one or another of them, or a com-

bination of them, as required. Such an ar-
rangement is illustrated in Fig. 83, for gov-
erning the action.of the coils 56f and 56' on
their respective secondary coils 58, 58. 300,
300, are the coils; 301 the -switches control-

ling them and 3835 the impedance coils that

may be inserted in their circuits to prevent
them from acting as closed secondaries of
small impedance to the circuit of the coil 58,
when 56! or 56! is-inactive.

Instead of arranging the impedance coils
60,-60, in series with one another, as illus-
trated in Figs. 8, 6 and other figures, it
would be possible to arrange them in par-
allel. One arrangement for this purpose is
illustrated in Figs. 84, 85, 86 and 87, of
which Fig. 84 is a schematic view and in

part a detail front elevation; Fig. 85 a de-

tail top view largely schematic; Fig. 86 a de-
tail sectional view, partly in elevation, on

the line 86, 86, Fig. 85; illustrating the con-
‘nection between the swell-pedal 95 (Figs. 20

and 30) and the switch-operating frame 312
and Fig. 87 a detail front elevation of said
switch-operating frame and the milled bar
by which it is mounted ; and in each of these

figures a portion of the apparatus is broken

away or omitted. In these figures 60, 60, are
the impedance coils, -arranged in parallel
circuit, all having one terminal connected
with the terminal of the coil 62, and each
having its other-terminal connected with a
contact-screw 305, set in the insulating bar
306, and- adjustable by means of a lock-nut.

314 is a metal bar, by which the insulating-

bar 306 is supported. - 307,307, are platinum

-contact-points, inserted in the ends of the

screws 805, 305. 308, 308, are contact-levers

or-switches, mounted on the rod 309 and set -

in slots milled in the metal bar 810. The
levers 308 correspond to and comtrol the

coils 60, 60; and to this end each of said le- -

vers has a platinum point set in its front end

to make connection with the contact-point .

_a rear brace-rod or stiffening rod 313 and

by the link 148 with the arm 149 of the swell-
“pedal 95.. : :

8o

307, in the screw 305 that connects with the
corresponding coil 60. The milled bar 810
and rod 309 are electrically connected with
one terminal of the coil 58, whose other ter-
minal is connected through the coil 62 with
the coils 60, 60, as illustrated in Figs.. 84
and 85. Contractile springs 311, a spring
for each of the levers 308, 308, draw said

70

Jevers downward so that each of said levers

(when not held up by the frame 812), makes
good electrical connection with the rod 309
and with the corresponding contact-point.
312 is the switch-lifting frame, which is
mounted on the rod 309, and furnished with

76

80
with a stepped front, which serves when the
frame moves in the direction of the arrow,
Fig. 86, to lift the levers 308, 308, gradually
one after another; thereby breaking the cir-
cuits of the coils 60, 60, one after another.
Thus, it will be seen, as the frame 312
moves in the direction of the arrow, the im-
pedance of the circuit including the coils.
58 and- 62 gradually increases us the circuits
of the coils 60, 60, are broken, one after an-
other, and the amplitude of the waves propa-
gated from that circuit to the vibration-
translating devices 70, 70, gradually dimin-
ishes. But when said frame 812 moves in
the opposite direction, the impedance of the
circuit mentioned gradually diminishes and
the amplitude of the waves propagated from
it to the translating devices gradually in-
creases. The frame 812 is connected with
the swell-pedal 95 by a rod 144, pivoted at 100
143 to the arm 3122 of said frame, connected

at its other end with the arm 145 of the rock-

shaft 146, whose other arm 147, is connected

85

80
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105
A few of the coils 60, 60, only are shown

in Figs. 84 and 85, but a much larger num-

ber may used. To produce smooth crescen-

dos and diminuendos, as many as sixty or
more of said coils may be used, the number 110
of steps on the frame 812, of contact-screws

305 and levers 308, being inecreased propor-
tionally. The coils 60, 60, whose circuits
are first broken as the frame 312 moves in

the direction of the arrow (Fig. 86), should 115
have smaller impedances and those whose
circuits are broken later should have larger
impedances. A coil 60* of large impedance,
connected as shown, prevents the total in-
terrupting of the circuit by the frame 812. 120
The builder may wind into the coil 60°
enough fine wire to weaken the tone to the
minimum desired. He winds the next coil

to such an impedance that when added to the
circuit, the loudness is increased by such 125

-small amount as he thinks best; and so with

each succeeding coil; the impedance of each
coil .added - preferably diminishing, as the
number added is increased. :

.. Instead of:inserting the impedance coils 130
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_altering its capacity.

‘colls 120, 120,

120, 120, in series with the coil 56, as 1Hus-
trated in Figs. 3, 34, 6 and other figures, said
impedances may be inserted in a shunt to
said coil, as’ illustrated schematically in
Fig. 88. The same applies, of course, to
the coils 562, 56°, etc. So the impedance
coils 60, 60, instead of being inserted in
series with the coil 62, may be placed in
shunt to it; in like manner the impedance
coils 66, 66, may be placed in shunt to the
v as illustrated schematically in
Fig. 83. :

The impedance of a circuit may be_varied
by altering its ohmic resistance or its self-
induction or both. It may also be altered by
And it is possible to
produce some variations in the power of the
vibrations and in the
ing notes, if we substitute for the impedance
illustrated in Figs. 3, 3%, 6
and other figures, condensers 320 and resist-
ances 321, as illustrated schematically in

Fig. 89, preferably making the condensers-

of a group of differing capacities. - Also,
some effect of control may be produced if we
substitute for the impedance coils 60, 60, of
Figs. 1, 3 and 6, etc., condensers 324 and re-
cistances 325, as-illustrated in Fig. 89, or if

. we substitute for the impedance coils 66, 66
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(Figs. 3, 6 and other figures) condensers 322
and resistances, 323, as illustrated in Fig.
89. Or the condensers 322 may be arranged
in parallel, as illustrated in Fig. 90, which
is a view similar to Fig. 85, but showing
condensers 322 and resistances 323 substi-
tuted for the impedance coils 60, 60, belong-

‘ing to the construction illustrated in Figs.

85,86 and 87 and before described. The

parallel-circuit arrangement is-cheaper with.

condensers than the series arrangement. I
say some effect of control is possible to a
skilful performer when condensers are sub-
stituted for the impedance coils 120, 60, arid
66 of the preferred construction and it
seems not impossible that a skilful per-
former, making a study -of his instrument,
might produce some striking effects with an
arrangement of condensers such as is illus-
trated in Figs. 89 and 90. But for all ordi-
nary purposes and for all ordinary perform-
ers, I consider the preferred form of expres-
sion mechanism illustrated in Figs. 3,3* and
6, and in Figs. 20 to 33, vastly preferable to
that illustrated in Figs. 89 and. 90; in which
the resonance phenomena (or phenomena in

the nature of or related to resonance phe-.

nomena, that is to say, the phenomena which
takes place in a.circuit having resistance,
self-induction and capacity when the fre-
quency of the vibrations is widely changed
or the capacity, resistance or self-induction
substantially altered), which, with ‘much

study and great skill on the part of the per- -

former, might, perhaps, be turned to excel-
lent advantage, would for most purposes and

the loudness of the result--
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in the hands of the great majority of per-
formers be liable to, produce serious difficul-
ties from which the preferred construction
is entirely free.

Another mode of controlling the expres-
sion is to insert a choking coil in a circuit
over which vibrations corresponding to a
sound to be produced circulate, and to vary
the loudness of the sound by varying the
virtual or effective impedance of the chok-
ing coil: One arrangement for this purpose
is illustrated in Fig. 91, in which 340 1s a
choking coil in series with the coils 561, etc.;
341 is a secondary coil which is made to be
in intimate inductive relation to the choking

70

75

80

coil 340 in any suitable manner, as, for -

ingtance, by winding them upon 2 suitable
core, such as the core 165, Figs. 26 and 27.
1 the choking coil 340 be given a sufficient
amount of geléf induction, very little current
can circulate through it while the circuit of

_the coil 341 is open, but if we close the cir-

cuit of the coil 841, the impedance of the

85

choking coil 340 will be reduced more. or

less according as the impedance of the coil
341'is greater or less. In Fig. 91, 120, 120
are the parallel impedance coils controlled -

“by the switches 842, 342, while the switch 343

closes the circuit of the coil 340 directly.
With this arrangement, the flow of current
through the coils 561 and 340 is controlled
by controlling the switches 342 which affect
the impedance of the dircuit of the coil 341.
A similar choking coil 840 is placed in cir-
cuit with the coils 58 and 62, and a second-
ary coil 341 is placed in intimate inductive
relation to said coil 340, as before described,
and the impedance coils 60, 60, connected
with the contact-plates or buttons 130, and
controlled by the brushes 61, before de-
scribed, are connected in series with said coil

841, so that the performer, by varying the

position of said brushes 61, controls the im-
pedance of the circuit of the coil 341, -and
thereby affects the intensity.of the currents
in the circuit of the coils 58 and 62.

Instead of using a single secondary 341
to the choking coil 340, a plurality of sec-
ondaries may be used, each having prefer-

controlled by closing the circuits of - these
different coils 341 either singly or in dif-
ferent combinations. This construction 1§
illustrated as a means of controlling the
power of the vibrations in the coil 56, Fig.
91. Or we may vary the number of-active
turns either in the choking coil 340 or in
the secondary 341 in inductive relation to it.
These modes are illustrated as applicable
to controlling the power of the vibrations
in ‘the circuits of the coils 56" and.56°;
Fig. 91. ' S "
In Fig. 91, I have illustrated different
variations for the several cvils 56, 56, 567,
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*ably a much greater impedance than the coil 1156
-840, and the loudness of the tone may be ©
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and 56¢, respectively, but it will be obvious
that either type might be used for all the
coils 56, 562, H6b, ete.

Numerous other modifications may be
made in the expression mechanism. Those
described have been described by way of
llustration, and not by any means as an
enumeration of all possible modifications,
for many others are possible. But I wish
it to be very clearly understood that while
I have illustrated the various forms of ex-
pression mechanism before described, in

‘order to make clear the principles of my in-

vention and, as far as space would permit,
some of the many variations and modifica-
tions that may be made in the practising
of it, I consider the expression mechanism
illustrated in Figs. 3 to 6 and 20 to 33 as
much preferable to any of the others. The
intimate inductive relation which it is easy
to secure between the several primary coils
as 56, 62, 64, etc., and the secondary coils as
58, 63 and 65, corresponding respectively to
them, reduces the loss of energy resulting
from the inductive transfer of the vibrations
from one circuit to another; while the fact
that the loudness of the tones can be gov-
erned instantly, merely by throwing the dif-
ferent switches as 55, 55, 55%, 55%, or oper-
ating upon the keys 67, 67, of the dynamic
manual, or by shifting the contact fingers
61, 61, over the contact plate 130, 130, makes
it possible to change the loudness very rap-
idly, and to do this even in a large machine
without giving movement to the heavy
bodies which would have to be moved in a
Jlarge machine, particularly with the modifi-
cations illustrated in Figs. 50 to 534 and 57
to 58. ' -

Instead of using a single secondary coil
58 for a keyboard, upon which all the coils
56, 56, 56°, etc., act, as illustrated for exam-
ple in Figs: 8, 3% and 6, we may use a dis-
tinet secondary for each of said primary
coils. See, for example, Figs. 50, 54 and 55.
Or instead of using one single secondary
coil 58, common to all the primary coils 56,
562, 56°, etc., of a keyboard, as in Figs. 3, 3*
and 6, or using as many secondaries 58, 58,
as there are primaries, as in Figs. 50, 54
and 55, we may use a plurality of the sec-
ondaries 58 for a keyboard, and arrange
a plurality of the primaries 56, 562, 56", etc.,
in inductive relation to one or more of such
secondaries or to each of them. Ome such
arrangement is illustrated in Fig. 59.

Or on the other hand, we may use a single
secondary coil 58 for a keyboard, and in-
stead of the several primary coils 56, 56,
56, etc., may use one single primary coil
made of a single thick wire or of a plural-
ity of wires, connected together in parallel,
so as to have a very low resistance, relatively
to the impedance coils, 120, 120, controlled
by the switches 585, 55. One arrangement is

illustrated in Fig. 60, in which 234 is a pri-
mary coil of very low resistance, inserted
between ‘the switches 55, 53, and the com-
mon-return wire 48, in place of the several
primary coils 56, 562, 56, etc., before de-

scribed. But I consider the separate coils -

56, 569, 56°, 56°, etc., preferable to the one
common coil 234, :

Similar remarks apply to the coils 62, 62,
and 63. A single coil 63 may be used, upon
which all the coils 62, 62, act; as illustrated,
for example, in Figs, 3, 34 and 6; or a coil
63 may be used for each of the coils 62, 62,
as illustrated for example in Fig. 50; or a
plurality of coils 63, may be used with a

Al
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plurality of coils 62, acting on each of them, -

as illustrated, for example, in Fig, 59.
Instead of using a plurality of armature
windings, corresponding to the different or-
ders of partial-tones that an alternator is
designed to furnish to notes of different
pitches, we may supply. vibrations in any

.other suitable manner from the alternator

85

to the several circuits which it is designed

‘to feed. ‘

Thus, to mention one example, we may con-
nect the terminals of an alternator through
the primary coil of an inductorium or trans-
former, and may furnish such inductorium
or transformer with a plurality of independ-
ent secondary coils that are co nected with
the contact-springs 49 492, 49%, ete. (or with
the switches 282, 2822, 282, etc.), on the one
hand, and with the common-return wire 48
on the other hand, in the same manner in
which the several armature windings are
connected. Fig, 61, which is a view in gen-
eral similar to Fig. 34, illustrates such a
modification; 2, 2, 3, 3, and 4, 4, are the al-
ternators before described; 232, 232, are the
primary coils with which the terminals of

‘said alternators are connected and through

which they respectively pass their vibratory
currents; 233, 233, are the secondary coils
in inductive relation to the corresponding
primary coils 232, 232. In general, it will
be observed, there are a plurality of second-
aries 233 for each of the primaries 232; and
each of these secondaries has one end con-

nected with the common-return wire 48 and

the other with the appropriate contact
spring 49, 492, ete. (Figs. 8, 3% and 6) or
with the appropriate switch 282, 2822, 282°,
ete. (Figs. 38 to 44). '
appears so clearly from Fig. 61, when viewed
in the light of the preceding figures and de-
scription before given applying to them, that
further description is unnecessary.

Of modified and alternative alternators.

Instead of using the forms of alternators
illustrated in Figs. 8°to 19 and before de-
scribed, any other kind of alternator that is
suitable for the purpose may be used. But
if we use alternators with rotating-toothed

90

95

100

105

110

115

The construction °

120

126

130



42

- inductors, we may, instead of using field-
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poles circumferentially arranged, of alter-
nately north and south polarity, and having
armature coils wound upon their teeth (as
illustrated for example in Figs. 13 to 19
inclusive) arrange the rotating-toothed in-

ductors in pairs with an armature ring built

up of thin sheets of soft iron or steel sur-
rounding each inductor and an annular yoke
connecting such armature rings and a single

exciting coil located between the two arma-’

ture rings, or between the two inductors, and
surrounding the rotating shaft to which said
two inductors are secured. One illustration
of this construction is given in Figs. 62 and
63, which illustrate six alternators forming
a ground-tone set, though the principle is

of course the same whether applied to the

ground-tone set of alternators or to one or
both of the supplemental sets, the only nec:
essary difference being in the number of
teeth in the several inductors and in the ar-
mature rings surrounding them which num-
ber of teeth {where all the alternators cor-
responding to the different octaves of a note
and. to harmonics of.said octaves are mount-
ed upon the same shaft) may be as already

“explained in connection with' Figs. 8 to 19

inclusive, being of course more numerous for
the alternators of the supplemental sets than
for the.corresponding alternators of the
ground-tone sets. Also, with the construc-
tion illustrated in'Figs. 62 and 63, the alter-
nators are arranged in pairs, so that there
should be an even number of them on a

. shaft.
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.in elevation.

Tig. 62 is a view partly in section, partly
The two leftmost alternators,
whose rotating inductors have 3 teeth and
6 teeth respectively, are:shown in elevation;
the next two alternators are shown with
their annular frame, armature rings and en-
ergizing coil in section and the inductors

1,205,601

versa. 247 is the annular yoke piece which
may be shaped as shown in the drawing,
Figs. 62 and 63, and bolted. firmly to the
bed-plate.
steel. Stiffening side rings 248, 248, are

‘riveted to the rotating inductors, and simi-

in elevation, while with the two rightmost -

alternators_the inductors also are shown in
section. Fig. 63, is a transverse section on
the line 68, 63, Fig. 62.
and 36, 36, are the rotating inductors which,
supposing -the one of lowest frequency to
have three teeth, should have 8, 6, 12, 24, 48
and 96 teeth respectively. 245, 245 are the
armature rings surrounding each its own
inductor, and each having preferably twice
as many teeth as the corresponding induc-
tor (see Fig. 63) subject to the qualification
that where the teeth are very small on the
inductors of high frequency, the construc-
tion illustrated in Fig. 17, as applied to the
teeth formed upon the field-poles 38, 38, may

be applied to the corresponding teeth formed-

upon the rings 245, 245. The coils on ad-
jacent teeth 246, 246, of an armature ring
245, are oppositely wound because the mag-
hetic flux increases in one tooth as it de-

creases in the next adjacent tooth, and vice

12 is a pitch-shaft,

lar rings 249 and 250 are riveted to the
armature rings 245; the outer ring 250 be-
ing extended radially so that it may be bolt-
ed to the annular yoke piece 247. Sleeves

It may be made of cast iron, or-

70

75

of wrought iron or mild steel 251, 252, are .

placed on. the pitch-shaft between the in-
ductors 36, 36, to hold them the proper dis-
tance apart, and also in the case of the
sleeves 251, to give additional cross-section
to the magnetic circuit. This circuit is cre-
ated by the action of the currents in the ex-
citing coil 258 wound on the spool 254. The
lines of force or of magnetic flux, created
by this coil, may be supposed to flow through
the shaft 12, outward through one of the
inductors 36, and across the air-gap to the
armature ring 245, corresponding to such
inductor, thence through the anntlar yoke
piece 247 and through the other armature
ring ‘245 of the same pair, and thence in-
ward across the air-gap to the rotating in-
ductor 36 corresponding to it, and so back
into the shaft 12 —

The several exciting coils 253, 253, are
connected, each through its own regulating
rheostat 12, with the-direct-current exciting
dynamo 31, before described.

Many other forms of alternators are
known and in common use. I have invented
neither- the alternator itself nor any im-
provement in the alternator, considered by
itself alone. My invention, so far as the
alternators are concerned, relates not to the
individual unit, but to the combination of
units, having the requisite frequencies, with
the toothed gearing and with the various
expression devices and other improvements,
described in this specification. Such being
the case, it will be understood that any other
alternators that are suitable for the purpose
may be used instead of those before de-
scribed. - ‘ .

T consider alternators to be the best and

‘most satisfactory means of producing elec-

-~

_nators.

trical vibrations for producing musie. I
was once of the opinion that the simplicity
and cheapness of a rheotome device made 1t
in general preferable to an alternator, but,
my present opinion is in favor of the alter-
nator. The positive gearing hereinbefore
described and illustrated, for example, in
Figs. 7 and. 64 to 77, may obviously be used
for rotatory rheotomes as well as for alter-
Also very obviously the dynamic
manual and the electrical swell devices may
be used whether the electrical vibrations be-
produced by alternators, by rheotomes, or
in some other manner. And in general the
various features of the expression mecha-
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nism, hereinbefore described, seem applica-
ble, whether the requisite electrical vibra-
tions be produced in the first instance in one
manner or in another. Thus, to give an
illustration, if in Fig. 61, the requisite
electrical vibrations be produced in the sev-
eral circuits 232 by any other means instead
of the alternators, very obviously, the keys
45, 45, the coils 536, 562, 56, 56°, etc., and 58,
the ‘various switches 55, 55 and 55%, the
electrical swell (with its coils 60, its contact-
buttons or plates 130, and its brushes or con-
tact fingers 61), the dynamic manual with
its coils 66 and keys 67, 67; all those, ob-
viously perform their functions the same,
whether the electrical vibrations be gen-
erated or initiated by one means or by an-
other. And what is true of Fig. 61 is
equally true of the other figures illustrating
the expression mechanism. The various ex-
pression devices, before described, will act
to control the electrical vibrations of their
respective circuits, whether these electrical
vibrations be generated or initiated by alter-
nators, or by. other devices.

Of modified and alternative a/rm.n-gementé
of the gearing.

For simplicity’s sake and for that reason
only, we have thus far supposed the twelve

. pitch-shafts in Fig. 7, with the alternators

carried by them, to be each exactly like the

pitch-shaft and alternators illustrated in.

Figs. 8 to 19, the differences in pitch of the

several shafts being made solely by the dif-

ferences in the angular velocities with which
they are respectively driven. Such an ar-
rangement may be used. It involves, how-
ever, very considerable differences in the
angular velocities of the shafts, which it is
desirable to reduce. But by constructing the
alternators driven by some of the pitch-
shafts so that they produce a certain num-
ber of cycles per revolution, and construct-
ing the corresponding alternators carried

- by other pitch-shafts so that they produce a

50

‘can be greatly reduced.

different number of cycles per revolution,
in other words, by making the alternators
carried by some pitch-shafts to differ in the
number of their teeth or pole-pieces, as well
as in their angular velocities, from the cor-
responding alternators carried by other

pitch-shafts, the extreme differences in an-

gular velocities of the several pitch-shafts
For example, we
may make the alternators carried by the
pitch-shafts 15, 1*, 11, 1%, 1' and 1™ to have
one and one-half (1}) times as many revolv-

. ing pole-pieces or inductor-teeth as the cor-

60

65

‘responding alternators carried by the pitch-

shafts 12, 1%, 1¢, 19, 1e and 1%, the alternators
carried by the pitch-shafts first mentioned
having, for example, the numbers of pole-
pieces or of teeth illustrated in F igs. 8 to 19;
or inclusive and before described, and. the

48

corresponding alternators carried by the
pitch-shafts 1, 1%, 1°, 14, 1® and 1f having
each but two-thirds (%) as many rotating
pole pieces or inductor-teeth as the corre-
sponding alternator illustrated in Figs. 8 to
19; or giving to the alternators carried by
the pitch-shafts 17, 1°, 1¢, 19, 1% and 1, the
same numbers of rotating pole-pieces and

70

inductor teeth as the alternators that are -

illustrated in Figs. 8 to 19, we may give

* exactly one-third more rotating pole-pieces

or inductor-teeth to the corresponding alter-
nators that receive movement from the
pitch-shafts 1g, 1", 11, 1%, 1' and 1. 'We may,
then, for convenience sake, take these three
cases as typical, namely:

Case A: The alternators carried by each
of the twelve pitch-shafts have exactly the
same cyclical frequencies as the correspond-
ing alternators carried by the other pitch-
shafts, and the alternators carried by -the
twelve pitch-shafts are made to correspond
respectively to the successive octaves of the
twelve notes of the chromatic scale by giving
to the twelve pitch-shafts angular velocities
having the same or substantially the same
numerical ratios as the vibration-frequencies

of the twelve notes of the chromatic scale-

within the compass of an octave. -

Case B: The alternators carried by the six
pitch-shafts 1g, 1%, 1}, 1%, 1' and 17, are con-
structed to produce one and one-half (1})
times as many cycles per revolution as the
corresponding alternators carried by the
pitch-shafts 12, 1, 1°, 19, 1¢, 175 and

Case C: The alternators carried by the six
pitch-shafts 15, 17,11, 1%, 1! and 1™, are con-
structed to produce one-third more cycles
per revolution than the corresponding alter-
nators carried by the pitch-shafts 1%, 1°, 1¢
14, 1¢ and 1%

These three cases are typical and will be
referred to hereinafter as Case A, Case B
and Case C, respectively. Many other cases
might, of course, be put, which there is not
space to discuss. Cases A, B and C are suffi-
cient to illustrate the subject. I consider
Case B and Case C as preferable construc-
tions to Case A for large machines, if not
for all machines. If we use the gearing
illustrated in Fig. 7, the wheels 9 and 10 in
Case A may have, respectively, 128 and 181
teeth, or some equal multiples thereof, as 256
and 362; in Case B they may have 192 and
181 teeth, respectively, or some equal multi-
ples thereof, as 384 and 362 teeth, respec-
tively; in Case C they may have preferably
soine equal multiples of 33 and 35, respec-
tively; as, for example, 198 teeth for the
wheel 9 and 210 for the wheel 10.

Another form of gearing is illustrated in
Fig. 64. In this figure, as also in Figs. 7
and 65 to 81, inclusive, a reference-numeral
consisting of figures followed by the letter
T, indicates a gear wheel, having as many
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teeth as‘the number indicated by the figures.
Thus “897,” applied to a part, indicates that
it is a gear wheel having 89 teeth; 497, a
gear wheel of 49 teeth; 557, a gear wheel of,
55 teeth, and so onj such gear wheel being
in each case keyed to the shaft carrying it.
1s, 10, 1¢, 19, 1e, 1%, 18, 17, 1, 1%, 11 and 1=, Fig.

64, are the twelve pitch-shafts correspond--

~ing, respectively, to the twelve consecutive

10

notes of the chromatic scale of equal tem-

‘perament, and which serve each to give
~movement to the alternators (see for exam-

/ ple Figs. 8 to 19 or Figs. 62 and 63) that

produce the successive octaves of the note to
which it corresponds. Remembering these
two facts, and remembering, also, what is
meant by Case A, Case B and Case C, as

" above explained, Fig. 64 and most of the

20

30

figures following, illustrating gearing, are
so plain upon the face of the drawing that
verbal explanation can add nothing to them,
and will be given only as to special points or
comparative features, etc. o

" The adjacent shafts of a group correspond
25

in Fig. 7 to notes of the chromatic scale a
semitone apart, and in Fig. 64 to notes of the
chromatic scale a whole tone apart.

Fig. 65-illustrates an arrangement of gear-
ing in which the twelve pitch-shafts are ar-
ranged in three groups, the adjacent shafts
in each group corresponding to notes of the
chromatic scale a minor third (or three half-
tones) apart.

.. Subject to the qualification already point-

35

‘ed out, that we must. not, according to the

"size of the machine, unduly diminish the

40

_they now have.

45

distance between the main driving-shaft 8
and the pitch-shafts as 12, 1°, etc., the wheels
3207, 356" and 2207, keyed to the shaft 8,
Fig. 65, may have only three-fourths or one-
half, or even one-fourth as many teeth as
The exact arrangement of
the gearing and tooth-numbers in Fig. 65 is

‘for Case A, before described. For Case B,
each of the three groups of pitch-shafts may -

be modified by substituting for the gear 747,

" of seventy-four teeth, on the third shaft (1®

50

56

" higher shaft. (1%, 1* or 1').

60

66

cor 1® or 1') of the group, a gear having one
‘hundred and eleven teeth. To adapt the

gearing illustrated in Fig. 65 to Case C,

" described. above, we have only to substitute

for the gear 887, of eighty-eight teeth, on the
shafts 19, 1° and 1f, a similar gear, having
sixty-six (66) teeth to mesh with the gﬁar
747, of seventy-four (74) teeth on the next

Fig. 66 illustrates another arrangement of
gearing, in which the pitch-shafts 1%,1°, 1¢,
19, 1¢ and 1%, are driven by gears keyed to
the shaft 8, while the pitch-shafts 15, 1%, 1},
‘1%, 1%, and 1™, are driven by gears keyed to
the supplemental shaft 82 The shaft 8 is
connected with the shaft 82 by means of a
gear 300 keyed to the shaft 8 and meshing
with a gear 300° keyed to the shaft 8. For

1,205,601

the arrangement of alternators before de-

_seribed as “Case A,” the wheels 300 and 300*

should have 181 and 128 teeth, respectively,
or some equal multiples thereof, as for ex-
ample, 362 and 256 teeth, respectively. For
Case B said wheels 300 and 3002 should have
181 and 192 teeth, respectively, or some equal
multiple thereof, as for example 862 and 384
teeth, respectively.
described, the wheels 300 and 300* may have
210 and 198 teeth, respectively, or any other
numbers of teeth that are equal multiples of
35 and 33, respectively. .. :

‘Giving to the several gears in Fig. 66, re-
spectively, the numbers of teeth indicated on

‘the drawing and before described, the shafts

8 and 8, respectively, have just one-fourth
the angular velocities of the shafts 1 and 1%,
respectively. We may, without altering the
number of teeth in the gears keyed to the

_shafts 1=, 17, 1°, 14, 1, 11,718, 10 1% 1k, 1! and
" 1m, reduce the numbers of teeth in all the
gears (except gears 300 and 300%) carried by

the shafts 8 and 82, Fig. 66, to three-quarters
(3) or to one-half (4), or'even to one-fourth

_(3). the numbers marked on the drawing and

before described, subject to the qualification
(which in many cases would prevent any

And for Case C, before:

70

76

80

85

such reduction) that we must not make the -

gears on the shafts 8 and 8* so small as to
bring the pitch-shafts as 12, 1%, 1g, 1 ete.,
so close to the shafts 8 and 8 as not to leave
sufficient room for the alternators carried by
said pitch-shafts. By using bevel gears, the
number of teeth in the driving gears on the
shafts 8 and 8* that mesh with the wheels
447, 55T, 89T, 80T, 84T and 497, respectively,
may be made to be, respectively, 87, 49, 84,
80, 89 and 55, respectively, as is indicated in
Fig. 67; or they may be made to be equal
multiples of these numbers, the numbers of
teeth in the driving gears on the shafts 8

and 8 (that mesh with the gears on the

twelve pitch-shafts 1% 1%, etc.) being all mul-
tiplied, in such case, by the same number as

-9, 8, 4, etc. .,

In Fig. 67, it will be observed, the angu-
lar velocities of the shafts 8 and 8*-areiden-

tical respectively with the angular velocities

of the shafts 1¢ and 1%, and in Fig. 66, in
which the gears on the driving shafts 8 and
8* have each four times as many teeth as the
corresponding gears on said shafts 8 and 8%,
in Fig. 67, said shafts 8 and 8 have exactly
one - fourth the angular velocities of the
shafts 19.and 1* respectively. The essential
thing is the relative angular velocities given
to the twelve pitch-shafts 12, 17, 1¢, 19, 1°, 17,
1s, 10, 11, 1k, 1T and 1™; numerous variations
of the gearing may be made, so long as the

relative angular velocities of the twelve

pitch-shafts are kept the same or substan-

95

100

10.

I

1L

121

12,

tially the same as illustrated in Figs. 64 or

65 or 66; and Fig. 68, illustrates one of the

many possible variations. Thetwelve gears.

18
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keyed respectively to the twelve pitch-shafts
and the twelve gears on the shafts 8 and 8*
meshing with them may have respectively
the numbers of teeth indicated in Fig. 68.
For Cases A, B and C, before described,
the wheels 800 and 3007, Figs. 67 and 68,
may have the respective numbers of teeth
before described in connection with Fig. 66.
Instead of using the two shafts 8 and 82,
we may drive each of the twelve pitch-shafts
directly from a single shaft 8. One such ar-
rangement, out of many possible ones, is
illustrated in Fig. 69, as adapted to Case A,
before described. By altering the number
of teeth in the gears, however, gearing like
that of Fig. 69, having a single driving-shaft

_ connected directly with eacn of the twelve

20

25

30

35

40

pitch-shafts, may be used in Cases B and C
before describ‘eg.

modification adapted to Case C before de-
scribed. '

I consider it preferable to run the driving-

shaft 8 (or the driving-shafts 8 and 8*) at a
less number of revolutions per minute than
the pitch-shafts 12, 1%, ete. “"With spur-gear-
ing (as illustrated in Figs. 7, 64, 65, 66 and
69) particularly this is necessary, at least in
a large machine, in.order to separate the
pitch-shafts 12, 1P, eté., carrying the induc-
tors or armatures, a sufficient distance from:
the main driving -shaft 8, or 8, without
using such large gears on the pitch-shafts as
would involve excessive peripheral velocities
for the gears. With bevel gearing this ob-
jection does not apply. -Also, it may be ob-
viated by using an-intermediate gear, or
“jdle wheel”, between the driving gear on
the shaft 8, or 8, and the driver. gear on
the pitch-shaft. But it is desirable to avoid
all such complication and, in any case, I
consider it in general preferable to drive the
main shaft 8 at a lower speed than thé pitch-
shafts 1%, 1%, etc. Assuming, however, that

_the groups of alternators carried by the

45

twelve pitch-shafts are alike (that is, that
the alternators of one group have the same

“cyclical frequencies per revolution as the
corresponding alternators in each of the .

" other groups) so that said pitch - shafts are

50

. bb

made to correspond respectively to the

“twelve notes of the chromatic scale, by driv-

ing them with angular velocities correspond-
ing to the vibration - frequencies of the

_twelve notes of the chromatic scale; and as-

suming, also, that the pitch-shaft 1 is to be

driven with the same angular velocity as

" the main driving-shaft, 8, then the gear on

60

said pitch-shaft 1* should have the same

number of teeth as the gear on the driving-

shaft with which it meshes and by which it
is driven, and the numbers of teeth, respec-
tively, of the driving gear on the main shaft

8 and of the intermeshing driven gear on the'

| pitch-shaft 1°, 1¢ etc., for each of the other

65

eleven notes of the chromatic scale may be as

Fig. 70 shows such a

as

follows, the number of teeth of the gear on
the driving - shaft being first given, in each
case, namely :
For the shaft
{3 [41 143
143 (13 11
[T 14 11

89 and
110«
197 88 ¢ . 74;
le, 247 % 196; or
less perfectly in respect of equal tempera-
ment tuning, 121 and 96, or still less per-
fectly, 87 and 69;

For the shaft 1%, 295 and 221, or less per-

fectly for equal temperament tuning 120
and 90; i '

For the shaft
« « N

1P,
1,

84;

98; 70

75

181 and 128; 80
120 “  80;
127 ¢ 80;
111 ¢ 66;
114 % 64
168 « 89,

The notes of the alternators carried by the
shaft 1t in the table just given are a little.,
sharp (about one-fiftieth of a semitone) for
equal temperament. A wheel of 442 teeth,
on the driving-shaft, meshing with a wheel
of 295 teeth on the shaft 1*, would give al-
most mathematically perfect equal tempera-
ment tuning to said shaft 1*; but such large
numbers of teeth on rapidly moving wheels
are subject to great, if not practically in- .
superable, objections. In a high-speed ma-
chine, the numbers of teeth first given in the
above table for the gears for the shafts 1°
and 1f are so large as to be objectionable;
and in any such case the numbers of teeth
next given in said table for said gears may
be used instead.

Instead of driving all the pitch-shafts,
each directly from one common driving-
shaft, as in Figs. 69 and 70, or from two
driving-shafts 8 and 8%, as in Figs. 66, 67
and 68; or arranging the pitch-shafts in
groups, each driven from a main driving-
shaft, as in Figs. 7, 64 and 65, we may con-
nect the twelve pitch-shafts together 1n
series. One arrangement of gearing for this
purpose is illustrated in Fig. 71, in which
each of the twelve pitch-shafts, 12, 1%, 1°, 17,
1e, 11, 15 1v, 1!, 1% 1' and 17, commencing 115
with 12, is connected with the pitch-shaft
next above it in the series by a gear 897,
keyed to the lower shaft, meshing with a
gear 847, having eighty-four teeth keyed to
the next higher shaft of the series; except 120
that gears 90T and 857, having ninety teeth
and eighty-five teeth respectively, are keyed -
to the shafts 1° and 18 respectively to mesh
with the driving gear 457, keyed to the ar--
mature-shaft of the electric motor 11. Thus 125
any pair of pitch-shafts, corresponding to

113 43 [{3
13 113 113
113 [43 [13
113 “’ 113

85

90

95

100

105

110

‘two consecutive half-tones of the chromatic
_scale, have angular velocities whose numerl-
_‘eal ratios are eighty-four to eighty-nine, ex-
- cept that, in the middle of the ; series, we give 130



10
15
P
25

30

43

the two shafts 1t and 1¢ angulér velocities

standing to each other as 85 to 90. For the
gears 907 and 857 on.the shafts 1 and 1% we
might substitute gears of eighty-nine teeth

-and eighty-four teeth respectively—in other

words we might give to every pair of adja-
cent shafts the relative angular velocities of
84 to 89; but the tuning is improved by using
a slightly smaller ratio, as for example 85 to
90. for at least one pair of shafts. It is not
necessary to use this different ratio between
the sixth and seventh shafts of the series; it
might be used at some other point; but with
the ratio 85 to 90, it is desirable to use it at
or near the exact middle of the series.

Fig. 71 is adapted to Case A, above de-
scribed.  Toadapt the gearing illustrated in
Fig. 71 to Case B, described above, we have
only to substitute a gear of sixty teeth for
the gear 907, of ninety teeth, keyed to the
shaft 1! to engage the driving gear 457.  To
adapt the gearing illustrated in said Fig.
71 to Case C, described above, we have only
to substitute for the gear 907 on the shaft
1t a gear of eighty-nine teeth, and for the
gear eighty-five teeth on the shaft 18, a gear
of one hundred” and twelve teeth; in, which
case it will be desirable also to substitute for
the intermeshing gears 89T and 84T on the
shafts 1°¢ and 1% respeciively (or on the
shafts 18 and 1* respectively) two gears
having ninety and eighty-five teeth respec-

. tively. Or we may keep all the gears on the

35

50

85

shafts 12 to 1f inclusive and 12 to 1™ inclu--

sive, exactly as illustrated in Fig. 71, and
before described, and use two gears on the
driving-shaft of the motor 11, for example,
a gear 45T, of forty-five teeth, with- which
the gear 857, keyed to the shaft 1%, meshes,
and another gear, 607, having exactly one-
third more teeth, with which the gear 907,
keyed to thu shaft 1f, meshes, as illustrated
in the detail view, Fig. 72. :
Instead of arranging the pitch-shafts in
one series, as in Fig. 71, we may divide them
into two or more groups, connecti i
members of each group in series ar
necting the several groups each pre
at or about its center With the main driving
shaft. Fig. 78 illustrates one constraction
for this purpose, in which the wheels 9 and

no-
el

10 may have for Cases A, B and C, before:

‘described, the numbers of teeth respectively
before described in connection with Figs. 7
and 64, :

Figs. T4, 75, 76 and 77 illnstrate still
other modifications. The wheels ¢ and 10,
respectively, in Figs. 74 and 76, may have,
for Cases A, B, and C, respectively, the
numbers of teeth already described in con-
nection with Figs. 7 and 64. Figs. 75 and
77, as drawn, ave adapted for Case A, before
described, but may easily be altered to one
of the other cases, if desired.

1,205,601 -

" T consider gearing such in principle as

that illustrated in Figs. 66 and 69 most suit-
able for large and heavy machines. For ma-
chines of small or medium size, gearing such
as that illustrated in Figs. 7 and 76 may be
found more convenient, since it does not re-

uire so many large (and therefore expen-
sive) cut gear wheels.
trated in Figs. 67 and 68 seems more suitable

for small or very small machines than for.

very large ones. The series gearing illus-
trated in Figs. 71 and 72 has the advantage

65

70

The gearing illus- -

75

of requiring no large gears at all, but is sub- .

ject to the disadvantage that a single pair of
intermeshing wheels bears the load of driv-
ing half a dozen pitch-shafts, and to the fur-
ther disadvantage, particularly in connec-
tion with the larger and more sensitive in-
tervals, such as the fifth, that the connection
between one shaft and another is in most
cases made through six or more pairs of in-
termeshing gears, and is, or may be, subject,
as the gears wear, to the back-lash of all.
The tuning is a little nearer to abSolute

‘mathematical” perfection with the arrange-

ments of gearing illustrated in Figs. 7, 76,
64 and 66 to 68 than with Figs. 71 to 74.
Figs. 7 and 64 to 81, inclusive, are dia-
grammatic or schematic views in which no
attempt is made to show the correct propor-
tions of the parts; to illustrate the scheme of

_which clearly, without unduly increasing the

size of the drawings, the gear wheels, which
are the essential features, are illustrated on
a much larger scale than the pitch-shafts.
The proper arrangement of the pitch-shafts
and the gears, with the numbers of teeth in
the several gears, are clearly marked, but the
size of the gears, which should vary accord-
ing to the loads they are to transmit, is left,

80

85

90

96

1¢0

of course, to the judgment and skill of the 1¢¢

builder. Also no attempt is made to show
the journals or bearings, which are matters
of ordinary mechanical skill.

The numbers of teeth for the several
wheels, give the several lists preceding
and marked on the several figures are be-
ileved to bs, in each ease, on the whole, the
: iens. . But, first, it is to be un-
it for any intermeshing pair of
wheels, in any of the figures in which gear-
ing is shown, we may, so far as the mere
principle of the thing is concerned, instead
of using the numbers of teeth specified or
marked, use equal multiples thereof, or

where possible, equal sub-multiples; for if .

the number of teeth in each of two inter-
meshing gears be either multiplied by the
same number or divided by the same num-
ber, the relative angular velocities of those

wheels remain unaltered. Butin many cases, -z

any such multiplication of the numbers of
teeth would necessitate either making the
teeth very small or the peripheral speeds
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very high, both of which are to be avoided;
and in many cases any great reduction in
the number of the teeth would involve other
disadvantages. Secondly, instead of using
the relative speed ratios given in the draw-
ings, for the several pairs of intermeshing
gears, other and slightly different speed ra-
tios may be used, at least in some cases. But
as I have given in each case the speed ratios
that I consider most practicable, I shall not.
burden this specification with any further
lists. Thirdly, if the speed of the driving
shaft, as 8 or 8%, with relation to one of the
shafts, as 1* or 15, driven by it, be mate-
rially altered, the speed of said driving shaft
with relation to that of each of the other
pitch-shafts driven by it should be altered in
the same or substantially the same propor-
tions; the essential thing being to give to the
several pitch-shafts the requisite angular ve-

locities. The relative angular velocities for

the twelve pitch-shafts are as follows, for
Cases A, B, and C, respectively, represent-
ing that of the .slowest moving or lowest
pitch-shaft, 1=, by 256 arbitrary units (not
degrees or radians), namely :

- . TnCase A. InCaseB. InCaseC.
-For the pitch-shaft 1a.......... 256. 256. 256.
“ « b .. 27122 271.22 271.22
“ “ 287.35 287,35 287.35
“ “ 304. 44 304, 44 304. 44
“ “ 322, 54 322, 54 322.54 -
“ “ 341.72 341.72 341.72
«“ “ 362.04 241,36 271,53
« “ 383.57 255.71 287.68
«“ “ 406. 37 270. 92 304.78
« iy 430. 54 287,03 322.90
- “ 456. 14 304. 09 342,11
“ i« 483,26 322.18 362. 45

Very slight variations from these relative .

speeds may be made (and in some of the
drawings, Figs. 7, and 64 to 77 are made)
without any perceptible injury to the tun-
Ing, but any large variations would affect
the tuning injuriously for equal tempera-
ment. -

I have used gears of cast steel very ac-
curately cut. Steel is preferable to iron on
account of its greater strength and wearing
qualities and its ability to run safely at
higher speeds. Accuracy of the teeth of each
gear 1s important not only to insure smooth

and rapid running -without undue noise,

shock or vibration, but also because varia-
tions in the speed- of the shafts, resulting
from inaccuracies in the gearing would affect
the tuning. The best, if not the only way,
to secure accuracy in the teeth of the gears
is to cut them carefully with a well-built.
and accurate gear-cutter, or other similar
machine. The shafts upon which any two
intermeshing gears are respectively mounted
should be arranged, in the case of spur gears
(Figs. 7, 64, 65, 66 and 69 to 81) as nearly

-as possible rigidly parallel and with the

intermeshing .or pitch-line nicely adjusted.
Excessive peripheral speeds, on the one

" hand, and unduly small teeth, on the other,

a7

should be avoided ; but using, as I have done,

cast-steel gears very accurately cut, speeds

are quite safe that would be excessive with
uncut castiron gears. ' - ‘
It is important that the shaft 8, Figs. 7
and 64 to 81 be driven with a umiform or
nearly uniform velocity; and any motor
which is subject to considerable variations
in velocity at different points in its cycle
or at different moments, is ill adapted to the
purpose. For these variations in the angu-
Iar velocity of the shaft 8 and of the pitch-
shafts and alternators connected with it,
would result in corresponding variations in

the key of the composition that is being.

played, the key rising with any increase in

the velocity of the shaft 8, and falling with

any decrease in its velocity. DBut the pitch-
shafts 12, 1%, etc., with the alternators car-
ried by them, have a very considerable
equalizing or fly-wheel effect; and if the
electrical motor 11 be well built, to run at a
constant speed and be fed from a suitable
source of current of constant voltage, as for
example a large and well designed direct
current dynamo, run by a good engine, the
variations in the angular velocity of.the
shaft 8 will not be noticed by the average
listener.

The torms of gearing illustrated in Fig. 7
and Figs. 64 to 77, and before described,
are adapted to the chromatic scale of equal

temperament, which is now in universal or .

almost universal use throughout Christen-
dom. DBut the principles of my invention
are applicable to other scales. Figs. 78, 79,
80 and 81 illustrate different forms of gear-
ing for the diatonic scale in tlie natural or
just temperament. 1%, 1¢, 1¢, 1%, 18, 1k and
1m are the pitch-shafts, corresponding re-
spectively to the seven notes of the diatonic
scale and "each giving movement to a plu-
rality of alternators, for producing succes-
sive octaves of the note to which the shaft
carrying them corresponds. In Ifig. 78 the
shafts 17, 1¢, 1¢, 1f, 1%, 1% and 1™ are con-
nected together in series by gear wheels
keyed to the vespective shafts and having the
numbers  of teeth marked on them in the
drawing; while in Fig. 79 said shafts 12, 1¢;

1e, 11, 1r, 1% and 1™ are driven respectively.

by the wheels 1927, 2167, 2407, 2567, 2887,
8207 and 8607, which are keyed to the shaft
8 and have respectively 192, 216, 240, 256
288, 320 and 360 teeth, said wheels meshing
each with a gear 487, of 48 teeth keyed to
the corresponding pitch-shaft.

Figs. 78 and 79 show gearing adapted to
“Case A, described above, in which the al-

“ternators carried by each pitch-shaft pro-

duce the same number of cycles per revolu-
tion as the corresponding alternators carried
by the other pitch-shafts. To adapt the
gearing illustrated in Fig. 78 to “Case B”
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or “Case C,” above described, it is only neces-
sary to change the numbers of teeth in the
gears 547 and 48T that connect the shafts 1
and 11, a gear of 54 teeth, keyed to the shaft
1t and a gear of T2 teeth, keyed to the shaft
1*, being used for “Case B,” and for “Case
(.7 a gear of 54 teeth keyed to the shaft 17,
and one of 64 teeth keyed to the shaft 1™
And to adapt the gearing illustrated in Fig.
79 to “Case B” or “Case C” we have only

. to substitute for the gears 487 of 48 teeth, on

the shafts 1b, 1 and 1™ gears of 72 teeth for
“Case B” and of 64 teeth for “Case C.”

In Fig. 80, two pitch-shafts 330 and 331
only are used, of which 831 carries the
toothed inductors 86, that produce the notes

do, mi and sol, in their successive octaves, -

while the shaft 330 carries the toothed in-
ductors 36, that produce the notes fa, la, do,
mi, in their successive octaves. With the
exact arrangement of parts illustrated in
Fig: 80 (which may of course be altered

" within certain limits), the inductors carried
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by the shaft 831 have respectively 8, 10, 12,
16, 20, 24, 32, 40, 48, 64, 80 and 96 teeth, while
those carried by the shaft 330 have respec-
tively 8, 10, 12, 15, 16, 20, 24, 30, 32, 40, 48,
60, 64, 80, 96 and 120 teeth. The shaft 330
is connected with the shaft 331 by means of
a gear 517 of 54 teeth keyed to said shaft 331

and meshing with a gear 48T, of 48 teeth, .

keyed to the shaft 330.

In Fig. 81, all the inductors 36, 36, are car-
ried by a single shaft 330. With the exact
arrangement of parts illustrated in- Fig. 81
(and which may, of course, be varied from,
more or less,) there are thirty-one inductors,
having, respectively, 6, 8, 9, 10, 12, 15,16,18,
20, 24 27, 30, 32, 36, 40, 45, 48, 54, 60, 64, 72,
80, 90, 96, 108, 120, 128, 144, 160, 180 and
192 teeth, and of which the inductors having
6, 8, 9 and 10 teeth, respectively, give do, fa,
sol and Ia in the lowest octave; those having,
12, 15, 16, 18 and 20 teeth give respectively,
do mi. fa, sol. and la-in the next octave;
those having 24, 27, 30, 32, 36, 40 and 45
teeth give, respectively, the seven notes do,
re, mi. fa sol, la and si in the third octave;
those having 48, 54, 60, 64, 72, 80 and 90
teeth give the same seven notes in the fourth
octave; those having 96, 108, 120, 128, 144,
160 and 180 teeth give, respectively, the same
seven notes in the fifth octave; while the in-
ductor of 192 teeth gives the tonic (do) in
the sixth octave. Such arrangements of the
field-magnet systems and armature coils as
arve illustrated in Figs. 8 and 10 and 13 to

19 (or such as are illustrated in Figs. 62 and

60

63) may be used for the inductors illustrated
in Figs. 80 and 81; the numbers and sizes of
the armature teeth in the field system, being
adapted in each case, to the number of teeth
on the corresponding rotating inductor; or
any other suitable arrangement of field-mag-
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nets and armature cores may be used with
the rotating inductors; or any other suitable
form of alternator, not being an inductor
alternator, may be used instead of the in-
ductor alternators shown.

I have illustrated my  circuit-closing de-
vices, such as the springs 49, 49, 49, 49¢, 494,
etc., illustrated in the schematic views (Figs.

1, 8 to 6, 46 to 49 and others) and the knife

switches, 282, 28922, 9820, 282¢,'2824, etc., illus-
trated in Figs. 38 and 39, as combined with
and arranged to be controlled by, the keys of
a keyboard, like to that of a pianoforte or
organ. But in the first place it will be ob-
vious that such circuit-closing devices may
be operated in any other suitable manner;
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and secondly as many musical devices are”

operated or played automatically by note-
sheets or the like, which in some cases con-

trol, through suitable mechanism, the keys of .

a pianoforte or cabinet organ and in others
control the hammers, valves or other note-
taking devices more directly, such note-
sheets or other similar automatic devices
might be employed to operate my circuit-
closing devices above mentioned or their
equivalents, either by operating the keys
45, 45, of a keyboard or in any other suitable
manner. ‘

The various gearings for the pitch-shafts,

illustrated in Ifigs. 7 and 64 to 81, may be

used to give movement to .an organization
of rotatory rheotomes, such as is described
in the specification of the Letters Patent be-
fore mentioned, dated April 6, 1897, or to
any other suitable arrangement of rotary
rheotomes or of rotary electrical vibration-
generating devices quite as well as to the set
of alternators before described.
most purposes, if not for all, I consider the
alternators preferable, as before stated.

By. méans of the rheostats 12, 12, (Figs.
3,13, 14 and 15 and 62) of which it is to be
understood, as before explained, that there is
one for each alternator (with the construc-
tion illustrated in Figs. 8 to 19), the builder
or voicer or performer can vary the intensity
of excitation of the alternator field-magnets
within wide limits, and can thus give to each
alternator the voltage which he thinks best.
And by connecting different numbers of the
armature coils 32, 32 or 40, 40, of an alterna-
tor into the several groups which serve for
partial tones of different orders in different
notes, he can vary the relative strength of

those partials within wide limits, to produce 1

the effects required. A very cleéar illustra-
tion of this latter point is afforded by Fig.
14, in which of the forty-eight armature
coils, 40, 40, twenty are connected together
in one group to furnish the first partial of
the ¢ of 256 vibrations (¢') ; twelve others in

another group, to furnish the second partial -

But for
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another group, to furnish the fourth partial
to the ¢ of 64 vibrations (C); and eight
others in a fourth group, to furnish the
eighth partial to the ¢ of 82 vibrations (C,).
Now a careful voicer or regulator can, by
taking coils out of a group that sounds too

loud and adding them to a.group that does

not sound loud enough, give to each group
such loudness as he thinks best and can thus
prepare the instrument for the hand of the
performer, who, by the various expression
devices. before described, controls the music
in such manner as he thinks best.

Instead of using one common-return wire
48 for all the armature windings, corre-
sponding to different orders of partial tones,
(as illustrated for convenience’s sake and to
avoid a multiplicity of lines in the draw-
ings), we may use, preferably a different
common-return for each different order of
partial tones. So also instead of using a
single primary winding, as 56, 562, ete., for
all the partial tones of one order in an in-
ductorium, we may use, if desired, a distinct
primary winding in each inductorium, for
each note that feeds vibrations into such in-
ductorium. With the construction illus-
trated in the drawings, in which a single
primary as 56, or 567, 56° etc., is used for
each erder of partial tones in a keyboard, it
is desirable to make the resistance .of such
primary much less than that of the arma-
ture circuits that feed it, so that when two
or three keys, 45, 45, of the same keyboard

.are depressed simultaneously, the effect of

each on the coil as 56, or 56, ete., which it
feeds will not be too much weakened by the
passing of a portion of its current through

other key depressed, as a shunt.

The spring-pressed break-lever 153, illus-
trated in Figs. 30 and 86, for holding the
electric swell in whatever position it may be
placed in by the performer, may be used to
press upon the bars 86, to act as a frictional
check thereon, a friction lever, as 153 and

. spring being used for each of said bars 86
~ (Figs, 53, 53* and 57).
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If the spring-lifting bar 457, Fig. 4, oper-
ated by the key 45 be made of metal, the pins
45°, set in it to 1ift said springs, should be of
vuleanite, or other suitable insulating mate-
rial and the various parts should be so ad-
justed that none of the springs 49, 492, 49v,
etc., operated by said bar will come in con-
tact with it. : ‘

Instead of governing the loudness of the
tones upon the subscriber’s premises by
means of the impedance coils 71, contact-
buttons or plates 72, and brushes 73, we may

control the loudness in any other suitable-

manner whatever. For example, we may use

~an inductorium for each vibration-translat-

ine device, connecting the primary of said
g e, ry

inductorium across the lines or wmains 68
and 69, and closing the circuit of the sec-

49
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ondary through the coils 76 of the receiving -

telephone, Figs. 34 and 35; and we may
vary the intensity of the inductive action
between the primary and secondary of said
inductorium (and thereby the loudness of
the tones produced upon -the subscribers’
premises) in the modes hereinbefore de-
scribed for varying the intensity of action of
the primary 56 on the secondary 58. But
I consider the preferred construction, hav-
ing impedance coils 71, contact-button or
plates 72, and brushes 73, as much the better
form of device for the purpose, particularly
when the impedance coils 71, contact-plates
72, and brushes 78, are arranged, as before
described, in the same manner as the imped-
ance coils 60, contact-plates 130, and brushes
61, 61, Figs. 28 to 33. .

Thus, for example, we may move the
primary coil connected across the mains 68
and -69 with relation to the secondary coil,
connected in series with the telephone coils

76, 76, or vice versa, mounting the one coil

to move with relation to the other in any
suitable manner, as, for exainple, by means.
of a hollow spool 85, rod piece 86 and wheels
87, 87, Fig. 534.: Or, we may move a me-
tailic plate or a short-circuited coil of wire
or other well-conducting metallic screen be-
tween a line-connected primary and a tele-
phone-connected secondary,. arranging said
primary and secondary, and the screen
mounted to move between them after the
fashion illustrated for the coils 56 and 58 in
Figs. 57 and 58; or we may vary the number
of active turns either in the primary or in
the secondary after the fashion illustrated,
for example, in Fig. 54 for the coils 56 and
58, or after the fashion illustrated in Fig. 55
for the coils 56, 205, 206, 207; or we may
employ a plurality of circuits inductively
intermediate a line - connected primary coil
and the telephone coil 76 after the fashion of
the coils 210 intermediate the coil 56 and
the coils 218, Fig. 56; or after the fashion

. of the circuits 215, 216 inductively inter-

mediate the coils 213 and 219, Fig. 56 ; or ‘we
may use, for varying the intensity of action
of a line-connected primary upon‘a secondary
¢oil connected with or arranged to feed the
telephone coils 76, 76, any of the arrange-
ments illustrated in Figs. 83 or 91 for vary-
ing the intensity of action of any of the coils
as 56, 562, 56P, 56°, 569, 56°, 56', 568, 56" and
561, upon the corresponding secondary coil
58, or for varying the intensity of action of
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the coil 62 on the coil 63; or we may insert in -

series or in shunt to the telephone coil 76,
76, or in series or in shunt to a line-connected

126

primary, or a telephone-connected secondary

(or a secondary arranged in any suitable
manner to feed the telephone coils 76, 76,)
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any of the the devices illustrated in Figs. 84
to 90 for governing the impedance of the
circuit containing the coils 56 and.62; or
the means illustrated in any of said figures
for governing the impedance of any other
of the circuits illustrated in said figures. Or
we may control the loudness of the sounds
produced upon the subscribers’ premises in
any other suitable manner whatever, as, for
example, by inclosing the vibration-translat-
ing device in a closed box or chamber, fur-
nished with one or ‘more valves or swells,
which may be opened more or less, to permit
the sound to nass from such closed box or
chamber to the room in which the listeners
are. :

But I consider the preferred construction

" having impedance coils 71, contact buttons
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or plates 72, and brushes 78 arranged, as be-
fore described, in the same manner as the
impedance coils 60, contact plates 130, and
brushes 61, 61, Figs. 28 to 33 to be better. -

. And on the other hand, while it is in some
respects very desirable to employ on the
premises of each subscriber a means for
varying the loudness of the tones produced
con those premises, independently of the loud-

ness of the tones produced on other subserib-

ers’ premises, all the apparatus for this pur-
pose may be omitted and the telephone re-
ceiver and horn may be used by themselves
-alone, and an excellent effect may be thus

-produced. The question of using a loudness-

.controlling device on the premises of the sub-
scriber is largely a question of expense, and
some economy may be effected by dispensing
with all such devices. o
Instead of using a receiving telephone

‘with a diaphragm, as a vibration-translat-

ing device, any other vibration-translating
device whatever that is suitable for the pur-

. pose may-be-used. Thus, to mention one ex-
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ample out of several possible ones, an are

. Jamp may be used as a vibration-translating

device. ,

Whatever form of expression device has
beén shown in any of the drawings before
described or in Fig. 91, for any of the pairs
or coils, as 56 and 58, 56* and 58, 56* and 58,
56° and 58, 56° and 58, 56° and 58, 56f and

58, 568 and 58, 56" and 58, or 56! and

58, may be used for any of the others
of said pairs or for all of them.. Also,
whatever form of device has been illustrated
in the drawings before described or in Fig.
92, for controlling the intensity of the vi-

- brations or the amperage of the current in

any circuit (as, for example, in the cireuit
of the coil 56, or in the coil 56%, or 56 or 56¢

or ‘569 or 56° or 56 or 565 or 56" or 56!, or

. in the circuit of the coils 58 and 62, or in

the circuit of the coils 62 and 64, or in the
circuit of the coils 76, 76,) may be used
for any other circuit or for all the other

. 1,205,601

circuits instead of the devices shown in any
particular figure. : o
The coils 56,. 562, 56°, 56°, etc., may be
made to act directly upon the lines or mains
68 and 69, the circuits 58 and 62 and 63 and
64 being in such case omitted and the com-
mon-return wire 48 connected with one of
the line wires or mains as 68 and the
switches 55 and 55* to the other of said lines
or mains. Or the several circuits each in-
cluding the coils 58 and 60 may be connected
directly to the lines 68 and 69, the coils 62

65
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being omitted or the coils 60, 60, and 62,

being omitted, and the circuit containing
the coils 63, 64 and 66, with the dynamic
manual keys 67, 67, being entirely omitted.
Or, retaining the set of coils 60; 60, in cir-
cuit with each of the coils 58, 58, these cir-
cuits (that is, the circuits each consisting of
a coil 58 with the impedance coils 60, 60,
belonging to it) may be connected directly

- with the mains 68 and 69 in parallel with

each other, one terminal of the coil 58 in
each case being connected with one of the
lines or mains, and the brushes 61 being con-
nected with the other. Or, one or more of
the coils 63 may be inserted in the line or

-made in any suitable manner to act upon the

line, and the circuit including the coils 58
and 62 (the coils 60, 60, being either re-
tained in the circuit with said coils 58 and
62 or omitted from said eircuit, as -desired)
made to act by induction upon said coil or
coils 63 as before described. . ’

In the preferred construction, I have illus-
trated a plurality of registers of circuits act-

ing upon the same vibration-translating de-

vices. Im some cases, if not in all, T con-

‘sider this construction preferable, as it en-

ables a single set of lines or mains to be
used for all the tones of the instrument.
But a distinet and independent vibration-
translating device may be used, if desired,
for each register of circuits; and where
music is to %e produced in a plurality of
places simultaneously, a line or main or a
pair of lines or mains may be used for each
register of circuits, with a vibration-trans-
lating device for each such pair of lines or
mains, on each of the premises to be sup-
plied with electrical music. One illustration
of this construction is given in the schematic
view Fig. 92 which, in the light of the
drawings before explained and description
before given, is so clear as to require no fur-
ther explanation. The apparatus of Fig. 92
will probably be found more suitable in any
case in which the vibration-translating de-
vices are near to the keyboards or alterna-
tors, by which the vibrations are produced
and a fair expenditure for lines and vibra-
tion-translating devices is justified ; and the
other form of apparatus illustrated in Figs.
3, 84, 5, 6, ete., (in which all the vibrations
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from the alternators are thrown upon a

single distributing circuit) will perhaps be"

found most practicable in those cases in
which the receiving-devices are remote from
the central station and economy in the dis-
tributing lines and in the vibration-trans-
Iating apparutus, is important.

A single register of circuits may be used
by itself alone; see Figs. 1 and 14, Also a
smaller number of keyboards than the four
illustrated in the drawings may be used;
and even a single keyboard may be used by
itself alone, the other keyboards with their
circuits, switches and expression devices be-
ing omitted and the dynamic manual re-
tained, as shown in the drawings; or using
a single keyboard and omitting the dynamic

manual, one terminal of the coil 58 may be

connected with one of the lines or mains, the
other terminal of said coil being connected

“through the series of impedance coils 60, 60,

and the brushes 61 with the other of said
lines or mains; or the coil 58 may be con-
nected directly with the lines or mains 68
and 69, the Impedance coils 60, 60, and
brushes 61 being omitted. A musical effect
may be produced from a single keyboard,
but a much better effect in many ways can
be produced from a plurality of keyboards.

It is preferable to use a plurality of key--

boards as illustrated in the drawings, but
the expense may be reduced by using one
keyboard only, or by using a smaller number
of keyboards or switchboards than the four
illustrated in the drawings; see Figs. 5, 6,
20, 31, etc. Thus, for example, by using two

‘switchboards and keyboards only, instead

of the four illustrated in the drawings, a
great reduction would be made in the cost

of keyboards, switchboards and expression -

devices, and yet a large part of the ad-
vantage which comes from a plurality of
switchboards, is retained. -

Instead of connecting the receiving tele-
phone 70 directly to the lines or mains 68
and 69 (or 353, 854, 855, 375), transformers
may be used whose primaries are fed from

the lines or mains and whose secondaries-

feed each a single receiving telephone or a
plurality of receiving telephones connected
together in parallel or in series or in series
parallel. -Instead of using a single pair of
lines or mains, a net-work may, of course,

‘be used, and would probably be in fact used,

in distributing electrical music to a city.

- Instead of feeding all the lines or mains

60

from a single secondary coil as 65, a plural-
ity of such coils may be used, all acted upon
by the same primary, and various other
modifications in the arrangement of the re-
ceiving devices. may be used.

Rheotomes, as before stated, might be

. used, at least to some extent, instead of the
. alternators, If rotary rheotomes be used,

S

they may either be of the kind that inter-
rupts the circuit, or of the kind that gradu-
ally varies its resistance. A circuit which is

.interrupted, or whose resistance is varied, by

the action of the rheotomes, may be made
to act by induction upon a secondary or a
plurality of secondaries, whose action upon
the vibration-translating devices may be con-
trolled in the manner before described. Us-
ing rotary rheotomes, those having frequen-
cies corresponding to octaves of the same note
would preferably be. carried by the same
shaft, as also those which serve to produce
overtones of such notes and. the shafts corre-
sponding to notes. would be connected to-
gether by gearing as already fully described

-in connection with the alternators.

Referring to Fig. 61, we might use rheo-
tomes of the same frequencies as the alterna-
tors whose places they take to produce vibra-
tions in the circuits 2382, 232, the circuits
233 being connected with the switches or
circuit-controlling devices and the expres-
sion mechanism in the various ways herein-
before described. But, as before said, T
consider alternators to be very much prefer-
able to rheotomes; and as before said, how-
ever, the vibrations be initiated in the cir-
cuits, and whatever the source or means of
producing vibratory electrical -currents in
the circuits, the various combinations of cir-

-cuits and of circuit-controlling devices and

expression devices before described, may be
used for the purpose before described, al-
though the vibrations be produced by some
means other than alternators. -

Using a single keyboard, the coil 62 might.
be brought into direct inductive relation to
the coil 65, Figs. 1 to 92 inclusive, the dy-
namic manual being omitted; or the coils
62 and 65 might be omitted and the coil 53
connected (either through the brushes 61
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and coil 60 directly, the brushes 61 and coil -

60 being omitted) with the parts to which
the coil 65 is connected in the several figures;
or, using a single keyboard and omitting the
dynamic manual and the electrical swell
device, the coils 56, 562, 56°, 56°, 564, 56°, 561,

568, 56" and 56! might be brought into direct -

inductive relation to the coil 65 or might
be connected directly to the lines or mains.
And many other modifications may be made
in this respect without departing from the
essential features, or at least without depart-
ing from certain of the essential features of
my invention. - .

The dynamic manual may well be omitted,
in which case the several coils 62 might be
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brought into direct inductive action upon -

the coil 65, or might be connected directly
with the lines or mains each in the manner in
which the coil 65 is connected with the lines
or mains, Figs. 1 to 92, or in any other suit-
able manner.
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In this specification and in the statement
of claim at the end hereof, I use the words
partial or partial tone and harmonic whether
n the singular or in the plural synony-
mously. The first partial or first partial
tone is the ground-tone or first harmonic,
whose frequency we may represent by =,

. then 2n, as before said, is the frequency of
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the second partial or second harmonic; 3n
is the frequency of the third partial or third

harmonic; 4n, the frequency of the fourth

harmonic; and so on.

In this specification and particularly in -

the statement of claim at the end hereof, I
use the words “register of circuits”, as re-

ferring to a collection or a set of circuits, -

having certain-common relations. Thus, to
make my meaning clearer by a reference to
the drawings, the circuits illustrated in Fig.
1, corresponding to, and controlled respec-

tively by, the several keys 45, and contact -

springs 49, constitute one register of circuits.
And so in Fig. 3 and following, the circuits
controlled by the contact springs 49, and
which find a common path in the bar 54, and
primary coil 56, constitute one register of
circuits; the circuits controlled by the con-
tact springs 49%, and which find a common
path in the bar 54* and the primary coil
56%, constitute another register of circuits;
the circuits controlled by the contact springs
49°, and which find a common path in the

bar 54° and primary coil 56°, constitute still

another register of circuits, and so on. The
furnishing of these distinct sets or registers
of circuits, the combining of them with suit-
able means for produecing the necessary vi-
brations, and the arranging of the apparatus

- in such a manner that these registers or sets

40
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of circuits are independently controllable,
constitute important features of my present
invention. These registers of circuits may
be used for any one of several different pur-
poses. ‘Thus, in Figs. 8, 3%, 5, 6, 46, 47, 48,
49, etc., the several registers of circuits be-

longing to any one keyboard, correspond re-

_ spectively to different orders of harmonies,

one register of circuits serving for the

- ground tones; another register serving for

50

‘the second harmonics of these ground tones;

another register, for the third harmonics of

" those ground tones; and so on; the vibration-
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translating devices being constructed and

arranged in stich a manner that they pro-

duce in each register of circuits, the requisite
electrical vibrations. = - T \1 .
Secondly, a plurality of registers of cir-
cuits may serve for vibrations of similar
fundamental frequencies, but of different
‘wave shapes. Thus in Fig, 82, the corre-
sponding register of circuits, supplied one
from the alternators 2, 2, and the other

from. the alternators 2%, 2%, (such .as the
registers that close circuit through the bars

y
]
/
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54, 54 and coils 56, 56) or the registers that.

close circuit through the bars 54#, 542, and
coils 562, 562, serve, as has already been de-
scribed, for- vibrations of different wave-
shapes, but of the same fundamental fre-
quencies. * And, S
Thirdly, the corresponding circuits of a
plurality of registers may .serve for elec-
trical vibrations of the same fundamental
frequencies and of the same wave shapes.
The ground-tone registers of circuits, in the
four keyboards of the preferred comstruc-
tion hereinbefore described, will serve as one
illustration; the corresponding ecircuits in
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each of these four registers serve, it will be .

remembered, for vibrations of the same fre-
quency and of the same wave shape. On
the othier hand, with the modification illus-
trated in Fig. 82 and hereinbefore described,
in which a plurality of vibration-generating
devices, tuned in unison, are used to produce
electrical vibrations of different wave
shapes, one key-board may be supplied with
electrical vibrations of the one wave shape

and another key-board may be supplied with

electrical vibrations of a different wave
shape, while a third keyboard may be sup-

plied with electrical vibrations .of both

these wave-shapes, with a certain vibration
strength, and a fourth keyboard with both
these wave-shapes with different relative
strengths. The connections of all four key-
boards are, of course, not shown in full, in
Fig. 82, which is, a view like Fig. 3, largely
diagrammatic, but illustrating a modifica-
tion of the preferred construction, illus-
trated in Figs. 3, 4, 5, 6, ete., and is to be
considered (as ‘Fig. 3 is) in the light of the
other figures (as 4, 5, 6, ete.) and of the de-
scription hereinbefore given. Also, it
should be remembered that Fig.- 82 not only
illustrates the principle of using simultane-
ously (whether in the same keyboard or in
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a plurality of keyboards) registers of cir-

cuits, corresponding to electrical vibrations
of similar frequencies, but of different wave
shapes, it also illustrates the use with these
registers of' circuits, and preferably in each
of a plurality of keyboards, of other regis-
ters of circuits corresponding to higher har-
monics of the ground-tone vibrations or, in
the case of the generators 22, 22, to higher

110

115

octaves of the complex vibrations of the -

lowest register. _ N .

Ope of the important heads or subheads
of my invention consists in making the sev-
eral registers or sets of circuits independ-

ently-controllable, as registers; and here it -

will be observed, that T have provided, at
least in the preferred comnstruction and in
some of the modifications, two distinct kinds
of control, namely: o

(@) Any register of circuits may either
be permitted to act on the vibration-trans-

pl
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lating apparatus, or it may be entirely pre-
vented from acting on the vibration-trans-
lating apparatus. By this means, we control
what orders of harmonics, or what tone-
elements, shall enter into a given note; and,

(b) Secondly, we control the relative in-
tensities of the several registers of tones that
sound, whether these be harmonics or not.
For any register of tones, of any keyboard,
it will be observed, with the preferred con-
struction and with most of the modifications,
may be made to sound with any loudness

required, from the minimum to the maxi--

mum. It is convenient to have this control
of every register or set of circuits; but ob-
viously, it might be omitted, in the case of
one or more registers and still be very useful
in connection with the other registers, for
which it was retained. Thus, to give a
single illustration, if in Figs. 3, 34, 5 and 6,
the switches 55, and 55%, were omitted from
the ground-tone circuits of one or more of
the keyboards and the bar 54, in any such
keyboard, permanently connected through
the corresponding primary coil 56, with the
common-return bar 46, the switches 55 and
562, retained for the other harmonies, would
malke possible a very large control of the
timbre.

T have described the best form of vibra-
tion-translating device that I have been
able to contrive and have also pointed out
that any other form of vibration-translat-
ing apparatus whatever, that is suitable for
the ‘purpose, may be used instead.

An important feature of my invention re-
Iates to the use of a plurality of keyboards
as hereinbefore described, and in particu-
lar, to the use of a plurality of keyboards,
combined with means whereby the timbre
of the tones of each keyboard may be varied
and with means whereby the power of the
tones of each keyboard may be varied. I
have described hereinbefore and illustrated
in the drawings two distinet modes of gov-
erning the timbre: One of these consists in
using electrical vibrations of the same fun-
damental frequencies, but of different wave
shapes, as, for example, the vibratigns pro-
duced respectively by the principal set of
generators 2, 2, and supplemental set of gen-
erators 2%, 22, in Fig. 82 and before de-
scribed. The other mode consists in using

electrical vibrations - (preferably sinusoidai -

or as nearly sinusoidal as may be) corre-
sponding with the different orders of haz:
monics, with independent control of the
power of each. Both these methods of con-
trol are used in the apparatus illustrated in
Fig. 82, and before described, in which we
derive from the principal set of generators
2, 2, a plurality of sets of harmonics of dif-
ferent orders and derive from the supple-
mental set of generators 22, 29, a set of fun-

58

damental or ground-tone vibrations of dif-
ferent wave shape from those produced by

the generator 2, 2, and also derive from the

same generators 2% 22, vibrations of complex
wave shape, but of harmonically-related fre-
quencies, as for example, two or four times
the frequencies of the fundamental set.
Other sub-heads of my invention relate to
the deriving of a plurality of sets of har-
monics from a single set of vibration de-
vices, with means for controlling these har-
monics independently of one another, etc.
Now, it will be readily understood that the
keyboards or collection of finger keys, as 45,
45, are merely a convenient arrangement for
operating the switches or contact devices as
49, 49°, 49° etc., (or 282, 282= 989V etc., in

85
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Figs. 89 to 44). The more essential thing,

therefore, is the switch-board or combination

of circuit-controlling-devices; and while the '

keys 45, 45, are very .convenient and for
Some purposes very important, they might,

thing else substituted for them. Thus, for
example, it would obviously be possible with
a suflicient number of performers to operate
the switch-lifting bars (45* in Fig. 4, or 196
in Figs. 38 and 89) or the switches them-
selves (as the contact springs 49, 492, 49°, in
Figs. 1 to 5, 46, 47, etc.) or the switch-levers
282, 289, 9895, etc., in Figs. 88 and 39, with-
out the keys 45, 45. '

- And indeed, as T have before pointed out,
it is generally understood that note-sheets
may be used to a certain extent and at least
for some purposes instead of a performer
playing on the keys of a keyboard ; such
note-sheets with the pneumatic or electric or
mechanieal devices controlled by them, being
used either to operate the keys, on which the
performer plays or'to control the devices, for
the operating of which the keys serve (in
the present case the switch-lifting bars 452
or 196, or circuit-controlling devices as 49,
492, 49°, etc., or 282, 2823 2890, etc., or their
equivalents). Thus, the notes may be con-
trolled, either by means of the keys of the
keyboard, or by means of switches or the like
that are operated independently- of the keys,
either by the performer’s hands, or by elec-
tro-magnets or by pneumatic devices or other
suitable devices, operated by or through a
note-sheet. The term “note-controlling de-
vice,” then, is used by me as a generic term
to refer to any suitable device for control-
ling the note, whether that be a key or digi-
tal at a keyboard, or some other device that

85

in certain other cases, be omitted and some- .
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is used instead thereof, as before explained. -

In the most of the drawings, I have shown

a plurality of keyboards; and with a plu-.

rality of keyboards, various musical effects
may be produced that are not possible with
a single keyboard.
economy’s sake, a single keyboard may be

125

But obviously, for -
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used; the other keyboards, obviously, may

be omitted. ‘
In an earlier part of this specification, I

have said, with reference to the generators,

. that “variations of the whole set from con-

cert. pitch are, of course, possible, but said
variations do not affect the tuning of the
notes with relation to one another nor the

goodness of the chords.” This is to be taken’

subjéct to the qualification that, at the very
instant ‘at which the concert pitch is being
changed, the goodness of the chords, or in-
deed the ‘goodness of a single note, may be
affected by the variation in pitch, if that be
sufficiently rapid. Any such sensible varia-
tion of pitch may be aveided, as before

stated, by driving the generators with a uni-

form velocity. Using an electrical drive,
that is, driving the generators with a good,
constant-speed electrical motor, fed  from a

‘generator of constant voltage, I have not
“found the changes in pitch, resulting from

changes in speed, sufficiently great to be
noticed by the average man.

In several places in this specification and

in the statement of claim at the end hereof,

toothed gearing connecting the pitch shafts.
The word perfect here is used by me to mean
and is to be understood as meaning such per-
fection or such substantial perfection as the
system of temperament used admits of.

" Thus, in the form of apparatus illustrated

in Figs. 78, 79, 80 and 81, the chords are
“just”; that is to say, the three notes of
the common chord as do, mi, sol, or sol, si,
re, or fa, la, de, have exactly and absolutely
the ratios of four, five and six, but with this
apparatus, there is no capacity for modula-

. ‘tion. If can play in one key only; it can,

45

therefore, pldy only very simple tunes or
short musical selections, and these, for the
most part, it can play only out of their
natural keys; that is, it cannot play them
in the keys in which they are written,

- but only in that one single key in -which it

50
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plays. On the other hand, with the systems
of gearing for the chromatic scale of equal
temperament before described and ‘illus-
trated in Figs. 7, and 64 to 77, there is that

unlimited c¢apacity for modulation which

constitutes the great merit of the equal tem-
perament system, but the chords are perfect
only in the sense of equal temperament ; they
are not exactly just, but have the defects
mentioned, namely, -that the fifths are
slightly flat_(about 1/886) of the just fifth
and the major thirds are slightly sharper

(about 1/126) than the just major thirds,

with other variations from perfect truth,
of less consequence. The perfection of tun-
ing or of chords spoken of, then, it is to be
understood, is only such perfection as the
system of temperament used may admit of,

1,205,601

or such a close approach to that tempera-
mental perfection as is not to be practically
distinguished therefrom.

In this specification, and particularly in
the statement of claim at the end hereof, I
sometimes speak of a “common-receiver” or

of a “telephonic-receiver”. I use both these

terms synonymously, and I use them with
reference to a vibration-translating device,
for translating electrical vibrations into

audible aerial vibrations, and which is ca--

pable of translating electrical vibrations of
more than one given frequency, that is to
say, capable of translating more than a sin-
gle note and its harmonics. I use the term
“telephonic-receiver” or “common-receiver”
to distinguish a receiver of the kind just

70

75

80

defined from that other class of vibration-

translating devices, for translating electri-
cal vibrations into audible aerial vibrations,
that is capable of translating only a single
note and its harmonics. A tuned string, a
tuning fork or a- tuned reed, vibrated by

85

periodic currents of the requisite frequency

will serve as an illustration of this second
class of tuned or monotone receivers. The
words “telephonic-receiver” and “common-
receiver” are used by me by way of contra-
distinction to the tuned or monotone re-

ceivers. ‘But I do not mean by the word.

“telephonic-receiver” to imply a hearing
telephone only in the common or popular

-sense of that word, but only to imply a re-

ceiver capable of translating electrical vi-
brations of varying fundamental frequen-
cies. An electrically vibrated sound-board
device, such as that illustrated in the United

90

95

100

States Letters Patent to me No. 580,085,

dated April 6, 1897, is a telephonic receiver,

in the sense in which I use the term. Also

when I speak of a common receiver, I use
the word common with reference to the ca-
pacity or capability of the receiver to serve
in common for a plurality of notes of vary-
ing fundamental frequencies, to_ translate
any of thém into audille aerial vibrations.
But I do not mean at all to imply that one
single diaphragm or sound-board or horn
must be common to, and serve for the trans-
lating of: all the vibrations of every charac-
ter. produced by the instrument. In the pre-
ferred construction, illustrated in the draw-

.ings, it is true, I have contrived and ar-

ranged the apparatus in such a manner that
a single receiver does serve to translate all
the vibrations of every kind; and since this
construction admits of the use of a single
line or circuit, I consider it, for many pur-
poses, preferable on the ground of economy
at least. But I have also 1llustrated in Figs.
1, and 1%, a single register of circuits hav-

ing its own receiver; and I have also de-

scribed with reference to Fig. 92, the con-
struction in which a plurality of telephonic
receivers’ are used, each serving for a dif-
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ferent element of the tone, so that one re-
ceiver is used for the ground-tones, another
for the second harmonics, another for the
third harmonics, etc. The arrangement of
the apparatus, then, in such a manner, as
hereinbefore described that all the regis-
ters of circuits which correspond to the
different harmonics that enter into a note,
act on a single receiver or so that a single
receiver serves for every purpose, and for

purposes a most useful one, since it enables
the complex tones or chords of a composi-
tion to be distributed over a single circuit.
But I do not limit any of the claims at the

~end hereof, to the -construction in which a

single receiver is used, except in those few
paragraphs of claim at the end hereof
where it is specified that the circuits or vi-
bration-generating devices act upon a line,
with which receivers are connected; and in
which case each such receiver must receive,
more or less; all the vibrations of that line.
And in particular, I use the words tele-
phonic-receiver and common-receiver syn-
onymously, as I have before said, not im-
plying by the word telephonic a receiving
telephone in the popular sense only, nor im-
plying by the word common that the same
receiver must serve for all the tones; but
implying by the word telephonic or the
word common as before stated, the capacity
of the receiver to serve in common for notes
of varying fundamental pitches in contra-
distinction to a tuned or monotone receiver,
as before mentioned, capable of translating
only a single note or the harmonics thereof.

Part two.

In various places of this specification, and

particularly in several of the paragraphs of

claim at the end hereof, T use the words elec-
trical swell or electrical-swell device, and
also the words electrical crescendo-and-
diminuendo device or the like. T use these
expressions synonymously. '

Various illustrations of the electrical swell
device are given in the drawings.

In the drawings, I have.illustrated an
electrical swell device, for each of the key-
boards. I consider an electrical intensity-
regulating-device for each keyboard desir-
But if we were to omit such a device
from one keyboard and retain it for another
keyboard, a considerable effect of control of
the relative intensities of the tones belong-
ing to these two keyboards respectively,
would still be possible, by means of the elec-

trical swell retained for one of them. When .

a single register of circuits only is used, a
considerable effect of control of the intensity
of the tones belonging to that register of cir-
cuits can be obtained apart from the elec-

trical swell, illustrated in the drawings as

from a single set of alternators, etc.

> 1> 28

serving for all the_régisters of a keyboard, .

by means of the register-controlling devices
for that register of circuits, in the construc-

‘tions illustrated in the drawings. Thus, in

Fig. 1, a considerable control of the loudness
of the tones can be effected by a skilful per-
former, by manipulating the switches 55, 55,
and 55%; and in Figs. 51 to 532, the loudness

of the tones of any register of circuits can be

increased or decreased by moving the sec-
ondary 58 with relation to the primary 56 or
562, or 56P, etc., as the case may be. And in
all the constructions illustrated in the draw-
ings, the intensity-regulating device or de-
vices provided for a register of circuits,

‘might by a skilful performer be so manipu-
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lated as to serve, at least to some extent, as a

crescendo-and-diminuendo device or as an
electrical-swell device more or less perfectly,
for the tones belonging to that registar of
circuits; and if that register were the only
register used; the other electrical-swell ‘or

crescendo - and - diminuendo- device, illus-*

trated in the drawings as serving for the
whole keyboard, would be less important.
But practically, it is very important to use
more than one register of circuits in a key-
board or switechboard, and to have register-
controlling devices for one or more of said
registers—preferably one for each register;
and also to have an electrical-swell device

85

90

95

for such keyboard, serving to control the in- .

tensity of action on the vibration-translating
apparatus of all the registers belonging to

that keyboard or switchboard, or at least of

all of said registers that are at the moment in
action. Likewise, it is practically very de-
sirable to have an electrical-swell for each

‘kevboard or switchboard.

An important feature of my ., invention
hereinbefore described and illustrated in the
accompanying drawings, is the use of a plu-
rality of registers of circuits with register-

controlling devices for one or more of these -

registers (preferably for each register)
whereby the action of such registers of cir-
cuits upon the vibration-translating appa-
ratus may be controlled. This feature of my
invention has several uses, of which the most
important is the control of the timbre. An-
other feature of my invention relates to the
deriving of a plurality of sets of harmonsics

ee
Figs. 8,84, 5, 47, 61, 82, etc. Now, both these
features of invention I consider desirable to
tise in one and the same apparatus. Each,
however, may be used without the other. "As
an illustration of the use of independently
controllable registers of circuits apart from

the principle of deriving a plurality of har--

monics from the same set of vibration-gener-
ating devices, see, for example, Fig. 46; also,
ccnsider -the ground-tone registers of cir-

- cuits, supplied one from.the alternators 2, 2,

and the other from the alternators 22, 22, in
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Fig. 82, or the ground-tone register of cir-

10

cuits fed from the alternators 2,2 ; the third
harmonic register fed from the alternators
3, 3; and the fifth harmonic register fed
from the alternators 4, 4, in Fig. 3. That
the second feature of my invention before
mentioned (namely the deriving of a plural-
ity of sets of harmonics from a single set ot
vi%ration—generating devices) may be used
apart from the independently controllable
registers of circuits will be obvious on con-
sidering, for example, Fig. 3, and observing
that the switches as 55, 55, and 55%, b55%,

- might obviously be permanently closed or,

15

20

awhich amounts to the same thing, entirely
omitted, each register of circuits being used
whenever the appropriate keys were de-
pressed. It will be understood, then, that-

“while these two features of my invention-

may advantageously be used together, each
mziy be used without the other. )
n various places in this specification and

. particularly in the statement of claim at the
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end thereof, I use the term timbre-control-
ling device or timbre-changing device or.
timbre-controlling . mechanism or timbre-
changing mechanism or some similar words
or words of similar import. I use these
terms synonymously. By a timbre-changing
device or timbre-controlling mechanism, I
mean, a device by means of which the per-
former can change the timbre or quality of
the notes used by him. ‘
A note and its octave are mathematically
related as a first and second harmonie. That
is to say, if the frequency of a note be indi-
cated by 7, the frequency of its octave above

will be 2n and of its octave below ?—;’ ; 8o if
the frequency of a ground-tone be n,-its sec-
ond harmonic will be 2n. And the octave

above a note or ground-tone, whether a pure

harmonic- of that ground-tone or note, is,”

for the sake of convenience and simplieity,
spoken of and treated in this specification
as the second harmonic of that ground-tone
or note. :

In various places in this specification, I
have spoken of producing in different regis-
ters of circuits, different orders of harmon-
ics and I speak of these registers.of circuits
as corresponding to different orders of har-
But I mean only that
the frequencies or the fundamental fre-
quencies of the vibrations produced in these
several registers of circuits stand related to
each other mathematically as harmonics;
that they have harmonically-related fre-
quencies, as 1,2,3,4,0r 1,3, 5, and soon. It
it not to be understood, however, that the
vibrations produced in these circuits are ab-
solutely pure harmonics, with the appa-
ratus illustrated in the drawings, nor is
that indispensable to the production of good
musical effects. The closer the approach

» the ground-tone

. 1,365,601

toward absolutely pure harmonics, with such
an apparatus as that illustrated in Fig. 3 or
Fig. 46, the better the result will probably
be, for the performer’s control of the timbre
will be more perfect. But with such an ap-
paratus as that illustrated in Fig. 1 or Fig.
47, the presence as before said, with the
proper vibrations in each register of weak
third and fifth harmonics thereof is in my
judgment, rather beneficial than injurious,
at least in the lower notes, So, also, in this
specification and in the paragraphs of claim
at the end hereof, T speak of the elements of
a composite tone, whose frequencies are har-
monically related, as harmonies of that tone.
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“Thus, in Figs. 3 and 3%, the tones produced

in the registers of circuits which find a com-

mon return portion respectively in the pri-

mary coils 56, 56°, and-56%, and whose fre-

quencies are wrespectively n, 2n, and 4n, are 85
spoken of constantly in this specification as -
harmonics ‘(or the latter two as harmonics
of the former) whether the vibrations be
exactly and absolutely sinusoidal (a case
which is not perhaps very likely to occur in
actual practice) or whether they be practi-
cally sinusoidal or whether they be notably

80

‘complex. If the vibrations in the registers

of circuits connecfed respectively with the

coils, ‘as 56, 56* or 56" etc., be absolutely 95

- sinusoidal, they are, of course, harmonics in

the strictest use of the language. But as I -
have above said, absolute sinusoidalness is .
not very likely to occur in actual practice, in
which there is very likely to be some devia--100

tion, however slight, from exact sinusoidal- -

ness at least in the case of one or more of
the notes. But whether this deviation be
very slight or quite noticeable, it is con-,
venlent to speak of the vibrations in the 105
several registers of cifcuits as harmonics of

s, remembering always, that
these so-called ilarmonics may either be
practically pure or be alloyed more or less
with over-tones, to which each stands as a 110
ground-tone. In the circuits fed by the sup-
plemental generators 22, 22 in Fig. 82 (as-

_suming that these generators have teeth

shaped as shown in Fig. 188) the vibrations - -,
in any given circuit would be far from pure. 115
And obviously, without departing from the
essential features of my invention hereinbe-

fore described and illustrated in and by the.
accompanying drawings, a skilful elec-
trician, exercising the skill of his art, may, 120
by the substitution of equivalents and by ' - -
omissions, additions or alterations, vary the"
apparatus illustrated in the drawings in .
many particulars, while still retaining the
essential principles and combinations or one 125
or more of the essential principles or combi-
nations, belonging to my invention. . '

‘ Part three.
The producing of music. electrically in 130
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many places from one central station or the
producing of music in ahy manner by means
of alternators: is, so far as’ I am aware,
wholly new; and I have had no precedents
to aid me and no experience to go by, save
that derived from my own experiments.
The apparatus is necessarily complicated
and many features enter into the problem,
each of which is more or less important in
producing good results. A poor musical
effect is produced comparatively easily, but
a thoroughly artistic musical effect or even
good commercial music involves close atten-
tion to many things. For attaining the best
effects, the following points may be men-
tioned in addition to those explained above,
namely : s

First. By using for each order of har-
monics, a line of its own, as illustrated in
Fig. 92, with one or more receivers on each
subscriber’s premises, connected with each
line circuit, a louder and more brilliant
musical effect can be produced, than with
the system illustrated in Figs. 3, 34, 5, 6, etc.,
in which a single receiver 1s used to trans-
late electrical vibratioms, corresponding to
all the harmonics and notes, into audible

music. But the greatly increased cost, how--

ever, which accompanies the multiplying of
the-number of lines and vibration-translat-
ing devices is, of course, to be -weighed
against it, and the single line has the im-
portant advantage of being cheaper to con-
struct and to keep in order.  But in the case
of an isolated plant or of a transmission for
a short distance, where the. expense for the
lines is justified, a broader, larger, better
musical effect can be obtained with nu-
merous line circuits and numerous receivers,
as in Fig: 92, than with a single line circuit
as in Figs. 8, 34, 5, 6, etc.

Second. In central-station plants and even
with small isolated plants, it is desirable to

-separate the performer specially from the
alternators and running machinery, pref-

erably by placing the alternators and ma-
chinery in one room and the keyboards in
another room, which is separated from the
first and is, as far as practicable, insulated

acoustically therefrom. The room in which -

the keyboards are placed (which we may call
the music-room) is furnished with receivers
or vibration-translating devices which are
connected electrically with the lines or
mains, so that the performer as he plays
hears the same music, which the subscribers
hear, in their more or less distant houses.
The switchboards and inductoriums or trans-
formers may be placed in the music-room, .if
that be large enough; but there are sounds
in ‘the switchboards and inductoriums, re-
sulting from the operation of the switches
and from the magnetic changes that go on in
the inductoriums; and for this reason, it ic
preferable to keep them out of the music-

‘using

o7

room and to place them either in the same
room with the alternators or in a third room.

Third. A very serious difficulty, for a long
time, in our efforts to produce good music by
means of alternators, resulted from the
shouting of particular notes and elements of
the tone. By shouting, I mean the sounding
of a note or of cne of the elements of a note
with excessive loudness—so excessive indeed
at times, as to seriously injure, if not to de-
stroy, the artistic effect. At one time, one
note or tone would shout; at another time,
a different tone. This. difficulty, it is be-

‘lieved, results from the following facts; or
‘at least these facts should be understood in

order to understand the difficulty of shouting
in electrical music, and the remedy. for it,
namely: - :

(¢) ‘A diaphragm or receiver of the kind
illustrated in Figs. 84 to 37, responds very
unequally to electrical vibrations of differ-
ent frequencies, responding loudly to mod-
erate vibratory. forces near its point of res-
onance and responding but fee%

remote from its point of resonance. In other
words, electrical vibrations that synchronize,
or nearly synchronize, with the natural rate

of vibration of:the diaphragm, cause it to

shout; while much stronger electrical vibra-

tions that are not in synchronism with it, af-

fect, it but moderately; ‘

(%) The point of ‘resonance or pitch of
resonance of the diaphragm changes some-
what with changes in temperature. - Also,
the actual pitch of any note produced by an

ly to much
~more powerful vibratory forces; at points
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alternator, changes with any change in the -

speed of the alternator by which it is pro-
duced ; . L

(#4) Assuming constant temperature for
the diaphragms and constant speeds for the

- running alternators, the difficulty above men-

tioned can be, to a great extent, eliminated

by the means before described, namely, (@)

by regulating with the rheostats 12, 12,

(shown in Figs. 8, 13, 14 and 15) the in-

tensity of excitation of the different alter-
nators, giving to each such a voltage that it
produces its tone with appropriate loudness
in a standard vibration-translating device or
receiver, used for this purpose; and (8).by

ing in each of the different circuits, be-

longing to an_ alternator, but which serve
for different orders of partial tones (as, for
example, to give the ground-tone to mid-
dle-c, the second harmonic to the ¢ an octave
below, the fourth harmonic to the note two
octaves below middle-¢, and the eighth har-
monic to the note three octaves below mid-
dle-e, as before described and illustrated in
connection with Figs. 8, 84, 13, 14 and 15)

lifferent numbers of ‘coils or turns for the
~rmature winding, so as to give appropriate
ioudness to the partial tone or harmonic,

which each armature  winding produces.

-
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constant speed, regulating the voltage of each
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Thus, by means of the rheostats 12, 12

(Figs. 8,13 and 14) each alternator is given
such a voltage, whether great or small, as is
necessary to produce a tone of the desired
loudness in the standard receiver; and by

inserting in each of the different armature’

circuits belonging to an alternator, and cor-
responding to different harmonics (see Figs.

/8,34 13 and 14) a suitable number of active

turns or coils, suitable relative strengths can
be given to the different circuits, fed from

that alternator and which correspond to .

the different partial tones. Thus, for ex-
ample, the armature circuit which corre-
sponds to a ground-tone can be given a volt-
age -of 10z, the armature circuit belonging

to the same alternator, but which gives the.

second harmonic to the note an octave below,

‘can be given a voltage of Ty the third arma-

ture circuit, belonging to. the same alternator

‘and ‘which serves to give the fourth harmonic

to the note two octaves below that to which
said alternator furnishes a ground-tone, may
be given a voltage of 4@, the armature cir-
cuit belonging te the same alternator which

"gives the eighth harmonic to the note three

octaves below that to which said alternator
furnishes a' ground-tone, may be given a
voltage of 2«; while the armature circuit,
belonging to the same alternator and which
serves to give the sixteenth harmonic to the
note four octaves below that to which said
alternator furnishes a ground-tone, can be
given a voltage of @, or other voltages may
be given to thé several circuits fed by an al-

ternator, as required;

(¢») The vibration-translating devices or
receivers used (see Figs. 34 to 37) should be
as nearly as possible alike, or at least, their
diaphragms should have as nearly as pos-
sible the same point of resonance. And all
receivers which differ substantially from the

‘one used as a standard should be discarded ;

(v) Using receivers that are as nearly as
possible alike, keeping them at substantially
the same temperature (say about 70 degrees

alternator. by means of ‘the rheostats 12, 12
(Figs. 8,13, 14-and 15) as before described,

and regulating - the relative strengths of

the different harmonics féd from the same
alternator, by assigning different numbers
of active turns or coils to each winding, as
before described—by doing all these things,

the difficulties resulting from shouting can

be eliminated or greatly reduced ; and _
(v?) Butif the receiversused in the music-
room are substantially different from the

standard réceiver to which the: apparatus -

. wag regulated or voiced, the musician is

(1]

likely to have difficulty in producing good
results. Or, if the receivers on the sub-

- seribers’ premises are substantially different

from those the performer hears in the music-
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room where he plays, then the effect pro-

duced on the subscribers’ premises will be
different from, and inferior to, that pro-
duced in the music-room. at the central-sta-
tion, and the unequal resonances of the dif-
ferent receivers are liable to produce diffi-
culties—or even to ruin the music. And
even if the receivers used in the music-room
and those used on the subscribers’ premises
are as nearly as possible like the standard
receiver, to-which the alternators were regu-
lated, then, if the speed of the alternators

70

78

is different from that which they had when -

the regulating or voicing of the apparatus
was done, or if the speed changes even a few
per cent., when the machine is in operation,
the resulting alteration between the frequen-
cies of the motes and the resonances of the
diaphragms, is liable to produce bad musical

- effects—in soms cases, shouting of some of

the notes will result, accompanied by weak-

-ness of other notes and a more or less serious

alteration in the musical balance of the
sounds produced. ,

To illustrate more specifically, let us sup-
pose that the standard diaphragm and all
others used, are resonant to the ¢ two oc-
taves above middle-¢; then, supposing uni-
form voltage in. the alternators, that note
would shout. But by properly manipulat-
ing the rheostat 12, controlling the . corre-
sponding generator, its voltage is reduced
sufficiently to compensate for the resonance
and to produce a note of moderate loudness.
But the notes a tone above and a tone below,
will require a much greater voltage to pro-
duce the same loudness. If, then, the speed
is increased a few per cent., the ¢ mentioned,
will become weaker, and the c¢-sharp or d,
above it, will shout; or if the normal speed
of the alternators be reduced a few per cent.,
b or b-flat will shout. - This phenomena of
shouting also not only alters the loudness of
the tone, but alters its timbre or character,
for when any harmonic of a note is increased
in intensity more than the others, the quality
or timbre changes. The shouting of-a par-
ticular harmonic, then, it will be seen, alters
the musical effect prejudicially in several

- 'Ways.

In addition, then, to the precautions
above described, it is desirable to insure a
very uniform speed of the alternators. Any
means suitable for the purpose may be used.
One convenient means, which I have used.
is to drive the alternators by means of a
good, constant-speed, shunt-wound, -electric
motor, feeding that motor with a voltage as
nearly constant as practicable and furnish-
ing said motor with a good regulating rheo- -
stat, inserted in its field circuit, by which
the speed may easily be altered. TFor this

:purpose, I have used a compound rheostat.

in effect, two rheostats, one in series with
the other, and each having its own handle
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by which it is shifted from button to button;
the steps in one rheostat are made much
smaller than those in the other, and the total
resistance of the rheostat with very small
steps is much less than that of the one with
larger steps, in series with it; and by regu-
lating both, it is made possible to vary the
speed over a range of say ten per cent., by
very small steps; the rheostat with the
larger steps being used for larger changes
in speed, and- the rheostat with the smaller
steps for smaller changes. In some cases, I
have used” this regulating rheostat with an
accurate tachometer, the latter being con-
nected to the driving shaft of the alternators
and mounted in a position in which it is
easily read by an attendant in the alternator

room, who then, by means of the regulating

rheostat for the motor before described, com-
pensates for ahy variation in the speed of
the alternators as soon as he can perceive it,
and keeps their speed substantially constant.

- As an alternative, I have mounted the regu-

lating rheostat for the motor that drives the
alternators in the music-room, within reach
of one of the musicians; and he, as soon as
he discovers, either with his unaided ear,
or by the help of a tuning-fork, that the

pitch is sharping or flatting, operates the .

rheostat so as to bring the speed of the alter-
nators and pitch of the tones back to normal.
By the use of the precautions above de-
scribed the serious difficulties of diaphragm-
shouting have been_overcome or greatly re-
duced. But any other speed-regulating de-
vice that is suitable for the purpose, may, of
course, be used. : .
Fourth. Another difficulty in obtaining
the best results is what is known in my labo-

ratory as “robbing,” that is; a note:sounds

with sufficient strength when sounded alone,

but when ‘another note or several notes are

- .sounded with it,-its strength declines, and

45
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in some cages, to a very prejudicial extent.
Referring to Figs. 1 or 14, 8, 34 and 5, with
Tigs. 1 and 14, and 8%, the robustness of the
chords .(that is, the maintenance. of the
strength of the individual notes, when used
in chords) is best maintained when the ar-

mature circuits that are closed by the keys

of the keyboard, have a fair amount of im-
pedance and the primary 56, of the tone-
combining transformer (in Figs. 1, 3 and
34) has, or when the line circuit in Fig. 1*

has, a much smaller impedance. . For in that,_

- case, if several armature circuits be closed

60

© 56, is not small, the current from each arma- .

2

simultaneously by-the corresponding keys,
the current from each armaturg—clrpmt,ﬂows
chiefly through the primary circuit 56, (ox
in Fig. 1* through the line cir¢uit and re-

- ceiver), while if the impedance of the arma-

ture-cireuits is small and especially if their
impedance is small and that of the primary

ture circuit. (Figs. 1, 8 and 3*). when several

"duced, as follows, namely:

8©

are" closed - simpltancously, leaks or flows
back, to a great extent, through the. other
armature circuits that are simultaneously
closed, and a smaller part of the current

_from each such armature-circuit flows use--

fully through the line circuits and receivers.
But if the armature-circuits have a larger
amount of impedance than the primary 56,
as they should have to give the best effect in'
chords with such an arrangement of the cir-
cuits as is illustrated in Figs. 1, 2, 8 and

84, and if, turning now to Figs. 5 and 6, two

unison keys be depressed at the same time,

70

75

one on one keyboard and one on another,

“the unison notes “rob”, that is, one weakens

the other; arnd in one apparatus of this sort
that I built, it was frequently necessary to
avoid such’ unisons as would result from

-playing the same mote on two keyboards
simultaneously. . B

. But this 'diﬂieui-ty' may

be greatly ve-

~ (a) By using separate and distinet wind-
ings. for the different keyboards, as illus-
trated diagrammatically-in Fig. 5%; that is,
by using as before described in conngction
with Figs. 3, 34, 13, 14 and 47, étec., one

winding for the ground-tone, another for
the second harmonie, another for the fouith

harmonic, anether for the eighth harmonic,
and preferably also, another foi the six-
teenth harmonic, in the generators of the

principal set, making five windings for one

keyboard and duplicating these for each ad- -
ditional keyboard, using ten windings for
two keyboards, fifteen windings for three
keyboards, twenty windings for four key-
boards, etc. . In like manner, in the genera-
tors of the third harmonic¢ supplemental set,
one winding should be used for the third

- harmonics, another for the sixth harmonics,

and-preferably another for the twelfth har-

‘monics, as before described in connection

with Figs. 8, 34, etc., making three windings
for a keyboard, and duplicating these for
each keyboard using six windings for two
keyboards, nine windings for three key-
boards, twelve windings for four keyboards,
etc. And in like manner, the alternators of
the fifth-harmonic. supplemental set should
each have one winding for the fifth har-
monic, and another for the tenth harmonic,
as before described in conmnection with Figs.
8, 84, etc., making two windings for one
keyboard, and duplicating these for each
keyboard, making four windings for two
keyboards, six windings for three keyboards,
etc. Thus, the difficulty resulting -from
“robbing” on unisons is greatly reduced;
(5) Another way of reducing the diffi-
culties from robbing on unisons, is to use
a transformer whose primary is fed by the
generator corresponding to a particular
tone, and which has a plurality of seconda-
ries, after the general fashion illustrated in
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-preferably,

_plemental set, preferab:

so

Fig. 61, and more in detail in Fig. 57 using,
secondaries as numerous as the
armature windings described in the pre-
ceding paragraph, namely, for the trans-
formers corresponding to, and fed from, the
ground-tone set of alternators, preferably
fve secondaries for one keyboard, ten sec-
ondaries for two keyboards, fifteen second-
aries for three keyboards, etc.; for the trans-
formers corresponding to, and fed by, the
alternators of the third-harmonic supple-
mental set, preferably three secondaries for
one keyboard, six secondaries for two key-
boards, hine secondaries for three keyboards,
ete.; and for the transformer correspond-
ing to, and fed from, the fifth-harmonic sup-
ly two windings. for
one keyboard, four windings for two key-
boards, six windings for three keyboards,
and so on; and

(¢) Another mode of reducing the diffi- ‘gr

culties resulting from robbing, is by using
impedance coils combined with the circuits
in the manner fully described and illus-
trated “in my pending applications, - Nos.
436,013, filed June 1, 1908, and 485,645, filed
March 25, 1909, which, being fully de-

seribed and claimed in these applications,

T do not deem it proper to describe here;
for this would greatly lengthen an already
lengthy specification. A
Fifth. One of the greatest difficulties in
producing a thoroughly good artistic effect,
with electrical music, is the phenomenon
known in the Cahill laboratory as “dia-
phragm-crack.” Diaphragm-crack is most
troublesome in connection with short notes
and rapid movements, and it is least trou-
blesome in slow and solemn music. By dia-

phiragm-crack, I mean a certain roughness

or harshness which accompanies the begin-
ning or ending of a tone—a roughness or
harshness which exists for a
of a second ‘when the alternator is brought
into action on the line, and again, for an-
other brief instant, when the alternator
ceases to act on the line. ‘'That roughness or
harshness is sometimes too small to be no-
ticed even with close attention, but at other
times, especially when the notes are short,
the movement rapid and the touch staccato,
it is very perceptible. And this effect is
probably due to the fact that ‘the circuit,
when first closed, vibrates for an instant at
its own natural rate of vibration. For every
circuit, it is well known, that has ohmic-

resistance, self-induction and electrostatic

capacity, has its own natural rate of vibra-
tion; and every - practical working circuit
has more or less resistance, self-induction
and capacity; and so has a natural rate of
vibration of ‘its own. These natural vibra-
tions of the circuit have, in general, no

proper harmonious relation to the musical

small fraction .
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vibrations that are impressed on the line by

the alternators, when the key is depressed.
The disturbing vibration that is natural to
the circuit itself, is superimposed on the
true musical vibrations that .are impressed
on the lines by the alternators, and the dis-
turbing vibration -dies
a logarithmic rate of decline. But despite
the short period and feeble power of these
vibrations proper to the line, they are more

or less prejudicial in rapid music, especially

when the notes are short and played stac-
cato. The above is believed to be the correct
explanation of the difficulty, but whether
it is correct or not and whatever the true
explanation of the phenomenon of dia-
phragm-crack may be, the following things
have been found desirable in'reducing the
difficulties arising from it, namely:

(a) By applying the voltage to the line
adually,-the diaphragm-crack is very per-
ceptibly “rediiced as compared with what
exists when the voltage is applied to the line
suddenly. Apparatus for applying the volt-

~ age to the line gradually is described at con-
siderable length in my other pending appli-

cations, .

No. 436,018, filed June 1, 1908;

No. 485,645, filed March 25, 1909; and

No. 513,961, filed August 21, 1909;
such apparatus adds somewhat (in its best
form, it adds a great deal) to the complexity
and expense of the music-generating plant,
and as it is. fully described and claimed in
the applications above mentioned, I consider
it sufficient to refer to the fact here, and. do
not think it necessary or beneficial to bur-
den this specification, which is already very
lengthy, with a repetition of the description

‘of the apparatuses for the purpose of apply-

ing the voltage gradually, which is given in
the specifications above referred to;

" (b) If the performer will use a careful

and somewhat special legato touch, taking
caTe, as a rule not to break the armature cir-
cuit of the note which is sounding until he
has closed the circuit for the next following
note and taking care also; that the amount
of overlap of the two notes is so small that

no prejudicial effect results therefrom, the
amount of diaphragm-crack is much less

than when a staceato touch or an imperfect
legato is used. Practice is required to ac-

quire a correct legato touch; but the gain:

resulting from it is very substantial; ,
(¢) So far as my experience extends, the
disturbing effect of diaphragm-crack may be
reduced by keeping the alternators and their
frame-work well insulated from the ground

and keeping also the distributing. wires-or

cables well insulated from the ground. Or

at all-events, I found greater trouble from .

diaphragm-crack and related phenomena in

operating through underground telephone.
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wires, in the case of a plant, the frame-work
of whose alternators was grounded and
which stood upon cement foundations set in
damp earth, than in the case of machines:
resting upon dry brick work (which stood
upon dry sand% or upon a pine floor and
which were well insulated from the earth.
In the first case above referred to, the
grounding of the frame-work of the alter-
nators, resulting from setting them or their
steel frame on cement foundations, which
stood in damp earth, caused or at least
seemed to cause a very perceptible deteriora-
tion in the quality of the music when work-
ing over underground telephone cables, as
compared with the same machine working
over such cables, but itself well insulated.
from the ground; . ‘

() In reducing diaphragm-crack, good
over-head lines seem preferable to under-
ground cables —probably because of the
greater freedom™ from earth currents and
because the distributed electrostatic capacity
is less than the distributed self-induction is
greater;

(¢) In my somewhat limited experience, I’
have found less difficulty from diaphragm-
crack, when using a low voltage and a large
conductor than when using a high voltage
and a small conductor, transmitting the same
amount of energy. But while this has been
so in my experience, T do not lay it down
as a universal rule. The explanation of
my experience, I suppose is, that for equal
amounts of energy transmitted, the total
electrostatic effect or electrostatic energy of

“the circuit, which is equal to the electrostatic

capacity of the circuit, multiplied by the

* square of the voltage to which it is charged,

40

equals QV?/, (in which Q is the electro-
static capacity of the circuit, and V, the elec-
tro-motive force) is less in the first case than
in the second; and as the electrostatic effect

- is less, the diaphragm-crack is less, for the

45
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two things are closely related; and

(#) In my original designs and in the
models made from them, each circuit was
broken at one place only and each circuit
was connected at another point pérmanently
with a common return; and this construc-
tion is illustrated in Figs. 1, 14, 3, 34, etc.
I afterward found, however, especially
when the music-room with the keyboards
was separated by a few rods from the alter-
nators in the machinery-room, that break-
ing each circuit in two places seemed to give
a better musical effect; probably by reason

" of the fact that by this means each circuit

80

was normally disconnected from its common
return, and was only connected with the
common return when the circuit was in ac-
tion; and so, as there was only a small frac-
tion of the circuits connected at any one in-
stant with the common return, the electro-

Sl

static effect was less striking. Whether this
explanation be correct or not, the improve-
ment under thé circumstances existing in the
case referred to, resulting from breaking the
circuits each in two places, so as to dis-
connect each (when not in action) from its
common return, seemed very perceptible. I
afterward found that by breaking the cir-
cuit in three places, a still better effect was
produced; that is to say, I broke each cir-
cuit in two places at the alternator or very
close to it and in a third placeé at the switch-
board. By these means, as I understand it,
the electrostatic effect was still further re-
duced. But whether this be the correct ex-
planation or not, the musical effect seemed
to be perceptibly improved by the use of
three breaks in the circuit.

One form of my apparatus having three
breaks in each circuit, is illustrated dia-
grammatically in Fig. 5¢, in which the key
45 controls substantially as before described
and illustrated in_Figs. 1, 2,-8, 4,. etc., the
circuits which correspond respectively to the
ground-tone and the second, third, fourth,
fifth, sixth and eighth harmonics; the key
lifting the insulating bar, 452, which through
the projections 45°, 45° Ilifts the contact
springs 49, 492, 49° etc., for the circuits
aforesaid; a contact spring for each circuit,
and seven such springs for each key, bring-
ing each of said springs into contact with

the corresponding contact screw 53, which

is set in the conducting bar (54, 542, 54°, ete.,
as the case may be) and adapted to be locked
in position therein by a locknut; one of said
bars 54, 542, 54, ete., serving for the ground-
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tone, another for the second harmonic, an- -

other for the third harmonic, and so on—

one for each order of harmonics; the cir-

cuits for harmonics higher than the eighth
harmonic are omitted in Fig. 5° to save
space. The key-controlled bar 45, also lifts
an eighth contact spring 76 (the lowest of
the set in F'ig. 5¢) which, being pressed up
against the corresponding contact screw set
in the conducting bar 76°, closes the circuit
of the battery 300, through an electro-mag-
net 801, that corresponds to the key de-
pressed, whereby - energizing said electro-
magnet. Said magnet, when energized, at-
tracts its armature 302, and so gives move-

- ment to the armature lever 303 ; said lever is

centered at 304; and when actuated by the
magnet 801, it lifts the bar 45°, which dif
fers from the bar 452 in-that it is made or
metal and so is a good conductor, while the
bar 45 is preferably of hard wood or other
suitable insulating material. The metal bar
450, is connected with the positive pole of
the battery 308. Said bar-carries contact
points 805, 305, of silver or other suitable
material, which, when said bar is lifted,
make contact with and close circuit with the
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-49¢, ete., as the case may be)

(53>

contact springs 807, 807; and each of these
is connected through two small electro-mag-
nets 309, 309, with the common-return bar
810, and ‘thence through the wire 311, with
the negative pole of the battery 308, afore-
said. Each of these magnets 309, serves,
when magnetized, to attract its armature
312; so giving movement to the correspond-
ing /armature levers 313 and 313% which,
wheén thus moved, make contact respectively
with the screws, 314 and 315, to which the
two poles. of ‘the corresponding musical al-
ternator are connected. The lever 313, it
will be seen, is connected with the corre-
sponding contact spring 49, (or 49* or 49,
etc., as the case may be) while the lever 313%
is connected with the common return.
Considering, then, an altérnator and its
circuit, Fig. 6%, it will be seen that when
the key 45 is depressed, it directly closes one
gap in the circuit, namely, that between the
corresponding contact spring
’ and its contact
screw 53 (set in the conducting bar 54, 542
or 54%, etc., as the case may be) and through
the push-piece 45** which the key 45 con-
trols (through the contact spring 76%, the
battery 300, the electro-magnet 301, arma-
ture 302, and armature lever 303) makes
contact with the contact spring 807, and

closes the circuit of the battery 308, through

the magnets 309, 309, so that these attract
their armatures.312, 312, and give movement
to the levers 313, 313¢, bringing them up
into contact with the screws 314 and 315, re-
spectively, and thereby closing circuit be-
tween the alternator and the spring 44 (or
492, 49°, etc., as the case may be) on the one
hand, and its common-return on the other.

Thus, when a key is depressed, the current

flows (or at least the currents of one sign-

flow) from the alternator through the con-
tact screw 314, to the lever 318, thence to
the corresponding contact spring 49 (or 49°,
490, 49, efc., as the case may be) and from

said contact spring (when the key, 45, is-

depressed and the bar 45° and contact-
springs 49, 49°, 49, etc., are lifted thereby)
to the corresponding contact screw 53; and
so to the conducting bar 54 (or 54, 54°, 54,
etc., as the case may be); and from this to
the primary of the corresponding tone-par-
tial-inductorium 56 (or 56%, 56" - 56° etc.,

‘as the case may be) and from this to the

common return and so back to the lever 315%
and to the contact screw 315; and thus to
the other pole of the alternator. And this

. is true for one alternator winding in-each
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‘of the alternators of the group which a key
controls and which alternators have fre--

quencies corresponding -respectively to the
ground-tones and overtones of the noie for
which such key serves.

In Fig. 5°, for simplicity’s sake, the key.
45 is shown as giving movement directly to

49 (or 49%, 49°,

1,205,691

the switch-operating bar 45, as before de-
seribed in connection with Fig. 4. But in-
stead of thus connecting the key to ‘give
movement to the switches 49, 49¢, 49°, etc.,
directly, it may be connected to impel them
through a pneumatic or electro-prieumatic
action, after the general fashion already de-
seribed in connection with Figs. 88 to 45;
or said switches 49, 49, 49, etc., may be
impelled by an electro-magnet, controlled
by the key 45, as before described, as the
switches 307, 307, in Fig. 5¢ are controlled;
or said switches 49, 49, 49° and 307, 307, may
be. operated by the key in any other suitable
manner.

Fig. 5° is a diagrammatic view showing a

“system of parts and of circuits the same as

Fig. 5° save that the alternator feeds the
primary 282 of a transformer having sec-
ondaries 233, 233, (as illustrated in Fig. 61
and before described) and the three breaks

~of the circuit which in Fig. 5¢ are in the

circuit of the alternator, in Fig. 5P are in-
serted into the secondary circuits 223, 223.

Divers improvements on or special adap--
tations of my present invention (as illus-
trated in the accompanying drawings and
hereinbefore described) are illustrated and
described in' my pending applications’ be-
fore mentioned, namely :

No. 486,013, filed June 1, 1908;

No. 485,645, filed March 25, 1909; and

No. 518,961, filed August 21, 1909;
and as these improvements (some of which
are of great complexity) are fully described
in the other pending applications before
mentioned, I do not consider it necessary to
repeat that description here; nor could the
same be repeated herein without a very great
increase in the length of an already lengthy
specification.

Sixth. In my experience, I have found
rheostats preferable to the various modified
constructions illustrated in Figs. 51 to 58,
etc., for varying the strength of the differ-
ent harmonics entering into a tone as well
as for varying the loudness of the notes of
the different key boards.and of the ensemble.
Alse, I have found rheostats of the general
type illustrated in Figs. 29 to 33 and 84 to
90, or the rheostat 60, 61, in Figs. 1, 3, 3%, 5,
6, etc., in which a pedal, drawstop, frame or
handle is used to move the brushes so as to
operate the rheostat, preferable to the type
of rheostat seen in Figs. 1, 3, 84, 5, 6, 20, 21,
29, 23, etc., in which independent switches

55 and 552 are used to control the several sec-

tions of the rheostat, an independently-act-
ing switch for each such section. The rheo-
stat then, having a pedal or handle or draw-
stop to operate it (see, for example, Figs. 1
to 6 and 28 to 33) should preferably be used
for regulating the strength of the different
harmonics, "as well as for- regulating the
strength of the different keyboards; but, of
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course, other forms of apparatus (several
of which have been hereinbefore described)
may be used instead, if desired.

- Seventh, A direct electro-magnetic ac-
tion, in which the electro-magnet operates
the switch-lifting har (Figs. 4 and 5) or its
equivalent which in Figs. 4 and 5 is pivoted
to and lifted directly by the key 45, has been
used by me practically instead of a pneu-
matic or electro-magnetic action, just as,
in 'Fig. 5° and 5°, the switch-lifting bar 452
is operated by the electro-magnet 301, act-
ing through the armature 302 and armature-
lever 303, said magnet 301 being itself con-
trolled by the key 45 ; but in a larger appara-
tus, a pneumatic action or an electro-pneu-
matic action, as described hereinbefore, in
connection with Figs. 35 to 46, might, per-
haps, be preferable.

Eighth. In the drawings, a single com-
mon-return wire, 48, is shown. This is con-
venient, in the diagrammatic views, by rea-
con of the smallness of the sheet and the
great number of circuits to be shown on it,
but I have before pointed out that it seems
preferable to use a plurality of common re-
turns, “preferably a different common re-
turn for -each d}i,ﬂ'ere-nt order of partial
tones”. So, also, I consider it preferable
to use a plurality ‘of primary. coils where
several orders of harmonics are combined in

one inductorium, rather than to use a single -
primary for all. Thus, in Figs. 3, 34, 5, 6, .

46, 47, etc., primaries are ised equal in num-
ber to the orders of harmonics combined into
a tone; all said primaries belonging to one

‘and the same inductorium. In Figs. 50 and
51, several- inductoriums are used for the:

several harmonics; in Fig. 59, a plurality of
inductoriums are used, each serving for a
plurality of harmoniecs, while in Fig.. 60, a
single primary is used for all the different
harmonics corresponding to a single key-
board.

The partials that make up a composite
tone may be combined, then in various ways
and any way that is suitable for the pur-
pose may be used. Thus, as we have seen, in
Figs. 8, 34, 5, 6, 46, 47, etc., they are com-
bined by means of a single inductorium, each
harmonic or partial tone having a primary
of its own in that inductorium. A single
primary into which all the partials: feed,
is illustrated in Fig. 60. An inductorium for

-each order of partials is shown in Fig. 50.

A plurality of inductoriums, each serving

for a plurality of partials are. illustrated:

in Fig. 59; and so on. In combining the
different. partial fones into a note and the
notes into chords, many things are to be con-
sidered. Thus, it is important to be able to

~control the different orders of partial tones

(as the ground-tones, the second partials,
the third partials, etc.,) each by itself, for
one or more keyboards; it is important also,

a8

to combine them efficiently with as little
waste as practicable, into composite tones
or notes and to combine these notes into
chords with as much robustness and as little
robbing as practicable.

70

It is my present impression that the most

satisfactory results, everything considered,
are obtained, in an apparatus of the general
type illustrated in Figs. 3, 5, 6, ete., as fol-
lows, namely :- :

(¢) By using an induectorium for each
order of partial tones, that is, one induc-
torium for the ground-tones of a keyboard
or switchboard, another inductorium for the
second harmonics, another for the third har-
monics, and so on; see Fig. 50;

75

80

(b) By combining the various partial -

tones or harmonics (at least where so many
orders of harmonics are used, as in Figs. 3,
5, 6, etc.) first in small groups and then by
combining the composite vibrations thus

-produced into a single set of more highly

complex vibrations. Using an inductorium
of its own for each order of partial tones,
after the general fashion illustrated in Fig.
50, we may then after the general fashion
illustrated in Fig. 59, combine the first,
third, and fifth harmonics in another induc-
torium; the -second, sixth and tenth har-
monies in another. inductorium; and the
fourth, eighth, twelfth and sixteenth, in an-
other; and the composite vibrations formed
in the secondaries of these three inductor-
iums may then be combined in any suitable
manner into one ensemble; in other words,
several inductoriums for the several har-
monics may be used, after the general fash-
ion illustrated in Fig. 50, and the secondaries
of these, 58, 58, instead of being connected in
series, may then be connected to feed into a
smaller number of inductoriums, by con-
necting said secondaries, for example, to feed
respectively into the primaries 56, 562, 567,
ete., illustrated in Fig. 59; the secondary 58,
corresponding to the primary 56, in Fig. 50,
being connected in series with one of the
primaries 56 in Fig. 59; the secondary 58,
acted on by the primary 562, Fig. 50, being

-connected in series with the primary 562

Fig. 59, and so on; thus, a small number o

"harmonics are combined in one combining-

inductorium. into composite electrical vi-
brations and a few other harmonies are com-
bined into composite electrical vibrations in
another inductorium, and then the composite
electrical vibrations thus formed, are again
combined into the more highly-complex vi-
brations desired. In illustrating this mode
of combining, by reference to Figs. 50 and
59, it is to be understood, of course, that the
primaries 56, 562, 56° 56°, etec., of Fig. 59,
when connected each in series with the sec--
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ondary 58, corresponding to the similarly

marked primary 56, 562, 56%, etc., in Fig. 50,
is, of course, disconnected fronthe bars 54,
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54, 54°, to which said primaries 56, 56%, 567,
ete., are shown as connected in FI% 59. And

(¢) Another arrangement of the ‘combin-
ing transformers which I have employed,

and which is perhaps the most satisfactory of

those which I have tried, is to use an in-
ductorium for each order of harmonics, that
is, one inductorium for the ground-tones,
another for the second harmonics, another
for the third harmonics, and so on; and to
combine the second and third harmonics in
a combining-inductorium, which is furnished
with one primary to serve for the second
harmonics, and with another primary to
serve for the third harmenics, and to -com-
bine the fourth and fifth and sixth and all
higher harmonics in another inductorium
which may either be furnished with one pri-

" mary for each order of harmonics so com-
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bined, or with a smaller number of pri-
maries, each serving for two or more differ-
ent orders of harmonics; and lastly, the vi-
brations from the secondary circuit of the
ground-tone-inductorium and, from the sec-
ondary
serves
and also from the secondary of the induc-
torium that serves to combine the fourth,
fifth and all higher harmenics, are combined
into one set of more highly composite vi-
brations in another combining transformer.
One convenient arrangement of circuits for
this purpose is illustrated in Fig. 5%

Rheostats are used to control the strengths
of the several orders of harmonics; pref-
erably a rheostat for each order of har-
monics; such a rheostat I preferto insert in
thesecondary circuit of the corresponding
inductorium, but it may, of course, be in-
serted elsewhere—as, for example, in the

rimary circuit. :

Still “other forms of apparatus for com-
bining harmonics into composite tones and
for combining notes into chords, are de-
scribed in my pending applications before
mentioned— '

No. 436,018, filed June 1, 1908;

No. 485,645, filed March. 25, 19095

No. 513,961, filed August 21,1909.

- Ninth. Referring to the type of alter-
nators illustrated in Figs. 11,12,124 and 127,
and in Figs. 8 and 10 to the left of the figure,
and, on the other hand, the inductor type
of alternator, illustrated to the- right of
Figs. 8 and 10 and in Fig. 9, and in Figs.
13 to 19 inclusive I have, for practical rea-
sons and under the conditions in which I
have worked, found the inductor type of
alternator preferable at least, in a small
plant, even in the bass notes, to the type of
alternator with revolving field - poles and
armature circuits located im the air-gap,
illustrated in Figs. 8, 11, 12, 124 and 12%
But in a large plant, some form of alterna-
tor with revolving field poles will, I think,

ing a compass of five octaves,

of the combining-inductorium that
for the second and third harmonies’

“quencies are important,

‘but little intensity;

1,205,601

be found preferable,
But another builder, under other conditions,
miight, perhaps, prefer to use some other
type of alternators than the inductor type.
'Tenth. In the drawings (Figs. 3, 3%
5, ete.), I have illustrated a principal or
ground-tone set of alternators, having a
compass of seven octaves, less one half-tone;
a-third-harmonic supplemental set, having

a compass of six octaves, less one half-tone;

and a fifth-harmonic supplemental set, hav-
less one half-
tone—the ground-tones set running upward
from the O three octaves below middle-c
10 the b four octaves above middle-c. With
C, three octaves below middle-c, as the low-
est note, experience shows that eight octaves
are much preferable to seven for the ground-
tone set, and it seems clear that eight and
one-half octaves, or possibly nine, would be
bettér still. So, for the third-harmonic set,
about seven octaves compass is desirable;
and for the fifth<harmonic set, six~ octaves
are desirable. But if the lowest note were

cello C. (that.is, the C two octaves below -

middle-c and which gives approximately
sixty-four vibrations per second ) a less com-
pass of the alternators would, of course, be
sufficient.

The main reason for extending the com-
pass of the alternators upward (as zbove
described) lies in the fact that the high fre-
if not indispensible,
to the production of brilliant, cheerful
tones. My experience shows that the use
of the eighth harmonic is important in pro-

for the lower n_otes,A
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ducing a cheerful effect, at least in the lower -

and middle part of the gamut or compass.
‘And in the bass, higher harmonics may be
used with advantage; I have, in fact, used
the twelfth, sixteenth, twenty-fourth, thirty-
second and even the forty-eighth harmonics
in the bass, with advantage, provided always
that the higher harmonics are used with
for if they have too

much intensity, they render the tone thin,

. cheap and poor.

Eleventh. I have before explained the
importance of the ground-tone, second,
fourth and eighth harmonics, especially the
ground-tone, second and fourth. My ex-
perience also shows that harmonics of the
third-harmonic series, (the third, sixth and
even the twelfth) are of great importance,
while the fifth and tenth harmonics seem,
on the whole, to be of very much less impor-
tance; and wherever economy is important,
they can be omitted. .

Twelfth. The approximate third, sixth
and twelfth harmonics, furnished by the
apparatus_illustrated in Fig. 48 and be-
fore described, (although varying by only a
little more than one _one-thousandth
(1/1000) part from true third, sixth and
twelfth harmonics) I find to be much infe-
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rior to the corresponding true harmonics—so
much inferior, that they ought not, in gen-
eral, to be substituted for them and can
have, it seems to me, but a very limited and
special use, depending upon the genius of
the musician. Wherever the expense can
be afforded, true third, sixth and twelfth
harmonics should be furnished ; and where-
ever economy is important, the approximate
third, sixth and twelfth harmonics, fur-
nished by the apparatus illustrated in Fig.
48, before described, should be omitted.
Also, the imperfect fifth and tenth har-
monics, furnished by the apparatus illus-
trated in Fig. 49 before described, are so far
imperfect that they ought not to be used as
substitutes for the true fifth and tenth har-
monics. The latter should be furnished
wherever the expense can be afforded;
though I consider them, as before said, very
much less important than the third, sixth
and twelfth harmonics; and the imperfect
fifth and tenth harmonics, furnished by the
apparatus illustrated in Fig. 49, should be
omitted, in all cases where economy is im-
portant, for their use would be very limited.
And obviously, without departing from
the essential features of my invention here-

- inbefore described and illustrated in and by
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the accompanying drawings, a skilful elec-
trician and acoustician, exercising the skill
of his art may, by the substitution of equiva-
lents and by omissions, additions and alter-
ations vary the apparatus illustrated in
the drawings in many particulars, while
still retaining some of the essential princi-
ples, combinations or sub-combinations be-
longing to my invention.

I have found alternators preferable, as
sources of electrical vibrations, to the other
devices that I have tried for the purpose.
But I have before specifically pointed out
the fact that rheotomes or any other suit-
able sources of electrical vibrations may be
uded instead of the alternators; that the
rheotomes or other sources of electrical vi-
brations might be used (to mention one way
of using them only) to produce electrical
vibrations of the same frequencies as the al-
ternators, in place of the alternators, in the
circuits 232, 232, Fig. 61, the circuits, 233,
being connected with the switches or cir-
cuit-controlling devices of the several key-
boards or switchboards and with the ex-
pression devices, in the various ways before
described. And,as I havebefore pointed out,
however, the vibrations may be initiated in
the circuits which my switchboards control,

“and whatever the sourceof means of produc-

ing the electrical vibrations in the circuits
may be (whether alternators, rheotomes or
electrical sources of some otherkind) the va-
rious combinationg of circuits and of cireuit-
controlling devices and of expresison devices
before described, may be used for the pur-

83

poses before described, although the req-
uisite electrical vibrations be produced by
some means other than alternators. And it
will be understood, then, that in those para-
graphs of claim at the end of this specifica-
tion in which T speak, in whatever form of
words of electrical vibration-generating de-
vices, or devices for producing electrical vi-
brations, or means for producing electrical
vibrations, or speak of producing electrical
vibrations, I do not restrict or limit myself
to alternators, except in those paragraphs of
claim in which the alternators are expressly
named as an element of the combination.
And in general, each of the more im-
portant novel features of my present inven-
tion may be used whether the other movel

features be used or not, and a great number

of variations may be made from the specific
things illustrated in the drawings, without
departing from some of the essential fea-
tures of my invention that are embodied
in the construction illustrated in the accom-
panying drawings. And I wish it to be dis-
tinctly understood that I desire adequate
and just protection for the whole and every
part of my invention herein disclosed that
is not covered by the prior patents to me be-
fore mentioned. Nos. 1,213,803 and 1,213,804,
dated January 23, 1917, on the applications
before mentioned, No. 194,111, and XNo.
194,113, which were co-pending with this
present application; and that I do not desire
or intend to dedicate or abandon my inven-
tion or any part thereof to the public.

. Apart from the fact that certain modified
and alternative constructions of apparatus
are illustrated in the accompanying draw-
ings and hereinbefore described, four forms
of apnaratus, broadly speaking, ave illus-
trated and described herein, namely :

First. A very simple form of apparatus,
illustrated by Figs. 14, 7 to 18*, inclusive,
and 34 to 37, inclusive, with the modifica-
tions of the gearing illustrated in Figs. 64
to 81, inclusive; and in this simple form of
apparatus, expense and complexity are
avoided, as far as possible, and the maxi-
mum of economy and simplicity.as far as
possible attained. In this-apparatus, only
one keyboard or switchboard is used; only
one register of circuits is used for that
switchboard; all the expense and complex-
ity involved by expression devices are
avoided, save the voltage regulators for the
alternators; and a larger percentage of the
¢lectric - current generated by the alterna-
tor, corresponding to a note that is sounding,
is transmitted to the line, with the single
register of circuits dnd simple apparatus,
than can be done when many registers of
circuits co-act to build a composite tone in a
vibration-combining circuit, as illustrated
in the more ¢omplicated apparatus of Figs.
3, 3%, etc. But, of course, the tone of the
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simpler apparatus, illustrated by Fig. 1%, is
less rich and flexible than that produced by
the more complicated apparatus, llustrated,
for example, by Figs. 3, 3%, ete. .

Second. A second form of apparatus is
illustrated in and by Figs. 1, 2, 3, 34,4, 7 to
19, 21 to 80, and 32 to 43, inclusive, and
with various modifications and alternative
constructions, in Figs. 46 to 92, inclusive.
Tn this second form of apparatus (as in the
first or simplest form) a single switchboard
and a single keyboard are used ; but this sec-
ond form of apparatus, as illustrated in the
drawings and in its preferred form, differs
from the first or simplest form of apparatus
above briefly described, in the following
among other particulars:

(a) One or more expression devices are
furnished, by which the performer is en-
abled to vary the loudness of the sounds be-
longing to his keyboard or switchboard from
time to time, as he thinks best, in a view to
the musical effect to be produced. Various
‘devices are shown for this purpose in the
various figures; of these the form of rheostat
ilustrated in Figs. 28 to 33, or the modified
forms illustrated in Figs. 84 to 90, is, accord-
ing to my present opinion, on the whole
the most, generally gerviceable; -
~ (b) Means are furnished by which a plu-
rality of alternators, whose frequencies cor-
respond respectively to the ground-tone of
a note and to one or more over-tones there-
of, are made to co-act to produce a richer
tone than any of these alternators would
alone;

(¢) Also a plurality of sets or registers of

cireuits are used, corresponding as registers

or as sets to different orders of harmonics,
as, for example, one register of circuits to
cerve for the electrical vibrations corre-
sponding to ground-tones of notes; another
register of circuits, to serve for the electri-
cal vibrations that correspond to the second
harmonics of the notes; a third register of
circuits, to serve for the electrical vibrations
that correspond to the third harmonics of
fm(llrth harmonics of the notes; and so on;
an -

(d) Register controlling - devices or set-
controlling devices, are furnished by which,
in the preferred form of apparatus, a par-
ticular order of harmonics can be used or
not used, as required; and when used, can
be used with more or less power, as re-
quired; , . :

Third. A third form of apparatus is 1llus-
trated in Figs. 1 to 81 and 83 to 92, inclu-
sive, (see particularly Figs. 5, 6, 20, 31) and
this third form differs from the second form
of apparatus briefly described above, in that
a plurality of switchboards and also, pref-
erably, a plurality of manuals or keyboards
are provided for the playing of different

1,205,691

musical parts or voices; with means, in the
preferred form of apparatus, by which dif-
forent timbres or different degrees of loud-
ness of torie, or both, are given to the dif-
ferent keyboards; and by which, also, in

the preferred form of the apparatus, the

‘performer or performers can change from

time to time the loudness of the tone of each
keyboard and the timbre of the notes con-
trolled by. each keyboard or switchboard ;
or, at least, can change the loudness or the
timbre of one or more switchboards. This
form of apparatus is inevitably morve ex-
pensive and complicated—indeed much more
expensive and complicated—than the first
and second forms of apparatus above de-
seribed, but its musical powers are greater.

Fourth. A fourth form of apparatus is
illustrated by Fig. 82, taken in connection
with the other drawings; and this fourth
form of apparatus, whether provided with a
single keyboard and switchboard or with a
plurality of keyboards or switchboards, is
characterized by the use of unison sets of
alternators, the corresponding members of
which produce olectrical vibrations of uni-
son frequencies, but differing more or less in
wave shape and in musical quality.

The second form of apparatus, above de-

" seribed, it will be observed, includes the

first, combined with certain important addi-
tions. That is to say, the first form of ap-
paratus exists in the second, as a part of
the same; and the second form of appara-
tus exists in the third, as a part of that.
Now the first or simplest form of appa-
ratus above mentioned forms the principal
part of the subject matter of the Letters
Patent aforesaid, No. 1,218,803, dated Janu-
ary 23, 1917.  The second form'of appara-
tus above briefly and roughly described, in
which one manual or keyboard or switch-
board is used, combined with an electrical
swell or with other expression devices and
with alternators or other electrical sources
having harmonically - related frequencies,
combined in such a manner that they co-act
in producing a richer note than either could
produce alone, with registers of circuits cor-
responding to different orders of harmonics
and with means for altering the timbre
of the tones, may be stated (not by way of
definition or of limitation or of exact state-
ment, but as a brief, rough, general indica-
tion of subject - matter) to form the subject-
matter or the principal part of the subject-
matter of the other Letters Patent aforesaid,
to me, No. 1,213,804, which issued on the
application aforesaid, No. 194,113, which
was co-pending with this application. And

the third and fourth forms of apparatus

above briefly and roughly described may be
stated (not by way of limitation or of defi-
nition, or of exact statement, but as a rough.
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general indication of subject-matte_r) to
form the

the present application.

chief part of the subject-matter of ,

Tt is to be understood, then, that various .

novel features of invention which ‘are illus-
trated in the drawings and described in the

- specification of the present application are

10

not claimed herein, for the reason that they

are claimed in the Letters Patent aforesaid,"

Nos. 1,213,803 and 1,213,804, which issued
January 23, 1917, on the applications afore-

- said, Nos. 194,111 and 194,113, which were
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co-pending with this application.
T do not, therefore, claim’ in this applica-
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,,v'/ibrations corresponding to notes of a differi
ent degree of loudness for another keyboard ;

and (c)- one or more common-receiver vibra-

‘tion-translating devices, each fed with vi-

brations controlled by the several keyboards
aforesaid. ’

70 -

6. An electrical music-generating system

including, in combination, (¢) a plurality.of
keyboards; () means whereby electrical vi-
brations, corresponding to the notes of a

" musical scale, through one or more octaves,

tion anything that is claimed in my earlier -

s aforesaid, Nos, 1,213,808 and 1,213,-
804, but what I do claim ‘in this application
and desire, to secure by Letters Patent here-
inder is: . C

1. An electrical music-generating system,
including, In combination, (@) a plurality of
keyboards of pitch keys; (b) vibration-gen-
erating devices, for producing electrical vi-
brations of |the requisite frequencies; and

(c) one or more common-Treceiver vibration-
translating devices, each common to the sev-

eral keyboards aforesaid, and acting to trans-
late into audible vibrations the electrical vi-
brations coming to it from any one of the
keyboards aforesaid. -

© 9. In combination, in an electrical music-
generating system (@) a plurality of key--

Boards; and () electrical vibration-generat-

ing devices; whereby electrical vibrations -
corresponding to notes of one timbre are.

produced . for one key-board, and electrical
vibrations corresponding to notes of another
timbre for another keyboard.

3. In combination, in an electrical music-
generating. system, (@) a plurality of key-

boards; (b) electrical vibration-generating

- for one keyboard, and electrical vibrations P

45

50 .

devices, whereby electrical vibrations corre-

sponding to notes of one timbre are produced

corresponding to notes of another timbre for
another keyboard ; and {¢) one or more com-
mon-receiver vibration-translating devices,
fed with vibrations controlled by t%le several

keyboards aforesaid.

~ generating system, (@) a plurality of key-

55
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~are produced

‘boards; and (B) electrical vibration-generat-
ing devices, Whereby electrical’ ‘vibrations

corresponding to notes of one degree of loud-
ness are produced for one keyboard and elec-

trical vibrations corresponding to notes of a

different degree of loudness for another key-
board. =~ - o . .

5. In combinatioz, in an electrical music-
generating system, (a) a plurality of key-
devices, whereby electrical vibrations corre-
sponding to

4. In combination, in an electrical music~

-

are produced for each keyboard ; and (¢) ex-
pression devices for the several -keyboards

-aforesaid, each serving to regulate the in-

75

tensity of the electrical vibrations corre-.

sponding to its keyboard.

7. In combination, in an electrical music-
generating system, (@) a plurality of key-
boards; (b) means whereby electrical vibra-
tions, corresponding to the notes of a musical
scale, through one or more octaves, are pro-
duced for each keyboard; and (¢) an ex-
pression device for each keyboard, acting in-

“dependently of the keys of such keyboard, to

control a plurality of the tones of such key-
board. - .

- 8. In combination, in an electrical music-

generating system; (a) a plurality of key-

boards; (b) means whereby electrical vibra-

80
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tions, corresponding to the notes of a musical

scale, through one or more octaves, are pro-

* duced for each keyboard; and (c¢) independ-

ent loudness-governing devices, for the sev-
eral keyboards aforesaid, whereby the loud-
ness of the tones of each keyboard can be
altered, one keyboard independently of an-
other.. : _

9. In combination, in an electrical music-
generating system, (o) a plurality of key-
boards; (5) means whereby electrical vibra-

‘tions, corresponding to the notes of a musi-

cal scale, through one or more octaves, are
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produced for each keyboard; and (c) inde- -

endent timbre-controlling mechanisms for
the several keyboards aforesaid, whereby the
timbre of the notes of the several keyboards
aforesaid may be altered, one keyboard inde-
‘pendently of another. o

* 10." An electrical music-generating system,
including, in combination, (@) vibration-gen-
erating devices, whereby electrical vibrations
corresponding to the notes of a musical scale
through one or more octaves, are produced 5
(b) vibration-translating apparatus, where-
by electrical vibrations are translated into
audible vibrations; (¢) two keyboards,

. controlling the action of the vibration-gen-

boards; (b) electrical .vibration-generating

notes of one degree of loudness -
for one keyboard and electrical

erating apparatus upon the ‘vibration-trans- .

lating apparatus; and (&) expression devices

for the several keyboards aforesaid, each -

serving to regulate the amplitude of the elec-
trical vibrations corresponding to such key-
board.. : :

11, In combinatildn,. in an electrical music-

each .
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generating system, (@) vibration-generating
devices, whereby electrical vibrations corre-
sponding to- the notes of a musical scale
through one or more octaves, are produced;
(D) vibration-translating apparatus, where-
by electrical vibrations are translated into
audible vibrations; (¢) two keyboards, each
controlling the action, of the vibration-gen-

‘erating apparatus aforesaid on the vibra-

tion-translating apparatus aforesaid; and
(&) an expression device for each keyboard,
acting independently of the keys of such key-
board, to control the loudness of a plurality
of the tones of such keyboard.

12. In combination, in- an electrical music-
generating system, (@) vibration-generating

" devices, whereby electrical vibrations corre-
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sponding to the notes of a musical scale -

through one or more octaves, are produced;
(0) wibration-translating apparatus, where-
by electrical vibrations are translated into
audible vibrations; (¢) two keyboards, each

" controlling the action of the vibration-gen-
erating apparatus aforesaid on the vibration-

translating apparatus aforesaid; and (d) in-
dependent” loudness-governing devices, for
the several keyboards aforesaid; whereby.
the loudness of the tones of each keyboar
can be altered, one keyboard independently
of another. '

13. In combination, in an electrical music-
generating system, (@) vibration-generating
devices, whereby electrical vibrations corre-
sponding to the notes of a musical scale
through one or more octaves, are produced;
(0) vibration-translating apparatus, where-
by electrical vibrations are translated into
audible vibrations; (¢) two keyboards, each
controlling the action of the vibration-gen-
erating apparatus aforesaid on the vibra-

tion-translating apparatus aforesaid; and .

(€) timbre-controlling mechanism for one
or more of the several keyboards aforesaid.

14, In an apparatus for producing music
electrically, and in combination, a plurality
of keyboards of pitch keys; vibration-gen-
erating devices controlled by the keys; vi-
bration-translating apparatus; and means

whereby the qualities of the tones belonging
to -the different keyboards respectively are

varied independeéntly of each other. -

15. In an electrical music-generating sys-

tem and in combination, (2) a plurality of
keyboards of pitch-keys; () composite-tone
vibration-generating devices, controlled by
the keys of each keyboard; (¢) vibration-

translating apparatus, whereby electrical vi-.

. brations are translated into audible vibra-

60

85

tions; and (d) timbre-varying mechanism

for one or more of the keyboards aforesaid, -

whereby -different qualities of tone may be
given to the notes of the different keyboards
aforesaid. ! -
16. In an electrical music-generating sys-
tem, and in, combination therein with suit-
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able vibration-translating apparatus, (¢) a
plurality of keyboards of pitch-keys; (&) ‘a
plurality of groups of sets of circuits; the
different groups aforesaid belonging to the
different keyboards aforesaid; a plurality of

the keys of each keyboard controlling each a-

circuit in each of the sets of circuits belong-
ing to that keyboard; and (¢) vibration-
generating- devices, whereby the requisite
electrical “vibrations are produced in the

different circuits aforesaid.

17. An electrical music-generating system,

‘including, in combination, (@) suitable vi-

bration-translating apparatus; (&) a plu-
rality of keyboards of pitch keys; (¢) a
plurality of groups of sets of circuits; the
different groups aforesaid belonging to the
different keyboards aforesaid; a plurality

~of the keys of each keyboard controlling

each a circuit in each of the sets of circuits
belonging to that keyboard; (d) vibration-
generating devices, whereby the requisite
electrical vibrations are produced in the dit-
ferent circuits aforesaid; and (e) devices

.corresponding respectively to the different

sets of circuits controlled by a keyboard,
said devices each controlling the action of

- the corresponding set of circuits, upon the

vibration-transtating apparatus.

18. In an apparatus for producing music
electrically, and in combination, (e) a plu-
rality of keyboards of pitch keys; (&) vi-
bration - generating devices controlled by
said keys; (¢) a vibration-translating appa-
ratus affected by the vibration-generating
devices aforesaid, when the appropriate keys
of the different keyboards aforesaid are de-
pressed ; and (d) independently-acting loud-
ness - controlling devices, for the different
keyboards aforesaid, whereby
strengths of tone are given to the different

keyboards aforesaid in the vibration-trans-

lating apparatus aforesaid.

© 19. In an apparatus for producing music
electrically, and in combination, (@) a plu-
rality of keyboards of pitch keys; (b) vi-
bration-genérating devices controlled by said
keys; (¢) a vibration-translating apparatus
affected by all the vibration-generating de-
vices aforesaid, when the appropriate keys
of the different keyboards aforesaid are de-

different
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pressed ; and (d) independently-acting rheo- -

stats for the different keyboards aforesaid,
whereby the amplitudes of the electrical vi-
brations communicated to the vibration-
translating apparatus aforesaid, and corre-
sponding respectively to the different key-
boards aforesaid, may be varied independ-
ently one of another. o

20. In an apparatus for producing music
electrically, and in combination, (@) a plu-
rality of keyboards of pitch keys; (b) vibra-

tion-generating devices; controlled by the.

keys of the keyboards aforesaid; each key-
board . controlling vibration-generating de-

120
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vices corresponding to the notes of a musi-
cal scale; (¢) a single vibration-translating
apparatus,-acting to translate into audible
vibrations the electric vibrations coming to
5 it from all the keyboards aforesaid; and
(d) means whereby the loudness of the tones
‘of each keyboard can be varied independ-
ently of the other keyboards.
91, In an apparatus for producing music
10
rality of keyboards of pitch keys; (&) vibra-
tion - generating devices, controlled by the
keys of the keyboards aforesaid; each key-
board controlling vibration-generating de-’
15
cal scale; (¢) a single circuit, affected by
the vibrations controlled .by the several key-
boards aforesaid; and (4) one or more tele-
phonic receivers fed from said circuit.

-92. In an apparatus for producing music
electrically, and in, combination, (a) a plu-
rality of keyboards of pitch keys; (%) vibra-
tion-generating_devices, controlled by the
keys of the keyboards aforesaid; each key-
board - controlling vibration-generating de-
vices corresponding to the notes of a musical
scale; (c) a single circuit, affected by the
vibrations. controlled by. the "several key-
boards aforesaid; (d) one or more tele-
phonic receivers fed from said circuit; and
(¢) means whereby the loudness of the tones
of each keyboard can be varied independ-
ently of the other keyboards. ’

23. An apparatus for producing “music

20
25
30

35.
' plurality of keyboards of pitch keys; ()

circuits for said keyboards; (¢) vibration-
generating .devices, whereby the ‘requisite
electrical vibrations are produced in the cir-

40

by the -circuits belonging to the different
keyboards aforesaid; and (¢) devices con-
trolling the loudness of the tones of the key-
boards aforesaid, one keyboard independ-
ently of another.
24. In an apparatus for producing music
“electrically, and in combination, () a plu-
rality of keyboards of pitch keys; (?) a plu-
rality of sets of circuits for each keyboard,
" the different sets of circuits belonginé to a
keyboard serving respectively for different
orders of partial tones; and (¢) vibration-
generating devices, whereby electrical vibra-
tions of the requisite frequencies. are pro-
duced in the circuits before mentioned.

95. In an apparatus for producing music
electrically, and in combination, () a plu-
rality of keyboards ef pitch keys: () a plu-
rality of sets of circuits foreach keyboard, the
different sets of circuits belonging to a key-
board serving respectively for different orders
of partial tones; (¢) vibration-generating de-
vices, whereby electrical vibrations of the
85 requisite frequencies are produced in the eir-

45

50
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“electrically, and in combination, (@) a plu-

vices corresponding to the notes of a musi-

electrically, including in combination, (@) a-

cuits of the different keyboards aforesaid; ”
(d) a vibration-translating device, affected .

-1-%

cuits before mentioned; and (d) means
whereby the different partial tones of each
keyboard are combined in varying propor-
tions, - whereby electrical vibrations corre-
sponding to ‘tones of different timbres are
produced.

- 96. In an apparatus for producing musie
electrically, the combination of (a) a plu-
rality of keyboards of pitch keys; () a plu-
rality of sets of circuits for each keyboard,
the different sets of circuits belonging to a
keyboard serving respectively for different

70

75

- orders of partial tones; (¢) vibration-gener-

ating devices, whereby electrical vibrations
of the requisite frequencies are produced in
the circuits above mentioned; () vibration-
translating apparatus, whereby electrical vi-
brations are translated into audible aerial
vibrations; and (e) set-controlling devices
for some or all of the sets of circuits afore-
said, each such set-controlling device serving
to control the action of the set of circuits for
which it serves on the vibration-translating
apparatus aforesaid. . '
'97. In an electrical music-generating sys-
tem, and.in combination, (a) a keyboard or
switchboard; (b) circuits, belonging to and
controlled by such keyboard or switchboard ;
(¢) another keyboard:or switchboard and
other circuits belonging to and controlled by
such last-mentioned keyboard -or switch-
board; -(d). one or more vibration - trans-

80
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lating devices, for translating electrical

vibrations' into audible aerial’ vibrations;
and (¢) a single set of vibration-generating
devices, feeding vibrations to the cireuits of
the several keyboards or switchboards afore-
said; substantially as hereinbefore described.

98. In. an electrical music-generating sys-
tem, and in combination, (a) a keyboard or 105
switchboard; (B) circuits, belonging to and
controlled by such keyboard or switchboard ;

(¢) another keyboard or switchboard and
other circuits belonging to and controlled by
such last-mentioned keyboard and switch- 110
board; (d) one or more vibration-translat-
ing devices, for translating electrical vibra-
tions into audible aerial vibrations; and (e)

a single set of vibration-generating devices,.
feeding vibrations to the circuits of the sev- 118
eral keybeards or switchboards aforesaid;

the apparatus being constructed and .4r-
ranged and operating in such a manner, that

the electrically produced tones, controlled by

one keyboard or switchboard may be of one 120
timbre while the electrically produced tones,
controlled by another keyboard are of a dif- -
ferent timbre; substantially as hereinbefore
described. R :

29. In an electrical music-generating sys- 128
tem, and in combination, (2) a keyboard or
switchboard; (b) eircuits, belonging to and
controlled by such keyboard or switchboard ;

(¢) another keyboard or switchboard and
other circuits belonging to and controlled by 130
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such last -mentioned keyboard or switch-
board; (d) one or more vibration-translat-
ing devices,/for translating electrical vibra-
tions into audible aerial vibrations; and (e)
5 a single sét of vibration-generating devices,
~feeding vibrations to the circuits of the sev-

eral keyboards or switchboards aforesaid,

the_apparatus being constructed, arranged
and /operating in such a manper that the

10 electrically-produced tones belonging to and

controlled by one keyboard or switchboard,
‘may be made to be of one degree of loudness
and the electrically-produced tones belong-
ing to and controlled by another keyboard

15 or switchboard, made to be of a distinctly

different degree of loudness, whereby fa-
cility is afforded to the performer or per-
formers to emphasize the melody and sub-
due the accompaniment; all substantially as

20 hereinbefore described.

80. In an electrical music-generating sys-
tem, and in_combination () a keyboard or
switchboard; (&) circuits, belonging to and
controlled by such keyboard or switchboard ;

25 (¢) another keyboard or switchboard and

other circuits belonging to and controlled by
such last mentioned keyboard or switch-
board; (d) one or more vibration-translat-
ing devices, for translating electrical vibra-

30 tions into audible aerial vibrations; (e) a

single set of vibration-generating devices,
feeding vibrations to the circuits of the sev-
eral keyboards or switchboards aforesaid;
and (f) timbre changing mechanism for one

35 or more of the keyboards aforesaid, whereby
the timbre of the notes of such keyboard can’

be altered, from time to time, as required;
substantially as hereinbefore described.
31. In an electrical music-generating sys-

40 tem, and in-combination, (@) a keyboard or

switchboard; () circuits, belonging to and
controlled by such keyboard or switchboard ;
(¢) another keyboard or- switchboard and
_other circuits belonging to and controlled

45 by such last-mentioned keyboard or switch-

~ Dboard; (d) one or more vibration-translat-

ing devices, for translating electrical vibra-
tions into audible aerial vibrations; (e¢) a
-single set of vibration-generating devices,

50 feeding vibrations to the circuits of the sev-

eral keyboards or switchboards aforesaid;
(f) timbre-changing mechanism for one or
more of. the keyboards aforesaid, whereby
‘the timbre of the notes of such keyboard can
55 be altered, from time to time, as required;
and (g) means, whereby the relative inten-
sities of the notes, produced by the several
keyboards or switchboards- aforesaid, may
be varied from time to time, according to the

60 musical effect required;. substantially as:

hereinbefore described.
~ 82. An electrical music-generating system,
including, in combination, (a) suitable vi-
- bration-translating apparatus, whereby elec-

656 trical vibrations are translated into audible
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vibrations; (8) a keyboard or switchboard;-

(¢) a plurality of sets of circuits controlled
by said keyboard or switchboard; (d) an-
other keyboard or switchboard; (¢) one
or more other sets, of circuits, congrolled by
said last mentioned switchboard; and (f)

vibration - generating devices, whereby the

requisite electrical vibrations are produced
in the circuits of the several sets aforesaid.

33. An electrical music-generating systemn,
including, in combination, (a) suitable vi-
bration-translating apparatus, whereby elec-
trical vibrations are translated into audible
vibrations; (?) a keyboard or switchboard;
(¢) a plurality of sets of circuits, controlled
by said keyboard or switchboard; (d) an-
other keyboard or switchboard; (¢) one or
more other sets of circuits, controlled by
said last-mentioned switchboard; (f) vibra-
tion-generating devices, whereby the req-
uisite electrical vibrations are produced in
the circuits of the several sets aforesaid;

“and (¢) means whereby the relative intensi-

ties of the electrically-produced sounds, be-
longing respectively to the two switchboards
aforesaid, may be varied from time to time
according to the musical effect required.

84. An electrical music-generating system,
including, in combination, (&) suitable vi-
bration-translating apparatus, whereby ¢lec-
trical vibrations are translated into audible
vibrations; (&) a keyboard or switchbodrd;
(¢) a plurality of sets of circuits controlled
by said keyboard or switchboard; said sets
of circuits serving respectively for different
orders of harmonics; (&) another keyboard
or switchboard; (¢) one or more other sets
of circuits, controlled by said last-mentioned
switchboard; and (f) vibration-generating
devices, whereby the requisite electrical vi-
brations are produced in the circuits of the
several sets aforesaid. .

35. An electrical music-generating system,

including, in combination (a) suitable vi-°

bration-translating apparatus, whereby elec-
trical vibrations are translated into audible
vibrations; (&) a keyboard or switchboard;
(¢) a plurality of sets of circuits controlled

of circuits serving respectively for different
orders of harmonics; (d) another keyboard
or switchboard; (¢) one or more other sets
of circuits, controlled by said last-mentioned
switchboard; (f) vibration-generating de-
vices, whereby the requisite electrical vibra-
tions are produced in the circuits of the sev-

- eral sets aforesaid; and (¢) means whereby
the relative intensities of the electrically-

produced sounds, belonging respectively to
the two switchboards aforesaid, may be va-
ried from time to time according to the mu-
sical. effect required.

36. In an electrical music-generating sys-
tem, the method of transmitting musical

notes of different timbres-over the same cir-
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by said keyboard or switchboard; said sets -
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cuit simultaneoﬁ.sly,-‘in the form of electri-

cal vibrations, which consists in, (@) p;roduc--’
ing, in a pluralify of sets of circuits; elec--

trical. vibrations corresponding to different
orders of partial tones; producing partials

_of one order in the circuits of one set and

10

.

15

20
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partials of another order in the circuits of
another set; () producing in a conductor,
by-means of electrical vibrations in a. plu-
rality of the circuits before mentioned, com-
posite electrical vibrations corresponding to

a/note of one timbre; (¢) producing, at the

same time, in a plurality of other sets of

‘circuits, other electrical vibrations .corre-

sponding to different orders of partial tones;
producing "electrical vibrations correspond-
ing to partials of one order in the circuits of
one of said sets and producing electrical vi-

brations corresponding to ‘partials of an-

other order in the circuits of another of
said sets; (d) producing, in a conductor, by
means of the electrical vibrations in_a plu-

rality .of the circuits last mentioned; com-

posite electrical vibrations corresponding: to
a note of a different timbre from that above-
mentioned; and (¢) producing, by means of

the,different sets of composite electrical vi-
brations before mentioned, corresponding to-

notes of different timbres, audible aérial vi-
brations. - . LT o

37. In an electrical
tem, the method of transmitting musical

notes. of different, timbres over the same cir--

cuit simultaneously, in the form of-electri-
cal vibrations, which consists in, (@) produc-
ing by induction, in a plurality of sets; of
circuits, electrical vibrations corresponding
to different orders of partial tones; produc-
ing partials of one order in the circuits of

‘one set and partials of another order in the
circuits of another set; (b) producing in a .

conductor, by means of the electrical vibra-

. tions in a pluralit of the circuits before
mentioned, composite electrical vibrations

45

50
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corresponding to a note of one timbre; (c)
producing, at the same time, In a plurality
of other sets of circuits, other electrical vi-

brations corresponding to different orders

of partial tones; producing electrical vibra-
tions corresponaing to partials of one erder
in the circuits of one of said sets and pro-
ducing electrical vibrations corresponding
to partials of another order in the circuits
of another of said sets; (d) producing, by
means of the electrical vibrations in a plu-

rality of the circuits last mentioned, com--

posite electrical vibrations corresponding to
a note of a different timbre from that above-
rontioned; (e) producing, by means of the
different sets ofi composite electrical vibra-
tions before mentioned, ‘other and more
highly composite electrical vibrations in a
conductor; and (f) producing, by means of

the vibrations aforesaid, audible aerial vi- -

brations.

music-generating sys-

71

88. In an electrical music-generating sys-
tem, -the method of transmitting -musical
notes of different timbres over the same cir-
cuit simultaneously, in the form of electrical
vibrations, which consists in, (¢) producing,

70

in a plurality of sets of circuits, electrical -

- vibrations corresponding to different orders

of partial tones, producing partials of one
order in the circuits of one set and partials
of another order in the circuits of another
set; (b) producing, in a conductor, by means
of the ‘electrical vibrations in the different

" circuits before-mentioned, composite electri-

cal vibrations corresponding to tones of one
timbre; (¢) producing, atthe same time, in
a plurality of other sets of circuits, other

‘electrical - vibrations corresponding to dif-
_ferent orders of. partial tones, producing:

electrical vibrations corresponding to par-
tials of one order in the ‘circuits of one of

76
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said sets and producing electrical vibrations

cortesponding to partials-of another order

in the circuits of another of said set; (d)
~producing, in another conductor, composite

electrical vibrations from vibrations in. cir-
cuits of the different sets last-mentioned ;
(e) producing, by means of the composite

: e}eetricai vibrations in’the conductors men-
_tioned in the preceding clauses, more highly .-
" composite -electrical vibrations in still an-

other ‘conductor; and (f) producing, by

_means of the electrical vibrations aforesaid,
audible, aeria] vibrations.

39. In an electrical music-generating sys-

tem, the -method of transmitting musical
notes of different timbres over the same cir-

cuit simultaneously, in the form of electrical’
_ vibrations, which consists in, () producing,
‘in a plurality of sets of circuits, electrical
_vibrations corresponding to different orders

of partial tones, producing partials of one

90
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100

105

order in the circuits of one-set and partials -

of another order in the circuits of another
set; () producing, in a conductor, by means

of ‘the electrical vibrations in the different

circuits before-mentioned, composite elec--
trical vibrations corresponding to tones of

one timbre; (¢) producing, at the same time,
in o plurality of other sets of circuits, other

‘_electrical vibrations corresponding to differ-

ent orders of partial tones, producing elec-
trical vibrations corresponding to partials
of one order in the circuits of one of said

110
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sets and electrical vibrations corresponding -

to partials of another order in the circuits
of another of said sets; (). producing, in

another conductor, composite electrical vi-

brations,” from the vibrations in different
sets of the circuits last mentioned; (e) trans-

ferring, by independently-controllable in-

ductions, vibrations from the conductor men-
tioned in clause (), and vibrations from
the conductor mentioned in clause (d) to a
vibration-combining circuit, wherein more
highly composite vibrations. are produced;

120 -
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130
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and (f) producing, by méans of the electri-
cal vibrations aforesaid, audible, aerial vi-
brations. B

40. In an electrical music-generating sys-
tem, the method of producing a pluralitv of
composite notes simultaneously, which con-

'sists in, (@) producing electrical vibrations,

corresponding to the ground-tones of a plu-

rality of notes, in different circuits simul-

taneously; (&) producing, also simultane-
ously, in other circuits, electrical vibrations
corresponding to over-tones of said notes;
(¢) producing, by means of said ground-
tone vibrations and over-tone vibrations, re-
sultant, electrical vibrations, corresponding
to a chord of comvosite tones, in 2 vibration-
combining circuit; (d) producing also, at
the same time, in other circuits, electrical
vibrations corresponding to ground-tones of

“oné or more other notes; (¢) producing, also

simultaneously, in still other circuits, efectri-
cal vibrations corresponding to over-tones
of the ground-tones last mentioned; (f) pro-
ducing, by means of the last-mentioned
ground-tone vibrations and over-tone vi-
brations, composite electrical vibrations of
the timbre desired in another vibration-com-
bining circuit; and (g) producing, by means
of the electrical vibrations aforesaid, au-
dible, aerial vibrations.

41. In an electrical music-generating sys-.

tem, the method of producing a plurality of
composite notes simultaneously, which con-

sists in, (@) producing electrical vibrations,

corresponding to the ground-tones of a plu-
rality of notes, in different circuits simul-
taneously; (b) producing, also simultane-
ously, in other circuits, electrical vibrations

corresponding to over-tones of said notes; .

(¢) producing, by means of said ground-
tone vibrations and over-tone vibrations,
resultant electrical vibrations in a vibration-
combining circuit; (&) producing, also, at
the same time, in other circuits, electrical vi-
brations corresponding to ground-tones of
one or more other notes; (¢) producing,
also. simultaneously, in still other circuits,
electrical vibrations corresponding to over-
tones of the ground-tones last mentioned;
(f) producing, by means of the last-men-
tioned ground-tone vibrations and over-tone
vibrations, composite electrical vibrations,
of the timbre desired, in another vibration-
combining cireuit; (¢) producing, by means
of the composite electrical vibrations in the
vibration combining circuits above men-
tioned, more highly composite electrical vi-
brations in a conductor; and (&) producing,
by means of the electrical vibrations afore-
said, audible, aerial vibrations

42. In an electrical-music-generating sys-
tem, the method of producing electrical vi-
brations, corresponding to a plurality of
composite notes, simultaneously, which con-
sists in, (@) producing electrical vibrations

1,295,691

corresponding to the ground-tones of a piu-
rality of notes, in different circuits simul-
taneously; (&) producing, also simultane-
ously, in other circuits, electrical vibrations

corresponding to over-tones of said notes;
(¢) producing, by means of said ground-tone-

vibrations and over-tone vibrations, result-
ant electrical vibrations in a vibration-com-
bining circuit; () producing, also, at the
same time, in other circuits, electrical vibra-
tions corresponding to ground-tones of one

70

75

or more other notes; (e)-preducing, also -

simultaneously, in still other circuits, elec-
trical vibrations corresponding to over-tones
of the ground-tones last mentioned ; (f) pro-
ducing, by means of the last-mentioned
ground-tone vibrations and over-tone vibra-
tions, composite electrical vibrations of the
timbre desired in another vibration-combin-
ing circuit; and (g) producing more highly
composite electrical vibrations by transfer-
ring vibrations inductively from the vibra-
tion-combining circuits above-mentioned to
another vibration-combining circuit.

43. In an electrical music-generating sys-
tem, the methed of producing a plurality of

80

85

20

composite notes simultaneously, which con-

sists in, (@) producing electrical vibrations,
corresponding to the ground-tones of a plu-
rality of notes, in different circuits simul-
taneously; (b) producing, also simultane-
ously, in other circuits, electrical vibrations
corresponding to over-tones of said notes;
(¢) ‘producing, by means of said ground-
tone vibrations and over-tone vibrations, re-
sultant electrical vibrations. in a vibration-
combining cireuit; (&) producing, also at the
same time, in other circuits, electrical vibra-
tions corresponding to ground-tones of one
or more other notes; (e¢) producing, also
simultaneously, in still .other circuits, elec-
trical vibrations corresponding to over-tones
of the ground-tones last mentioned ; (f) pro-
ducing, by means of the last mentioned
ground-tone vibrations and ever-tone vibra-
tions, compeosite electrical vibrations of the

timbre desired in another vibration-combin- -

ing circuit; {(g) producing more highly com-
posite electrical vibrations, by transferring
vibrations inductively from the vibration-
combining circuits above-mentioned to an-
other vibration-combining circuit; and (%)
producing, by means of the vibrations last
mentioned, audible aerial vibrations.
44, In an electrical music-generating sys-
tem, the method of producing electrical vi-
brations corresponding in wave shape to
tones of one timbre for one keyboard and to
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tones of a different timbre simultanecusly

for a different keyboard, hereinbefore de-
seribed, which consists in producing a plu-
rality of series of electrical vibrations hav-
ing harmonically-related frequencies simul-
taneously and in using one combination of

125

the said stmple or relatively-simple electrical 130
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vibrations for one keyboard and in synthe-
sizing from the same, composite electrical

vibrations corresponding in wive shape to
tones of one timbre, and in using a different

combination of simple or relatively-simple
electrical vibrations for a different keyboard
and in synthesizing from said last mentioned
relatively-simple electrical. vibrations, com-
posite electrical vibrations corresponding in
wave shape to tones of a different timbre.
45. The method of producing tones of dif-
ferent timbres corresponding to different
keyboards, simultaneously, which consists in

producing a plurality of series of electrical '

vibrations having harmonically-related fre-

quencies simultaneously and in using one.

combination of the said simple or relatively-
simple electrical vibrations for one key-
board and in synthesizing from the same,
composite electrical vibrations correspond-
ing in wave shape to tones of one timbre,
and in using a different combination of sim-
ple or relatively-simple electrical vibrations
for a different keyboard and in synthesizing
from said last mentioned relatively-simple
electrical vibrations, composite electrical
vibrations corresponding in wave shape to

tones of a different timbre; and in produc- :

ing audible aerial vibrations by means of
the composite electrical vibrations aforesaid.

46. The method of producing tones of dif-
ferent timbres corresponding to. different
keyboards, simultaneously, which consists in

producing a plurality of series of electrical

vibrations having harmonically-related fre-
quencies simultaneously and in using one
combination of the same simple or rela-
tively-simple electrical vibrations for one

- keyboard and in synthesizing from the same,
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composite electrical vibrations correspond-
ing in wave-shape to tones of one timbre,
and in using a different combination of sim-
ple or relatively-simple electrical vibrations
for a different keyboard and in synthesizing

from said last-mentioned relatively-simple

electrical vibrations, composite electrical vi-
brations corresponding in wave-shape to
tones of a different timbre; and in synthe-

sizing by means of the composite electrical:

vibrations aforesaid, which serve for differ-
ent keyboards. respectively, electrical vibra-
tions of still greater complexity; and in
translating the complex electrical vibrations
thus produced into audible aerial vibrations.

47. In an electrical music-generating sys-

“tem, the method of producing composite

electrical vibrations, corresponding in wave
shape to tones of different timbres from one
and the same set of vibration-generating de-
vices, as hereinbefore described, which con-
sists in producing by means of said set of
vibration-generating devices, a plurality of
series of electrical vibrations, having har-
monically - related frequencies, simultane-
ously, and in using one combination of said

78

simple or relatively-simple electrical vibra-
tions for one keyboard and in synthesizing

from the same, composite electrical vibra--

tions corresponding in wave shape to tones
of one timbre, and 1n using a different com-
bination of simple or relatively-simple elec-
trical vibrations produced by the same set of
vibration-generating devices aforesaid, for a
different keyboard and in synthesizing from
said last mentioned relatively-simple elec-
trical vibrations, composite electrical vibra-
tions corresponding in wave shape to tones
of a different timbre. _

48, In an electrical music-generating sys:
tem, -the method of producing tones of dif-
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80

ferent timbres simultaneously, from one and

the same set of vibration-generating devices,

as hereinbefore. described, which consists in -

‘producing by means of said set of vibration--

generating devices, a plurality of series of

&5

electrical vibrations, having harmonically-

related frequencies, simultaneously, and in
using one combination of said simple or
relatively-simple electrical vibrations for
one keyboard and in synthesizing from the
same, -composite electrical vibrations corre-
sponding 1n wave-shape, to tomes of one
timbre, and in using a different combination
of simple or relatively-simple electrical
vibrations produced by the same set of
vibration-generating devices aforesaid, for a
different keyboard and in synthesizing from
said last mentioned relatively-simple elec-
trical vibrations, composite electrical vibra-
tions corresponding in wave shape to tones
of a different timbre; and in producing

audible gerial vibrations by means of the

composite electrical vibrations aforesaid.
49. In an electrical music-generating sys-

‘tem, the method of producing tones of dif,

ferent timbres simultaneously, from one and
the same set of vibration-generating devices,
as hereinbefore described, which consists in
producing by means of said set of vibration-
generating devices, a plurality of series of
electrical vibrations, having harmonically-
related frequencies, simultaneously, and 1n
using one combination of said simple or

“relatively-simple electrical vibrations for
one keyboard and in synthesizing from the

same, composite electrical vibrations corre-
sponding in wave shape, to tones of one
timbre, and in using a different combination

of simple or relatively-simple electrical -
‘120

vibrations produced by the same set of
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vibration-generating devices aforesaid, for a
different keyboard and in synthesizing from -
said last mentioned relatively-simple - elec-

trical vibrations, composite electrical vibra~
tions corresponding in wave shape to_tones
of a different timbre; and in synthesizing by
means of the composite electrical vibrations
aforesaid, which serve for different key-
boards respectively, electrical vibrations' of

still greater complexity; and in translating
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the ‘complex electrical vibrations thus pro-
duced into audible aerial vibrations.

50. An electrical music-generating -appa-
ratus including, in combination, (a) a plu-
rality of independently-controllable switch-,
boards; (b) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) means, whereby
musical electrical vibrations of the requisite
frequencies are supplied to the circuits of the
several switchboards aforesaid; and (d)
vibration-translating apparatus, whereby
electrical ‘vibrations are translated into
audible aerial vibrations.

51. An electrical music-generating appa-
ratus including, in combination, (@) a plu-
rality of independently-controllable switch-
boards; (d) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) means, whereby
musical electrical vibrations of the requisite
frequencies are supplied to the circuits of the
several switchboards aforesaid; and (d) a
telephonic receiver, supplied with electrical
vibrations from a plurality of the switch-
boards aforesaid and serving to translate
the electrical vibrations-thus received into
audible aerial vibrations.

52. An electrical music-generating appa-
ratus, including, in combination, (@) a plu-

- rality of independently-controllable switch-
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boards; - (b) cirvcuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) means, whereby
musical electrical vibrations of the requisite
frequencies are supplied to the circuits of
the several switchboards aforesaid; and (d)
vibration-translating apparatus, for trans-
lating electrical vibrations into - audible
aerial vibrations, and to which electrical
vibrations are propagated from the circuits
belonging ‘to the switchboards - aforesaid;
the whole being constructed, arranged and

operating in such a manner that a greater .

intensity is given to the vibrations propa-
gated.to the vibration-translating apparatus
aforesaid, from the circuits of one switch-
board and-a less intensity to the vibrations
propagated to said vibration-translating ap-
paratus from the circuits of another of the
switchboards aforesaid.

53. An electrical music-generating appa-
ratus, including, in combination, (¢) a plu-
rality of independently-controllable switch-
boards; (b) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) means, whereby
musical electrical vibrations of the requisite
frequencies are supplied to the circuits of
the several switchboards aforesaid; and (d)
vibration-translating apparatus, for trans-
lating  electrical vibrations into audible
aerial’ vibrations, and to which electrical
vibrations are propagated from the circuits

~

belonging to the switchboards aforesaid;

1,205,601

" said switchboards and the parts connected

with them being constructed, arranged and
operating in such a manner that the elec-
trical vibrations propagated to the vibra-

_tion-translating apparatus aforesaid, from

one of the switchboards aforesaid, produce
sounds of one timbre, while the vibrations
propagated to said vibration-translating ap-
paratus from another of the switchboards
aforesaid, produce tones of a different timbre.

54. An electrical music-generating appa-
ratus, including, in combination, () a plu-
rality of independently - controllable switch-
boards; () circuits, belonging to said
switchboards respectively; a set of circuits

for-each switchboard; (¢) means, whereby

musical electrical vibrations of the requi-
site frequencies are supplied to the cireuits
of the several switchboards aforesaid; and
(d) a telephonie receiver, to which electrical
vibrations are propagated from two or more
of the switchboards aforesaid ; the whole be-
ing constructed, arranged and operating in
such a manner that a greater intensity is given
to the vibrations propagated to the vibra-
tion-translating apparatus aforesaid, from
the circuits of one switchboard and a less
intensity to" the vibrations propagated to
said vibration-translating apparatus from
the circuits of another of the switchboards
aforesaid. ,

55. An electrical music-generating appa-
ratus, including, in combination, («) a plu-
rality of independently-controllable switch-
boards; (&) civeuits, belonging to" said
switchboards respectively:; a set of circuits
for each switchboard; (¢) means, whereby
musical electrical vibrations of the requisite
frequencies are supplied to the circuits of
the several switchboards aforesaid; and (d)
a telephonic receiver, to which electrical vi-
brations are propagated from two or more
of the switchboards aforesaid; said switch-
boards and the parts connected with them
being constructed, arranged and operating
in such a manner that the electrical vibra-
tions propagated to the receiver aforesaid,
from one of the switchboards aforesaid, pro-
duce sounds of one timbre, while the vibra-
tions propagated to said receiver from an-
other of the switchboards aforesaid, produce
tones of a different timbre.

56. An electrical music-generating appa-
ratus, including, in combination, () a plu-
rality of independently-controllable switch-
boards; (0) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; and (¢) vibration-
generating devices, having frequencies cor-

" responding to the notes of a musical scale

through one or more octaves; said devices
each serving to supply electrical vibrations
of the same unison frequency to the appro-
priate circuit in each of the switchboards

‘aforesaid.
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57. An electrical music-generating appa-
ratus, including, in combination, () a plu-
rality of independently-controllable switch-
boards; (b) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢). vibration-gen-
erating devices, having frequencies corre-
sponding to the notes of a musical scale
through one or more octaves; said devices
each serving to supply electrical vibrations
of the same unison frequency to the appro-
priate circuit in each of the switchboards
aforesaid; and (d) vibration-translating ap-
paratus, for translating electrical vibrations
to audible aerial vibrations.

58. An electrical music-generating appa-

ratus, including, in combination, (@) .a plu-

rality of independently-controllable switch-
boards; (&) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) vibration-gener-
ating devices, having frequencies corre-
sponding to the notes of a musical scale
through one or more octaves; said devices
each serving to supply electrical vibrations

-of the same unison frequency to the appro-

priate circuit in each of -the switchboards
aforesaid; and (d) a telephonic receiver, to
which electrical vibrations are supplied from
a plurality of the switchboards aforesaid
and whereby said electrical vibrations are
translated into audible aerial vibrations.

59. An electrical music-generating appa-
ratus, including, in combination, (a) a plu-
rality of independently-controllable switch-
(b) " circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) vibration-gener-

ating devices, having frequencies corre--
sponding to the notes of a musical scale .
through one or more octaves; said devices

each serving to supply electrical vibrations
of the same unison frequency to the appro-

priate circuit in each of the switchboards

aforesaid; and (d) vibration-translating ap-
paratus, for translating electrical vibrations
into audible aerial vibrations, and to which
electrical vibrations are propagated from the
circuits belonging to the switchboards
aforesaid; the whole being constructed, ar-
ranged and operating in such a manner that
a greater intensity is given to the vibrations
propagated to the vibration-translating ap-
paratus aforesaid, from the circuits of one

switchboard and a less intensity to the vi-'

brations propagated to said vibration-trans-
lating apparatus from the circuits of an-
other of the switchboards aforesaid.

60. An electrical music-generating appa-
ratus, including, in combination, () a plu-

- rality of independently-controllable switch-

65

boards; (b) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard ; (¢) vibration-generat-
ing devices, having frequencies correspond-

ing to-the notes of a musical scale throughf

one or more octaves; said devices each serv-
ing to supply electrical vibrations of the
same unison irequency to the circuits cor-
responding to such device in each' of the
switchboards aforesaid; and (d) vibration-
translating apparatus, for translating elec-
trical vibrations into audible aerial vibra-
tions, and to which electrical vibrations are

-propagated from the circuits belonging to

the switchboards aforesaid; said switch-
boards and the parts connected with them
being constructed, arranged and operating
in such a manner that the electrical vibra-
tions propagated to the vibration-translat-
ing apparatus aforesaid, from one of the
switchboards aforesaid, produce sounds of
one timbre, while the vibrations propagated
to said vibration-translating apparatus from

.another of the switchboards aforesaid, pro-

duce tones of a different timbre.

"61. An electrical music-generating appa-
ratus, including, in combination, () a plu-
rality of independently-controllable switch-
boards; (b) circuits, belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) vibration-gener-
ating . devices, having frequencies corre-
s};l)onding to the notes of a musical scale
through one or more octaves; said devices
each serving to supply electrical vibrations
of the same unison frequency to the circuits
corresponding to such device in each of the
switchboards aforesaid ; and (&) a telephonic
receiver, to which electrical vibrations are
propagated from two or more of the switch-
boards. aforesaid ; said switchboards and the
parts connected with them being constructed,
arranged and operating in such a manner
that the electrical vibrations propagated to
the receiver aforesaid, produce sounds of one

said receiver from another of the switch-
boards aforesaid, produce tones of a differ-
ent timbre. o o o

62. In an electrical music-generating ap-
paratus, the combination of (¢) a plurality
of switchboards; () ecircuits, connected
with each of said 'switchboards; (¢) means,
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a mu-

sical scale are produced in the circuits of

each of the switchboards aforesaid; (d) a
line, to which electrical vibrations are propa-
gated from circuits belonging to a plurality
of switchboards aforesaid; and (e) vibra-
tion-translating apparatus, supplied with
electrical vibrations from said line and serv-
ing to translate electrical vibrations into au-
dible aerial vibrations. )

63. In an electrical music-generating ap-
paratus, the combination of (@) a plurality
of switchboards; (d) circuits, connected
with each of said switchboards; (¢) means,

' whereby electrical vibrations having. fre-
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quencies corresponding to the notes of a mu-
sical scale, are produced: in the circuits of
each of the switchboards aforesaid; (d) a
line, to which electrical vibrations are propa-
gated from circuits belonging to a plurality
of the switchboards aforesaid; and (e) vi-
bration-translating apparatus, supplied with
electrical vibrations from said line and serv-
ing to translate electrical vibrations into au-
dible aerial vibrations, the whole being con-
structed, arranged and operating in such a

- manner that a greater intensity is given,
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~ when required, to the vibrations propagated

to the vibration-translating apparatus from
the circuits of one of the switchboards afore-
said and a less intensity to the vibrations
propagated to the vibration-translating' ap-
paratus from the circuits of another of the
switchboards aforesaid.

6+ In an electrical music-generating ap-
paratus, the combination of (a) a plurality
of 'switchboards; (&) circuits, connécted
with each of sald switchboards; (¢) means
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a mu-
sical scale are produced in circuits of each of
the switchboards aforesaid; (4) a line, to

which electrical vibrations are propagated

from circuits belonging to a plurality of the
switchboards aforesaid; and (e¢) vibration-
translating apparatus, supplied with electri-
cal vibrations from said line and serving to
translate electrical vibrations into audible
aerial vibrations; said switchboards and the
parts connected with them being constructed,
arranged and operating in such a manner
that the electrical vibrations propagated to
the vibration - translating apparatus from
one of the switchboards aforesaid produce
sounds of one timbre, while those propa-
gated to the vibration-translating apparatus
from another of the switchboards aforesaid,
produce tones of a different timbre, when
required. ,

65. In an electrical music-generating ap-
paratus, the combination of (&) a plurality
of switchboards; (&) circuits, connected
with each of said switchboards; (¢) means,

~ whereby electrical vibrations, having fre-
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quencies correésponding to the notes of a mu-
sical scale, are produced in circuits of each of
the switchboards aforesaid; (d) a line, to
which electrical vibrations are propagated
from circuits belonging to a plurality of the
switchboards aforesaid; (e) vibration-trans-
lating apparatus, supplied with electrical vi-
brations from said line and serving to trans-
late electrical vibrations into audible aerial
vibrationsj and (/) an intensity-regulating
device for one of thé switchboards aforesaid,
whereby the intensity of the vibrations
propagated to -the line aforesaid from the
circuits connected with such keyboard, may
be varied more or less as desired.

66. In an electrical music-generating ap-
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paratus, the combination of (@) a plurality
of switchboards; () circuits, connected
with each of said switchboards; (¢) means,
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a mu-
sical scale are produced in circuits of each of
the switchboards aforesaid; (d) a line, to
which electrical vibrations are propagated
from circuits belonging to a plurality of the
switchboards aforesaid; (¢) vibration-trans-
lating apparatus, supplied with electrical vi-
brations from said line and serving to trans-
late electrical vibrations into audible aerial
vibrations; and (f) independently-acting in-
tensity-regulating devices for a plurality of
the switchboards aforesaid, whereby the in-
tensities of the vibrations propagated to the
line aforesaid, from said switchboards, can
be varied, one switchboard independently of
another, as required.

67. In ax electrical music-generating ap-
paratus, the combination of («) a plurality
of switchboards; (&) circuits, connected
with each of said switchboards; (¢) means,
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a
musical scale are produced in circuits of

-each of the switchboards aforesaid; (d) a

line, to which electrical vibrations are propa-
gated from circuits belonging to a plurality
of the switchboards aforesaid; (e) vibra-
tion-translating apparatus, supplied with
electrical vibrations from said line and serv-

ing to translate electrical vibrations info-

audible. derial vibrations; and (f) timbre-
controlling devices for one or more of the
switchboards aforesaid, whereby the timbre
of the tones produced in the vibration-trans-
lating apparatus, aforesaid, by the vibra-

" tions propagated thereto from the circuits

connected with such switchboard can be
altered from time to time.

68. In an electrical music-génerating ap-
paratus, the combination of (@) a plurality
of switchboards; (b) circuits, connected
with each of said switchboards; (¢) means,
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a
musical scale are produced in circuits of
each of the switchboards aforesaid; (d) a
line, to which electrical vibrations are propa-
gated from circuits belonging to a plurality
of the switchboards aforesaid; (e) vibra-
tion-translating apparatus, supplied with
electrical vibrations from said line and serv-
ing to translate electrical vibrations into
audible aerial vibrations; and (f)  inde-
pendently-acting timbre-controlling devices
for a plurality of the switchboards afore-
said, whereby the timbre of the tones pro-
dirced in the vibration-translating apparatus
aforesaid, by the vibrations propagated
thereto from the circuits: of such switch-
board, can be altered from time to time,
one switchboard independently of another.
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69. In an electrical music-generating ap-
paratus, the combination of (a) a plurality
of switchboards; (b) circuits, connected

with each of said switchboards; (¢) means,
_whereby electrical vibrations, having fre-

quencies corresponding to the notes of a
musical scale are produced in circuits of each

-of the switchboards aforesaid; (d) a line, to
‘which electrical vibrations are propagated.
from circuits belonging to a plurality of the

switchboards aforesaid; (¢) vibration-trans-
lating apparatus, fed with electrical vibra-
tions from said line and serving to translate
electrical vibrations into audible aerial
vibrations; (f) an intensity-regulating de-
vice,.for one of the switchboards aforesaid,
whereby the intensity of the vibrations
propagated to the line aforesaid, from the
circuits connected with such switchboard,
may be varied more or less as desired; and
(g) timbre .- controlling devices, for one or
more of the switchboards aforesaid, where-

by the timbre of the tones produced in the
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vibration-translating apparatus, aforesaid,
by the vibrations propagated: thereto from
the cireuits connected with such switchboard
can be altered from time to time.

70. In an electrical music-generating ap-
paratus, the combination of (a) a plurality
of switchboards; () circuits, connected
with each of said switchboards; (¢) means,
whereby electrical vibrations, having fre-
quencies corresponding to the notes of a

musical scale are produced in circuits of each.

of the switchboards aforesaid; (<) a line,
to which electrical vibrations are propagated
from circuits belonging to a plurality of the
switchboards aforesaid; (e) vibration-trans-
lating apparatus, supplied with electrical
vibrations from said line and serving to

translate electrical vibrations into audible:

aerial vibrations; (f) independently-acting
intensity-regulating devices for a plurality
of the switchboards aforesaid, whereby the
intensities of ‘the vibrations propagated to
the line aforesaid, from said switchboards,
can be varied, one switchboard independently

of another, as required; and (g) timbre-.

controlling devices, for one or more of the
switchboards aforesaid, whereby the timbre
of the tones produced in the vibration-
translating apparatus aforesaid, by the

vibrations propagated thereto from the cir-

cuits connected with such switchboard can
be altered from time to time. v

71. An electrical music-generating appa-
ratus, including, in combination, (a) a plu-

rality of independeritly-controllable switch--

hoards; (b) circuits, belonging to said
switchboards respectively, a set of circuits
for each switchboard; and (¢) alternators,
whereby the requisite electrical vibrations
are supplied to the various circuits afore-
said. : '

72, An électrical music-generating appa-

77

ratus, including, in combination, (@) a plu-
rality of independently-controllable switch-
boards; (b) circuits belonging to said
switchboards respectively; a set of circuits
for each switchboard; (¢) alternators,
whereby the requisite electrical vibrations
are supplied to the various circuits afore-
said; (&) shafts, on which the rotary mem-
bers of said alternators: are- mounted; and
(¢) gearing, connecting said shafts, whereby
each alternator is made to rotate with the
requisite angular velocity and accurate tun-
ing secured for the notes of both switch-
boards.

73, In an electrical music-generating sys-
tem, the combination of () a plurality of

switchboards; () circuits, belonging to said .

switchboards respectively, a set of circuits
for each switchboard; (¢) alternators, for

‘supplying the requisite electrical vibrations

to the circuits of the switchboards aforesaid

unison frequencies are supplied to corre-
sponding circuits in the several switchboards
aforesaid; and (d) vibration-translating
apparatus, for translating electrical vibru-
tions into audible aerial vibrations, suppliecd
with electrical vibrations from a plurality
of the switchboards aforesaid; the whole
being constructed, arranged- and operating
in such a manner that a greater intensity
may be given; when required, to the vibra-

- tions propagated to the vibration-translat-

ing apparatus aforesaid, from the circuits
of one switchboard and a less intensity to the
vibrations propagated to said vibration-

translating apparatus from the circuits of
“another of the switchboards aforesaid,

74. In an electrical music-generating sys-
tem, the combination of (a) a plurality of
switchboards; () circuits, belonging to
said switchboards respectively, a set of cir-
cuits for each switchboard; (¢) alterna-
tors, for supplying the requisite electrical
vibrations to the circuits of the switchboards

“aforesaid and whereby electrical vibrations

of the same unison frequencies are supplied
to co responding cireuits in the several
switcl.boards aforesaid; and (d) vibration-
translating apparatus, for translating elec-
trical vibrations into audible aerial vibra-
tions, supplied with electrical -vibrations
from a plurality of the switchboards afore-
said; said switchboards and the parts con-
nected with them being constructed, ar-
ranged and operating in such a manner that
the electrical vibrations propagated to the
vibration-translating apparatus aforesaid,
from one of the switchboards aforesaid, pro-
duce sounds of one timbre, while the vibra-
tions propagated to said vibration-translat-
ing apparatus from another of the switch-
boards aforesaid, produce, when required,
tones of a different timbre. _

75, An electrical music-generating appa-
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ratus, including, in combination, (&) a plu-
rality of independently-controllable switch-
boards; (b) circuits, belonging to said
switchboards respectively, a set of circuits
for each switchboard ; (¢) alternators, where-
by the requisite electrical vibrations are

supplied to the cireuits of the several switch-
boards aforesaid; and (d) a telephonic re-

ceiver, supplied with electrical vibrations
from a plurality of the switchboards afore-
said and serving to translate the electrical
vibrations thus received into audible aerial
vibrations.

76. In an electrical .music-generating ap-
paratus, the combination of (a) alternators,
having vibration frequencies corresponding
to the notes of a musical scale, through one
or more octaves; (b) vibration-translating
apparatus, whereby electrical vibrations are
translated into audible vibrations; and (¢) a

plurality of independently-acting switch-.
boards, intermediate the alternators afore- .

said and the vibration-translating apparatus
aforesaid; each switchboard controlling the
action of the alternators aforesaid on the vi-
bration-transiating apparatus aforesaid.

77. An electrical music-generating appa-
ratus, including, in combination, (&) a plu-
rality of independently-controllable switch-
boards; (&) circuits, belonging to said
switchboards respectively; and (¢) a single
set of alternators for supplying vibrations
to two or more of the switchboards afore-
said; a plurality of said alternators serving
each to supply electrical vibrations of the
same frequency to ome or more circuits in
each of the two switchboards aforesaid.

78. An electrical music-generating appa-
ratus, including, in combination, (@) a plu-
rality of independently-controllable switch-
boards; - (b) . circuits, belonging to said
switchboards respectively; (¢) a single set
of alternators for supplying vibrations to

two or more of the switchboards aforesaid;

a plurality of said alternators serving each
to supply electrical vibrations of the same
frequency to one or more circuits in each of
the two switchboards aforesaid; and (d): vi-
bration-translating apparatus, whereby elec-
trical vibrations are translated into audible
aerial vibrations.

79. An electrical music-generating appa-
ratus, including, in combination, (a) a plu-
rality of independently-controllable switch-
boards; (&) circuits, belonging to said
switchboards respectively; a set of circuits
for'each switchboard; (¢) a single set of al-
ternators, whereby. the requisite electrical
vibrations are supplied to the circuits of the
several switchboards aforesaid; and (d) vi-
bration-translating apparatus, whereby elec-
trical vib_ations are translated into audible
aerial vibrations, and to which electrical
vibrations are propagated from the ciréuits
belonging to the switchboards aforesaid; the

1,295,601

whole being constructed, arranged and oper-
ating in such a manner that greater intensity
1s given, when required, to the vibrations
propagated to the vibration-translating ap-
paratus aforesaid, from the circuits of one
switchboard and less intensity to the vibra-
tions propagated to said vibration-translat-
ing apparatus from the circuits of another
of the switchboards aforesaid.

80. An electrical music-generating appara-
tus, including, in- combination (a)- a plu-
rality of independently-controllable switch-
boards; (b) circuits, belonging to said
switchboards respectively; (¢) a single set
of alternators, whereby the requisite elec-

‘trical vibrations are supplied to the circuits

of the several switchboards aforesaid; and
(d) vibration-translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations, and to which electrical
vibrations are propagated from the circuits
belonging to the switchboards aforesaid;
said switchboards and the parts connected
with them being constructed, arranged and
operating in such a manner that the electri-
cal vibrations propagated to the vibration-
translating apparatus aforesaid, from one
of the switchboards aforesaid, produce
sounds of one timbre, while the vibrations
propagated to said vibration-translating ap-
paratus from another of the switchboards
aforesaid, produce tones of a different tim-
bre, when required.

81. An electrical music-generating appa-
ratus, including, in combination, (¢) a plu-
rality of independently-controllable switch-
boards; (&) «¢ircuits, belonging to said
switchboards respectively; (¢) alternators,
whereby the requisite electrical vibrations
are supplied to the varlous circuits afore-
said; (&) shafts, on which the rotary mem-
bers of said alternators are mounted; and
(e) toothed-gearing, connecting said shafts,
so that ‘they rotate without slip with the
relative angular velocities required.

82. An electrical music-generating appa-
ratus, including, in combination (@) a plu-
rality of independently-controllable switch-
boards; (3} civeuits, longd to said
switchboards vespectively; ( sernators,
whereby the requisite electrical vibrations
are supplied to the various circuits afore-
said; (d) shafts, on which the rotary mem-
bers of said alternators are mounted; and
(e) toothed-gearing, connecting said shafts,
so that they rotate without slip, with the

_relative angular velocities required ; and (f)

vibration-translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations,

83. An electrical music-generating appa-
ratus, including, in combination, (a? a plu-
rality of switchboards; () cireuits, belong-
ing to said switchboards respectively; (¢) a
single set of alternators, whereby the requi-
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site electrical vibrations are supplied to the
éircuits of the several switchboards afore-
said; (d) shafts, on which the rotary mem-
bers of said alternators are mounted; and
(¢) toothed-gearing, connecting said shafts,
so that they rotate without slip, with the

relative angular velocities required.

84/ An electrical music-generating appa-
ratus, including, in combination, (@) a plu-
rality of switchboards; (&) eirecuits, belong-
ine to said switchboards respectively; (¢)

-a single set of alternators, whereby the requi-

site electrical vibrations are supplied to the
circuits of the several switchboards afore-

said; () shafts, on which the rotary mem-

bers of said alternators are mounted; and
(¢) toothed-gearing, connecting said shafts,
so that they rotate without slip, with the
relative angular velocities required; and (f)
vibration - translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations. '

85. An electrical music-generating system,
including, in combination, (A) a central-
station plant for producing music in the

form of electrical vibrations; (B) vibration-

translating devices, located on different
premises, more or less remote from said cen-
tral station, and serving to translate electri-
cal vibrations into audible serial vibrations;
the central-station plant aforesaid, includ-
ing; (a) vibration-generating devices, for
producing the requisite electrical vibrations;
(%) lines or mains, for propagating electri-
cal vibrations from the central-station to the
subseribers’ premises; and (¢) a plurality of
switchboards, electrically intermediate the

vibration-generating devices aforesaid and-

the lines or mains aforesaid; whereby the
different vibration-generating devices are
brought into action upon the vibration-trans-
lating apparatus, as reguired.

86. An electrical music-generating éystem,

including, in combination, (A) a central-

station plant for producing music in the
form of electrical vibrations; (B) vibration-
translating devices, located on different
premises, more or less remote from said cen-

‘tral station, and serving to translate elec-

trical vibrations into audible aerial vibra-
tions; the central-station plant aforesaid, in-
cluding: (@) alternators, for producing the
requisite electrical vibrations; () lines or
mains, for propagating electrical vibrations
from the central station to the subscribers’
premises; and (¢) a plurality of switch-
boards electrically intermediate the alterna-
tors aforesaid and the lines or mains afore-
said ; whereby the different-alternators afore-
said are brought into action upon the vibra-
tion-translating apparatus aforesaid, as re-
quired, :

"87. An electrical music-generating system,
including, in combination, (A) a central-
station plant for producing music in the

form of electrical vibrations; (B) vibration-
translating devices, -located on different
premises, more or less remote from said cen-
tral station, and serving to translate elec-
trical vibrations into audible aerial vibra-
tions; the central-station plant aforesaid, in-
cluding: (a) alternators, for producing the
requisite electrical vibrations; said alterna-
tors having rotary members; (b) shaits, on
which the rotary members of said alternators
are mounted; (¢) toothed-gearing, connect-
ing said shafts, so that they rotate with slip,
with the relative angular velocities required ;
(d) lines or mains for propagating electri-
cal vibrations from the central station to the
subscribers’ ‘premises; and (e) a plurality
of switchboards, . electrically = intermediate
the alternators aforesaid, and the lines or
mains aforesaid; whereby the different alter-
nators aforesaid are.brought into action
upon the vibration-translating apparatus,
aforesaid, as required. _

88. The combination in an electrical
music-generating apparatus of (@) alter-
nators, for producing electrical vibrations
having frequencies corresponding to the
notes of a musical scale; () vibration-
translating devices, whereby. electrical vi-
brations are translated into audible aerial
vibrations; (¢) ~a plurality of independ-
ently-acting keyboards; and (&) means, con-
trolled by the keys of said keyboards, where-
by the alternators aforesaid are made to act
on the vibration -translating apparatus
aforesaid, as required.,
- 89. The .combination in an _electrical
music-generating apparatus of (a) alterna-
tors, for producing electrical vibrations
having frequencies corresponding to the
notes of a musical scale; () vibration-
translating ‘devices, whereby electrical vi-
prations are translated into audible aerial
vibrations; (¢) a plurality of keyboards;
and (d) means, controlled by the keys of
said keyboards, whereby the -alternators
aforesaid are made to act on the vibration-
translating apparatus aforesaid; as Tre-
quired; the whole apparatis being con-
structed, drranged and operating in such a
manner that the electrically-produced tones,
controlled by one keyboard, may be made to
be of one timbre or of one degree of loudness,
while the electrically-produced tones, con-
trolled by another keyboard, are of a dis-
tinetly different timbre or of a distinctly
different degree of loudness.

90. The combination in an electrical

-music-generating apparatus of (a) alterna-

tors, for producing electrical vibrations
having frequencies corresponding to the
notes of a musical scale; (b) vibration-
translating devices, whereby electrical -vi-:
brations are translated into audible aerial
vibrationsy (¢) a plurality of keyboards;
(d) meanc. confrolled by the-keys of said
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_into audible aerial vibrations;

80

keyboards, whereby the alternators afore-
said are made to act on the vibration-trans-
lating apparatus aforesaid, as required; and
(e) timbre- changing mechanls'n, for one or
more of the keyboards aforesaid, whereby
the timbre of notes belonging to such key-
board can be altered from time to time, as
required. , :

91. The combination in an. .electrical
music-generating apparatus of (a) alterna-
tors, for producing electrical vibrations
havm(r frequencies corresponding to the
notes of a musical scale; (D) vibration-
translating devices, wher eby electrical vibra-
tions are franslated into audible aerial vi-
brations; (¢) a plurality of keyboards; (d)
means, controlled by the keys of said key-
boards, whereby the alternators aforesaid
are made to act on the vibration-translating
apparatus aforesaid, as required; and (e)
an intensity-regulating device for one. or
more of the keyboards aforesaid; whereby
the loudness of the electrically-produced
sounds corresponding to and controlled by

such keyboard, can be increased or de-
cre%ed as requlred
. The combination in an electrical

musm—generatmg apparatus of (&) a plu-
rality of independently-acting keyboards;
(b) circuits for each keyboard, belonging to
and controlied by that keyboard; (¢) alter-
nators, for producing the requisite electrical

vibrations in the circuits aforesaid; (d) one -

or more vibration-translating devices,
whereby electrical vibrations are translated
and (e)
switches, controlled by the keys of the key-
boards aforesaid, and acting to bring the
circuits aforesaid into action on the vibra-
tion-translating apparatus aforesaid, as re-
quired.

93. The combination in an electrical
music-generating apparatus of («) a plu-
rality of’ keyboards, (b) circuits for each
keyboard, belonging to and controlled by

that keyboard; (c) qlternators. for produc-

ing the requlslte electrical vibrations in the
cireuits afore esaid; {d) one or more vibra-
tion-translating devices, whereby electrical
vibrations are translated into audible aerial
vibrationhs; and (e) switches, controlled by

the keys of the keyboards aforesaid, and act-
ing to bring the circuits aforesaid . into ac-

t10n on the Vlbl ation-translating apparatus
aforesaid, as required ; the whole apparatus
being constructed and arranged and oper-
ating in such a manner that the electrically-
produced tones, controlled by one keyboard,
may be made to be of one timbre, and of one
degree of loudness, while the electrically-

Aproduced tones, controlled by a different

keyboard, are of a distinctly different timbre
or of a distinctly different degree of loud-
ness, substantially as hereinbefore described.

94. The combination in an electrical
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music-generating apparatus of («) a plu-
rality of keyboards; () circuits for each
keyboard, belondnw to and controlled by
that keyboard; (c) alternators, for produc-
ing the requisite electrical vibrations in the
circuits aforesaid; (d) one or more vibra-
tion-translating deVlces, whereby electrical
vibrations are translated into audible aerial
vibrations; (¢) switches, controlled by the
keys of the keyboards aforesaid, and acting
to bring the circuits aforesaid into action on
the vibration-translating apparatus afore-
said, as required; and (f) means, whereby
the timbre of the notes belonomo to a key-
board may be altered from time to time, ac-
cording to the musical effect required.
95. The combination in an electrical
music-generating apparatus of («) a plu-
rality of keybOfudq (b) circuits for each
keyboard, belonomo to and controlled by
that keyboard ; (0) ‘lltelnators, for ploduc
ing the requisite electrical vibrations in the
circuits aforesaid; (d) one or more vibra-
tion-translating devices, whereby electrical
vibrations are translated into audible aerial
vibrations; (e¢) switches, controlled by the
keys of the keyboards aforesaid, and acting
to bring the circuits aforesaid into action on
the vibration- translating apparatus afore-
said, as required; and (f) an intensity-reg-
ulating device, for one or more of the key-
boards qforesald whereby the loudness of
the electrically-pr roduced sounds, correspond-
ing to and controlled by such keyboard, can
be increased or decreased from time to time,
as required.
96. The combination in an electrical mu-

sic-generating apparatus of (¢) a plurality

of independently-acting keyboards; (b) cir-
cuits for each keyboard, belonging to and
controlled by that keyboard; (¢) alternators,
for producing the requisite “electrical vibra-
tions in the circuits aforesaid; said alterna-
tors having rotary members; ((Z) shafts, on
which the I‘Ot‘lI‘V members of said alterna-
tors are mounted (e) toothed-géaring, con-
necting said shatfs 8, so that they rotate with-
out %hp with the relative angular velocities
required; (f) one or more vibration- trans-
lating devwes, whereby electrical vibrations
are translated into audible aerial vibrations;
and (g) switches, controlled by the keys of
the keyboards aforesaid, and acting to bring
the circuits aforesaid into action on the vi-
bration-transiating apparatus aforesaid, as
required.

97. The combination in an electrical mu-
sic-generating apparatus of (@) a plurality
of keybouds, (b) circuits for each key-
board, belonging to and controlled -by that
keyboard 5 (c) %Iternfltors for producmfr the
requisite electrical v1bmt10ns in the circuits
aforesaid; said alternators having rotary
memberS' (d) shafts, on which the rotary
members of said alternators are mounted;
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(¢) toothed-gearing,
So that they rotate without slip with the
relative angular velocities vequired ; - (f)
one or more ‘vibration-translating devices,
whereby electrical vibrations are translated
into audible aerial vibrations; and (g)
switches, controlled by the keys of the key-
boards aforesaid, and acting to bring the
circuits aforesaid into*action on the vibra-
tion-translating apparatus aforesaid, as re-
quired; the whole’ apparatus being con-
structed and arranged and operating in
cuch a manner that the electrically pro-
duced tones, controlled by one keyboard
may be made to be of one timbre, and o
one degree ‘of loudness,
cally-produced tones, controlled by a dif-
ferent keyboard, are of a distinctly differ-
ent, timbre or of a distinctly different de-
gree of loudness, substantially as hereinbe-
fore described.

98. The combination in an electrical mu-

sic-generating apparatus of (a) a plurality

of keyboards; (b) circuits. for each key-.

board, belonging to and controlled by that
keyboard; (¢) alternators, for producing the
requisite electrical vibrations in the circuits
aforesaid; said alternators having rotary
members; (&) shafts, on which the rotary
members of said alternators are motnted;
(&) toothed-gearing, connecting said shafts,
so that they rotate without slip. with the
rvelative angular . velocities required; (f)

one or more vibration-translating devices,

whereby electrical vibrations are translated

into audible aerial vibrations; (¢) switches,
controlled by the keys of the keyboards

aforesaid, and acting to bring the circuits

aforesaid into action on the vibration-trans- .

lating apparatus aforesaid, as required ; and
(%) means, whereby the timbre of the notes

belonging ‘to a keyboard may be altersd.

from time to time, according to the musicdl
effect required. _ .

99. The combination in an electrical mu-
sic-generating apparatus of (@) a plurality
of keyboards; (b) circuits for each key-
board, belonging to and controlled by that
keyboard ; (c¢) alternators, for producing the
requisite electrical vibrations in the circuits
aforesaid; said alternators having rotary
_ (d) shafts, on which the rotary
inembers of said alternators are mounted;
(¢) toothed-gearing, connecting said shafts,
o that they rotate without slip with the
relative angular velocities required; (N

one or more vibration-translating devices,

whereby electrical vibrations are translated -

" into audible aerial vibrations; (g) switches,

60
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controlled by the keys of the keyboards
aforesaid, and acting to bring the circuits
aforesaid into action on the vibration-trans-
lating apparatus aforesald, as required ; and
() an intensity-regulating device, for one

or more of the keyboards aforesaid, whereby

connecting said shafts,

‘while the electri-~

81

the loudness of the electrically - produced
sounds, corresponding to and controlled by
such keyboard, can be increased or decreased
from time to time, as required.

100. The combination in an electrical mu-
sic-generating apparatus of (@) a plurality
of ' independently-acting keyboards; ()
circuits, for each keyboard, belonging to
and controlled by that keyboard ; ('c% a sin-
gle set

70

of -alternators, common to two or 76
more of the keyboards aforesaid, and serv-
ing to produce electrical vibrations of the.
requisite frequencies in the circuits of each
such keyboard; (d) one.or more vibration-
translating devices, whereby electrical vi-
brations are translated into audible aerial
vibrations; and (e) switches, controlléd by
the keys of the keyboards aforesaid, and
acting to bring the circuits aforesaid into
action on the vibration-translating appara-
tus aforesaid, as required.

101. The combination in an electrical mu-
sic-generating apparatus of (@) a plurality
of keyboards; (&) circuits, for each keyboard,
belonging to and controlled by that keyboard;
(¢) a single set of alternators, common to
two or more of the keyboards aforesaid, and

80

85

90

‘serving to produce electrical vibrations of

the requisite freguencies in the circuits of
each such keyboard; (d) one or more vi-
bration-translating devices, whereby elec-
trical vibrations are translated into audible
aerial vibrations; and (e) switches, con-
trolled by the keys of the keyboards afore-
said, and acting to bring the circuits afore- 100
said into action on the vibration-translating
apparatus aforesaid, as required ; the whole
apparatus being constructed and arranged
and operating such a manner that the elec-
trically-produced tones, controlled by orne 105
keyboard, may be made to be of one timbre, -
and of one degree of loudness, while the
electrically-produced tones, controlled by a
different keyboard, are of a distinctly dif-
ferent timbre or of a distinctly different de- 110
gree of loudness, substantially as hereinbe-
fore described. , '
102. The combination in an electrical
music-generating apparatus of (¢) a plu-
rality of keyboards; (b) circuits for each
keyboard, belonging to and controlled by
that keyboard; (¢) a single set of alterna-
tors, common to two or more of the key-
boards aforesaid, and serving to produce
electrical vibrations of the requisite fre-120
quencies in the circuits of each such key-
board ; (£) one or more vibration-translating’
devices, whereby electrical vibrations are
translated into audible aerial vibrations; (&)
switches, controlled by the keys of the key- 125
boards aforesaid, and acting to bring the
circuits aforesaid into saction on the vibra-
tion-translating apparatus aforesaid, as re-
quired; and (f) means, whereby the timbre
of the notes belonging to a keyboard may be 180
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altered from time to time, according to the
musical effect required.

103. The combindtion in an eléctrical
music-generating apparatus of (a) a plu-
rality of keyboards; (&) circuits for each
keyboard, belonging to and controlled by that
keyboard; (¢) a single set of alternators,
common to two or more of the keyboards
aforesaid, and serving to produce electri-
cal vibrations of the requisite frequencies
In the circuits of each such keyboard; (d)
one or more vibration-translating devices,
whereby electrical vibrations are translated -
into audible aerial vibrations; (e) switches,
controlled by the keys of the keyboards
aforesaid, and acting to bring the circuits
aforesaid into action on the vibration-trans-
lating apparatus aforesaid, as required ; and
(f) an intensity-regulating device, for one
or more of the keyboards aforesaid, whereby
the loudness of the electrically-produced
sounds, corresponding to and controlled by
such keyboard, can be increased or decreased
from time to time, as required.

104. The combination in an electrical
music-generating apparatus of (a) a key-
board; (b) circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
serted in said circuits, said switches being

.controlled by the keys of the keyboard

aforesaid; (d) another keyboard; (e¢) other
circuits, belonging to and controlled by said
second keyboard; (f) switches, inserted in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, whereby elec-
trical vibrations of the requisite frequencies
are produced in the circuits aforesaid; (A4)
a line, to_which electrical vibrations are
propagated from the circuits, controlfed by
the keys of the two keyboards aforesaid;

~-and (z) one or more telephonic receivers,
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fed with vibrations from the line aforesaid.
105. The. combination in an electrical
music-generating apparatus of (a) a key-
board; (b) circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
serted in said circuits, said switches being
controlled by the keys of the keyboard
aforesaid; (&) another keyboard; (¢) other
circuits, belonging to and controlied by said
second keyboard; (f) switches, inserted in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, whereby electri- .
cal vibrations of the requisite frequencies
are produced in the circuits aforesaid; (A)
a line, to which electrical vibrations are
propagated from the circuits, controlled by
the keys of the two keyboards aforesaid; and
(2) -one or more telephonic receivers, fed
with vibrations from the line aforesaid; the
apparatus being constructed, arranged and
operating in such a manner that the elee-
trically-produced tones, controlled by one

1,295,691

keyboard, are of one timbre and of one de-
gree of loudness, while the electrically-pro-
duced tones controlled by the other key-
board, are of a different timbre or else of a
different degree of loudness.

106. The combination in an electrical mu-
sic-generating apparatus of (a) a keyboard;
(b) circuits, belonging to and controlled by
said keyboard; (¢) switches, inserted in said
circuits, said. switches being controlled by
the keys. of the keyboard aforesaid; (d)
another keyboard; (e) other circuits, be-
longing to and controlled by said second
keyboard; (f) switches, inserted in the cir-
cuits last mentioned, said switches being
controlled by the keys of the second key-
board; (g). alternators, whereby electrical
vibrations of the requisite frequencies are
produced in the circuits aforesaid; (2) a
line, to which electrical vibrations are prop-
agated from the circuits, controlled by the
keys of the two keyboards aforesaid; ()
one or more telephonic receivers, fed with
vibrations from the line aforesaid; and (%)
means, whereby the timbre of the notes of
a keyboard may be altered from time to
time, according to the musical effect ve-
quired. ’ ‘

107. The combination in an electrical
music-generating apparatus of (a) a key-

board; (b) circuits, belonging to and con- -

trolled by said keyboard; (c¢) switches, in-
serted in said circuits, said switches being
controlled by the keys of the keyboard afore-
said; (d) another keyboard; (¢) other cir-
cuits, belonging to and controlled by said
second keyboard; (f) switches, inserted” in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, whereby electri-
cal vibrations of the requisite frequencies
are produced in the circuits aforesaid; (A)
a line, to which electrical vibrations are
propagated from the circuits, controlled by

-the keys of the two keyboards aforesaid;

(¢) one or more telephonic receivers, fed

with vibrations from the line aforesaid; and

(%) an intensity-regulating device, for one
or more of the keyboards aforesaid, whereby
the loudness of the electrically-produced
tones, "corresponding to and controlled by
said keyboard, can be increased or decreased
from time to time, as required.

108. The combination
music-generating apparatus of (z) a key-
board; (&) circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
serted in said circuits, said switches being
controlled by the keys of the keyboard afore-
said; (d) another keyboard; (e) other cir-
cuits, belonging to and controlled by said
second keyboard;- (f) switches, inserted in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, whereby electrical
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vibrations of the requisite frequencies are
produced in the circuits aforesaid; said
alternators having rotary members; (%)
shafts, on which the rotary members of said
alternators are mounted; (¢) toothed-gear-
ing, connecting said shafts, so that they

Totate without slip with the relative angular

velocities required; (%) a line, to which
electrical vibrations are propagated from the

circuits, controlled by the keys of the two-

keyboards afotesaid; and (7) one or more
telephonic _receivers, fed with vibrations
from the line aforesaid. :

109. The combination in an electrical
music-generating apparatus of () 2 key-
board; () circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
serted in said circuits, said switches being
controlled by the keys of the keyboard afore-
said; (&) another keyboard; (e) other cir-
cuits, belonging to and controlled by said
second keyboard; (f) switches, inserted in
the circuits last mentioned, said switches
being. controlled by the keys of the second
electrical

produced in the circuits aforesaid; said
alternators having rotary members; (A)
shafts, on which the rotary members of said
alternators are mounted; (¢) toothed-gear-
connecting said shafts, so that they
rotate without slip with the relative angular
velocities réquired; (%) a line, to which elec-
trical vibrations are propagated from the
circuits, controlled by the keys of the two
keyboards aforesaid; and () one or more
telephonic - receivers, fed with - vibrations
from the line aforesaid ; the apparatus being
constructed, arranged and operating in such
a manner that the electrically-
tones, controlled by one keyboard, are of
one timbre and of one degree of loudness,
while the electrically-produced tones con-
trolled by the other keyboard, are of a dif-
ferent timbre or else of a different degree
of loudness. :

110. The combination in an electrical
music-generating apparatus of (@) a key-
board; (&) circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
certed in said cireuits, said switches being
controlled by the keys of the keyboard afore-
said; (d) another keyboard ; Ze) other cir-
cuits, belonging to and controlled by said
second keyboard; (f) switches, inserted in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, whereby elec-

trical vibrations of the requisite frequencies

‘are produced in the circuits aforesald ; said

.alternators having rotary members; (%)
shafts,
alternators are mounted; (¢) toothed-gear-
ing connecting said shafts, so that they
rotate without slip with the relative angular

roduced

on which the rotary members of said.

88

velocities required; (%) a line, to which
electrical vibrations are propagated from the
circuits, controlled by the keys of the two
keyboards aforesaid; () one or more tele-
phonic receivers, fed with vibrations from

the line aforesaid; and (m) means, whereby .

the timbre of the notes of a keyboard may
be altered from time to time, according to
the musical effect required. o

111, The combination in an electrical
music-generating apparatus of (a) a key-
board; (D) circuits, belonging to and con-
trolled by said keyboard; (¢) switches, in-
serted in said circuits, said switches being
controlled by the keys of the keyboard afore-

“said; (d) another keyboard; (e) other cir-
cuits, belonging to and controlled by said
second keyboard; (f) switches, inserted in
the circuits last mentioned, said switches
being controlled by the keys of the second
keyboard; (g) alternators, .whereby elec-
trical vibrations of the requisite frequencies
are produced in the circuits aforesald; said
alternators having rotary members; (%)
shafts, on which the rotary members of said
alternators are mounted; (¢) toothed-gear-
ing connecting said shafts, so: that they
rotate without slip with the relative angular
velocities; (%) a line, to which electrical
vibrations are propagated from the circuits,
controlled by the keys of the two keyboards
aforesaid; () one or more telephonic re-
ceivers, fed with vibrations from the line
aforesaid; and (m) an intensity-regulating
device, for one or more of the keyboards
aforesaid, whereby the loudness of the elec-
trically-produced ~ tones, corresponding to
and controlled by said keyboard, can be in-
creased or decreased from time to time; as
required. v o

119.- An electrical music-generating sys-
tem, including, in combination, '
vibration - translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations; () a keyboard; (c)
a plurality of sets of circuits, controlled
by said keyboard; said sets of circuits serv-
ing respectively for different orders of har-
monics; (d) switches, inserted in said cir-
cuits, said switches being controlled by the
keys of the keyboard aforesaid; (¢) alter-
nators, whereby electrical vibrations of the
requisite frequencies are produced in the cir-
cuits aforesald; (f) devices, each controlling

~the action of -one of the sets of eclircuits
aforesaid on the vibration-translating appa-
ratus; and (¢) another keyboard, with one
or more other sets of circuits controlled
thereby and in which the requisite electrical
vibrations are produced.

113. An electrical music - generating sys-
tem, including in combination, (@) suitable
vibration - translating apparatus, whereby
electrical vibrations are translated into audi-
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a plurality of sets of circuits, controlled by
sald keyboard ; said sets of circuits serving
respectively for different orders of har-
monics; (&) “switches, inserted in said cir-
cuits, said switches being controlled by the

keys of the keyboard aforesaid; (e) alter-

nators, whereby electrical vibrations of the
requisite frequencies are produced in the
several sets of circuits aforesaid; (f) de-
‘vices, each controlling the action of one of

the sets of circuits aforesaid on the vibra-

tion - translating apparatus; (g) another
keyboard or switchboard with one or more
other sets of circuits controlled thereby and
in which the requisite electrical vibrations
are produced; and (%) 'set-controlling de-
vices for the sets of circuits last named ; the
set-controlling devices for the sets of cir-
cuits belonging respectively to the two key-
boards aforesald, serving to afford facility

to the performer or performers to change -

the timbres off ‘the electrically - produced
sounds, corresponding respectively to and
controlled respectively by such keyboards;
substantially as hereinbefore described.

114. An electrical music - generating sys-

tem, including, in combination, (@) suitable-
vibration - translating apparatus, whereby -

electrical vibrations are translated into audi-
ble aerial vibrations; (5) a keyboard; (¢) a
plurality of sets of circuits, controlled by
said keyboard; said sets of circuits serving
respectively for different orders of har-
monics; (&) switches, inserted in said cir-
cuits, said switches being controlled by the
keys of the keyboard aforesaid; (e¢) alterna-
tors, whereby electrical vibration of the-re-
quisite frequences are produced in the cir-

cuits aforesaid; (f) devices, each controlling

the action of one of the sets of circuits
aforesaid on the vibration-translating appa-
ratus; (g¢g) -another device, controlling the
intensity of.action of all the sets of circuits
aforesaid on the vibration-translating ap-
paratus aforesaid; the set-controlling de-
vices aforesaid serving to afford facility for
changing the timbre of the electrically-pro-
duced tones, and the intensity-controlling
device aforesaid serving to afford facility
for changing the loudness of said tones; and
() another keyboard, with one or more
other sets of circuits controlled thereby and
in which the requisite electrical vibrations
are produced. '

115. An electrical music - generating sys-
tem, including, in combination, (&) suitable
vibration - translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations ; (5) a keyboard; (¢) a
plurality of sets of circuits, controlled by
said key board; said sets of circuits serving
respectively for different orders of har-
monics; (d) switches, inserted in said cir-

_ cuits, said switches being controlled by the

(1]

keys of the keyboard aforesaid; (e) alterna-
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tors, whereby electrical vibrations of the
requisite freqencies are produced in the sev-
eral sets of circuits aforesaid; (f) devices,
each controlling the action of one of the
sets of circuits aforesaid on the vibration-
translating "apparatus; (g) another key-
board or switchboard with one or more other
sets of circuits controlled- thereby and in
which the requisite electrical vibrations are
produced;.and (%) set-controlling devices
for the sets of circuits last-named ; the set-
controlling devices for the sets of circuits be-
longing respectively to the two keyboards
aforesaid, serving to afford facility to the
performer or performers to change the tim-
bres of the ‘electrically - produced sounds,
corresponding Tespectively to and controlled

" respectively by such keyboards; and (%)

loudness-governing devices for the two key-

‘boards aforesaid, each of said loudness-gov-

erning devices serving to govern the loud-
ness of the electrically produced tones corre-
sponding to and controlled by the keyboard
for which it serves..

116. An electrical music-generating sys-
tem, including, in combination; (@) suit-
able vibration-translating apparatus, where-
by electrical vibrations are translated into
audible aerial vibrations; (%) a keyboard;
(¢) a plurality of sets of circuits, con-
trolled by said keyboard; (d) switches, in-
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serted in said circuits, said switches being

controlled by the keys of the keyboard
aforesaid; (e¢) alternators, whereby the req-
uisite electrical vibrations are produced .in
the circuits of the several sets aforesaid,
said alternators having rotary members; (/)
shafts, on which the rotary members of said
alternators are mounted; (¢) toothed-gear-
ing, connecting said shafts, so that they ro-

100

105

tate without slip with the relative angular

-velocities required; (%) devices, each con-

trolling the action of one of the set of cir-
cuits aforesaid, on the vibration-translating
apparatus; and (¢) another keyboard, with

110

one or more other sets of circuits controlled -

thereby and in which the requisite electrical
vibrations are produced. _
117. An electrical music-generating sys-

-tem, including, in combination, (&) suit-

115

able vibration-translating apparatus, where-

by electrical vibrations are translated into
audible aerial vibrations; () a keyboard;

(¢) a plurality of sets of circuits, con’

trolled by said keyboard, said-sets of cir-
cuits serving respectively - for = different
orders of harmonics; (d) switches, inserted
in said circuits, said switches being con<
trolled by the keys of the keyboard afore-
said; (e) alternators; whereby electrical vi-

brations of the requisite frequencies are.

produced in the ecircuits aforesaid; said
alternators having rotary members; (f)
shafts, on which the rotary members of said

-alternators are mounted; (¢) toothed. gear-

120
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ing connecting said shafts, so that they ro-
tate without slip with the relative angular
velocities required; (&) devices, each con-
trolling the action.of one of the sets of cir-

_cuits aforesaid on the vibration-translating
apparatus; and (¢) another keyboard, with

one or more other sets of circuits controlled
thereby and in which the requisite eleetrical
vibrations are produced.

118. An electrical misic-generating sys-
tem, including, in combination, (@) suitable
vibration-translating apparatus, whereby
electrical - vibrations are translated into
audible aerial vibrations; () a keyboard;
(¢) a ‘'plurality of sets of circuits,  con-
trolled by said keyboard; said sets of cir-
cuits serving respectively for different
orders of harmonics; (&) switches, inserted
in said circuits, said switches being con-
trolled by the keys of the keyboard afore-
said; (¢) alternators, whereby electrical vi-
brations of the requisite frequencies are pro-
duced in the several sets of circuits afore-
said; said alternators having rotary mem-
bers; (f) shafts, on which the rotary mem-
bers of said alternators are mounted ;
toothed gearing, connecting said shafts, so
that they rotate without slip with the rela-
tive .angular velocities required; (A) de-
vices, each controlling the action of one
of the sets of cirduits aforesaid on the vi-
bration - translating apparatus; (¢) another
keyboard, with one or more other sets of

circuits controlled thereby and in which the

requisite electrical vibrations are produced ;
and (%) set-controlling devices for the sets
of circuits last named; the set-controlling
devices for the sets of circuits belonging
respectively to the two keyboards aforesaid,
serving to afford facility to the performer
or performers to change the timbres of the
electrically-produced sounds, corresponding
and controlled respectively
by such keyboards; substantially as herein-
before described.

119. An_electrical mus1c-.generating sys- - T

tem, including, in combination, (@) suitable
vibration-translating apparatus, whereby
electrical vibrations are translated into
audible aerial vibrations; () a keyboard;
(¢) a plurality of sets of circuits, con-
trolled by said keyboard; said sets of cir-
cuits ' serving respectively for different
orders of harmonics; (d) switches, inserted
in said circuits, said switches being con-
trolled by the keys of
said; (e) alternators, whereby electrical vi-
brations of the requisite frequencies are pro-
duced in the circuits aforesaid; said alter-
nators having rotary members; (f) shafts,
on which the rotary members_of said al-
ternators are mounted; (g) toothed-gearing,
connecting said shafts, so that they rotate
without slip with the relative angular. ve-
locities required; () devices, each control-

- tones; and

(g9)

‘aforesaid respectively,

the keyboard afore-

ling the action of one of the sets of circuits
aforesaid on the vibration-translating ap-
paratus aforesaid; (¢) another device, con-
trolling the intensity of action of all the sets
of circuits aforesaid on the vibration-trans-
lating apparatus aforesaid; the set-control-
ling devices aforesaid serving to afford fa-
cility for changing the timbre of the electri-
cally-produced tones, and the intensity-con-
trolling device aforesaid serving to afford
facility for changing the loudness of said-
(k). another keyboard, with one
or more other sets of circuits controlled
thereby and in which the requisite electrical
-vibrations are produced.

120. An electrical music-generating sys-
tem, including, in combination, (o) suitable
vibration-translating ‘apparatus, ! whereby
electrical vibrations are translated into aud-
ible aerial vibrations; (b) a keyboard; (¢)
a plurality of sets of circuits, controlled by
said keyboard; said sets of circuits serving -
respectively for different orders of har-
monics; (d) switches, inserted in said cir-
cuits, said switches being controlled by the
keys of the keyboard aforesaid; (e) alterna-
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" tors, whereby electrical vibrations of the

requisite frequencies are produced in the
several sets of circuits aforesaid ; said alter-
nators having rotary members; (f) shafts, 95
on which the rotary members of said alter-
nators are mounted; (g) toothed gearing,
connecting said shafts, so that they rotate
without slip with the relative angular veloci-

ties required; (k) devices, each controlling 100

the action of one of the sets of circuits afore-
said on the vibration-translating apparatus;
(4) another keyboard, with one or more other

“sets of circuits controlled thereby and in

which the requisite electrical vibrations are 105
produced ; (%) set-controlling devices for the
sets of circuits last named; the set-control-
ling devices for the sets of circuits belonging
respectively to the two keyboards aferesaid,
serving to afford facility to the performer or 110
serformers to change the timbres of the:
electrically-produced sounds, corresponding
respectively to and controlled respectively
by such keyboards; and (7) two loudness-
governing devices. for the two keyboards 115
each of said loudness-
to govern the

governing devices serving

Toudness of the electricalty-produced tones;

corresponding to and controlled by the key-
board for which it serves.

191, An electrical music-generating appa-
ratus, comprising, (@) a plurality of switch-
boards; (b) circuits, connected with said
switchboards; (¢) a set of alternators, hav-
ing vibration-frequencies corresponding’ to 125
the notes of a musical scale and adapted to
produce electrical vibrations of different fre-
quencies in circuits corresponding to said set
of alternators and belonging to one or more
of the switchboards aforesaid; and (d) an-" 130

120
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other set of alternators, tuned in unison with
the set of alternators first mentioned, and
serving to produce, in circuits corresponding
respectively to said alternators and belong-

‘ing to one or more of the switchboards

aforesaid, electrical vibrations of frequencies
substantially identical with those produced
by the corresponding alternators in the set
first mentioned, but of a different wave
shape, corresponding to a different timbre.
122, An electrical music-generating appa-
ratus, comprising, (@) a plurality of switch-
boards; () .circuits, connected with said

/switchboards; (¢) a set of alternators, hav-

ing vibration-frequencies corresponding to
the notes of a musical scale and adapted to
produce electrical vibrations of different fre-
quencies in circuits corresponding to said set
of alternators and belonging to one or more
of the switchboards aforesaid; (d) another
get of alternators, tuned in unison with the
set of alternators first mentioned, and serv-
ing to produce, in circuits corresponding re-

spectively to said alternators and belonging

to one or more of the switchboards afore-
said, electrical vibrations of frequencies sub-
stantially identical with those produced by
the corresponding alternators in the set first
mentioned, but of a. different wave shape,
corresponding to a different timbre; and (e)
vibration-translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations; the switchboards
aforesaid serving to afford facility for
bringing the different alternators aforesaid
into action upon the vibration-translating
apparatus, each alternator as required.

123. An electrical music-generating appa-

ratus, comprising (a) a plurality of switch- .

boards; (&) circuits, connected with said
switchboards; (¢) a set of alternators, hav-
ing vibration-frequencies corresponding to
the notes of a musical scale and adapted to
produce electrical vibrations of different fre-
quencies in circuits corresponding to said set
of alternators and belonging to one or more
of the switchboards aforesaid; (d) another
set of alternators, tuned in unison with the
set of alternators first mentioned, and serv-
ing to produce, in circuits corresponding
respectively to said alternators and belong-
ing to one or more of the switchboards afore-
sald, electrical vibrations of frequencies sub-
stantially identical with those produced by
the corresponding alternators in the set first
mentioned, but of a different wave shape,
corresponding to a different timbre; (e)

vibration-translating apparatus, whereby -

electrical vibrations are translated into auds-
ble aerial vibrations; the switchboards
aforesaid serving to afford facility for bring-
ing the different alternators aforesaid into
action upon the vibration-translating appa-
ratus, each alternator as required; and ()

one or more expression devices, whereby the

ble aerial vibrations;

1,205,601

loudness of the electrically-produced tones is
governed.

124. An electrical music-generating appa-
ratus, comprising, (@) a plurality of switch-
boards, (6) circuits, connected with said
switchboards; (¢) a set of alternators, having
vibration - frequencies corresponding to the
notes of a musical scale and adapted to pro-
duce electrical vibrations of different fre-

-quencies in circuits corresponding to said set

of alternators and belonging to one or more
of the switchboards aforesaid; (d) another
set of alternators, tuned in unison with the
set. of alternators first mentioned, and serv-
ing to produce, in circuits corresponding re-
spectively to said alternators and belonging
to one or more of the switchboards afore-
said, electrical vibrations of frequencies sub-
stantially identical with those produced by
the corresponding alternators in the set. first
mentioned, but of a different wave shape,
corresponding to a different timbre; (e)
vibration-translating apparatus, whereby
electrical vibrations are translated into audi-
ble aerial vibrations; the switchboards afore-
said serving to afford facility for bringing
the different alternators aforesaid into ac-
tion upon the vibration-translating appa-
ratus, each alternator as required; and (f)
keyboards for controlling the switchboards
aforesaid. . , '

125. An electrical music-generating appa-
ratus, comprising, (@) a plurality of switch-
boards; (&) circuits, connected with said
switchboards; (¢) a set of alternators, hav-
ing- vibration-frequencies corresponding to
the notes of a musical scale and adapted to
produce electrical vibrations of different fre-
quencies in circuits corresponding to said set
of alternators and belonging to one or more
of the switchboards aforesaid; (d) another
set of alternators, tuned in unison with the
set of alternators first mentioned, and serv-
ing to produce, in circuits corresponding re-
spectively to said alternators and belonging
to one or more of the switchboards afore-
said, electrical vibrations of frequencies sub-
stantially identical with those produced by
the corresponding alternators in the set first
mentioned, but of a- different wave shape,
corresponding to a different timbre: (¢) vi-
bration-translating apparatus, whereby elec-
trical vibrations are translated into audi-
the switchboards
aforesaid serving to afford facility for

said Into action upon the vibration-translat-
ing apparatus, each alternator as required;
( f% keyboards, for controlling the switch-
boards aforesaid; and (¢) one or more ex-
pression devices, whereby the loudness of
the electrically-produced sound is governed.
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“bringing the different alternators afore- .

125

126. An electrical music-generating appa- -
ratus, comprising, (@) a plurality of switch- -

boards; () circuits, conitected with said-
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switchboards; (¢) a set of alternators, hav-
ing vibration-frequencies corresponding to
the notes of a musical scale and adapted to
produce electrical vibrations of different
frequencies in cirenits corresponding: to said
set of alternators and belonging to one or
more of the switchboards aforesaid; () an-
other set of alternators, tuned in unison with
the set of alternators first mentioned, and
serving to produce; in’ cireuits correspond-
ing respectively to said alternators and be-
longing to one or more of the switchboards
aforesaid, electrical vibrations of fre-
quencies substantially identical with those
produced
in the set first mentioned, but of a different
wave shape, corresponding to a different
timbre; (e) vibration-translating apparatus,
whereby electrical vibrations are translated
into audible aerial vibrations; the switch-
boards aforesaid serving to afford facility
for bringing the different alternators afore-

said into action upon the vibration-trans-

lating apparatus, each alternator as re-
quired; (f) power devices, for operating the
switches of one or more of the switchboards
aforesaid; and (9) keyboards, controlling
said power devices.

127. An electrical music-generating appé- :
ratus, comprising, (@) a plurality of switch-

boards; (B) circuits, connected with said
switchboards; (¢) a set of alternators, hav-
ing vibration-frequencies corresponding to
the notes of a musical scale and adapted to
produce electrical vibrations of different
frequencies in cireuits corresponding to said
cot of alternators and belonging to one OF

more of the switchboards aforesaid; (&)

another set of alternators, tuned in unison
with the set of alternators first mentioned,
and serving to produce, in circuits corre-
sponding respectively to said altermators
and belonging to one or more of the switch-
hoards aforesaid, electrical vibrations of fre-
uencies substantially identical with . those

‘produced by the corresponding alternators

11 the set first mentioned; but of a different
to a. different-

ating apparatus,

wave shape correspondin
timbre; (e) vibration-trans
whereby electrical vibrations are translated
into audible aerial vibrations; the switch-
boards aforesaid serving to afford facility
for bringing the different alternators afore-
¢aid into action upon the vibration-translat-
ing apparatus, each alternator as required;
( 7}3 keyboards, for controlling the switeh-
boards aforesaid; and (g) one or more ex-
pression devices, whereby the loudness of
the electrically-produced tones is governed.

198. In an electrical music-generating sys-
tem, the combination of {a) vibration-trans-
lating apparatus, whereby electrical vibra-
tions are translated into audible aerial vibra-
tions; (b) a plurality of sets of alternators,
for producing clectrical vibrations of differ-

by the corresponding alternators .

-timbre, and

‘switchboards, control

87

ent wave shapes; one of said sets of alter-
nators producing electrical vibrations of one
wave -shape, corresponding to tones of one
timbre, and another set of said .alternators
producing clectrical vibrations of a different
wave shape, corresponding to tones of a dif-
ferent timbre; (¢) shaits, on which the ro-
tary members of said alternators are mount-
od and toothed gearing connecting said
shafts, whereby -correct relations between the
vibration frequencies of the several alter-
nators of each set and the unison between
the corresponding alternators of the two sets
aforesaid are maintained; and (d) a plural-
ity of switchboards, controlling the trans-
mitting of vibrations from the .alternators

aforesaid, to the vibration-translating appa-

ratus aforesaid.

199. In an electrical music-generating sys-
tem, the combination of (@) vibration-trans-
lating apparatus, whereby electrical vibra-
tions are translated into andible aerial vibra-
tions; (?) a plurality of sets of alternators,
for producing electrically vibrations of dif-
ferent wave shapes; one of said sets of alter-
nators producing electrical vibrations of one
wave shape, corresponding to_tones of one
timbre, and another set of said alternators
producing electrical vibrations of a different
wave shape, corresponding to tones of a dif-
ferent timbre; (¢) shafts, on which the ro-
tary members of said alternators are mount-

ed “and toothed gearing connecting said

shafts, whereby correct relations between the

vibration-frequencies of the several alter--

nators of each set and the unison between
the corresponding alternators of the two sets
aforesaid are maintained; (d) a plurality of
switchboards, controlling the transmitting
of vibrations from the alternators afore-
said, to the vibration-translating apparatus

aforesaid;. and (e) keyboards, controlling

said switchboards.
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180. In an electrical musiC-generating sys- -

tem, the combination of (a) vibration-trans-
lating apparatus, whereby electrical vibra-
tions are translated into audible aerial vibra-
tions; (B) a plurality of sets of alternators,
for producing olectrical vibrations of differ-
ent wave shapes; one of said sets of alter-
nators producing electrical vibrations of one
wave shape, corresponding to_tomes of one
another set of 'said alternators
producing olectrical vibrations of a different
wave shape, corresponding to tones of a dif-
ferent timbre; (¢) shafts, on which the ro-
tary members of caid alternators are mount-
ed and toothed-gearing connecting said

110
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shafts, whereby correct rolations between the -

vibration-frequencies of the several alter-
nators of each set and the unison between
the corresponding alternators of the tavo sets
aforesaid are maintained; (d) a plurality of
ling. the transmitting

of vibrations from the alternators aforesaid
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to the vibration-translating apparatus afore- twenty-fifth day of J une, 1915, in the pres-

said; (e) keyboards, controlling said switch- ence of the subscribix;g witnesses, whose sig-

boards; and (f) one or more expression-de- natures are hereto affixed. .
vices, whereby ‘the loudness of the electri- ' THADDEUS CAHILL,.
5 cally-produced tones is governed. Witnesses:
In testimony whereof, I have hereunto set E. ManTHE,

my hand at New York city, New York, this ArrrUr T. Cammnr,



