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To all whom it may concern: 
Be it known that I, THADDEUS CAHILL, 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 February 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. 5a 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 
în certain particulars than is done in the 
specifications of the prior applications 

aforesaid, No. 145,197, 
194,116. 
The application No. 194,114, filed Febru 

ary 17, 1904, (of which this is a continua 
tion) we have already seen was filed as a di 

No. 194,114 and No. 
55 

vision of original application No. 145,197, 
filed February 26, 1903. Further, it was 
stated in said application, No. 194,114, as 
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, is identical, not only with the subject 
matter illustrated and described in the ap 
plications aforesaid, No. 194,114, filed Feb 
ruary 17, 1904, and No. 145,197, filed Feb 
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 Letters Patent of the United States to 
me No. 580,035, dated April 6, 1897, is de 
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 
or 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. O 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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described in the specification and drawings 
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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 Letters 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 note 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 described in 
the specification, for none suitable for the 
purpose had 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 

1,295,391 

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 nor the goodness of the 
chords, the tuning for which is more perfect 
and unchangeable 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, 

70 

75 

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 of generator's 
Ühe first, second, fourth and eighth par** ais 
and, if desired, the sixteenth partials, are 
derived; from the third partial set, the third 
and sixth and, if desired 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 simplified 
and cheapened. And, further, a simplified 
form of machine is also illustrated and de 
scribed, 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 
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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 circuit, 

lines to transmit and of the diaphragm 

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 70 
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 75 
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- 80 
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 85 
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 90 
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 95 
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 lo 
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 105 
series of vibrations, each with the power re 
quired; and make it possible also to com 
pensate, in a measure, the tendency of the 

s to 
produce some tones less strongly than others. 10 

Ninth. The improvements above enumer 
ated are of a general character, which 
would seem to be, in general, applicable, 
whatever the nature of the expression mech 
anism used may be. But my present inven- 15 
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 120 
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 125 
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 130 
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other notes, merely by the touch of th? 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 
variety of expression devices, whereby divers 
musical effects are produced, which could 
not be produced with the expression mech 
anism illustrated in the drawings accom 
panying and forming part of the specifica 
tion before mentioned. Thus 

(a) By my present invention I employ a 
plurality of keyboards and preferably con 
trive things in such a manner, as hereinafter 
more fully described, that all these key 
boards are supplied with the requisite elec 
trical vibrations from a single set of vibra 
tion-generating devices. Šome 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. 

(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. 

(c) 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 
other key. 
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(d) II provide, as before said, a plurality of 
keyboards; and preferably I 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. 

(e) I 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. (f) I provide a dynamic manual, that is, 
a keyboard each of whose keys corresponds to 
a different degree of loudness of tone, by 
means of which the performer can govern. 

i.,295,691 
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 another, 
thereby producing some musical effects, 
which, so far as I am aware, have never been 
produced before. 
By properly manipulating 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 
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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, 
beem produced heretofore. And these effects, 
produced by one ora more performers at a 
central station, may be heard by a large 
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number 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. 
In brief, then, my improved apparatus, 

it will be seen, mbodies, 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 
general, 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 
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am aware, been produced before in any man 
ner whatever. . 
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, fori' 
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 clear, I shall describe 
some of the more important of the many 
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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. 1 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 
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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 (a) 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 
(b) 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. 3, 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, 54°, 54°, 54°, 54°, etc., 
the primary coils 56, 56, 56, 56', etc., the 
several inductoriums and expression devices 
illustrated, serve in common not only for 
the keys 45, 45, illustrated in Fig. 3, 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. 3. 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 

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. 
8, but illustrating more clearly a portion of 
the circuits illustrated in Fig. 3. - 

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, 49, 49, 49,49s, 49h and 49, 
with the bars 54, 54°, 54,549, etc., which are 
shown Schematically in Figs. 3, 3A, 5, and 
other figures. 

Fig. 5 is a schematic view, showing, in 
part, the electrical connections of one key 
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in 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. 5; 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 

95 

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 
distinct armature windings are provided for 
the different keyboards or switchboards; one 
set of windings for one switchboard and key 
board, and another set of windings for an 
other switchboard and keyboard; and so on. 

OO 
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Fig. 5 is also a diagrammatic view, in 
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 
responding to partials of different orders, into 
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composite electrical vibrations corresponding 
to notes (or chords) of composite-tones; 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 is 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 
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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 section. 

Figs. 11, 12, 13, 14, 15, 16 and 17 are de 
tail sectional views, partly in elevation, on 
the lines 11, 11; 12, 12; 13, 13; 14, 14; 15, 15; 
16, 16 and 17, 17, respectively, Fig. 8, illus 
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 note 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 in sectional elle 
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. 12B 
???? detail section on the line 12P, 12P, Fig. 
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Figs. 18 and 19 are sectional views, partly 
in elevation, on the lines 18, 18, and 19, 19, 
Fig. 9. 

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; (b) the dy 
namic manual; (c) 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 
ingrespectively 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. 
22 a front elevationi, illustrating one group 
of the tone-partial controlling, switches; 
and Fig. 23 atop view of the same. 

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, 30, 31, 32 and 33 are detail 
views, illustrating one form of my electrical 
swell device. Fig. 28 is a front elevation of a 
singlé 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 
largely schematic, illustrating the four 
swell devices, corresponding respectively to 
the four pitch keyboards and operated re 
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spectively by the four pedals, 95, 95, Figs. . 
20 and 30; Fig. 32 is a top view of one of the 
conducting plates, 130, belonging to the elec 120 
trical swell devices, and Fig. 33 is a detail 
33,33, Figs. 28 and 29. 

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; the most of the 
reinforcing horn being broken away. 

Fig. 36 is a detail, a plan view, on a larger 

cross-section, partly in elevation, on the line 
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scale than Fig. 85; the reinforcing horn, 
mouth-piece and diaphragm being removed. 

Fig. 37 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, 3S^, 40, 41, 42, 43, 44, and 45, 
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 keyboards 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. 38, 
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, ilustrating a por 
tion of one of the bars 54 or 54" or 54, 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, etc., 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 54,54, 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 3A, but illustrating modified or alter 
native arrangements of the alternators for 
producing complex electrical vibrations, cor 
responding to the composite tones required. 
Of these- - . ? . . . . 

Fig. 46 illudstrates a modification, in which 

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 partial 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 
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nators only is used and sets of electrical vi 
brations, whether sinusoidal or complex, cor 
responding in frequency to the first, second, 
fourth, eighth and sixteenth partials are 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 
nators 2, 2, is used with the fifth-partial sup 
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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 
?ixteenth 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, 53 and 53A 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 loudness of 
the notes of the several keyboards controlled, 
each keyboard independently of the other, 
by varying the mutual induction subsisting 
between vibration-transferring and vibra 
tion-receiving circuits. The several figures ?re described more in detail heroinafte) 

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 
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 
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 
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in some cases is omitted. 

B 

is governed by Screening a secondary coil, 
more or less, " from the corresponding pri 
nary. - 

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. 

Figs. 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. 

Fig. 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. 

I 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, if 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 
illustrated and fully described those features 
of construction that are new with me and es 
sential to the carrying 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 

1,295,691 
in this specification and in the accompany 
ing drawings. 

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, 49, 49,49, 49, 49, 49, 
49 and 49; of the series of bars 54, 54,54, 
549, 54, 54, 54, 545, 54h and 54'; and of the 
series of coils 56, 56, 569, 56°, 56, 56°, 56°, 
568, 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 
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reference to parts or groups of parts apper 
taining to or controlled by those four key 
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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00 

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, I 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, 6n, 7n, 8n, 
10n, 12n, 16n, 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 (a) what 
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upper partials or overtones enter into it, 
(b) the strength of those partials with rela 
tion each other and to the ground-tone, and 
(c) 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 can 
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 

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

quency five times that of the corresponding 
alternator in the ground-tone set; and from 
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nators, each of which has a vibration-fre 
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this second supplemental set of alternators . 
the fifth partials and the tenth partials are 
derived, in the manner hereinafter de 
scribed. 

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 
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, 1, 1, 1, 1", 1, 1’, 
1º, 1, 1, 1*, 1 and 1", corresponding re 
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, 
and B,) and each carrying or giving move 
ment to the alternators that serve to pro 
duce the successive octaves of the note to 

it serves. For convenience, we may term 
these shafts 1, 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 
E. 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; (b) to six 
third-partial alternators, 3, 3, and (a) to 
five fifth-partial alternators, 4, 4. If 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 
ascending scale, must have frequencies of 2n, 
4n, 8n, 16n, 32n, and 64n respectively; if the 
lowest of these ground-tone alternators, 2, 
2, produces, for example, 3 cycles, or com 
plete to-and-fro electrical vibrations per 
revolution, as illustrated in the drawings, 
the other ground-tone alternators, carried by 
the same pitch-shaft, will produce, respec 
tively, 6, 12, 24, 48,96, and 192 cycles or 
complete to-and-fro electrical vibrations for 
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 
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 arearranged as herein 
after described, so that we derive from the 
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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, 3, 
5 5, etc., 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-shaft, by n, 2n, 4n, 8n, 16n, 

10 32n, 64m and 128n respectively, the vibra 
tion-frequencies of the corresponding alter 
nators of the third-partial set will be 3n, 6n, 
12n, 24m, 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, 20m, 40n, 
and 80n, and so on, if the series be carried 
higher, each fifth-partial alternator having 
a vibration-frequency exactly five times that 

5 

20 

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, 3, 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, 36, 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 
1, 15, 1", 1", 1", 1 and 1", with the sets of 
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 ?. 

65 sponding respectively to the vibration-fre 
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tions of the 
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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 
pitch-shaft will give the note C-sharp or 
D-flat of equal temperament 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 
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 1, 1, 19, 1, 1, 1’, 15, 
1, 1", 1", 1", and 1", are, as before said, the 
twelve pitch-shafts, corresponding respec 
tively to the twelve consecutive notes of the 
chromatic scale and each giving movement 
to the alternators that serve to produce the 
successive octaves of that note of the chro 
matic scale to which such pitch-shaft corre 
sponds. Each of these pitch-shafts is 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 and firmly bolted to 
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 
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extent in Figs. 8,9, and 10, but the bear 
ings and pedestals are entirely omitted from 
Fig. 7 ???? the other figures, 64 to 81, which 
illustrate different arrangements of the gear 
ing; and the bed-plate is omitted from most 
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 
will be seen, with the arrangement of gear 
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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 
scale. As the shafts are geared together in 
Fig. 7, movement applied to anyone 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 
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 
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 

gearing, a reference numeral 
consisting of figures followed by the letter 
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T, indicates a gear-wheel haying as many 
teeth as the number indicated by such 
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group (fº, 1°, 1 or. 1 as aforesaid) is con-. 
nected with the highest shaft (in pitch) of its 30 
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fourth group (1, 1 and 1"), 
are driven by the wheel 10 keyed to the shaft 
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figures: Thus 89, applied as a reference 
numeral to a part, indicates that it is a gear 
wheel having eighty-nine teeth; 84, a gear 
wheel with 84 teeth; 37" and 44, respec 
tively, gear-wheels of 37 teeth and 44 teeth, 
respectively, and so on. 
The twelve pitch-shafts 1, 1’, etc., are 

arranged as before said, in four groups of 
three shafts each; the three shafts of each 
group. corresponding 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, 19, and 1; the third, of 
thé shafts 15, 1, and 1; and the fourth 
group, of the shafts 1, 1’, and 1". And in 
each of these groups, the lowest shaft (in 
pitch) of the group (the shaft 1", in the first 
group; 1, in the second; 1, in the third; 
and 1, in the fourth group) is connected 
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 
89, having 89 teeth, keyed fast to said low 
est shaft and meshing with a gear 84", 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 89, having 89 
teeth, keyed fast to said middle shaft and 
meshing with a gear 84, having 84 teeth 
keyed fast to the highest shaft of the same 
group. * a 

The shafts 1, 1 and 1, constituting the 
first group, are driven by means of a gear 
88, keyed fast to the shaft 1, ??????????? 88 
teeth, and meshing with the gear wheel 9 that 
is keyed to the shaft 8; while the shafts 1,1e 
and 1, constituting the second group, are 
driven by means 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 (1,1h and 1) and the respectively, 

8 and meshing with the gear 88 of 88 teeth, 
keyed fast to the shaft 1 and the gear 74T, 
of 74 teeth, geared fast to the shaft 1. 
Supposing the alternators carried by each 
of the twelve pitch-shafts, 1,1,1,1,1,1, 
15, 1', 1', 1*, 1" and 1" to be like (and in par 
ticular to produce the same numbers of 
cycles 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 

L. 

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, 1,1,1,1,1,1,1, 
1, 1, 1, 1’, and 1", will correspond respec 
tively to the twelve consecutive notes of the 
chromatic scale founded on c, the shaft. 1 
corresponding to the note c. 1, to c-sharp 
ord-flat; 1, to d, 1", to d-sharp or e-flat; 1°, 
to e1, to f1, to f-sharp or g-flat; 1", to g; 
1", tog-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, thec (C) of 32 vibrations per sec 
ond, (which is the lowest d of the piano 
forte), and the highest note, or at least the 
highest ground-tone, the b, seven octaves 
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lacking one half-tone above the e 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. Thus, at a speed of 195.93 revolu 
tions per minute, the shaft 1º, would corre 
spond to the note a, 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 
e, 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 1, 1, 1,1,1,1, 
15, 1, 1i, 1, 1’, 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 langular 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, 1’, 
etc., are geared together in such a manner 

90 

95 

100 

OS 

110 

15 

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 merifo 
rious musical instrument. 
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unequal periodic times or if it generate 
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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 Some of these belonging to my invention. 
alterations and modifications will be de 
scribed 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. But whatever kind of 
alternator be used, it is important, that the 
successive cycles of any given alternator be 
similar, or at 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 
simultaneously in its several armature coils, 
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waves of unequal periodic times (which will 
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 teeth as nearly as is conveniently possible 
of exactly equal size and exactly equidistant 
one from another. To this end, I have cut 

50. 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 
WOT \ 

Further, with such an arrangement of cir 
cuits as is illustrated in Figs. 3, 3,5 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 
35 

tions of the apparatus hereinafter described, some irregular or non-sinusoidal shapes of 
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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 mamy 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 
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ting of the lines of force by the armature 
coils or the rate of change of the magnetic 
flux through those coils should vary sinu 
soidally; that a close enough approximation 
to a sine-wave of impressed 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, 12 and 12, and 
hereinafter described; and that with induc 
tor alternators, such as are illustrated in 
Figs. 8, 9 and 10 and 13 to 19, the teeth 
of the rotating inductors should be curved 
(and it is common practice to curve them) 
so 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 too 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; then to run the machine 
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 
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more or less (supposing the cutting to be 
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 Icon 
sider a sine-wave of impressed voltage as 
preferable in certain cases, as before stated. 
even in those cases an excellent musical ef 
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fect may be produced when the wave of l so . 
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impressed voltage is not exactly sinusoidal 
and that in some of the modified construc 
tions hereinafter 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 I have before said, any form of alter 

nator whatever that is suitable for the pur 
pose may be used. But for divers practical 
reasons, which it is not 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 iron 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, 
Figs, 8 and 10, are suitably attached, as for 
example by the nuts 26, 26, and washers 26", 

SO 

35 

26. The pole pieces 24, carried by the disk 
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 

40 

45 

upon the pole-pieces 25, 25. The coils 27, 
27, are connected together 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 30, 30, bear, which are connected 
through a rheostat 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-lings 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 82.82, made preferably of insulated copper ribbon 
or strip, wound upon cores 32, 32, of vul 
canite or other suitable insulating material. 
To give greater strength and stiffness to the 
coils 32,32, 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 
illustrated, for example, in section in Fig. 
12P. And to prevent the ribbon out of which 
the coil is wound from unwinding, the coil 

may bé securely wrapped with binding wire 
at 32, as illustrated in Fig. 12, the binding . 
wire being 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 
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firmly attached by a segmental clamp 33, to 
the stiff fixed ring 35; a bolt 34, passing 
through said clamp 33 and the core 32 and 
ring 35, 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 32', (Figs. 12A and 12), 
are interposed between the coil 32 and the 
segmental clamp 33 and ring 35 respectively. 
The segmental clamp 33 is provided with 
two ears or lugs 33, 33", to engage the outer 
surface of the ring 35 and these lugs, with 
the bolt 34, hold the clamp 33 in place. The 
ring 35 is preferably made of bronze, Ger 
mani 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 (a) that each of the poles 
24, 25, on the disks 21 and 23 is of opposite. 
polarity to the pole facing it on the disk 22: 
(b) that, advancing circumferentially, the 
successive poles 24, 24, are alternately of 
opposite polarity, while (c) 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 S, 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, Figs. 8 and 10, 
produce three cycles or complete electrical 
vibrations, in the armature coils 32, 32, that 
lie in the gap between said pole-pieces 24, 
24; while the six pairs of pole-pieces 25, 25, 
belonging 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 
pieces 25, 25. ». 
The armature-coils 32, 32, that lie in the 

gap between the pole-pieces 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 32, 32, that lie in the 

gap between the pole-pieces 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 
such note. The several coils of each of these 
groups are connected together in series so 

75 

80 

85 

90 

95 

100 

105. 

O 

5 

120 

125 

30 



4. 

O 

the other. ?? 
The general type of alternator just de 

scribed, having a disk airmature, without 
iron, in the air-gap between opposite sets 
of pole-pieces, may be used, if desired, to 
produce some of the tones 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 

that the voltage in each reinforces that in 

cases, if not in all, it will probably be found 
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. ? ? ? 

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-alternators there is (a) 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 37, 37, and keyed to the shaft 1, 
or 1°, etc., to rotate therewith ; (b) a plu 
rality of field poles 38,38, of alternate north 
and south polarity, each having an exciting 
winding 39 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 (c) 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, 37, are sep 

arated from the iron or steel plates of the 
inductor 36, by annular plates or rings 37, 
37", 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 1, 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. 
13, 14, 15, 16 and 17) have respectively, 12, 
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24, 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. 13, 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 
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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 ???fith coils, it 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 
have their like terminals connected with the 
common-return wire 48, and their otherter minals (like to each other but opposite in 
polarity to the terminals first mentioned) 
connected with the appropriate contact 
springs 49, 49, 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 
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counteracting each other, as they would do, 
if the connections were incorrectly made. 
And the energizing coils 39, 39, upon the 

95 

field poles 38, 38, surrounding any given 
inductor 36, 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 Southpole on each side of it and 
??????? 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 
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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 120 
being preferably arranged in such a manner, 
that the total magnetic flux through a given. 
field pole 38 remains constant. One arrange 
ment for this purpose is illustrated in Fig. 
17, in which the several groups of teeth, 25 
formed upon a given field-pole 38, it will 
be observed, are so placed with relation to 
each other and with relation to the teeth 
of the corresponding inductor 36, that when 
the magnetic flux increases in the teeth of 30 
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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, 
etc., 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, 86, 
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 
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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, 8in, 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 1, 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-tone 
alternators before described as mounted on 
the twelve pitch-shafts 1, 1, etc. (Figs. 7 
and 8 to 17), and having vibration fre 

??? to con quencies corresponding, 
secutive notes of a musical scale; the sev 
eral alternators on any given shaft hav 
ing vibration frequencies standing to each 

e 

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 1927 cy 
cles per revolution of the pitch-shaft car 
rying them; and the twelve pitch-shafts 1, 
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 
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 
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 
"pitch-shaft corresponding to o produce, re 
spectively, the seven octaves of a the seven. 
similar alternators carried by the pitch 
shaft corresponding to c-sharp produce, re 
spectively, the seven octaves of c-sharp; the 
seven carried by the pitch-shaft correspond 
ing to the noted, produce the seven octaves 
of d, and so on. 
nators of the kind illustrated in Fig. 11 

While the twelve alter 
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carried by the twelve pitch-shafts, 1, 1’, etc., 
respectively produce the lowest twelve half 
tones or lowest octave of the instrument, 
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 
ascending scale; the twelve alternators like 
Fig. 3, 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 
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. 
pitch-shafts, respectively, produce the next 
twelve half-tones, or seventh octave, in the 
ascending scale. 
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Returning to the schematic views, Figs. 
1. and 2: 45, 45, are the keys at the key-. 
board, centered at 46 on the bar 47, and 
which are preferably arranged like the keys 

5 

of a pianoforte or organ; though of course . 
it is to be understood that any other suit 
able arrangement of keys, or of switches, or 
of circuit-controlling devices, may be used 
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. 
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 

120 

125 . 

130 



O 

Less 
y 

a similar contact point set in the screw 53; 
which latter is adjustable by a lock-nut in 
the metal bar 54. The circuit is completed 
(if any of the switches 55, 55, 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 (b) the primary coil 62, which 
lies in inductive relation to the secondary 
63, in the circuit of which latter are (i) the 
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primary 64, which acts by induction on 
the secondary 65, and (ii) the set of im 
pedance coils 66,66, controlled by the keys 
67, 6, 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. 71, 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 
scriber çan control at will the loudness o* 
the music produced upon his premises. 7. 
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, 
controiled by such key depressed, the screw 
53 corresponding to such spring, the metal 
bar 54, in which such screw is set, the 
primary coil 56, the switches 55 or 55, 
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 closed, upon the secondary 65, which, 
through the line wires or mains 68 and 69, 
transmits its vibrations to the vibration 
translating 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 
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keys be depressed simultaneously, the al- . 
ternators corresponding to those keys act, 
each in the manner already described, to 
produce its appropriate note in the vibration 
translating devices 70, 70. 

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

70 

have been briefly described, such as the 
switches 55, 55°, 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 

75 

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 suitable 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 54 and . 
the other to the common-return wire 48, 
through the coils 60, 60, contact-buttons 130, 
brush 61, thus retaining the electrical swell 
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, 3, 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 
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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. 
3, illustrates more clearly a portion of the 
circuits of Fig. 3. 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. 3, 3, 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 
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alternator, it. will be observed, subject to 
certain exceptions hereinafter pointed out, has a plurality of windings, serving respec 
tively for partial tones of different orders, 

5 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 app 
priate contact spring, 49, or 49, 49,49, 49. 
49, 49, 49s, 49, 49', as the case may be, 
the different windings being connected re 
spectively with different springs 49, 49, 
49°, etc., operated by keys 45, 45, that cor 
respond to different octaves of the same 
note; so that each alternator, subject to the 

10 

5 
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 illustrated geometrically in 
Fig. 14, but in the diagrammatic or sche 
matic views Figs. 3, 3 and 5, each alter 
nator is represented diagrammatically by a 
plurality of concentric circles (correspond 

25 ing to real or imaginary contact-rings or 
slip-rings of the kind in universal use in 

20 

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. Each key, Figs. 3, 3, 4 
and 5 (excepting the keys of the highest 
octaves) controls a group of contact-springs 
(49, 49, 49b, 49, 49, 49e, 49, 49, 49h, and 
49), which correspond respectively todif 
ferent partial-tones of the note før which 
such key stands; and these springs make 
electrical connection, when the correspond 

5 ing key is depressed, with the contact screws 
53, set respectively in the metal bars 54,54, 
54,549, 54, 54e, 54, 545, 54, and 54, which 
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bars are insulated one from another and 
correspond respectively to and serve respec 

50 tiyely for, the first, second, third, fourth, 
fifth, sixth, eighth, tenth, twelfth and six-p 
teenth orders of partial tones. Each of the 
contact springs, 49, 49º,49º, etc., iscon 
nected with the proper alternator, as illus 

55 
contact springs 49, 49, 49,499, 49,49, 
49,495, 49, and 49, controlled by any given 
key, are. connected respectively with the 
alternators that give the first, second, third, 

60 fourth, fifth, sixth, eighth, tenth, twelfth, 
and sixteenth partials of the note to which 
the key controlling them corresponds. I 
the alternator ? which the ? 
controlled by a given key, is connected, 

65 a frequency of n, then the alternator with 

ro- . 
have their 

282, 282º, etc., illustrated in Figs. 38, 39, 

56e: a 
through the bar 54 and coil 56; all corre 

o sponding to sixth partials, through the bar 
54° and coil 56; all corresponding to eighth 115 

trated in the drawing, so that the several . 

the second 
below, the 

If 
49, 
has . 

7. 

which the other springs 49,49,49, 49,49°, 
49, 49, 49, and 49, controlled by said key, 
are respectively connected, have frequencies 
respectively of 2n, 3n, 4n, 5n, 6n, 8.n, 10n, 12???, and i6?. The bars"54, 54, ??4, 54, 70 
54", 54,54', 545, 54, and 54, (with which 
the springs 49,49, 49, 49, 49, 49e, 49, 
49, 49, and 49, respectively, make contact) 

circuits closed respectively 
through the corresponding primary coils 56, 
56, 56, 56°, 56, 56°, 56, 56s, 56h, and 56, 
the impedance coils 120, 120, or the wires 
of small or negligible impedance 120, the 
switches 55, 55, or 55, 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, 

75 

80 

85. 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, 54, 54°, 54°, 54, 54°, 54“, 
54, 54 and 54 (Figs, 3, 3, 4, 5, 6,38, 90 
89, 43 and 44), belonging to a keyboard, 
with the primary coils 56,56, 56,56, 56, 
56°, 56°, 56*, 56'è and 56", connected respec 
tively with them, correspond respectively to 
the first, second, third, fourth, fifth, sixth, 95 
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 105 

100 

to second partials, close circuit through the 
second-partial bar 54º and second-partial 
coil 56; all corresponding to third partials, 
through the third-partial bar 54 and the 
third-partial coil 56; all corresponding to 
fourt ???: through the bar 54° and coil all corresponding to fifth partials, 

110 

artials, through the bar 54 and coil 56; 
all corresponding to tenth partials, through 
the bar 54s and coil 565; all corresponding 
to twelfth partials, through the bar 54 and 
coil, 56; and all corresponding to sixteenth 120 
partials through the bar 54 and coil. 56. 
Each of the alternators of the ground 

tone set supplies the ground tone to one note, 
partial to the note an octave 
ourth partial to the note two 125 

octaves below, the eighth partial to the note • 
three octaves below, and>the sixteenth par 
tial to the note four octaves... below; sub 
ject to the exception that where there,is no 
note in the compass of the instrument four 180. 
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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 alternal 
tor does not furnish such sixteenth, eighth, 
fourth, or second partial, as the case may 
be. And each of the alternator's 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 c, which may be written, ascending from 
the lowest to the highest, as C, C, c, c', c', 
cº, and c*, and whose notes have relative : 
vibration-frequencies which we may repre 
sent by n, 2n, 4n, 8n, 16n, 32n, and 64n, re 
spectively, and whose numbers of complete 
vibrations per second may be represented 
arithmetically with sufficient accuracy by 
the numbers 32, 64, 128, 256, 512, 1024, and 2048, respectively. The alternator having 

45 a vibration frequency of 64n or of 2048 vi 
brations per second supplies the ground 
tone to the c of 2048 vibrations (cv) : the 

50 
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second partial to the c of 1024 vibrations 
(6); the fourth partial to the c of 512 vi 
brations 
of 256 vibrations (cº), and the sixteenth par 
tial to the 6 of 128 vibrations (a). The 
alternator which has a frequency of 1024 
vibrations per second supplies the ground 
tone to the c of 1024 vibrations (ciii); the 
second partial to the c of 512 vibrations 
(c): the fourth paitial to the? of 256 vi 
brations (c); the eighth partial to the c 
of 128 vibrations (6); and the sixteenth 
partial to the c of 64 vibrations (C). The 
alternator of 512 vibrations per second sup 
plies the ground-tone to the c of 512 vibra 
tions (c); the second partial to the c of 
256 vibrations (c); the fourth partial to 
the c of 128 vibrations (c); the eighth par 

(c); the eighth partial to the c : 
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tial to the 6 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 c of 256 vibrations per 
second (c); the second partial to the 6 of 
128 vibrations per second (c); the fourth 
partial to the c of 64 vibrations (C); and 
the eighth partial to the G of 32 vibrations 
(C). The alternator having a frequency 
of 128 vibrations per second supplies the 

70 

75 

ground-tone to the c of 128 vibrations (d); 
the second partial to the c of 64 vibrations 
(C); and the fourth partial to the c of 32 
vibrations (C). The alternator. having a 
frequency of 64 vibrations per second sup 
plies the ground-tone to the c of 64 vibra 
tions (C); and the second partial to the c 
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 96m., (Fig. 3) or of 3072 vibrations per 
second supplies the third partial to the a 
of 1024 vibrations per second (cº); the 
sixth partial to the c of 512 vibrations (oil); 
and the twelfth partial to the c 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 c of 
512 vibrations (c); the sixth partial to 
the c of 256 vibrations (6); and the twelfth 
partial to the e of 128 vibrations (a). The 
alternator having a frequency of 24n. (Fig. 
3) or of 768 vibrations per second, supplies 
the third partial to the c of 256 vibrations 
( ); the sixth partial to the c of 128 vi 
brations (c.); and the twelfth partial to the 
c of 64 vilbrations (C). The alternator of 
frequency 12 (Fig. 3) or of 384 vibra 
tions per second supplies the third partial 
to the c of 128 vibrations per second (6): 
the sixth partial to the c of 6-4 vibrations 
(C); and the twelfth partial to the c of 
32 vibrations (C). The alternator of fre 
(quency (5 (Fig. 3) or of 192 vibrations 
per second, supplies the third partial to the 
e of 64 vibrations (C), and the sixth partial 
to the of 32 villations (C). While the 
alternator of frequency Bin (Fig. 3) or of 
96 vibrations per second, merely supplies 
the third partial to the c of 32 vibrations 
(C). In like manner, the fifth partial al 
ternators of frequencies 801, 40, 20, and 
10n, (Fig. 3) and which have for the note 
a vibration frequencies of 2560, 1280, 6.40. 
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 c's of 256, 12S, 
64, and 32 vibrations respectively; while the 
fifth partial, alternator (Fig. 3) having a 
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vibration frequency of 5n or in the case sup 
posed, of 160 periods a second merely sup 30 
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plies the fifth partial to the c of 32 vibra 

O 

tions (C). And what is true of one of the A 
notes of the chromatic scale, as illustrated in (Fig. 3) and just described is equally 
true of the other eleven notes of that scale, - 
mutatis mutandis. It will be observed that the higher partials. 
failin 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 notect of 2048 vibrations 
per second, controls a ground tone or first 
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 e of 1028 vibrations. (c) to 
the b eleven half-tones above it, each con 
first, second and third partials; the keys cor 

20 

25 

trols only alternators corresponding to its 
responding to notes from the d of 512 vibra 
tions (e") to theb eleven half-tones above it, each controls alternators çOrrespOnding to 
its first, second, third, fourth, fifth, and sixth partials; the keys corresponding to notes 
from the le of 256 vibrations (c) to the b 
eleven half-tones above it, each controls al 
ternators' corresponding to its first, second, 

30. 

third, fourth, fifth, sixth, eighth, tenth and 
twelfth partials; while all the keys corre 
sponding to notes below the c of 256 vibra 
tions (c) each controls alternators having 
vibration 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 
them sharp and cutting; thirdly, we have 
partials as high as the sixteenth for all notes. 
below the c of 256 vibrations (middle d); 
as high as the twelfth-for all notes below 

50 

55. 

the c of 512 vibrations; as high as the sixth 
for all notes below the c of 1024 vibrations; 
(and the vast majority of the notes played 
in any ordinary composition are below that 
c); while we have the first, second and third 
partials for all notes below the c of 2048 
vibrations; fourthly, unless the alternators, 
are constructed to produce perfectly sinu 
soidal waves, some weak harmonics (usually 
at least the third or fifth partial) will be. 

60 

65 

present even in the waves of the ground 
tone set of alternators; and fifthly, so far as 
the principle of my invention is concerned, 
and except for the mechanical and electrical 
difficulties involved in generators. for pro 
ducing such very rapid yibrations; and per 
haps in the receivers for properly trans 
lating them, we might remedy the difficulty, 

Le 
if difficulty it be, by carrying the series of 
alternators, 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, 55, to be closed, through 
the coil 56; all the second partial vibrations 
through the coil 56; all the third partials, 
through the coil 56; all the fourth partials, 
through the coil 56; all the fifth partials, 
through the coil 56; all the sixth partials, 
through the coil 56; all the eighth partials, 
through the coil 56; all the tenth partials, 
through the coil 56%; all the twelfth partials 
through the coil 56; and all the sixteenth 
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 primary coil 62; 
which circuit 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, 56, 56°, 
56°, 569, 56°, 56, 56°, 56h and 56 and in par 
allel with each other is a group of impedance 

: 70 

Of the means for controlling the timbre or 
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100 
coils.120,120,120, (Figs. 3, 3,5 and 6), the circuits of which may be closed, as required, 
group of these impedance coils 120, 120, is 
a conductor. 120°, of negligible impedance, 
by the switches 55, and in parallel with each 

the circuit of which is opened or closed, as . 
required, by the switch 55. A. greater or 
less number of the impedance coils 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 
exact amounts of ohmic resistance and of 
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 ohmic resistance 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 
56 or 56, etc., as the case may be, by R, 
and its self-induction by L, and the num 
ber of impedance coils d20,120, similar to 
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one another, by n, then, in such case I would 
consider it preferable to give to each of said 
coils an amount of ohmic resistance not less 

than ?,ud an amount of self-induction 

not less than ? 
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 56,56°, 
569, 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, 56, 56°, with which they are in 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, 55, and 55°, 
of a given group be opened, no current will 
flow through the corresponding primary 56, 
or 56°, or 56, etc., but if any of the switches 
55, 55, of that group be closed, some cur 
rent can flow. By giving, as above de 
scribed, different amounts of impedance to 
the different coils 120, 120, of a group, each 
of the switches 55, 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, 56°, 56°, 56, 56°, 56,565, 56, or 56, 
(as the case may be) with which such 
switches are connected; by closing the dif 
fercnt Switches 55, 55, of a given group 
singly or in different combinations, he can 
cause the corresponding order of partial 
tones to sound with various degrees of loud 

keyboard. 
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ness less than the maximum; and by closing 
any of the switches 55, 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 alternators 2,2,3,3, 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, 55, and 55, 55, 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 

I 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, 
3^, and 6, and more in detail in Figs. 28 to 
33. I shall first explain the principle, briefly, 
with reference to the schematic views, Figs. 
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 
connected together in series with each other. 
61 is a brush or contact-finger connected 
With one terminal of the coil 58, and 
mounted to travel over and make contact 
with the contact-plates (or contact buttons 
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as they are represented in the schematic 
views, Figs. 1, 3, 3A and 6), 130, 130. The 
terminals of the series of impedance coils 
are connected with the extreme contact 
plates 130, 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 

115 

20 

125 

13( 





922 

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 makes connection 
with one of the contact plates 130, 180. I 
have been using four contact-fingers in aset 
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(Fig. 2S), though it is not improbable that 
with fine fitting a smaller number, as two or 
three, might perhaps be made to suffice. The 
lever 141 that carries the contact-fingers 61, 
61, is fulcrumed 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 co 
responding swell-pedal or Swell-lever 95, 
which is fulcrumed on the rod 151; which 
rod is mounted in the lugs 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 
153 is fulcrumed at 154, and pressed by the 
contractile spring 155 against the curved butt 
or heel of the lever i41, 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, 49, 49, 49, 49, 
49e, 49, 49s, 49h and 49, are repeated for each 
keyboard; so also the contact screws 53; the 
contact bars 54, 54, 54, 54, 54d, 54e, 54,548, 
54h and 54; the primary coils 56, 56,56, 56°, 
56, 56°, 56, 568, 56h and 56; with the im 
pedance coils 120, 120, and switches 55, 55, 
and 55, 55, for controlling their circuits; 
the corresponding secondary coil 58, theim 
pedance coils 60, 60, with the contact-plates 
130, 130, 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 
in 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. But with the 
simpler and cheaper and, therefore, prefer 
able arrangement illustrated in the dra W 
ings, and particularly in Fig. 5, each general 
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 so 
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. Also, 
each keyboard may be given a different loud 
ness of tone and its 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 manatal. 
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 corresponding 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, 3, 3“, 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 

SO 

loudness of the notes produced by the vibra 
tion-translating devices 70, 70, is changed 
with like instantaneousness. 
keys 67, '67, are illustrated in the schematic 
views, such as Figs. 1, 3, 3, 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 pianoforte, 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, 3,3%, 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 

The dynamic 
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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 55, 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, 

70 

75 

55, and 55, 55, and the dynamic keys 67,67./ 
But it is preferable to have two performers. 
In Fig. 20 the group of switches 55 and 

55 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 

8. 

90 
spond to, and serve for, the pedal keyboards 
See also Fig. 6. 

It will be seen, that 
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, 56°, 

(a) each of the pitch 
keys, 45, 45, excepting only the highest keys 

95 

00 

56, etc., each order of partials having a 
coil of its own; (c) by manipulating the 
various switches 55,55, and 55, 55, 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 44, 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 n, the several higher partials 
or overtones, as 2n, 3n, 4n, 5n, 6n, 8n, 10n, 
12n and 16n, giving to the ground-tone and 
to each of said over-tones different degrees 
of strength as required; (e) the skilful per 
former can thus produce tones of one 
timbre on one pitch keyboard and tones of 
different timbres on each of the other pitch keyboards: (f) by suitably controlling the 
contact-fingers 6-1, 61 (Figs. 1, 3, 3A, 5, 6, 
and 28 to 33), the loudness of the notes of 
eth keyboard can be increased or decreased 
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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 
loudness 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 loudness of the music produced 
On his premises to suit his own taste by 
adjusting the position of the contact-fingers 
or rheostat handle 73. The impedance coils 
71, 71, the contact-plates 72,72, and the con 
tact-fingers 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 
scribed; 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 is suitable for 
the purpose. 

Of the vibration-translating devices. 
Any kind of vibration-receiving or vibra 

tion-translating device 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. Each vibration-translating de 
vice 70, 70, in the schematic views consists 
of a horn 74 (Figs. 34 to 37), closed at one 
end by a telephone diaphragm 75, which is 
vibrated by the action of the undulatory 
electric currents passing from the lines or 
mains 68, 69, through the coils 76, that are 
wound about the poles or the polar exten 
sions of the usual field-magnet 77. The 
diaphragm 75 and the magnet 77 are, for 
greater convenience, contained in and se 
cured to the usual cylindrical case 78, whose 
mouthpiece 79 screws down upon it in the 
usual manner, to clamp the diaphragm 75 
in position. The mouth-piece 79 is fur 
nished with a cylindrical extension, 79, 
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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 (2i;) inches, the diameter 
of the portion free to vibrate being one and 
fifteen-sixteenth (132) inches. I have found 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 horn somewhat 
brighter than that from a 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 a a, Fig. 36, preferable 
to one with pole-pieces one-eighth (/s) 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 
perhaps be wholly unimportant. 
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Instead of using a permanent steel mag 
net, as in Figs. 34 and 35, an electro-magnet 
might doubtless be used, supplied with the 
usual coils 76 on its polar terminals to re 

00 

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. 
The telephonic receiver may, of course, 

be used entirely apart from the horn 74, 
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 
and diaphragm, 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 
Sing. 
Of the impedance coils and the induc 

fori??s. 
Any form of impedance that is suitable 

05 

10 

15 

120 

for the purpose may be used for the im 
pedance coils, such as 60, 60; 66,66; 71, 71; 
120, 120, etc. So also any form of inductorium that is 125 
suitable for the purpose may be used. The 
impedance coils and the inductoriums may 
be made either with iron cores or without. 
If iron cores be used, I consider it pref 
erable that the iron should not form a 30 
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closed magnetic circuit, but that the mag 
netic circuit should be partly through iron 
and partly through air, with the principal 
portion of the 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 is 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 
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 sinusois 
dal wave which occurs in an electric cir 
cuit wound about a core forming a closed 
iron magnetic circuit, 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 I 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 I have been using, in 
which 160 is the core, formed of thin plates 
of very soft iron or steel, 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 

(which is the case 

ductorium that may be used. 165 is the 
central part of the core and 166, {???? the 

Sheets/ side pieces, all made of very thins 
of good soft iron or steel, such as is us 
in the best transformers and suitably in 
sulated from each other in any approved 
männer. 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, 56, 56°, 56e, 56, 56°, 56, 56, 56, and 
56, are the primary coils, shown schemati 
cally in Figs. 3, 3, 5 and 6 and servin 
respectively for the first, second, 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 suitable manner. 
Thus, for example, instead of arrangin 
the various coils as 56, 56, 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 byeside 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 
circuit, the total reluctance of that circuit, 
the self induction of each of the windings, 
as 56, 56, etc., and 58 and the mutual in 
ductions subsisting between the coils 58,58, 
and the primary coils 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, 3 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 ? 
26 and 27, except in respect to the smaller 
number of windings. 

26 and 27, any other form of inductorium 
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 
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form of inductorium illustrated in said Figs. 
that is suitable for the purpose may be used 120 
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inductorium can be used; or an inductorium 
may be used entirely without iron; in which case larger wires and a much greater weight 130 
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of copper will need to be used; or, as before 
said, any other kind of inductorium that is 
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suitable for the purpose may be used." 
Referring, again, to the impedance coils 

60, 60, Figs. 1,3,3,5 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, 3, 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 
50 

55 

60 

coil next below it in the series; winding such 
an amount of wire into each successive coil 
that he cannot 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 thus the 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 {l I}}{ll}Il e]" 
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. 
... I 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, ? 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, 
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-controlled power-action, for 

operating the switches. 
In what has preceded I have, for conven 

ience sake, spoken only of the contact 
springs, 49, 49, 49º, etc., ilustrated for sim 
plicity's sake in the schematic views (Figs. 
1, 2, 3, 3, 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 better 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. 173 is a coil of insulated copper 
wire, wound about the hollow spool or bob 
bin 174, which may be of thin Germani 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. 38, 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 fulcrumed 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 

65 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 platinum 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 ?aid arma 
ture moves toward said core, thereby mov 
ing the valve-stem 185 in the direction of 
the arrow, Fig. 38. 193 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, 
2822, 289, 289, 289, 2828, 2821, 2828, 289, 
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 
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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 
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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 30 
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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. For each of the compartments 277, 
there is (a) a port 278, communicating with 
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the interior of the corresponding cylinder 
193; (b) a port 279, communicating with the 
wind-chest 275, and (c) 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 normally 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. 38, 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 193, moving the piston 194, and 
through the link 195, lifting the bar 196, 
which in turn lifts the several switches 282, 
282°, 282b, 2826, 2824, 282e, 282“, 282?., 282h, 
282, which correspond respectively to and 
take the places of the contact springs 49, 
49, 49, 49e, 49, 49e, 49, 49, 49th, 49', re 
spectively (the electrical connections of 
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which are illustrated in the various sche 
matic views, Figs. 1, 3, 3, 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, 54, 54, 54°, 54, 
54°, 54' 54°, 54, 54, as the case may be, cor 
responding to it. These conducting bars, 54, 
54, 54, 549, 54, 54e, 54, 545, 54, 54, and 
their place in the electrical system have been 
already fully described in connection with 
the schematic views, Figs. 1, 3, 3, 4, 5, 6, in 

65 which they are shown as supporting the con 

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, 282a, 2829, 282", 282, 282, 
282, 2825, 282, 282, 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, 282, 282, 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, through the power mech 
anism described, to close the switches 282, 
989, 282b 289, 289, 2822, 289, 2828, 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, 54, 54, 549, 54, 54°, 54, 545, 
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, 56, 56, 56°, 56, 56°, 
56, 565, 56 and 56, respectively, with the 
common-return wire 48, Figs. 3, 3^, 5 and 6. 
The coils 56,56, 56, etc., act upon the vi 
bration-translating devices, 70, 70, in the 
manner and by the means already described, 

70 

80 

85 

90 

95 

00 

105 

10 

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 
193 and the external atmosphere, and clos 
ing the port 279, which communicates be 

5 

20 

12. 

tween said cylinder and the wind-chest; 130 
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whereupon the pressure inside said cylinder 
ceasing, the contractile spring 290 returns 
the bar 196, piston 194, and switches 282, 
2822, 282, 282*, 282', 282*, 2827, 282*, 282) 
and 282 to their normal positions, breaking 
the corresponding alternator circuits 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 
? or other suitable sound-deadening mate 
8. 
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, 282 282, 

etc., is connected with the switch-operating 
bar 196 by a block 297 (Figs. 38, 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 297 to insulate the switch lever from 

that is suitable for the 
course be used instead. 
Any suitable packing for the piston 194, 

that leaves it free to move under a moderate 

purpose may of 

air pressure may be used. As various pack 
ings are known, I have not considered it 
inecessary to burden this specification with 
any illustration or description of such de 
tails of construction. 

Instead of using the cylinder 193, and the 
piston 194 as a 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 
matic 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 
found more satisfactory as being capable of 
operating with a higher, pressure of com 
pressed air and requiring less space. 187. 

Instead of operating the valves 186, 
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 198, 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 193, 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, 193. 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 29, 297, being led each to the cylinder 
193, mounted on the cylinder-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 and alternative 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 II 
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 

a shall point out a few of the many possible 
modifications of the expression mechanism; 
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120 
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. 
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 described, 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, alternative constructions 
for synthesizing notes 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 harmonics; and I have pointed 
out two modes of producing such tones elec 
trically, namely, first, the mode described in 
the specification 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 means 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. f illus 
trates such an arrangement. 

Second. 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 3; the supplemental set of alternators 
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for the third and fifth partials being e 85 
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 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 are 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 
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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. 
Fourth. A true third partial has a frequency 

90 

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 

95 

quency of the ground tone by n, 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-three 
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 interval. 
. 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, 3, before described in con 
nection with Fig. 3, thus reducing the cost of 
the plant at the expense, it must be very 
clearly understood, of being compelled to use 
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third, sixth and twelfth partials a little flat 
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 its several partial tones are supplied, 
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. 3, 3, 5, 46,47 and 
49, an alternator with a plurality of arma ture windings is illustrated schematically 
by/ concentric circles with brushes bearing 
thereon, each of said circles, excepting the 
outer 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, supplving the ground-tones 
? first partials, ?" ? Çä 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 
sixth 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 44, for sup 
plying the fifth partials or the fifth partials 
and the tenth partials, as already fully de 
scribed, in connection with Figs 3 to 19, may 
be used, it is to be understood, in connection. 
with the modification, illustrated in Fig. 48, 
as illustrated schematically in said figure, or 
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, 

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 
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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 
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octaves and a major third below it. And . 
we may, for economy's sake, dispense with 
the supplemental set of alternators 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 
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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 
scribed in connection with Fig. 48, approxi 
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 and 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 (c) 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 
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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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82. 
which it can supply an approximate tenth 
partial, it does not supply such fifth or tenth 
partial. 
To now briefly recapitulate this matter, We 

may Say: 
First. 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. w ? 

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. 
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 construc 
tion illustrated in Fig. 3, 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 
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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, 3, 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 he 
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. 3 and 46, I con 
sider it, as before stated, desirable that the 
several alternators should produce current 
waves as nearly as possible sinusoidal; 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 3n, 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 
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fifth partials in the waves of the alternators . 
2, 2, 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, I 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. 34 and 35) 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: (a) the cir 
cuits including the coils 56, 56,56, etc.; 
(b) the circuit including the coils 58, 62 and 
60, 60; (c) 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, 56, 56 and their secondary 58, 
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60 

and that between the coils 62 and 63, and 
that between the coils 64 and 65, an alter 
nator Whose wave of impréssed 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 

33 

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 difficultiesjustmen 
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 serious in 
distributing music - 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 alternatorican 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 
eies 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 

15 

than supplemental generators of other fre: quencies. But supplemental generators of 
other 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 2, 2’, of exactlv. the same 
frequencies as the alternators 2; 2, but con 
structed to produce a different shape of 

125 
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wave. Let us suppose the alternators of the 
first set for the lower notes to be of the kind 
illustrated to the left of Figs. 8 and 10, and 
in Figs. 11, 12, 12A and 12º, and the alter 
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. 18 or in such 
a manner as to produce a sinusoidal or 
nearly sinusoidal wave; and let us suppose 
one supplemental set of alternators 2', 2', 
to have rotating inductors for all its alter 
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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 13 to 16, or of any 
other suitable type; and the alternator cor 
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" the wave-shape produced by the alterna 
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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 alternators 
2, 2, and furnished with sharp or square 
cornered teeth of a peripheral breadth of, 
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 
seven inductors of the supplemental set 2, 
2", carried by a pitch-shaft having for the 
arrangement of parts illustrated in the 
drawings 3, 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 2, 2, 
will be different in the case described from 

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 3, 3 and the fifth-partial 
Supplemental set 4, 4; or we may omit one 
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 
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 
or nearly sinusoidal in the case of the alter 
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nators 2, 2, and more or less highly complex 
in the case of the alternators 22. 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, 56, 56, 56°, 56, etc. 

Fig. 82, which is a view in general simi 
lar to Fig. 3^, illustrates such a construc 
tion, in Wš????? two ground-tone sets of alter 
nators are used, namely, the set 2, 2, for 
producing vibrations as nearly sinusoidal 
as possible, and the set 2', 2', 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 fur 
ther description would be out of place. 

Instead of using a single set of supple 
mental ground-tone alternators 2°, 2°, la 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 
eapression-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 53A, 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 56,56, etc., 
before described, of one keyboard, 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 the 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 
(three manuals and a pedal keyboard), the 
dynamic manual, the switches 55, for each 
keyboard, for interrupting the circuits of the 
coils 56, 56, 56, etc., corresponding to the 
different orders of partial-tones of that key 
board, the swell-pedals 95, 95, correspond 
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 
53 are detail sectional views, partly in ele 
vation 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. 
53 illustrates the front portion of the mecha 
nism, and Fig. 53 the rear portion. . 
Those parts illustrated in Figs. 50 to 53, 

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 described. The 
primary coils 56,56, 56, 56°, 56, 56°, 56, 
568, 56, 56, 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. 3. 

and 6, a plurality of secondary coils 58, 58, 
one for each of the primary coils 56,56, 56, 
56, 56, 56°, 56, 565, 56, and 56, is used. 
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to the primary 

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 

. 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. Each 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 

means of the 

35 

attached to a bar 86, which is mounted by 
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 in Figs. 53 
and 53, the secondary coil 58 stands remote 
from the corresponding primary coil (56, 
56, 56, etc., 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, 56, 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 
series, 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 

grooved wheels 87, 87,87, 87, 
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four rock-shafts 93, 93, that serve to trans 
mit movement to the secondary coils 68.63, 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 
draw-stops 97, 9. 
In like manner, the secondary coils 68,63, 

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, 

being connected with 

manual. - 

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 

10 

is 

120 

controlled by the keys 67,67, of the dynamic 
12 

illustrated in Figs. 50 to 53, the performer 



can, by opening the switches 55, 55, wholly 
prevent any one or more of the coils 56, 56, 
56, 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, 56,56, 

O 

other keyboard. While by 
keys 67, 67, he can alter the loudness of the 
note by greater or less degrees, and with 

5 

20 

mutual induction subsistin 
25 

etc., 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 
sired effect. By operating the swell-pedals 
95, 95, he varies the strength of the tones of 
each keyboard at will independently of any 

the dynamic 

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 
a circuit, as illustrated, for example, in 
Figs. 3 to 6 and 28 to 33, or by varying the 

between vibra 
tion-transferring and vibration-receiving 
circuits, as illustrated, for example, in Figs. 
50 to 53A, we may vary the loudness by 
varying the number of active turns in a F 
coil-that is, by varying the number of turns 

30 through which the current circulates. Fig. 
54, which is a schematic view similar in kind 
to Figs...6 and 50, but illustrating the ex 
pression mechanism for one of the four 

35 
keyboards only, shows an arrangement for 
varying the loudness of the different ele 
ments of the tone by varying the number 
of active turns in the several primary coils 
56,56°,56°,56,56°,56°,56°,56,56",56? 
Each of these cois is in fact, divided into 
sections by the leading-out wires 200, which 
connect yith contact buttons 201, with which 
the switch 202 makes contact. Froin an in 
spection of the drawing, it will appear that 
the number of active turns in any of the 

??? ??? 

80 

?3? 

primary coils 56, 56*, 56, etc., that is to say, 
the number of turns of said coii through 
which the currents froia the alternators cir 
'culate, can be varied at, will within certain 
limits by throwing the switch 202, centered 
at 203, into contact with the different contact. 
buttons 201, 201. An impedance-coil 204 is 
inserted in series yith each of the coils 56, 
56”, etc., so as to prevent any very consider 
able increase in the amperage or intensity of 
current in said coil when the current flows 
through only a Small portion of its turns. 
For greater clearness and to avoid multi 
plicity of crossing lines, the secondary coils 
?8, 58, corresponding respectively to the pri-º 
mary coils 56, 56, 569, etc., are illustrated in 
Fig. 54 as connected in series with each 
other and yith the rheostat-coils 60, 60, and 
brush 81, and with the primary coil 82, 
which acts upon the line. and receiving tele 
phones T0, 70, through the coils 63, 64 and 
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65, in the manner illustrated in the draw 
ings and already described in connection 
with Figs. 1, 3, and 6. But obviously a sin 
gle secondary coil 58, might be used for a 

' keyboard, and all the corresponding pri 
mary coils 56, 56,56, 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, 56”, etc., acts by induction on a corre 
sponding secondary coil 205, which is, di 
vided, in effect, into sections by the leading 

70 

75 

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, 56.56, 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 ????????? 
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 same manner as the coil,58, igs. 1,3,3 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 short-circuited secondary to 
one of the other of said primaries 206 or to 
the secondary 207. A few sections only are 
shown for each of the coils 56, 56*, 56, etc., 
(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 intensity of inductive action of 
one coil upon another, by varying the num 
ber of active turns in one of said coils, which 
í have illustrated in Figs. 54 and 55, as ap 
plied to governing the loudness of the Sey 
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 
64 upon the coil 65 might be thus governed. 
But I consider the means illustrated in Figs. 
1 to 6, 20, 28 to 33, before described, for 
governing the intensity of action of the coils 
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62, 62, upon the coil 63, and of the coil b4 
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, 56,56, 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, 49, 
etc., or switches 282,282,282, 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. 3, 3, 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, 56, 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 213, 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 of 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 in 
turns, to another. 2n turns, to another 4n. 
turns, and so on; or giving a uniform 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 56, 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 

37 

alter greatly the intensity of action on the 
coils 213, of any of the coils 56, 56, 56, etc., 
independently of the other coils 56, 56, 56°, 
etc., and by giving different intensities o 
action from zero to their maximum powers 
to the different coils 56, 56, 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 switches 
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 circuit in which it 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. . 80 
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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. 53 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. 53, the front portion 
being identical in the two cases. In these 
figures 56 is the primary coil 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, 3 
and 6, or to the coils 64 and 65 in Figs. 3, 
3 and.6. 230 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 connected 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. 53 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 it 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 is 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. 
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Another mode of governing the loudness 
of the tones by varying 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, 56, 56°, 56, 56°, and 565, before 
described, upon their respective secondary 
coills, 58, 58. 800, 800, are the regulating 
coils or circuits arranged in intimate induc 
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, 
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arranged in parallel; and 301 are switches 
corresponding to said coils 120, 120, by 
which the circuit of the coil 300 may be 
chosed through one or more of the impedance 
coils 120, as desired. If the switch 55, con 
trolling the circuit of the coil 56, or 56, 56°, 
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 . 

75 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, unaffected by the coil 300. 
But if any one or more of the Switches 301, 
301, or 301, 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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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 
300 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 resistance into the several 
coils 120, 120, produce, when the circuit of 
800 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 coils 
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 
coil 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 said 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 óf such sections and buttons, the 
more perfect the control. 

Instead of using one coil 300, for each pair 
of inductively interacting coils 
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 
ower than the coil 300 before described, 

bination of them, as required. Such an ar 
rangement is illustrated in Fig, 83, forgov 
erning the action of the coils 56 and 56 on 
their respective secondary coils 58, 58. 300, 
300, are the coils; 301 the switches control 
ling them and 335 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. 3, 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 305, 305. 308,308, are contact-levers 
or. switches, mounted on the rod 309 and set 
in slots milled in the metal bar 310. The 
levers 308 correspond to and control 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 .. 

(as 56 and 
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807, in the screw 305 that connects with the 
corresponding coil 60. The milled bar 310 
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 
levers downward so that each of said levers 
(when not held up by the frame 312), 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 
a rear brace-rod or stiffening rod 313 and 
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 as 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 
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translating devices 70, 70, gradually dimin 
ishes. But when said frame 312 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 312 is connected with 
the Swell-pedal 95 by a rod 144, pivoted at 
143 to the arm 312 of said frame, connected 
at its other end with the arm 145 of the rock 
shaft 146, whose other arm 147, is connected 
by the link 148 with the arm 149 of the swell 
pedal 95. - 
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 
of steps on the frame 312, of contact-screws 
305 and levers 308, being increased 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 
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 312. 
The builder may wind into the coil 60 
enough fine wire to weaken the tone to the 
minimum desired. He winds the next coil 
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to such an impedance that when added to the 
circuit, the loudness is increased by such 
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 
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120, 120, in series with the coil. 56, as illus 
trated in Figs. 3, 3, 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 56, 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 
coil 64, as illustrated schematically in 
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altering its capacity. 

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 loudness of the result 
ing notes, if we substitute for the impedance 
coils 120, 120, 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 
sistances 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, and 
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 38, 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 
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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 is a 
choking coil in series with the coils 56', etc.; 
341 is a secondary coil which is made to be 
in intimate inductive relation to the choking 
coil 340 in any 
instance, by winding them upon a suitable 
core, such as the core 165, Figs. 26 and 27. 
If the choking coil 340 be given a sufficient 
amount of ? 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 341, the impedance of the 
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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 342, 342, while the switch 343 
closes the circuit of the coil 340 directly. 
With this arrangement, the flow of current 
through the coils 56i and 340 is controlled 
by controlling the switches 342 which affect 
the impedance of the circuit of the coil 841. 
A similar choking coil 340 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 
341, 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 841 
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 is 
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 toit. 
These modes are illustrated as applicable 
to controlling the power of the vibrations 
Fig. 91. · · · 
In Fig. 91, I have illustrated different 

variations for the several coils 56, 56', 56, 
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and 56°, respectively, but it will be obvious 
that either type might be used for all the 
coils 56, 56, 56, etc. 
Numerous other modifications may be 

made in the expression mechanism. Those 
described have been described by Way of 
illustration, 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 
large machine, particularly with the modifi 
cations illustrated in Figs. 50 to 53A 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. 3, 3^ : and 6, we may use a dis 
tinct 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, 
568, 56, etc., of a keyboard, as in Figs. 3, 3A 
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, 56, 56, etc., 
in inductive relation to one or more of such 
secondaries or to each of them. One 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 55, 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, 55, and the com 
mon-return wire 48, in place of the several 
primary coils 56, 56, 56, etc., before de 
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70 
scribed. But I consider the separate coils , 
56, 56, 56°, 56°, etc., 
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, 3A 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 

preferable to the one 

75 

80 
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 C?I? 

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 49, 49, etc. (or with 
the switches 282,282,282, 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. 3, 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, 49, etc. (Figs. 3, 3A and 6) or 
with the appropriate switch 282,282,282, 
etc. (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 
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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 
teethin 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 

35 

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. 
Fig. 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 
in elevation, while with the two rightmost 
alternators the inductors also are shown in 
section. Fig. 63, is a transverse section on 
the line 63, 63, Fig. 62. 
and 36, 36, are the rotating inductors which, 
supposing the one of lowest frequency to 
have three teeth, should have 3, 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 
netic flux increases in one tooth as it de 
creases in the next adjacent tooth, and vice 

1 is a pitch-shaft, 
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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 
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. 
ated by the action of the currents in the ex 
citing coil 253 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 1", outward through one of the 
inductors 36, and across the air-gap to the 
armature ring 245, corresponding to such 
inductor, thence through the annular yoke 
piece 24 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 1". . 
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 toothedgearing 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. 

I consider alternators to be the best and 
most satisfactory means of producing elec 
trical vibrations for producing music. I 
was once of the opinion that the simplicity 
and cheapness of a rheotome device made it 
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 
nators. 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 56, 56, 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 arrangements 

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 

· ????ified 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 18, 1h, 1, 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 1a, 1b, 1, 1d, 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 Figs. 8 to 19; 
or inclusive and before described, and the 

?8 

corresponding alternators carried by the 
pitch-shafts 1, 1b, 1, 1d, 1. and 1 having 
each but two-thirds (3) 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 18, 1, 19, 1", 1% and 1, the 
same numbers of rotating pole-pieces and 
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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 15, 1", 1", 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 ??? 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 1º, lº, 1, 1*, 1 and 1", 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 1, 1, 19, 1, 1, 1; and 
CaseC: The alternators carried by the six 

pitch-shafts 1º, 1,1, 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°, 
1, 19 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 
some 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. En 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 “89,” applied to a part, indicates that 
it is a gear wheel having 89 teeth;49, a 
gear wheel of 49 teeth; 55, a gear wheel of 
55 teeth, and so on; such gear wheel being 
in each case keyed to the shaft carrying it. 
1, 1b, 19, 1", 1", 1", 15, 1, 1, 1, 1 and 1m, 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 

V ple Figs. 8 to 19 or Figs. 62 and 63) that 

lis 

20 

25 

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 
figures following, illustrating gearing, are 
so plain upon the face of the drawing that 
verbal explanation can add nothing to them, 

1", reduce the numbers of teeth in all the 
gears (except gears 300 and 300) carried by and will be given only as to special points or 

comparative features, etc. - ... 
The adjacent shafts of a group correspond 

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 arear 
30 

... Subject to the qualification already point 
85 

40 
they now have. 

45 

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. 
led out, that we must, not, according to the 
size of the machine, unduly diminish the 
distance between the main driving-shaft 8 
and the pitch-shafts as 1, 1’, etc., the wheels 
320, 356T and 220, 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 74T, 
of seventy-four teeth, on the third shaft (15 
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55 
higher shaft (15, 1h or 1). 
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66 

or 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 88, of eighty-eight teeth, on the 
shafts 1", 1 and 1, a similar gear, having 
sixty-six (66) teeth to mesh with the ???? 
74, of seventy-four (74) teeth on the next 

Fig. 66 illustrates another arrangement of 
gearing, in which the pitch-shafts 1, 19, 1°, 
1, 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 8. The shaft 8 is 
connected with the shaft 8 by means of a 
gear 300 keyed to the shaft 8 and meshing 
with a gear 300 keyed to the shaft 8. For 
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the arrangement of alternators before de 
scribed 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 300 should have 
181 and 192 teeth, respectively, or some equal 
multiple thereof, as for example 362 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 18, 1, 19, 1, 19, 1, 18, 1h, 1, 1, 1 and 

the shafts 8 and 8, Fig. 66, to three-quarters 
(3) or to one-half (), or even to one-fourth 
(), 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 
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such reduction) that we must not make the . 
gears on the shafts 8 and 8 so small as to 
bring the pitch-shafts as 1, 1, 18, 1, etc., 
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 
44, 55, 89, 80, 84T and 49, respectively, 
may be made to be, respectively, 37, 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 
twelve pitch-shafts 1, 1’, etc.) being all mul 
tiplied, in such case, by the same number as 
2, 3, 4, etc. - 

In Fig. 67, it will be observed, the angu 
lar velocities of the shafts 8 and 8a-are iden 
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 1 and 1 respectively. The essential 
thing is the relative angular velocities given 
to the twelve pitch-shafts 1, 19, 19, 1, 1e, 1, 
15, 1", 1", 1, 1 and 1m; 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 

gears on the 
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tially the same as illustrated in Figs. 64 or . 
65 or 66; and Fig. 68, illustrates one of the 
many possible variations. The twelve gears 
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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 300 and 300, 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 8, 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 each of the twelve 
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pitch-shafts, may be used in Cases B and C 
before |???????????????? Fig. 70 shows such a 
modification adapted to Case C before de 
scribed. 
Iconsider 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 1, 1’, etc. With spur-gear 
ing (as illustrated in Figs. 7, 64, 65, 66 and 

80 

40 

69) particularly this is necessary, at least in 
a large machine, in order to separate the 
pitch-shafts 1", 1", etc. 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 
"idle 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 the pitch 
shafts 1°, 1º, 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 
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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 
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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, 19, etc., for each of the other 

65 eleven notes of the chromatic scale may be as 

follows, the number of teeth of the gear on 
the driving-shaft being first given, in each 
case, namely: 
For the shaft 1, 89 and 84; 

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; . . 
For the shaft 

G G6 G6 
18, 181 and 128; 
1h, 120 “ 80 
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The notes of the alternators carried by the 
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 h; 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 1 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 in 
series. One arrangement of gearing for this 
purpose is illustrated in Fig. 71, in which 
each of the twelve pitch-shafts, 1, 1’, 1.1, 
1,1,1,1, 1, 1, 1 and 1", commencing 
with 13, is connected with the pitch-shaft 
next above it in the series by a gear 89, 
keyed to the lower shaft, meshing with a 
gear 847, having eighty-four teeth keyed to 
the next higher shaft of the series; except 
that gears 90 and 85, having ninety teeth 
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shaft 1" in the table just given are a little, 
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and eighty-five teeth respectively, are keyed 
to the shafts 1' and 15 respectively to mesh 
with the driving gear 45", keyed to the ar 
mature-shaft of the electric motor 11. Thus any pair of pitch-shafts, corresponding to 
two consecutive half-tones of the chromatic scale, have angular velocities whose numeri 
'eal ratios are ? eighty-nine, ex 'cept that, in the middle of the! series, we g? ve 
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the two shafts 1 and 1 angular velocities 
standing to each other as 85 to 90. For the 
gears 90 and 85 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. To adapt the gearing illustrated in 
Fig. 71 to Case B, described above, we have 
only to substitute a gear of sixty teeth for 
the gear 90, of ninety teeth, keyed to the 
shaft 1 to engage the driving gear 45. To 
adapt the gearing illustrated in said Fig. 
71 to Case C, described above. We have only 
to substitute for the gear 90 on the shaft 
1' a gear of eighty-nine teeth, and for the 
gear eighty-five teeth on the shaft 1, a gear 
of one hundred and twelve teeth; in which 
case it will be desirable also to substitute for 
the intermeshing gears 89 and 84." On the 
shafts 1 and 1 respecively (or on the 
shafts 15 and 1 respectively) two gears 
having ninety and eighty-five teeth respec 
tively. Or we may keep all the gears on the 
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shafts 1a to 1 inclusive and 15 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 85, keyed to the shaft, 15, meshes, 
and another gear, 60, having exactly one 
third more teeth, with which the gear 90, 
keyed to thy shaft 1", meshes, as illustrated 
in the detail view, Fig. 2. 

Instead of arranging the pitch-shafts in 
one series, as in Fig. 71, we may divide them 
into two or more groups, connecti 
members of each group in series a 
necting the several groups each pre at or about its center with the main aris iing 
shaft. Fig. 73 illustrates one construction. 
for this purpose, in which the wheels 9 and 
10 may 

before described in connection 
and 64. 

Figs. 74, '75, 76 and 77 illustrate still 
other modifications. The wheels 9 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 

, as drawn, are adapted for Case A, before 
described, but may easily be altered to one 
of the other cases, if desired. 

with Figs. T 
y have for Cases A, B and C, before 

"described, the numbers of teeth respectively 
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I consider gearing such in principle as 
that illustrated in Figs. 66 and 69 most suit 
able for large and heavy machines. Forma 
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 
quire 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, 
of course, to the judgment and skill of the 
builder. Also no attempt is made to show 
the journals or bearings, which are matter's 
of ordinary mechanical skill. 
The niiniei's of teeth for the several 

wheels, given in tine several lists, preceding 
and marked or the several figures are le 
Fieved to be, in each case, on the whole, the 
is ost convenient. But, first, it is to be un 
dierstood that for any intermeshing pair of 
wheels, in any of the figures in which gear 
ing is shovin, 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 
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where possible, equal sub-multiples; fol' 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. But in many cases, ... . 
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: 

In Case A. In Case B. In Case C. 
For the pitch-shaft 1.......... 256. 256. 255. 

f “ 1?.......... 27.22 27.22 27.22 
A. 10.. ... 287.35 287.35 287.35 

f 1d - - ... 304. 44 304.44 304. 44 
?? 1e .. ... 322.54 322.54 322.54 

ºf 1 f . 341.72 841. ?2 34.72 
?? " is.......... 362.04 241.36 271.53 
?? “ 1h 287.68 255.71 383.57 . ? ? ? ? ? ? ? ? ? 

, dé “ 1304.78 270.92 406.37 ? ? ? ? ? ? ? ? ? ?? 
Af f 1k.. 322.90 287,03 430.54 ? ? 

342.11 304.09 456.14 ? ? ? ? ? ? ? ? ? ? ?1 f4 f ? 
?? 1". . . . . . . . . . 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 is 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, 

47 
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 uniform 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. Fol these variations in the angu 
lar 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. But the pitch 
shafts 1", 1", etc., with the alternators car 
ried by them, i 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 forms of gearing illustrated in Fig. 7 

and Figs. 64 to 77, and before described, 
are adapted to the chromatic scale of equal 
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temperament, which is now in universal or 
almost universal use throughout Christen 
dom. But the principles of my invention 
are applicable to other scales. Figs. 78, 79, 
80 and S1 illustrate different forms of gear 
ing for the diatonic scale in the natural or 
just temperament. 1, 19, 19, 1, 1h, 1k, and 
1", are the pitch-shafts, corresponding re 
spectively to the seven notes of the diatonic 
scale and each giving movement to a plu 
1rality of alternators, for producing succes 
sive octaves of the note to which the shaft 
carrying then corresponds. In Fig. 78 the 
shafts 1º, lº, 1º. 1, 1, 1k and 1 m are con 
nected together in series by gear wheels 
keyed to the respective shafts and having the 
numbers of teeth marked on them in the 
drawing; while in Fig. 79 said shafts 1, 19, 
1, 1, 1, 1* and 1" are driven respectively 
by the wheels 1927, 216T, 240T, 256t, 288T, 
320 and 360, 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 48, 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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