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To aZZ whom it may concern: 
Be it known that I, ELI O. OHMART, of De 

troit, in the county of Wayne and State of 
Michigan, have invented a new and useful Im 
provement in Methods of and Apparatus for 
Producing Musical Tones by Electro-Wlagnet 
ism, of which the following, taken in connec 
tion with the accompanying drawings, is a 
speci?cation. 

In a keyed stringed musical instrument the 
blow of the hammer upon a wire obliterates a 
certain harmonic of that wire and prevents 
what would be the natural oscillation of the 
wire. The localized in?uence of the hammer, 
producing an abnormal oscillation, gradually 
subsides and the oscillation becomes normal, 
and the wire, recovering from the local effect of 
the percussion, regains its normal nodes and 
transverse swings after having wasted energy 
in overcoming the tendency to abnormal os 
cillation, and thus a rapid change of timbre 
from ?rst to last is produced. The percus 
sion upon the wire, in addition to producing 
a note whose pitch depends upon the length, 
thickness, and tension of the wire, also pro 
duces a note whose pitch depends upon the 
mass of the wire, and this pitch bears no re— 
lation to the pitch due to the length, thick 
ness, and tension of the wire, but is discord 
ant thereto. Thisis a marked defect in keyed 
instruments as now made. The effect of per 
cussion upon the wire also produces a modu 
lation in the tone due to differences in the 
amplitudeofoscillation,and,commencingwith 
a percussive thump, the tone gradually di 
minishes from ?rst to last, introducing vari 
ous discords, and owing to the sympathetic 
reinforcement by the sounding-board of the 
volume of the discordant tones and the sym 
pathetic vibration of adjacent wires a chaos 
of discords is produced when two or three 
notes not in harmony are soundedin proxim 

It is therefore de 
sirable to secure increase of volume by other 
means than increase in the percussive effect. 
In keyed stringed instruments the upper 
notes are produced by two or three unison 
strings, whose aggregate length is much less 
than that of the strings producing thelower 
notes and whose volume is therefore much 

less, and therefore not only does the timbre 
and amplitude vary from ?rst to last in any 
given note for the reason before set forth, 
but the volume of tone in the various notes 
decreases from the lowest pitch to the high 55 
est. It is desirable that keyed stringed in 
struments should be made which will be free 
from these defects and in which the timbre 
and volume of each note may be rendered 
constant from ?rst to last when desired. Pi- 6o 
anissimo and fortissimo playing is accom 
plished by methods which either muffle a loud 
tone instead of producing a soft tone or by 
changes in the force of percussion, thereby 
altering the timbre, as before explained, or 65 
by striking the keys with such force as to 
mingle with a comparatively pure tone a dis 
cordant metallic clang, or, as is the case with 
all pianos, by lifting the dampers from the 
wires, thereby producing sympathetic dis- 7o 
cordant oscillations in juxtaposed wires free 
to oscillate sympathetically. The invariable 
diminuendo of the volume of all tones and 
the invariable change in the tone quality in 
every note from ?rst to last are a monotonous 75 
iteration inconsistent with de?nite emotional 
expression or the proper interpretation of 
musical compositions. 
The object of thein vention which forms the 

subject of this application for Letters Patent 80 
of the United States is the production of a 
musical instrument in which the before-men 
tioned defects will be obviated; andI propose 
to accomplish this result by the method of 
and apparatus for producing, prolonging, and 8 5 
modulating musical tones by electrical means, 
as hereinafter described. 
My invention therefore consists, ?rst, in the 

method of and apparatus for vibrating, sub 
stantially as hereinafter more fully set forth, 90 
any sonorous body to produce musical tones 
by means of electric devices acting to cause, 
continue, or modify the vibrations of the so 
norous bodies when the interruptions or va 
riations in the current are produced auto- 95 
matically through these devices by circuit-in 
terrupting or current-varying devices oper 
ated by the periodic vibration of the sonorous 
body or some sonorous body vibrating in uni 
son therewith and when this circuit does not roe 
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include the sonorous body acted upon; sec 
ond, in the method of and apparatus for pro 
longing, substantially as hereinafter more 
fully set forth, the musical tones thus pro 
duced by continuing the action of the elec 
tric devices operating to produce the tones; 
third, in the method of and’ apparatus for 
modulating, substantially as hereinafter more ' 
fully set forth, the tones thus produced‘ by 
varying the power of the electric devices act 
ing to vibrate the sonorous bodies producing 
the tones; fourth, in the combination, sub, 
stantially as hereinafter more fully set forth, 
with the electric devices and the vibrating 
sonorous bodies acted upon thereby, of cir 
cuit-interrupting or current-varying devices, 
as described, which maintain the eurneht dur 
ing the movement of the vibrating body in 
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one direction and interrupt thecurrent or di 
minish its strength during the movement of 
the vibrating body in the‘ other direction; 
?fth, in the combination, substantially as. 
hereinafter more fully set forthwith the eir 
cuit-interrupting and eurrent - varying de 
vices, of means-forinclosing these devices in a 
vacuum; sixth. in the arrangement, substan 
tially as hereinafter more fully set forth, in 
multiple arc of the electric devices acting .upon 
the senor-ens hedies, whereby eaeh electric (lee 
viee acts upon the senereus vibrating hedy 
actuated thereby ‘with the same power, no 
matter what may be the number of electric 

' devices brought into actionat the same vtime 
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from a single sehlzee .ef eleetrie energy 
IntheeeeernpenyihsdrawingsIheYe shown 

the piiineinle .et' my invent-ion as embodied in 
e keyed stringed instrument and my method 
of producing, prolonging, and modulating 
musical tones by eleetrieityas applied to the 
strings of a ‘piano, endl have shown vthese 
strings as vibrated by the attraction of an 
eleetreameghets but the ihvehiieh een be l'ied into etfeet .fer yibretingneeds which plie 
duce musical tones by their own vibration or 
hythe vibration due to the action of the vi 
breting heed open .eelumnsef air in pipes, or 
fervibretins disks and diaphragm, er fer 
vibrating any ether senereus body; but in 
view of other prior inventions-es, forexam 
pie, those of Elisha Gray.—_I only claim this 
method as applied to reeds when the reed 
does not form part of the electric circuit, and 
I regard this as an important distinction for 
the reason that the effect of the passage of 
the electric circuit through the reed is to 
modify its ‘tone, destroy its elasticity, and 
eeuse a rettling- ' 
In the accompanying drawings, Figure 1 is 

a sectional view showing the piano-‘action and 
the electro-magnetacting on the string. Fig. 
2 is a-View in elevation of the string, the electro 
magnet, and the circuit-breaking device. Fig. 
3 is an enlarged view of the circuit-breaking 
device. Fig. 11: shows a device in which the 
contact-point bears upon a conducting-plate 
attached to a stretched string of silk or other 

_ non-conducting material attached to the wire’. 

Fig. 5 is a view of a device in which con 
tact is interrupted or varied bymeans of a ?ne 
wire attached at right angles to the vibrating 
body and making contact with mercury. Fig. 
6 shows the string attached to a bar moving 
within a solenoid. Fig. 7 shows two mag 
netized unison-wires, whereby the wires are 
caused to exercise a mutual attraction and 
repulsion. Fig. 8 shows two parallel mag 
netized reeds of opposite polarity acting upon ' 
one another. Fig. 9 shows a device for hold 
ing down a key. Fig. 10 shows the device for 
increasing the surfaces of contact of the cir 
cuit devices at the vkeys, whereby the strength 
of the magnetic attraction upon the wire is 
increased. Fig. 11 shows an electro-magnet 
one pole of which attracts the wire or reed 
and the other pole operates the eireuit-breek 
ing device. Fig. 12 shows an electro-magnet 
having an elastic ?exible ‘pole which acts at 
the same time to ‘attract the wire and to in 
terrupt or vary the current. . 
Referring to Figs-.1, and 3, Whie'h Show 

a practical embodiment of the principle of my 
invention, A is a piano—keyl'ever.' B is the 
hammer and mechanism connected therewith. 
O is the pienestring- D is the dampen E is 
the electro-inagnet which attracts thestring. 
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F is the circuit-interruptingdevice. G is the , 
circuit, in which theewlectroeniagnet operating 
on the string is shown as connected in mi1lti— 
ple are. A conyenient device for closing the 
circuit through the electro-njlagnet consists in 
the arrangement of twometallic springs or and 
b, the ends of which are attached to a bar H, 
which extends above each string and to which 
are attached the 'electro-maghet E and the 
circuitrclosingdevice. These springs are in 
sulated from one another, and to one spring 
is attached a wire ‘c, forming a part of the cir 
cuit through the electro-magnet E, and to the 
other is attached a Wire d, which is .eehne-eted 
toone of the wires of the main circuit G. The 
other ends of these springs lie one above the 
other between the damper and the bar H, and 
thus when the damper is thrown up by the 
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depression .of the key thefeuds of the springs . 
are pressed together and the circuit is com. 
pleted through the electro-magnet E. Other 
devices may be used for completing this cir 
cuitwas, vfor example, contacts on the keys or 
suitable contacts operated by the keys. ' 
The circuit-interrupting device consists of 

a metallic springe and a metallic bar f, sealed 
in a bulb g and insulated from one another, 
and from which bulb the air is exhausted. 
The bar has attached to its lowerend a ‘piece 
h of iron or of‘magnetized steel, which is in 
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close proximity to the metallic piano-string ' 
and which is also in contact with the spring, 
so that the circuit is closed. 
“Then the circuit is completed through the ‘ 

electro-magnet E by the depression of the key, 
the magnet exerts an attractive force upon 
the wire, and when the wire approachesthe 
iron or steel piece h this bar is in turn at 
tracted toward the wire and the circuit formed 
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by the contact of the spring 6 and bar f is 
broken. The piece 71 is so placed thatit bears 
against the end of the springf, so that when 
the bar is attracted the end of the spring f 
may follow the movement and the circuit will 
not be immediately broken, thus affording 
time for the magnet to exert its full power 
upon the wire. When the wire byits elastic 
ity swings away from the magnet to the eX 
tent determined by the tension and length of 
the wire, the magnetized piece 7t ceases to be 
sufficiently etfected bythe wire to be attracted, 
the circuit through the spring 6 and barfis 
again completed; and the magnet again acts 
to attract the wire. A movement of vibra 
tion is thus given to the wire, which move 
ment continues as long as the circuit remains 
closed by the depression of the key, and a 
musical note is produced of a pitch deter 
mined by the length, thickness, and tension of 
the wire. If the piano-string is of a non-mag 
netic metal or of cat-gut or other similar non~ 
magnetic material,apiece of iron or steel may 
be placed on the string under the electro-mag 
net, or a ?ne steel or iron wire may be wound 
upon the string at that point. 

It may be desirable that the wire or other 
sonorous body should not form part of the 
circuit, and when this is the case other de 
vices for interrupting or varying the current 
besides that shown in Fig. 3 can be used. 
Forms of thesedevices are shown in Figs. 4, 
5, 6, and 8. 
In the device shown in Fig. 5 a ?ne plati 

num wire Z is attached to the vibrating string 
at right angles to the same and dips into 
a cup of mercury, which forms part of the 
circuit, this circuit being completed by a ?ne 
spring a, which is attached to or slides upon 
the platinum wire. 

In the device shown in Fig. 4 the contact 
breaking points 70 slide upon a plate of metal 
0 on a string 19 of silk or other insulatingma- - 
terial attached to the vibrating wire and 
maintained at a tension by means of a screw 
1“, to which it is attached. In order that the 
least modi?cation in the tone of the wire may 

. be produced, the ?ne string is attached at a 
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slight angle to the vibrating string. 
Fig. 12 shows an electro-magnet E for at 

tracting the wire, which electro-magnet has 
an attracting-pole, which terminates in a ?exi 
ble points. \Vhen the circuit-breaking point 
bears upon this ?exible pole and when the 
wire is attracted, the ?exible point is also at 
tracted to such an extent as to interrupt the 
current or diminish its strength. 

In the device shown in Fig. 11 the electro 
magnet E, besides attracting the wire, at 
tracts by its opposite pole two springs 25 w 
of magnetic metal, connected in the circuit 
through the electro-magnet and each ?xed by 
one end to a suitable support 70 and each hav~ 
ing the other end free. These free ends are 
normally in contact with one another, so that 
the circuit is thus closed. These springs are 

of di?erent length, and consequently when 
the springs are attracted they will follow each 
other and remain in contact for a short time 
only, and when they separate the circuit 

that the springs will again come into contact 
with one another. In order to prevent the 
rattling caused by the vibration of these 
springs from mingling with the tone due to the 
vibration of the wire or reed or other sono 
rous body, the circuit-breaking springs may 
be placed in a box L, lined with felt, or the 
same result may be accomplished by placing 
the springs in a vacuum. Placing the cir 
cuit-interrupting springs in a vacuum will 
also prevent the sparking when the circuit is 
broken. It may be sometimes desirable to 
put a condenser in the circuit for the purpose 
of preventing sparking. ' 

It is obvious that many other forms of cir 
cuit interrupting and varying devices can be 
made by which theintermitteut interruption 
in the circuit or the variations in the strength 
of the current are controlled by the periodic 
motions of the sonorous body producing the 
tone, and my invent-ion can be carried into 
e?ect by the use of any one of these forms. 

I do not limit my invention to the vibration 
of the sonorous body by the action of an elec 
tro-magnet upon the same; but I can also use 
a solenoid in the core of which a piece of 
iron which is attached by a string to the vi 
brating wire is made to move by the variation 
or interruption in the current in the solenoid 
due to the action of the circuit interrupting or 
varying device operated by the vibrating so 
norous body, as before explained, as shown 
in Fig. 6. I can also produce vibrations in 
wires or reeds by the attraction and repul 
sion caused by the effect upon one another 
of electric currents in these wires or reeds, or 
these wires or reeds can be rendered mag 
netic by induction by the action upon them 
of solenoids, as shown in Fig. 7. Intermit 
tent changes of static electricity controlled 
by the vibrations of the sonorous body can 
also be used to produce musical vibrations. 
This method of vibrating the strings of a 
piano can be used separately or can be used 
with a piano of ordinary construction, so that 
the present percussive effects can be obtained 
and the electrical method can be used to pro 
long and modulate the tone produced, or the 
electrical and percussive methods can be used 
separately on the same instrument and means 
be provided to bring the electrical apparatus 
into action. 
The tone may be prolonged at will by hold 

ing the keys down, and a device may be pro 
vided, as shown in Fig. 9, for holding a key 
down after it has been depressed, thus en 
abling the ?ngers to be used on the other 
keys. This device consists of a catch m, 
which is arranged in such relation to a notch 
in the end of the key that when the key is 
depressed the catch can be made to enter or 

through the electroemagnet will be broken, so 79 
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leave this notch by suitable mechanism~'—.as, 
for instance, a pedal or knee-swell-and hold 
the key down. _ 
The tone produced can be augmented .or 

diminished by increasing or diminishing the 
power of the attracting or repelling electrical 
forces acting on the sonorous body to cause 
its vibration. This may be done in several 
ways. \ 
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Mechanism operated by the knee or foot or 
in any other manner may operate to cause 
the greater or less immersion of the zincs .of 
the battery, may act to throw other batteries 
in or out of circuit, may operate to introduce 
or take out resistances, may act to alter the 
distance of the operating electro -magnet . 
from the sonorous bodies acted upon, or to » 
cause variation in the pressure of the contact- , 
points of the circuit interrupting or varying . 
devices, or to cause them to follow the vibrat 
ing wire through a longer swing. 
The loudness of any individual note may E 

be increased or diminished by varying the; 
contact-surfaces operated by the pressure of ‘ 
the key or the pressure between these con-‘ 
tact-surfaces, as shown in Fig. 10. It may also 
be accomplished by increasing the battery 
power, by interposing in or removing from 
the circuit resistances, or by varying the dis- . 
tance of the magnet from the vibrating wire. 
Many other methods of accomplishing this 
result ‘will suggest themselves. 

Each one of the electro-magnets or solen- ' 
‘ oids acting upon the sonorous bodies may be 
connected tov a separate’ battery or batteries, 
which latter arrangement will permit of ‘an 
increase in the power of the current when it 
‘is desired to augment the tone, or there may 
be a fewer number of batteries and a com 
mutating device so arranged and operating 
that no matter on what part of the keyboard 
the keys are struck they will be connected 
with a battery or batteries not in circuit. An- - 
other and preferable method is to have but 
one battery or source of electricity of con 
stant potential and to connect the electro 
magnets to the main wires in multiple arc,. 
whereby the electro-motive force at the ter 
minals of each magnet will always be the 
same, and as the resistance of the circuit de 
creases proportionally to the number of mag- ~ 
nets in circuit the strength of the current in . 
each magnet will always be constant no mat 
ter how many of the magnets are connected 
to the main conductor. This method of main 
taining a current of constant strength in a 
number of transformers of electric energy— 
as, for example, incandescent lamps supplied 
at a constant potential—is well known. 
Having thus described my invention, what 

I claim, and desire to secure by Letters Pat 
ent of the United States, is-— _ 

l. The method, substantially as and for the 
purpose set forth, of .producing musical tones, 
which method consists in producing musical ‘ 
vibrations in strings,wi res, reeds,diaphragms, 

or vany ‘other sonorous body by the action 
upon these bodies of attracting or repelling 
forces produced in electro-magnetic or in 
ductive devices by intermittent impulses of 
electricity, either pulsatory or undulatory, 
corresponding in frequency to the number of 
vibrations, being a multiple or sub-multiple 
thereof, in the musical tone produced by the 
vibrating sonorous body and automatically 
determined by the movements of the sono 
rous vibrating body and when-the circuit 
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conveying these intermittent, pulsatory, or - 
undulatory electric impulses does notinclude 
the vibrating body. ‘ 

2. The combination, substantially as and 
for the purpose set forth, of a sonorous body 
capable of vibrating to produce a musical 
tone, an electric device acting upon said so-' 
norous body to attract or repel the same, a 
source of electric energy supplying a current 
to this electric device, an electric circuit from 
this source of energy and including the elec 
tric device, but not including the sonorous 
body, normally open, a device operated ‘by a 
key or otherwise for closing this circuit, and 
a device operated by ‘the movement vof the 
sonorous body to produce in the electric de 
vice acting on the sonorous bodyintermittent 
impulses of electricity, either pulsatory or un 
dulatory, corresponding in frequency to the 
number of vibrations in the note produced by 
the sonorous body. .I 

3. In a keyed stringed musical instrument, 
the combination, substantially as and for the 
purpose set forth, of a series of strings or 
wires, a series of electric devices acting upon 
each of these strings or wires, respectively, 
to attract or repel the same, a source of elec 
tricity, an independent electriccircuit through 
each of these electric devices, normally open, 
a device operatedv by the depression of the 
key corresponding ‘to each of these wires to 
closethis circuit, and a device operating by 
the movement of the string to produce inter 
mittent impulses of electricity, either pulsa 
tory or undulatory, corresponding in fre 
quency to the number of vibrations in the 
note produced by this sonorous body when 
the ‘circuit through the said‘ device does not 
include the vibrating sonorous body. 

4. The combination, substantially as and 
for the purpose set forth, of a string or reed vi 
brated electrically and a device for interrupt 
ing the current or for varying the strength of 
the same and'operated by the movement of the 
reed or string, and acting to continue the cur 
rent during the‘ movement of the string or 
reed toward the attracting device and to in 
terrupt the current or to diminish the strength 
of the same at the completion of this move 
ment and during the movementof the string 
or reed away from the attracting device when 

a the circuit through the said device does not 
include the vibrating sonorous body. 

5. The combination, substantially as and 
for the purpose set forth, of a wire or string 
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C, the electric device acting upon the same, made to have at will a greater or less amount 
the electric circuit through this device, the of surface in contact and pressure. 
barf and spring e, included in this circuit 7. The combination, substantially as and 
and insulated from each other at one end, but for the purpose set forth, with the key, of a 

5 normally in contact at. the other end, and the notch on the end of the same, the vertical bar 20 
piece of iron or steel h in the end of the bar operated by the pedal, the spring m on said 
f and in such proximity to the wire or string bar, and the projection on the spring. 
0 that when this wire or string approaches In testimony whereof I have signed my 
the piece h the piece will be attracted to the name to this speci?cation in the presence of 

[0 wire and will separate from the spring e, thus two subscribing witnesses. 
breaking the circuit. . _ r 

6. The combination, substantially as and E‘ 0' OHMARF' 
for the purpose hereinafter more fully set ‘Vitnesses: 
forth, of the electric circuit G and contacts MELVIN L. SEVERY, 

x 5 operated by the key, which contacts can be H. L. FISHER. 


