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UNITED STATES

PAaTENT OFFICE.

ELI C. OHMART, OF DETROIT, MICHIGAN, ASSIGNOR TO MELVIN L. SEVERY,
OF BOSTON, MASSACHUSETTS.

METHOD OF AND APPARATUS FOR PRODUCING MUSICAL TONES BY ELECTRO-MAGNETISM.

SPECIFICATION forming part of Letters Patent No. 472,019, dated March 29, 1892.
Application filed April 28, 1880, Serial No. 349,802, (No model.)

To all whom it may concern:
Be it known that I, ELI C. OHMART, of De-
troit, in the county of Wayne and State of
Michigan, haveinvented a new and useful Im-
5 provement in Methods of and Apparatus for
Produeing Musical Tones by Electro-Magnet-
ism, of which the following, taken in connec-
tion with the accompanying drawings, is a
specification.

10  Inakeyed 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. Thelocalized influence of the hammer,

15 producingan abnormal oscillation, gradually
subsides and the oscillation becomes normal,
and the wire, recovering from theloeal effect of
the percussion, regains its normal nodes and
transverseswings after having wasted energy

20 in overcoming the tendency to abnormal os-
cillation, and thus a rapid change of timbre
from first to last is produced. The percus-
sion upon the wire, in addition to producing
a note whose pitch depends upon the length,

25 thickness, and tension of the wire, also pro-
duces a note whose piteh 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-

3o antthereto. Thisisamarked 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
amplitudeof oscillation,and,commencing with

35 a percussive thump, the tone gradually di-
minishes from first 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-

4o pathetic vibration of adjacent wires a chaos
of discords is produced when two or three
notes not in harmony aresounded in proxim-

" ity tothe sounding-board. Itistherefore de-

sirable to secure increase of volume by other
45 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 the lower
5o notes and whose volume is therefore much

less, and therefore not only does the timbre
and amplitude vary from first 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 firs$ to last when desired. Pi- 6o
anissimo and fortissimo playing is accom-
plished by methods which either muffie 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 63
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- 70
cordant oscillations in juxtaposed wires free

to oscillate sympathetically. Theinvariable
diminuendo of the volume of all tones and
the invariable change in the tone quality in
every note from first to last are a monotonous 75
iteration inconsistent with definite emotional
expression or the proper interpretation of
musical compositions.

The object of theinvention which formsthe
subject of this application for Letters Patent 8o
of the United States is the production of a
musical instrument in which the before-men-
tioned defects will be obviated; and I propose
to accomplish this result by the method of
and apparatusfor producing, prolonging, and 8
modulating musical tones by electrical means,
as hereinafter described.

My invention therefore consists, first, in the
method of and apparatus for vibrating, sub-
stantially as hereinafter more fully set forth, go
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- 93
matically through these devices by circuit-in-
terrupting or current-varying devices oper-
ated by the periodie vibration of thesonorous
body or some sonorous body vibrating in uni-
son therewith and when this cireuit does not 100
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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

modulatmg, 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 eurrent dur-

_ing the movement of the vibrating body in
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one direction and interrupt the cuuent or di-
minish its strenfrth during the movement of

the vibrating body in the other direetion;

fifth, in the combination, substantially as.

hereinafter more fully set forth, with the cir-
cuit -interrapting and current- varying de-
vices, of meansforinclosing thesedevicesin a
vacuuim; sixth, in the arm.xcrement substan-
tially as herelnaftel more fully set forth, in

ul_mp_le arcof theelectric devices acting npon
the sonorous hodies, whereby each electric de-
vice aets upon the sonorous vibrating body
actnated thereby with the same power, no
matter what may be the number of electric

- deyices brought into action gt the same time
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from a single source of electric enertry
the p}.l.n;clple .ot my invention as embodied i m
a keyed stringed instrument and my method
of ploducm y plolononn s zmd modulating
musical tones by electricity as applied to the
strings of a piano, and I have shown these
strmfrs as vibrated by the attraction of an
electro-magnet; but the invention can be car-
ried into effect for vibrating reeds which pro-
duce musical tones by their own vibration or
by the vibration due to the action of the vi-
brating reed upon columns.of air in pipes, or
for vibrating disks and diaphragms, or for
vibrating any other sonorous. body; but in
view .of other prior inventions—as, for exam-
ple, those of Elisha Gray—I only cLum 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 effeet of the passage of
the electric cireuit through the reed is to
modify its tone, destroy 1t% elastieity, and
cause a rattling.

In the accompanying dr«,m ings, Figure 1 is
a sectional view showing the piano-action and
the electro-magnet acting on the string. Fig.
2isaviewin elevation of the string, the electro-
magnet, and the circuit-breaking device. Fig.
3 is an enlarged view of the circuit-breaking
device. TFig. 4 shows a device in which the

contact-point bears upon a conducting-plate
attached toa stretched string of silk or other
“non-conducting material attaehed to the wire.

Fig. 5 is a view of a device in which con-
tact isinterrupted or varied by means of a fine
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 deviece for
increasing the surfaces of contact of the cir-
cuitdevices at the keys, whereby the strength
of the magnetic attraction upon the wire is
inereased. Fig. 11 shows an electro-magnet
one pole of whiech attraects the wire or reed
and the other pole.operates the cireuit-break-
ing device. TFig. 12 shows an electro-magnet
having an elastic flexible pole which aels at
the same time to attract the wire and to in-
terrupt or wvary the eurrent.

Referring to Figs. 1, 2, and 3, wh1ch show

a practical embodlment of the prmelple of my
invention, A is a piano-key lever.” B is the
hammer and mechanism connected therewith.
C is the piano-string. Dis the damper. Eis
the electro-magnet Whlch attracts the string.
F is the clrcult-lntgrrupnno' device,
cireuit, in which the eleetro-magnet operating
on the string is shown as connected. in multi-
ple are. A conyenient deyice for closing the
cireuit through the electro-magnet consists in
the arran ofement of two- metdlhc springs a and
b, the ends of which are attached to a bar H,
which extends above each string and to whleh
are attached the ‘electro-magnet E and the
circuit-closing device. These springs are in-
sulated from one another, and to one spring
is attached a wire ¢, forming a part of the cir-
cuit through the electro-magnet E, and to the
other is attached a wire d, which is connected
to one of the wires of the maineircuit 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 the ends of the springs .

are pressed together and the cireuit is com-
pleted throxxuh the electro-magnet E. Other
devices may be used for completmu this eir-
cuit-—as, for example, contacts on the keys or
suitable contacts operated by the keys,
The circuit-interrupting device eonsists of
a metallic spring e and a metallic bar £, sealed
in a bulb ¢ and insalated from one another,
and from which bulb the air is exhausted.
The bar has attached to its lowerend a piece
I of iron or of magnetized steel, which is in
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close prox1m1ty to the metallic piano- -string -

and which is also in contact with the spring,
so that the circuit is closed.

‘When the ecircuit is completed through the -

electro-magnet F by the depression of the key,
the mawnet exerts an attractive force upon
the wire, and when the wire approaches the
iron or steel piece & this baris in turn at-

tracted toward the wire and the circuit formed
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by the contact of the spring e and bar fis
broken. - The piece % issoplaced that it bears
against the end of the spring f, so that when
the bar is attracted the end of the spring f
may follow the movement and the eircuit will
not be immediately broken, thus affording
time for the magnet to exert its full power
upon the wire. When the wire by its elastic-
ity swings away from the magnet to the ex-
tent determined by the tension and length of
the wire, the magnetized piece  ceases to be
sufficiently effected by the wire to be attracted,

‘the circait through the spring e and bar f is

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 thelength, thickness,and tension of
the wire. Ifthe piano-stringis of a non-mag-
netic metal or of catgut or other similar non-
magnetic material, a piece of iron orsteel may
be placed on the string under the electro-mag-
net, or a fine 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
cirenit, 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 these devices are shown in Figs. 4,
5, 6, and 8.

In the device shown in Fig. 5 a fine plati-
num wire [ is attached to the vibrating string
at right angles to the same and dips into
a cup of mercury, which forms part of the
cireuit, this circuit being completed by a fine
spring 7, which is attached to or slides upon
the platinum wire,

In the device shown in Fig. 4 the contact-
breaking points % slide npon a plate of metal
0 ou a string p of silk or other insulating ma- -
terial attached to the vibrating wire and
maintained at a tension by means of a screw
7, to which it is attached. In order that the
least modification in the tone of the wire may

. be produced, the fine string is attached at a
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slight angle tothe 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 flexi-
ble points. When thecircuit-breaking point
bears upon this flexible pole and when the
wire is attracted, the flexible 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 K, besides altracting the wire, at-
tracts by its opposite pole two springs ¢ w
of magnetic metal, connected in the circuit
through the electro-magnet and each fixed by
one end to a suitable support % 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 different 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 cirenit 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 eir-
cuit interrupting and varying devices can be
made by which theintermittent interruption
in the circuitor the variationsin the strength
of the current are controlled by the periodic
motions of the sonorous body producing the
tone, and my invention ean be carried into
effect 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 npon 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
dueto the action of the cirenit 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 npon 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 fingers to be used on the other
keys. This device consists of a ecatch m,
which is arranged in such relation to a notch
in the eud of the key that when the key is
depressed the catch can be made to enter or

through the electro-magnet will be broken, so
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leave this notch by suitable mechanism-as,
for instance, a pedal or knee-swell—and hold
the key down. i

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. \

Mechanism operated by the knee or foot or
in any other manner may cperate to cause
the greater or less immersion of the zines of
the battery, may act to throw other batteries
in or out of cireuit, 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 thewm to follow the vibrat-
ing wire through a longer swing.

The loudness of any individual note may |
be increased or diminished by varying the |
contact-surfaces operated by the pressure of
the key or the pressure between these con-

tact-surfaces, asshown 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 to 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 cireuif. 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 are, .

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 eircuit 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
1 claim, and desire to secure by Letters Pat-
ent of the United States, is— :
1. The metHod, substantially asand for the
purpose set forth, of producing musical tones,

which method consists in producing musical

vibrationsin strings,wires, reeds, diaphragms,

or any -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 o 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 eircuit

70
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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 deviee, an electriec circuit from

this source of energy and including the elec-
trie device, but not ineluding the sonorous

Dbody, normally open, a device operated by a

key or otherwise for closing this cireuit, and
a device operated by the movement of the
sonorous body to produce in the electric de-
vice acting on thesonorous body intermittent
impulses of electricity, either pulsatory or un-
dulatory, corresponding in frequency to the
number of vibrations in the note produced by
the sonorous body. .

3. In a keyed stringed musical instrument,
the combination, substantially asand for the
purpose set forth, of a series of strings or
wires, a series of eleetric devices acting upon
each of these strings or wires, respectively,
to attract or-repel the same, a source of elec-
tricity,anindependent electriccireuit through
each of these electric devices, normally open,
a device operated by the depression of the
key corresponding tu each of these wires to
close this circnit, 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 eircuit 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 eur-
rent during the movement of the string or
reed toward the attracting deviece and to in-
terrupt the currentortodiminish the strength
of the same at the completion of this-move-
ment and during the movement. of the string
or reed away from the attracting device when

| 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 orlessamount
the electric cirenit through this device, the | of surface in contact and pressure.
bar f 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 2
piece of iron or steel 7 in the end of the bar | operated by the pedal, the spring m on said
7 and in such proximity to the wire or string | bar, and the projection on the spring.
C that when this wire or string approaches In testimony whereof I have signed my
the piece 7 the piece will be attracted to the | name to this specification in the presence of
1o wire and will separate from thespring e, thus | two subseribing witnesses.
breaking the cireuit. . - ,
6. The ecombination, substantially as and E. C. OHMART.
for the purpose hereinafter more fully set Witnesses:
forth, of the electric circuit G and contacts MELVIN L. SEVERY,
15 operated by the key, which contacts can be H. L. FISHER.




