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This invention relates to the electrical op-
eration of stringed instruments, and, more
particularly, the invention aims to provide
certain improvements in the art of electrical

5 piano operation wherein there is employed
a pulsator adapted to be acted on by string
vibration and in circuit with an electro-mag:
net the fluctuating field of which acts on a
string when such field is varied in strength.
Another object of the invention is to pro-
vide an’ improved method and apparatus for
obtaining sostenuto as the result of the em-
ployment of such field.
Another object is to provide an improved
15 method and apparatus for thus obtaining
sostenuto without relying necessarily upon
an initial impact or blow against the string
uch as is commonly delivered by the familiar
hammer of the ordinary piano action; and
in this connection it.is also an object of the
invention to provide a method and apparatus
“wherein, for very quick building up of the
note to full volume, the equivalent of a vibra-
tion-initiating percussively-acting “mechani-
cal implement is employed. This equivalent,
~as I prefer to carry out the invention to_at-
tain the object last mentioned, is an electrical
imeans which may be used as a complete sub-
stitute for said mechanically acting imple-
ment. R R
‘Another object is to provide an improved
method and apparatus for obtaining soste-
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30

nuto electrically, wherein, if such hammer
blow or an equivalent be employed to_start:

35 the string vibration, the hammer will be
actnated in part at least by electrical means,
and wherein, -preferably, such ~electrical
means is adapted to insure ‘automatic damp-
ing of the string vibration at the cessation of
the sostenuto. .~ T
‘Another object is to provide an improved
method and apparatus as last stated, where-
by a single. simple movement may be per-

40

formed, as the depression of a piano key, for
48 the purpose of first initiating thev_s't‘ringlvi—

_that by closing

“the instrument may then

bration by a powerful blow or an equivalent,
and ‘then sustaining such vibration, as the
result preferably of first setting up a more
powerful magnetic field and then setting up
a less powerful magnetic field. ;

Turther to explain the various objects s0
far specifically mentioned : -

In various copending applications of mine’

50

“which relate to electrical sostenuto in pianos,

T have disclosed and claimed various types 58
of pulsators, various mounts for the same,
and various methods and means for operat-
ing such pulsators by or with the string and
for directly or indirectly connecting such
pulsators to the string and to different por- an
tions thereof. These applications include
Ser. Nos. 178,204, and others, filed on even
date herewith. S

1In these applications; as sufficiently under-
«tood from the ome particularly identified, 68
the method disclosed in each case involved
first the use of the piano hammer in initiat-
ing the vibration of the piano string and next
the use of a pulsator for sustaining such
vibration. ' I have discovered, however, that 70
when the controllers are sensitively adjusted,
according to the teachings of certain of said
copending applications; it is not necessary .
to employ a hammer to strike the string, and
the electric circuit containing 75
the pulsator and magnet, the string is suf-
ficiently put in_ motion, although beginning -
with a very slight amplitude, to actuate the
pulsator, and rather quickly, by way of the
magnetic field fluctuation thus initiated, in- 80
crease the successive current undulations to-
the sound volume required. The magnel
may be placed opposite the string in any por
tion of its length, but preferably at a point
for sounding, not only the fundamental-bul 85
also partials as desired from the string. The
pulsator is located on any vibratile portion
of the string, either a singing portion or-a -
portion beyond a bridge. The operation of
be like that of a 90’
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piano organ, that is a key may be depressed
to bring about, directly, the sounding of the
desived note, sostenuto, However, the at-
tainment of the proper vibration of the
musical member to a full musical tone is a
cumulative process, occupying an appreciable
period of time; and the invention also pro-
vides, where it is desirable to have the musical
member or string attain full power extra
quickly, a method and apparatus involving
the employment of a striler op hammer im-
plement to be impactec against the string,
or a plectrum implement to vibrate the string
as in 2 harpsichord, and involving the actua-
tion of such implemens by electrical and B0y
electro-magnetic means. “And the invention
further proposes, as another example of g
mode of causing the string to attain full
power extra quickly, the employment of an
auxiliary more powerful magnei, o a tem-
porary increase of the current through the
sostenuto cavsing magnet, during the initia-
tory stage of the string’s vibration.

Another cbject of the present invention ig
to provide an improved method and ap-
paratus having certain or ail of the ac-
vantages just indicated, and wherein
equivalent of three-handed playing or piano
organs or other musical instruiments having
practically no natural or inherent sostentito,
may be accomplished in the ordinary percus-
sive-type of piano, so that one or more notes
may be sustained as long as desired while
the piayer’s two hands occupied with the
piano keyboard to sound other notes or geroups
of notes.

Various other objects and advantages of
the invention will be specifically pointed out
or apparent hereinafter, in the course of a
description of several preferred of the
rious possible forms of the invention as
shown 1n the accompanying drawings; it he-
ing understood, of course, that such forms
are merely illustrative of combinntions and
arrangements of parts caleulated +to attair
the objects of the invention, pursuant to
present nreferences, and hence the detailed
description of such forms now to be given

1s not to be taken as at all defining or limit.

th

are

V-

ing the invention itself. That is to say, the
scope of protection contemplated ie to he

taken solely from the appended claims, in-
terpreted as broadly as is consistent with the
prior art, and with explanatory veferences
to the specification only where a claim i
ambiguous or to be impliedly limited beyond
its express terms ‘o avoid such art in order
to save the validity of said claim,

In the accompanying drawings:

Fig. 1is a diagrammatic view Hlustrating
one form of apparatus » scording to the in-
vention.

Fig. 2 is a similar
form of apparatus.

Fig. 2a is a detailed view showing on an

view, showing another
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enlarged scale certain of the parts of Fig. 9

Fig. 3 is a view similar ro Tigs. 1 and 2,
but showing another form of apparatus.

Tigs. 3a, 30, 3¢ and 34 are detail views
showing certain of the parts of Fig. 8, said
Fig. 3d being a section, on a slightly en-
larged scale, taken on line 84—34 ot Fig. 3¢,

Higs. 4 and 5 are views similar to Higs,
1, 2 and 3, showing, respectively, other forms
of apparatus according to the invention.

Referring to Fig. 1, which shows an ele-
mentary form of apparatus apable of carry-
ing out the method of the invention accord-
ing to which an ordinary sostenuto pulsator
may be employed as the sole means for initi-
ating string vibration and then for sustain-
ing such vibration, there are disclosed, as in
Figs. 2, 4 and 5, a piano string 10 stretched
over bridge pieces 11 and 19. As in Figs. 2,
8 and 4, this string of fig. 1 has associated
therewith an electromagnet 13 and a pulsator
14 1n a common cireuit including a suitable
source of energy 15 and a switeh 16 operated
by the piano key 17 when the latter is de-
pressed, as by rocking it about its pivot 17a.
The pulsator may co-act with a singing or
non-singing portion of the string 10.

In operation, an arrangement such as
shewn in Fig. 1, T have found, resnits in the
initiation of string vibration and the sntis.
factory building up of sostenuto, with the
latter continued ag long as the key 17 is held
depressed, since thereby the switch 16 ig
maintained closed the same Iength of time.
On first closing the switch, there is get up
siuch an electrical disturbance and in such
proximity to the string, due to the sudden
setting up of a magnetic field in the clectro-
magnet 13, that enough of a vibratory move-
ment is imparted to string 10 to act on pul-
sator 14 to cause an appreciable current fuc-
tuation in circuit 15, This in turn causes
another change in the magnetic field, and
one more pronounced so far ag giving a vi-
bratile impulse to the string is concerned
The vesult is a greater current fluctuation in
the circuit than the first one. This cross-
cumulative action continues, of course, much
more rapidly than can be stated; and T have
found that satisfactory musieal performance
of most if not all compositions may be had
in this way cn an electrical sostenuto plane.

Referring now to I ig. 2, an arrangement
15 here shown wherein a hammer I other
than the ordinary Lammer of the piano ae-
tion, is employed for the initial blow
against the string 10, when it is desired to
build up the full sostenuto musical tone very
quickly. This arrangement of Fig., 2 aluo
includes a damper D for the string, operat-
ing at the proper instant by the same meang
which actuates the hammer, here an auxili-
ary electro-magnet 18 in the civcuit including
battery 15 and the sostenuto magnet 13,

This magnet 18 acts to attract an armature
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19 when the key switch 16 is closed; said
magnet 18, as shown, being more powerful
than the sostenuto magnet 13. o

" Armature 19 and damper D are on a piv-
oted arm 20.. The hammer H,and a latch 21,
are pivoted, for relative movement when re-
quired, on a shaft 22. The pendent limb of
latch 21 is engaged by the upper end of arm
90 when the armature is attaracted by the
magnet 18 upon the closing of the cireuit;
it being understood that suitable means, a8
springs (not shown), urge the parts to the
normal positions iilustrated. The attrac-
tion of magnet 18 for armature 19 is sufficient
to carry the arm 20 beyond and out of en-
gagement with the latch with the result that
the hammer strikes a blow upon a string 10
and instantly rebounds. The sostenuto is set
up and maintained, however, by magnet 13,
as long as key 17 is held depressed. -Arm
90 returns to its normal position when the
key is released, and the arm 20 moves back
past latch 21, without disturbing the ham-
mer, but to seat the damper against the string
to silence the latter.

Referring to Fig. 3, the arrangement here

_ chown includes a powerful magnet 18 as n
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~ energizing the sostenuto circuit; and then
throws the plate 265 beyond the pin 28, per-

6

85.

‘plate 26a is

Tig. 2, but closer to the piano string; and
a separate circuit including its own source
of electric energy 23 and a pair of terminals
94 and 25. Atbached to key 17 is ‘a contact
Tatch 26 which depends resiliently from a
flexible arm 27. :

_Referring to Figures 3¢ and 8d, this con-
tact latch includes a conducting-bridge plate
96¢ bevelled at its bottom - as indicated at
26/, and carrying a ‘rearwardly extending
guide plate 260. Near the bottom of the V-

frough between these two plates, as indi-

cated in Fig. 3d, is-a release opening 28a tor
the free end of a fixed pin 28 after the latter
has been trapped in the V-trough. Such

trapping is incident to a part of the oper-
ation of the contact latch as will now be
explained. - : .

When the key 17 is depressed the bridge
forced into contact with the ter-
minals 24 and 25, as the result of the pin 28
engaging the. ramp constituted by the out-

side surface of plate 265, thus causing & pow-

" orful momentary energization of magnet 18,

and a considerable vibratory movement of the
string 10. , :
Turther and complete depression of key 17
first closes the stwiteh 16, causing current to
be supplied to pulsator 14 and magnet 13, thus

mitting the bridge plate 26a to move away
from the terminals 24 and 25 thus breaking
the circuit through magnet 18.

Upon
gages the inclined inner surface of the guide
plate 265 and insures the clearing of the
bridge plate 26a from the terminals 24 and

~ywithout' contact

releasing the key 17, the pin 28 en- -
.ever,

3

95 ; the pin passing through the opening 28¢
located in the V-trough, and all the parts thus
becoming - reset for another depression of
key 17.

eferring to Figs. 3, 3a and 3D, there is-

shown an arrangement for three handed play-

ing as in plano organs whereby key 17 may
have associated with it an auxiliary key 29, .

which when once set into operative condition

as an incident to a depression of said key 17,

remains thus until the auxiliary key is again’

operated ; whether or not the key 17 is then
depressed o undepressed. In the present
cage this arrangement for three-handed play-
ing includes, in addition to these two keys,
two contacts 80 and 31.
standing rigid stud on key 17, desirably bev-
elled at its top as indicated ; and contact 31 is
a fairly rigid horizontal wedge-piece, carry-
ing alug 8la,and suspended by a band-spring
315 or the like from key 29.
so arranged that when
normal position, that is, both undepressed as
shown in Fig. 3 there is a break in the shunt
39 including. magnet 13; and the arrange-
ment of the parts is also such that with key
29 undepressed, key 17 may be deprezsed
30 touching ' contact  31.
When, however, key 29 is depressed while
key 17 is already
when it is desired to lock the key 17 depressed
o release the finger which depressed it for the
depression of another key 17, the contacts 30
and. 31 not only touch, but snap into tem-
porary latch-lock as shown in Fig. 3a. When
now the key 17 of Fig. 3a is released to re-
turn to its normal position as shown in Figs.
3 and 8b, the interiocking of the contacts 30
and 81 is still held; and will continue to be
held, until key 29 is rocked in the opposite
direction about say a central pivot (not
shown), whereupon the parts 31e will: snap
free of contact 30, and the condition shown in
Fig. 3 will be restored.

Phe described -arrangement provides for

the two keys are in

what is sometimes called three-hand playing’

" Contact 80 is an-up-

These parts are’,

in depressed position, as *
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or for duet performances on a single piano '

since when a key such as 29 is depressed to .

close the shunt circuit, the sostenuto will be
maintained for that particular string ‘while
the performer may remove his finger from the
main key to depress other keys; and the sos-
tenuto effect may be discontinued at any time
by releasing the key 29.

Obviously, the elements 29 to 32, or eqﬁivzt— :

lents, may be employed with the arrangement
of Fig:1; as also with the arrangements of
Figs. 4 and
cated at 29 to 32 on the latter.

These Figs. 4 and 5 have circuits somewhat
like those of Fig. 8, vet but a single magnet,
How-
the equivalent of the arrangement of
in that in Fig.-4 a more
is employed for the in-

the sostenuto magnet 13, is employed.

Fig. 8 is present,
powerful battery 23’

115

120

5 now to be described, as indi-
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and in ¢

ma mmt 15 isem-
hat in Tig.

itial vibration and the st
vloyed for the soste nito;

o a Faivly ¥ powerful bat wiery 2377 ix its entivet v
ig nsu'l for the initial Vlbl'u‘,l.fl and a part
5|

mly of this b battery, as indicated
ufscil for the ws*“zmh
Figs. 4 and 5 otherwiso differ from each
other, and from tho 0* her arrangements al-
ready de sCx 1oer7 that certain switch
; LL]X"‘lO;lt from the parts 26 to
are employed.

at 23, .is

ar-

“( (<5 we
a switeh means
oorm"%y Con-
hich connects

9, the

8

ring 33
Ustop 84 -
of the b:‘(,t,(,'i'7
hisg buttery being connect-
ed to the load 1 vy 15 to Dulsator
14, Up01 first ¢ "ap‘*ess ing key 17, the upper
leaf 16a of switch 18 ig iOLqu. into. ecntact
with spwnw 83, causing a heavy charge of
curvens to flow from batter v 287 thl‘oug
plhmkm‘ 14 and magunet 13? aud thus cy
string 10 ,ummd/ Lo vibrat
pression of key 17 by
imy 93 as 33 d 34, again cansing
string 10 to Vlbl' rte. (Jomp}'\ﬂ, dop*'“
key 17 b ings £ 18q 1 contact
spring 33 anc dleat 160, e usmp & iow of cur-
rent from the battery 15 to flow JU ough the
pulsator and magnet, 101 the so

In Fig. 5, the civenit for main
sostenuto i Jn‘oL h the nnhmrqu the 1“0&\4.
a lead the 1,015101 ”u(& of behu‘" “)"”,
switch 16, snd lead 3 L conductor 87 lead
from magnet 13 to a spunw 38 which 1 oozus
upon another spring 89, connected by a vod
39¢ with key 17, A contact 40 leads to the
end 01 battery 2877 o >poglbe to the end thereof
connecting w ﬂh lead 35, A g top 41 prev
the spmm 38 from movi 1 all the way down
with spring 3 393 8o they sl“-’mo 38 is lefs he-
hind » when spun( af) and 40 touch. Fhus,
during depression of the | key, magnet 13 firgs
receive a poweuu surge of current from
battery 237, due to the contact of spring
39 with springs 38 and 40, and then ss id
magnet receives the sosicmuo car‘ ent from
batter y-porticn 23a only, due 4o the clo%lm»
of switch 16 and the passing on of springs

minal

&
n

I*uru,e* de-
calky tx"‘ Cit ot -OL bat-
the

1130

1338«

NULo,
ning the

u.)

21 ts

39 and 40 beyond spring 38 when the lattor
engages stop 41.

Damper mes vns, as in Fig,
Iy be omplf}vcﬂ n

may obviom-
ents of Figs,

2,
the arrongem

1, 4 and 5: as b» using another I magnet, in
cirenit with the’ sostﬂnvto magnet and the
puisator, aud acting when (\m«w-/of? to ai-

ar

tract A"‘naiur mounted f£
with the damper me ans, as in Fig, 9, so that
when the two maonets are de- Lnermaad on
releasing key 17, the dmnm" s restored to its
normal eno: Qenﬁenv with %“'mn 10.
Inesmuch as ma: 1y changes could be made
in the above ﬂonstz'uumns. and many appar-
ently widely different embodiments of my
invention could be made without departing

TOT movement

ol
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from the scope thereot £, it is intended that
all matter contained in the above dnsauptmn
cr shown in the accompanying drawings

shall be inter preted as illug tz'at_lv and not in
a hnntuw sense.
It ig also to be understood that the lan-

guage contained in the following claims is
mwnded to cover all the generic and specific
'\utluLS of the mve“uon herein de seribecd
d all statements of the scope of the inven-
tion w nluh, as matter of language, niight be
ict ! wa\\ aen.

L

"*cal strument, the

oveinent ()1
wd then for

instrument, the
Won of o string, a ht‘), i
eny Quppiy, an dcc“u -inagnet

e
>0 (JUL{

¢ string an initial ViUl'uL 1011
/ith said sonree, i magnet

'w; ng normally out of cireuit, uud
eby when Lhﬁ ey 1s par dz:MJ de-
our( and Lanagnet are pub in

en the keoy is m:ulu‘ depressed
! magned are restored to nop-
sl ¢
rical mus instrument, the
of a vibr w, 2 wll)l"
cperated pulsator, g ke 1ig
supply, an electro-ma ned for owmw Lhe

string an initial Vib:m 101 \\hm in cn‘cu*f

with said source, sald magnet and source

2ing no: zw‘!" ottt of M“Ulb z:nd means op-
erated by the key for making such circnit Iud
men for bs ng such civenit and then for
damping the siring g vibration.

4. The ingt uu*m 0t defined in claim 1,
wherein thesys ig provided a pe cussi% ham-
rzer, and said magnet actuntes said haminer
when the key ig operated to 111 @ said cir-
cuit.,

5. The instroment defined in claim 1,
Whero‘?“ there is provided o - percussive ham-
mex ﬂno aid magnet actuates said hammer

rated to make said eip-
culﬁ. there aiso being provided & mechanical
nper for the ¢ irmf“ “mmieﬂ Whnn the key
perated to break said eireuit,
The instrament defined in claim 3,
wherein there is s provided a percussive bamn-
mer, and said magnet nctuatas said hammer
when the key is cperated 60 malke gaid circuit,
thers also being provided a mechanics l
damper for the string actunated when the
key is operated to break s said circuit,
The instrament defined in claim 1,

-~

wherein there is provided o percussive ham-
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mer and a mechanical damper, and said mag-
net actuates said hammer when the key 18
operated to malke said circuit, there being
means associated with the hammer and
damper whereby when the key is operated to

make s2id circuit the hammer Is rebracted
immeliately after striking the string and the

damper is actuated when the key is permit-
ted to break the circuit. ,

8. In an electrical sostenuto piano, the
combination of & vibration-initiatl
for the string, and a sostenuto means for the
string, said two means including three ele-
ments of which two are magnets and the
third is a source of current supply.

9. Tn sn clectrical sostenuto piano, the
combination of a vibrating-initiating means
for the string, and a sosténuto means for the
string, said two means including three ele-
ments a first of which elements is a magnet,
a second of which elements is a source of cur-
rent supply, and the third of which elements
is n magnet more highly energized than the
first named said first and second elements,

- said third element and the element whereof

it is a type being of different powers.

10. Tn an electrical sostenuto piano, the
combination with a string, and with means
including a movable member and a normally

» inoperative electrical means rendered oper-

ative for sostenuto on moving said member
from a first position to a second position, of
a second movable member, and means asso-
ciated with the two movable members where-
by both members may be moved to lock the
first member in said second position, for
three-handed playing.

11. The piano defined in claim 10, wherein
the means last mentioned includes co-acting
devices rendered inoperative by a predeter-
mined movement of the second movable

~ member, thereby to release the two members

45

50

60

from the lock. :
19. The method of producing sostenuto ef-
fect in a piano string which consists in estab-
lishing a preliminary strong electro-magnetic
string plucking field adjacent the piano

string and thereafter causing pulsator varia-

Hions in said field in phase with the vibrations
of the string. : '

13. The method of producing sostenuto ef-
fect in a piano string which consists in caus-
ing an electric current to produce a prelimi-
nary magnetic string plucking field and there-
after maintaining the current and causing the
vibrating string to: produce pulsator varia-
tions in the strength of the current to effect
corresponding variations in the strength of
the magnetic field.

14. The method of producing sostenuto ef-
fect in a piano string which consists in caus-
ing an electric current to produce a prelimi-
nary magnetie string plucking field and there-
after maintaining the current and causing the
vibrating string to effect the production of a

————————————E

bialing means:

«witch means under

S

second and variable magnetic field in phase
with the vibrations of the string and acting
on said string. . ' :

15. The method of producing sostenuto ef-
fect in a piano string which consists in caus-
ing an electric current to produce a prelimi-
nary magnetic string plucking field and there-
after maintaining the current and causing
the vibrating string to effect the production
of a second and variable magnetic field in
phase with the vibrations of the string and
acting on said string, the second field differ-
ing in intensity from the first.

76, In a sostenuto piano or the like, a
string, a plucking magnet, a pulsator actu-
ated by the string, a sostenuto magnet, a
power source, a key, and switch means under
control of the key for actuating the plucking
magnet and for actuating the sostenuto mag-
net under control of the pulsator.

the like, a

17. In a sostenuto piano or
string, a plucking magnet, a pulsator actu-
ated by the string, a_sostenuto magnet, a
power source, a key, switch means under con-
trol of the key for actuating the plucking
magnet and for actuating the sostenuto mag-
net under control of the pulsator, a hammer,
and a hammer actuator including a damper,
the plucking magnet being arranged to op-
grate on the hammer actuator.

18, In a sostenuto piano .or the like, a
string, a plucking magnet, a pulsator actu-
ated by the string, a sostenuto magnet, a
power source, a key, switch means under con-
trol of the key for actuating the plucking
magnet and for actuating the sostenuto mag-
net umder control of the pulsator, a hammer,
and a hammer qctuator including a damper,
the plucking magnet being arranged. to op-
erate on the hammer actuator, and the ham-
mer having a trip device giving a hammer
stroke when the actuator is moved in one di-
rection and permitting the actuator to move
in the other direction to apply the damper
without movement of the hammer. -

19. In a sostenuto piano or the like, a
string, & pulsator actuated by the string, a
costenuto magnet, a power source, @ key,
control of the key for
actuating the sostenuto magnet under con-
trol of the pulsator, and means for main-
taining the sostenuto without continuéd man-
ual depression of the key.

20. In a sostenuto piano or the like, a
string, a pulsator actuated by the string, a
sostenuto magnet, a power source, a key,
cwitch means under control of the key for
actuating the sostenuto magnet under con-
trol of the pulsator, a shunt in the circuit of
the sostenuto magnet and pulsator and a sec-
ond key for closing and opening the shunt
circuit, to maintain sostenuto without con-
tinued depression of the main key or to dis-
continue the sostenuto. ‘

91. The piano defined in claim 16 with the
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addition that the circuit and contact arrange-
ments include a source of additional power
in the plucking magnet circuit and means un-
der key control for closing said circuit.

22. The piano defined in claim 16 with the
addition that the circuit and contact arrange-
ment include a source of additional power in
the plucking magnet circuit and means un-
der key control for closing said circuit, said
10 weans being arranged to avoid closing the

circuit during key return movement,
In testimony whereof T affix my signature,

SIMON COOPER.
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