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werial No. 382,835,

1o ail whom 1t may concern:
Be 1t known that I, Jomw K. Krrny, a
citizen of the United States, residing at
Pittstield, county of Berkshire, and State of
Ma&saehubetts, have 1nvented certain mnew
and useful Improvements in Klectric Play-
ing Apparatus for Musical Instruments,
fully described and represented in the fol-
lowing speclﬁmtmn anc the accompanying
drawings, forming a part of the same.

This invention relates to automatically
operated musical mstruments of that class
111 which the tone preducing devices are actu-
ated Ly the operation of smtﬂbly connected
electromagnets, and more particularly to in-
struments of that class in which the circuits
to the electromagnets by which the tone pro-
ducing devices are actuated are controlled
by a so-called music sheet or record sheet
on which the various notes are represented
by suitable actuating or controlling devices,
usually per fomtlonsj positioned transverbely
of the sheet to determine the particular tone
to be sounded, and lengthwise of the sheet
according to the tume and succession of the
tones.

The object of the invention is to provide
means for producing desired expression in
the production or rendering of a musical
composition by such an electmmlly operated
automatic playing appar atus by varying the
strength or loudness of the di erent fones
which oo to make up the composition.

The invention broadly considered may be
unp]cyed tor determining the loudness witl

~which the piece or COH]]_)O::IthIl as a whole

15 played, or for determining the relative
londness ot notes played m succession or of
sicceessive portions of the composition, but
1t may also be emplo-yed for, and 1s espe-
clally adapted to and mcludes features re-
latimg especilally to, the emphasizing of one
or more of a plurality of simultaneously
sounded tones 1 accordance with the method
and mmvention described and claimed 1n my
pﬂndn application No. 369,520, filed April
29, 1907 , by which method the tone produc-
mg devices corvesponding to tones of the
same hote name are grouped or connected
together and the groups thus formed are
controlled so as to determine the str ength of
action of any particular tone ploducmo de-

vice or devices of a group which may De ;

actuated, and as described in detail in said
application.

In my said application, T have described

a particular method and means for increas-
mg the strength of action of the operating
or Ley actuatmo magnets of an antomatlc
plaving '11)1331.&,’[115 similar to that shown 1n
United States Patent No. 753,809, dated
March 1, 1904, by increasing the impressed
electromotive force of the maenet cireuits.

In accordance with the plebent imvention,
I provide means for increasing the 111{1011&0—

motive force affecting the 0‘)el¢1t111f1 Mas-
net% without chanﬂmﬂ the 111’1ple5¢~ed elec-
tromotive force of the magnet circuits and
with the use of only one electromotive
force and without resorting to the use
of resistance devices as described in said
Patent No. 733,809. This result is secured
by providing means for changing the num-
bei of turns “of the windings of thu operat-
ing magnets through which energizinge cur-
vent will flow, pldel ably by pr O‘fldlﬂﬂ cach
of the opuatlnﬁ magnets with a su nhle-
mental winding or coil not of sufficient size
to give enough power to the magnets to
cause them to. operate the key or tone Pro-
ducmg devices, but adapted to act in co-
oper ation with the main winding or coil of
the muagnet to increase the nm-ﬁ11.1311::u.;.ﬁ{101*l Of
the mwnet and hence the force or str ength
with which its armature will pull on the key
or tone producing devices of the instruinent.

Such supplemental windings may be con-
nectecd with the battery or other source of
electrical energy in any suitable manner,
and may be thrown to ‘cireuit by any suit-
able meaus for increasing the stunﬂih of
such operating magnets as may be desived
and when desived.” For automatic eXPIres-
sion control, the circuits to these supple-
mental windings may be controlled bv SnHe-
cial contact devices operated o controlled
by the music sheet 1 the same mannev
the contact devices for the circuits nclulded
1n the regular or main windings of the mag-
nets. The supplemental 11*111(11115_13 are pr of-
erably connected in groups according to the
method above referred to of my application
No. 369,520, the windings of ecach eroup be-
g connected 1n series 1n a single cireut so
that each group of such windings may be
controlled by 2 smgle contact device the
closing of which will connect all the supple-
mental windings of the group in circuit
with the battery.

A full understanding of the invention
can best be given by a detailed description
of a system or apparatus embodying the
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teatures of the inventlon in a preferred | contact with the bar 81 by means of a per-

form, and such a description will now be |
olven in connection with the accompanying
drawings.

Tn said drawings:—IFigure 1 1s a dia-
erammatic view Qhowmﬂ so much as 1s nec-
essary for an undergt‘mdmﬂ ot the inven-
tion of an automatic phylno apparatus
similar to that shown in said Patent No.
753,809, provided with controlling devices
and electrical connections for o1ving auto-
matic expression control in accor dance with
the present invention. Tig. 2 is a  detail
view showing one method of magnet wind-
ing for prowdmo the 0peratmo magnets
with supplemental colls 1n accordance W’Iﬂl
the 1nvention. -

The drawing shows at the top a series of
finger keys 2 represen’rmo the key-board of
the piano. These keys are arranged in the

usual manner 1n successive series of seven

natural or white keys for striking the A, B,

C, ete. to G tones, and with the shm"p or

black keys for striking the A#, C#, Dz,
IF#£ and G# tones arranged betw cen the
proper natural tone keys. IXey operating
magnets 3 are located beneath the key-board,
a mfwnet being provided for each key in
the actual apparatuq The drawing, to

avold confusion of parts, shows only the

magnets for operating the A and A# Kkeys.
The key operating mwne’cs, as shown, are

‘of the two-pole form having a pivoted oscil-

lating armature 11 mounted between the
poles ancd the armature of each magnet is
connected with the under side of its corre-
sponding key by connecting rods 12 and 13,
Whereby when any magnet 18 energized and
its armature rotated the key with which the
armature 1s connected will be drawn down-
ward to cause the operation of the corre-
sponding tone producing device of the p1ano.

Kach of the key operating magnets is
provided with a main winding 32, and such
maim winding of each of the key operating
magnets 1s electrmallv connected through a
wire ¢ with a contact device of the control-
ling or transmitting mechanism through
which connection may be made with one
pole of the battery 10 or other suitable
source of electrical energy, and each of said

maln windings is connected with a wire b

which connects with the other pole of the
battery, the magnets being thus located each
In an mdependent branch cireuit controlled
by a contact device forming part of the
transmitting or controlling mechanism.

The tlansmlthno or controﬂmg mechan-
1Ism as shown comprises a serles of contact
fingers or rods 32 adapted tc make contact
with a contact bar 31 and normally held out
of engagement therewith during the opera-
tion of the instrument by means of rocking
ingers 37 which are controlled for causing
or permlttmﬂ' the contact fingers to m‘mke

forated music sheet 30. The music sheet
travels over a bridge 34, and the rocking
ingers 37 are supported e%h by means of
2 tr ailing point 38 which engages the sheet
on the 11:r.1e of 1ts support by the bridge 34
which 1s provided with transverse orooves
35 which correspond in position with the
trailing points 38 so that when a perfora-
tion in the sheet comes beneath a trailing
point the point will be allowed to pr O]EE‘t
through the sheet into the groove in the
bl‘ldﬂe 34, thereby penmttmﬂ the rocking
ﬁnoer 37 and its corresponding contact fin-
oer to make the required movement to
bring the contact finger into engagement
with the bar 31. The connections from the
contact fingers 32 to the main windings of
the key operating magnets 3 are through a
series of adjustable resistance devices. As
shown, each of the contact fingers from
which connection 1s made to the main wind-
ing of one of the key operating magnets
connects with a resistance coil 40 from which
connection 1s made by one of a series ot ad-
justable contact terminals 41 to the wire «
leading to the magnet winding. The con-
tact bar 31 1s connected to the posﬂ:we pole
of the bﬂttevy 10 by wire ¢ 1n which 1s 1n-
serted a switehr 139.  When, therefore, any
one of the contact fingers 32 which is con-
nected with the main winding of one of the
key-operating magnets 1s caused to engage
the contact bar 31, circuit will be completed
to 1its cormepondmﬂ magnet winding and
the magnet energized to operate the key

The contact terminals 41 are formed by
rods carried by a movable bar 200 and in-
sulated from each other, as by making the
bar 200 of suitable 1115111%‘51110 material.
The resistance coils 40 are also insulated
from each other, and the connection be-
tiveen the contact fingers 32 and the rock-
g angers 37 1s such as to avoid electrical
cormection between these parts, as by having
the ends of the contact fingers inserted in
sutable socket pieces 39 of mstﬂfltmo mate-
rial ecarried by the rocking fingers. The
bar 200 is made movable for the purpose of
moving the ends of the contact terminals or
rods 41 over the resistance coils 40 so as to
simultaneously change the resistance of all
the branch circuits leading to the main
windings of the Ley 0pel"fl,t1110 magnets, thus
prowdmo means ior changing or ‘ldjustlllﬂ

the eﬁectwe strength of ‘111 Such magnets to

which circuit may be completed by engage-
ment of their corresponding contact ﬁnﬂ*els
with the contact bar 31.
desired movement of the bar 200, it is
shown as arranged to be moved by a pair
of rocking arms 901 extending from a rock
shaft 202 which is rocked through an arm
203 by a longitudinally movable operating
rod 904. For automatically shifting the

To provide for the
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bar 200 for controlling the resistance in the |

circuits to the main windings of the key
operating magnets, a plurality ot resistance
or expression controlling magnets are pro-
vided, the circuits to which are controlled
by the music sheet. As shown, three such
magnets I, FM and P are provided for
ausing the bar 200 and contact terminals
or rods 41 to be moved to the positions of
minimum resistance, medium resistance and
maximum resistance, respectively. These
magnets are shown as of the two-pole form
with rotary armatures similar to the key
operating magnets, their armatures being
connected with the operating rod 204, and
the connection between their armatures and
the rod 204 being such that when the magnet
E 13 energized, the movement of its arma-
ture will cause the bar 200 and contact rods
41 te be shifted to the position shown n
which the resistance coils 40 are practically
or entirely cut out of the key Opelatmo Cir-
cuits, and when the magnet FM 1s ener-
oized, the other 111,;1011@’(8 bemﬂ dead, the
movement of its armature will cause the bar
200 and contact rods 41 to be shifted to an
intermediate position, and when the magnet
I 1s energized, the magnates ¥ and M
being dead,, the movement of its armature
will cause the bar 200 and contact rods 41 to
be shifted to the position mm which all or
practically all of each resistance coil will be
inserted 1n its corresponding circuit. The
circuits to these magnets I, M and P
are controlled by three of the contact fingers
32, which in turn are controlled by suitably
nhced perforations 1 the music sheet 30.
These magnets are connected with the neg:

tive pole of the battery through the 1etmn
vire b, and each of the mfwnets 18 connected
Oy a wire ¢ with one of the contact hneers 32
through one of the contact rods 41, so that
when the contact finger 32 eouesponchno to
cither of these 11mgnets 15 operated circuit
to that magnet will be closed and the resist-
ance devices shiited accor diPOIy. As there
1S no necessity for providing a variable re-
sistance 1n these circuits, no resistance coils
are provicded between the contact rods with
which the wires ¢ connect and their corre-
sponding contact fingers 32, the ends of the

rods, which for uniformity are carried by .

the bar 200, making shiding contact with
sultable contact blocks 40" occupying the
same position with relation to these contact
rods and the corresponding contact fingers
1s the resistance coils 40 occupy with rela-
tion to the contact rods and contact fingers
connected 1n the circuits to the main wind-
ngs of the key operating magnets.

The parts of the apparatus as thus far
described are substantially similar in their
operation to corresponding parts in the ap-
paratus shown

and described 1n said Patent !

———a e am T Ty T Bl S T

l
i
|
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- now be desecr

' be of such size,

369,520, differing from the apparatus of said
pfltent mdmly i the arrangement ol the
resistance varying means for the key operat-
g cireults so that the resistance coils are
stationary and the contact rods or terminals
are moved relatively thereto as 1in my saud
application, instead of having the 1L51“:1‘1 Nee
coils moved as in said patent, and in hav-
ing the key operating magnets which cause
the production of tones of the same note
name connected with adjoming cr neighbor-
ing contact rods and contact fngers 32, as
in the apparatus shown in my said applica-
tion; and differing from the apparatus of
my sald a pphmtmn i having a continuous

70

75

80

or one piece contact bar 31 as 1 said patent

instead of the sectional contact bar -of my
sald application. It will be understood tha
the actual apparatus would be provided
with pedal operating magnets and control-
ling devices and connections therefor, with
an automatic circuit breaking device and
means for controlling the pos;lti(m ot the
bridee 34, and with a suitable motor for
driving winding and rewinding rolls for the
music sheet, as 1 said patent and mm my sad
application.

The additional features and parts
electrical connections shown, and w_m,h 1
the apparatus as shown serve to provide
automatic expression controlling means for
the emphasizing of individ ual notes will
1bed.

The key operating magnets are each pro-
vided with a mpplement N winding 3 which
15 adapted to be connected circuit with
a suitable source of electrical energy, which
may be and preferably will be tlro battery
10 which supplies current for the main wind-
ings 3* of these magnets. These %I’D yYemen-
tal w mndings are for the purpose of Increas-
ing the strength of the magnets, and should
or so proportioned, that
when connected with their source of eneryy
the current flowing through them will not
sulliclently energize the magnets fto cause
the armatuves 11 to be moved to operate
the piano keys, but will be of suflicient size
so that the strength of any one of the
nets due to the current ﬁawmn through its
main and supplemental Wmdmg at the same
time will be sufliciently oreater than the
strength of the magnet When energized
throu 011 1ts main winding alone as to cause
an appreciable incresse in the %tl ength of
action of the sound producing device oper-
ated by the movement of the magnet arma-
ture. ‘Because of the fact that the attract-
ing force of a magnet 1s roughly proportion-
ate to the square of the ma ﬂmtuuw power,
a very considerable mcrease 1 the o ﬂnmth
of action of the magnets may be heuTlLd
through the use of such supplemental coils

L

or W111d11105 without makimg them of sui-

and

Mag-

No. 753,809 and 1n my said application No. | ficient s1ze, or of such propor tions with rela-
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tion to the main windings and with regard | nets for operating the A4 keys are con-

to the electromotive force of the current
supplied to them, that the current flowing
through them alone would energize the mag-
nets sufliciently to cause them to operate the
sound producing devices. The exact relation
between the size or proportions of the supple-
mental and main windings of the magnets
will depend upon the particular increase de-
sired 1n the strength of the magnets. Tig.
2 shows 1n detail one spool of one of the key
operating magnets showing a preferred way
ot providing such magnets with the supple-
mental coils. .

To provide for automatic expression con-

‘trol through the use of these supplemental

colls or windings they are connected with
contact devices of the controlling or trans-

mitting mechanism which are operated or

controlied by the music sheet in the same
manner as the contact devices for controlling
the cireuits to the main windings of the key
operating magnets; and in order to make
use of these supplemental coils in accordance
with the method described and claimed in
my sarwd application No. 369,520, for em-
phasizing one or more of a plurality of si-
multaneously sounded tomes, they are, as
shown 1n the diagram, connected i groups,
each of which mcludes the supplemental
windings of the magnets which cause the
production of tones of the same note name,
the supplemental windings of each group
being controlled by a single contact device.
The supplemental windings of the magnets
for operating the A keys will be connected
to form one group, those for operating the
A keys will form another group, and those
for operating the B keys another group, and
s0 on, the supplemental windings for all the
magnets tor the entire key-board being thus
connected preferably in twelve groups, each
oroup corresponding to the series of tones
of the same note name which are produced
through the action of the correspondingly
named finger keys of the piano.

The connection of these supplemental
windings in separate groups in the manner
above 1ndicated 1s preferably effected as
shown for the windings of the magnets for
the A keys and A# keys by connecting the
windings of each group in series in a circuit
including one of the contact rods and contact
fingers 32 of the transmitting or controlling
mechanism.

other by wires ¢ and the winding at one
end of the series 1s connected by wire 7 with
the common return wire 4 while the winding
at the other end of the series is connected
by a wire ¢ with one of the contact fingers
32 through the corresponding contact rod 41
and a contact block 40’. In a similar man-

ner the supplemental coils for the eight mag- |

As shown, for example, the |
supplemental windings of the magnets for |
operating the A keys are connected with each |

nected 1n series by wires 4 between the
windings, and the winding at one end of the
serles is connected by wire ¢ with the re-
turn wire 6 and the winding at the other
end of the series is connected by a wire %
with one of the contact fingers 32 through
1ts corresponding contact rod 41 and con-
tact block 40’. Similar connections will be
made from the supplemental windings of
eacn group of key operating magnets corre-
sponding to the differently named keys of
the prano so that the supplemental wind-
ings of each group will be controlled by one
of the contact fingers 32.

In the operation of the apparatus, when
ally one ot the contact fingers 32 which is
connected in circuit with the supplemental
windings of a group of key operating mag-
nets 1s caused to engage the contact bar 31,
current will be caused to flow through all
the supplemental windings of the group

the circuit to which includes that contact

finger, but on account of the small size of
the supplemental windings the magnets will
not be sufficiently energized to cause the
operation of their armatures and the cor-
responding tone producing devices. If,
howerer, the circuit i1s closed to the main
winding of any one of the magnets of the
group through the supplemental windings
ot which current is flowing, or if the circuit
to such main winding is closed at the same
time that the circuit to the supplemental
windings of the group is closed, then that
particular magnet will be energized so as to
operate with a strength greater than if it
were energized by the current flowing
through its main winding alone. Obviously
there 1s thus provided not only means which
may be employed in addition to or in place
of the variable resistance devices of the ap-
paratus for varying the relative strength

~of operation of tone producing devices op-

erated 1n succession, and therefore the rela-
tive loudness of tones sounded in succes-
ston., but there is also provided means for

- emphasizing one or more of a plurality of

simultaneously sounded tones by increasing
the number of effective turns of the wind-
g of one or more of a plurality of simul-
taneously energized key operating magnets.
For example, if the C and F tones below
middle € and the A tone above middle C

are to be sounded together and the A tone

to be emphasized, then the music sheet will
be cut so as to cause the three contact fin-

gers 52 corresponding to the main windings

ot the magnets which cause the production
of these three tones to engage the contact
bar 31, and so as to cause the contact finger
which controls the circuit ineluding the
supplemental windings of all the A mag-
nets to engage the contact bar at the same
time, or to engage the contact bar before
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and then to be held until the circuits to the ! ﬁno‘er

main windings of the three magnets hax

been closed. The three magnels cor I'espond-
ing to the three L{eys to be operated will
thus be energized to operate the keys simul-
taneously, and while the magnets for the
Cand ¥ Leys will operate with a strength
due merely to the current passing thmugh
their main windings, the magnet For the A
Le\;r which 1s to be actuated will operate
with an increased strength due to the com-
bined eneloumﬁ power of the current flow-
ing through both its main and supplemental
wnuluws, and the A tone which is produced

smm]tanemlsly with the C and F tones will
thus be emphasized.

It may happ(_,n at times that two tones
of the same note name are played together
and 1 this case, of course, if either of such
tones were to De Llllph‘lSlZed the other
would also have to be sounded with equal
strength. This would, however, make prac-
‘[maHy no difference in the musical effect be-
cause of the strict consonance of the two
tones.

Reference has already been made herein
to the fact that the maim windings of the
lkey operating magnets which cause the pro-
duction of tones of the same note name are
shown in the drawing as connected with ad-
701NINg Or 11ﬂighboring contact rods and con-
tact ﬁncrﬂr 32. The object of so connecting
the circuits to the main windings of these
magnets in this apparatus 1s to secure the
more even distiibution of the perforations
in the music sheet which results from this
arrangement than 1s the case when the con-
trolling devices with which the perforations
im the music sheet co-act are arranged 1n
orcder corresponding to the succession of
tones 1 the musical scale. The advantage
of this manner of connecting the controlling
circuits of the key operating magnets with
the contact devices of the transmitting
mechanism so that the magnets correspond-
e to tone producing devices for producing
tones of the same note name will be con-
trolled by groups of adjacent contact de-
vices of the transmitting mechanism i is more
fully and particularly pmnted out I my
said application No. 369,520. Tt will be
understood, of course, that while this man-
ner of connecting the mdividual controlimg
circuits with the contact devices of the trans-
mitting mechanism is preferable, 1t 18 by no
means necessary 1 an apparatus construct-
ecdl 1n accordance w ith the present mvention,

It will be noticed that the contact fingers
which control the circuits to the supple-
mental windings of the key operating mag-
nets are each arranged ‘Id] acent to the con-
tact fingers which control the individual
circuits for the main windings of the mag-
nets of the group the supl:ﬂelnaltfﬂ wind-

mes ol uluch are controlled by such contact | ga1cl

L tlurng  of

=3

This arrangement is also ol advan-
taﬂe 1n providing for a more even distribu-
tion of the perforations in the music sheet
than might result if the circuits for the
several groups of supplemental windings
were connected to a group of adjacent con-
tact fingers.

While the drawing shows a continuous
contact bar 31, and w Ahile- the use of such a
continuous cozltact bar 1s preterable 1 an
apparatus which is Intended to be entirely
automatic 1n its action, it will be under-
stood that the use of such a continuous con-
tact bar is not a necessary feature of an
apparatus embodying the present invention,
and that the invention is not to be limited
to the use of such a continuous contact bar,
but that the particular form of contact bar
which is to be used will depend upon the
requirements of the particular apparatus in
which the invention was to be embodied and

upon the provision of various devices and

attachments providing for control other
than the purely automatic control which the
apparatus as shown and described herein
olves.

It will be understood that the invention
is not. to be limited to the particular appa-
ratus shown and to which the foregoing
description has been mainly conﬁned but
that it includes changes and modifications
thereof and depmtures therefrom within the
claims.

What 1s claimed 1s:—

1. In an electrically operated musical 1n-
strument, the combination with tonme pro-
dueing devices of the instr: ument, a series of
electi omaonets for operating the tone pro-
duecing dewceq and means for energizing
said maﬂnet% of means for determining the
_oudnﬂsb of the tones produced by the opera-
tion of said magnets by changing the num-
ber of turns of magnet W111d1110 through
which the energizing “eurrent fows.

2. In an electmcftlh* operated musical m-
strument, the comn nbination with tone pio-
ducing devices of the mnstrument, a series
of e ectrom-wnets for operating the tone-
procucing devlee% and means for energiz-
me said n’nﬂneia of means for causIng one
of A *)huahtv of simult aneously sonnded
tones to be emphasized comprising means for
increasing the potential strength of a group
of said maﬂnot% by increasing “the number of
magnet-winding through which
current will flow when any one or more of
the magnets of such group 1s energized to
olJem‘te the corresponding tone producing
cevice or devices.

3. In an electrically operated musical in-
strument, the combination with tone pro-
ducing devices of the instrument, a series of
electmmaﬂnet% for operating the tone pro-
- ducing dewce@; and means for energlzing
111.:1g11(,t% of expression contwﬂmg
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means comprising means for varying the
potential strength of said magnets by groups
by-changing the number of turns of magnet
winding through which current will flow
when any one or more of the magnets of a
group 1s energized to operate the correspond-
imng tone producing device or devices, each
group of magnets including magnets for
causing the production of tones of the same
note name.

4. In an electrically operated musical in-
strument, the combination with tone pro-
ducing devices of the instrument, a series of
clectromagnets for operating the tone pro-
ducing devices, and means for energizing
said magnets, of expression - controlling
means including a plurality of controlling
devices each of which is adapted to deter-
mine the number of turns of magnet wind-
ing through which energizing current will
flow when any one of a group of magnets is
energized to operate the corresponding tone
producing devices. '

5. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing devices of the
imstrument, a geries of electromagnets for op-
erating the tone-producing devices, of means
tor varying the magnetomotive force of
sald magnets and the loudness of the tones
produced by the operation of said magmnets
by changing the number of turns of the
magnet windings through which the ener-

g1zing current flows.

6. In an electrically operated playing ap-
paratus for musical mstruments, the combi-
nation with tone producing devices of the
nstrument, a series of electromagnets for op-
erating the tone producing devices, of means
for increasing the potential strength of a
group of said magnets by increasing the
number of turns of magnet windings through
which current will flow when any one or
more of the magnets of the group is ener-
g1zed to operate the corresponding tone pro-
ducing device or devices.

7. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing devices of the in-
strument, a serles of electromagnets for op-
erating the tone producing devices, of means
for increasing the potential strength of a

~group of said magnets which cause the pro-

duction of tones of the same note name by
increasing the number of turns of magnet
windings through which current will flow
when any one or more of the magnets of a
group 1s energized to operate the corre-
sponding tone producing device or devices.
8. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing cevices or the
mstrument, of a series of electromagnets for

operating the tone producing devices, each
b9 having a plurality of windings, and means .
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for varying the operative strength of said
magnets by causing said magnets to be en-
ergized by current flowing through one or
more oi their windings according to the de-
sired operative strength of the magnet.

9. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing devices of the
instrument, of a series of electromagnets for
operating the tone producing devices each
having a main winding and a supplemental
winding for increasing the operating strength
ot the magnet, and means for varying the
operative strength of said magnets compris-
g separate means for controlling the flow
of current through both the main and sup-
plemental windings of the magnets.

10. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing devices of the
instrument, a series of electromagnets for
operating the tone producing devices, of a
p}furality of controlling devices each of
which controls the potential magnetomotive
force of a group of said magnets by chang-
g the number of turns of magnet winding
through which energizing current will flow
when any magnet of the group is energized
to operate the corresponding tone producing
device. .

11. In an electrically operated playing ap-
paratus for musical instruments, the combi-
nation with tone producing devices of the

mstrument, a series of electromagnets for

operating the tone producing devices, of a
plurality of controlling devices each of
which controls the potential magnetomotive
torce of a group of said magnets which
cause the production of tones of the same
note name by changing the number of turns
of magnet winding through which energiz-
ing current will flow when any magnet of the
group 1s energized to operate the corre-
sponding tone producing device, and means

for automatically controlling the operation

of said controlling devices.

12. In an electrically operated musical in-
strument, the combination with tone produc-
ing devices of the instrument, of a series of
electromagnets for operating the tone pro-
ducing devices each having a main winding
and a supplemental winding, and means for
varying the operative strength of said mag-
nets comprising a series of circuits for the
main windings of said magnets, a series of
controlling devices for controlling said cir-
cuits, a second series of circuits for the sup-
plemental windings of said magnets, and a
series of controlling devices for controlling
sald second series of circuits operated in-
dependently of the controlling devices for
the first said series of circuits.

13. In an electrically operated musical in-
strument, the combination with tone pro-
ducing devices of the instrument, of a series

70

75

80

85

90

100

105

110

115

120

125



92

R
S

50

064,274

of electromagnets for operating the tone pro-
ducing devices each having a main winding
and a supplemental winding, a series oi cir-
cuits for the main windings of said magnets,
a series of controlling devices for controlling
salid circuits, a second series of circuits for
the supplemental windings of said magnets,
the supplemental windings of a group ol
magnets being connected in serles in each oi
said ecircuits, and a series of controlling
devices for said second series of circuts.

14. In an automatic electrically operated
playing apparatus for musical imstruments,
the combination with tone producing devices
of the imstrument, of a series of electromag-
nets for operating the tone producing de-
vices each having a main winding and a sup-
plemental winding, a series of circuits ior
the main windings of said magnets, means
for supportng and feeding a music sheet, a
series of controlling devices adapted to be
controlled by the music sheet for controlling
said magnet circuits, a second series of cir-
cuits for the supplemental windings of said
magnets each of which includes the supple-
mental windings of a plurality of said mag-
nets, and a series of controlling devices
adapted to be controlled by the music sheet
for controlling said second series ot magnet
cireults.

15. In an electrically operated playing
apparatus for musical instruments, the com-

bination with tone producing devices of the
instrument, of an electromagnet Tor oper-
ating a sound producing device having a
main winding and a supplemental winding
for increasing the operating strength of the
magnet, and means for varying the oper-
ative strength of said magnet comprising
circuit connections and controlling means

whereby current may be caused to flow

through the main winding alone or through
both main and supplemental windings.

16. In an electrically operated playing
apparatus for musical instruments, the com-
bination with tone producing devices o the
instrument, of an electromagnet for oper-
ating a sound producing device having a
main winding and a supplemental winding.
circuit connections for each winding, and
means for separately controlling the flow of
current through each winding, the supple-
mental winding being of such size that the
magnetomotive force resulting from the cur-
rent flowing through i1t alone will be 1nsuiii-
cient te give the magnet strength to operate
the tone producing devices.

In testimony whereof, I have hereunto
set my hand, in the presence of two sub-
scribing witnesses.

' JOHN I, KELLY.

Witnesses: .

Frizasernr (3. FARRELL,
Gro. P. Rers.

E?‘:

l.1. ﬂ
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