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SPECIFICATION forming part of Letters Patent No. 608,415, dated August 2, 1898,
| | Application filed March 26,1697, Serial No, 629,289, (No model.)

Lo wll whom it may conecern.:

Be 1t known that I, ERNEsT K. ADAMS, a
citizen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provements in Apparatas for Recording Mu-

sical Compositions, of which the following is

a specification, reference being had to the
drawings accompanying and forming a part
of the same. |

The invention which forms the subject of
this application is an improved apparatus for
producing a record of any musical composi-

tion that may be played upon a keyed instru- |

ment, such asa piano or organ, and by means
of which the composition may be reproduced
either on the same or another instrument ex-
actly as executed by the performer.

The apparatus comprises, essentially, a re-
cording mechanism which produces in the
form of a perforated strip of paper orlike ma-
terial a permanent and aceurate record of the
notes played and whieh is operated Dby eleec-
trie circuits controlled by the keys and ped-
als of the instrument on which the composi-

tion 18 played.

The chief feature of novelty in my inven-
tion resides in the combination, with mechan-
1sm for moving a band of paper which is to
recelve the perforations, of a series of rotary
catiers, such as circular saws, which are
adapted to be interposed in the plane of the
paper and thereby caused to cut the perfora-
tions in the same during the intervals when
the keys of the instrument to which the saws
correspond are depressed, and hence to make
the perforations in lengths proportional to

~the length of the corresponding notes.

As a paper-slotting mechanism my im-
provement has a general and wide range of
applicability; but in order to more clearly
1llustrate the nature of its construction and
mode of use I have shown it in combination
with a piano and the several mechanisms by
means ol which 1t is used in eonnection with
such an instrument for recording or for re-
producing a musical composition.

Figure 1 is a view in side clevation and
part scetion of a piano with which the record-
ing mechanism is adapted to be used. Tig.

2 18 a side clevation, a portion of the end
Irame being removed, of the slot-cutting de-

| vices of the recording mechanism. TFig. 3 is

a plan view of a detail of the said mechanism.
IFig. 4 1s a view in side clevation of devices
for guiding and moving the paper, for perfo-
rating the same, and for utilizing the perfo-
rated sheet. Ifig. d is a diagram illustrating
the circuit connections Detween the several
parts of the apparatus.
- A designates the frame of a piano, which
may be of any usual form, that indicated he-
ing an ordinary upright.

A designates the keys, A" the strings, and
b the string-striking devices. |

Below the keyboard extends a bar I/, to
which at each end are pivoted levers ¢ and
«'. Theseare parallel levers and are pivoted
to the sides of the frame of the instrument at
the points ¢'*and «’, respectively. Irom one

of the levers ¢’ extends a handle ¢", which is

shifted to raise or to lower the bar B3, and
some means should be employed, as spring-
seated plugs ¢’ in a piate overwhich the han-
dle passes, to retain the said handle in either
of the two extreme positions to which it may
be shifted. Along the forward edge of the
bar B’ and extending through the same is a
series of spring-seated plungers C, which are
electrically connected to one terminal of a
source of current, usually and conveniently
by making the bar B’ or seme portion of it
with whieh all the plungers are in contact of
metal and connecting it to one pole of a bat-
tery or other generator of electricity.

The plungers C correspond innumber and
position with the keys of the instrument and
aredepressed byengagementof the keyswith
them when the instrument is played. In or-
der to insure the proper action, each plunger
should be adjustable with respect to the bar

B', so that it may be set to the proper height

for its corresponding key. A threaded nut
0? is shown on the vlunger C as the means of
adjustment. |

1’0o the under side of the bar B’ is secured
an insulating-bar €', on which is. mounted a
series of metallic strips or contact-springs C”,
which lie under and are touched by the plun-
gers C when the latter are depressed Dby the
keys. Insulated conduecting-wires b arc con-
nected to the several strips C and are car-
ried into and through a recess in the har I/,

| from whenee they are led off in a cable U to
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the magnets of the perforating mechanism, | in continuous and rapid rotation, and a strip

which I shall now describe by reference to
Ifigs. 2, 3, and 4. |

On a table or similar supporting-frame D
is mounted a frame D'. In this latter are
mounted four shafts D" at equal distances
from a center and occupying positions corre-
sponding to the four corners of asquare. On
these shafts are mounted, so as to turn there-
on, bifurecated levers I, carrying small wheels
E" at their ends, which engage with larger
wheels E', keyed onthe shafts D", and which

are fixed to spindles ¢, carrying circular saws

I*. The wheels E'E” may be simple friction-
wheels, with their peripheral surfacesin con-
tact, as shown in Ifig. 1, or may be toothed
wheels, as shown in I‘w 2

The lonﬂ*er ends of the levers E carry ar-
matures ¢', which are in front of electromag-
nets I, and said levers have a limited range
of oscillation and compress retractile springs
I’ when attracted toward the said magnets.
In the drawings these springs are shown as
spiral springs I‘”, surrounding plungers f?,
working in brackets f* and intermediate to
the upper arms of the bracket and pin f° in
the plunger.

The levers E and magnets K are armng‘ed
in four series or rows, as shown, and alter-
nate 1n position, so that the magnets and le-
vers in one series occupy positions opposite
to the spaces between magnets in the other
rows and so that a larn‘e number may be
brought togetherin small compass to act upon
a comparatively narrow strip of paper.

On the ends of the shafts D’ are pulleys G,
and rotary motion is imparted to all of said
shatts and to the gear-wheels carried thereby
by means of a round belt G’ running over a
pulley-wheel G, which may receive its mo-
tion from any suitable source, such as an
electromagnetic motor G'’. (See Iig. 4.) The
circular saws are thus maintained in rapid
rotation, which is not affected by the oscilla-
tion of the levers in response to the attract-
ive force of the magnets K.

A cablel’, containing the wires that lead to

the severalelectromagnets I, is run through
chambers or spaces d at the top and bottom
of the frame D', the said wires being carried
through the walls of the chambers at points
in proximity to their respective magnets.
The paper I to be perforated is carried
through the apparatus by any suitable means,
such as is commonly used for such purposes.
Its courseis between two closely-approximat-
ing cheeks or plates d' d', which are slotted
at their ends at points which admit the cir-
cularsaws when the levers carrying the same
are attracted by their magnets. The slotted
plates or cheeks thus form dies for the cut-
ters and insure the production of perforations
1n exact positions and with clean edges. One
or more trays L' are secured to lhe table to
collect the chips or pm*tlcles of paper cut out

by the saws.

or band of paper or like material is drawn at
the proper speed through the cheeks d'.
When any one or more of the magnets I’ are
energized, the corresponding eutter or cut-
ters are shifted so as to cut a slot in the pa-
per, and the length of the slots will be pro-

portionate to the periods during which the

magnets are energized.

I shall now desecribe the electrical and me-
chanical devices by meansof whichtheabove-
described apparatus is caused to record a
musical composition and the mannerin which
the scored or perforated sheet or strip oper-
ates through intermediate mechanism to re-
produce the recorded composition upon either
the same or another instrument. |

Mounted on the table D isa transverse bar
or bridee M, which affords support for a series
of contacts or trailers N, constituting the ter-

minals of electric circuits formed in part

through insulated wires M', carried along the
bridge M and connected with the said trail-
ers, respectively. The trailers pass through
bushings in the bridge M and carry metallic
rollers at their ends, which by the weight of
the trailers or othersuitable means are caused
to bear upon the band of paper or a metal
bed-plate M" under the paper when a perfo-
ration in the latter comes under a trailer.
When a trailer comes in contact with the
bed-plate M", the circuit is closed through its
corresponding key-operating magnet O, as
will be more fully hereinafter deseribed, and
the note produced by that keythe depression
of which resulted in the cutting of the slot.
In order to move the paper band either
when making the perforations therein or for
reproducing the recorded musical composi-
tion, thedevicesshown in Fig. 4 have been de-
vised. The paper in the form of a long band
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is wound upon and nnwound from two reelsor

rolls HH', mounted in antifriction-bearingsin
brackets secured to the table. The proper
motion isimparted to the paper by an electro-
magnetic motor ", the speed of which is re-
duced by a series of pulleys and belts, the
last pulley of the series imparting motion to

a belt I, which passes around and revolvesin

the same direction two rollers I'; on the spin-
dles of which swing arms I', carrying other
rollers K. Kndless canvas belts 1 fsurround

the rollers I' and K, respectively, and rest in .

contact with the surface of the rolls of paper,
tending to rotate them. The paper band L
is earried around therolls I', over the canvas
belts, and over somewhat smaller rollers L.,
across the table, and through the devices for
perforating it, and utilizing it as a record for
reproducing the music.

In the piano or organ, as shown in IFig. 1,
four benches or shelves are shown as secured
at the rear of the instrument under the key-
levers.
tromagnets O, with armatures O', that operate
to raise vertical rods O”, and thereby raise

In operation the pulleysand shafts are kept | the rear ends of the key-levers, which pro-

- On these shelves are mounted elec- -
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duces the same result as depressing the keys. |

1'he magnets operating adjacent keyvs are ar-
ranged in echelon, 0 that the space oceupmd
by e:zmh magnet may be nearly as great as
the width of four keys. |

The wires M' are connected in pmper order
with the magnets O and contacts or trailers
N, 8o that the keys operated by the said trail-
ers running over the perforated strips will be

the same as those depressed to produce the
perforatious. One or more solenoids or elec-

tromagnets 1’ 18 or are employed to operate a
pedalleverorlevers. This magnet isin a cir-
cult from one of the trailers N, and the per-
forations in the line of said pin are made by
a cutter the magnet of whieh is energized by
a circult controlied by a contact-makerm on
a moving part of the pedal mechanism and
which keeps the said cirvcuit elosed as long as
the pedal 1s held down by the foot of the per-
former.

The direction of the motion of the paper 1is
controlled by reversing the direetion of rota-
tion of the motor II" or by means of any suit-
able form of belt-shifter. When the belt-
shifter or reversing mechanism is one the
actlon oroperation of which may be controlled
by electromagnetic foree, antomatie ecircuit-
controllers for 1its regulation or control may
be employed.
mechanism for this purpose.

1 L' are frames or brackets secured at op-

posite ends of the table. In each frameoe are
mounted two electromagnets T 1, the arma-
tnres for the magnets i being 1)1?013@(1 levers
[, each carryinga pair of con&wt—-rollers, while
the armatures Lor magnets T are cateh-levers
t', that engage with the levers ¢ when the lat-
tor are raised and hold them up until magnets
1" are energized and the catches released.
One of the interlocking contacts—that to
the left of the cutters—operates to arrest the
moving paper by sending an impulse to the
belt-shifting devices when the lever running
on the paper passes through slots therein onto

a contact-plate on the table, and by means

of a switch the person using the instrument
may energize either magnet, so as to have
the lever down upon the paper or raised and
retained by the cateh.

The interlocking contact to the right of the
figure controls {he reversing meohmusm or
the rewinding of the paper in a similar man-
ner. ‘T'he slots 1 the paper which come un-
der these devices are made by saws controlled
by special switches or eircuit-controllers on
the instrument upon which the original com-
position 18 played.

The cireuit connections between the vari-
ous parts of the apparatus and the method
of using the same will be understood by ref-
erence 130 the diagram Ifig. 5, which will be
described in detail.

It may be stated that the arrangcement of
cireuits comprises two distinet terminals—
viz., the instrumental and the main—Dhe-
tween which a cable of any desirable length

I have devised the following

circult without affecting

| back to 27.

may rur.
a switchboard for primarily controlling those
connections which are adapted for either re-
cording or reproducing and which consists
of any suitable switch, such as a five-point
double-throw switeh, (represented conven-
tionally at35.) When thi&; is thrown up, the
points 3, 5, 18, 19, and 33 are connected with
the main conductors o bus—bm& 1 and 2of a
source of current M I and the circuits are
In proper condition for recording. On the
other hand, when the switch 1s turned down
for reproducing the same generator is joined
with points 22, 26, 27, and 54. The remain-
ing or secondary portion of the switchboard
1S ma,de up of circuit-closers, represented con-

ventionally as plug- SWILGhG‘S which are for the
purpose of manipulating Lhe various devices
“at the main terminadl.

- "The detalled deserip-
tion of the wiring is as follows: \Vhell it is
desired to 1‘0001‘{1 the main switch 35, which
has previously been standing open, is closer
upward. If now any key A’ should be de-
pressed, the circuit will be completed from
the point 5, which is in electrical connection
with wire 1, through wires 7 and 3, to the

~eontact-pin C undel the key, and by ‘the de-

pression of this latter into contaet with the
insulated strip C"”, through wires 9 and 10,
magnet I of one of the cutters, and back to
point 5 through wires 11 and 12, | |
The same arrangement ot circuit connec-
tionsexists foreach key,and aseachstrip C"is
insulated from all others the depression of a
key closes only its appropriate branch of the
any other branch.
In the same manner if a pedal be depressed
a branch circuit is eompleted from point 3
through wires 7 and 13, contact m, wires 14
and L) cutter - magnet F’, and Wue 16, and

‘back to point 6 through wire 12.

Since in recording it 1s requisite bofh that
the paper band should receive continuous
forward motion and the cutters be maintained
in rotation, by the act of closing the switch
in the manner before stated current will be
sent to the respective motors G and " by

connecting the points 17 and 1o, 1Y and 20,

and 21 and 22. Wires 23, 24, and 25 form the
remaining portion of the c¢ircuits. The motor
G for driving the eutters is in parallel now
with the other motor I1”, which is for the pur-
pose of moving the paper, wire 24 forming
a common return for both to the ueﬂ'ative bus-
bar 2

 Assume now that a (301111)081131011 “]11(311 has
been recorded is to be reproduced.
per having been rewound onitsoriginal spool,
which action will be described presently, the
main switeh 35 1s closed downward. This

motion allows current from the source, when
any one of the contacts N drops through
a slot in the passing strip onto the metal
plate M" beneath, to actuate its particular
key-magnet, such as O, by passing from point
and finally 32
The pedal-solenoid will obviously

206 along wires 28 20 30 10 &3

Situated :f:Lti the former of these is
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be operated in a similar manner by its appro-
priate contact N. Itwill be noted that when
the aforesaid switch is down only the motor
IT" for producing the movement of the paper
will.be operating. The course of the current
is from point 34 through wire 25 to II", then
back by way of 24 to 22. DBesides transform-
ing the system this switeh operates the elec-
tric motors either together or singly, as the
case may be; but the actual coupling of the
paper - motm II" with the strip-operating
mechanisms is controlled by a polarized coun-
ter-shatt, which will now be taken up. This
consists of simply two stationary coils C? and
C! and one intermediate coil C?, arranged as
a pulley, and over which a belt passes to a

counter-shaft, and which is caused to assume

either of three positions longitudinally on its
shaft by varying the relative polarities of the
sald coils, the positions at the left, middle,
and right being respectively for the back-
ward, stopping, or forward motions of the pa-
per band. The polarity of the central coil
C? is constant and is maintained by tapping
wires 24 and 25 of the paper-motor. This will

‘notinterfere with the motor’s correct perform-

ance, however, as 1t would take a portion of
its current at the instant that it was desired
to change the movement of the paper or when
the current was not required. The polarities,

as shown in the drawings, are caused by the
closing of the keys 38, 39 and 40, and in conse-
quence the belt- shlftlnn'cml C’has been urged
from either of its previous positions and has
now the connecting-belt running on an idle-
pulley of the counter -shaft, thus producing a
stoppage of the paper strip. In order to shift
the central coil over to the left and thereby
produce a backward motion of the said strip,
keys 36 and 37 will have to be pressed. The
direction of the currentin the coil C*is undis-
turbed; but that in C°is thereby changed, and
since the center one is constant it will .be at-
tracted by the left-hand and repelled by the
right-hand members. The course of the cur-
rent is along wires 43, 44, 45, 46, and 47. Any
branch circuits which occur, if followed out,
will be found to be open. Ifor the forward
motion keys 41 and 42 must be closed. The
current will now pass from 4 through con-
ductors 43, branch 49, wire 50, branch 51,
wires 47 46 45, and finally by way of 44 to
key 42. In this way the polarity of coil C*is
maintained constant, while that of coil C? is
reversed, and the central coil is repelled and
attracted by the two, respectively. As be-

fore, branches in the circuits will be found

open.
In order that the central coil shall be re-
pelled by both outside ones and the flow

stopped, the current must pass, having first

closed keys 38, 39, and 40, along wire 52, di-
viding at its termination, one part going
thloufrh key 40 to joint 53 thence a;lonﬂ-‘ 54
44, th10uo*11 coil C%, and ﬁnally to the nega-
The

‘many distinct pieces

| comeundertherewinding-contacts.

2 ' 608,415

! other portion, having separated, will pass

through wires 39 49 50 51 47, coil C?, wires
46 and 55, to the same bus-bar. It will be
noticed that in moving the central coil to 1ts
middle position the outside ones will be in
parallel, whereas in the other motions those
same coils are in series. - This is provided so
that should any ‘‘sticking” occur at the iron
portion of the supports the extra current pro-
duced by reason of the coils beingso grouped
will be sufficient to overcome and force it into
a central position.

- In the operation of the appar atus it is a con-
venience to have automatic means for re-
winding the strip and stopping it at the end
of any desired composition, as on one roll
can be recorded; also,
there should be means of rendering these de-
vieces 1nactive 1f for any reason it be so de-
sired. When a record is to be made, key 506
on the switchboard is closed. This closes the
circuit consisting of wires 62 and 63 through
cutters R° R® and produces two slots in the
paper, and when in rewinding these slots
come under the stoppmmcontacts already
referred to the same result will be accom-
plished as if the keys 38, 39, and 40 were
pressed by the operator himself, for the wires
67, 68, 69, 70, and 71, which lead from the
stopping - contacts, simply bridge over the
aforesaid keys. The actual passage of the
current is, starting from wire 52, along wire
69 to plate 78 of the stopping-contacts, theuce
to roller 76, and through 68 to junct-ion 53,
where, by way of wires 54 and 44, it reaches
coil C* lHere it leaves by conductor 45 59,
and in order to pass key 338 goes down to con-
tact-roller 78 and plate 79 of the stopping-
contact by means of connectors 70 and 71.
After it passes the switch in this way it re-
turns to the negative bus-bar 2; but it will
be noted that at the point 52 the current di-
vided. The second portion having passed
key 39 by going down to contaci-roller 76 and
plate 77 by wires 67 and 69, it proceeds by
wire 50, junction 51 to coil C?, thence by wires
46 and 55, through connectors 70 and 71, to
roller 78 and plate 79 to the negative side of
the generator. Should it be desired to pre-
vent this automatic stopping, the contact-
rollers 76 and 78 may be lifted off of the paper
by pressing key 58, when the current would
pass along wire 80 to magnet T" and then
back by wire 31 to the source. FKor releas-
ing this, electromagnet T" is provided, which
may be readily ener ﬂ'lzed by wires 81, 82, and
key o7.

The rewinding eutters and contacts are for
causing the strip to antomatically rewind at
the termination of a selection or at the end of
i1ts length. Thisis produced in 4 manner ex-
actly analogous to that employed in the stop-
ping mechanism. IHere when key 59 is closed
the rewinding-cutter magnets S®are energized
and two slots made, which in traveling along
Thesame
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result 1s accomplished asif the keys 36 and 37

- were pressed—thatis, the belt of the counter-

1O

20

shaft 1s moved over to the backward-moving
pulley and the paperis rewound.

wires 63 and 66. The path of the current in
producing the backward motion is from point
J0, through key 37, by way of wires 72 and 73,
to roller 80 and plate S1, thence to coil C* by
wires 54 and 44. I‘rom here it proceeds to
coil C' by connectors 45 and 46, passing key
50 by means of wires 74 and 75, also roller 82
and plate 33, and finally reaching the negative
terminal 2. Thisaction can be pr evented by
lifting 10110,1*5 30 and 31 by the electromagnet

1", wlneh 18 controlled by key 59 and wires:

Stand 85. To release the cateh-leverl”, keys
b0 and 61, in conjunction with wires S3 and
34, may be operated. |

What I claim is—
1. Ina paper-slotting mechanism, the com-
bination with means for supporting a travel-

~ing band of paper, of a series of pivoted le-

vers, a circular saw or cutter carried by each,
means for transmitting power to and rotating
the saws, and means for shifting the levers

to bring the saws while rotating into the plane
of the paper, whereby slots will be cut in the |

T'he course
of the current to the magnets S* is along

same by the cutters while so shifted, as set
forth.

2. Ina paper-slotting mechanism, the com-
bma,tlon with means for Supportlng a travel-
ing band of paper, of a series of pivoted ar-

mature-levers, a cireular saw or cutter car-

ried by each, means for transmitting power
to and rotating the saws, and electromagnets
for shifting the levers to bring the saws while
rotatinginto the plane of the paper, whereby
slots will be cut in the same by the cutters

while so shifted, as set forth.

(o

5. The combination with a frame, of two or
more shatts supported therein a,bout a Cen-
tral line, levers turning on said shafts and oc-
cupying intermediate positions to each other,
a cireular saw carried by each lever gearing
from the shafts of the saws, electromagnets
for shifting the said levers, and a guide for a
traveling paper band or sheet in the center of
the gr oup of shafts, whereby any of the saws
may be interposed in the plane of the paper
and caused to cut slots therein, as set forth.

ERNEST K. ADAMS.

Witnesses:
M. LAWSON DYER,
EDWIN B, HOPKINSON.
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