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1

This invention relates to playvable electrical
musical instruments, by the playing of which,
musical compositions may be rendered by a musi-
cian, and wherein the sounds are produced by
electrical phenomensa, as distinguished

pipes, reeds or the like.

In broad terms, the invention comprises a play-
- ing console, equipped with stops or slabs, and one
or more keyboards controlling the initiation and
termination of musical sounds. 'The sounds are

from
sounds produced by natural mstrumente strmgs |

1G

produced by a loud speaker, and are derived bv -

electromagnetic or electro-optical means from a.
plurality of sound tracks, tapes or wires, there

being a separate track for each pitch and timbre

within the scope and range of the instrument.

The invention further includes arrangements by

which tones of different pitch and timbre may

be registered with each of the several playing

keys of the instrument, so that each key of the

instrument may be caused to produce the nominal
pitch represented thereby, in any one of several

t_imbres, and also to produce the pitches of tonas

one or more octaves away from the nominal pitch,
again in any one of several timbres. The inven-
tion further provides for the production of a
plurality of compleX tones simultaneously, with
each tone retaining its inherent ﬁdehty and
tlmbre characteristices. '_

A general object of the invention is to prowde

an organ-like instrument having a eonventional

- console, the instrument being substantially self-

contained and semi-portable in character, where-
in the key manuals, pedals and stops have both
an arrangement and scope which will enable a
skilled organist to use the instrument without
 special training or indoctrination. - Thus, the
playing technique of the instrument, being like
that of the more or less conventional organ, en-
ables the player to use the instrument inter-
changeably with a fixed type of organ. 'This
playing interchangeability greatly facilitates

both practice and training for organists. An-
other object is to provide an instrument whose

scope is selectively unlimited, and to permit the
use of any appropriate number of independent

2

ject of the invention is to provide selective reg-
istry of different voices and their pitches on the
keyboard, and to provide for selective registra-
tion or production of several voices and pitches

thereof by depression of a single key of a manual.

A further object is to provide for the selective
registration of one or more voices and pitches on
saveral keyboards one of which may cempmee
pedals.

Another object is to provide an instrument in
which. tones of desired timbre and pitch are pro-
duced electrically, either by photoelectric or mag-
netized wire or tape means, the electrical impulses
derived from such means being amplified, and
converted to socund by a loudspeaker or the like.
Preferably, the instrument is unitary in construc-
tion, the speeker unit being embedied in the in-
strument, or being separate therefrom as de-

sired.
20

A further object of the mventlen is to provide
means for producing sound track or sound wire

. or tape elements from a single tone of desired

29
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45

timbre to embrace a pitch range approprlate to
the timbre, for use in the electrical musical in-
strument. |

It is known that various playable electnce,l
musical instruments have been proposed where-
in the tones are synthesized from their funda-.
mentals and harmonics, to produce any timbre
desired, either of a conventional instrument, or

of an unusual quality which may not ordinarily

be found in a natural instrument. However,

such instruments have serious llmltatlons when

chords are played or when several octave pitches

~ are registered by the same key, for the fidelity of

component tones of chords is sacrificed due to
the coincidence of synthesized frequencies in sev-

“eral tocnes of the chord and the conseguent aber-
ration of the timbre desired. The harmonics of

one tone may coincide with fundamentals or
harmonics of another, whereby the timbre of both
Is materially modified. Only by compromising
the true timbre of tones may pleasing chordal
effects be produced, and these are only tolerable
by virtue of the courtesy or insensitivity of the

| player or listener.

voices, including conventional organ voices and -

a large selection of orchestral instrument voices
and special and unconventional voices, if the
latter may be desired. A further object is to pro-
vide an instrument which keeps each produced

tone, voice or timbre independent, so that when:
various voices and tones are used coincidentally,
each retains its own timbre with complete fidelity,

as does g full organ or orchestra. Another ob-

5()

08

Further objects of the invention will become

' epnerent In reading the annexed detailed de-

sceription in connection with the drawings, which
show the essential provisions of the invention
in one or more preferred forms. These forms are,
however, exemplary, and are not to be construed |

_as limiting the scope of the invention.

In the drawings, in which snmle,r reference
humbers indicate similar parts, and in which
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certain symbols are used for assistmg under-
standing of the invention:

Fig, 1 is a schematic diagram of a portion of
a keyboard of one embodiment of the instrument
and associated registry and sound &ctuatmg cir-
cuits;

Fig. 2 1s a front elevation of an entire instru-
ment showing the general disposition of the com-
ponents therein;

ig. 3 is an end elevation of- the entire instru-
ment;

ig. 4 is a partial schematic diagram of a modl-

fication or addition to the instrument to produce

fundamental and harmonic tones:

Fig. 5 is a side sectional elevation of one of the
sound track units;

Fig. 6 is an end sectional elevation of the sound
track unit of Fig. 5

Fig. 7 is a general wiring scheme of one embodi-
ment of the instrument;

Fig. 8 is an end elevation of a sound track unit
utilizing electromagnetic plckups
- Fig. 9 is a plan.of a portion of the unit shown
in Fig.8;

Fig. 10 is an enlarged end elevation, partly in
section, of one .of the pickup units of Fig. 8;

Fig. 11 is a schematic wiring diagram of the
circuit system utilized with the pickups of Fig. 8;

Fig. 12 is an enlarged end elevation partly in
section of an-alternative electromagnetic pickup
unit; |

Fig. 13 is a schematic wiring diagram of a cir-
cuit system utlhzed with the pickup of Fig. 12;
and

Flg. 14 is a schematic arrangement of a sound
fransposing machine.

Referring briefly to Figs. 2 and 3, I show an
entire instrument in the farm of an organ con-
sole 10, including a plurality of key manuals 12,
a panel for stops or slabs 14, pedals 15, and swell
pedal (6. The console contalns a, plurallty of
demountable box units 18 each comprising a
“voice,” such as ﬂute string, oboe, horn, diapason,
ete., all driven if desu"ed by a common motor 20.
The “voices” may be of any desired number, eight
being shown as a number suitable, for average
needs, to produce musmal effects over a wide
range, The “voice” boxes may be 1nserted into
the ends of the con“ole leaving the middle part
free for incorporating junction pa,nels amplifiers,

speakers, and necessary auxiliaries which Wlll be

described.

Now referrmg to Fig. 1, I show a key manual
portion {2, embracing 5 octaves wherein the keys
are 1dent1ﬁed by their pitch symbols Co, Ci, Cs,
ete., some of the intervening keys of each octave
bemg similarly symbolized. Bach key operates a

&
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S. P. 8. T. switch 21 which is connected to a con~

tact 22 bearing the key symbol, on a main con-
tact panel 24. This panel includes a plurality of
horizontally shown contact rows, each row com-
prising contacts for all keys of the keyboard: all

contacts on vertical lines are 1nter-connected-

with each other and with the key switches for
the keys having the same key symbols.

Into all contacts of the first contact row 25
"may be plugged a bar 28 carrying contacts 30,
each engaged with one of the contacts 22, the
several contacts 30 Leing connected by conduc-
tors 32 to the points 33 of one member of a multi-
pomt stop switch 34, actuated by a stop button
or slab constituting one slab of the panel 14 (Fig.
2). The other member of the stop switch 34 car-
ries a plurality of points 25, respectively con-
nectible or disconnectible relatwe to the first set

60

65

70
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4 -
of points 33 by operation of the stop. Conductors
lead individually from each point of the set 35

to each of & series of solenoid units 38, said sole-
noid units being operable to open and close a

sound track to g pickup as will be described. The '

stop 34 when operative, gives nominal registry of
the keys with the solenoid units 38, so that, for

instance, depression of key Cs pmduces the pitchh

Cs by Operatmn of the solencid unit 38 corre-
sponding to pitch Cs of the “voice” represented
by the stop 34. This yields “8 feoot” pitch regis-
try. In addition to noming] key registry, it is
highly desirable to use, at times, registries of one

or more octaves higher or lower than nominal,

to give richness of tone and additional volume,
and also to register high or low tones on the
manuals for convenience in playing the instru-
ment. Also, dififerent voices in different parts of
the tonal range may be played simultaneously by
single keys. Provision is made for different regis-
tries in the manner described below.

A contact bar 43 is plugged inte the row of
contacts 42, on the panel 24, the contacts 44 of
the bar bemg connected to fixed contacis 46 of a
stop switch 48. Movable contacts 50 of the stop
switch are connected to separate windings incor-
porated in the solenoid units 38, but in an order
such that, when the stop smtch 48 is closed,
depression of ke oy Cs operates the solenoid unit -
corresponding to pitch Csa, and depression of any
other key wiil actuate the solenoid unit corre-
sponding to a piteh one octave lower than the
nominal key pitch. '“'_‘_hls yields “16 foot” pitch
registry.

A contact bar 34, plugged into 2 1ow of conta,cts
56 on the panel 24 connects said contacts to 2
stop switeh 58, Whlch in tarn connects to solenoid
units 38 in an order such that, when the stop 58
is operative, depression -of key C3z operates the
solenoid unit corresponding to pitch C4, and de~
bression of any other key actuates a solenoid unit
corresponding to a pitch one octave higher than
the nominal key pltch 'This ylelus “4 foot” piteh
1eglstry

In the same manner, reglstr es of 32 foot pitch
and 2 foot pltc:h-——-that is, two octaves lower or
two octaves nigher than nominal, inay be secured
by providing additional contact bars and stops.

The same contact panel 24 may be utilized,
in conjunction with additional stop switches such -
as 8§90, to connect other sets of solenocid units 38«
to the keyboard, such ether solenocid units being
asqoclated with other voices of the instrument.
Offsct tone registries may also be effected in the
manner described to secure fifths, seventeenths,
or any other desired interval fmm the nominal
tone. That is, the playing of key Ci, for in-
stance, may prcduce tone Gi (for the fifth) or
Bz (for the seventeenth) with corresponding in-
tervals for other keys. Purthermore, registries
may be changed at the discretion of the organ-
ist, by lifting out a bar, such as bar 28, from its
contacts 26, and reinserting it into the row of
contacts 26 in such relation as to shift the co-
incidence of contacts 39 and 26 from the orig-
inal registry to an octave higher or lower, or
offset for fifths, seventeenths, nineteenths or any
other desired mterval | | -

The contact panel 24 is as sociated with g sin-
gle keyboard or manual {2. If additional man-
uals or pedals are used, each has a panel, like
24, to enable a plurality of connections to be made
to the available voices of the insirument. In
this connection, the solenoid units such as 38 may
not only be connected to one manual through
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several stop switches to secure different octave
registries, but may also connect to one or more

additional manuals or pedals, either for smgle or
multiple octave registry with each.

From the preceding description, it is apparent

that stops 58, 48, 34 may be actuated individu-
ally or jointly, to secure desired octave registra-
tions on the ohe manual shown.

In Fig. 4, I show a connection arrangement for
- one-“voice” of the instrument to provide a plu-
- rality of pure tone qualities over the pitch range
desired, such tones being produced from sound
tracks of pure sine wave character without the
overtones which characterize usual organ or in-
- strumental timbres. 'These pure tones are, at
times, very useful, either to synthesize tones of
unusual quality, to play by themselves, or to
fortify and augment tones of complex composi-
tion by superimposition thereon. The Fig, 4-ar-
rangement is shown for exemplary purposes.for
two pitches A: and Az and enables the combina-
tion of any one or all of the first six harmonies
of the fundamental pitches. In practice, the con-
nections are carried out for all semitone pitches
of the range desired. The manual keys as pre-
viously described operate key switches 21 con-
nected to the panel 24. Several horizontal rows
of contacts in the panel are rescrved for har-
monic connector bars whose plugs are respectively
connected to stop switches respectively designated
Hi, H2, H3, H4, H5 and H6. These stop switches,
- when in the active position respectively set up
the solenoid units of the first to sixth harmonics.
The harmonics of the fundamental or first har-
monic pitches A: and A2 correspond with other
fundamentals in the tempered scale as shown in
the tabulation below, and the connections from
the harmonic stop switches Hi to H6 are made
to the solenoid units corresponding to such other
fundamentals, as shown. As previously described,
the solenoid units have a separate winding asso-
ciated with the appropriate sound track for each

connection from a stop switeh, to avoid shadow

c1rcu1ts and cross-~talk.

¢

harmonics alone, (2) the addition of one or more
harmonics to an individual stop or combination
of stops, (3) the use of one or more independent
stops, make available to the player a number of

 timbres which may well nigh be described as

limitless.
Referring now to Figs. 5 and 6, details of a

 typical “voice” unit {8 are shown, in conjunc-

10
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66 by a motor 68.

tion with a series of associated solenoid units 38.
In one arrangement of the invention, each voice
unit 18 comprises a cylindrical transparent drum
62 secured for rotation in end bearings 64, and
driven at constant speed through a transmission
Within each drum is a light
source 10, and suitable provisions may be made
for ventilating and cooling the unit by circulat-
ing air through the drum. Around the drum are
secured a plurality of axially spaced sound tracks
12, there being one such track for each pitch over
the range desired, all tracks preferably: repre-
senting tones of the same timbre. These sound
tracks may represent an organ timbre, an or-
chestral instrument timbre, or any other, includ-

ing the fundamentals and harmonics indigenous

to each. There need be no particular phase re-
lationship between the waves of each track, and
each track produces its own monotone. of full
fidelity and timbre. I have found little or no
need for matching wave patterns at the ends of
each track at it is wrapped around and secured
to the drum, as the interruption caused by mis-
matched wave patterns, at the one point in the
drum circumference, where the track ends meet,
is so minute as not to be noticeable even to the
most critical ear.

Around the drum 52 is disposed a Jight shield
18 having a longitudinal narrow slit 16 there-
along, or a plurality of holes one opposite each

track. Either above or below the shield 74 may

40
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Nomi- Equwalent -
nal Harmonie Funda-

Piteh | mental .~
A1 fundamental or 1st harmonic. oo A
A, 2nd harmonie. ..o As
Al 3rd harmonic. . __.___ e e ———— Es

At 4th harmonie. oo e ——— e Az
As 5th harmonie . e C#
Aj 6th harmonie_ ... _____ e - By

- Ae fundamental or 1st barmonic__ ... oo Ao
As 2nd harmonic. oo e Ajz
Ag 3rd harmonic ..o i 0T
Ao 4th harmonic. . e e ——— Ay
As Bth harmonic e e Cs#
Az Gth harmonic. ..o mm e N OF 1

I am aware that in order to produce timbres
solely by synthesis of partials or harmonics it is
more desirable to have availabl: more than six
harmonics in more than one degree of intensity.
However, I have found that for a practical in-
strument of the type herein described, the usz of
the first six partials in but one degree of in-
tensity offers by synthesis and by alteration of
stock stops a more than sufficient number of
timbres for the production of usable and highly
desirable musical effects, The addition of har-
monics opens up a vast field of tone colors, in-
asmuch as these harmonics In their numerous
combinations create new timbres, and the addi-
tion of one or more harmonics to a stock stop or
- combination of stops produces & still greater nume-
ber of new timbres. Thus, (1) the admixture of

50

70

" IB

‘mon ground,

be disposed a plurality of individual ftapered
light filters 18, one for each track, to enable ad-
justment of the sound level produced by each
track. Either another long tapered filter may
be introduced to adjust the sound level of the
entire unit, or the filters 18 could be adjustable
jointly, as well as individually, to attain the same
result. Spaced beyond the slit and filter is a
shutter 89 for each track 712, the shutter nor-
mally masking the slit and being movable to un-
cover the slit by the associated solenoid unit 38
of which the shutter is a part. Beyond the shut-
ters are a plurality of lenses 82 for focusing the
beams from open sound tracks onto one of a.
set of interconnected photocells 84. These re-
ceive light signals from the lamp 70 within the
drum as modulated by the sound track 72.
Photocell output is conducted to an amplifier
88 (Fig. 7), and amplifier output controlled as
to overall sound level by the swell pedal 16, is
transmitted to a speaker 90. :
Accordingly as one or more shutters 80 are op-
erated, one or more true individual tones are
produced in the speaker, blending to produce

harmonious music without distortion or aber-
ration.

The solenoid units 38 (Fig. 5) each comprise
a plurality of solenoid windings 22, and an arma-
ture 94, carrying the shutter 80, which is oper-
able by the energization of any one winding 92.
One end of each winding 82 connects to a com-
while the other end connects to
one contact of one of the stop switches such as
34, 48 and 58 (Fig. 1). This arrangement of
multiple solenoids in each ynit 38 has been found
to give excellent results, and to avoid any possi-
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bility of shadow circuifs or cross-talk between
different steps, keys, and “voice” units. Other
interconnecting arrangements are no doubt fea-
- sible, and I do not necessarily wish to confine
the scope of the invention to the connection sys-

tion shown. In the solenoid units 38, windings

from cne to seven or more may be emploved. If
but a single tone registry on a single manual is
needed, the single winding is adequate.
windings are desirable when the tone is to be
producible in one registry on the pedals and in
three registries (4, 8’ and (6’) on each of two
manuals.

As noted in Fig. 7, a common power supply
may energize the amplifier 88, motor 68 and key
system, the latter preferably operating at low
D. C. voltage through a transformer 9§ and a
rectifier 97. |

It 1s contemplated that selective -tremﬂlo- ef-
fects may bke produced by periodically raising
and Ilowering the "overall sound frequencies.
- There are known methods for producing the

tremolo, such as by varying the speed of the.

motor 68 at cyclic intervals of 5 to 9 per second.
Another arrangement is to insert a selectively
operable cyclically varyving drive between the
maotor €8 and the drums 52, |

An alternative scund track system is shown
in ¥Figs. 8 to 13, wherein an insulating or non-
magnetic drum {84 is driven, as before, by the
motor €8 and transmission 88. Preferably, the
peripheral speed of the drum is of the order of
120 to 250 feet per minute to attain high fidelity
sound production. Arcund the drum are se-
cured a piurality of magnetic wires or tapes 108,
one for each tone over the range desired, each
wire or tape being magnetized to produce, when
assoclated with a pickup and speaker system, a
tone of desired pitch and timbre. The sevaral
wires or tapes provide the desired range of piteh.
The wires or tapes are spaced apart to avoid
cross-talk, and with each wire or tape is asso-
ciated one or more maghetic pickups i88 which
are analogous in function to the solenocid units
38 of the electro-optical system previously de-
scribed. The pickup comprises pole pieces 10T
having a winding 189, whose ends lead to an
amplifier and speakar system.

The wire-carrying drum (24 is rotated in hear-
ings 110, and at each end of the drum is s spider
112 having a plu:tahty cf spoke-like armse (14
across the ends of which are secured members
116 upon which the pickups 108 are mounted.
The spiders {{2 are selectively oscillatabie about
the center of the drum, at s frequency of be-
tween 5 to 9 cycles per second, while the drum is
mtatmg at constant speed, to attain tlemuTant
effects. Such oscillation may be attained by a
small motor 118 having a crank {i9 connected to
one end of & spider arm {{4 by a connecting rod
120. When the drum oscillates the frequency of
impulses picked up by the devices (08 varies
slightly and cyclically, to vield the tremolo.

Referring to Figs. 10 and 11, based on the gen-
eral arrangement of Figs. 8 and 9, T show one ar-
rangement and circuit system for using the mag-
netic pickups. The pickup 188 is mounted on a
bar 122 pivoted at 124 to one of the members §16.
A light spring {26 holds the bar {22 in place, and
urges the poles of the pickup {88 into light, con-
tinuous engagement with the magnstized sound
wire [06. The pickup pole pieces and the wire
are preferably highly polished to minimize wear
and distortion of the impulses picked up from
the wire (or tape). Fig. 11 shows a fragmentary
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typical circuit diagram, wherein two keys and two
DPickups are showns. It will be apparent that an
entire key system will be arranged in generally
the same fashion. HEach pickup coil 109 connects
to a transformer primary i26 at all times, the
two primaries being related to a joint secondary
128. The secondary provides the input to the am-
phﬁer 88 and speaker 99. One end of each pick-
up is grounded, the other end of each leading to
center points 130 of a stop switch 132. When the
stop switch is “off” or up, as shown, the pickups
are short-circuited through ground as at (34
whereby they do not transfer energy to the trans-
former 126—128. When the stop switch is “on,”
the pickup coil ends are connected to points 1386,
through the junction panel 24 of normally closed
grounded key switches 138. When the key .is at
rest, the pickup coil 189 is ground-shorted, but
when the key is pressed, the short is broken and
the pickup coil {09 feeds energy to the trans-
former and sound system.

In an alternative system shown in Figs. 12 and.
13 each pickup 108 is mounted on an arm 140,
pivoted at 142 to the member 116, and normally
urged away from contact with the wire {86 by a
spring 144, A solenoid 148, mounted on the mem-
ber i16, serves when energized to move the pick-
up into contact or pickup relationship to the'
wire 106, the arm (40 having secured thereto an
armature 148 entering the solenoid. Cushioning
means, such as felt, is provided to prevent bounc-
ing of the pickup on the wire when the solenoid
is energized, and additional cushioning means
may be applied to prevent pickup bounce when
it is disengaged from the wire. The solenoids 146
operate in the same kind of key system.as is
shown in Fig. 1, and are comparable to the sole-
noid units 38. The key switches 21, junction
panel 24, and stop switches are similar. In this
arrangement the pickup coils 109 are consta,ntly
connected to their respective tmnsformer Pri-

‘maries (26, but the solenoid ClI'CllltS are normally

open, - Ny
- To enable relatwely close spacing of wir es 106
on the drum 104, and to provide for an adequate
number of pickups 108, the latter may be spaced
circumferentially around the drum ag shown in
Figs. 8 and 9. By this arrangement a plurality
of pickups may be associated with each wire 106,
each pickup being connected to one of the several
stop switches to enable playing of a single tone
from a plurality of manuals, pedals and key po-
sitions. The pattern for the multiple playing of
a single note follows, in general, the same prin-
ciples as were outlined heretofore in connection
with the sound-track optical system.

The magnetized wire system shown may yield
augmented musical effects, since a specific pitch
and timbre may be produced by several pickups
each operated by a different key, the sound pro-
duced by each key depression being additive to
the similar sounds produced by other key depres-
sions. This has the same effect as though there
were dupllcated triplicated or multiplied voices
in the organ system. This is desirable but usu-
ally impractical in the natural organ or electrical .
organ analogue,

In the foregoing description I have used the
terms solenoid, and solenoid units, to designate,
in general, electromagnetically actuated light
gates or magnetic pickup actuators. The partlc-,
ular- form of these units is not necessarily gers
mane 1o the invention herein disclosed, there he~
ing many desirable mechanmal arrangements Of -

78 parts to fulﬁll the function required. I find that-'
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~ the general arrangements shown minimize the

possibility of “key click” in the speaker system

of the instrument, since the pickups or photo-

10

the pulley (14, lymg behind the pulley and the |
axis of the turntable 184. Thereby, the entire

~ housing 162 may be tilted up and down on the -

cells are always connected during playing, and

are rendered active by optical or mechanical con-
nection to the sound tracks or wires. Were the
photocell or pickup circuits to be made and bro-
ken each time a note is played, cbnoxious “key
click” would be almost inevitable.

Further; in either the optical or -‘magnetic plck-
up systems described,-tones are initiated or ter-
minated smoothly, without obiectionable sudden-
ness. If desired, the speed of tone initiation and
termination may be varied by varying the re-
sponse speeds of the solenoid units.
netic wire systems, I prefer to use a Ssequence
of wires on each drum which will minimize the

shaft 176 as it is slid therealong, to allow en-
cagement of the friction wheel 172 with any one

“of the steps on the pulley. The weight of the
- housing and its associated parts 1s sufficient to

10

In the mag- 15

possibility of discordant cross-talk—that is, pick- |

up of dissonant frequencies by a pickup unit from.

wires which are neighbors of the wire with which
the unit is directly assocciated. To this end, all
of the C pitch wires are neighbors, and comprise
the first eroup.. The next group comprises all the
G pitch wires, then in sequence, groups of D, A,
E, B, Ff, C#, Gi, D, Af, F are arranged. The
mtervals between all groups are fifths, and the
intervals between wires in a group, octaves, SO

20

25

that any cross-talk which may occur will. always

be harmonious.

The sound wire on the drums (tape bemg con-

sidered equivalent.to wire) may be wound as a
plurality of separate spaced turns,. or the wire
may be wound continuously.to form a multi-turn
helix. In the latter form, the helix turns may be
offset sharply from one turn to the next to enable
each wire to run predominantly centrally under
its pickups. The magnetization of the wires {o
represent appropriate pitches and timbres may be
accomplished before or after the wire is placed
upon the drum. |

It will be noted that in the optical system a
single light gate may be operated by any one of
several solenoids associated therewith to. secure
pickup from a single sound track, while in the
electromagnetic system, a separate pickup is pre-
ferred for each key and stop combination with
the result that there are several pickups assocl-
ated with each sound wire. The wire or tape sys-
tem comprehends their assembly as “voice” units
such as {8, as previously descriked in connection
with the optical system, all “voices” heing ener-
gized by the same drive motor, and all scund being
reproduced by the same amplifier and speaker,
with coincidental volume regulatlon by the swell
pedal 16.

For the purpose of securing true pitch sound
tracks either as translucent fracks for use with
the electro-optical system of reproduction or
with the electromagnetic tape -or wire system, I
have. evelved a mechanism which may produce
an entire range of pitches of certain timbre from
2 recording of a.single pitch of the desired timbre,
This mechanism is shown in Fig. 14. It com-
prises a turntahle (6@ borne in g housing 162 by

a shaft 164, the shaft having a bevel gear 166

meshed mth a pbevel gear 168 whose shaft 170
is also borne in the housing. The shaft carries

a wheel 172 faced with friction materlal the wheel
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being engageable with any one-of a plurality of

pulley faces on a stepped pulley i14. -The hous-
ing 162 is mounted for tilt and sl1dmg on a hori~

zontal rod 176 carried by brackets 178, so that

the housing, with its turntable and drive mech-

10

anism, may be shifted along the pulley {74. The

brackets 118 and the shaft 176 are spaced -from

70

load the wheel 112 into firm frlctmnal driving en-
cagement with the pulley 174. -

The pulley 174 is driven through a change-
speed gearset 180 from a constant speed motor
182, successive ratios of the gearset having 2:1
relationship. That is, the pulley (14 may be
driven at, say, a minimum speed of 25 R. P. M. .
Successwe ratio steps would be 50, 100, 200, 400
and 800. The 13 steps of the pulley increase
progressively in diameter by the ratio 1.05946
driving the turntable at similar R. P. M. ratio in-
crements, For example if the smallest pulley face
is .500 inch in diameter successive faces will have
diameters .5297, .5612, .5946, .6299, 6674, .T0T1,
J71492, 71937, .8409, 8909, .9439, and (13) 1.0000.
If a monotone record (84 of desired timbre is
placed on the turntable, and the pickup {86 is
connected to a suitable reproducer, any desired
range of all notes of several octaves of the tem-

pered scale may be reproduced by changing the

driven speed of the turntable, by shifting the
wheel on the step pulley 174 for semitone inter-
vals within an octave, and by shifting the gear-
sett 180 for octave intervals. The output: of the

pickup 186 is connected to known apparatus to
produce optical sound tracks (12 in Fig. 6) or

magnetized sound wires or tapes (106 in Figs. 8-
12). Such tracks may be produced for use on

‘the drums forming parts of the “voice” units {8

of Figs. 2 and 3. Any appropriate tone timbre

may be secured by the use of appmpnate mono-

tone records 184.

Though  several embodlments illustrating the
invention have been shown and ‘described, it is
to be understood that the invention may be ap-
plied in other and various forms. Changes may
be made in the arrangements, without departing
from the spirit of the invention. Reference
should be had to the appended claims for deﬁnl—
tions of the limits of the invention.

What is claimed is:

1. In an electrical musical instrumnnt a plu-
rality of sound tracks having the same and com-
plex timbre and different pitch, at least one pick-
up energizable by the tracks, g sound producer re-
sponsive to pickup energization, means to trans-
late the tracks relative to the pickup, selectively
operable means associated with each ftrack to
place the track In energizing relationship to the
pickup and to place the track in inoperative re-
Iation to the pickup, a keyboard, a key switeh for
each key of the keyboard, and means to connect
each key switch to one and more of said selec-
tively operable means, whereby key switch opera-
tion may place one and more tracks of the same
timbre but of different pitch in operatwe rela,-

tion with said pickup.

2. In an electrical musical instrument, a plu-
rality of sound tracks having the same and com-
plex timbre and different pitch, at least one
pickup energizable by the tracks, a sound pro-
ducer responsive to pickup energization, means
to translate the tracks relative to the pickup,
selectively. operable means associated with. each
track to. place the track in energizing relation
to the plckup and to place the track in inopera-
tive relai':mn to the pickup, a keyboard, a key

switch for each key of the keyboard, means to




™

2,530,130

11

connect each key switch t0 one. and more of said
selectively operable means, whereby key switch
operaticn may place one and more tracks of the
same: timbre but of different pitch in operative
relation with said pickup, said sound tracks com-
prising filaments magnetized in accordance with
pitch and timbre of the tone to be produced, and
said pickup comprising means magnetically en-
cgageable with said filament and producing elec-
trical impulses in conformance with the magneti-
zation of said filament.

3. An electrical musical instrument cﬁmpris-
ing a plurality of selectively operable key switches
each closable to produce a nominal tone, & plu-~
rality of multi-point stop switches each includ-
ing two sets of points, connections from said key
switches to respective points of one set of each
of said stop switches, a plurality of actuators,
connections: from said other sets of stop switch
points fo said actuators in a plurality of com-
- binations, a full-timbred sound track operatively
associated with each actuator, and sound produc-
ing'means responsive to en:rgization of said actu-
ators individually and in groups to produce the
same- full-timbred sound corresponding to fthe
one or more tracks brought into operation by
energization of respective actuators.

4. An electrical musical instrument compris-
ing a plurality of selectively operabl: key switches
each closaple to produce a nominal tone, a plu-
rality: of multi-point stop switches each inciud-

ing" two. sets of points, connections from said key

switches to respective: points of one set of each
of said stop switches, a plurality of actuators;
connections from said other sets of stop switeh
points. to said: actuators in a. plurality of com-
binations, a full-timbred sound track operatively
associated with each actuator, and sound pro-
ducing means responsive to energization of said
actuators individually and in groups to produce

the same character of full-timbred sound corre-

sponding to the one or more tracks brought into
operation by energization of respective actuators,
sald ‘actuators comprising electro-magnetically
operated devices operable to render said tracks
active: and inactive.

5. An electrical musical’ instrument compns
ing a plurality of selectively operable key switches
each closable to produce z nominal tone, a plu-
rality of multi-point stop switches each includ-
ing two sets of points, connections from said key
switches to respective points of one set of each
of said ston switches, a plurality of magnetic pick-
ups, actuating means to render said pickups ac-
tive; connections from said other sets of stop
switch points to said actuating means in a plural-
ity of combinations, a full-timbred sound track

operatively associated with each pickup, and
sound producing means responsive to energivation

of said pickups individually and in groups to pro-
duce the same character of full-timbred sound
corresponding to the one or more tracks brought
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into operation by energization of respective actu-~

ators, said actuators comprising electro-magnati-
cally operated devices operable to render said
tracks: active and inactive relative. to their pick-
ups, and said tracks compmsmg magnetized ﬁ;an
ments. *

6. In an electrical musical instrument, a light -

,mod‘ul‘ating--sound; track, a light source, a photo-
cell responsive. to light from the source as modu-
lated by the. track, a light shutter in the path
oflight from said scurce. to said photocell selec-
tively operable to pass and not to pass said light;
said shutter comprising a. movable. shutter ele=

.......
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ment, a plurality of solenoids individually: and
jointly energizable to move said shutter, a plu-
rality: of playing Key switches connected with
and selectively closable to energize respective
snutter solenoids, and stop switching means, s2-
lectively operable, and infterposed in the cone-
nections from said key switches to said shutter
solenoids.

7. In an electrical musma,l- instrument, a plu-
rality of signal producing units each comprising
a series of tracks having characteristics of sim-
ilar complex timbre over a certain pitch range, a
scund producer responsive to the signals of the
several producing units, a plurality of playing key
switches, and means selectively operahble to con-
nect each key switch to one and more of said pro-

-ducing units simultaneously, in octave intervals,

to produce sound signals from said tracks and
sound producer upon key switch closure.

8. In an electrical musical instrument, a plu-
rality of signal producing units ¢ach comprising
a. series of tracks having characteristics of sim-
ilar complex timbre over a certain. pitch range, &
sound producer responsive to the signals of the
several producing units, a plurality of playing key
switches, and means selectively operable to: con-
nect each key switch to one and more of said
producing units simultaneously in octave inter-
vals, to produce sound signals from said tracks
and sound producer upon key switch closure,
sald ssiectively operable means: including connec~
tions to afford a plurality of octave. registries
of said key switches with the sound tracks of
said units,

8. For use in preparing a plurality of sound
tracks of similar timbre for an electrical musi-
cal instrument, a turntable for a record of a
monotong of desired timbre, a record pickup,
sound track recording means responsive to said
pickup, a drive shait, and a transmission from
said drive shaft to said turntable comprising a
stepped drum having a plurality of steps having
a. diametcr increment ratio of substantially

1.056946 driven by said drive shaft, a follower
. wheel selectively engageable with the drum steps;

and means for driving the turntable from. the
follower wheel,

10. For use in preparing a. plurality of sound
tracks of similar timbre for an electrical musical
instrument, a turntable for a record of a mono~
tone of desired timbre, a record pickup, sound
track recording means responsive to said pickup, a
drive shaft, g fransmission from said drive shaft
to said turntable comprising s stepped drum hav-
ing a plurality of steps having a diameter incre-
ment ratio of substantially 1.05246 driven by said
drive shaft, a follower wheel selectively engage-
able with the drum steps, means for driving the
turntable from the follower wheel, and means for
changing the speed of said drlve shaft in the
ravio 2:1.

11. For use in preparing a plurality of sound
tracks of similar timbre and different pitch, for
an electrical musicsl instrument, a record of
monotone pitch and desired timbre, pickup means
for said.record, means.to re-record sound tracks:
responsive to pickup output, a drum having a
plurality of steps of different diameters, a wheel
drivably engaged. with said drum, the drive be-
tween drum and wheel varying in the ratio of sub-

- stantially 1.050946 between steps of increasing di-

ameter, said wheel and drum comprising input

- and output members, not necessarily respectively;

75

means: to drive -said input member at constang.

o rutinag t
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13
speed, and means to drive said single pitch rec-
ord from said output member. | |

12. In an electrical musical instrument, a plu-
rality of playing keys each including a switch, &
plurality of fuil-timbred voice units, each unit

having a range of full-timbred tones of the same |

voice,; a contact panel having & plurality of lines
of contacts, means connecting each line with &
key switch, each voice unit having a plurality of
control conductors each representing one note of
its voice unit, and means operable to connect the
said control conductors from one voice unit simul-
taneously and in tonal sequence, to the lines of
contacts of said panel. |
13. In an electrical musical instrument, a plu-
rality of playing keys each including a switch, &
- plurality of full-timbred voice units, each unit
having a range of full-timbred tones of the same
voice, a contact panel having a plurality of lines
of contacts, means conhecting each line with a
key switch, each voice unit having a plurality of

control conductors each representing one note of-

its voice unit, means operable to connect the said
control conductors from one voice unit simultane-
ously and in tonal sequence to the lines of con-
tacts of said panel and means to shift said con-

trol conductors as a unit to cause registries of

said conductors, in tonal sequence, with different
lines of contacts of said panel.

14. In an electrical musical instrument, a plu-
rality of playing keys each including a switch, &
plurality of full-timbred voice units, each unit
having a range of full-timbred tones of the same
voice, a contact panel having a plurality of lines
of contacts, means connecting each line with a
key switch, each voice unit having a plurality ot
control conductors each reoresenting one note of
its voice unit, means operable to connect the said
control conductors from one voice unit simulta-
neously and in tonal sequence, to the lines of
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contacts of said panel and means to shift said

control conductors as a unit to cause registries of
said conductors, in tonal sequence, with differ-
ent lines of contacts of said panel whereby at &
player’s ontion, registry of a Ci key, for examnple,
may be effected with a Co, C1 and C: tone of any
one of said voice units. |

15. In an electrical musical instrumenst, a plu-
rality of playing key switches, a connection panel
having a plurality of contact elements rectiline-
arly disposed in lines and rows, the elements in
each line being interconnected and connected to
one of said key switches, a plurality of bars each
having a plurality of contact elements engaged

with the panel contact elements of one row, said

bars being interchangeable between rows and be-
ing adjustably shiftable along a row, a plurality
of sound signal generating units, one for each
bar, each having a range of musical tone signals
and each having conductors, one for each tone,
energizable to produce respective signals, selec-
tively operable multiple contact stop switch units,
the conductors of said generating uniis being con-
nected in order to the respective contacts of said
stop switech units, and means connecting other
contacts of said stop switch units, respectively,
to the contact elements of said several bars.

16. In an electrical musical instrument, & piu-
rality of playing key switches, a connection panel
having a plurality of contact elements rectiline-
arly disposed in lines and rows, the elements in
‘each line being interconnected and connected o
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one of said key switches, a plurality of-bars each

. having a plurality cof contact elements engaged
W@jih the panel contact elements of one row, said

%.539,130
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bars being interchangeable between rows and be-
ing adjustably shiftable along a row, a plurality
of sound signal generating units, one for each
bar, each having a range of musical tone signals

and each having conductors, one for each tone,

energizable to produce respective signals, selec-
tively operable multiple contact stop switch units,
the conductors of said generating units being con-
nected in order to the respective contacts of said
stop switch units, and means connecting other
contacts of said stop switch units, respectively,
to the contact elements of said several bars, said
bars ahd generating units being replaceable, and
<aid bars being position-shiftable along the rows

of said panel to alier the key registration relative

to the nominal tones available from said generat-
ing units.- - " | o

17 In an electrical musical instrument, a plu-
rality of playing key switches, a connection panel
having a plurality of contact elements rectiline-
arly disposed in lines and rows, the elements in
each line being interconnected -and connected to
one of said key switches, a plurality of bars each
having a plurality of contact elements engaged
with the panel contact elements of one row, said
bars being interchangeable between rows and be-
ing adjustably shiftable along a row, a plurality
of sound signal generating units, one for each bar,
each having a range of musical fone signals and
each having conductors, one for each tone, ener-
gizable to produce respective signals, seiectively

-operable multiple contact stop switch units, the

conductors of said generating units being con-
nected in order to the respective contacts of said
stop switch units, and means connecting other
contacts of said stop switch units, respectively, to
the contact elements of said several bars, said
generating units each having a single musical
timbre for the ranhge of tones producible thereby.

18. Tn an electrical musical instrument, a plu-
rality of playing key switches, a connection panel
having a plurality of contact elements rectiline-

arly disposed in lines and rows, the elements in

each line being interconnected and connected to
one of said key switches, a plurality of bars each
having a plurality of contact elements engaged
with the panel contact elements of one row, said
bars being interchangeable between rows and be-

-ing adjustably shiftable along a row, a plurality

of sound signal generating units, one for each bar,
each having a range of musical tone signals and
each having conductors, one ior each tone, ener-
gizable to produce respective signals, selectively
operable multiple contact stop switch units, the
conductors of said generating units being con-
nected in order to the respective contacts of said
stop switeh units, and means connecting other
contacts of said stop switch units, respectively, to
the contact elements of sa’d several bars, said
stop switch units being of a number correspond-
ing to more than the number of generating units,
and being connected for different registries of said
key switches with the tones of said several gen-
erating units as well as for nominal registry. |
19. In an electrical musical instrument com-
prisine a selectively operable keyboard, a pickup,
and a speaker energized by said pick-up, a mov-
able sound track-carrying member having a plu-
rality of tracks thereon, said pickup beinhg asso-
ciated operably with said tracks, means responsive
to key operation to energize said pickup for signal
production resulting from key operation, said plu-
rality of tracks being arranged in a sequence of

15° groups, each group containing tracks having
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-_ _.aacta,ve mtmvals therebetween and said. groups - nal production. resultineg from key operation,

) _-havmﬂ* fift hmtermls therebetween - . there being octave intervals between cerfain in-

L1200 In an eleetrical ‘musical 11115trvment com- d1v1dua1 admcent tracks of said plurality.
-prising: a selectively oper able keyboard, a pick- | o MAURICE GRIIDIN.

o up; and a speaker ‘energized by said pickup, a 5 |
movable sound track-carrying member having a REFERENCES CITED
plurality of tracks thereon, said pickup being - The following references are of record in: the

- -associated operably with. imd tracks, means kre--i . file of this patent:

i -Sponsive to key operation to energize said pic up

Y for signal Pproduction resulting from key opera- 10 UNITED STATES PATENTS |
tlon, there being: fifth intervals between certain  Number Name Date =
individual adjacent tracks of said plurality. . 918122 Fajen o Dec. 13, 1910
21, In an electrical musical instrument com- 1,218,324 Severy ._..__________ Mar. 6, 1917
prising’ a selectively operable keyboard, a pickup, 1,848,222 = Potter mmm—mmmiede—e— Mar, 8, 1932

.u.and a speaker ener gized by said plckup, a mov- 15 1,941,870  Severy —_._._____. ___ Jan.2, 1934

o able sound track-carrying member having a plu- 1,956,350 Hammond _._.._..___. Apr. 24, 1934
rality of tracks thereon, said pickup being asso- 2,164,809 . Pisher ___.___ i JULY 4, 1939
clated operably with said tracks, means responsive 2,160,842  Kannenberg ._______ Aug. 15, 1939

to key operatmn to enelglze said pmkup for Sig~ 2,484,881 Suscln SR © 11 A £ . 3 1949-
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