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UNITED STATES

2,229,755

PATENT OFFICE

2,229,755 _
ELECTRICAL MUSICAL INSTRUMENT
James Manatt, Chicago, I, assignor to Centtal

Commercial Company, Ohlcuo, I, a corpqra-

tion of Illinois

Application December 22, 1939, Serial No. 310,521

) - % Claims.
This invention relates to electrical musical in-
struments of the class employing sources of elec-
trical energy respectively furnishing harmonical-
ly related tone frequencies and means by which
8 sald frequencies can be selectively synthesized

into qualities simulating organ tones and tones of ]

the various orchestral instruments.

-An object is to provide means by which tones

will be accurately integrated according to the
10 number sounded at any instant.

A further object is to provide means by which
a tone of any quality can be selectively sounded
as desired and tones of different qualities cor-
rectly added to each other. °

A still further object is to provide means en-
abling a player to compound any selected num-
ber of harmonically related simple pa,rtia.ls into a
" tone of any desired quality.

A still further object is to provxde means en-

20 abling a player to add to one or ‘more “fixed”
qualities of tone, one or more simple partials at
any desired amplitude, whereby the tone color
can be changed to.sult the individual taste of the
player. ‘

The invention will be more fully understood by
reference to the following description when read
in connection thh the accompanying drawings,
in which:

Figures 1, 2 and 3, taken together ﬂlustrate an
30 electrical network embodying the various features

of my invention.

While I disclose but a single manual, a single
“fixed quality” stop and a single harmonic con-
trol system, it shall be clearly understood that for

33 each manusl, theré will be employed in practice,
any desired number of stops and that for each of
said manuals, there will be a separate harmonic
control system. The term “fixed quality” em-
ployed herein to designate certain stops shall be

© 25

40 construed to mean stops connected in the system

so that any desired waveform of voltage can be

selectively produced in the output circuit ¢f an
amplifier.

In Figure 1 is lllustrated a plurglity of .alter-

48 nators I, respectively furnishing electrical pulsa-

tions at the tone frequencies of notes Cli, C2, C3,

C4, C5, C8, E4, ES, G2, G3, G4, G5, A#4 and

A#B. In practice, any well known type of al-

ternator can be employed. Desired results have

850 been had with alternators of the kind disclosed in

the application of Valentine J. Mohler, Serial No.

203,891, filed April 23, 1938, wherein twelve iden-

tical alternator assemblies are provided, each

furnishingr signals or electrical pulsations at the

&3 tone frequencies of notes In octave relation. As

(CL 84—1.17)

each assembly operates at Its own speed which is
different from that of the assembly next above
" it by the twelfth root of two, signals are furnished
for all prime tones of the equally-tempered musi-
cal scale,

In Figure 1, two playing-keys 4 are ﬂlustrated
and in Figure ) I disclose a harmonic control stop
8, a fixed timbre stop 88 and a system of con-
ductors or bus-bars 8, the latter common to all of
said stops and comprising a total number of in- 3o
dividual conductors corresponding to the total -
number of contact devices (0 for each of said
stops. Said playing keys are each thereof pro-
vided with a similar arrangement of contact de- .
vices 9, and as shown, each said device is con- 15
nected by a circuit lead t1 to the output side of
a respective alternator I. The key at the.top of_
Figure 1 corresponds to the note C2 and the cir-
cuit lead (I for the uppermost contact device 9
for said key connects to the output side of an 20
alternator ‘furnishing a signal having the tone .
frequency of note C! which is the sub-partial of
said note C2. The remaining contact devices for
sald key have their circuit leads {1 respectvely
connected to alternators furnishing signals at the
tone frequencies of notes C2, G2, C3,G3, C4, E4, GA,
A#4 and C5 reading successively downward in
the series of said contact devices. . In this man-
ner, when close circuiting the different contact
devices with respective bus-bars 6, signals at
harmonically. related tone frequencies are im-
pressed upon said bus-bars.

The lowermost playing-key 4 which is assighed
to note C3, has the circuit leads of its respective
contact devices 8 connected to alternators § re-
spectively furnishing signals at the tone fre-
quencies of notes C2, C3, G3, C4, C5, E5, G5, A#5
and C6, the note C2 being the sub-partial of said
note C3.

Connected in series in each circuit lead 11 of
the contact devices 9 'for each playing-key is a
high resistance 12. Connected across each lead .
{1 at the output side of a respective alternator is
a grounded variable, impedance element 12,
whereby any desired amount of voltage developed 45
by said alternator can be effectively impressed
upon an assoclated bus-bar 6. In this manner,
the relative amplitudes of sald voltages can be
readily and accurately controlled and the instru-
ment correctly voiced.

In -order that a player may compound from
different signals any desired tone quality or, add
as he wishes, one or more signals to one or more
fixed tone qualities, I provide in electrical coac-
tion with the aforementioned stops 8 and 83, an 55
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electrical network having a set of multiple

switches 13. For each keyboard of the instru-
ment there will be one set of sald switches, one

‘stop 8 and any desired number of stops 88. While
-1 show ten such switches, the total number ob-

viously will depend upon the number of partials
desired to be made elecirically effective at any
instant upon depressing the playing keys.

Each switch 13 comprises a tap I4 connected to

a common ground §8, ten taps 15 and a circuit -

controlling member 11, the latter being manually
adjustable from an open circuit position at the
grounded tap 14 to a closed circuit position at

- any one of the taps {8. Each circuit controlling
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member has a resistive circuit lead 18 connected

to a respective contact member 18 of the har-

monic control stop 8. When sald stop is drawn,
its contact members 10 are simultaneously close
circuited with the respective bus-bars 6, 1. e. the
uppermost contact member {0 engages the first
pbus-bar 6 at the extreme left hand side of the set
shown in Figure 2, the next contact member en-
gaging the next adjacent bus-bar of sald set and
so on, to and inclusive of the extreme lowermost
contact member which engages the bus-bar at the
extreme right of the set. Each bus-bar func-
tions as a conductor for & particular harmonic
order of tone signals and by reason of the dis-
closed arrangement of switches 18, each said bus-
bar is adapted to coact with s particular switch
and with an intensity grading resistor, 18 where-
by upon moving the contact member 17 off of the
grounded tap 14 and onto any desired one of the
taps 19, a signal will be conducted to a particular
tapped portion of sald resistor through a circuit

- connection 20.

The circuit leads 20 from the taps 16 are pref-
erably tapped in logarithmic steps corresponding
to 3 decibels each to sald grading resistor 18, the
total value of sald resistor being close to or the
same as that of resistors 2f which connect the
individual bus-bars 6 to the aforementioned com-
mon ground 16. Each switch is capable of giving
to the signal conducted from a respective bus-bar
any one of ten different intensity gradations as
the taps 15 of said switch are each connected to
a different tapped portion of said resistor. As
regards the “fixed quality” stop 88, the circuit
leads 23 from the contact members 10 thereof
electrically connect to such of the leads 20 from

taps 15 of respective switches 13 as is necessary .

to conduct harmonically related signals from dif-
ferent bus-bars § to predetermined taps of said
resistor 19, whereby the relative intensities of the
different signals and the number of sald signals
will determine the quality of a particular musical
tone.

Connected in serieé in each of the circuit leads.

22 and 238 from the contfact devices 10 of the re-
spective stops 8 and 88 is a high resistance 24.
The grading resistor 18 has terminals 25 and
26 connected to the input circuit of a conven-
tional preamplifier,’ power amplifier and sound
producing system 27 ss shown in Figure 3. As

said system is common to two manuals of the’

instrument, same embodies potentiometers 28 and
28, each of which is confrolled by an individual
expression pedal 36. In this manner, the volume
of sound elicited when playing the keys of one
manual can be controlled as desired relative to
the volume of sound elicited when playing the
keys of the other manual, . : ’
In order to satisfactorily add one quality to
another or tc add one or more partials at any
strength to one or more “fixed” quslities, or to

.
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compound selected partials for a waveform of
voltage corresponding to any quality the player
desires, intended results are had with impedances
12, variable approximately from 0 to 2,000,000
ohms; current limiting resistors (2 of approxi-
mately 2,000,000 ohms; grounded resistors 21 of
approximately 100,000 ohms, resistors 24-of ap-
"proximately 500,000 ohms and e resistor 1§ of
approximately 100,000 ohms. ’ )

From the foregoing description, it is appre-
ciated that upon drawing any stop 88 to thereby
close circuit the contact devices 10 thereof with
respective bus-bars § harmonically related tone
signals are impressed upon the aforementioned
resistor 19 so that when the signals are received
in the input circuit of said system 27 they wili be
at relative intensities for the production of & tcne
of the quality denoted by said stop.

Upon drawing a plurality of said stops 88, tones
are accurately integrated in proper proportion to
the total number of stops which are electrically
active in the system at any instant.

Should the player desire to compound a qual-
ity satisfactory to his individual taste, this is
accomplished by first retiring the stops 88 and
close circuiting the contact devices {0 of stop
8 with respective bus-bars 6. .Any fundamental
tone at any desired intensity can now be sounded
and combined with such harmonics of said fun-
damental and the intensities of the harmonics

- regulated to produce any desired timbre.

It freauently happens that “fixed” gualities

incorporated in the instrument by the manu-
facturer are not always exactly accepiable to
particular players, 1. e. certain simple partials
should, in the opinion of the player, ke of dif-
ferent intensities than those chosen by the manu-
facturer. This condition can be readily corrected
by the selective adjustment of switches {8 asso-
- ciated with partials, the intensities of which the
player desires to change.
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I stress particularly the fact that all stops

throughout my system are employed in electrical
coaction with & common setb of sources £. As each
playing-key is connected in the eiectrical network
and with ten different sources of sald common
set of sources, it follows thai & corresponding
number of potentials will always be impressed
upon respective bus-bars 6 of the system upon
depressing. any playing-key. In view thereof, it
follows that there must necessarily be as many
switches 13 per manusal of the instrument as there
are partials for each individual note. While I
suggest the use of twelve assemblies of sources
i operating as described herein, any well knocwn

means can be substituted therefor without de-

parting from the spirit and intention of my
invention and as many simple partials per play-
ing-key may be provided as desired.

What I claim as my invention is:

1. In an electrical musical instrument, an am-
plifier having an input circuit, sources of electri-
cal energy respectively and continuously furnish-
ing undulating signals at Jifferent tone fre-
quencies, an electrical network including a set
of switches and ‘a plurality of signal conducting
paths from each switch, said switches each being

‘manusally actuable to control conduction of a
signel along & selected one of said paths and cause
same to be impressed upon said input circuit, and
mesns common to all of said paths for electrically

+ determining the intensity of any signal impressed

upon said input circuit.
2. In & musical instrument employing an elec-
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trical transmitting network having mesns for 15
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integrating the amplitude of electrical energy in
accordance with the number of individual poten-
tials simultaneously transmitted, generators pro-
ducing and delivering said potentials to said net-
work, and means for translating said potentials
into sounds, the combination of means in said
network for combining and rendering selected po-
tentials at predetermined relative amplitudes si-
multaneously effective upon said translating
means, and means in said network for selectively
changing the amplitude of any of said potentials
during translation thereof into sound.

3. In a musical instrument employing an elec-
trical transmitting network having means for in-
tegrating the amplitude of electrical energy in
accordance with the number of individual poten-
tials simultaneously transmitted, generators pro-
ducing sald potentials and adapted to. deliver
same to said network, and means for translat-
ing sald potentials into sounds, the combination
of means in said network for rendering & pre-
determined waveform of selected potentials at

‘precalculated relative amplitudes effective upon

said translating means, and means for combin-
ing potentials from any selected generators into

- any desired waveform and for selectively con-
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trolling the amplitudes thereof and rendering
same effective upon said translating means dur-
ing translation of sald first mentioned wave-
form.

4, In a musical instrument employing an elec-
tro-acoustic translating device provided with an
input circuit, an electrical harmonic and ampli-
tude controlling system having an output eircuit
connected with the input circuit of sald trans-
lating device, & set of switches selectively actu-
able to cause simultaneous transmission to said
harmonic and amplitude controlling system of
alternating voltages at predetermined tone fre-
quencies for production in sald input circuit
of a waveform hdving the characteristics of a
tone of predetermined timbre, and means in said

_ 3
harmonic and amplitude controlling system by
which the amplitude of any individual one of
sald voltages can be selectively altered as de-
sired during translatlon of said waveform into
sound.

5. An electrical musmal instrument comprising

bus-bars, each of which is a carrier of alternat-
ing .voltage of predetermined tone frequency, a
harmonic control system having means for fix-
ing the relative amplitudes of voltages conducted
from said bus-bars, a selectively actuable stop
for simultaneously effecting conduction of volt-
ages to said amplitde fixing means from diger-
ent ones of said bus-bars and for rendering said
means effective to fix the relative amplitudes of
said voltages, and selectively actuable means con-
necting said bus-bars with said amplitude fixing
means for changing the amplitude of any indi-
vidual one of said voltages as desired.

6. In an electrical musical instrument, a har-
monic control system having an output circuit
providing with an amplifude controlling resist-
ance, means for simultaneously conducting a pre-
determined number of tone frequencies to said
system and for fixing the amplitude of each of
said frequencies at said resistance, and means
in electrical coaction with said system and with
said resistance for changing the aforementioned
fixed amplitude of any of said frequencies.

7. In an electrical musical instrument, & set
of multiple contact electric switches, an output

circuit provided with a resistance, each individ-.

ual contact of each.of said multiple ‘contact
switches connected to said resistance by a fre-
quency conducting path for transmission of a
tone frequency to said resistance and confrol of
the amplitude of said frequency when conducted
from said output circuit, and a multiple contact
switch in which each individual contact thereof
is connected by a frequency transmitting path
with an assigned switch of said set switches.
JAMES MANATT.
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