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RICHARD HOWLAND RANGER, OF NEWABK, NEW JERSEY, ASSIGNOR TO RADIO CORPO-
RATION OF AMERICA, A CORPORATION OF DELAWARE

ETLECTRICAL MUSIC SYSTEM -

Application filed December 30, 1629, Serial No. 417,466,

My invention relatesto a system for pro-
ducing musical sounds. Broadly, the inven-
tion relates to a sound producing apparatus
or instrument of the type embodying con-
stant frequency means for producing sounds
as musical tones or notes of constant pitch,
and variable volume and timbre for the par-
ticular note which it is to produce. In com-
bination with such type of apparatus, I pro.
vide a system for selectively amplifying each
of the produced notes or tones, so as to pro-
duce a composite note corresponding to each
which will have the proper timbre and fre-
quency characteristics.

Of course, I am aware of the fact that it
has heretofore been possible to produce musi-
cal sounds through the aid of oscillators or
frequency generators of either the audion or
the generator type coordinated with sound re-
producing instruments, and am also aware
of the fact that it has heretofore been known
in the art to utilize a system for producing
musical sounds in which a high frequency
source has been used together with a genera-
tor of variable frequency so as to produce by
heterodyne action a resultant beat note of a
frequency varying in accordance with the
frequency of the note or sound which is de-
sired. In each of the systems of the type
above described, it has also been customary
to amplify either the frequency of the gen-
erator source or the beat note frequency so
as to produce a well rounded-out tone such
as may, for example, be clearly audible in
large concert halls.
~ My invention, however, differs from what
has heretofore been done in the art in that I
employ a plurality of constant frequency
“tone” sources for each of the plurality of
notes comprising the musical scale so that
each separate note, as it becomes audible upon
amplification and by being directed through
a sound reproducer, is formed from the fun-
damental frequency together with all of the
other partials, harmonics, or modulating
notes of appropriate interval to give special
effects, as minor amplitudes of thirds or
fourths, suitable for producing the proper

"timbre, for example. These tones will here-

inafter be referred to merely as the funda-

mentals (the partial of lowest frequency) and
the other partials, or as the fundamentals and
harmonics, or as the fundamental and over-
tones o as to avoid needless repetition of the
above., With these tone producers I connect,
in a manner to be hereinafter described, the
reproducers or loud speakers for causing the
generated frequencics to become audible.

My system also provides an especially flexi-
ble means by which the intensity of each of
the harmonics or partials accompanying the
chosen fundamental or first partial may be
regulated at will so as to simulate the “stop
effects” on the usual organ, such as, in one
instance, perhaps to produce a note simulat-
ing a reed effect, while, at another instance,
perhaps produce a note simulating a violin
effect by proper regulation of the intensity
or amplitude value of the various partials or
harmonics accompanying the particular first
partial fundamental. :
" Still further, my invention has provided a
system in which the tones or notes of the mu-
sical scale may be produced from absolutely
constant frequency standards, and, in combi-
nation with these frequency standards, I may
utilize what I have herein termed a “selector
system” and a plurality of tone amplifiers,
such that the sc'ector system prevents more

than one single tone or note together with its

partials or harmonics from being impressed
upon one amplifier at the same time. Thus,
the note reproduced at any one instant by
any one amplifier and sound reproducer con-
tains only the basic and desired partial fre-
quencies of the particular note chosen, and
eliminates cross-modulation between a plu-
rality of separate notes.

So far as' I am aware, it has in the past
been customary either to provide each note
with a separate amplifier or oscillator tube,
or to combine all tones from all sources in
a common amplifier, or to have a plurality of
separately located amplifiers and sound re-
producers so coordinated that only one of the
plurality is used at any one time. The first
of these systems has the disadvantage that
an unusually large number of amplifiers or
oscillators are necessary in order to obtain the
desired results, and with them a great loss
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in efficiency is experienced, and the second
type of system has the disadvantage that, as
above stated, several tones simultaneously 1m-
pressed upon a single amplifier or sequentially
impressed upon a single amplifier cause, first-
ly, cross-mogulation between various tones in
the amplifier and thus produce distortion, or
secondly, noises are produced in the amplifier
by successively keying different tones or notes
thereon prior to the time when the first tone
has been cut off from the amplifier. In the
production of pure tones of considerable am-
plitude, this cross-modulation is very serious.
To avoid cross-modulation in a single ampli-
fiery it is necessary to have great reserve
power which is uneconomical.

My invention may further be characterized
as being selective for the different notes
played, somewhat similar to the selection of
unused telephone lines with the automatic
switching practice in telephone switchboards
of today, in that it provides a separate ampli-
fier for each of the notes that are to be struck
simultaneously up to a predetermined maxi-
mum. Where more notes than the predeter-
mined maximum are struck simultaneously,
provisions are made to prevent sound repro-
duction from more notes than there are ampli-
fiers. This limiting system will become ap-
parent from the description which follows.

Careful research has disclosed that the
number of separate notes which are usually
played or struck simultaneously is limited
and would rarely exceed ten for organ work,
for example, assuming that four notes ma
be simultaneously played with each hand an
one note played with each foot. However,
for practical purposes and for convenience of
illustration, f have merely chosen to illus-
trate my invention as capable of simultane-
ously producing six tones, but it should be
understood that such illustration is merely
given by way of exaniple and not in a sense
of limiting my invention to six notes played
simultaneously, and I may, should I so desire,
use more than six tones simultaneously (or
less than six tones simultaneously) in accord-
ance with conditions existing at any particu-
Iar time. .

To discuss further the utility of a plurality
of separate amplifiers so that one amplifier
is obliged to carry only a single note and the
overtones, harmonics or partials accompany-
ing or modulating it at the same time, the

advantages over a single amplifier are.
many :—first, no amplifier is absolutely linear,

of course, and the result of this is that one
note is bound, therefore, to modulate another
in the amplifier after they are combined in
the amplifier circuits; secondly, unless all
notes amplified at any one time are struck
simultaneously, there is a tendency towards
a scratching noise as the second note is
brought upon the amplifier, due to the fact
that the contact is not made instantaneously
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or is not made at a period of zero alternating
current voltage upon the amplifier circuit.
This scratching noise is not due to the direct
current, as, of course, care must be taken to
see that there is no direct current operated
directly in the amplifier circuit, which would
ﬁive rise to distinct thumps, but is due to the
eying of the tone frequency energy. As a
third advantage of separate amplifiers for
each note and a separate sound reproducer
or loud speaker associated with each ampli-
fier, it is obvious that any one amplifier can
handle much larger volumes for any given
note, if there is no need for a considerable
amount of reserve energy to be available for 80
other notes added thereon at the same time.
Therefore, as a primary object of my inven-
tion, I have sought to develop an electric or-
gan system of the type herein described in
which there is a separate amplifying means
for each of the notes or tones simultaneously
produced.
Another object of my invention is to pro-
duce an electric organ system which is capable
of simultaneously playing any predetermined

70
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85

‘and desired number of musical tones or notes

without experiencing interference between the
several tones or notes.

Another object of my invention is to pro-
vide means for preventing any single ampli- 95
fying system from being obliged to handle
more than a single note or tone together with
its partials at any one instant.

Still another object of my invention is to
develop an electric organ system: in which 100
means is provided for selectively keying an
amplifier not then in use with any particular -
note as the note is struck. ,

A further object of the invention is to pro-
vide a system in which the lag effect of sound 105
reproduction is reduced to a minimum by rea-
son of sound generation which is entirely elec-
tric.

Still another object of my invention is to
provide an electric music system in which the 110
tones as produced by the tone generators in-
cluding the first partial fundamental tone
and all desired accompanying partials or
overtones may be keyed to appropriate am-
plifying systems prior to the time when the 115

‘amplifier 1s keyed with the sound reproducer,

or, in other words, the sound reproducer key-
ing is delayed until the tones are keyed, so as
to avoid all objectionable effects of keying
noises and the hke.

Also a further object of the invention is to
provide a system by which the connection be-
tween the amplifiers and coordinated sound
reproducers may be broken prior to the time
when the tones are removed from the ampli-. 125
fier so as to avoid all objectionable noises from
keying and the like. In each of these last
two named objects, the electrical contacts as-
sociated with each of the keys representing
the different notes of the musical scale are 130
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‘such that as the key representing the note

which is to be played is depressed, the first
connection so far as impressing the generator
tones on the amplifier and sound reproducer
is concerned will be to key the tones with the
amplifier, and then at a later time through a
delayed action system the sound reproducer
is keyed to the amplifier; then, as the key is
raised or released, the first operation taking
place is the disconnection or disassociation of
the sound reproducer and the amplifier, after
which the generated tones in the form of the
fundamental and chosen overtones are re-
moved from the amplifier. ‘

Another object of my invention is to pro-
vide an electric organ system such as is capa-
ble of playing each no.e or tone together with
all of the harmonics or partials accompanying
the particular tone or note.

Still another object of my invention is to
provide a means for controlling the volume
of each of the harmonics or overtones accom-
panying or modulating each particular fun-
damental note or tone in accordance with the
character of the note or tone which it is de-
sired to produce.

Still another object of my invention is to
provide a means for accentuating any one
part of the amplifier selection so far as the
different notes therein are concerned so that,
for example, in one selection the bass or low-
er frequency notes might be accentuated
throughout, whereas, in another selection, the
tenor or higher frequency notes might be ac-
centuated throughout.

Still another object of my invention is to
provide a means wherein I preferably coor-
dinate particular amplifiers to particular
groups of tones. That is, one amplifier may
be particularly suited for the lower frequency
tones, and another amplifier may be more
particularly suited for the higher frequency
tones.

Still a further object of my invention is to
provide an electric organ system in which sep-
arate tremolos may be assigned to separate
parts of the musical selection being played.
This may be accomplished, for example, as
will hereinafter be set forth, by changing the
amplifying characteristics of the various am-
plifying systems in accordance with a pre-
determined schedule of changes.

While in many instances it is desirable to
have the same tremolo effect for all ampli-
fiers and their associated sound reproducers,
it should be noted also in connection with the
tremolo that it is possible to provide tremolos
which are of different rates for different am-
plifiers, that is, for amplifiers carrying high-
er frequencies the rate might be higher, for
example, than for amplifiers carrying the
lower frequencies. To specify an example
of tremolo operation which might be found
suitable, a three to two ratio for high and
low frequency amplifier tremolos has been

3

found suitable where it is desired to produce
a different tremolo effect for different ampli-
fiers, although it is to be understood that this
ratio is merely illustrated by way of example
and not in a limiting sense, since any desired
and suitable ratio may be substituted where
it is desired to have different tremolo effects
on different amplifiers.

Still another object of my invention is to
provide a system wherein the usual “stop
effects” for producing different character
notes may be conveniently regulated by mere-
ly changing predetermined resistance values,
or other appropriate means suitable for con-
trolling the current flow in the amplifying
circuits, so as to regulate the quality of the
output energy from the amplifier through
appropriate control of the intensity or ampli-
tude relationship between the fundamental
and the various partial frequencies,

Still another object of my invention is to
provide an arrangement which will permit
the playing of notes not ordinarily known
or produced by the nusual type of musical in-
struments. This, for exmmple, might be ac-
complished by accentuating particular par-
tials or harmonics of the basic frequency or
even of entirely different notes added in con-
trolled degree in order to differentiate from
any usual character of note.

A still further object of the invention is
to produce a system for representing or simu-
lating a pipe organ in which the tone color
is most flexible, due to the fact that it is
possible to independently regulate the rela-
tive percentage ‘of the various partials or har-
monics with respect to the first partial funda-
mental note by varying the voltage of the
particular partial or fundamental frequency
impressed upon appropriate tone amplifiers.

nother object of my invention is to pro-
vide an electric organ system or the like in
which it is gossible to gradually “slide” from
one type of note into another type of note
by controlling the resistance value, for ex-
ample, in the amplifying circuit, in much the
same manner as these values are changed for
producing the usual stop effects.

Still a further object of my invention is
to provide a means in which there is an ex-
treme ease of regulating the temperament of
the system, that 1s, the raising or lowering of
the pitch of each note of the entire scale rela-
tive to the other, in accordance with the de-
sired temperament, with minimum inconven-
ience. ‘

A further object is to provide a musical
system in which the pitch of the whole instru-
mentality may be raised or lowered to match
the range of singers being accompanied or
of instruments less flexible.

A further object is to provide a musical
system in which the temperament may be
modified from equal temperament to favor
any given key.
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Other objects of my invention are to pro-

‘vide an electric organ system which is totally

and absolutely independent of temperature
fluctuations which are so detrimental to the
usual organ utilizing pipes of either metal

" or wood, or other types, for reproducing the

notes. A <

Other objects of my invention are to pro-
vide an electric organ system in which the
objections of changes in pitch due to changes
in circuit characteristics are substantially
eliminated by the elimination of all oscilla-
tors or the like for producing the basic fre-
quencies in which temperature or supply
voltage changes produce changes in fre-
quency.

Still another object of my invention is
to utilize the various frequencies generated
for the various notes comprising the musical
scale in proper reduced intensity in order to
provide for the harmonics or partials accom-
panying any predetermined basic frequency.

Still another object of my invention is to
produce and provide an electric organ sys-
tem in which the usual space requirement for
setting up the arrangement is reduced to a
minimum by providing compactly arranged
switching and selecting circuits, together
with a minimum number of amplifiers and
associated standard frequency tone produc-
ers, and to eliminate totally the objectionably
large number of pipes used to produce the
desired sound effects.

Also as a further object and advantage
of my invention, I seek to provide an elec-
trical music system in which the usual blow-
ers, assuming the system is an organ, for pro-
ducing vibration in the organ pipes are elim-
inated by substitution of the tone generators
and coordinated loud speakers or other ap-
propriate sound reproducers. )

Still another object of my invention is
to provide an electric organ system in which
the mechanical driving means for the vari-
ous tone or note producers may be reduced
to a minimum.

Still other objects of my invention are to
provide an electric organ system such as is
relatively simple in its construction and ar-
rangement: to provide an electric tone pro-
ducing system which when once installed is
substantially free from the need of atten-
tion so far as tuning adjustments and the
like are concerned because of the substantial
independents of tone change with any change
in temperature; and to provide an electric
tone producing system which is efficient in
its use, compact in its arfangement, easy to
install, conveniently operated, substantially
fool-proof in operation, and readily set up.

Still other and further objects of my in-
vention will become apparent and at once
suggest themselves to those skilled in the art
to which the invention relates by making ref-

erence to the following specification and
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claims in connection with the accompanying
drawings, wherein : ‘

By way of diagrammatic illustration of a
ortion of my invention, I have illustrated
y Fig. 1 an arrangement consisting of three

keys of my organ and one amplifier associ-
ated therewith. In Fig. 1 of the drawings,
Fig. 1-A constitutes the upper left hand
corner of the drawing to the right hand por-
tion of which is attached Fig. 1-B; immedi-
ately below Fig. 1-A, the arrangement shown
by Fig. 1-C is to be connected ; to the right of
Fig. 1-C and beneath Fig. 1-B the portion
shown by Fig. 1-D is assumed to be con-
nected; and, the amplifying system shown
by Fig. 1-E is connected to the amplifying
connections from Fig. 1-D;

Fig. 2 illustrates a modification of the
means for producing varying tone effects
from that shown by Fig. 1-15:

Fig. 3 illustrates a modification of the
amplifying system (also assumed to connect

70

to the amplifying connections of Fig. 1-D)

from that illustrated by Fig. 1-E, to illus-
trate the application of alternating current
types of amplifying tubes to the system;

Fig. 4 illustrates a modification of the tone
producing arrangement from that shown by
Fig. 1-A, wherein Fig. 4-a illustrates a side
view of a single tone wheel and the signal or
tone pick-up mieans therefor, and Fig. 4-%
illustrates a top view of a similar tone wheel ;

Fig. 5 illustrates a complete assembly of
plurality of tone generating wheels in which
a turbine drive is used for rotating the tone
wheels, and with this an appropriate form of
speed governing means is illustrated ;

Fig. 6 illustrates a similar tone generator
wheel arrangement to that shown by Fig. 5,

but shows an electric drive as being sub- i

stituted for the turbine drive of Fig. 5; and,

Fig. 7 illustrates a preferred form of
synchronizing system for use in connection
with the tone generator wheel driving means
of Fig. 6.

In accordance with the arrangement here-
in set forth, and in order to accomplish the
purposes and objects of my invention by one
of many suitable arrangements, for the pur-
pose of diagrammatic illustration, a relay set-
up is used to show my invention. For con-
venience, the keyboard of the organ, usually
consisting of sixty-one separate notes, is
arbitrarily divided into two parts at middle
C at, for example, substantially 262 cycles,
upon the basis of middle A Leing at 440 ¢ycles
m the octave above this C. In accordance
with the present disclosure, three amplifiers
work from middle C downward and con-
stitute the left side of the system, as shown
in the drawings. In order to complete the
set-up, another set of three amplifiers works
for all of the notes on the keyboard from
the same middle C upwards, and are con-
nected in identical manner to that shown in

119
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the drawings, but have not been herein illus-
trated for the purpose of convenience.
Similarly, separate amplifiers are provided
for the purpose of reproducing the notes
s blayed by the organ foot pedals. The selec-
tion to be desired in an instrumentality of
this type may work, for example, in the fol-
lowing manner, although not necessarily
limited thereto. The first amplifier should
10 preferably always be set to work on the first
note struck on the left side, the second am-
plifier arranged to work with the second note
struck, and then the third amplifier to work
with the third note struclk. Ashasbeen above
15 stated, with the arrangement shown for the
purpose of illustrating my invention, onl
three notes played by each hand can simul-
taneously be accommodated in the amplifiers.
If two notes are to be struck simultaneously,
20 provision must be made for keying each of
these notes with a particular amplifier, and,
therefore, I have arbitrarily assumed that
the lower frequency note struck will play on
the first amplifier, and the next note struck,
25 that is, the note of higher frequency and
nearer towards the “C” note, which, as above
stated, was chosen as the dividing’ point, will
play on the second amplifier. Similarly, if
three separate notes are struck simultaneous-
30 ly, the third note towards “C” will play on the
third amplifier, with the first two playing
as previously stated.
or the right hand side of the system, not
illustrated, the selection, according to the
35 arbitrary system of operation to be herein
described, should work in exactly the opposite
direction; namely, if three notes are struck
simultaneously, the highest note struck or
the one furthest away from middle “C” will
play on the first amplifier on the right side,
the second one down toward “C” will play
on the second amplifier, and the third one
down toward “C” will play on the third am-
plifier. The purpose of the relays and am-
plifiers is thus seen to be that of selecting
and amplifying appropriately the given notes
desired, while the individual tones are pro-
duced extraneous to these arrangements.
Since in many cases it may be desirable to
play more than three notes near the center
of the keyboard, it is possible to “dovetail”
the left and.right hand relays so that each
set ove-laps and thus provides a means where-
bv the ertire number of notes to be played
simultaneously may be played within a close
range of frequencies or notes on the key-
Loard. In many cases, it is advisable to have
only a very few notes capable of being played
Ly amplifiers and reproducers coordinated
with the relays for each side or end of the
Leyboard. By this means the system may be
so interlocked that the last two or three notes
to the left and right of the keyboard may
_ be played only through a single reproducing
(> system, and thus conserve relays. Of course,
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under the last named condition, care should
be taken to make certain that it would never
be necessary to play more than one note at
a time at the ends of the keyboard, because,
if it were, one note would be “lost”, in the
sense that it would not be repreduced.

In order to produce these various tones, it
is, of course, possible to use several different
arrangements. For example, I may use,
where desired, air driven tuning forks, one
fork being provided for each note of the scale
desired. Air driven tuning forks are pre-
ferred to electrically driven forks for the
reason that there is a total freedom from sepa-
rate vacuum tube drives for each fork with
the consequent large amount of electrical cir-
cuits and energy. Of course, the forks may
be of either the steel or the quartz type since
in utilizing an air drive, it makes no differ-
ence whatever as to the particular type of
fork so far as convenience of driving the same
is concerned. ’

In another arrangement, I may, where de-
sired, use “tone wheels”; which consist of a
series of wheels each of which is provided
with teeth adapted to complete an electric
tone generation circuit either through elec-
tromagnetic or electrostatic means. The
number of teeth on each wheel is different
so that as the series of wheels is rotated the
progressive change in the number of teeth
gives the effect of the same notes in different
scales. To produce the other notes in each
scale and for the complete series of scales
similar sets of toothed wheels are used, or,
in other words, there are twelve different sets
of wheels to produce the tones correspond-
ing to the tones or semitones of the octave.
Now, to produce the different frequency notes
the corresponding wheels forming each com-
plete set may all be of the same number of
teeth and rotated at different speeds, or all
of different number of teeth and rotated at
the same speed. However, for convenience
of installation, the former has been found
more suitable.

Also, the various tones produced may be
produced by piezo-electric bodies, or, in fact,
all types of crystalline bodies which may be
caused to vibrate at constant frequencies.

In addition to.each of the types of tone
producers of constant frequency above set
forth, I may produce tones electrically with-
out the liability of distortion and noise by
providing photo cells and associating there-
with chopping disks interposed between the
source of the light directed to the photo cell
and the cell itself. In such a case, the chop-
ping disks may be provided with holes there-
through arranged about their outer margin
so as to interrupt periodically the light reach-
ing the cell at the frequency corresponding
to the note which is to be produced, for ex-
ample, of the general type shown by my
Patent No. 1,789,687, granted January 20,
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1931, 'With such an arrangement, it is, of
course, possible to use a single photo cell for
cach of the notes, and by properly arrang-
ing a plurality of sets of openings in the
light chopping disk in paths coneentric with
cach other (as’is also shown by said above
named application) cause each photo cell to
produce only an electrical output corre-
sponding to the exact frequencies desired, to-
zether with only the particular harmonics
which are to be coordinated therewith for
the purpose of rounding out the tone or
timbre produced from the particular note in
the individual speakers as they are succes-
sively coordinated therewith as each sepa-
rate key corresponding to each photo ceil
frequency is depressed on the keyboard,

In each of the above cases, it is the fre-
quency of the generated tone, and not the
sound itself, as for example the sound of
the vibrating forks, which controls the re-
produced tone output of the sound repro-
ducer connected with each of the amplifiers.

To refer now to the drawings forming a

5 part of this specification, a key I is shown

at the lower right hand corner of Fig, 1-C,
and this key, for example, may correspond
to the note “C” having a frequency o ap-
proximately 654 cycles. According to the
showing of the drawings, the keys I, 1T, I11,
etc. are each intended to represent one of the
plurality of keys of the usual organ console.
Beneath each key, in the usual manner of
connecting electric contacts, I have provided

S the switching contacts to be hereinafter de-

scribed. In this manner all of the switching
associated with the key for the purpose of
selectively keying the various amplifiers is
contained beneath the various keys and is
out of sight.

As shown by the accompanying diagram,
for example, the note “C”, wh'ch may be as-
sumed to be equal to 65.4 cycles, may be gen-
erated by means of a tuning fork 2 (Fig.
1-A). This fork 2 may be of either the steel
or quartz type and driven by air in any de-
sired and appropriate manner. for example,
in accordance with the principles shown and
described in United States Patent No. 1,831,-
638, granted on November 10, 1931 jointly to
me and to C. E. Nelson. Energy generated
through the ‘vibration of the fork may be
electromagnetically picked up through the
use of the horseshoe-shaped magnet 3 sur-
rounding the tine 4 of the fork and having a
coil of wire 5 surrounding the same. One
terminal of the coil 5 is preferably grounded
at 6 and the other terminal connected to a
terminal of the relay or selector system. as
will hereinafter be described. The function
of the key I is to supply positive current de-
rived from a source of energy connected to
the terminals 7 and 8 to the separate pa‘r of
wires 9 and 10 connected with the bank of re-
lays. These relays function to serve as a por-
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tion of a “selector system” to selectively key
the various amplifiers, to be hereinafter de-
scribed with the tone producers and those re-
lays associated with the key I are indicated
as Ry, Ryy, Ry and Ryy, in which, for conveni-
ence of reference, the last numeral of each
is a “17, while those associated with key II
are indicated with numerals ending m a
“27, ete. These contacts are then made by
depressing the key T and causing it to close
contacts 11 and 12 so that current from the
source 7 may be passed, for example, through
resistance 13, choke coil. 14, the resistor 15
through the contact arm 16, the contact 11,
the lower portion 17 of the key I and the coun.
ductor 9 to one of the armatures of the relay
systems R.;, R., and Ry, or, upon further
depression of the key, from the terminal 8 to
the choke 18, the terminal 19, the contact arm
20, the contact 12, the contact arm 21, through
to the conductor 10 connecting with one of
the various contact points hereinafter termed
the “keying contacts” and later described in
connection with the operation of the relays
Rii; Ray and Ry, Thus, as the key is de-
pressed current first flows through conductor
9 and later, as the key is further depressed,
current flows through the conductor 10 to the
“key'ng contacts” of the various relays.

The first horizontal row of relays R,, R,
and R, etc., are what will hereinafter be
termed “starting relays”, and are respectively
coordinated with the keys I, II, XTI, etc. These
relays act whenever a key associated with
the particular unit note is played, and their
purpose is to select one of the relays shown
n the vertical row of relays above each note
that is not otherwise “busy”, for the purpose
of transferring the tone to the amplifiers, as
will hereinafter be explained. For the pur-
pose of illustration, it will now be assumed
that key numbered I, assumed to correspond
to the note “C”, is the first key to be struck in
the system and that it alone is struck. Ac-
cording to the above outlined requirement, it
must, therefore, select the relay R,, as the
one that will place the required tones into
the first amplifier “A”, shown to the right of
this relay by Fig. 1—E, which will lead to
its particular loud speaker or tone reproduc-
er, not shown but which may be of any
known type, such as dynamic, magnetic or
electrostatic.

That this is done is seen by following di-
agram of connections from a view of Figs.
1—C, 1A, 1—D, and 1—E combined. Now,
assuming the key I to be depressed or closed,
current from the source connected at 7 and 8
flows through the lower portion 17 of the key
I through the conductor 9, the conductor 22
to the armature 212 of relay R,,, through
conductor 22’ to the armature 312 of relay
R.,, through conductor 22’* to the armature
412 of relay R,,, through conductor 28 and
thence back to the relay R,, which it operates,
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to close the several armatures thereof, and
then to ground at 24. The reiay R, is pref-
erably shunted by a capacity 25.
As'shown, all of the relays are indicated in
6 their “off” position and the relay coil R; op-
erates all of the armatures shown immediate-
ly to the right thereof, such as 26, 27, and
28; the relay R,, operates all of the arma-
tures shown immediately to the right there-
of, such as 211 through 219 inclusive, and
relays R., and R;, likewise elose all of the
armatures to the right thereof during perlods
when current is passed therethrough. As
the relay winding R, is energized, the arma-
tures 26, 27 and 28 are closed against the
contacts shown on Fig. 1—C as immediately
to the left thereof. As the armatures 26, 27
and 28 are closed, the only one of these which
has current on it is the armature 26, which is
because the relay R,,, as shown, is in what
may be termed a “spacing” position, and has
its armature 202 resting upon the contact to
the right thereof to supply positive current
from the positive source connected at 29,
through the conductor 30, the armature 202
and associated right side contact, the con-
ductor 31, the resistor 32 and the choke 33
to the armature 26. The purpose of the re-
sistance and choke is to keep the current wave
{ront to a gradual slope rather than to a steep
front, which would act to cause interference
on amplifiers that are already working. The
resistance and choke have, however, no fiine-
tion in the straight selection operation for
keying the different amplifiers as the tones
are selectively applied to the selector system.
Now, when the relay R, contact or arma-
ture 26 moves to the left so as to rest against
the left side contact point, positive current
coming from the source 29 through the arma-
ture 202 may be traced up directly to the right
side of relay R, through the armature 26 nnd
the conductor 34 so as to cause relay R, to
close all of its associated armatures upon the
left side contacts by reason of the current
flowing from source 29 through the relay R,
to ground at 35. This closing of all of the
armatures of relay R, to the left will then
cause the positive current coming from the
key I through the conductors 9 and 22 to
then flow through the relay R,, to control the
same directly without the intermediary of
the relay R,.
55 At the same time, the closure of relay Ry,
" will break the circuit previously described
through the right side contacts of armatures
212, 312, 412 of relays Ri;, R, and Ry, for
operating the relay R,, as the operating cur-
rent for the relay R; passed through the
conductor 22 upward through the armature
212 of relay Ry, and the right side contact
thereof, then through the conductor 22 and
the right side contact of the armature 312
€3 of relay R.,, the right side contact of the
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‘armature 412 of the relay R, and thence

down through the conductor 23 to the relay
R, to ground, when the armatures of relay
system R,, rested on the right side contacts,
or in their non-operating position, as shown.

Since in the operation of the relay R,, all
of the armatures are moved to the left, as
above described, the closure of the armature
211 upon the left side contacts opens the
ground circuit of all of the relays R,., R,
etc., to the right of relay Ry, which otherwise
passed through conductor 36", the choke 36
to ground at 35 so that now none of these re-
lays Riz, Ryg, ete. to the right of R,, can op-
erate no matter what other keys are de-
pressed, since the circuit connecting each of
these relays is now open. This effectively
prevents any other relay in line (horizontal
line as shown) with the relay R, such as
R.., R,s, ete. for example, from closing tone
currents into the amplifier system “A” to the
right thereof, and likewise fits in with the
previous stipulation set forth above in the
general statement of invention and objects
thereof that when more than one key is de-
pressed at a time, the amplifier “A” will be
worked only by the first note to the left of
middle “C” that is played.

Armature 211 Wgen actuated by relay
R,, to move to the left-side contact point
closes a circuit to ground at 35 through the
choke 36, the armature 211 and the left side
contact thereof through to the conductor 37
and thence through relay R,, to the positive 100
potential source 37, so as to close the arma-
tures 201 and 202 of the relay R,, over upon
contacts to the left from the position shown.
This actuation of the relay R,, and the move-
ment of the armatures 201 and 202 to the left 10
breaks the circuit from the positive potential
source connected at 29, through the armature
202, the contact to the right thereof, the con-
ductor 31, the resistor 32, the choke 33, the
conductor 38 to the armature 26 of relay R..
and thence through the right side contact of
armature 26 through the conductor 89 to the
armature 40 of relay R, and its right side
contact terminal, the conductor 41, the arma-
ture 42 of relay R, cnd its right side contact, 4,0
etc. This arrangement of cascading arma-
tures 26, 40, 42, ete. to the right of the relays
R, R., R,, etc., likewise carries out the pro-
vision set forth in the statement and objects
of invention that if more than one key is op-
erated at the same time, it will be the relay
to the left that carries forward its operation
first.

Likewise, when the relay R, operates, it
closes the armature 201 against the left side 395
contact thereof so that positive current from
the terminal 29 may flow through the con-
ductors 30 and 44 through the armature 302
in its position of rest against the right side
contact thereof (as shown by Fig. 1-A), and 130
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thence down through conductor 45 to resistor
46 and associated choke coil 47, conductor 48,
through to right side contacts of the arma-
tures 27, 50, 52, ete. through conductors 49,

51, 53, ete. respectively. This provides that

if key II, arranged similarly to key I and
connected to the conductors 54 and 55 is
closed or depressed, it will operate the relay
R. by causing current to flow from conductor
54, through armature 222 and its right side
contact of relay R,,, and from there through
conductor 56 through the right side contact
of armature 322 of relay R,., to conductor 57,
to the armature 422 of relay R,, from the
right side contact of which it flows through
conductor 58 to the winding of relay R,, and
thence to ground at 59, in a manner similar
to that hereinbefore described in connection
with the key I operating the relay R,.

Now, bearing in mind the fact that, as
above described, the relay R,, has been actu-
ated to move armatures 201 und 202 to the
left, so that positive current from source 29
can now flow through armature 302, con-
ductor 45, resistor 46, choke 47, conductor
48, armature 27 of relay R,, conductor 49 to
armature 50 of relay R., and that no current
from source 29 can flow through armature
202 of relay R,, to armatures 26 or 40 of
relays R, or R., and that relay R,, has not yvet
operated so that no current can flow toward
the armature 402 of relay Rs,, because arma-
forms a break in the
circuit, it follows that current from the
source connected at 29 may flow through
armature 50 of relay R,, ciosed now upon
its left side contact, through conductor 59
to actuate relay R,, by flowing through the
winding thereof, the conductor 60, the arma-
ture 311 of relay R,,, which rests upon the
right side contact, to the inductance 61 and
to ground at 62. Thus, it is apparent that
relay R., is operated in the same manner as
was relay R,, when the key I was depressed.
When relay R., operates, it clears relay R,
by breaking the circuit from the positive
source connected through key IT to conductor
54 by moving the armature 329 away from
the right side contact. Likewise, the closure
of relay R,, operates relay Ry, through the
movement of armature 321 to the left and
upon the left side contact thereof, so that a
circuit is closed from the source of positive
potential connected with relay R,, at termi-
nal 63; through the relay R.o; through con-
ductor 64 from relay R, to the left side
contact of armature 321; through armature
321 resting on the left side contact, and
thence through conductor 60, and induct-
ance 61 to ground at 62.

Thus, the operation of relay R., moves '

armatures 302 and 301 to the left and breaks
the circuit previously completed from source
connected at 29 through armature 302 to
armatures 27, 50, 52, etc. In a manner simj-
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lar to that above described for supplying cur-
rent to armatures 27, 50, 52, etc., when the
armatures 302 and 301 of relay R,, move to
the left so that armature 301 closes on its left
side contact current from the- source con.-
nected at 29 flows through the conductor 30,
the armature 201, the left side contact there-
of, the conductor 4+, the armature 301 and its
left side contact to the conductor 65, to the
armature 402 of relay R,, and its right side
contact to conductor 66, resistor 67, choke 68.
and conductor 69, to the armature 98 of relay
R, and the right side contact thereof, thence
to conductor 70, armature 71 of relay R; and
the right side contact thereof to conductor
72, to the armature 73 of the relay R, and
the right side contact thereof to operate one
of the various tone selecting relay systems
for the third key to the right that is pressed.

Assuming that key ITI is the third key to
be operated (which, of course, would prob-
ably not do for harmony, but’is illustrated
by way of example), then the relay R,, oper-
ates in like manner to the relays R,, and
R.2, and this in turn operates the relay R,,
through armature 431 and the loft side con-
tact thereof and conductor 76 which “clears”
the entire side of the system, as shown, and
prevents any other note playing until one of
these three notes represented by the keys I,
IT and IIT is released.

Now, to give a concrete example of this
illustration, it will be recalled from above
that the depression of key II caused the ac-
tion relay R, to move all armatures 40, 50
and 71 to the left. Then, with armature
50 moved upon its left side contact, and since
relay R,, was in “locked” position with its
armatures moved to the left, current flowed
from source 29 to actuate the relay R.,.
Then, as relay R.. was closed, the relay R,
was released, while relay R., was closed.
Under this condition the energy to keep relay
R.; closed was derived from the source (not
shown) connected with conductor 54 through
the depression of the key II, due to current
flowing from the positive source connected
with conductor 54 through depression of the
key, through the conductor 54, to the arma-
ture 329 of relay R., and thence through the
left side contact of armature 329 through the
relay winding R.., the conductor 60, and
choke 61 to ground at 62, Therefore, so long
as key IT is depressed, the relay R., must
remain in closed position.

However, as the key II is raised the cir-
cuit from the positive source connected
through conductor 54 and the armature 322
to ground is broken and relay R,, opens. As
relay R,, opens the armatures all move to the
right (to the position shown by the draw-
ings). As this happens, the circuit from the
positive source 63 connected to relay R,, and
to ground at 62 through armature 321 and
the left side contact thereof is broken and the
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%Jocking” relay R., also opens. When this
happens the armatures 301 4nd 302 move to
the right to the position shown by Fig. 1-A
of the drawings, and positive current will
now be supplied from the source connected
at 29 through armature 302 to the middle
armatures 27, 50, 52, etc. of relays Ry, R», R,
ete. :

In the operation previously described, the
only relays of the selector system which are
now assumed to be closed are relays R,, and
Rss, and these are kept closed due to the
depression of keys I and III. Thus, all of
the relays in a vertical line above the key 1I
are in “open” position. Likewise, this is
true of the corresponding relays associated
with all other keys in the left hand register
of the scale corresponding to other notes
(neither relays nor keys being shown due to
repetition of circuits), so that as any key
is depressed (of course excepting keys I and
111 already depressed) a circuit will be closed
to actuate relays R, or other similar relays
coordinated with the other keys.

As this happens and since current is sup-
plied to all of the middle armatures 27, 50,
52, etc., one of the keying relays in a hori-
zontal line with relay R, will be closed and
the relay R, will again be actuated, as be-
fore, so that an additional tone will be im-
pressed upon the amplifiers, as will herein-
after be described. , -

To show now how the selection system
would work if the order of depression of
the three keys illustrated by way of example
were changed, let it be supposed that key 111
is first depressed, then }l)iey I, and then
key II. Under such conditions, and in ac-
cordance with the above set forth descrip-
tion, selector relay R.s would first operate,
then relay R,, and then relay R.;. Thus, by
varying the order of depression of the various
keys the relay system which operates in the
vertical line above each key (as shown) for
selection purposes may be changed, and, ac-
cordinigly, as will hereinafter appear, the
amplifier coordinated with the particular
tone will be different. &

The purpose of the contacts or armatures
of the various relays which end in the nu-
meral “3” for each tone relay, such as 213,
323 and 433, for example, on relays Ri;, Ra.,
and R;; respectively, is to provide a charge
on the capacity elements 77, 81 and B85
through resistors 76, 80, and 84 and conduc-

tors 79, 83 and 87 so as to hold the relays

Ri1, Re. and Ry (assuming notes 1, IT and
IIT were played, as above described) closed
for a slight time interval after any of the
keys I, XII or III are released. The reason
for such an arrangement is to provide a
short time interval after release of the keys
for the remaining circuits to clear the tones
out of the amplifier before new tones pro-

o

duced by depressing other keys are im-
pressed upon the ihput to the amplifiers.

In addition to the armatures already men-
tioned as being associated with and forming
a part of all of the relays such at Ry, Ry,
R:z, Ras, ete., for example, there are six other
armatures provided on each keying relay.
Thus, relay R,;, for example, is provided
with additional armatures 214, 215, 216, 217,
218 and 219; relay R, is provided with addi-
tional armatures 3824, 325, 326, 327, 328, and
329, etc., and, upon current flowing through
the various relays, such as R, and Rs,, for
example, all of the last named armatures will
move to the left from the position shown by
the drawings so as to rest upon their asso-
ciated left side eontacts. Of these various
armatures, for purposes of identification as to
function, I have termed all of the armatures
ending in numerals “4, 5, 6, 7 or 8” the “tone
contacts” and all ending in the numeral “9”
as the “keying contacts”.

Each of the armatures identified as the
“tone contacts” is connected with one of the
particular tone generating elements, as, for
example, a tuning fork, asshown by Elig. 1-A,
In the arrangement shown, provision is
made for producing a resultant note in the
output of the amplifiers, to be hereinafter
described, which will be composed of the
basic or first partial fundamental frequency
of the note played and, in addition, four
other partials or harmonics. Thus, makin,
reference to the note “C” assumed to be playe
by depressing the key I, the note played will
include the tone produced by the vibration
of the fork 2, producing the fundamental;
the tone produced from the vibration of fork
88 as picﬁed up in the pick-up coil 92 ground-
ed at 96, similarly to the pick-up coil 5 of
fork 2, forms the next partial or first har-
monic for this note; the tone impressed upon

ick-up coil 93, grounded at 97, from the vi-

ration of fork 89 forms the succeeding par-
tial or second harmonic; likewise, the tone
picked up in the coil 94 rounded at 98, of
the fork 90 forms the fo lowing partial or
third harmonic; and, similarly, the upper-
most partial or harmonic used in the tone
production is produced in the coil 95, ground-
ed at 99, through vibration of the fork 91.

Confining the explanation.of the tone pro-
duction to the note corresponding to key I,
for example, the tones produced through the
vibration of forks 2, 88, 89, 90 and 91, as
tmpressed upon the pick-up coils 5, 92, 93, 94
and 95 are transferred to the terminals 100,
101, 102, 103, and 104 of the _gelector system
above the key I through conductors 105, 106,
107, 108 and 109 respectively. When the
tones from the various tone generators 2, 88,
89, 90 and 91, for example, are impressed
upon the terminals 100, 101, 102, 103 and 104,
they are simultaneously impressed upon the
particular armature of the various relays Ry,
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R,, and R,, coordinated and connected with
these terminals. Thus, through conductor
110, the tone applied to terminal 100 from
fork 2 is simultaneously applied to each of
the armatures 414, 314, and 214 of relays R,,,
R,; and Ry, respectively. In the event that
none of the relays R,;, R,, or Ry, are closed
(opposite position from that shown by Fig.
1) there is no place for the electrical ener "
generated by the fork to flow, because the
right side contacts upon which the armatures
414, 314 and 214 rest with the relays open are
blank, and, therefore, while the tone is gener-
ated, it is put to no useful purpose.

Similarly, tones produced by forks 88, 89,
90 and 91 are impressed upon contacts 101,
102,103 and 104 are directed through conduc-
tors 111, 112, 113 and 114 to the sets of relay
armatures 415, 315 and 215; 416, 316 and 216;
418, 318 and 218; and 417, 317 and 217 re-
spectively, all of which are also in “open”
position and resting upon the blank right side
contact unless a note 1s played.

As any one of the keys I, IT or 1II is de-
pressed, and assuming for purpose of illus-
tration that the key depressed is the key I,
the operation of which was first, described,
then, as has been above set forth, the relay
system R,; is actuated and all of the arma-
tures 211, 212, 213, 214, 215, 216, 217, 218 and
219 are closed so as to rest upon their left
side contacts (see Fig. 1—C). Under such
conditions, of course, due to the interlocking
feature hereinbefore described, it would be
impossible for the relays R,, or R, to close,
and, of course, when it is the tone from the
tone corresponding to the fundamental and
the chosen partials for the key I which is de-
sired, it is obvious that there would be no rea-
son for impressing these tones upon more
than one relay in the selector system.

Now, as the relay R,; has closed and tones
impressed from the forks coordinated with
the key I, as nbove described, are impressed
upon tﬁe armatures 214, 215, 216, 218 and 217,
a circuit will be completed through conduc-
tors 115, 116, 117, 118, and 119 connected re-
spectively to the left side contacts of the re-
lays 214, 215, 216, 217 and 218.

Each of the conductors 115, 116, 117, 118,
119 is connected to an amplifying system
designated as “A”, to be hereinafter de-
scribed. Similarly, if the relay system R,,
were closed, then the tones corresponding to
the note coordinated with the key I would be
impressed upon similar conductors 115°, 116”,
1177, 118" and 119’ through the armatures
314, 315, 316, 317 and 318, and, likewise, if it
were the relay R,, which were actuated in-
stead of the relai R,;,, the tones would be
impressed upon the conductors 115/, 116",
1177, 118" and 119" in a similar manner,
only in the latter two cases the conductors
connected to the armatures of the relays R,,
and R,, would be respectively coordinated

1,901,085

and connected with amplifying systems
designated as “B” and “C” respectively.

In this connection, it should be noted that
all of the relays in a horizontal line with
relays R,;, R, and R,, are coordinated with
the same amplifier. Thus, all relays in the
horizontal line with relay R,, are coordinated
with the amplifier “A”; those in the hori-
zontal line with rela’y R,, are coordinated
with the amplifier “B”; and those in the hori-
zontal line with relay R;, are coordinated
with the amplifier “C7”.

As the arrangement is shown, it appears
that each of the forks 2, 88, 89, 90 and 91 are
used only for supplying the fundamental and
partials for the key I, but this is merely for
convenience of illustration, since it should
be borne in mind that while the fork 2 fur-
nishes the fundamental for the note corre-
sponding to the key I, it may also furnish
one of the partials for some other note co-
ordinated with any other key, and, similarly,
to consider the fork 89, for example, this
fork is indicated as generating the second
partial of the fundamental shown coordinat-
ed with the key I, but likewise this fork hav-
ing a predetermined output frequency may
furnish the fundamental for some other note
coordinated with any other particular key
chosen, and at the same time, may also fur-
nish one of the partials for some other key.
Therefore, by a careful analysis of each tone
comprising the usual sixty-one tones or more
notes of the organ keyboard, it is possible to
so coordinate each of the different tone gener-
ators as to have them function both as gener-
ators of the basic or fundamental frequency
for the particular notes and also as generators
for the harmonics or partials coordinated
with various other notes.

Thus, for example, it might be possible to
also connect the pick-up coil 93 of the fork
89 through the conductor 107 with another
terminal such as 130, for example, connected
with the key III so that in this case the fork
89 would furnish the fundamental tone for
this key. This illustration is given merely
by way of example and not in any limiting
sense so that the application of the inven-
tion will be more readily understood, but it
should be further understood that in an ar-
rangement of the type which I have devised
and developed, there will be a fundamental
(a first partial) and four other partials for
each note and that there will be provided
in the system tuning forks or other tone gen-
erators of an appropriate number, so that all
of these fundamentals and partials may be
produced.

Under such conditions, and assuming that
relay R, is closed due to the depression of the
key I, the tones impressed thereon from the
tone generators will pass as electric currents
along the conductors 115,116, 117,118 and 119
to one of the amplifiers, such as amplifier
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®AY, to be described. The currents flowing
in the conductors are impressed on the pri-
mary windings of the audio transformers
140, 141, 142, 143, 144 and 145 through re-
6 sistors, which may be, for example, 1n the
" form of potentiometers 146, 147, 148,149 and
150. Thus, current corresponding to each
partial and the fundamental flows from one
side of each potentiometer through a con-
10 ductor 151 to %‘ound at 152 to complete the
- tone circuit. Here it should be noted that
the fundamental tone coming from the fork
2 as a tone producer and through conductor
115 is applied to the primary winding of both
18 of transformers 140 and 141, being impressed
directly on transformer 140 and through the
potentiometer 146 ox transformer 141. This
serves to provide for better regulation of the
_fundamental tone than if it were supplied
20 {0 only a single amplifying tube.
The secondary of each of the transformers
140, 141, 142, 143, 144 and 145 is connected
to vacuum tube amplifiers 153, 154, 155, 156,
157 and 158 respectively of the triode type
25 (for example in D. C. installations, a tube
of the type known in the art as the
UX-207-A). The grid electrode of each
tube is supplied an appropriate bias poten-
tial from a bias battery 159. One side of the
30 flament member (preferably the negative)
of each amplifying tube is grounded at 160
through a conductor 161. Appropriate fila-
ment current is supplied to each tube from
a positive source connected at 162 and is pref-
erably regulated independently for each tube
by means of the usual filament Theostat 163.
Plate current from a source of positive poten-
tial connected at 164 is supplied through the
 choke 165 to conductor 166 and thence
.40 through conductor 167 to the plate electrode
of all the aforementioned tubes, which, as is
“readily seen, are connected with their outputs
in parallel.
In well kiown manner, the tones impressed
upon each of the amplifiers 153, 154, 155, 156,
157, and 158 are amplified and impressed, due
- to the parallelly connected outputs through
conductors 167 and 166 and capacity 168 upon
the primar{ winding 169 of the transformer
170, from t
the energy is directed to a pair of push-pull
connected amplifiers 172 and 173. The push-
pull connected amplifiers 172 and 173 have
their . %‘rid electrodes appropriately biased
through a biasing battery 174, and one side
of the filament of each tube is grounded at
175. To the other side of the filament appro-
priate filament current is supplied from a
source connected at 176 in a manner to be here-
inafter described. :

45

50

Thus, it is seen that as tones corresponding.

to the tone frequencies of the separate sources
producing the fundamental and accompany-
ing partials of the notes which it is desired to
85 reproduce are impressed upon the amplifiers

‘carried over

‘and the armature 202 to the rela

e secondary circuit 171 of which P
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153, 154, 155, 156, 157 and 158, and are then
through the transformer 170 to
be impressed upon the amplifiers 172 and 178,
it is necessary to provide some means for key-
ing these amplifiers as the tones are impressed.
Accordingly, I have provided a means by
which the amplifiers 172 and 173 may be
keyed through their plate circuits.

o refer back to the relay system Ry, and
the armatures associated therewith, it should
be understood that as the relay is actuated, the
armature 219 closes (of course assuming that
note “I” is played) and current from the
source 8 may then flow through the choke 18,
the terminal 19, the contact arm 20, contact 12,
the contact arm 21 on the key I, the conduc-
tor 10, the left-side contact of the armature
219 and the conductor 177 to the terminal 178
where it passes through the conductor 179, the
armature 202 of the relay R.o, through the
right side contact 180 of the armature 202 and
the conductor 181 down through the relay
R,, to ground at 182. Thus, seen that as
current flows through the armature 219, it is
the current flowing causes the relay R., to op-
erate. As the relay R, operates so gs to.move
the armatures 201, 202 and 203 to the left, the
circuit connection through the con‘duct%r 179

40 1S
broken. Current is now adapted to flow from
the same source 8 through the same conduc-
tors previously described to the terminal 178,
and, due to the open circuit through the con-
ductor 179, current now flows through the re-
sistor 183, (which had previously been short-
circuited i)y the conductor 179), and the con-
ductor 181 so as to keep the relay Ry, in closed
position against the left side contacts. Due
to the drop in voltage of the current passing
through the resistor 183, the current now op-
erating to keep the relay in closed position

‘merely serves as a holding current and barely

holds the relay armatures open and away
from their right side contacts.

Asthe relay R, is actuated by current flow-
ing through the conductor 177, and either
through the armature 202 for initial closure

-or through the resistor 183 for holding, the

armature 203 is moved to the left from the
osition shown in the drawings. Under such
conditions plate current from the source con-
niected at 184 may then flow through the con-
ductor 185, the left side contact 186, through
the armature 203 and the conductor 188 to a
terminal point 189 connected between a pair
of resistors 190 and 191, and flows through the

‘resistor 190 and the choke 192 to the mid-

point 198 of the primary winding 194 of the
transformer 195. The current reaching the
point 193 then divides through each half of
the primary winding 194 to furnish plate cur-
rent for the tubes 172 and 178. '
Tt should be noted that the relay Ry, has in-
shunt therewith a capacity element 196 for
the purpose of reducing any sparking effect.
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Also, a capacity element 197 is placed in shunt
with the series connected resistors 191, 190
and the choke 192 for the purpose of smooth-
ing out the plate current to reduce the steep-
ness of the current wave front. This tends to
reduce any possible key thumps. Likewise,
with the vacuum tube amplifiers 172 and 173
connected in push-pull fashion, as shown, the
thump will be materially reduced if the tubes,
which may, for example, be of the type known
in the art as the UX—120, are, for this action,
carefully matched as to their operating char-
acteristics.

When the relay R,, 1gain opens due to the
key I being raised, due ‘o a release of pressure
thereon for exampl~ current supplied from
the source 8 to actuate or hold the relay in
open position is cut off and a short circuit is
placed about the resistor 191 by the closure of
the amarture 203 upon the right side contact,
187. At the same time plate current from
the source connected to 184 is cut off from the
amplifiers 172 and 173. With the armature
203 resting against the right side contact 187
of the relay R,, so as to short circuit the re-
sistor 191, the tube plate current is reduced to
zero much more quickly than would otherwise
be the case because this arrangement provides
a connection between the resistor 190 and
ground at 240 through the conductor 210,

With plate current supplied to the tubes
172 and 173, as the various keys which are to
be coordinated with this amplifier are played,
1t is apparent that current will flow through
these tubes and through the transformer 195
from which it may “be impressed upon the
transformer secondary 198 and further am-
plified through the tubes 199 and 200. The
grid electrodes of the tubes 199 and 200 are
appropriately biased from a source 204 con-
nected to a point on the resistor 205. A ca-
pacity element 206 having one terminal there-
of connect to one end of the resistor 205 and
the other connect to a point on the filament
rheostat 207 shunts the resistor and a part of
the filament rheostat. Filament current is
supplied to these tubes in any appropriate
manner from a source of filament potential
connected at 208, for example, and grounded
from the other side of the filament at 209,

The output energy from the push-pull con-
nected tubes 199 and 200, which may be, for
example, of the type known in the art as the

UX—842, is then fed through conductors 241

and 242 to the primary winding 243 of the
transformer 244 to which plate current is sup-
plied at the mid-point of the primary from a
source of plate potential connected at 245, for
example. As current flows through the trans-
former 244, electrical energy is then trans-
ferred to the transformer secondary winding
246 to actiiate a loud speaker system (not
shown) connected to the t{erminals 247 and
248. :
In order to produce the tremolo effect pre-
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viously outlined in connection with the state-
ment and objects of invention, among the va-
rious systems which may be used, it %as been
found convenient to provide a system for cy-
clically and continuously changing the fila-
ment current supplied to the amplifiers 172
and 173 for the purpose of controlling the
electronic emission thereof and thus changing
the amplifying characteristics of the tube so
as to increase and/or decrease the output
thereof, or, in other words, increase and/or
decrease the input to the coordinated sound
reproducer according to a predetermined
schedule. Of course, other embodiments may
be found suitable for producing this tremolo
effect, and while I herein describe one means
by which this may be accomplished, I believe
myself to be entitled to make and use any
and all modifications such as fall fairly with-
in the scope of the present scheme, which
might, for example, be done by variations in
grid control bias current, by appropriately
varying the plate supply energy, or by inter-
ruption of keying, and the like, where de-
sired.

As above stated, filament current is sup-
plied to the filaments of the tubes 172 and
173 from a source connected at 176, for ex-
ample, and this current may then flow
through the conductor 249, the choke 250, the
switch 251 (assuming the switch to be in
closed position) and the conductor 252 to the
connection 253 to the filament. In such case,
with the switch 251 closed there would be a
steady flow of current to the filament from
the source 176 which might be smoothed by
the choke 250, but with the switch 251 ar-
ranged in the open position, as shown, then
current from the source connected at 176 may
flow to the terminal 254 to which a pair of
conductors 255 and 256 are connected. The
conductors 255 and 256 are then each ar-
ranged through appropriate brushes to bear
against the surface of a commutator, dia-

rammatically shown as 257, which is rotated
%y any appropriate constant speed device,
and which has thereon a conducting segment
258 and a non-conducting segment,259, each
occupying one half the surface of the com-
mutator.

Also connected to the commutator is a sec-
ond pair of conductors 260 and 261 between
which is a resistor 262. The conductor 261
then connects to a terminal 263 so as to sup-
ply filament current to the conductor 252
Thus, for example, in the position in which
the commutator is shown, current from the
source connected at 176 may flow through the
conductor 249, the choke 250, the terminal 254,
the conductor 256 to the conducting portion
258 of the armature and then to the conduc-
tor 260, the resistor 262 and the conductor 261
through the terminal 263 and conductor 252 to
the point of connection 253 to the filament of
the tube 172. Due to the filament supply
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current flowing through the resistor 262, there
is a decrease In the voltage of the filament
supply, and thus the tube functions with
decreased output. However,now assume that
the commutator 257 has rotated through 90°
from the position shown, so that the condue-
tor 256 still bears upon the conducting seg-
ment 258 of the commutator tut so that the
conductor 260 will then rest upon an insulat-
ing portion of the commutator. For this
position of the commutator, the conductor
961 will also rest upon the conducting seg-
ment of the commutator so that current may
then flow from the source of filament current
connected at 176 through the conductor 156
and the conducting segment 258 of the com-
mutator through the conductor 261 and
thence to the filaments of the tubes 172 and
178. 'Thus, an arrangement has been pro-
vided whereby the resistor 262 has been short
circuited, and by which there is an increase
in the voltage supplied to the filament elec-
trode to change the amplifying characteris-
tics of the tube from the previously explained

3 characteristics so that the output energy be-

comes greater. This cyclic rising and falling
of the tube output at a sub-audible rate, de-
terminable by the speed of rotation of the
commutator 257, produces the same effect as
the usual type of tremolo on an organ, and
when it is desired to utilize the tremolo, the
only thing necessary to accomplish this result
is to open the switch 251 connected with each
of the amplifiers A, B or C, or other ampli-
fiers, not shown, which are connected with
the notes which may be placed by thé right
hand or by the feet, as the case may be.

Since in many cases it is desirable to pro-
vide different tremolo effects on different am-

> plifiers, I may, where desirable, arrange the

tremolos so that the speed of rotation of the
commutator 257 is different for different am-
plifiers. In this manner the tremolo may be
made more rapid for certain notes, say, for
igher frequency notes, than
for other notes.

In connection with the various figures of
the drawings herein illsutrated, it should be
noted that all of the ground connections are
similar and that all sources of current have
the positive side thereof connected to operate
the various relays, or filaments, or the like,
and that the other side, or the negative side
thereof, is connected to ground. Thus all cir-
cuits of the filaments, the relays, the pick-
ups from the forks and the like, are completed
through similar ground connections, which
have bzen, for the sake of simplifying the il-
Justration, shown as separate and independ-
ent ground connections. This system, in the
form illustrated, therefore, functions as a sin-
gle wire system with ground return. This
has proven practicable by using very low im-
pedance circuits of the order of 200 to 300
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ohms. It is also practicable due to the fact
that no current except desired currents are
ever flowing.

Also, in connection with the illustration of
Fig. 1—E, for example, I have shown the
“stop effects” or “quality effects” as being pro-
duced by means of potentiometers 146, 147,
148, 149 'and 150, but I wish it to be distinetly
understood that this is shown merely by way
of example and for illustrating a simple
means by which this may be accomplished.
For instance, where desired, I may provids
a master switch arrangement, link motion, or
a slide motion, or the like, so as to change the
position of the contact on the various po-
tentiometers, and thus change the ratio of
intensity of the fundamental to any of the
chosen partials, or I may completely eliminate
some of the partials while increasing the in-
tensity of others, or I may make the intensities
of all partials equal depending, of course,
upon the tone quality to ge produced.

However, for purpose of convenience, I
have chosen to provide a system by which the
various “stop effects” may be produced in-
stantaneously, and this I may do by connect-
ing in the circuit of the primary windings of
the various transformers 141,142, 143,144 and
145 a set of series and parallelly connected re-
sistors, each provided with a switch for op-
erating the same, as is shown more particular-
ly by Fig. 2. Under this condition, tones
impressed upon any one of the systems of
which, for illustration purposes, I have
merely assumed that the fundamental is be-
ing impressed without any of the harmonics
over the conductor 115, I may connect there-
to a plurality of resistance elements 664, 665,
666, 667, 668, etc., and by means of switches
669, 670, 671, 672 and 673 connect these re-
sistors in series with the primary circuit of
the transformer 141. Also, to correspond to
the lower half of the potentiometer 146,
shown by Fig. 1—E, which is in parallel with
the transformer primary, I connect resistors
674, 675, 676, 677 and 678, and connect these
all to & common conductor 679 in a manner
similar to that in which the series resistors
connect to the conductor 115 and the switches
connect to the conductor 680. Similarly to
the showing in connection with Fig. 1—E,
where the fundamental and its chosen har-
monics or partials was supplied to the pri-
mary of the transformer 141, with the in-
tensity of the various harmonics or partials
appropriately governed, I have grounded the
primary of transformer 141 at 252.

Suppose now, for example, that it is de-
sired to produce tones corresponding to vio-
lins, flutes, a wood wind effect, bells, reeds,
etc., it is possible by a study of the intensity
of the partials or harmonics with respect
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for example, closing the switch 669, I may
produce a resistance value for all of the va-
rious partials and fundamentals such that a
violin tone will be produced in the output of
the loud speaker or sound reproducer con-
nected with the output of the amplifiers 199
and 200, whereas, if a wood tone effect was
desired, the only switch which would be closed
might be, for example, the switch 672, so that
the condition of series and parallel resistors
associated with the transformer connected
with the amplifiers would hold, as illustrated
in connection with Fig. 1—E. .

Such an arrangement as is shown by Fig.
2 provides a much simpler set-up than that
of Fig. 1 where it is necessary to change
each resistance by a different amount, since
it is readily conceivable that where the re-
sistance value necessary to cause the third
partial or harmonic, for example, to produce
a wood wind effect would be of a different

-ratio than that of the fourth partial or har-

monic to produce a different effect, where-
as it might possibly be the case that in order
to produce another effect, such as a trumpet
effect, the intensity of the third and fourth
partial or harmonic might be equal, al-
though these assumptions are merely by way
of example and illustration of the principle
of operation and are not intended to convey
any limitations or assurances that such is ac-
tually the case. By using an arrangement of
the type last described, where there are a
plurality of series and parallel resistors, it
1s possible to coordinate with each stop all of
the resistors corresponding to all of the va-
rious partials or harmonics, and thus by clos-
ing one switch in each amplifying circuit all
of the like switches may be closed through an
appropriate form of master switch. If it
were assumed that a similar arrangement to
that shown by Fig. 2 were connected with
the conductors 116, 117, 118 and 119 so that
there would be then a plurality of series and

arallel resistors for each of these conductors,
1t is possible to regulate the values of the
resistors 664 through 668, and 674 through
678, for example, to provide values such as
will represent all tones desired.

Also, in connection with an apparatus of
the type which has herein been disclosed, it
is possible to arrange the system so that each
of the amplifiers may produce a different ef-
fect than the other, that is, one amplifier
might always be arranged to represent a vio-
lin effect, supposing, for example, that the
highest note were an obligato part, then the
lowest note might always represent a drum,
for example. Thus, unusual effects may be ob-
tained with minimum inconvenience. In such
a case, the particular note which is to be
carried by a particular amplifier may, how-
ever, be manually coordinated with the chosen
amplifier by regulating the order in which
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the chosen note is played with respect to the
other notes.

By the arrangement of Fig. 1—E, I have
herein disclosed my electric organ system as
applicable to tubes of the direct current type,
but it should be understood that the appli-
cation is equally as simple in connection with
tubes of the alternating current type which
derive their plate current through appro-
priate rectifiers, and in which the filaments
are lit or heated through the use of raw A. C.,
as is shown by Fig. 3.

Further, in connection with the arrange-
ment herein shown, it should be understood
that in practice it is advisable to shunt each
of the relays with a capacity element, such
as the capacity 281 in series with the cholke
36 and around the relay R,,, so as to reduce
the relay ley clicks from the relay, and, like-
wise, to delay the action of the relay R,, open-
ing, as was the condenser 77, so that the key-
ing relay on the amplifier, as has been shown
at R, may have time to open and shut off
the amplifier completely before the relay R,
opens. Otherwise, the tone currents when
they are broken at the contacts 214 through
218 inclusive, for example, will give a scratch-
ing noise due to the fact that the contacts
do not break cleanly. Therefore, by the ac-
companying diagram, I have shown various
capacities shunting all of the various relay
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and the like and reducing sparking to a ma-
terial extent, such as, for example, by the
capacities 282 shown shunting the relay sys-
tems R,,, Rio, and R,.

To refer now to the showing of Fig. 3
wherein an amplifier of the A. C. type is as-
sumed to be substituted for the amplifier of
Fig. 1—E, the tones, generated by the tone
generators of Figs. 1—A, 4—a, 4—2, 5, or 6,
as impressed upon the conductors 115, 116,
117,118 and 119 are directed in a similar man-
ner to that shown by Fig. 1—E through ap-
propriate potentiometers 146, 147, 148, 149
and 150 which have one portion thereof in
series with the primary winding of the trans-
formers 141, 142, 143, 144 and 145, and the
other portion thereof in parallel therewith.
In a similar manner to that described in con-
nection with Fig. 1—E, the tone impulses
as supplied through the potentiometers to
the various transformers 140 to 145 inclusive
are transferred through the secondarv wind-
ings thereof to the grid circuits of a plurality
of amplifiers 266 to 271 inclusive, each of
which have their grid electrodes connected to
one terminal of the secondary of one of the
transformer secondaries. The other terminal
of each of the transformers is connected to
ground as at 265, and also to appropriate grid
stabilizing resistors 264, which also connect to
the grid electrodes of the several tubes. The
amplifying tubes 266, 267, 268, 269, 270 and
271 may be of the alternating current type,
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for example, those commonly known in the
art as the UY—227 type, which have their
filaments heated in any preferred and de-
sired manner from a source of 60 cycle A.C.
at approximately 215 volts (not shown for
convenience of illustration).

The plate electrodes of all of the various
tubes 266 through 271 inclusive are connected
in parallel, and shunting the plate and cath-
ode elements of all tubes is a capacity element
2792 for the purpose of by-passing radio fre-
quencies, should any such frequencies arise
in the output of the amplifiers which might
affect the entire audio frequency amplifying
system. Asis common with most amplifying
set-ups using the alternating current type of
tube for amplifiers, a suitable source of plate
botential is derived after rectifying alternat-
ing currents in any appropriate manner by
connecting the rectified potential to appro-
priate voltage to the terminal 273 and passing
the said voltage through an appropriate filter

. choke 274, which is shunted by capacity ele-
_ments 275 to ground at 276, so that the recti-
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fied current, smoothed in appropriate manner
by means of the choke and condenser filter,
is passed through the conductor 292 and the
choke 293 to the plate electrodes of all of the
various tubes. Also, connected: to the con-
ductor 292 at the end thereof toward ground
at 279, T provide resistors 277, 278, and it is
preferably between these two resistors that
I connect the cathode elements of all of the
various amplifying tubes. In parallel with
the resistor element 278 connected to ground
at 279, I have provided the capacity element
990 which connects on one side to all of the
various cathode elements of the amplifiers,
and on the other side to ground at 291, for
the purpose of forming a by-pass connection
to ground. By means of the resistor element
978, there is produced a potential difference
between the cathode and grid electrodes of
all of the various amplifying tubes, because
ofthefactthat the cathodes connect to ground
at 279 through the resistance, and the tube
grid electrodes ¢onnect to ground through the
transformer secondaries and the ground con-
nection 265,

Tn the output circuit of the various am-
plifiers 266 through 271 inclusive, I have pro-
vided a trap circuit including the capacity

‘element 294, and the primary winding of the

audio frequency -transformer 296, which is
shunted by a resistor element 295, for the pur-

pose of transferring to the secondary circuit -

of the transformer 296 the combined output
of all of the various amplifiers 266 through
971 inclusive as determined by the tones im-
pressed thereon, as hereinbefore described,
especially with regard to the similar arrange-
ment of Fig. 1—E. - :
Connected with the secondary of the trans-
former 296 and in shunt therewith is a sta-

85 bilizing resistor element 297. An additional
9
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id leak resistor element 297 is provided
or the purpose of maintaining suitable grid
bias potential on the grid electrodes of the
amplifiers 29& and 299 which are connected
in well-known push-pull fashion in a sim-
ilar manner to the amplifiers 172 and 173 of
Fig. 1—E. In connection with the ampli-
fiers 298 and 299, I have again chosen to
provide the usual A. C. type of amplifier,
preferably of that type commonly known
in the art as the |
current for heating the heater elements
thereof in any appropriate and desired man-
ner (not shown). The cathode members of
these two amplifiers are connected to the cen-
ter tap of the secondary of the transformer
296 through a capacity element and resistor
to ground in well known manner, and also
through a conductor 356 to a point on the
input supply for producing a relative poten-
tial difference between the cathode and the
grid electrodes. '
In order to supply plate potential to the
amplifiers 298 and 299 for the purpose of
keying, as was described in connection wit
Fig. I—A, with the description of the key-
ing of the amplifiers 172 and 173, I have pro-
vided a keying means somewhat similar to
that of Fig. 1—E. As was above described,
when the iey corresponding to the note to
be played is completely depressed, a second
contact underneath the key is closed so as to
supply current from the source connected to
the terminal 8 (Fig. 1—C) which, when the
relay system Ry, for example, is closed will
then supply current through the armature
919 to the conductor 177. The conductor 177,
as above described, is adapted to furnish the
keying current for the amplifier, and, as was
above set forth in connection with the opera-
tion of the relay R.,, as current is applied to
the conductor 177 due to the operation of
the key re%resenting the note to be played,
the relay R, connected to ground at 182,
similar to the relay Ry, is adapted to be
actuated so as to close the armature 300 to
the left from the position shown so as to
control the plate potential on the amplifiers
998 and 299. In the position in which the
relay armature 300 is shown by Fig. 3, that
is, against the right side contact, it is seen
that plate potential may be supplied to the
amplifiers 298 and 299 through each half of
the primary winding of the transformer 351,
the choke 352, the resistor 353, the armature
300, the choke 354, and the conductors 855
“and 856 which are connected to a point 357
on the resistor element 358. This resistor
element 358 shunts the source of plate poten-
tial supply which, according to the examgle
illustrated, may be 600 volts, so that under
this condition the potential at 357 will be 600
volts less the drop across resistor 358. The
source of plate potential supply is derived
from any appropriate and suitable form of

UY—227, and have supplied
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rectifying means (not shown) having its
output connected to the terminals 360 and
361. Under conditions where the amplifier
plate potentials are taken from point 357 on
resistor 358, as above, it is found that since
there is no potential difference at this point
between the cathode and plate electrodgs of
tubes 298 and 299, there is no response there-
from. Therefore, there is no output cur-
rent flowing from amplifiers 298 and 299
during periods when the relay R,; is in an
open state with the armature 300 resting
upon its right side contact (as shown) ad-
jacent the choke 854. Thus, there can be no
response from a coordjhated sound repro-
ducer in the absence of'any keying of tones
to be reproduced.

However, as a note on the musical system -

is played so as to cause current to flow
through the conductor 177, the relay R,, is
actuated to cause the armature 300 to move
to the left from the position shown. Now,
plate potential may be supplied to the am-
plifiers 298 and 299 through the primary
winding of the transformer 351, the choke
352, the resistor 353, the armature 300, the
choke 363 and the conductor 364 which con-
nects to a point 365 on the regulating resistor
359, also connected across the source of plate
supply connected at 360 and 361. Under
such conditions, one complete amplifying
system which is selected by the selector sys-
tem, hereinbefore described, may be keyed
by the depression of any individual Key,
since the plate potential now supplied to the
amplifiers 298 and 299 is of sufficient value
to produce an output current flowing through
the tubes when signals are impressed upon
the amplifiers 266 through 271 inclusive so
as to be transferred through the transformer
296 to the input circuits of these amplifiers.
As signals flow through the output circuit
of the amplifiers 298 and 299, they are trans-
ferred through the transformer 351 so as to
be fed from the secondary circuit thereof to
the input cireuit of ampﬁﬁers 366 and 367,
also connected in push-pull fashion. The
amplifiers 366 and 367 are adapted to have
a greater flow of plate current than the am-
Eliﬁers 298 and 299, and may, where desired,
e of the type tubes commonly known in the
art as the UX—245, although other types of
tubes may be found suitable and appropriate.
The amplifiers 366 and 367, when of the type
known in the art as the UX—245, are adapt-
ed to have a high plate potential which may
be supplied directly from the source of posi-
tive potential connected to the terminal 360,
and connected to the plate electrodes of the
amplifier through the choke 369 and either
half of the primary winding of the trans-
former 370.
As was disclosed in connection with Fig.
1—E, signals flowing in the output circuit

1,801,985

represented by the amplifiers 366 and 867,
are adapted to be transferred through the
transformer 370 so as to actuate a sound re-
producing or a loud speaker system (not
shown, but preferably of the above identi-
fied type) connected to the terminals 371 and
872, which are in turn connected to the sec-
ondary windings of the transformer 370.
Thus, signals impressed upon the conductors
115 through 119 mclusive are adapted to pro-
duce tones in the speaker unit connected to
the terminals 371 and 372 in the same manner
that signals impressed upon the same con-
ductors were adapted to produce tones in the
speaker unit connected to the terminals 247
and 248 in connection with the D. C. set-up
shown by Fig. 1—E.

In connection with the showing of Fig.
1—E, I disclose a suitable method and means
by which the well-known tremolo effect may
be produced in connection with the amplifier
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therein shown. However, in accordance with

the A. C. type of set-up as is shown by Fig.
3, it is possible to resort to a slightly different
form of arrangement in order to accomplish
the same effect. Accordingly, by the showing
of Fig. 3, there is a modified form of tremolo
in which the main purpose, as will herein-
after appear, will be to function as a sort of
“robber” arrangement whereby the strength
of the plate current flowing in the output
circuit of the amplifiers 298 and 299 may
be appropriately regulated and controlled in
a cyclic manner and at a sub-audible rate so
as to vary the tremolo strength between two
predetermined limits of effective output en-
ergy from the amplifier or effective input en-
ergy to the sound reproducers.

In order to connect the tremolo with the
amplifying system including the ush-pull
tubes 298 and 299, I have prcvidedp a switch
374 connected with the conductor 373 which
is associated with the plate current supply
for these tubes by connecting the same ?ye-
tween the resistor 353 and the choke 852.
When it is desired to connect the tremolo ap-
paratus with the amplifiers, the switch 374
may be closed, and simultaneously therewith
the switch 875 connected in the input circuit
of the motor 378 should be closed. The input
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circuit of the motor 378 has alternating cur- .

rent voltsfe of approximately 110 volts (the
common A. C. supply) connected to the ter-
minals 876 and 377, so that the motor begins
to turn when the switch 375 is closed, and
simultaneously therewith a commutating sys-
tem 390 is rotated in the direction shown by
the arrow at a speed corresponding to the rate
of change of the effective energy from the

amplifier between the two above named pre-

determined limits. However, where desired,
and where the loss of energy due to the con-
tinual running of the motor is without objec-
tion, the switches 374 and 375 may be closed
at all times and the tremolo effect appropri-
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ately controlled in a manner as will herein-
after appear; so that the tremolo may be “on”
or “off” at the will of the operator. The ter-
minal of the switch 874 connected at one ter-
minal with the conductor 373 is adapted to be
connected at its other terminal with a brush
379 contacting with one of the three sections
of the commutating system 390. To the out-
side segment of the commutating system 390
is connected a second brush 380 which,
through conductor 381, connects to the plate
electrode of a tube, which I will hereinafter
term the “robber tube”, for the purpose of
regulating the tremolo. While not shown for
convenience of illustration, the multi-ring
commutator 390 may be provided with one
ring, for example, the ring to which the
brush 379 is connected, which is a solid con-
ducting ring, and the other rings of which
are part conducting and 1(;atrt non-conducting,
such, for example, that the middle ring there-
of is provided with, for example, two con-
ducting and two non-conducting segments,
while the outside ring thereof, to which the
brush 380 is connected, is provided with four
conducting and four non-conducting seg-
ments. Thus, if the conducting segments of
all portions of the commutator are connected
and the non-conducting segments are formed
by providing recesses in the cylindrical com-
mutator and filling these recesses with insu-
lating material, the brushes 379 and 380 are
at certain periods of time both resting on
conducting segments, while at other periods
of time the brush 380 is resting upon & non-
conducting segment. Thus, the current flow-
ing in the output circuit of the tube 382 is
cyclically interrupted at a predetermined and
desired rate. For example, where the brush
380 rests upon a commutator ring provided
with the larger number of conducting and
non-conducting segments, the plate circuit
of tube 882 is opened and closed at a more
rapid rate than when the brush 380 is resting
on the middle segment of the commutator
provided with a lesser number of conducting
and non-conducting segments. The rate of
the tremolo is thus controllable.

Plate current for the tube 382 is supplied
from the source of potential connected to the
terminals 360 and 361 and flows through the
portion of the resistor 359 between the ter-
minal 360 and the point of connection 365
through the conductor 364, the choke 3863, the
arpadture 300 moved over against its left
side contact from the position shown, and the
resistor 353, the conductor 373, the switch 374
and the brushes 379 and 380, as well as the
rings of the commutator 390 when both
brushes are resting upon conducting seg-
ments, At periods when the commutator
segments beneath the brushes 379 and 380
are both conducting so that current can flow
through the commutator between the two

85 prushes, the tube 382 functions to draw a por-
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tion of the plate current which would nor-
mally be supplied to the amplifiers 208 and
299, and the plate current output of the am-
pliéers is reduced.

However, in order to derive a more de-
cided tremolo effect, and to increase the limits
between maximum and minimum effective
current flow from the amplifier to the sound
reproducers, provision is made for control-
ling the bias potential on the grid electrode
of the tube 382 so that it may be more strong-
ly positive or more strongly negative, as de-
sired. Of course, with the more strongly
positive grid, the tremolo effect is more de-
cided than where the grid is more strongly
negative, due to the fact that in the first in-
stance the flow of plate current is consider-
ably greater. For controlling the potential
on the grid electrode of the “robber” tube
382, I have connected the grid through a
conductor 383 to a potentiometer 384. The
position of the adjustable contact of the po-
tentiometer 384 may be controlled in any
manner desired. Where it is desired to ap-
ply a decided negative bias upon the grid
electrode of tube 382, so that the tube will at
all times be blocked, it is unnecessary to open
and close the switch 374 in order to apply
and remove the tremolo effect, because og the
fact that the tube 382 can at no time draw
plate current under such conditions. A
source of potential is connected to the ends
387 and 388 of the resistor element 385 of
which the positive side of the source is con-
nected at 387 and the negative side at 388.
One end of the potentiometer 384 connects
at all times to the negative side of the resis-
tor 385 and the other end is provided with
a variable tap at 386 to vary the potential
drop occurring in the resistor 385 between
the point of connection -387 of the positive
potential and the point of connection of the
contact 386.

By Fig. 1—A of the drawings, I have
shown one. of several forms of set-ups which
may be used for producing the different
tones, such as the fundamental and the ap-
propriate harmonics. By this figure, I have
chosen to illustrate tuning forks which are

extremely accurate as to each tone, although -

it has been found to be rather difficult to ar-
range a complete set-up where all forks as-
sume like characteristics and are free from
changes due to temperature, mountings, etc.
Therefore, according to the showing of Figs.
4—a and 4—b, I have provided what I have
termed “tone wheels”, generally designated
at 391. The tone wheel 391 is provided with a
pluralitﬁ of teeth 392 which extend radially
from the center thereof and which are
adapted to rotate, in the direction shown by
the arrow, about the shaft 393. "~

A plurality of tone wheels of the type
shown by Figs. 4—a and 4—b, when mounted
on a single shaft and rotated in any desired
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manner, are adapted to function as simple
low-power alternators. The main considera-
tion in the design of these alternators is to
produce pure sine waves of a few volts. How-
ever, it is practically impossible to obtain an
absolutely pure sine wave, and, therefore, in
accordance with the tone wheels shown by
Figs. 4—a and 4—b, a compromise is made
to provide a tone wheel in which the noise
and harmonic effects are reduced to such a
low level that they never become audible, and,
at the same time, have a negligible modulat-
ing effect. Asshown by Fig. 4—a more par-
ticularly, the single unit tone wheel is prefer-
ably of steel construction and the teeth 392
thereof are rotated before the magnetic pick-
up 394 and 395. The magnetic pick-up 394
and 395 is formed from a strong permanent
magnet 400 shaped at its outer end to con-
form to the peripheral shape of the individ-
ual teeth of the tone wheels, and the pick-up
portions 394 and 395 are of a length substan-
tially equal to the length of each of the teeth
of the wheels on their periphery. As the tone
wheel 391 revolves about the shaft 393, the
various teeth thereof as they come beneath
the pick-up portions 394 and 395 of the mag-
netic pick-up system are adapted to change
the reluctance between the pick-up points 394
and 395 from a very high to a very low value.
This gives the effect of a changing magnetic
field through the conductors on the coils and
causes the conductors 396 and 397 to generate
an electromotive force of a frequency deter-
mined by the speed of rotation of the tone
wheel and the number of teeth therein.

The current ‘which is generated by the ro-
tation of the tone wheel 391 is kept as pure
as possible by generating a maximum amount
of the fundamental frequency, which may be
done by making the magnet 400, and thus the
field, as strong as possible; also, by using
many conductors in the coils so as to increase
the voltage output; also, by cutting the teeth
in the tone wheels as deep as possible, as
shown; and also by eliminating vibration of
the pick-ups as far as possible, such as, for
example, by using shock-absorbers and reduc-
ing the inertia of moving parts. Energy gen-
erated in the coils 396 and 397 is utilized by
making appropriate connections to the con-
ductors 398 and 399 connected thereto.

By the well-tempered scale to which most
muslcal systems are designed, the octaves are
the only perfect tone intervals, and all tones
in between the octaves are purely arbitrary
and governed in accordance with what might
be termed a give-and-take process, so as to
produce the most pleasing sound effect from
the actuation of all keys. In the octaves,each
note is twice the frequency, or the 1st har-
monic, of the same note an octave below it.
Therefore, this leads to a design of an alter-
nator of the type shown by Figs. 5 and 6,
wherein a plurality of tone whe~ls having a

1,001,085

progressively different number of tecth, such
as 1, 2, 4, 8, 16, 32, etc., may be mounted on
the same shaft so as to each give a tone ex.
actly one octave away from the adjacent tone
wheel. In order to produce the tones desired,
it is necessary to set the speed of rotation of
the shaft upon which the tone wheels are
mounted at such a speed that the notes of the
well-tempered scale may be produced. For
instance, if it is desired to have one generator
give all of the notes correspondine to “C” in
as many octaves as there are tone wheels, the
desired speed of rotation of the shaft carry-
ing all the tone wheels may be calculated
from the formula :

R.P. M 7

where R. P. M. is the revolutions per minute,
F is the frequency of the note to be produced,
and T is the number of teeth on the tone
wheels. Thus, to assume a concrete example,
if it is desired to have a single-tooth wheel
produce the note “C* corresponding to 16.35
cycles, the formula may be written

R.P.M. =@<11L'35-=981.0 ,

so that if the shaft is turned at 981 R. P, M.,
the various tone wheels will give all of the
“C’s” on the keyboard, and all these particular
notes will be tuned to perfect concert pitch.

However, if it is desired to use more than
64 teeth per wheel, it has been found that diffi-
culties are encountered because of the fact
that the larger wheels in order to conform to
the standard above set must be so large that
the inertia and vibration is considerably in-
creased; the wheels are expensive if made
accurately; considerable room is required;
or where these difficulties are avoided, the
teeth must be so shallow and small that it is
impossible to produce a fundamental voltage
wave enough above the noise and harmonic
level to be usable.

Therefore, in accordance with the showing
of Fig. 5, I have provided two shafts each
carrying a predetermined number of tone
wheels, and have chosen an appropriate gear
ratio between the speeds of each shaft. To
take the note “C” again for example, as in
the previous case, and assuming that the
shaft carrying the tone wheels is revolving
at 981 R. P. Mg., in accordance with the exam-
ple previously given, if tone wheels corre-
sponding to1,2,4 and 8 teeth are placed upon
this shaft, frequencies of the order of 16.35,
32.70, 65.41 and 130.8 cycles may be produced,
and if it is assumed that a second shaft is
driven from this shaft or that a second shaft
is used to drive this shaft at a reduced speed
so that the relationship between the speed of
the shaft previously described as 981, and the
other shaft is eight times 981, for example,
7848 R. P. M., it has been found that by hav-
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ing still a further plurality of tone wheels,
such as might be formed from 2, 4, 8, 16, 32
and 64 teeth, it is possible to obtain frequen-
cies therefrom corresponding to 261.7, 523.3,
1046.3, 2093.0, 4186.0, and 8372.0 cycles per
second. In other words, I have rovided an
arrangement whereby ten comp ete octaves
of the “C” note are develoFed.

To refer more particularly to Fig. 5 of the
drawings, I have shown the tone wheels 450
to 455 inclusive as being mounted upon 2
shaft 456 and driven from a turbine 457 such
that the shaft 456 may be what is termed the
“high-speed shaft”, or, in other words, te re-
fer to the previous’ly given example, a shaft
rotated at a speed of 7848 R. P. M. Asso-
ciated with each of the tone wheels 450 to 455
inclusive, I have provided the energy pick-up
systems of the type shown in connection with
Figs. 4—a and 4—b, and, for convenience of
illustration, have only identified one of these
sets of pick-ups by numerals. The shaft
frotn the turbine upon which the tone wheels
are carried is appropriately mounted and

5 supported in bearings 459 and 460. Toward
one end of the shaft 456, I have provided a .

conventionally shown

gear reduction system,
the shaft 468 may be

as 461, through which

rotated at a speed equal to one-eighth of that

of the shaft 456, as above set forth for speed
requirements. The tone wheels 463 through
466 inclusive are supported upon the shaft
468, so as to produce the lower frequency
tones. The tone wheels 450 to 455 inclusive

+ carried on the high speed shaft 456 produce

the higher frequency tones. If it is assumed
that this showing represents all of the notes
corresponding to “C” on the musical scale, the
values above given may be assumed as those
frequencies which are generated by the rota-
tion of the tone wheels.

‘At the end of the turbine shaft 456 there
is a4 governor,
erally designated as 469, which is adapted to
control the speed of the turbine in a manner
to be hereinafter set forth.

The turbine 457 is preferably driven with
air, since it is easier to gemerate and use a
steady air pressure than a stream pressure or
a hydraulic head, although the latter are
fully within the scope of my disclosure and
may be used where desired. The turbine
which has been found especially suitable for
the purpose herein disclosed 1s one of the
three stage pressure-compounded reaction
type, such that the normal speed under a load
of only a single tone wheel and about three

to five pounds pressure of air is approximate-

ly 9000 R. P. M. ‘
In order to control the speed of rotation
of the shaft and of the turbine, the governor
469 carrying the weights 470 supported there-
from by means of a plurality of pairs of arms
471 and 472 is adapted to rotate with the
shaft. Asthe speed of the shaft 456 increases

conventionally shown and gen-
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and overcomes the pressure of the spring 473
contained inside the governor and tending to
pull the weights 470 toward the shaft, the
weights tend to fly outwardly due to the cen-
trifugal force of rotation. As this happens,
the end 474 of the governor is moved to the
left from the position shown, and the follow-
er 475, mounted on a separate shaft 486 car-
ried by the bearing 476, is also adapted to
move to the left due to the spring pressure de-
rived from the spring 485, to be hereinafter
explained.

The air supply, assuming air is used for
driving the turbine 457, is adapted to enter
into a control valve, generally designated
477, through the intake port 478 and flows
within the chamber 477’ to either side of the
baffle plate 479 mounted closely adjacent the
intake.

Also carried by the shaft 486 and adapted
to move therewith simultaneously with the
movement thereof, due to the changing posi-
tion of the follower 475 with respect to the
lower end 474 of the governor, are the valves
482 which, when closed, are adapted to fit
over the ports 481 at the lower end of the
baffle plate 479. In the position shown, with
the shaft 486 moved approximately to the
end of its right hand movement, looking at
Fig. 5, the valves 482 are open and air flow-
ing into the valve 477 through the intake
port 478 is adapted to flow on either side of
the baffle 479, thence through the ports 481
and out of the valve through the outlet port
480 from which it is directed through an
appropriate pipe or flexible tube to the tur-
bine 457 as a driving force therefor.
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As the turbine 457 approaches its desired |

or normal speed, the weights 470 of the gover-
nor tend to fly outwardly and the follower
475 due to the action of the light spring 485,
supported within the housin 483 carried on
the end of the valve chamber 477 resting
against the end of the housing and the collar
484 carried on the shaft 486, also moves to the
left, and thus partly closes the ports 481 of
the valve to a position of equilibrium. Now,
should the intake air pressure rise, the tur-
bine connected to the outlet from the valve
477, through any appropriate form of air
connection, speeds up, and thus the weights
470 will tend to fly outwardly. As this hap-
pens, the valves 482 move to the left to close
the ports 481 so that the turbine is slowed
down. The shaft 486 will then move to the
right due to control action from the governor
to slightly open the ports 481 and once more
compensate for the change in the air pressure
supply- . .

As is seen from the showing of Fig. 5, a
valve arrangement for controlling the speed
of a turbine tone generator system for pro-
ducing different tones has been provided, and
the sgeed control or synchronization medium
for the system is a means which controls the
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speed of the prime-mover functioning as a
driving force in such manner that there is
practically no change in the speed thereof
Irrespective of pressure fluctuations, due to

" the free floating action of the valve. When

it is borne in mind that the spring 485 is just
sufficient to overcome friction, so that the
valve rod 486 floats freely in the bearing 476
and the bearing contained within the housing
483 so as to respond instantly to any motion
of the governor carried by the turbine shaft,
it will be recognized that the system is espe-
cially sensitive to speed changes so as to apply
correction and maintain all tones of constant
frequency.

ﬂowever, in many cases, it is highly desir-
able to resort to an electric drive for the
tone producers so that it is unnecessary to
use air or the like as a driving force, and
because of the fact that convenience often
demands that electric drives be substituted
for other forms of mechanical drives.

Therefore, by Fig. 6 of the drawings, T
have shown a preferred form of electric drive
wherein the motor 490, which may be of the
110 volt A. C. type, is adapted to turn the
shaft 493, and through the use of a pair of
gears 491 and 492. drive a shaft 468 similar
to the shaft 468 of Fig. 5. The shaft 468 is
mounted in bearings 462 and 467 and carries
therewith tone wheels 463 through 466 in-
clusive, which were previously designated as
the tone wheels revolving on the low speed
shaft. In order to provide for a high speed
shaft for generating the higher frequency
tones, I have provided a similar gear system
461 to that shown by Fig. 5, and rotate there-
from a similar shaft 456 for the purpose of
turning the tone wheels 450 through 455 in-
clusive, each provided with a similar pick-up
svstem to that described in connection with
Figs. 4—a and 4—b.

At one end of the motor shaft 493 there is
arranged a governor 469 (which is the same
as that shown by Fig. 5) for responding to
changes in motor speed. Controlled from
the end 474 of the governor 469 is a pair of
contacts 495 and 496 adapted to control the
synchronizing system in a manner to be here-
inafter explained in connection with Fig. 7.
On the other end of the motor shaft 493 there
is positioned a commutator, generally desig-
nated 494, for serving as a further control
element in controlling the speed of the motor
490 which will also be explained in connec-
tion with the description of Fig. 7, wherein
I have shown a preferred form of synchron-
izing element for rigidly maintaining con-
stant speed with substantially no huntng
from the motor 490 used for driving the tone
wheel shafts.

Now to refer more particularly to the syn-
chronizing system, the motor 490 as it rotates
is adapted to control the position of the
weights 470 on the governor previously de-
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scribed, and when the motor is at rest, the
weights 470 are drawn towards the shaft 493
by pressure of the spring 473 contained with-
in the governor so as to move the end 474
thereof to the right as shown by Fig. 7. Un-
der such conditions, the contact arms 495 and
496 provided with contact points 510 and 511
respectively are brought together and moved
to the right from the position shown so that
the contact 512 of the contact arm 496 rests
against the contact 497 which is connected
through a conductor 498 and switch 499 to a
terminal 500 to which is supplied positive po-
tential of appropriate strength and value. In
order to start the motor 490, the switch 499
is closed so that positive current connected to
the terminal 500 may flow through the switch
499, the conductor 498, the terminal 497, the
contact 512 of the contact arm 496, the con-
tacts 511 and 510, which are now pressed to-
gether due to the fact that the motor has not
yet started, the contact arm 495 and conduec-
tor 501 through to the winding of the relay
R;, and thence through the conductor 502
and resistor 503 to the terminal 504 to which
the negative side of the source of eurrent is
connected. - Thus, with the closure of switch
499, the relay R,, is energized and acts to
move the armatures 505, 506 and 507 upward
from the position shown so that they rest
against the contacts 549, 514, 509 and 521 re-
spectively. The armature 505 now serves to
close the motor circuit by short-circuiting the
resistor 555 through the conductors 554, the
armature 505, the contact 549, the conductor
553 and the point of connection thereof to the
terminal 551 to which the impressed voltage
for driving the motor 490 is impressed. Cur-
rent may now flow from the positive source
connected to the terminal 500 through the con-
ductor 498, contacts 497 and 512, the contact
arm 496 and the conductor 508 to the relay
contact 509. As current is supplied to the
relay contact 509, it then flows through the
armature 506 and the contact 514 through the
conductor 515 where it divides and flows
through the conductor 516’ to the contact 517
adjacent one tine of the fork 518, and also
through the conductor 516 to the middle slip
ring 532 of the commutating system 494. The
slip ring 532 is connected preferably to one
half of the commutator ring 558 which is
divided into. two separate portions 533 and
534 separated by a strip of insulating ma-
terial 535 on each half of the comnmutator.
This connection of the slip ring 532 to the
segment 533 of the commutator ring 558 is
by way of a conductor 559. Current supplied
from the source connected at 500 may now
flow from the brush connected with the slip

-ring 532 through the conductor 559 to the

commutator segment 533 and upward through

the brush connected thereto and the conduc-

tor 537 to the armature 507 and from there
through the contact 521 and the conductor
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503 to the winding 524 and thence to the
negative side of the source of
through the conductor 527, the resistor 529
and the terminal 530. The fork speed con-
trol 518 is now started in vibration. By vir-
tue of the fact that a source of positive po-
tential is connected to the terminal 520 and
through the conductor 519 to the fork, as the
fork tines swing or vibrate a connection of
the source of positive potential is made upon
vibrational movement of the fork tine
through the contact 556 and the conductor
531. Similar to the slip
ring 532, the ring 531 is connected with the
second half of the commutator ring 558
through the conductor 560 so that as the fork
vibrates and as the commutator is turning,
due to the rotation of the motor, current will
next be supplied to the actuating winding 524
through the same conductor 537 now having
the brush connected thereto bear upon the
commutator segment 534 so as to drive the
fork. Simultaneously with this action, posi-
tive current connected to the terminal 520 is
also supplied to the opposite tine of the fork,
and as the tine comes to bear upon the contact
526, the positive current is likewise supplied
through the conductor 525 to the fork actuat-
ing coil 524 so as to produce a further aid in
driving the fork.

‘As the motor 490 tends to reach the de-
sired speed, and this speed should be a slight
amount greater than that desired, for the
purpose of providing simpler synchroniza-
tion, the weights 470 of the governor 469
tend to fiy outwardly from the shaft and this
then breaks the connection between the con-

" tact 512 of the contact arm 496 and the con-
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“tact point 497,

so that current from the source

ected to the terminal 500 through the
contact point 497 is interrupted. Thus the
hol?ﬁu\gQ current for the relay R, which in-
itially ‘originated from the source connected
at 500 is'now interrupted, but simultaneously
with- this eperation, now that the relay has
once been attuated, the source of holding cur-
rent originates at the sourcé of positive po-
tential connected to the conductor 513 and

_the relay armature 506 so that through the

contact 509 of the\conductor 508, the contact
arm 496 and contacts 511 and 510, current
can flow through the contact arm 495 and
through the conductor 501 connected to the
negative side of the source of potential 504
to operate the relay Rso.

However, as the motor speed further in-
creases the pressure of the end 474 of the
governor 469 decreases against the contact
arm 495 by reason of the governor weights
moving further out from the shaft due to the
centrifugal force of revolution of the gover-
nor, and this causes the contacts 510 and 511
of the contact arms 495 and 496 to also sep-
arate. Under such conditions, there is an
open circuit between both the source of posi-

potential ‘
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tive potential connected to the terminal 500
and the source of positive potential connect-
ed at 513 to the negative side connected at
504, so that the relay Ry, is open and all of
the armatures 505, 506 and 507 drop to the
lower position against the contacts 548, 515
and 5292 respectively. As this happens, the
fork 518 tends to control the motor directly
and without the aid of the starting relays.
Under such conditions, the fork is driven
entirely by means of the current supply con-
nected to the terminal 520 and the conductor
519 to the fork so that the current then flows
through the tine of the fork against the con-
tact 526 and the conductor 525 through to the
negative side of the potential source by way
of the fork actuating coil 524, and positive
potential derived from the source connected
to the terminal 520 then alternately flows
through the conductors 516 and 557 by way of
the contacts 517 and 556 adjacent the opposite
tine of the fork from the driving'side. Thus,
current is alternately supplied to the slip
rings 531 and 532 at the period of the fork so
that it may flow alternately through the com-
mutator segments 533 and 534 in accordance
with the speed of rotation .thereof as is in
turn governed by the motor speed. As this
is happening, the resistor 555 is no longer
short-circuited because of the fact that the
armature 505 has dropped to its lower posi-
tion and an auxiliary control impedance for
controlling the motor speed is connected
across the input terminals to the motor by
way of the same conductor 554 connected to
the armature 505 and the conductor 550 con-
nected to the opposite side of the motor leads,
the windings 546 and conductor 547 connect-
ed to the lower terminal 548 of the relay
armature 505 so as to complete the circuit.
With the commutator 494 revolving and
current thereby being supplied to the two
commutator segments 533 and 534, the cur-
rent js carried through the conductor 537 and
the armature 507 to the lower contact 522
and thence through the conductor 538 to the
motor control circuit, generally designated
539. The motor control circuit includes a
pair of windings 540 and 541 serving as the
primary windings of a saturation reactance
or transformer 561. In shunt with windings
540 and 541 is a resistor 542 and a capacity
548 which are connected to the negative side
of the source of potential connected at 545
through the conductor 544. The capacity
543 is intended as a smoothing capacity for
smoothing the current flow through the con-
trol circuit and also for reducing the effect of
sparking by the commutator due to the rapid
rotation thereof. At time periods when cur-
rent is supplied to the commutator, and in
turn to the motor control circuit 539, if the
current strength flowing through the control
winding 539 increases due to the fact that the
rate of rotation of the commutator 494 is
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out of step with the vibration of the fork,
the impedance in the secondary winding 546
is materially increased, and thus a greater
load is placed across the motor circuit and
consequently more current is supplied in the
winding 546 so as to reduce the speed of
the motor and cause it to approach the fork
speed. However, if the fork 518 and the mo-
tor 430 are exactly in step so that the current
supply from the source connected at 520 and
connected through the conductors 516 and
557 to the slip rings 531 and 532 is exactly in
step with the rotation of the motor so that
the commutator segments 533 and 534 are
energized at exactly the same time that the
current from the source connected to the fork
1s supplied through conductors, the imped-
ance of the coil 546 is reduced to a minimum
and thus the motor tends to assume its own
natural speed, but wherc the current supplied
1s out of step with the rotation of the com-
mutator, then, due to the fact that the motor
is slightly over-speed, and due to the fact
that the impedance in the winding 546 is
increased, the motor speed will be reduced
and approach that which is desired.

In order to provide for the different speeds
of rotation of the various shafts driving the
plurality of tone wheels, as is apparent due to
the above outlined requirements, it is advis-
able to procure motors of different speeds and
to then control these motors from forks or the
like having different vibrational character-
istics so that the fork for controlling all of
the motor shafts corresponding to all of the
notes “C” on the scale will be of a different
frequency from the fork used to control the
motor driving all notes corresponding to “B”
on the scale, and. similarly, the motors them-
selves will be of different speed character-
istics, although preferably motors of the type
to which the same source of power may be
connected for driving purposes. Therefore,
n accordance with the arrangement herein
disclosed by Figs. 5 and 6, which are con-
trolled as to their speed by the valve control
for the turbine drive of Fig. 5 and by the fork
control of Fig. 7 for the electric drive of Fig.
6, it is now necessary to assume that the pick-
up coils 398 and 399 of the tone producing sys-
tem, as shown by Figs. 4—a and 4—b, are
connected in the manner shown by Fig. 1—a,
and, therefore, to the ends of the conductors
398 and 399, assuming that the tone wheel
shown b;y Figs. 4—a and 4—5 represents the
note “C” assumed to be produced by the fork
2 of Fig. 1—a, connect the conductor 398
to ground as at 6 of Fig. 1—a and the con-
ductor 399 to the conductor 105 which con-
nects to the tone terminal 100 of Fig. 1—a.
Likewise, in connection with the showing of
Figs. 5 and 6, T connect all of the tone pick-
ups from the tone wheels to similar terminals
in a2 manner similar to that shown by the
various parts of Fig. 1, so that all of the tones
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produced in the entire system may be co-
ordinated with various keying relays of the
type conventionally shown by R.i, Rai, Ry,
etc. until the entire tone producing system
is coordinated with various keying relays.
As was above stated in connection with the
description of the various parts of Fig. 1, the
tones produced by the individual tone wheels
of Fig. 4,5 or 6 may in some instances form
the fundamental frequency for some notes,
and especially the fundamental for the note
which they represent, but that they may also
form the harmonics of some other note in the
entire musical scale, and, therefore, it should
be understood that each of the tone wheels is
capable of a double use as were the forks of
Fig. 1—a, of producing the fundamental for
one note and the harmonics for one or more
notes.

Thus, from the above description, it read-
ily appears that I have provided a system for
producing musical sounds in which there is a
plurality of tone producing alternators of a
number equal to the number of independent
and individual tones on the scale, and with
these tones I have coordinated a number of
independent amplifiers of a lesser number
than the notes on the entire musical scale, and
at the same time of a number equal to the
maximum number of notes to be played simul-
taneously. Also, it should be recognized that
one independent amplifier is keyed to each of
the tones or notes played, and that this ampli-
fier produces at its output end a tone corre-
sponding to the fundamental and the partials
of each of these notes, although, of course, in
accordance with the intensity of the sound de-
sired, and in accordance with the particular
type of note which it is desired to represent,
as was described in connection with Fig. 1—¢
and Fig. 2, wherein the various resistors or
potentiometers were shown for controlling
the intensities of the various partials or har.
monics with respect to the fundamental so
that the percentage of each of the partials or
harmonics with respect to the fundamental
was controlled.

Also, it should be understood that the 1n-
vention is intended to cover a system where-
in there is a definite selection of the vari-
ous amplifiers in accordance with the posi-
tion of the note on the scale, and, further,
that I have provided a means whereby the
tones are keyed to the keying contacts, and
thus to the mput circuit of the coordinated
amplifier, at a time period just prior to the
time of keying the particular amplifier which
is selected to these individual tones so as to
reduce noise effects. Tn addition to the above
features, the invention covers, at the same
time, an electrical music system having a plu-
rality of tone amplifiers so arranged that
each amplifier at one instant is capable of
producing only one particular note, and a
means whereby the notes played on the con-
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sole keyboard an instant prior will not be
heard simultaneously with any new notes to
be coordinated with the particular amplifier.

"It should be noted in connection with the
method and apparatus herein described that
it is not always necessary to produce the fun-
damental for each note in order to produce
a characteristic tone. This is particularly

_true in connection with the low frequency
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‘the selected upper partials or

notes in the lower portion of the register
where it is possible to obtain the character-
istics of a lower tone only through the use of
harmonics of
that tone. However, for the purpose of this
description and for the purpose of definition
throughout the claims, I have referred here-
in to the use of the fundamental frequency
plus any or all selected and predetermined
partials or harmonics as representing each
note of the musical scale.

While I have herein shown and set forth,
and particularly described, the use of tone
generators in the form of tone wheels, tun-
ing forks, photo cell pick-ups and the like,

. it should also be borne in mind that I may

substitute any form of tone generator known
in the art; for example, a vacuum tube os-
cillator of the type disclosed by Patent No.
1,376,288 granted April 26, 1921 to F. E.
Miller. Such substitution, of course, would
involve only the changing of the connections
of the outputs to appropriate contacts of the
selection relays of the system, as described
in connection with the illustrated examples
of the tuning fork and tone wheel generators,
and not otherwise produce any material
change in the arrangement.

While the invention has now been de-
scribed in connection with one of its pre-
ferred embodiments, it is, of course, to be
recognized that many modifications ahd
changes may be made therein such as to adapt
the system to pianos as well as organs, or to

rovide in combination with the system here-
in disclosed a record sheet or surface hav-
ing markings, perforations, or other identi-
fying characteristics so_as to provide for
automatic operation, either through air or
electrically controlled means, for example.
Also, in a similar manner my system herein

.disclosed readily adapts itself to use in con-

nection with musical reproducers of the types
used to resemble orchestra effects. This may
be done, for example, by coordinating the
various amplifiers with one of the selected
instruments so as to represent each of the
desired tone or quality effects. Many other
changes and modifications will at once sug-
gest themselves to those skilled in the art to
which my invention relates. Therefore, I
believe myself to be entitled to make and use
any and all of the modifications such as fall
fairly within the spirit and scope of my in-
vention as defined by the hereinafter append-

. ed claims.
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Having now described my invention what
T claim and desire to secure by Letters Pat-
ent is the following:

1. In an electrical music system, a plu-
rality of tone generators, a plurality of sound
reproducers of a number less than the num-
ber of tone generators, and means for co-
ordinating one of said sound reproducers
with tone generators for a single note only at
any instant.

5. In an electrical music system, a plural-
ity of tone generators, a plurality of sound
reproducers of a number less than the num-
ber of tone generators, means for coordinat-
ing one of said sound reproducers with the
said generating means for a single tone, and
means for limiting the number of notes on
one sound reproducer to one at any given
instant. '

3. In an electrical music system, a plural-
ity of tone generators, a plurality of sound
reproducers of a number less than the nwum-
ber of tone generators, and means for limit-
ing the number of notes on one sound repro-
ducer at any one instant.

4 In an electrical musi¢ system, a plural-
ity of generators for producing electrical
energy of frequencies corresponding to each
note of the musical scale, sound reproducers
of a number equal to the notes to be played
simultaneously, means for causing the repro-
duction of sound corresponding to funda-
mental and selected harmonic frequencies of
coordinated notes of the musical scale im-
pressed upon said sound reproducers, and
means for singly connecting the said sound
reproducers with the generators correspond-
ing to the desired notes to be reproduced at
anv one instant.

5. Tn an electrical music system, a plural-
ity of tone generators of a number equal to
the number of notes in the musical system,
amnlifving systems of a number correspond-
ing to the number of musical notes to be pro-
duced simultaneously, means for indepen-
dently keying said amplifiers at any instant
with tone generators corresponding to a siu-
gle musical note only, and a sound repro-
ducer connected with each of the amplifiers.

¢. Tn an clectrical music system having a
keyboard with keys assigned to each note of
the musical scale, a plurality of tone gener-
ators for generating electrical energy of fre-
quencies corresponding to the fundamental
and predetermined harmonics of each funda-
inantal note of the musical scale, a plurality
of sound reproducers of a number equal to
the maximum number of notes to be plaved
simultaneously. means for supplyving tones
frem tone generators to said sound reproduc-
ers as keys corresponding to desired notes
are depressed on the keyboard, and means for
limiting the number of tones in each sound
reproducer at any one instant to the selected
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fundamental frequency plus the predeter-
mined and chosen harmonic frequencies.

7. In an electrical music system having a
keyboard with keys assigned to each note
of the musical scale, a plurality of tone gen-
erators for generating electrical energy of
Trequencies corresponding to the first partial
fundamental and other predetermined par-
tial frequencies of each note of the musical
scale, a plurality of sound reproducers of a
number equal to the maximum number of
notes to be played simultaneously, means for
supplying tones from tone generators to said
sound reproducers as keys corresponding to
desired notes are depressed, means for lim-
iting the number of tones in each sound repro-
dueer to the selected fundamental frequency
plus the predetermined and chosen partial
frequencies at any one instant, and means for
scparately controlling the intensity of each
of the fundamental and other predetermined
partials reproduced by said sound.

8. In an electrical music system, a plural-
ity of tone generators for generating the
fundamental frequency and harmonics for
each note throughout the musical scale, a plu-
rality of sound reproducers for audibly re-
producing the fundamental and harmonic
frequencies of the generated notes as desired,
means for amplifying the fundamental and
harmonic frequencies of each of the gener-
ated tones as desired, means for selectively
coordinating individual fundamental and
harmonie frequencies corresponding to de-
sired notes of the scale to be reproduced with
said amplifiers and sound reproducers, and
means for keying the said sound reproducers
with each of the amplifiers with a predeter-
mined time delay after desired tone frequen-
cies are impressed thereon.

9. In an electrical music generating sys-
tem, a plurality of tone generators for both
fundamental and other predetermined par-
tial frequencies of the notes throughout the
musical scale, a plurality of amplifying sys-
tems of less number than the number of tone
generators, means for selectively keying the
amplifiers with the tone generators, a sound
reproducer associated with each of said am-
plifiers, and means for limiting the tones on
cach of said amplifiers at any one instant to
the first partial fundamental and predeter-
mined selected partial frequencies corre-
sponding to a single note selected.

10. In an electrical music system, a plu-
rality of generators for producing electrical
frequencies corresponding to each note
throughout the musical scale, a plurality of
sound reproducers of a number less than the

+ number of generators, and means for selec-

tively coordin iting each of said sound repro-
ducers with generators producing frequencies
corresponding to a predetermined musical
note so as to produce from each sound re-
producer at any instant frequencies corre-

1,001,085

sponding to a single note only and independ-
ent of the frequencies produced from each
other sound reproducer.

11. In an electrical music system, a plu-
rality of generators for producing electrical
energy tone frequencies corresponding to the
fundamental and predetermined overtones of
each note of the musical scale, a plurality of
sound reproducers of a number equal to the
number of notes on the musical scale to be
played simultaneously, means for individual-
ly coordinating one of said sound reproducers
with the frequency generating ineans for a
single musical note in accordance with de-
sired tone reproduction, means for limiting
the number of tone frequencies on one sound
reproducer to frequencies corresponding to a
single musical note at any given instant, and
means for successively coordinating other de-
sired tones with other of said sound re-
producers,

12. In an electrical music system, a plu-
rality of tone generators for generating elec-
trical energy of frequencies corresponding to
each note of a musical scale, a plurality of
sound reproducers of a number equal to a
predetermined number of tones to be played
simultaneously, means for successively and
individually associating said sound repro-
ducers with said generators for audibly re-
producing the generated tones, and means for
limiting the number of tones on one sound
reproducer at any one instant.

13. In an electrical music system, a plu-
rality of tone generators for producing elec-
trical energy of the various frequencies repre-
senting each note of the musical scale, a sepa-
rate sound reproducer for each of the several
notes to be played simultaneously, means for
causing the reproduction of sound corre-
sponding to fundamental and other partial
frequency tones of coordinated notes of the
musical scale impressed upon said sound re-
producers, and means for separately connect-
ing one of said sound reproducers with the
generators corresponding to each of the de-
sired notes to be produced at any one instant.

14. In an electrical music generating sys-
tem, a plurality of tone generators for gener-
ating electrical tones corresponding to both
the fundamental and other partial fre-
quencies of the notes throughout the musical
scale, a plurality of amplifying systems of
less number than the number of tone gener-
ators, means for selectively keying each of the
amplifiers with the tone generators for a
single note at any instant, a sound reproducer
associated with each of said amplifiers, and
means for keying the sound reproducer with
the amplifier system upon selecting the de-
sired note.

15. In an electrical music generating sys-
tem, a plurality of tone generators for both
fundamental and partial harmonic fre-
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quencies of the several notes throughout the
musical scale, a plurality of amplifying sys-
tems of a number corresponding to the num-
ber of notes to be reproduced simultaneously,
means for selectively keying the said ampli-
fying systems with the said tone gencrators,
o sound reproducer associated with each of
said amplifying systems, means for keying
the said sound reproducer with its associated
amplifier upon selecting the desired note, and
means for limiting the number of notes vepro-
duced by each of said sound reproducers to a
single note composed of the fundamental fre-
quency and chosen harmonies at any cne in-
stant.

16. In an electrical music generating sys-
tem = plurality of simple tone frequency gen-
erators for electrically producing the funda-
mental and other partial frequencies of cach
of the several composite notes throughout the
musical scale, a plurality of thermionic am-
plifying systems of a number equal to a pre-
determined number of compasite notes to be
reproduced simultaneously, means for sclec-
tively keying the said thermionic amplifying
systems with the frequency generators, a
sonnd reproducer associated with each of said
amplificr systems, means for keying the sald
amplifying systems with appropriate fre-
quency generators upon selecting each de-
sired ‘composite note, and means for keying
the said amplifying systems with the asso-
ciated sound reproducers by control of the
plate current flow through 2 portion of said
thermionic amplifying systems.

17. In an electrical music generating sys-
tem, a plurality of tone generators for gen-
erating the fundamental ana other prede-
termined partial frequencies for each note
throughout the musical scale, a plurality of
sound reproducers of less number than the
number of tone generators. a plurality of
amplifying systems of equal number to the
sound reproducers, means for coordinating
one of said sound reproducers with a single
fundamental and the other predetermined
partial frequencies corresponding te =
chosen note at any one instant, means for
keying an amplifier system with selected
tone generators in accordance with the note
to be played, and means for limiting the key-
ing of each selected note at any instant to a
single amplifier of the system.

18. In an electrical music generating sys-
tem, a plurality of tone generators of a num-
ber equal to the number of notes of a musical
system, a plurality of sound reproducers of
a number equal to the predetermined num-
ber of notes to be simultaneously reproduced,
a plurality of amplifying systems of a num-
ber equal to the number of sound repro-
ducers, means for coordinating each of said
sound reproducers through an associated am-
plifying system with a single tone generator
at any one instant, means for keying the tones

25

generated to a portion of the amplifiers in
the system in accordance with the selection
of a note to be played, means for keyin,
cach sound reproducer with its associateﬁ
amplifying system, and means for delaying
the keying of the sound reproducer to a time
after the tone has been keyed to the ampli-
fying system coordinated therewith.

19. In an electrical music system, a plu-
rality of tone generators for generating the
fundamental and other partial frequencies
of each note throughout the musical scale, a
plurality of tone selection relays for select-
ing the notes to be played in accordance
with the manual selection of keys coordi-
nated therewith. a plurality of sound repro-
ducers of a number less than the number of
tone generators. and tone keying relays for
coordinating each of said sound reproducers
with a single tone generator for each selected
note.

20. In an electrical music system, a plu-
rality of tone generators for generating the
fundamental and harmonic frequencies of
each note throughout the musical scale, a
plurality of sound reproducers of a number
equal to the number of notes of the scale to
be simultaneously played, a plurality of am-
plifying systems of a number equal to the
number of sound reproducers, tone selection
relays for selecting various tone generators
in accordance with manually selected keys
coordinated therewith and for associating the
selected tones with predetermined amplify-
ing systems, and means for lkeying the sound
reproducer with its assoclated amplifying
system at a time after the tomes have been
keyved thereto.

91. In an clectrical music generating sys-
tem, a plurality of generators for producing
electrical frequencies of a number equal to
the nnmber of notes of a musical system, a
plurality of sound reproducers of a number
equal to the number of notes to be simul-
taneously reproduced, a plurality of ampli-
fying systems of a number equai to the num-
ber of sound reproducers, means for coordi-
nating at any one instant one of said sound
reproducers with a generator corresponding
to a single musical tone, means for keying
the tones generated to a portion of the ampli-
fiers in the system and their associated sound
reproducers in accordance with the selec-
tion of a noie to be played, and means for
quickly rendering each of said amplifiers in-
operative after the desired tones have been
reproduced for the predetermined desired
time duration.

99. Tn an electrical music generating sys-
“tem, a plurality of electrical tone generators
of a number equal to the number of notes of
a musical system, a plurality of sound re-
producers of a number equal to the number
of notes to be simultaneously reproduced, &
plurality of amplifying systems of a number
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equal to the number of sound reproducers,
means for coordinating one of said sound re.
producers with a single tone generator at any
one instant, means for keying the tones gen-
erated to a portion of the amplifiers in the
system and their associated sound repro-
ducers in accordance with the selection of a
note to be played, means for quickly render-
ing each of said amplifiers inoperative after
the desired tones have been reproduced for
the predetermined desired time duration, and
means for removing the previously desired
tones from the selected amplifier after said
amplifier has been rendered inoperative.

23. In combination with an electrical
music system having a keyboard with sepa-
rate keys assigned to each note of the musical
scale, a plurality of generators for gener-
ating electrical tones of fundamental and
other partial frequencies of each note
throughout the musical scale, a plurality of
sound reproducers of a number equal to the
number of notes of the scale to be played
simultaneously, a plurality of amplifying
systems of a number equal to the number of
sound reproducers, tone selection relays for
selecting various tone generators in accord-
ance with the depression of the keyboard
keys coordinated therewith and for asso-
ciating the tones with predetermined ampli-
fying systems, and means for keying the
sound reproducer with its associated ampli-
fying system at a time after the tones have
been keyed thereon by depression of a key
and for rendering the sound reproducer in-
operative prior to the removal of the tones
from the coordinated amplifier by raising
of a key.

24. In an electrical music system, a plural-
ity of tone generators for enerating elec-
trical frequencies corresponging to the fun-
damental and selected harmonic frequencies
for each note throughout the musical scale,
amplifying systems of a number equal to the
number of notes to be played simultaneously,
a sound reproducer associated with each of
the said amplifying systems, means for key-
ing selected portions of the tone generators
with one of the amplifying systems upon se-
lection of each note of the musical scale, and
means for regulating the intensity of the
various harmonic frequencies as supplied to
the amplifying system.

25. In combination with an electrical
music system having a keyboard with sepa-
rate keys representing each note of the mus;-
cal scale, a plurality of tone generators for
generating electrical energy of frequencies
corresponding to the fundamental and other
partial frequencies for each note throughout
the musical scale, amplifying systems of a
number equal to the number of notes to be
simultaneously reproduced, a sound repro-
ducer associated with each of the said ampli-
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fying systems, means for keying selected por-
tions of the tone generators with one of the
amplifying systems upon depression of each
note of the musical keyboard, and means for
independently regulating the intensity of the
various partial frequencies as supplied to the
amplifying system.

26. 1n an electrical music system, a plural-
ity of tone generators for generating electri-
cal frequencies corresponding respectively to
consecutive notes on a musical scale through-
out a plurality of octaves, a plurality of am-
plifying systems for amplifying the tones
generated in accordance with predetermined
note selection, a sound reproducer coordi-
nated with each of the amplifying systems,
means for keying one of the amplifying sys-
tems with one of said tone generators upon
selection of each note of the musical scale to
be reproduced, and means for maintaining
the generated tones in the said keyed am-
plifying system for a time period correspond-
ing to the entire length of time the note is
desired.

27. In an electrical music system, a plural-
ity of tone generators for generating electri-
cal frequencies corresponding respectively to
consecutive notes on a musical scale through-
out a plurality of octaves, a plurality of am-
plifying systems for amplifying the tones
generated in accordance with predetermined
note selection, a sound reproducer coordinat-
ed with each of the amplifying systems,
means for keying one of the amplifying sys-
tems with one of said tone generators upon
selection of each note of the musical scale to

-
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be reproduced, means for maintaining the .

generated tones in said amplifying system
uring the time period corresponding to the
entire length of time the tone is desired,
and means for rendering each sound repro-
ducer inoperative prior to ‘the removal of
each of the generated tones from the coordi-
nated amplifying system. : ‘

28.'In an electrical music system, a plu-
rality of tone generators for generating elec-
trical frequencies correspon(ﬁng respective-
ly to consecutive notes on a musical scale
throughout a plurality of octaves, a plurality
of amplifying systems for amplifying the
tones generated in accordance with prede-
termined tone selection, a sound reproducer
coordinated with each of the amplifying
systems, means for keying one of the am.
plifying systems with one of said tone gen-
erators upon selection of each note of the
musical scale, and means for delaying the
keying of the sound reproducer with its asso-
ciated amplifying system until the generated
tones have been keyed upon the said amplify-
ing system.

29. In an electrical music system, a plu-
rality of electrical tone generators for gen-
erating frequencies corresponding respective-
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ly to consecutive notes on a musical scale
throughout a plurality of octaves, a plurality
of amplifying systems for amplifying the
tones generated in accordance with predeter-
mined tone selection, a sound reproducer co-
ordinated with each of the amplifying sys-
tems, means for keying one of the amphifying
systems with one of said tone generators
upon selection of each note of the musical
scale, means for delaying operation of the
sound reproducer with its associated ampli-
fying system until the generated tones have
been keyed with the said amplifying system,
and means for delaying the removal of tones
from each amplifying system until the co-
ordinated sound reproducer is rendered in-
operative. )

50. In an electrical music system, electri-
cal tone generators for generating the fun-
damental and partial frequencies for each
note throughout the musical scale, amplify-
ing systems of a number equal to the nuni-
ber of notes throughout the musical scale to
be simultaneously reproduced, a sound re-
producer associated with each of the ampli-
fving systems, means for supplying the gen-
eratad fundamental and partial frequencies
to separate amplifying systems in accord-
ance with a manual note selection, means for
controlling the intensity of each of the im-
pressed frequencies in the amplifying sys-
tem, means for locating the keying of the
selected tones to particular amplifying sys-
tems in the system in accordance with the de-
pression of keys corresponding to the desired
notes, and means for keying the sound re-
producers with the amplifiers at a time period
after the tones have been keyed therewith.

31. In an electrical music system, means
for generating electrical energy of frequen-
cies corresponding to the several notes
throughout the musical scale, a plurality of
means for amplifying the generated electri-
cal frequencies independently of each other,
a sound reproducer coordinated with each
amplifier for translating each of the ampli-
fied frequencies into audible energy, and
means for selecting and coordinating the
generated frequencies with the said ampli-
fiers in a predetermined sequence.

39. In an electrical muslc system, means
for generating a series of electrical frequen-
cies corresponding to each of the notes in-
cluding the fundamental and other partial
frequencies thereof throughout the musical
scale, a plurality of sound reproducers of a
number materially less than the number of
notes in the musical scale for audibly repro-
ducing at any instant generated frequencies
corresponding to a single musical note, and

- means for selécting the frequencies generated

and coordinating the said frequencies with
individual sound reproducers in a predeter-
mined sequence, '

27

3. In an electrical music system, a plural-
ity of tone generators for electrically gener-
ating frequencies corresponding to the fun-
damental and other partial frequencies of
each note thronghout the musical scale, a plu-
rality of translating elements of a number
corresponding to the number of tones to be
simultaneously reproduced for translating
the generated frequencies into sound waves
corresponding in frequency to the frequency
of the generated tomes, means for selecting
and coordinating the frequencies generated
with said translating elements in a sequence
corresponding to the notes played. and means
for synchronizing all of the tone generators
for rigidly maintaining output frequencies
from all translating elements corresponding
to the ratio of frequencies throughout the
well tempered scale.

34, In an electrical music system, a plu-
rality of rotary tone generators for electri-
cally generating frequencies corresponding
to the fundamental and other partial fre-
quencies of each note throughout the musical
scale, a plurality ef translating elements for
translating the generated frequencies into
sound waves corresponding in frequency to
the frequency of the generated tones, means
for seleting and coordinating the fre-
quencies generated with said sound reproduc-
ers in a sequence corresponding to the notes
played, and means for synchronizing all of
the tone generators for rigidly maintaining
output frequencies therefrom corresponding
to the ratio of frequencies throughout the
well tempered ‘scale comprising means re-
sponsive to changes in the angular rotational
speed of said generators for applying a pro-
portionately varying load on the driving ele-
ment thereof so as to compensate for speed
fluctuations therein.

35. In an electrical music system, means for
generating electrical frequencies correspond-
ing to the fundamental and harmonic fre-
quencies
musical scale, a plurality of means for each
amplifying at any instant frequencies corre-
sponding to the fundamental and harmonic
frequencies of a single selected note only in
the musical scale, means for converting the
electrical amplified energy into sound energy
corresponding to the selected notes, means for
selecting the frequencies generated in ac-
cordance with a predetermined selection of
notes and coordinating each of the selected
frequencies with predetermined amplifiers,
and means for synchronizing the said fre-:
quency generators for maintaining a regular
predetermined frequency relationship Dbe-
tween each of the said generating means.

36. In an electrical music system, means
for generating electrical frequencies corre-
sponding to the fundamental and harmonie
frequencies of each note throughout the musi-
cal scale, means for amplifying frequencies

of each of the notes throughout the *
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corresponding to the fundamental and par-
tial frequencies of selected notes throughout
the musical scale, means for converting the
electrical amplified energy into sound energy
corresponding to the selected notes, means for
selecting the frequencies generated in ac-
cordance with a predetermined selection of
notes of the musical scale and coordinating
each frequency selected withaseparate prede-
termined amplifier, and electri- ally operated
saturation reactance means variable with
speed changes in the generator means for ap-
plying load changes on the generator drive
means for synchronizing the said generators
for maintaining a regular predetermined fre-
quency relationship between each of the said
generating means,

37. In an electrical musi- system, means
for generating electrical frequencies corre-
sponding to the fundamental and other par-
tial frequencies of each of the notes through-
out the musical scale, means for reproducing
the generated frequencies according to a pre-
determined schedule, and means for intro-
ducing a tremolo effect in the reproduced
tones. .

38. In anelectrical music system, means for
generating electrical frequencies correspond-
ing to the fundamental and other partial fre-
quencies of each of the notes throughout the
musical scale, amplifying means for ampli-
fying the generated freqnencies for reproduc-
tion according to a predetermined schedule,
means for introducing a tremolo effect in the
reproduced tones, said tremolo means includ.-
ing means for cyclically varying the output
energy from the said amplifying means be-
tween a normal value and a’predetermined
value less than normal value,

39. In an electric mmusic system, means for
generating electrical frequencies correspond-
ing to the fundamental and harmonic fre-
quencies of each of the notes throughout the
musical seale, amplifying means for ampli-
fying the generated frequencies for repro-
duction according to a predetermined sched-
ule, means for introducing a tremolo effect in
the reproduced frequencies including means
for cyclically varying the output energy from
the said amplifying means between a normal
value and a predetermined va'ue less than
normal value, and means for regulating and
varying the predetermined energy output be-
low the said normal value.

40. Inanelectrical musie system, means for
electrically generating, amplifying and au-
dibly reproducing tone frequencies corre-
sponding te the several notes throughout the
musical scale, and means for varying the
intensity of the audibly reproduced tone fre.
quencies between predetermined maximum
and minimum intensities for producing a
tremolo in the reproduced frequencies.

41. In an electrical music system, a plu-
rality of generators for producing electri-
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cal energy of different frequencies corre-
sponding to musical notes of different
pitches and representing the consecutive
notes of a musical scale throughout a
plurality of octaves, means for amplifying
according to a desired selection the frequen-
c'es corresponding to those frequencies gen-
erated, means for introducing a tremolo effect
in the amplified electrical energy, and means
for converting the amplified electrical energy
corresponding to the generated frequencies
into andible energy.

42. In an electrical music system, a scries
of alternators for generating frequencies cor-
responding respectively to consecutive notes
of a musical scale throughout a plurality of
octaves, a plurality of amplifiers for ampli-
fying the frequencies generated, a sound re-
producer coordinated with each of the ampli-
fiers, means for selecting the generated fre-
quencies of each of the alternators and im.-
pressing the said frequencies upon one of
the said amplifiers in accordance with the
selection of a note desired to be reproduced,
means for synchronizing all of the said gen-
erators for maintaining a constant frequency
ratio therebetween, and means for introducing
a tremolo effect in the said amplified energy.

43. In an electrical music system, a series
of alternators for generating electrical fre-
quencies corresponding respectively to con-
secutive notes of a musical sca'e throughout
a plurality of octaves, a plurality of ampli-
fiers for amplifying the frequencies generated,
a sound reproducer coordinated with each of
the amplifiers, means for selecting the gener-
ated frequencies of each of the alternators
and impressing the said frequencies upon one
of the said amplifiers in accordance with the
selection of a note desired to be reproduced,
and means for delaying the keying of the
sound reproducer with the amplifier until the
generated frequencies have been keyed
thereto.

44. In an electrical music system, a series.

of alternators for producing “electrical fre-
quencies corresponding to the consecutive
notes of a musica' scale, a plurality of ampli-
filers for amplifying the various produced
frequencies in accordance with a predeter-
mined selection thereof, means for controlling
the intensity of each of the frequencies im-
pressed upon the said amplifiers in accord-
ance with the quality desired, a sound repro-
ducer coordinated with eack of said amplify-
ing systems, and means for keying the fre-
quencies generated with said amplifiers in
accordance with the selection thereof on an
associated manual keyboard.

45. In an electrical music system, a series
of alternators for producing electrical fre-
quenc’es corresponding to the fundamental
and harmonics of consecutive notes of a mu-
sical sca e, a plurality of amplifying systems
for amplifying the various produced fre-
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in accordance with a predetermined
thereof, means for controlling the
intensity of each of the frequencies for each
note impressed upon the said amplifying sys-
tems in accordance with the quality desired,
and a sound reproducer coordin ated with each
of said amplifying systems.

46. In an electrical music system, a series
of alternators for generating electrical fre-
quencies corresponding to the fundamental
and other partials of consecutive notes of a
musical scale, a piurality of amplifiers for
amp!ifying the various generated frequencies
for each note in accordance with a predeter-
mined selection thereof, means for controlling
the intensity of each of the frequencies im-
pressed upon the said amplifiers in accord-
ance with the sound quality desired, a sound
reproducer . coordinated with each of said
amplifying systems, means for keying the
tones generated with said amplifiers in ac-
cordance with the selection thereof on an asso-
ciated manual keyboard, and means for main-
taining synchronization between all of said
tone generators whereby a predetermined fre-
quency ratio is maintained between generated
frequencies of all of the said generators.

47. In an electrical music system, a series
of alternators for generating electrical fre-
quencies corresponding to the fundamental
and other partial frequencies of the consecu-
tive notes throughout the musical scale, a
plurality of amplifiers for amplifying at any
instant the various produced frequencies of a
single note only in accordance with a prede-
termined selection thereof, means for sepa-
rately controlling the intensity of each of the
fundamental and partial frequencies for each
note impressed upon the said amplifiers in
accordance with the tone quality desired, a
sound reproducer coordinated with each of
said amplifying systems, and means for key-
ing the generated frequencies for each note
with saig amplifiers in accordance with the

quencies
selection

5 gelection thereof on an associated manual

keyboard so that each of a plurality of notes
simultaneously played are reproduced from
separate amplifiers.

48. In combination with an electrical music
system having a keyboard provided with
separate keys to designate each note of the
system and amplifiers for amplifying elec-
trical tone frequencies generated by suitable
tone generating systems for each note, means
for selecting the electrical tones generated
in accordance with manual depression of the
keys representing the various notes on the
scale comprising means for keying the tones
corresponding to each of the notes selected
with separate amplifiers in the system in-
dependently of each other.

49. In combination with an electrical
music system having means for separately
distinguishing each note of the musical scale
and amplifiers for amplifying electrical fre-

29

quencies corresponding to the fundamental
and other partial frequencies of each note as
generated by suitable tone generating sys-
fems for each note, means for selecting the
tones generate i in accordance with various
predetermined and selected notes on the scale
which include means for keying the tones
corresponding to each of the notes as selected
to separate amplifiers in the system independ-
ently of the other, and means cooperating
therewith for independently controlling and
regulating the intensity of the various funda-
mental and partial frequencies of each note
impressed on the said separate amplifiers.

50. In combination with an electrical
music system having amplifiers and coordi-
nated amplifiers and sound reproducers for
amplifying and reproducing musical tones
generated by suitable tone generating systems
and keys for designating each of the tones on
the musical scale, means for selecting the
tones generated in accordance with manual
depression of the keys representing the vari-
ous notes on the scale which include means
for keying the tones as selected independ-
ently to one of the amplifiers in the system,
and means for keying the sound reproducer
coordinated with each of the amplifiers with
the said amplifier.

51. In combination with an electrical
music system having amplifiers and coordi-
nated amplifiers and sournd reproducers for
amplifying and reproducing musical tones
generated by suitable tone generating systems
and a keyboard provided with separate keys
to designate cach note of the musical scale,
means for selecting the tones generated in ac-
cordance with a selection of the keys repre-
senting the various notes on the scale which
include means for keving the tones as selected
independently to one of the amplifiers in the
system, means for keying and rendering the
sound reproducer coordinated with each of
the amplifiers operative, and means for
rendering the sound reproducers inoperative
after maintaining tones thereon for a prede-
termined time period while continuing to
impress said tones on said ampiiiiers.

52. In combination with an electrical
music system having amplifiers and coordi-
nated amplifiers and sound reproducers for
amplifying and reproducing tones generated
by suitable tone generating systems, means
for selecting the tones gemerated in accord-
ance with manual depression of the keys
representing the various notes on the scale
which include means for keying the tones as
selected independently to each of the ampli-
fiers in the system, means for keying the
sound reproducer coordinated with each of
the amplifiers with the said amplifier, and
means for delaying the sound reproducer
keying until tones are keyed to the said
amplifier.

53 In combination with an electrical mu-
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sic system having a keyboard corresponding
to the notes of the musical scale, means for
generating electrical tone frequencies corre-
sponding to each note of the musical scale,
and amplifiers and sound reproducers for
audibly reproducing the generated tone fre-
quencies, the combination of tone selection
relays, and means for operating said tone
selection relays to coordinate generated tone
frequencies with predetermined amplifiers
upon depression of keys corresponding to the
desired notes.

54. In combination with an electrical mu-
sic system having a keyboard with separate
€ys representing each note of the musical
scale, means for electrically generating tone
frequencies corresponding to the frequency
of each note of the musical scale, and ampli-
fiers and sound reproducers for audibly re-
producing the generated tone frequencies, the
combination of tone selection relays, means
for operating said tone selection relays to co-
ordinate generated tone frequencies with
predetermined amplifiers upon depression of
keys corresponding to the desired notes, and
means for keying the amplifiers and sound
reproducers with the chosen generated tones
after selection thereof.

55. In combination with an electrical mu-
sic system having a keyboard with a plural-
ity of keys representing the various notes of
the musical scale cooperating with means for
electrically generating tone frequencies cor-
responding to each note of the musical scale,
and amplifiers and sound reproducers for au-
dibly reproducing the generated tone fre-
quencies, the combination of tone selection
relays, and means for operating said tone
selection relays to coordinate generated tone
frequencies with predetermined amplifiers
upon depression of keys corresponding to the
desired notes, means for keying the ampli-
fiers and sound reproducers with the chosen
generated tone frequencies after selection
thereof, and means for holding and main-
taining the generated tone frequencies in the
umplif%ers and sound reproducers during the
entire period of depression of the keys.

56. In combination with an electrical mu-
sic system having a keyboard with manually
depressible keys representing the various
notes of the musical scale and cooperating
with means for electrically generating tone
frequencies corresponding to each note of the
musical scale, and amplifiers and sound re-
producers for audibly reproducing the gen-
erated tone frequencies, the combination of
tone selection relays, means for operating
sald tone selection relays to coordinate gen-
erated tones with predetermined amplifiers
upon depression of keys representing desired
notes for reproduction, means for keying the
amplifiers and sound reproducers with the
chosen generated tone frequencies after se-
lection thereof, means for holding and main-

1,001,085

taining the generated tone frequencies in the
amplifiers and sound reproducers during the
entire period of depression of the keys, and
eans operable upon release of selected keys
for rendering said sound reproducers inop-
erative prior to removing the released tone
frequency from the coordinated amplifier.

57. In an electrical music system having a
keyboard representing the various notes of
the musical scale, tone generators for gener-
ating electrical tone frequencies correspond-
ing to each of the notes, and amplifying and
reproducing means for converting the gener-
ated tones into audible frequency energy, the
combination of tone frequencies selection re-
lays of a nuinber equal to the notes played si-
multancously coordinated with each of the
keys representing the various notes, and
means for causing a response from one of
said slection relays upon depression of each
of the said keys.

58. In an electrical music system having
a keyboard representing the various notes
of the musical scale, tone generators for gen-
erating electrical tone frequencies corre-
sponding to each note throughout the scale,
and amplifying and reproducing means for
converting the generated tone frequencies
into audible frequency energy, the combina-
tion of tone selection relays of a number
equal to the notes played simultaneously co-
ordinated with each of the keys representing
the various notes, means for causing a re-
sponse from one of said selection relays upon
depression of each
ing relays coordinated with each tone selec-
tion relay for maintaining tone frequencies
thereon during the entire period of depres-
sion of cach of the keys.

59. In an electrical music system having
a keyboard representing the various notes
of the musical scale, generators for gener-
ating the electrical tones corresponding to
each of the notes, and amplifying and re-
producing means for converting the gener-
ated tones into audible frequency energy, the
combination of tone selection relays of a
number equal to the notes played simultane-
ously coordinated with each of the keys rep-
resenting the various notes for selecting one
of said amplifying and reproducing systems
to audibly reproduce the selected tones,
means for causing a response from one of
said selection relays upon depression of each
of the said keys, holding relays coordinated
with each tone selection relay for maintain-
ing tones thereon during the entire period of
depression of each of the keys, and means
coordinated with each of said selection re.
lays for providing a locking effect on the
sald holding relays for preventing other tone
selection relays from operating to Ikey,
whereby only'a single amplifier system re-
produces any
lar instant.

of the said keys, and hold- 16

selected note at any particu-
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60. In combination with an electrical mu-
i keyboard formed from
keys each representing a note on the musical
scale, and tone generating, amplifying and
reproducing means for reproducing the
notes, a relay associated with each of the
keys, starting relays and tone selection re-
lays, and means operable upon depression
of each key for initiating an operation of
one of said starting relays for causing an
operation of said tone selection relays co-
ordinated with a key representing the de-
sired note to be played.

61. In an electrical music system, a gen-
erator system for producing electrical energy
of fundamental and partial frequencies cor-
responding to each note of a musical scale,
a plurality of amplifiers of a number cor-
responding to the number of notes of the
musical scale to be played simultaneously,
and means operable upon the depression of
keys on the musical keyboard for supplying
generated electrical energy corresponding to
each chosen note to one of said amplifiers
only.

62. In an electrical music system, a gen-
erator system for producing electrical en-
ergy of fundamental and partial frequencies
corresponding to each note of a musical scale,
a plurality of amplifiers of a number cor-
responding to the number of notes of the
musical scale to be played simultaneously,
means operable upon the depression of keys
on the musical keyboard for supplying gen-
erated electrical energy corresponding to a
chosen note to one of said amplifiers only
and means for associating other desired fre-
quencies corresponding to other desired
notes wi‘h others of said amplifiers so as to
permit amplification of the fundamental and
chosen partial frequencies of onc note only
in each of said amplifiers during the period
when each note is reproduced.

63. In an electrical music system, a gener-
ator system for producing electrical energy of
fundamental and partial frequencies corre-
sponding to each note of a musical scale, a
plurality of amplifiers of a number corre-
sponding to a predetermined number of notes
of the musical scale to be played simultane-
ously. means operable upon the depression of
each key on the musical keyboard for supply-
ing generated electrical energy correspond-
ing to the chosen note to one of said amplifiers

only, and means for associating other desired .

frequencies corresponding to other keys rep-
resenting other desired notes with others of
said amplifiers, end means to limit the tones
impressed on each amplifier to a fundamental
and selected partial frequencies of a single
note only at any one instant.

64. In an electrical music system. a gener-
ator system for producipg electrical energy of
fundamental and partial frequencies corre-
sponding to each note of a musical scale, a

31

plurality of amplifiers of a number corre-
sponding to a predetermined number of
notes of the musical scale to be played simul-
taneously, means operable upon the depres-
sion of each key on the musical keyboard for
supplying generated electrical energy corre-
sponding to the chosen note to one of said
amplifiers only, and means for associating
other desired frequencies corresponding to
other keys representing other desired notes
with others of said amplifiers, means to limit
the tones impressed on each amplifier to a
fundamental and partial frequencies of a sin-
gle note only at any one instant, and means
for varying the intensity ratio between the
simultaneously impressed frequencies on each
amplifier for producing varying quality ef-
fects therefrom.

65. In an electrical music system, electrical
generators for generating frequencies corre-
sponding to the fundamental and partial fre-
quencies of each note of a musical scale as
represented by notes of a musical keyboard, a
plurality of amplifiers corresponding in num-
Der to the maximum number of notes desired
to be played simultaneously, means respon-
sive to the depression of a key on the musical
keyboard for impressing frequencies corre-
sponding thereto on one of said amplifiers,
and -means for limiting the frequencies to be
amplified by any of said amplifiers to a single
fundamental and associated partial frequen-
cies at any one instant.

66. In an electrical music system. electrical
generators for generating frequencies corre-
sponding to the Tundamental and partial fre-
quencies of each note of a musical scale as
represented by notes of a musical keyboard, a
plurality of amplifiers corresponding in num-
ber to the maximum number of notes desired
to be played simultaneously, means respon-
sive to the depression of a key on the musical
keyboard for impressing frequencies coire-
sponding thereto on one of said amplifiers,
means for limiting the number of frequencies
to be amplified by any of said amplifiers to a
single fundamental and associated partial
frequencies at any one instant, and means
for placing succeeding tones played upon sep-
arate amplifiers
ated energy.

67. In an electrical system, electrical gen-
erators for generating frequencies corre-
sponding to the fundamental and other par-
tial frequencies of each note of a musical
scale as represented by the notes of a musical
keyboard, a plurality of amplifying systems
corresponding in number to the maximum
pumber of notes desired to be played simul-
taneously, means responsive to the depres-
sion of a key on the musical kevboard for im-
pressing frequencies corresponding thereto on
one of seid amplifying systems, means for
independently impressing the fundamental
and partial frequencies corresponding to the

for amplification of gener- -
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selected note upon the input circuit of the said
amplifying system, and means for limiting
the number of tone frequencies to be ampli-
fied by any of said amplifying systems fo a
single fundamental and associated partial
frequencies at any one instant.

68. In an electrical music systeni, eleetrical
generators for generating electrical frequen-
cies corresponding to the fundamental and
other partial frequencies of each note of a
musical scale as represented by notes of a
musical keyboard, a plurality of multi-stage
amplifiers corresponding in number to the
maximum number of notes desired to be
played simultaneously, means responsive to
the depression of g koy on the musical key-
board for impressing frequencies correspond-
ing thereto on one of said multi-stage ampli-
fiers, means for impressing the fundamental
and partial frequencies corresponding to the
selected note upon the primary stage of the
amplifier independently, means for limiting
the number of tone frequencies to be amplified
by any of said multi-stage amplifiers to a sin-
gle fundamental and ascociated partial fre-
quencies at any one instant, and means for
placing frequencies corresponding to succeed-
ing notes played npon amplifiers nof in use
for amplification of generated energy.

69. A tremolo control for an electrical tone
producer of the type described comprising a
motor, means for controlling the motor, and
means operable from said motor for causing
a variation of a resistance connected in the
audio amplifier stage of said tone producer.

70. A tremolo control for an electrical tone
producer of the type described comprising a
motor, means for controlling the motor, me-
chanical means for causing the said motor to
periodically short-circuit a resistance con-
nected in the audio amplified stage of said
tone producer.

71. In combination with an electrical tone
producer amplifying system, a tremolo con-
ol including means for controlling the out-
put energy from the system at a variable rate,

72. The combination with an electrical tone
producer and an amplifying system, for am-
plifying the produced tones of, means for
cyclically varying the output energy from the
system.

73. In combination, an electrical tone fre-
quency generator, an amplifier for amplify-
ing the produced generated tone frequency,
and means for cyclically varying the output
energy of said amplifier, at a sub-audible rate,

74. In combination, an electrical sound re.-

producer, and means for cyclically varying
the input energy thereto.

75. In combination, an electrical sound re-
producer, and means for cyclically varying
the input energy thereto at a sub-audible rate,

76. In combination with an electrical tone
producer amplifying system, a tremolo con-
trol including a communicating system, and
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means operable from the said <ommutating
system for cyclically raising and lowering the
output energy from the said system.

77, In combination with an electrical tone
producer having thermionic amplifiers for
amplifying produced tones, a tremolo control
including means for cyclically varying the
output current from said amplifying system
between two predetermined values,

78. In comIlJ)ination with an electrical tone
producer, a tremolo control including means
for cyclically varying the effective output
therefrom between predetermined maximum
and minimum values.

79. In combination with an electrical tone
producer having thermionic amplifiers for
amplifying produced tones, a tremolo control
including an auxiliary thermionic amplifier
functioning as a robber tube, and means pro-
vided by said robber tube for cyclically effect-
ing an merease and decrease in the effective
output current from the said thermionic
amplifier,

80. In combination with an electrical tone
producer having thermionic amplifiers for
amplifying the tones produced, a tremolo con-
trol including a thermionic tube connected
with the output circunit of said thermionic am-
plifier, mcans for controlling the output cur-
rent of said second named thermionic tube at
a predetermined rate, and means responsive
to changes in the output current of said sec-

~ond named thermionic tube for cyclically ef-

fecting a resultant increase and decrease in
the effective plate current output of said
thermionic amplifier.

81. In combination with an electrical tone
producer having push-pull connected ther-
mionic amplifiers for amplifying produced
tones, a second thermionic tube functioning as
a robber tube connected with the output eir-
cuit of said push-pull connected thermionic
amplifier, means for interrupting at a prede-
termined rate the plate current supply for
sald second named thermionic robber tube for
sequentially changing the plate current out-
put therefrom between a minimum and a
maximum value, and means provided by con-
nection of said robber tube with the output
circuit of said push-pull connected thermionic
amplifiers for robbing the plate current sup-
ply to said push-pull amplifiers at periods
when maximum current is being passe(i) by the
said robber tube for effecting a change in the
eflective plate current output from the said
push-pull amplifier varying between prede-
termined normal strength and a value differ-
ing therefrom by a predetermined amount,

82. In combination with an electrical tone
produc'ng system having amplifying means
cooperating therewith for amplifying pro-
duced tones, means for producing effective
changes in the effective output from said
amplifying means to cyclically change thae
output between two predetermined limiting
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values, and means for controlling the
strength of the tremolo by varying the sep-
aration of the two said limiting values in
accordance with desired strengths of tremolo
operation.

83. In combination with an electrical tone
producing system having amplifying means
cooperating therewith for amplifying pro-
duced tones, means for producing e ective
changes in the effective output from said am-
plifying means to cyclically change the out-
put between a normal value and a value be-
low the said normal value, and means for
controlling the strength of the tremolo by
regulating the amount which the output en-
ergy from the amplifying system decreases
below the said normal value in accordance
with the tremolo operation.

84. In combination with an electrical tone
producing music system having amplifiers co-
ordinated therewith for amplifying the pro-
duced tones, a tremolo control including a
thermionic amplifier for cyclically increasing
and decreasing the effective output current
from the said amplifying system between 2
normal value and a value below the said nor-
mal value, and means for regulating the
strength of the plate current output from
the said control amplifier for determining
the effective strength of the tremolo by regu-
lating the amount which the effective output
current from the amplifier is decreased below
the predetermined normal value.

85. In combination with an electrical tone
producing system having a plurality of am-
plifiers for independently amplifying sep-
arate tones from the tone producers as select-
ed, a separate tremolo control for each am-
plifier, and means for separately controlling
the strength of the tremolo on each of the
said amplifiers for establishing a predeter-
mined ratio between the strength of the trem-
olo on the several amplifiers whereby the
tremolo strength on one amplifier is of a dif-
ferent value than on another amplifier.

86. An amplifying system for amplifying
tones produced in electrical tone producers
generating fundamental and partial frequen-
cies corresponding to each note of the musi-
cal scale which includes independent means
for supplying the fundamental and the par-
tial frequencies corresponding to each select
ed note to the amplifying systems.

87. The amplifying system claimed in
claim 86 including, in addition, parallelly-
connected output means from the said am-
plifiers for utilizing the combined fundamen-
tal and partial frequencies of each note.

g8. In an electrical tone producing system
having generating means for producing fun-
damental and partial frequencies of each note
of the musical scale, an amplifying system in-
cluding a plurality of independent ampli-
fier tubes, means for supplying the funda-
mental and each partial frequencies inde-
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pendently to separate amplifier tubes of said
amplifying system, and a parallel output con-
nection from all of the said separate ampli-
fier tubes for utilizing the combined energy
from all of said amplifier tubes.

89. The combination claimed in claim 88
including, in addition, means for independ-
ently controlling the amplitude of the fun-
damental and separate partials supplied to
the input of each of the plurality of ampli-
tier tubes.

90. In combination with an electrical tone
producer having generators for producing
the fundamental and partial frequencies of
esch note of the mus.cal scale, an amplify-
ing system including a plurality of amplifiers
having input circuits connected with the fun-
damental and separate partials of the sep-
arately produced frequencies, parallel out-
put connections from each of the amplifiers,
means for coupling each of the separate am-
plifiers with a plurality of push-pull con-
nected amplifiers for preventing noise and
distortion due to keying of the generated fre-
quencies with the first named amplifiers, and
means connected with said push-pull ampli-
fiers for utilizing the amplified energy from
said tone producers.

91. In combination with an electrical music
system having a_plurality of generators for
generating tone frequencies corresponding to
the fundamental and partial frequencies of
cach note of the miusical scale throughout a
plurality of octaves, amplifying means for
amplifying the generated tones according to
a predetermined keying selection, means for
connecting the said amplifying means in
push-pull fash’on for avoiding noise and dis-
tortion from keying the generated tone fre-
quencies therewith, and means for supplying
plate current to said push-pull connected am-
plifiers in push-push manner for avoiding
clicks and noises due to keying of the plate
current supply therewith upon selection of
predetermined tone frequencies.

99. In combination with an electrical tone
producing system having generators for pro-
ducing the fundamehtal and partial fre-
quencies of each note of the musical scale
throughout a plurality of octaves and means
for selecting and keying the produced tones
as desired, a vacuum tube amplifying system
having push-pull connected ampli%ers for
amplifying the selected produced tones, a
source of plate current supply for said push-
pull connected amplifiers, means for render-

ing the said amplifiers operative upon a pre-’

determined note selection by controlling the
supply of plate current thereto, and means
for supplying plate current to said amplifiers
in push-push fashion for avoiding noises and
clicks from keving of said amplifiers.

93. The combination claimed in claim 92
including, in addition, a choke coil connected
in the supply of plate current to said ampli-
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fiers for avoiding noise and distortion upon
keying the plate current thereto.

94. In combination with an electrical tone
producing system having tone generators for
producing frequencies corresponding to the
fundamental and partial frequencies of each
note of the musical scale throughout a plu-
rality of octaves which includes an amplifier
for separately amplifying the fundamental
and partial frequencies of each of the pro-
duced and desired notes in accordance with a
predetermined selection. a push-pull con-
nected thermionic amplifier for amplifying
the combined fundamental and selected par-
tial frequencies in accordance with g pre-
determined note selection, means for supply-
ing plate current to said push-pull connected
amplifiers in push-push fashion for avoiding
clicks and noises npon keying of the ampli-
fiers and rendering the amplifiers operative
upon a predetermined note selection, and
means for equally rendering the said push-
pull connected amplifiers inoperative at time
periods when the predetermined note solec.
tion is no longer desired including a ground
connection from said plate current supply to
said amplifier.

5. A synchronizing system for maintain-
Ing constant speed from driven rotary ele-
ments which incliudes vibratory means for
supplying impulses to said elements for main-
taining substantial constancy in the angular
rotational speed of said elements, and an elec-
trical reactance of varying value determin-
able by fluctuations in the speed of said ele-
ments and the rate of supply of said con-
trolling impulses thereto for applying a sup-
Plemental fluctnating load to said driven ele-
ments for controlling the speed thereof by
maintaining coincidence between the rate pf
supply of controlling impulses and the rate
of rotation.

96. The method of audibly reproducing
musical sounds from an electrical music Sys-
tem which includes generating a fundamental
and selected partial frequencies for each note
throughout the musical scale, audibly repro-
ducing the fundamental and partial fre-
quencies of the generated notes as desired,
amplifying the fundamental and partial fre-
quencies of each of the generatod notes as
desired, selectively coordinating individual
fundamental and partial frequencies of each
of the notes with the amplifying and repro-
ducing systems, and keying independent
sound reproducing systems with each of the
amplifying mediums as desired tones are im-
pressed thereon.

97. The method of operating an electrical
music system which includes producing elec-
trical frequencies corresponding to each note
throughout the musical scale, reproducing
produced frequencies independently of each
other through a plurality of sound reproduc-
ing systems of a number equal to a predeter-
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mined number of notes to be simultaneously
heard, and selectively coordinating said
sound reproducing systems with the electri-
cally produced frequencies for a predeter-
mined note so as to reproduce each of the
desired notes independently from each other.

98. The method of operating an electrical
music systent which includes generating elec-
trical energy at various tone frequencies cor-
responding to each note of the musical scale,
reproducing generated frequencies independ-
ently of each other through a plurality of
sound reproducing mediums of a number
equal to the number of notes on the musical
scale to be played simultaneously, individ-
ually coordinating the sound reproducing
systems with electrically generated energy
corresponding in frequency wih desired note
reproduction, limiting the uumber of fre-
quencies on each sound reproducing system
to frequencies corresponding to a single note
at any given instant, and successively coordi-
nating other desired note frequencies with
others of the sound reproducing systems.

89, The method of operating an clectrical
musie systemn which ineludel generating tones
corresponding in frequency to the fundamen-
tal frequency and selected partials for each
note throughout the musieal seale, audibly
reproducing the generated fundamental and
partial frequencies of-the venerated tones as
desired, amplifying the fundamental and
partial frequencies of each of the generated
tones as desired, selectively coordinating in-
dividual fundamental and partial frequen-
cles corresponding to desired notes of the
scale to Le reproduced with the amplifyine
and sounid reprodncing systems, and keying
the sound reproducing with ench of the am-
plifying svstems with a predetermined time
delay after desired tone frequencies are im-
pressed thereon.,

100. The method of operating an electrical
music generating system which includes zer-
erating tones corresponding in frequency to
fundamental and selected partial frequencies
for each note throughout the musieal scale,
amplifving in a selective manner the en-
erated tones. selectively keying the amplify-
Ing systems with the tone generating sources,
converting the output electrical energy from
each amplifying medinm into audible en-
ergy, and limiting the tones simultaneously
keyed with one amplifying system at any ong
instant to the fundamental and partial fre-
quencies of a selected note.

101. The method of operating an electrieal
music generating system having a plurality
of tone generators for generating fundamen-
tal and partial frequencies assigned to each
note throughout the musical scale and a plu-
rality of thermionic amplifying systems and
coordinated sound reproducers of o number
equal to the maximum number of notes to
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be simultaneously reproduced which includes,
selectively keying the thermionic amplifiers
with the fone generators, controlling the plate
current flow through the thermionic ampli-
fiers for keging_ each sound reproducing sys-
tem with the coordinated amplifier upon se-
lectively keying the desired tones thereon.
102. The method of operating an electrical
music system having tone generators for gen-
erating the fundamental and other partial
frequencies for each note throughout the mu-
sical scale, amplifying systems of a number
less than the number of notes throughout the
musical scale, and a sound reproducer as-
cociated with each of the;amplifying systems
which includes supplying the generated fun-
damental and partial frequencies to the am-
plifying systems in accordance with a man-
ual tone selection, controlling the intensity
of each of the impressed frequencies upon
each amplifying system, keying the selected

" tones to one of the amplifying systems in ac-
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cordance with the depression of keys corre-
sponding to the desired notes, and keying the
sound reproducers with each amplifying sys-
tem at a time period after the tones have been
keyed therewith.

103. The method of operating an electrical
music system having a plurality of tone gen-
erators having frequencies corresponding to
musical notes of different pitches and repre-
senting the consecutive notes of a musical
scale throughout a plurality of octaves which

-includes amplifying according to a desired

note selection the frequencies corresponding
to those frequencies generated, introducin
a tremolo effect in the ampliéed electrica
energy, and converting the amplified elec-
trical energy into audible energy.

104. The method of operating an electrical

music system having a keyboard representing

the various notes of the musical scale, tone
generators for generating the tones corre-
sponding to each of the notes of the scale,
and amplifying and reproducing means for
converting the generated tones into audible
frequency energy, which includes selecting
the generated tones in accordance with a de-
pression of the keys of the keyboard, causing
a response from one of the amplifying sys-
tems in accordance with the tone selection,
and maintaining tones on the amplifying sys-
tems after selection during the entire period
of depression of each of the keys.

105. The step in the method of producing
a tremolo effect from an electrical tone pro-
ducer having amplifying systems for ampli-
fying produced tones which includes pro-
ducin% variations in the effective output en-
ergy from the amplifier at a predetermined
rate. ’

106. The steps in the method of producing
a tremolo effect from an electrical tone pro-
ducer having amplifying systems selectively

coordinated with tone producing mediums

35

which includes producing variations in the
effective output energy from the amplifier at
a predetermined rate, and controlling the de-
gree of variation in accordance with the de-
sired strength of tremolo.

107. The step in the method of producing
a tremolo effect from an electrical tone pro-
ducer amplifying system which comprises
cyclically raising and lowering the output en-
ergy from the amplifying system at a pre-
determined rate.

108. The step in the method of producing
a tremolo effect from an electrical tone pro-
ducer which comprises cyclically varying the
effective output energy from the tone pro-
ducer between two predetermined values.

109. The step in the method of producing
a tremolo effect from an electrical tone pro-
ducer having thermionic amplifiers for am-
plifying produced tones which comprises
robbing the current supply to the tone ampli-
fying means at a predetermined rate for
eyclically effecting an increase and decrease
in the eigective output current from the tone
amplifying system.

110. ‘The steps in the method of producing
a tremolo effect from an electrical tone pro-
ducing system having amplifying means co-
operating therewith for amplifying pro-
duced tones in accordance with a predeter-
mined selection thereof which include pro-
ducing changes in the effective output from
the amplifying means to cyclically change
the output between a normal value and a
value below the said normal value, and regu-
lating the amount which the effective output
energy from the amplifying system decreases
below the said normal value for producing
effective changes in the strength of the
tremolo.

111. The steps in the operation of a tremolo
in combination with an electrical tone pro-
ducing system having a plurality of ampli-
fiers - selectively coordinated therewith for
independently amplifying separate tones
from the tone producers corresponding to
different notes selected which comprise
cyclically producing an increase and decrease
in the effective output energy from each am-
plifier, and varying the rate of increase and
decrease on each amplifier independently for
accentuating the strength of the tremolo ef-
fect on the selected amplifiers as desired.

112. In combination, a plurality of gen-
erators for generating electrical energy of
frequencies corresponding to the fundamental
and selected harmonics of each note in a
musical system, a plurality of amplifying
systems, means for selecting and impressing
the frequencies corresponding to each single
selected note in the musical system upon a
separate one of said amplifying systems at
any instant for amplication, and an output
circunit connected with each amplifying sys-
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tem for utilizing the amplified generated en-
ergy.

%{3. In an electrical music system, a plu-
rality of generators for producing electrical
energy of different frequencies correspond-
ing to the fundamental and selected har-
monics of musical notes of different pitches
representing the consecutive notes of a mu-
sical scale throughout a plurality of octaves,
means for amplifying according to a desired
selection the frequencies corresponding to
those frequencies generated, means for in-
troducing a tremolo effect in the amplified
generated energy, and a utilization circuit
connected with the amplifying system for uti-
lizing the amplified electrical energy corre-
sponding to the selected ‘generated fre-
quencies. 3

114. In an electrical music system, a series
of generating means for producing electrical
frequencies correspondin respectively to
consecutive notes on a musical scale through-
out a plurality of octaves, a plurality of am-
plifying systems for amplifying the fre-

-quencies generated, a utilization circuit for

utilizing the amplified frequencies generated,
means for selecting the generated frequencies
of each of the generating means and impress-
ing said frequencies upon one of said ampli-
fiers in accordance with the selection of each
note desired to be reproduced, and means for
delaying the keying of the utilization cir-
cuits with each amplifying system until the
generated frequencies have been keyed
thereto,

115. In combination with an electrical
music system having amplifiers and coordi-
nated utilization circuits for amplifying and
utilizing musical tones generated by suitable
tone generating systems and keys for desig-
nating each of the tones on the musical scale,
means for selecting the tones generated in
accordance with a manual depression of the
keys representing the various notes on the
scale which includes means for keying the
tones as selected independently to one of the
amplifying systems, and means for keying
the utilization circuit coordinated with each
of the amplifiers with the said amplifier at
a period when the tones are keyed with said
amplifier. ‘

116. In an electrical music system having a
keyboard with a plurality of keys represent-
ing the various notes on the musical scale
cooperating with means for electrically gen-
erating tone frequencies corresponding to
each note of the musical scale and amplifiers
and sound reproducers for audibly reproduc-
ing the tone frequencies, the combination of
tone selection relays and means for operating
said tone selection relays to coordinate gen-
erated tone frequencies with predetermined
amplifiers upon depression of keys corre-
sponding to the desired notes, means for key-
ing the amplifiers and sound reproducers with

1,001,086

the generated tone frequencies after selection
thereof, and means for holding and .main-
taining the generated tone frequencies in the
amplifiers and sound reproducers during a
period at least equal to tﬁ)e period of depres-
sion of the keys representing each note on the
musical scale.

117. The method of producing a musical
note which comprises vibrating a tuning
fotk whose natural period of vibration cor.
responds to the period of vibration of the
desired note, producing electromagnetic en-
ergy from the vibration of the tuning fork,
amplifying the electrical energy generated
and applying the amplified energy to a sound
reproducer to reproduce the musical note
emitted by the vibrating tuning fork.

118. In a musical instrument, a tuning
fork, an electro-magnet positioned adjacent
one of the tines of said tuning fork, means
to vibrate the said tuning fork to generate
an electrical current in the winding of said
electro-magnet, an amplifier for am lifying
the generated currents, and a soun repro-
ducer in cooperative relationship with the
output of said amplifier to reproduce audibly
the electrical energy generated by the said
vibrating fork.

119. In a musical instrument, a plurality of
tuning forks of natural periods correspond-
ing to selected musical notes, an electromag-
netic device cooperatively associated with at
least one tine of each tuning fork, means for
vibrating each of said tuning forks to cause
electrical energy of a frequency correspond-
ing to the fork frequency to be induced in
each electromagnetic device, an amplifying
system, means selectively operable to impress
the frequencies generated by one or more of
the vibrating tuning forks upon said ampli-
fier, and a sound reproducer connected with
the said amplifier to reproduce audibly the
electrical energy impressed thereon.

120. In comgl‘;lation, a plurality of sources
of electrical energy of frequencies corre-
sponding to the fundamental and selected
harmonics of each note in a musical system, a
plurality of amplifying systems, means for
selecting and connecting with one of the am-
plifying systems individually the frequencies
corresponding to individually selected notes
of the musical scale, and a load circuit con-
nected with each amplifying system for uti-
lizing the amplified generated energy.

121. A system for electrically producing
music comprising a source for producing elec-
trical energy at frequencies separated one
from the other in proportion to the separation
of the fundamental g‘equency of the musical
notes of different pitches representing the
consecutive notes of a musical scale through-
out a plurality of octaves, means for ampli-
fying according to a desired selection the fre-
quencies corresponding to those frequencies
produced, means for changing according to a
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Jesired selection the tone quality of the ampli- electrical frequencies corr'esponding to the
fied generated energy, and a load circuit con- fundamental and harmonic frequencies for
nected with the amplifying means for utiliz- each note in a musical scale, means to select
ing the amplified electrical energy corre- from the generated voltages various funda-
8 sponding to the selected produced frequencies. mentals and harmonics according to a prede-
199. In an electrical music system, a series termined selection thereof upon the keyboard,
of generating means for producing electri- means for varying the tone quality produced
cal frequencies corresponding respectively to from the selected frequencies by controlling
consecutive notes on a musical scale through- the relative amplitudes of the fundamental
10 out a plurality of octaves, a plurality of am- and harmonic frequencies for each note se- 5
plifying systems for amplifying the frequen- lected on the keyboard, and a sound repro-
cies generated, a load circuit for utilizing the ducer responsive to the amplitude controlled
amplified frequencies generated, means for selected frequencies for audibly reproducing
selecting the generated Frequencies of each of musical notes. . .
the generating means and impressing said 126. Ina keyboard electrical music system,
frequencies upon one of said amplifiers in ac- vibratory sources for generating alternating
cordance with the selection of each note de- current voltages 1 associated magnetic coll
sired to be reproduced, and means for main- electrical frequencies COITeS onding to the
taining the load circuit inoperative to utilize fundamental and harmonic frequencies cor-
the produced electrical energy until a time responding to each note in the musieal scale,
subsequent to keying the generated frequen- Means to select from the generated voltages
cies with the amplifier. various fundamentals and harmonics accord-
123. In combination with an electrical ing to a predetermined manual selection
music system having amplifiers and coordi- @hereof upon the keyboard, means for vary- 90
nated utilization circuits for amplifying and ing the tone color produced from the selected
utilizing musical tones generated by suitable frequencies by controlling the relative ampli-
tone generating systems and keys for desig- tudes of the selgcted funfamental and har-
nating each of the tones on the musical scale, momc frequencies, and a sound reproducer
means for selecting the tones generated in ac- responsive to the amplitude controlled se-
cordance with a manual depression of the keys lected frequencies for audibly reproducing

representing the various notes on the scale musical notes.
which includes means for keying the tones as RICHARD HOWLAND RANGER.
selected independently to one of the ampli-
35 fying systems, and means for keying the uti- 100
lization circuit coordinated with each of the
amplifiers with the said amplifier at a time
period subsequent to the time period when
téhe selected tones are keyed with said ampli-
er.
124. Tn an electrical music system having
a keyboard with a plurality of keys repre-
senting the various notes on the musical scale
cooperating with means for electromagneti-
45 cally generating tone frequencies correspond- 110
ing to each note of the musical scale and am-
plifiers and a load circuit responsive to the
generated tone frequencies, the combination
of tone selection relays, means for operating
50 the tone selection relays to coordinate gen- 15
erated tone frequencies with predetermined
amplifiers upon depression of keys corre-
sponding to the desired notes, means for con-
necting each amplifier with its coordinated
s5 load circuit at a time period subsequent to 120
the impression of selected frequencies there-
upon, and means for holding and maintain-
ing the connection of tone frequencies with
the load circuit through the amplifier during
60 p time period at least equal to the period of - 128
depression of the keys representing each note
on the musical scale.
125. In a keyboard electrical music system,
vibratory sources for generating alternating
85 current voltages in associated pick-up devices 130
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CERTIFICATE OF CORRECTION,
Patent No. 1,901, 985. March 21, 1933,

RICHARD HOWLAND RANGER.

It is hereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 10, line 98, strike
out the word "tones"; page 11, line 27, for "UX-207-A" read "UX-201-A", page
13, line 49, for "illsutrated" read "illustrated"; page 14, line 124, for "trans.
former secondaries" read "transformers”, apd line 125, for "transformers" read
"transformer secondaries'; page 24, line 130, claim IS, strike out the word "par.
tial"; page 30, line 79, claim 57, for “tones" read “tone frequencies”, and line
80, strike out the word "frequencies"; page 32, line 65, claim 76, for " communij -
cating" read "commutating"; page 34, line 83, claim 98, for "wih" read "with";
and that the said Letters Patent should be read with these corrections therein
that the same may conform to the record of the case in the Patent Office.

Signed and sealed this 22nd day of August, A. D. 1933, :

‘ M. J. Moore.
(Seal) Acting Commissioner of Patents.



