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This “invention relates to .sound generat-
ing apparatus or instruments of the type
embodying an electrical vibrating system.

~ It aims to provide a novel method of and
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means for producing sounds in musical tones

or notes of variable pitch, volume and tim-

bre in realistic imitation of the human voice
and various known mausical instruments.
One object of the invention is to provide a
simple and inexpensive instrument capable
of producing musical tones according to the
method embodyin
ume and timbre of which sounds may be va-
ried over a wide range, and with delicate
graduations. _

An 1nstrumeni embodying the invention
comprises a sound reproducer, such as a tele-

. phone receiver or loud-speaker, connected to

20

&6

an oscillating system adapt’eé to be con-
trolled or affected by an object or objects,
such as the hands or fingers of an operator
held in relative position in proximity to an
element of the system. For example, an
electrical oscillating system including oscil-
lator tubes of the electro-ionic type may be

- employed, and the circuifs of the system may

a0
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be so correlated that the frequency or fre-
quencies of the electrical osciliations will
vary in accordance with the variations in
the electrical capacity or other character-
istic of the controlling circuit caused by the
moveinents of external objects, such as an
operators hand or fingers as above stated.

"T'he operator’s hands, or the objects moved

by hm are not required to make physical
contact with the instrument, but if the in-
strument 1s arranged to permit such contact,

- the géneration or production and control of

"

the sound is not effected directly thereby as

1s the case with the ordinary musical instru-
ments. |
In oerder to generate clear sound or musical

F

‘tones and permit ready control thereof, a

plurality of oscillators are employed, hav-
Ing a Ifrequency above the audible range but
interacting with each other to produce in-
terference or beat-notes of audible frequency.
The frequency of one or more of the oscilla-
tors 1s controllable by the operator to pro-
duce beat-notes of the desired pitch. The
apparatus in preferred form also embodies
means for controlling the volume and timbre
of the musiec.

the same, the pitch, vol-

~ The improved method and means of .this
invention tfor producing sound or musical
tones possess great advantages over ordinary
musical instruments of.the prior art. Apart
from the simplicity in construction and oper-
ation of an instrument embodying the inven-
tion, 1t 1s capable of producing clear and
pure musical tones in realistic imitation of a
known instrument, such as the violin for ex-
ample, and may be so constructed that the
characteristics of the sound or
duced thereby may be changed as desired in
imitation of various other instruments,
whereas the ordinary musical instrument,
such as the violin, produces sound tones of
fixed and well-known characteristics. The
instrument 1s not limited, however, to the
production of music but may be employed to

_generate sounds or operate signals for va-

rious purposes. !

i

Other objects and ‘advantages of the in-
vention, particularly with reference to elec-
trical elements and circuits and their ar-
rangements m systems for securing various
results in different constructional embodi-
ments which have been devised, will appear

{rom the following description considered

In connection with the accompanying draw-
mgs in which are shown several modified
forms of the invéntion. Various practical
embodiments of the invention are herein-
atter described in order to make a full and
complete disclosure, but the invention ob-
viously 1s not limited to the specific arrange-
ments shown and it is to be understood that
no limitations thereon are intended beyond
those set forth in the appended claims.
Referring to the drawings, .

Hig. 1 1s a diagrammatic view of electrical
circults and apparatus arranged in accord-
ance with the invention for the production ot
a single tone of variable pitch |

H1g. 1% is a similar view of a modification

Fig. 2 is a similar view of a further modi-
fication embodying amplifiers; '

H1g. 3 is a dlagrammatic view of a modi-
fied form of reproducer circuit;

Higs. 4 and 5 are diagrammatic views of
different forms of control circuits;

Fig. 6 15 a diagrammatic view of a system
for producing two tones; - '

Figs. 7 and 8 are similar views of systems
tor producing four tones; x
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Fies, 9 to 14 illustrate means for regulat-
%e volume of the sounds;

1n o
%‘j‘ s. 15 to 18 illustrate systems for switch-

ing the tone on and ofi by means mf &m"m_

connection ; , .
Fig. 19 shows a system for effecting the

same result by a modified form of control;
~ Figs. 20 to 22 show systems for eliminat-

ing the natural oscillations; - -
%‘igs. 23 to 26 illustrate systems for regu-

~ lating the timbre of the sound or tone; an

16

Fig. 27 illustrates a complete system for
simyltaneously producing a plurality of
sound or musical tones on the same or dif-
ferent pitches, and embodying means for

- controlling the characteristics thereof.

20

- A preferred form of instrument embody-
ing ﬂEe invention and operable according to
the method embodying the same, comprises

the following elements: o
1. A control element or electrode with re-

lation to which an object such as the hands

ab
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or fingers of an operator are moved to con-

character of the sound

trol the pitch an

tones emitted by the instrument. Said ele-

ment does not function like the antenna 1n
8 wireless recelver sef or apparatus, 1. e., 1t

does not receive or detect radiant energy

transmitted from a distant transmitting sta-
tion, but has a novel and radically different
function as will appear from the detailed
description in connection with the varlous
circuit arrangements illustrated in the draw-
1Ngs. . -

il%E][. Oscillating circuits adapted to pro-
duce one or more beat-notes of audible fre-
quency. | -

- ITI. Means for regulating the volume of
the sound tones. - |

IV. Means for switching individual sound
tones on and off as desired.

V. Means for controlling the timbre of
the sound tones. |

VI. Medns for eliminating or nullifying
the natural oscillations of the amplifier or
reproducer to prevent the production of
undesirable noises or distortion of the sound
tones. | _'

In broad aspect, the means of the inven-
tion comprises an oscillating system capable
of producing audible sound tones and adapt-
ed to be influenced or affected by an object
or objects, such as the hands or fingers of an
operator moved in proximitive relation to an
element thereof, together with a sound re-
producer operatively connected to said sys-
tem. Stated differently, the invention em-
bodies & method and means for producing
sound or muslcal tones characterized by an
oscillating system in which the period is
varied and the characteristical sound emis-
sion from which is changed by the movement
of an object or objects in proximitive rela-
tion to an element thereof. The said system
may be electrical and so arranged that move-

1,861,086

change the electrica] characteristic thereot

such as the electrostatic capacity between
certain elements which determine the period
of the oscillator; but while such a system is

disclosed and hereinafter described in detail,
it is obvious that other types of oscillating
systems and other means of control may be
employed to accomplish the same result.

n Fig. 1 of the accompanying drawings
a system 1s shown embodying an electrode
or control-element 1 oper&tiveﬁ; connected to
an electrical oscillating system and an elec-
trical sound-reproducer.
control-element 1s in this instance connected

The electrode or

ment of ‘an @Femtor’s hands or fingers will

70
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to an oscillator 2 of the electro-ionic type

and to 2 resonant circult 8 which is traversed

by an oscillatory current, the frequency of

which depends upon the constapts of the

cireutt and of the circuits conductively or in-

ductively related thereto. The oscillator 2 is
represented as of the filamentary-cathode
type operating by an electron discharge from
the cathode, but other forms of oscillators
may be used and are intended to be included
by the phrase “electro-1onic.” _
A second oscillator 4 1s shown connected

D0

to the circuit 3, said last mentioned oscil- -

lator with the oscillator 2 being arranged

to control a third -electro-ionic tube 5

through coils 6 and 7 which are inductively
related to the two oscillators. A condenser
8 1s represented as interposed between the
coils 6 and 7 and the tube 5, and a grid-leak
resistance 9 is shown connected between the
grid terminal of said condenser and the
cathode circuit. The output circuit of the
tube 5 is connected through the audio trans-
former 10 to a tone reproducer or loud-
speaker 11. The tubes 2, 4 and 5 are comn-
nected to a suitable source of current, such
as a battery, as indicated at 12.

The oscillating frequencies of the oscilla-
tors 2 and 4 are preferably above the range
of audibility; but are nearly the same so that
the Interference frequency produced in the
circuit of the tube 5 will be relatively low

- and produce a beat-note of audible pitch in

Db
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the loud-speaker 11. The freqiencies of vi-

brations in- the circuit of the tube 5 may be
called audible frequencies as they will have
substantially the same number of vibrations
as the vibrations of an audible sound wave.
The piteh of this note, and the presence and
strength of the overtones are controlled by
selection and arrangement of the condensers,
inductances and other elements of the cir-
cults in a known manner.

The frequencies of the oscillators 2 and 4

may be of the order of 500,000 cycles per sec-
ond, the precise frequency being so chosen
that no interference with radio broadcast re-
ception 1s produced. The values of induc-
tance and capacity employed in the oscillat-

ing circuit are selected in accordance with
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well-known principles to provide the desired

- frequencies and the variation of the capic-

3
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‘with said control element, the

ity of the variable oscillator is effected by
the change of capacity of the control elec-
trode, which change i1n capacity in instru-
ments that have been built 1s of the order of
10-® micro-farads. It will be understood
that this change of capacity effected by ex-
ternal control is so correlated -with the ca-
pacity in the oscillator eircuit that the re-
sultant range of pitch of the musical instru-
ment covers several octaves,

The sound generated in and emitted
through the loud-speaker is also’ controlled
by the movement of an object or objects,
such as an operator’s fingers in proximitive
relation to the electrode or control-element 1
which is connected to the oscillating circuit
3 and to the grid of the oscillator 2. The
electrical characteristics of said control ele-
ment influence the period or frequency of

“the oscillator 2 and the character.of the beat-

note i the reproducer. As the operator’s
fingers are moved in suitable relationship
pitch of the
beat-note in the reproducer 11 is varied, and
continuous variations may be produced with
most delicate graduations by the continuous
movement of the fingers. |

This control is primarily the result of

-changes occurring in the electrostatic capac-

A
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ity between the control element and the
ground potential or between the control ele-
ment and other elements of the circuits.
Therefore, it is obvious that other objects
than-the operator’s fingers would be oper-
able to vary the tone produced. Further-
more, 1t will be appreciated that the amount
and direction of the controlling movement
will depend somewhat upon the dimensions
and arrangement of the control element
which may be of such character that move-
ment of the fingers to the extent required to
play any ‘ordinary instrument such as the
violin, will produce a corresponding effect

‘and note change in the present sound gener-
.ating instrument, so that one who has

learned to play the violin or some other in-
strument will have little difficulty in -play-
ing the present instrument. - |

The system shown in Fig. 1® is similar to
that shown in Fig. 1, except that coupling
condensers 13 and 14 are substituted for
the 1nductive coupling betwéen the ecircuits
of the latter. A great many other modifica-
tions of this kind may be made in the ar-
rangement of the eclectrical oscillating sys-
tem without departing from the scope of the
invention. | | -

In Fig. 2 a further modification includ-
ing amplifiers is shown. Amplification of
the electrical currents may be effected in va-
rious ways, but it is preferable to use an ar-
rangement 1n which there is a minimum dis-
tortion of the sound tones. It is also gener-

' 1,00 I,OBS

cireuits of said amplifiers 17 and

ot tube 20 and
tube 19.

- ducer 23 and the

ally
fre)(r]z_mncy currents separately, rather than
the low-frequency beat-note, although a low-
frequency amplifier may also be utilized.

- Referring to Fig. 2, an electrode or con-

trol-element 15 is shown connceted to an os-

cillator- 16, the output circuit of which is
connected to an amplifier 17, preferably of
the clectro-ionic type-as vepresented. A secc-
ond or auxiliary oscillator 18 is shown con-
nected to a second amplifier 19. The output
19 are con-

[ ]
-
Bf

preferable to amplify each of the high-

nected to the input electrode or grid of an

eleetro-ionic tube 20, whereby a beat-note of
aud ble frequency is produced in the output
circuit thereof. The output circuit of the
tube 20 is connected through a transformer
21 and through an audio-frequency amplifier
22 to a loudipeaker 23. An anode battery
25 1s connected in parallel to all of the elec-
tro-1onic tubes in the usual manner. A non-
Inductive resistance 24 is connected between
the grid and cathode of the tube 20 and a
condenser 26 is connected between the orid

the anode of the ampl?ﬁer

A second condenser 27 is connected
between the condenser 26 and the battery 25.

This condenser is preferably variable as in..
. . and 29 correspond-
ing with the condensers 26 and 27 are also

dicated. Condensers 28

provided in connection with the amplifier 17.

In the arrangement just described, the
high-frequency oscillations of the controlla.
ble oscillator 16 and the auxillary oscillator
18 are amplified separately, and then the
combined oscillations are amplified together.

~In Tig. 8, a further modification of the

amplifier is shown. The left hand portion
of Fig. 3 is the same as Fig. 2 as far as the
ime III—III. The amplifier 22 is shown
connected with the transformer 21 to which
are connected four amplifiers 31, 82, 83 and
54, the latter being inductively connected
with the amplifier 22 through the trans-

former 30. .In this instance, amplifiers 32,

39, and 84 are connected in paralle]l to ob-
tain a direct-current intensification, and
said three amplifiers are connected in group
to the fourth amplifier 81. The tone repro-
‘anode battery 25 are con-
nected as in Fig, 2. This arrangement is
suitable especially by reason of its high effi-
ciency for comparatively low
particularly for bass tones.
The oscillations of the controllable oscilla-
tor and the fixed oscillator are made inde-
pendent of each other, and for such reason

the amplification of each current takes place
Kach oscillation is thus first

separately. J
amplified individually, and then only is am-
plification of the combined oscillations ef-
feeted. " _

~The connection of the control-element to

the oscillating system may be modified vari-

~ously while still obtaining the desired re-

frequencies,
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sulf, A plum‘liwl of eﬂectm&eé may be ein-
ployed to produce a plurality of sound tones
simultaneously from the same object moved

in--relation -thereto. L Ior example, two
straight parallel conductors may be em-

ployed.

If the object moved. relatively
thereto is equi-distant from both conductors,
then the two tones produced therethrough
will be the same if other conditions are
equal. As the moving object approacies

nearer to one conductor than the other, the

pitch of one tone will increase while that of
the other will decrease. Three or more con-
ductors may be provided, preferably in sym-
metrical arrangement, or a plurality of sym-
metrical groups of conductors may be ar-
rangéd and controlled by different objects
or firigers of the operator’s hand.

Connection of the conductor or conduc-
tors to the oscillator should be such that
the changes in capacity will produce a con-
siderable change in the oscillator, Connec-

tion may be made either to the grid or

anode circuit of the oscillator, the most suit-
able connections being illustrated in the
drawings.

In F?g. 4 a connection of the control ele-

" ment to the anode circuit is shown. With

30 .

the controllable oscillator 73 is associated an
oscillating circuit. including inductances 74
and 75 and condensers 76 and 77. Energy

-~ is supplied to the oscillator by an anode bat-

Mt

tery indicated diagrammatically at 78. The
control element 79 may be connected with
the plate circuit as shown in full lines at 79,

~ or with the grid circuit as shown in dotted

lines at 79°. It makes hittle differences
whether the control element is connected the

- one way or the other provided conditions

40

are otherwise equal. But 1f this 1s not the
case, the control element 1s connected prei-
erably to the larger inductance. '

"he sensi-

“tiveness of the system may be increased by

650

55

60

grounding the circuit at 80, but as a rule

this connection is not required in view of

the large counterpoises of the oscillating cir-
cuit. - | |

In the system illustrated in Fig:. 5, the .
control element 81 is inductively coupled
with the oscillator 83 through the medium

of a coil 82. An adjustable condenser 84
is shown arranged in the oscillating circuit
of the oscillator 83 by which the control

circuit is tuned. In this system, by reason

of the coupling coil 82, the control element
may be at a somewhat greater distance irom
the oscillator 83. _ B

- In order to produce a plurality of sound

or musical tones simultaneously, a 'pluralit(iz

of interfering oscillators may be employed.

- For instance, three oscillators properly ar-

iy,

ranged will produce two tones, one result-
ing from interference between the first and
second oscillators and  the other resulting

from interference between the second and

third oscillators. In like manner, three tones
may be produced by four oscillators and
SO O1n. -

In Fi
for producing two sound tones simulta-
neously by the use of three osecillators, each
tone being separately controllable. One con-
trol electrode 35 is shown associated with
an oscillator 36 and with a low-frequency de-

tector tube 87. - Another control electrode 38

is shown assoclated with an oscillator 39 and
g low frequency detector tube 46, The said
detectors 37 and 40 are both responsive to
the fixed oscillator 41. An amplifier 42 re-
sponsive to both of the beat-notes or tones
1s shown connected through a transformer
43 with a Sound reproducer 44.

Fig, 7 illustrates a further modification
comprising ifour control electrodes, viz 45,
45", 45”7 and 45""" respectively associated
with oscillators 46, 47, 48 and 49, whereby

'he four oscillators cooperate 'with 2 fixed
oscillator 50 and are inductively connected
with detectors 56, 57, 58 and 59 through
coils 51, 52, 63, and 54. Kach 1s alsc con-
nected with one of the coils 60, 61, 62 and 63
of a transformer. Condensers 64, 65, 66

and 67 are connected in parallel with said
colls 60, 61, 62 and 63. The neutral points

of all four coils are connected with the cou-
pling coil b5 oi a fixed oscillator 50. A sec-

ondary coll 68 of the transformer i1s con-

. 6'is represented an arrangement

four tones may be produced simultanecusly,

{0

16

80

B
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nected to the amplifier 69 which operates the -

reproducer 71 through the transformer 70.

1g. 8 shows another four-tone system, but
in this instance the high-frequency alternat-
ing potential is supplied directly irom the
plate circuit. The coupling coils 51, 52, 53,
54 and 55 are eliminated and replaced by a
variable coupling coil 72 which 1s shown con-
nected to the anode of the fixed osciliator 50
at one end, and to the neutral point of the
four transformer coils 60, 61, 62 and 63 at
the other end. The secondary winding 68
of the transformer controls the amplifier 69

from which the combined tones are trans-

160

105

110

mitted to the reproducer 71 through the

transformer 70. -

The detectors used in connection with the
above systems may be of any suitable type,
crystal detectors being considered genecrally
preferable. o |

For regulating the volume of the sound,
the intensity of the current may be varied
and variation of the current intensity may
be effected 1m several ways. _

Referring now to Kig. 9, a connection 1s
shown in which the oscillator or amplifier
85 which generates the sound tones actuates
the reproducer 86, to which an adjustable re-

sistance 87 is connected in parallel. The re-

sistance 87 is adjusted by means of a pedal
or the like, and controls the volume of the
sound. The adjustable resistance 87 may

116
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» may

also be connected in series with the repro-_- -

ducer. - . -
Fig. 10 shows a further modification in
which an adjustable resistance 88 for con-
trolling the volume, varies the cathode cur-
rent of the amplifier 89, which in turn con-
trols the reproducer 90. ‘ |
The system illustrated by the diagram of
Fig. 11 1s similar to that shown in Fig. 10,
except that the cathode current is regulated

inductively fronr the high-frequency circuit

of the tube 100 in the amplifier, with utili-
zation of a greater or lesser energy absorp-
tion in the conductor 92 as determined by its
resonance with the oscillating circuit 91 va-
riable according to the operator’s movement
of his fingers or other object with relation to
the conductor. |

The conductor 92 is connectea with a cou-
pling coil, 93 which latter is inductively re-
lated to a coupling coil 94 connected in series
with the coupling coil 95 for the oscillating
circuit 91, and a coupling coil 96 for the
cathode of the direct-current amplifier.
Both- coupling coils 94 and 95 cooperate so
that maximum energy will be gencrated
when the control circuit and oscillator eir-
¢ults are in resonance. -

The conductor 92 is a separate control ele-
ment for regulating the sound volume and
will be referred to as the “sound-volume”
control element or electrode. Adjustment
may be so effected that resonance occurs
when the controlling object is either nearest
to, or altogether removed from this elec-
trode.  Therefore. while one hand of the op-
crator generates the various sound tones in
the first or “sound generating” electrode,
his other hand may regulate the intensity of
the tone at the second or “sound’ volume”
electrode.

The system in Fig. 11 is intended to be
connected with the left-hand end of the dia-
gram of Fig. 2, the line III—IIT in Fig. 11
indicating its point of connection with Hig,
2, The amplifier 98 which is also a direct-
current amphfier controls the reproducer 99.

The system shown by the diagrams of Figs,
12, 13 and 14 are similar to that shown in
o, 11.

In Hig. 12, the cathode current for the

“amplifier 97 is generated by direct connec-

tion of the transformer 96 with the oscillat-
ine cirewit 91, |

In Fig. 13, the resonance transmission of
energy to the circuit 102 through the cireuit
101 1s utilized under the influence of the
controlling object or its distance from the
“sound volume” control electrode.

The “sound volume” control electrode 92 is
hvectly connected to the anode or the circuit
101 of the oscillator 100, and the cireunit 1092
which is coupled therewith supplies current
to the cathode of the amplifier 97 over the
variable transformer 103,

drop wi

In Fig. 14, the sound volume is regulated
by varying the average grid potential in one

of the amplifiers by means of the non-induc-

tive resistance 104, which is also in the anode

circuit of the oscillator 98. The circuit of

the “sound volume” electrode 92 is coupled

‘with the oscillating circuit of the tube 100y
with the non-inductive

which is connected
resistance 104. 1If a finger or other object

1s made to approach the electrode 92 the-

resonant frequencies of ‘the electrode circuit
and of the oscillating circuit of the tube 100
will .varff,

I be produced in the resistance 104
which by affecting the tube 98 causes .a
change in the volume of the sound.

The diagrams of Figs. 9 and 14 are most.

efficient under normal conditions. -
The preferred means for

sound tones on and off comprise means for

‘controlling the current serving for produc-

ing tones in the reproducer. _
Ifig. 15 shows an ordinary switch 105 in

the plate circuit of the amplifier in series

with the reproducer 106 as shown in full
lines, or in parallel as shown at 105’ in dot-
ted lines. |

As shown in Fig. 16, the primary winding
of a transformer 107 may be connected in
the plate circuit of the amplifier and the
tone producer 108 and the switch 109 con-
nected in the secondary circuit of the trans-
former. This eliminates the undesirable
constant component of the
rent through the reproducer. |

The diagram of Fig. 17 is similar to that
of Fig. 16, but the transformer 107 is re-
placed by a choke coil 110 from which a cir-
cuit is branched in parallel, the reproducer
111, the switeh 112 and the condenser 113
being connected in series in this- circuit,

In Figs. 18® and 18, the switch is in the
cathode circuit. In Fig. 18* the switeh 114
controls the current from the filament bat.-
tery 115 of an amplifier 116, in the plate cir-
cutt of which the reproducer 117 is arranged.
In KFig. 18", the switch 119 is in a shunt ejr-

pulsating cur-

switching the

70

76

whereby a corresponding voltage °

80

85

90

86

100

108

110

cuit 118 of the cathode heating circuit which

1s connected with the filament battery, said
battery being in continuous connection with
the filament wire in series with & rvesist-
ance 121, '

In Fig. 19 is illustrated an arrangement
for switching the tone on and off by a con-
trol analogous to the arrangements for vary-
ing the volume of sound shown in F 1gs. 11
to 14. -

The system of Fig. 19 is intended to be
connected with the system of Fig. 2 along
the line ITI—IIT as in the arrangement of
Iig. 11. The two direct-current amplifiers
97 and 98 control the reproducer 99. A
third control element 122 is provided for
switching
medium of the cathode current, and is

the tones on and off through the
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operated like the “sound.generating”
“sound volume” electrodes. The control ele-
ment 1922 is coupled with a control circuit
by a coil 123, which circuit includes cou-
pling coils 124, 125, and 126. The coil 125
is coupled with the amplifier corresponding

with the tube 100 in Fig. 11 and the coil 126

1S co‘u}ualed_with the cathode current of the
amplifier 127. Current from the anode bat-
tery 129 flows through a relay 128 which op-
erates a switch 130. The switch controls

~ the circuit of the cathode battery 131 for
" ‘the heater of the direct-current amplifier

18

26

30

85

50
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97. By the operator’s movement of his hand

or other object with relation to the electrode.

122, the filament current of the amplifier
97 and consequently the tone, is cut on or oft.
The systems of Figs. 16 and 17 are con-
sidered superior to that of Fig. 15, while the
systems of Figs. 18 and 19 are regarded as
preferable because the switching on and ofi
will take place without any noticeable 1n-
terval. -
HElimination or neutralization of the vari-
ous natural oscillations 1n the apparatus is
desirable to improve the quality of the sound
or musical tone and may be eﬂ)(/acted through

compensation by means of an electric sys-

tem of the same frequency and damping as
is possessed by the oscillating system, the
action of which is to be paralyzed. .

In Fig. 20 is shown a reproducer 132 to
which 1s connected a circuit with corre-
sponding oscillation constants. 'This cir-
cuit comprises the inductance 133, the non-
inductive resistance 134 and the condenser
185, which are connected in series and are

variable. The resistance and the inductance

in particular, are preferably variable indi-
vidually. _ . -
Ag represented in dotted lines in Fig. 20,

the arrangement may also be such that the p
circuit of these oscillation constants, com-

prising the inductance 133", the condenser
135" and the non-inductive resistance 134, 1s
connected 1n parallel with the reproducer
132. -

Should natural oscillations of various
parts exist, for example, if the horn of the
loud-speaker possesses a natural oscillation

and the diaphragm of the loud-speaker

possesses another natural oscillation, a com-
pensating oscillating circuit of the same
period is employed for each natural oscilla-
tion, the circuits being connected either in
series or in parallel.

Fig. 21 shows such a series conmection.
Three oscillating circuits 137, 138, 139, each
of which comprises an inductance, a non-
inductive resistance and a condenser, are

- shown connected to the reproducer 136.

According to Fig. 22 the arrangement may

-be such that parallel to the reproducer 140

are connected the oscillating circuits 141,
142, 143, each consisting of an inductence, &

and '
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capacitance and a non-inductive resistance.
These means for eliminating the natural
oscillations may find general application be-
yond the example stated above, for instance
in sound amplifiers of any kind or themr
equivalents. | ' ‘
The variation of the quantitive composi-

tion of the over-tones in the sound or i sical

tones may be eftected by various deforma-
tions of the primary alternating current, by
utilizing the curved parts of the amplifier
characteristics. |

The composition of the overtones may
also be varied by increasing or-reducing the
overtones of the higher order by inserting
oscillating elements comprising capacitances
and inductances of suitable values.

Fig. 23 1llustrates such a system of connec-
tions. The oscillator or amplifier 144 sup-
plies’ the transformer -145, the secondary
winding of which controls the reproducer
146. A variable inductance ‘147 with a cor-
respondingly variable capacitance 148 are
connected in parallel with the reproducer.
if the inductance alone 1s used, the overtone
frequencies pass through the reproducer. If
the capacitance alone 1s used, the overtone
frequencies pass through the condensers and
do not affect the reproducer. If both the in-
ductance and capacitance are used together,
the correct composition of the overtones is
obtalined. Instead of the arrangement de-
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scribed, a wvariable choke coil 149 and a

variable condenser 150 may be connected in

series with the reproducer 146 as indicated

100

in dotted lines. In this case, the connection

151 1s eliminated.
be provided together, but the connection 151
is eliminated in this case also.

Fig. 24 illustrates a simple expedient for
varying the characteristic of one of the am-
lifiers for example. The plate potential

Both arrangements may

of the amplifier 152 for the reproducer 153

may be varied by the adjustable resistance
154. 'The cathode current may be variled
by the rheostat 155, or the grid potential by
the rheostat 156. 'The connection to the
other parts of the system as shown in Fig, 2
1s effected by the transformer 21.

In the selection of such characteristics as
are required for the given proportion of
overtones, perfect results may be obtained by
the combination of the characteristics of
various electro-ionic tubes, for instance by
the parallel connection of tubes with dif-
ferent operating characteristics.

- In the diagram of f
21 which may be connected to the system of

Fig. 2, controls the grids of four amplifiers
157, 1568, 159 and 160. From each plate of

- said amplifiers, current flows to the repro-
“ducer 165 and the anode battery 166 through

rheostats 161, 162 and 164, one for each am-
plifier. One of the rheostats 167, 168, 169
and 170 is arranged in the filament circuit

1., 25, the transformer’
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of each amplifier. These Tesistances cor-
respond to the resjstances 154 or 155, of Fig.
24, However, the corresponding resistance
156 1s eliminated in this system. The sys-
tem of Kig. 25 affords more delicate gradua-

tions than that of Itig. 24,

“The timbre is regulated in the above cases

by varying the characteristics of the tubes

by suitably adjusting the resistances.

Fig. 26 illustrates a system of connections
for varying the timbre by varying the mag-
netic mduction of the transformer core con-
nected in the plate circuit of one of the am-
phfiers.  The primary winding 171 of a

transtormer 172 is connected in the plate cir-

cuit of an amplifier. A secondary winding
173 1s connected to the reproducer 174. The
transtormer is furthermore provided with
a third winding 175, the energization  of
which 1s varied by the rheostat 176. By ad-
Justing the rheostat 176, the magnetization
of the core 172 is changed, which causes a
variation of the timbre in the reproducer
1'74.  'This system is simpler than that ac-
cording to Fig. 25, but does not give such
gradual adjustment.

Hig. 27 15 a diagram of a complete in-
strument for two tones. The system com-
prises two “sound generating” control ele-
ments 177 and 184, for the first and second
tones respectively, and a “sound voluime”
control element 207. _

The “sound generating” control element
177 for the first tone is connected with the
circult 179 of an oscillator 178 and the cir-
cutt 1s grounded. A detector 180 is included
in the first system and a detector 187 is in-
cluded in the second system. Said detectors
are connected by a coupling coil 181 and a
condenser 182. A non-inductive resistance
183 1s mserted between the grid and the
filament of the detector 180 for the purpose
of maintaining the grid of said detector sub-
stantially at the initial potential,

The “sound generating” control element
184 ox the second system is similarly con-
nected with an oscillator 185 and a circuit

186, the condenser 189, and the resistance

190. -
The two detectors 180 and 187 transmit the
low-irequency oscillations to the amplifier
193 by means of the transformers 191 and
192. The fixed oscillator 194 is connected
to the calibrated oscillating system 195 in a
corresponding manner and is also connected
with the two tone systems or their first
amplifier 193. The latter may then control
the amplifier systems 197, 198, 199, 200 by
means ot the transformer 196 for the purpose
of producing a better effect. These am-
plifiers are controlled by the rheostats 201,
202 and 203 1n the plate circuit and by rheo-
stats 204, 205, 206 1n the filament circuit.
The “sound volume” control element 207

controls through the absorption system 208,

7

the os'cill'aﬁ,tji"ﬁg".f‘fsys'tem.-'-.-'2'0?9' of the amplifier

210 for the sound volume regulation. The

the tube 197 by means of the high-frequency

transformer 211. The ‘amplifiers 197, 198,

199 and 200 then supply the reproducers 218
and 214 through the transformer 212, the

switches 215 and 216 serving for switching

the tones on and off, while correction SYs-
tems 217, 218, 219 are furthermore provided
for the reproducers 213 and 214. '

The resistances 201, 202, 203, 204, 205,

and 206 serve for producing different kinds
of tones. 'The rheostat 220 permits a regu-
lation of the filament current for all tubes.
The condenser 221 serves for the regulation

of the timbre in the reproducer 213, while

the choke 222 exerts a similar effect upon
the reproducer 214. ‘Tf it is desired to dis-
pense with the “sound volume” control ele-
ment 207, the rheostat 223 indicated in

~dotted lines- should be connected in cireuit.

It will be readily understood that the
systems of connection illustrated and de-
scribed are only a few examples of how
the invention may be enlarged upon. As
a matter ot course, it is possible to vary
the individual systems in many ways accord-
ing to developments made in the wireless
mdustry. | _ | |

By a phase displacement of the individual
soimd  reproducing  systems, an apparent
wandering of the sound tones in space may
be produced.
sired be used in conjunction with ‘a broad-
asting transmitter, whereby the frequency
artation caused by the approach of a body
towards the control element of the ogeillat-
mg system will directly influence the broad-
asting transmitter so that the clectrie oscil-
lations corresponding with the sound oscil-
lations are amplified and directly trans-
mitted. In playing on this instrument, the
microphone or microphones and the distor-

“Gions caused thereby are eliminated, so that

a clearer reproduciion is assured.
I claim: |

The invention may if de-

oscillating circuit 209 feeds the filament of
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1. A tone generating system controlled

by the hand and comprising an electrical
circult embodying an oscillation generator,

means in sald circuit ineluding a conductor

having a field which when influenced by &
. - * - i .

hand moving therein will vary the resonant

frequency of said circuit according to the

movement of said hand only, and a sound

reproducer connected with said circuit for
emitting tones according to the electrical

variations occurring in the circuit.

2. A tone generating svetem controllable
by an object moving relative thereto, com-
prising an electrical cireuit embodying an
oscillation generator, operating means as-

-sociated with said cireuit, including a con-

ductor having a field which when influenced
by sald object moving therein will vary the
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resonant frequency of said circuit, said ob-
“ject having a different heiectmc constant

than the medium in which the field occurs, a
second electrical oscillation generator con-
neeted to said circuit and a sound repro-
ducer connected to sald wmemtms for emit-
ting tones produced by “the interference of

the m-:*n”atmm of said generators.

3. A tone generating system for produc-
ing a plumllty of ‘1111)01‘111]1)0.‘::@(1 tones, com-
prising an electrical oscillating circult and
a control electrgde for each iont the field of

satd electrode being controllable by the hand
-alunv when moving therein,

means includ-
control electrodes for varying the
resonant frequencies of said circuits 1 ac-
cordance with the tones desired and a re-
]_n oducer associated with all of said cireuts.

4. A tone generating instrument played

ing the

by hand LUIIIPIIE:IHG' a circuit- embodymg an

oscillation generator, means in said circult
including a “conductor external thereto elec:
trically mmfluenced by the movement of the
hand for varying the
of sard cireuit at will, a sceond  oscillation
generator connecled to said circuit to pro-
duce a beat frequency, a detector system
coupled with said cireuits, a sound repro-
ducer controlled by said detector system anel
a transformer connected intermediate said
I'E*l)lUdlICL‘I‘ and said detector systen.

5. A sound or muswal tone generating In-.
strument comprising a cireuit embodymu an
oscillation generator, a second oscillation
venerator pmduunu a heat trequency there-
mth and means 1n said circuit meluding a
conductor electrically mfluenced by body ca-
pacitance for varying the resonant frequency
of said ciremit to produw musical tones at
will. -

6. A musical instrument comprising a cir-
cuit embodying an oscillation generator,
means including an electrode in said circuit
for varying the resonant trequency oi said

circuit at will to produce the desired musical

tones, a second oscillation generator con-
nected to said cireuit to produce a beat fre-
quency, an amphfier in said circuit, a de-
tector system connected to said ampllhel‘ and
sald second oscillation generator and a sound
reproducer connected to be controlled by sald
detectm system. |
. A musical instrument comprising a cir-
cmt embodying " an oscillation generator,
means including an electrode in said circuit
for varying the resonant frequency of said
ciremt at will to produce the desired musi-
cal tones, a second oscillation generator con-
nected to said circult to 1)1'0(]11(:0 a beat fre-
quency, an amplifier connected to said sec-

ond oscillation generator, a detector system

connected to suid amphh(m and the first-

mentioned oscillation generator and a sound

reproducer controlied b}’ smd de‘tectm‘
tem.

SYS-

1,861,088 B

resonant frequency

8. A sound or musncal tone generating in-
strument comprising an electrical oscillat-

ing circult, means including an electrode

clectri cally mﬂumced by movement of the
hand for varymg the resonant frequency
of sard oscillating circuit at will to produce
the desired musical tones, an electro-lonic
tube having a plate and 2 orid connected
to said ogcillating eircuit to cause an oscil-
lating current to flow ther ein, said electrode
bunw divectly connected to said plate, and a
sound reproducer 1n. said circuit for emit-

“ting tones 1n accordance with the variations

it 'LhL, oscillations.
9. A musw I tone nenemtmw instrument

comprising an clectrical {}S('thltlﬂ”‘ circuit,

means including an electrode elect 1‘10&1137 1n-
ffuenced by movenent of the hand for vary-
ing the resonant frequency of said oscillat-
ing circult at will to produde the desired
mllbl{.,d,l tones, an electro-1oni¢ tube having a
plate and a grid connected to said oscillat-
1hg cireult to cause an oscillating current to
low therein, said electrode bemn directly
connected to said grid, and a sound repro-
“ducer in said cireuit.

19. An mstrument for producing muosical
tones compmrsing an electrical oscillating
cireutl, means mmcluding an electrode in said
circuit for umtmlhnn said circult to pro-
duce the desived tones ] In accordance with the
movement of the hand, two inductances of

different values in said circuit, said elec-

trode being connected to the Lwﬂu' indue-
tance, and 2 sound reproducer “connected
with said circuit.

11. A system for generating # musical

70
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tones comprising n+1 ewcmta, an electrode

m cach of a plumhty of said ecircuits ar-
ranged to be responsive to manual control
and a sound reproducer controlled by the
beat {requencies of the currents traversing
said circuits.

12. A musical sound generating 1instru-
ment comprising oscillating circuits, means
including a manual control dectwde In each
circuit for controlling the frequency of the
oscillations therein, a detector system for

each circuit, a resultant system to which

all said detector systems are connected and
a sound reproducer controlled by said re-
sultant system.

13. A sound producing instrument com-
prising oscillating circuits, means including
an electrode in each circuit for controlling
the frequency of the oscillations therein at
will, oscillating systems to one of which
cach of said c1rcmts 1s coupled, each oscil-
lating system comprising a wuplmw coil, a
deteotm'; a coil and a condenser connected
in parallel to said last mentioned coil, said
coils constituting the ‘primaries of a trans-
former, a secondary in said transformer, a
calibrated circuit, a coupling coil in said
calibrated circuit connected to the neutrel
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points of each primary, a generating sys-
tem to which the secondary of said trans-
former is connected and a sound reproducer
controlled by said generating system.

14. A. musical sound producing instru-
ment comprising oscillating circuits, means
including an electrode in each circuit for
coittrolling the frequency of the oscillations
therein at will, a detector connected galvani-
cally to each circuit,.coils connected 1n series
with each detector, condensers connected in

parallel to each coil, said coils constituting

the primaries of a transformer, a secondary
In said ‘transformer, a variable inductance
common to all detector circuits, a calibrated
system comprising a plate and 2 arid cir-
cuit, said inductance being connected to said
plate circuit, a generating system to ‘which
the secondary of said transformer is con-
nected, and a sound reproducer controlled
by said generating system.

15. An instrument for producing musical
sound notes comprising oscillating circuits,
means including an electrode in each cir-
cult for controlling the frequency of the os-
cillations therein, at will, a detector con-
nected galvanically to each circuit, coils
connected In series with each detector, con-
densers connected in parallel to each coil,
said coils constituting the primaries of a
transformer, a secondary in sald trans-
former, & variable inductance common to all
detector circuits, a calibrated system com-
prising a plate and a grid circuit, said in-
ductance being connected fto said grid cir-
cult, a generating system to which the sec-
ondary of said transformer is connected, and
a sound reproducer controlled by said gen-

erating system. |

16. An apparatus for producing music in
imitation of musical instruments comprising
an electrical oscillating circuit, means in
said circuit including an electrode for con-
trolling the oscillations therein, a sound re-
producer in sald circult controlled by the
oscillation controlling means, a cathode tube
for said reproducer and means including a
filament in said tube for regulating the vol-
ume of the sound in saild reproducer, said
last mentioned means also including a vol-
ume control electrode connected to the fila-

ment. |

17. An apparatus for producing sound
tones comprising an electrical osciliating
circuit, means including an electrode for
controlling the resonant frequency of the
oscillating ecircuit, a sound reproducer con-
nected with sald circuit and means includ-
ing a separate electrode for regulating the
volume of the sound in said reproducer by

~varying the electrical field of the electrode.

60

18. An apparatus for producing sound
tones comprising an electrical oscillating cir-
cuit, means including an electrode for con-
trolling the resonant frequency of the oscil-

lating circuit, a sound reproducer connected

with said circuit, a detector provided-with

a hlamentary cathode, a battery connected
with the filament circuit of said detector, a

shunt circuit, and a switch adapted to close

eit_l;er the filament circuit or said shunt cir-
cuit. '
19. An apparatus for producing musical
tones comprising an electrical oscillating
circult, means including an electrode for
controlling the resonant frequency of the
oscillating circuit, a sound reproducer con-
nected with said circuit, means including a
separate electrode for regulating the volume
of the sound in said reproducer, a tube asso-
clated with said separate electrode,
energized by sald tube, a detector and an
amplifier comprising a. filament connected
with said detector and controlled by the
armature of said relay. '

~ 20. An apparatus for producing musical

‘sound comprising an electrical oscillating
eircuit, means including an electrode for

controlling the resonant frequency of the
oscillating circuit, a sound reproducer in
sald circuit and a second oscillating circuit,
the electric oscillation constants of which
correspond to the mechanical oscillation con-

Stants of said reproducer.

21. Apparatus generative of musical
sound comprising an electrical oscillating

. circult, means including an. electrode for

controlling the oscillations therein, a sound
reproducer in said circuit, a plurality of
electro-ionic tubes of different character-

1stics connected in parallel to each other and

In series with said reproducer and separate
resistances for regulating the plate and
filament current of each tube.

22. Apparatus generative of musical
tones comprising an electrical oscillating
circuit, means Iincluding an electrode for
controlling the oscillations therein, a sound
reproducer in said circuit, a detector, a
transformer, one winding of which is con-
nected in the plate circuit of said detector
and the magnetization of which transformer
1s regulated by its other winding, a cirenit
connected with said other winding, a re-
sistance for controlling said circuit and a
third winding in said transformer connected
with sald reproducer.

23. The method of obtaining a definite
dependence of the change of the frequency

ot an oscillating system for producing rela-

tive changes in pitch of musical tones upon
the degree of approach of an object toward
a control electrode characterized by the
steps of changing the electrical field dis-
tribution by varying the relationship of said
electrode and said object, and generating
sound according to the characteristics of
said field. ' - |

24. The method of producing musical
tones 1n accordance with the movement of

a relay

9 |

70

75

80

85

80

5

100

105

110

115

120

125

136G




i

10

the hand, characterized by generating elec-

trical oscillations in a circuit, varying the .

capacitance of a portion of the circuit by
movement of the hand in its relation to the
8 circuit, producing from sald circuit sounds

of variable pitch corresponding to the elec- .

trical oscillations and altering the varia-
tions - to produce sounds of the déslred_

. timbre. |

i 25, In a method of producing musical

tones in an electrical continuously oscillat-

ing system, the steps of generating oscilla-

tions 1m the system and which comprises
changing the electrical characteristics of

16 sald system by movement of a foreign ob-

ject in proximitive relation to a part there-

of te vary the electrical capacity of a por-
tion of the system. “ . .
26. The method of producing musical

20 tones in an electrical oscillating system em-,

25 trical characteristics of

bodying two oscillation generators arranged
to generate an audible beat frequency char-

acterized by moving the hand in relation to -

sald system in a manner to change the elec-
cne of said gen-
erators only. _ o ' .
27, The method - of producing musical
tones which comprises generating electrical
oscillations of ultra-audible frequency, gen-

30 erating other eoscillations of slightly dif-

36 system and combining
~obtain a variable beat-note of audible pitch.
- 28. The method of

40

- ferent frequency, varying the frequency of -

one series of oscillations by "altering .the
electrical characteristics of the generating
systein by moving a body in relation to said
sald oscillations to

tones of controllable pitch, duration and
miensity which comprises varying the con-
stants of the circuit of an electrical oscil-
lator by moving the hand in relation to an

~ element of said circuit, producing from said

45

50

circuit sound vibrations of variable pitch
corresponding to the electrical oscillations
and controlling the sound vibrations to vary
the duration and intensity of the tones.

29. A musical instrument comprising an
oscillating system embodying means to be in-
fluenced in respect to the frequency of its
osciliation by external conditions structural-

. ly unrelated thereto, a sound reproducer con-

35

6o

trolled by said oscillating system and means
for controlling the volume of the sound in
sald- reproducer. ' |
30. Apparatus generative of musical tones
comprising an electrical oscillating system
embodying means including an. outwardly
projecting conductor subject to influence in
respect of the frequency of its oscillation by
external conditions neither conductively nor
mechanically connected thereto and a sound
reproducer controlled by said oscillating sys-
tem. | - -
31l. Apparatus generative of musical tones
comprising a plurality of electrical oscillat-

producing musical

1,861,058

ing systems to produce a beat-note of audible

frequency, one of sald systems embodying
an outwardly projecting conductor and sub-

ject to influence in respect of the frequency

of 1its oscillation by external conditions
netther conductively nor mechanically con-
nected thereto and a sound reproducer con-
trolled by said systems. ,
32. Apparatus for  generating musical
fones comprising two .oscillators, each in-
cluding a resonant circuit and adjusted to

produce & beat-note of audible frequency,.

0

one of said oscillators having a portion

thereof extending outwardly to a position
for cooperation with the hand of an op-
erator to vary

the oscillations without mov-
1ng the elements of the last mentioned oscil-

80

lator, and a sound reproducer)connpcted to

said oscillators. |

33. An electrical system. generative of
musical - tones comprising tone-producing
means, said means including electrical cir-
cuits, a sound reproducer connected to said

tone-producing means and means for vary--

ing the volume and pitch of the tone emitted
by sald reproducer in accordance with the
movements of an operator’s hand in relation

to said circuits to generate separate musical
notes of the desired duration. v

"84. An apparatus of the class
responsive to a moving external object.com-

[
T

prising an electrical circuit embodying an

oscillation generator, means in said circuit
including a conductor electrically influenced
by the movement of said object for varying
the resonant frequency of said circuit ac-

hdescribed _
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cording to the movement of the object and

means connected to sald circuit for emitting
tones according to the electrical variations
occurring in the circuit. o
- 35. An apparatus of the class described
comprising an electrical oscillator, a sound
reproducer connected to said oscillator, an
electrode connected to the oscillator for ef-
fecting manual control thereof by variation
of the electrical field around the electrode,
means for operating the sound reproducer in
accordance with the variations in the oscil-
lator and means for controlling the volume
of the sound from said reproducer.

36. An apparatus of the eclass described
comprising an electrical oscillator, 2 sound
reproducer connected to said oscillator, an
electrode connected to the oscillator for ef-
fecting manual control thereof by varia-
tion of the electrical field around the elec-
trode, and means for operating the sound
reproducer to generate musical tones in ac-
cordance with the variations in the oscillator
including means for controlling the timbre
of sald tones. -

37. An apparatus of the class described
comprising an electrical oscillator, a sound
reproducer connected to said _osciilator, an
electrode connected to the oscillator for ef-
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fecting manual control thereof by variation
of the electrical field around the electrode,
means for operating the sound reproducer in
accordance with variations in the oscillator,
a second electrode for effecting manual con-
trol of the volume of the tones emitted by
sald reproducer by variation of the electrical
field around said electrode and means in-
cluding said second electrode for controlling
the volume of said tones.

38. A tone generating system for produc-
1ing a plurality of registers of superimposed

~ tones, comprising an electrical oscillating

15

circutt and a control electrode for each reg-

ister, the field of said electrode being con-.

trollable by the hand alone when moving
therein, and means including the control

1L

electrodes for varying the resonant frequen-
cies of said circuits in accordance with the
tones desired. -

39. An electrical musical instrument com-
prising means for controlling the volume of
the tones thereof, including an. electrode
controlled by body capacitance.

40. In a method of producing musical
tones 1n accordance with the movement of
the hand, the steps of generating electrical

oscillations in a circuit and varying the ca-

pacitance of a portion of the circuit by
movement of the hand in its relation to the
circult.

In testimony whereof I have signed my
name to this specification.

LEQO SSERGEJEWITSCH THEREMIN.
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