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1

This invention relates to electronic muslical
entertainm:nt devices, and more particularly to
such a device that is intended to be of low cost
and to afford participative recreation to ama-
teur and family groups. )

The primary object of the invention is to fa-
cilitate the production of harmonic or polytonic
music, the component voices thereof being con-
veniently and independently controllable in piteh
over wide ranges, and also in continuity and vol-
ume, by separate performers who need have lit-
tle or no experience with the manipulation of
conventional musical instruments.

A second object is to employ a minimum amount
of apparatus, the electrical components of which
are simple and conventional, hence tending fo
be both inexpensive and readily available.

A third object is to achieve convenient porta-
bility of the entertainment device.

Known electronic musical instruments, ex-
clusive of conventional acoustical musical instru-
ments to which mechanico-electrical reproducing
devices have been applied, such as the so-called
“electric guitar,” fall into two principal cate-
gories. In the first category, electrical vibra-
tions or waves are produced by a single elec-
trical source, and the pitch and amplitude there-
of are controllable by the operator, as for ex-
ample by varying the capacitance of a tuning
condenser, for pitch, and the value of an attenuat-
ing resistance, for amplitude or volume. Such
instruments are characteristically monotonic;
that is to say, they can play only one tone at a
time. Insome cases within this category the pitch
or frequency is continuously variable over the en~
tire range of the instrument, for example as dis-
closed in Patent 1,791,374, granted February 3,
1931, to H. C. R. Pechadre. In other cases, only
particular discrete frequencies are provid:zd (com-
monly separated by musical intervals of a semi-
tone), the corresponding discrefe values of the
frequency-determining element being selected by
operation of electrical contacts or keys. An ex-
ample of such cases is afforded by Patent 2,233,-
258, granted February 25, 1941, to L. Hammond.

In the second category, electrical vibrations of
substantially constant pitch are generated by in-
dependent or semi-independent sources, these
sources or combinations thereof being selected by
contacts or keys for transmission to a loud speak-
er or other electro-acoustical transducer. In some
cases the harmonic content of the electrical vi-
brations, and therefore the tone quality, may be
centrolled by electrical “sfops.” Such instru-
ments are characteristically polytonic. However,
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since the discrete pitches of the several sources
are substantially constant, in contrast to being
under sensitive control of the performer, - they
are at best tuned in accord with the even-tem-
pered scale. Hence, as is common knowledge,
such instruments lack the harmonic purity which

characterizes music produced by ensemble groups

such as a string quartet or a vocal auartet which
do not have this limitation. Furthermore, be-
ing essentially keyboard instruments, they are
not capable of many of the details of expression
and nuance that contribute to the distinctive in-
terest and beauty of ensemble music. In addi-
tion they require long practice and the develop-
ment of considerable manual dexterity before
even a moderate degree of musical satisfaction
is afforded fo either the player or to listeners. .

The present invention avoids these restrictions,
and combines the advantages of the instruments
of both of the foregoing categories. In addition,
it affords to the operators thereof the same sat-
isfaction or thrill of teamwork as that which is
known to be one of the principal sources of en-
joyment among chamber music players and mem-
bers of choral ensembles. .

With special regard to the second object of the
invention, recited hereinbefore, the present in-
vention avoids the use of a multiplicity of -con-
tacts, frequency sources, or other components,
such as are generally required for keyboard in-
struments in either the aforesaid monctonic or
polytonic categories. It avoids the need for spe-
cially designed or unconventional variable tun-
ing elements. Furthermore, it affords means
which so facilitate accurate ensemble playing by
its several operators as to make feasible the com~
bination of their respective electrical tones or
voices for transmission through a common set,
as contrasted with individual sefs, of amplify-
ing and reproducing apparatus; therefore it min-
imizes the necessary amount of such apparatus.

The nature of the invention will be more fully
understood from the following detailed descrip-
tion and by reference to the accompanying draw-
ings, of which:

Fig. 1 is a pictorial representation of an em-
bodiment of the invention, suitable for simul-
taneous use by four players, the device being
shown assembled upon a table such as a card
table in readiness for playing, and three of the
four players being shown in typical playing po-
sitions;

Fig. 2 is a schematic circuit diagram portray-
ing the electrical apparatus and connections of
the device shown in Fig. 1;
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Fig. 3 is a sectional view of a portion of the
device of Fig. 1, showing a feature of the inven-
tion;

Fig. 4 is a waveform diagram illustrating a
feature of the invention; and

Fig. 5 shows the entertainment device of Fig. 1
with its major components reassembled for stor-
age or transportation.

Referring now particularly to Fig. 1, there is
shown an entertainment device comprising four
playing consoles I, 2, 3, and 4 and a speaker
cabinet 5. The playing consoles are supported
by a card table 6 and are so disposed thereon as
to form three sides of a rectangle. Pairs of
playing consoles adjacent to one another are
connected solidly together mechanically and
electrically, as by means of conventional multi-
contact connectors (plugs and sockets), and the
entire assembly is connected electrically to the
speaker cabinet by a flexible multiconductor ca-
ble 1. The four players, only three being shown,
are seated around three sides of the table facing
their respective consoles. The fourth side of the
table is preferably turned toward any audience

that may be present, and may be faced by a mu-~

sic rack 8 if desired. The speaker cabinet 5 may
be placed in any convenient location near enough
to the table to allow its sound output to be clearly
heard by the performers.

In the schematic diagram, Fig. 2, it is shown'

that the connections between the consoles 1, 2,
3 and 4 are provided by means of three six-con-
tact connectors 9, and that the connection he-
tween this assembly and the speaker cabinet 5
is by means of another similar connector I0 and
the six-conductor cable 7. ¥ach conscle con-
tains a source of electrical vibrations rich in har-
monics, represented in this embodiment by a

saw-tooth oscillator 1!, with means for control

of this source by the operator, and a waveform-
shaping network 12. The speaker cabinet 5 con-
tains a power supply 13, an amplifier 14, and a
speaker 15. The power supply is connected to a
primary source of power through the cable 16

and to the amplifier 14 by the conductors 7.

The amplifier output is connected to the speaker
by the conductors 18.

All of the consoles are alike except with regard
to the values of certain circuit parameters and
the details of the waveform-shaping networks;
therefore they may be described, for conven-
ience, with reference to s particular one of them.
Console 4 will be used, it being portrayed more
clearly than the others in Fig. 1.

Referring again to Fig. 2, the sawtooth oscil-
lator 11 is basically of a conventional type, com-
monly used to generate sweep potentials in
cathode-ray oscilloscopes and for other similar
applications. Tt employs a gas-filled discharge

tube 19 having an anode 20, a cathode 21 heated

by a filamentary heater 22, and a control elec-
trode 23. A positive supply potential of approxi-
mately 150 volts, preferably regulated in any
well-known manner so as to have no fluctuations
greater than plus or minus 0.2 percent, is im-
pressed by the power supply i3 upon the con-
ductor 24, and is thereby conveyed through the
switch 25 (when the latter is closed), a variable
resistor 26 (1,000,000 ohms maximum or total
value), and a fixed resistor 27 (10,000 chms) to
the anode 20 of the tube {2. The opposite side
of this 150-volt supply, referred to herein as
“ground,”. is connected through conductor 28 to
the cathode 2i. ~ Heater power
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22, A bias potential of 60 volts, negative in po-
larity with respect to ground and preferably reg-
ulated to the same accuracy as the 150-volt sup-
ply, is connected through conductor 30, resistor
31 (150,000 ohms), and a potentiometer 32
(35,000 ohms) to ground, and the movable con-
tact of this potentiometer is connected to the
control electrode 23. A by-pass condenser 33
(0.1 microfarad) is connected in parallel with
potentiometer 32. Two condensers C2 ang Ci
having different values in the respective consoles
(tabulated hereinafter), and a current-limiting
resistor 34 (300 ohms), are all connected in
series, in the order given, from ground to the
anode 20. A potentiometer 35 (200,000 ohms to-
tal) is connected from the common terminal of
condensers Ci and C2 to ground, and the mov-
able contact of this potentiometer is connected
to one of the two input terminals of the network
12, the other input terminal being grounded.
The two output terminals of the network 12 are
connected by conductors 36 and 28 to the input
of amplifier 14. A voltage divider comprising the
resistors 37 and 38 in series (1,300,000 ohms and
510,000 ohms, respectively) is connected between
conductor 24 and ground, and the junction of
the two resistors is connected to the common
terminal of the varlable resistor 26 and the
switch 25. -

The operation of the saw-tooth oscillator will
now be described, even though it is basically con-
ventional, to provide background for what is to
follow. 'The gas-filled tube (9 can conduct cur-
rent across its anode-cathode gap only when the
gas within it is ionized, and ionization is initiated
by raising the anode-cathode potential above a
critical “breakdown” value, which is determined
by the value of the bias potential applied to the
control electrode 23. In the oscillator the
breakdown potential is normally set at about 80
volts by adjustment of the potentiometer 32.
When the switch 25 is open, a potential of ap-
proximately 40 volts is applied to the moving
contact of the variable resistor 26 from the volt-

- age divider 37, 38; and as a result condenser Cl

is charged to the same potential. This voltage
is also present across the anode-cathode gap,
there being no ionization of the tube because the
When the
switch 2§ ‘is closed, however, current flows
through resistors 28, 27 and 34 and charges the
condensers Cl and C2 so that the anode-cathode
potential rises. exponentially, tending to ap-
proach a value of 150 volts as an asymptote.
This rise continues until the critical voltage is
reached, whereupon the tube becomes strongly
conducting and condensers Cl and C2 are very
rapidly discharged. ‘The resistor 34 prevents
damage to the tube by limiting the discharge to
a tolerable value. Upon completion of the dis-
charge, the anode current diminishes to so small

a value that ionization is no longer sustained,

and the tube once more becomes non-conduct-
ing. When this has occurred, the current flow-
ing from the 150-volt source through resistors
26 and 27 is no longer passed through the anode-
cathode path to ground, but instead flows
through resistor 34 and charges the condensers.

" As before, this continues until breakdown is

70.

is . supplied .
through conductors 29 to the filamentary heater”

15

reached, and thus the cycle of operation is re-
peated. The voltage across the condensers, and
particularly that across condenser C2, is accord-
ingly of the: \vell-known_saw-tooth waveform.

“This voltage is applied ‘across the potentiometer

35, and from thence an adjustable fraction of
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the wave is applied to the network 12 through
which a modified waveform is transmitted to the
amplifier 14, Generation of the saw-tooth wave
continues until the switch 25 is opened, where-
upon the wave is immediately interrupted, and
soon thereafter condenser C2 is completely dis-
charged by conduction through potentiometer
35, while condenser Ci is restored to its original
potential of 40 volts by conduction from the voli-
age divider 37, 38.

As an alternative to the particular oscillator
circuit arrangement shown in Fig. 2, the connec-
tions to the anode 20 and those to the cathode
21 may be interchanged, the polarity of the 150
volt supply being simultaneously reversed, this
supply, now negative in potential, being connected
to resistor 31 in place of the 60-volt negative
supply, and the value of resistor 31 being reduced
sufficiently to allow the potential of the control
electrode 23 to be adjusted to approximately 80
volts, negative with respect to ground. The
description of operation given in the preceding
paragraph applies equally well to this slternative
arrangement and to the circuit as shown in Fig. 2.

The period of each cycle of the saw=tcoth wave,
and hence the frequency of the wave, is deter-
mined by the rate of rise of the potential across
the two condensers, and the range of potential
through which it rises before breakdown cccurs.
The rate of rise is inversely proportional to the
product RC, where R is the overall charging
resistance comprising resistances 28, 27, and 34,
in series, and -C is the effective capacitance of Ci
and C2, also in series. Thus variation of resistor
26 can be used to change the frequency, as can
also the choice of the effective capacitance C.
As noted earlier the critical breakdown potential
depends upon the setting of potentiometer 32.
All three of these frequency-determining means
are utilized, as will’be shown.

Referring now to both Fig. 1 and Fig. 2, the
variable resistor 26, actuated by .a movable “play-
ing arm” 39, is used by the performer as the
principal pitch control. The playing arm, car-
ried on a rotatable shaft 40 which also carries
the moving contact of the variable resistor 26,
is arranged to be turned through anangular range
of about 75 degrees, and the corresponding varia-
tion of the charging resistance R is-such that the
pitch changes through a range of approximately
two and one-half octaves, or about six to one
in frequency. This range is at least as great
as that of the human voice. By choice of different
values for the condensers Ci1 and C2 in the re-

spective consoles, the frequency or pitch range 55

may be located differently on the spectrum for
each console. Accordingly, console | may be
made to cover the range of a bass voice; console
2 that of a contralto; console 3, soprano; and
console 4, tenor. The ranges may alternatively
be chosen to correspond fo the four voices of a
male quartet, or to the parts of some other
musical group. A typical set of .capacitance
values and corresponding pitch and frequency
ranges is tabulated below. Standard musical
notation is used; capacitance is given in micro-
farads, and frequency in cycles per second.

: Pitch Frequeney
Voice Range C1 2 Range
SOPTANO_ oo ftoe.._.] 0.025 ) 0.25 | 175 to1,050
Contralto__ ctog”’..._| 0.035 | 0.35 | 130 to 780
Tenor___.. Ftoe” ..2'0.05 | 0.5 /7.5to 525
BasS e mien i Ctoy D.O7 407 | B85 to 390
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It should be pointed out that the purpose of
using two condensers Ct and C2 in series instead
of a single condenser is to provide a point of
lower impedance for connection to the poten-
tiometer 35, and thus to secure a better imped-
ance relationship between source and load. This
allows more signal power to be transmitted to the
network 12, and also prevents variations in the
setting of potentiometer 35 from having any ap-
preciable effect upon the oscillator frequency or
waveform.

The playing arm 39 is operated by the right
hand of the player in relation to a sloping “scale
quadrant” 41 which carries musical scale designa-
tions 42 around the curved portion of its periph-
ery. These designations are intended to be used
only as a rough guide, but they are found to be
of value even to an experienced player in making
rapid changes over large musical intervals, and
they tend to be indispensable to a beginner. For
accuracy of intonation and true biending of the
four voices of the instrument, each player must
rélay upon his own ‘“ear” and judgment. Experi-
ence in playing this instrument has shown that
although steady tones, without “vibrato,” are
desirable in some kinds of musie, a much more
zenerally useful “live” effect can be obtained by
wobbling the playing arm smoothly back and
forth through a small angular range above and
below the position of true intonation. This cor-
respends to the vibrator used in playing a violin
or trombone, or occurring mnaturally in the
human singing voice. The players have generally
agreed that a vibrato of small extent (less than
half a semi-tone peak to peak) and at a rate of
about four or five cycles per second is desirable.

This motion gives an interesting appearance to

the group of players, and has led to use of the
term ‘“Wobble Organ” for the entertainment de-
vice. Incidentally, it will be noted that the letters
W and O are superimposed as a monogram over
the loud speaker opening in the cabinet §, the
W also forming a guard to protect the speaker
diaphragm.

To allow a player’s hand to produce the afore-
said vibrato with a comfortable wrist motion,
the notes should be spread well apart on the
pitch scale 42, A uniform spacing of about one
inch per whole tone is found to be satisfactory.
To secure this relationship, it is essential that

. the pitch vary linearly with the angle of the

60

70

75

playing arm, so that equal musical intervals any-
where in the range correspond to equal incre-
ments of angle. This condition is achieved with
considerable accuracy by using for the variable
resistor 26 a commercially availabhle device known
as the Type J one-megohm logarithmic poten-
tiometer, manufactured by the Allen-Bradley
Company of Milwaukee, Wisconsin. When this
device is connected as described earlier, in series
with fixed resistances having a combined value
of 10,300 ohms, it is found that the shaft angle
varies accurately as the logarithm of the overall
charging resistance R, over at least the portion
of the resistance range between 75,000 and
450,000 ohms. On account of the fact that the

musical pitch is preportionsl to the logarithm of

the frequency, and that the frequency is inversely

proportional to the resistance value R, the ar-

rangement described affords the desired linear
relationship between angular position and pitch.
For the particular elements and resistance values

given, the variation is at a rate of about five
degrees per whole tone, or thirty degrees. per
-octave.

‘Since the playing arm swings over a
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‘range of '15 degrees, the corresponding -pitch
range is two and one-half octaves as noted
earlier. The playing arm 39 is set on the poten-
tiometer shaft at such an angle that the minimum
and maximum values actually used correspond
approximately with the limits of the resistance
range referred to above. In order that the end
of the playing arm shall move about an inch per
whole tone its length is made approximately
twelve inches.

One other pitch control, a tuning adjustment
to compensate for temperature variations, aging
and the like, is required as in almost any other
musical instrument. A tuning knob 43, connected
to the shaft of potentiometer 32, is provided for
this purpose, allowing each voice to be tuned to
a standard of pitch such as a tuning fork or the
“a” of 2 piano while the playing arm is held at
the corresponding pitch indication on the scale
quadrant.

As indicated earlier in connection with switch
25, the operation of the tone source is not con-
tinuous; it can be started and stopped at will by
the corresponding performer. The oscillator is
normally idle. Oscillation is started by a slight
downward pressure of the player’s left hand on
a “dynamics knob” 44 located at the left front
of the console. This pressure closes a contact
which in Fig. 2 is represented by the switch 25.
Thus the player may use a “portamento” between
notes, leaving the tone on, or play in a “detaché”
or “stacaito” manner, momentarily interrupting
the tone, as desired.

The amplitude of the wave delivered by the in-
dividual console is also under control of the
dynamics knob 44, for it is arranged to be turned
as well as pressed by the player’s left hand, and
is coupled to the moving contact of potentiometer
35. Its rotation may be calibrated in musical
symbols of intensity, such as “pp—p—mp—mi—
f—if,” or this can be left to the inclination of the
player, with “p” and “f” noted as rough guides
near the ends of the range, as shown in Fig. 1.
The simple mechanism of the dynamics control
is illustrated in Fig. 3. The knob 24 is carried
by the shaft of the potentiometer 35, and the
latter is mounted upon g flat cantilever spring 45
having its fixed end attached to the under side
of the console top 46. Downward pressure on the
knob causes spring 45 to deflect, making contact
with a rigid member 47, also attached to the
console top 46.

It was pointed out in the description of the
oscillator that each time the switch 25 was opened
the potentials across condensers Ci and C2 were
restored to normal values of 40 volts and zero,
respectively. If the voltage dividing resistances
31 and 38 were not provided, the opening of
switch 25 would leave the potential across Ci at
an indefinite value which would depend upon the
particular instant at which the opening occurred.
For example, the voltage might be left at its
minimum value if the interruption occurred im-
mediately after completion of a suddent dis-
charge. In this case the initial rise of the anode
potential upon reclosure of the switch 25 would
be through substantially the entire range from
near zero to the breakdown potential, a range
corresponding to the peak to peak amplitude of
the saw-tooth wave. Concurrently, the voltage
across C2 would rise a proportionate amount,
starting from zero potential as shown in line A
of Fig. 4. During succeeding cycles of the saw-
-tooth observed across C2 the envelope thereof
swould gradually change so that the wave became
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symmetrically disposed with respect to the line

-of zero potential, in accordance with well estab-

Jished principles of transient behavior, there be-
ing no means of sustaining a “direct-current
component” of the wave. Such a starting tran-
sient is found to give an objectionable “thump”
at the beginning of a note, particularly if
the amplitude is great enough to cause the
initial excessive voltage rise to overload the
amplifier 14. Provision for restoring the po-
tential on Ci, during quiescence, to a value of
40 volts, which is approximately equal to the
average value of the same potential during oscil-
lation, avoids this objectionable effect, for it
causes the wave observed across C2 to be sym-
metrically disposed above and below the zero
line from the very beginning, as illustrated in line
B of Fig. 4. The “thump” referred to is thereby
substantially eliminated.

The four networks 12 are given different char-
acteristics in order to produce distinctive tone
qualities for each voice of the instrument. This
is important from two standpoints. First, it
affords interesting and pleasing variety in tone
color, and second, it allows each player to distin-
guish clearly his own contribution to the en-
semble of sound coming from a common speaker.
The latter consideration is particularly impor-
tant, for it is found that without these tonal
differences some other meang of making the
voices more clearly distinguishable to the players
is needed, such as the provision of separate am-
plifiers and speakers to secure spacial or diree-
tional discrimination.

The networks function by suppressing particu-
lar ranges of frequency more than others in the
complex harmonic structures of their respective
saw-tooth waves. They may have any of a wide
variety of well-known configurations. If desired,
simple switching arrangements may be employed
to make several different networks, and thus dif-
ferent tone qualities, available to each performer
for the sake of variety and confrast. Alterna-
tively the networks may be mounted on or within
the consoles as “plug-in” units, using conven-
tional three-terminal or four-terminal sockets,
the tone qualities being selected accordingly.

A tabulation is given below of the component
parts of the particular networks shown in Fig. 2,
the values being expressed in ohms, micro-
farads, and henries.

Element Value
Rl 5,100
R2. 10, 000
R3 24, 00
R4 51, 000
C3 0.002
C4 0.003
C5 0.05
Cé. 0.25
L 0.45

These networks have comparable amounts of at-
tenuation over significant portions of the audio
band, and therefore the voices are in reasonably
good balance for like settings of the several am-
plitude-controlling potentiometers 85. Further-
more, they all have relatively high series resist-
ances R3 in their output paths, with the result
that they can all be connected to the common
pair of conductors 36 and 28 terminated by the
input of the amplifier i4, without appreciable
mutual interference.

" For convenience in transportation of this in-
strument, and its storage when not in use, the
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speaker cabinet is arranged to contain the four
consoles as shown in Fig. 5. The rear of this
cabinet is preferably hinged for ready access.
Space is provided for two consoles on either side
of the amplifier and speaker, which are mounted
centrally for mechanical balance. The scale
quadrants 41, normally held in place on the con-
soles by guides 48, are removed before storage,
and may then be stacked in the center rear of the
speaker cabinet, as also shown in Fig. 5.

I claim:

1. An electronic musical instrument comprising
a plurality of self-oscillating electronic sources of
electric waves, rotary manual means for inde-
pendent frequency variation of each of said
sources over g continuous range of at least one
octave, means for independent amplitude vari-
ation of each of said sources, means for inde-
pendent interruption of each of said sources,
means for combining the electric waves of said
sources, and an electromechanical transducer for
converting the sum of said waves into sound,
whereby a plurality of players, respectively con-
trolling said sources, may produce polyphonic
music.

2. A plurality of consoles adapted to be located
in mutual contiguity and electrically intercon-
nected, each of said consoles containing a source
of electrical oscillations of a waveform which is
rich in harmonics of a fundamental frequency, a
network coupled to said source for determining
the fundamental frequency of oscillation of said
source, said network comprising at least one vari-
able frequency-determining impedance element,
rotary mechanical means for varying said ele-
ment, said element having a preassigned non-
linear characteristic relating its magnitude to the
angular displacement of said mechanical means
such that the logarithm of the fundamental oscil-
lation frequency of said source is substantially
proportional to said angular displacement, said
network also comprising at least one other vari-
able frequency-determining impedance element
for use in tuning said source to a reference piteh
while said means is held at a reference position,
an electromechanical transducer fed by all of said
sources for converting the wave energy of each of
said sources into sound, and each of said conscles
further containing a wave-shaping network elec-
trically interposed between said oscillation source
and said transducer, said networks serving to in-
dividually control the qualities of the tones gener-
ated by the individual oscillation sources.

3. In an elecironic musical instrument, a plu-
rality of electrical wave generators adapted to be
independently controlled by separate players, and
a common electromechanical transducer actu-
ated by all of said generators for converting the
wave energy of said generators into sound, each of
said generators comprising a source of elecirical
oscillations of a waveform which is rich in har-
monics of a fundamental frequency, a network
coupled to said source for determining the funda-
mental frequency of oscillation of said source,
said network comprising a variable frequency-de-
termining impedance element, a rotary shaft for
varying said element, said element having a pre-
assigned non-linear characteristic relating its
maghnitude to the angular displacement of said
mechanical means such that the logarithm of the
fundamental oscillation frequency of said source
is substantially proportional to said angular dis-
placement, said network also comprising a second
variable frequency-determining impedance ele-
ment for use in tuning said source to a reference
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pitch while said shaft is held at a reference. po-
sition, meaxns inciuding a potential source and a
push switch for energizing said oscillation source,
means including a third variable impedance ele-
ment for varying the output amplitude of said
source, said amplitude-varying means bheing
mounted on said switch for movement therewith,
a rotary knob for controlling said amplitude-
varying means by rotation thereof and for actu-
ating said switch by depression thereof, said knoh
being lceated conveniently to one hand of one of
said separate players, and a control arm, fixed to
said rotary shaft for rotating it, and located con-
veniently to the othier hand of said player.

4. An electronic musical instrument as defined

in claim 1, wherein each source is a controllable
source of eleciric relaxation oscillations which
comprises a gas discharge device having an anode
and a cathode, a eapacitor connected from said
anode to said cathode, a load impedance element
connected in parallel with a portion of said
capaciter, a source of a first potential in excess of
the firing potential of said device, a path includ-
ing a variable freguency-control resistor and a
normally open series switch interconnecting said
ancde and the source of said first potential, by
way of which said capacitor is charged uypon
closure of said switch, said switeh having a first.
terminal connected to said source and a second
terminal connected to said variable resistor, a
source of a second potential of the order of
magnitude of the average potential of the said
ancde, the average being taken with respect to
time throughout a complete eycle of the oscilla-
tion of said relaxation osciliator, and a second
path coupling the second named terminal of said
switch to said second named source.
. 5. An electronic musical instrument as defined
in claim i, wherein each source is a relaxation
oscillator comprising a gas discharge device hav-
ing an ancde and a cathode, a capacitor con-
nected from said anode to said cathode, a load
impedance element connected in parallel with at
least a portion of said capacitor, a source of a
first potential in excess of the firing potential of
said device, a series path including a resistor, a
normally open switech, the said capacitor, and the
source of said first potential, by way of which said
capacitor is charged upon closure of said switch,
said switch having a first terminal gonnected to
said source and a second terminal connected to
said resistor, a source of a second potential of the
order of magnitude of the average instantaneous
potential to which the capacitor is charged, the
average being taken with respect to time through-
out a whole number of cycles of the oscillation of
said relaxation oscillator, and a second path
coupling the second named terminal of said
switeh to said second named socurce, by way of
which the voltage across said capacitor is restored
to equality with said second potential tpon open-
ing of said switch.

6. In an electronic musical instrument, a plu-
rality of independently controllable relaxation
oscillators, eaclhh of which comprises a gas dis-
charge device having an anode and a cathode, a
capacitor connected from said anode to said cath-
ode, a load element connected in parallel with a
portion of said capacitor, a source of a first po- .
tential in excess of the firing potential of said de-
vice, a path including a variable frequency-con-
trol resistor and a normally open series switch in-
terconnecting said anode and the source of said
first potential, by way of which said capacitor is
charged upon closure of gaid switch, said switch
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having a first terminal connected to said source
and a second terminal connected to said variable
resistor, a source of a second potential of the
order of magnitude of the average potential of
the said anode, the average being taken with re-
spect to time throughout a complete cycle of the
oscillation of said relaxation oscillator, a second
path coupling the second named terminal of said
switch to said second named source, and a
common -electromechanical transducer for .re-
producing the oscillations of all of said relaxation
oscillators as sound. ) S
~.7..An electronic musical instrument as defined
in claim 1, wherein each source is a relaxation
oscillator comprising a condenser having two
terminals, means for alternately charging and
discharging the said condenser to produce a
pericdic saw-tooth wave of potential difference
between the said two terininals, a source of power
for said relaxation oscillator, a series switch con-
nected between said source and said oscillator for
determining the state of oscillation or non-oscil-
lation of the said relaxation oscillator, and means
for establishing a steady potential across the said
condenser while the said switch is open which is
substantially equal to the average instantaneous
potential existing across the said condenser while
the said switch is closed, the said average being
taken with respect to time throughout a whole
number of cycles of the said saw-tooth wave.

8. In an electronic musical instrument, a plu-
rality of independently controllable sources of
electric oscillations, an electromechanical sound
reproducing device connected to all of said
sources and supplied with the oscillations thereof,
tuning means in circuit with each of said sources,
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a switch and a volume control device in circuit -

with each of said sources, said switch comprising
an elastic conductive member and being open in
the rest position of said member and being clos-
able by the application of a light pressure to said
member, said volume control device being me-
chanically mounted on, supported by and movable
with said elastic member, said control device hav-
ing a rotatable control element, and a knob fixed
to said rotatable element, whereby a separate
player, controlling any one of said sources of elec-
tric oscillations may conveniently alter the
volume of the corresponding component of sound
delivered by said reproducing device in a continu-
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ous manner by rotation of said knob and in a dis-
continuous manner by depression of said knob.

9. An electronic musical instrument as defined
in claim 1, wherein each source is a controllable
relaxation oscillator comprising a gas discharge
device having an anode and a cathode, a capacitor
connected from said anode to said cathode, a
source of a first potential in excess of the firing
botential of said device, a series path including a
resistor, a normally open switch, the said capaci-
tor and the source of said first potential, by way
of which said capacitor is charged upon closure of
said switeh, said switch having a first terminal
connected to said source and a second terminal
connected to said resistor, a source of a second
potential of the order of magnitude of the average
instantaneous potential to which the capacitor is
charged, the average being taken with respect to
time throughout a complete cycle of the oscilla~
tion of said relaxation oscillator, a second path
coupling the second named terminal of said
switch to said second named source, said switch
comprising an elastic conductive member and
being open in the rest position of said elastic
member and being closable by the application of a
lisht pressure to said member, a volume control
device electrically in circuit with said relaxation
oscillator and mechanically mounted on, support-
ed by and movable with said elastic member, said
device having a rotatable control member, and a
knob fixed to said rotatable control member,
whereby a player may conveniently alter the
amplitude of the output of said relaxation oscil-
lator in a continuous manner by rotation of said
knob and in a discontinuous manner by depres-
sion of said knob.

LARNED A. MEACHAM.
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