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nese assignments, to G. Willard Rich 

Application December 4, 1933, Serial No. 700,838 
(C. 250-36) 12 Claims. 

The present invention relates to the produc 
tion of musical sound by electrical means and 
has for an object to provide an oscillatory ther 
mionic vacuum tube circuit which will produce 
an electric wave form which is extremely rich 
in harmonics, the circuit preferably including 
suitable filter means by which those harmonics 
desired can be retained. Stated otherwise, the 
circuit of the present invention is one producing 
Oscillations of a wave form having the harmonics 
necessary to adapt it to imitate or reproduce 
sound contained in the playing of any given in 
strument by inclusion of appropriate filter 
means acting to suppress or attenuate certain of 
the harmonics, as well as to create new tone re 
lationships not necessarily found in existing mu 
sical instruments, but which may be found des 
sirable. 
Another object of the invention is to provide 

an oscillatory circuit which is both sinple in 
construction and reliable in operation, the fre 
quency of its oscillations being characterized by 
extreme stability and capable of being deter 
mined or computed with ease and accuracy. 

Still another object of the invention is to pro 
vide an oscillatory circuit which may be readily 
adjusted to cause it to oscillate at the proper frequency. 
A further object of the invention is to provide 

an oscillatory circuit capable of having the fre 
quency of its oscillations readily altered during 
operation to predetermined values so that it may 
be effectively employed in the playing of different 
musical notes. 

35 

40 

45 

50 

55 

A still further object of the invention com 
prehends the grouping of a plurality of such 
oscillatory circuits each adjusted to a predeter 
mined frequency, whereby various chords may 
be struck. 
The invention comprehends in its broad as 

pect the provision of the necessary number of 
oscillatory circuits above mentioned, filtering de 
vices and switching arrangements and appur 
tenances for duplicating the effects obtained by 
the various pipes, reeds or other elements of 
musical instruments, including the effects ob 
tainable by the use of various combinations of 
stops and key manuals, as well as for the orig 
ination of tonal effects, not necessarily charac 
teristics of existing musical instruments, but, 
nevertheless desirable. 
As a further comprehension and in the nature 

of a refinement to the appalatus by which the 
above objects are accomplished, the invention 
includes a controlling Oscillator or master cor 

REISSUED 
trol for One or more of the note-producing oscil 
latory circuits whereby any tendency of a change 
in the tuning of some or all of the notes will be 
automatically corrected. The master control 
also provides a means for shifting the frequencies 
of a whole series of oscillators without affecting 
the tuning of the notes with respect to each 
other. 
To these and other ends the invention also in 

cludes other arrangements and combinations of 
elements, all as set forth in the following speci 
fication and particularly pointed out in the ap 
pended claims, 

In the drawings: 
Fig. is a diagrammatic illustration of an 

oscillatory circuit embodying the invention, ill 
lustrated in a simple form to facilitate the de 
Scriptios of the fundamental principle of the 
invention. 

Fig. 2 is a similar view showing another way in 
which the plate and grid potentials may be ap 
plied to the tube circuit. 

Fig. 3 is a modification showing the use of sep 
arate transformer windings in lieu of the tapped 
utual inductance of Figs. and 2. 
Fig. 4 is a diagrammatic layout of a single tone 

instrument embodying the invention. 
Fig. 5 is a diagrammatic layout of a multi 

tone instrument embodying the invention. 
Fig. 6 is a view similar to Fig. 5, but in addi 

tion showing the master oscillator and coupling 
means through which the control may be effected 
fron one oscillatory circuit to another. 

Fig. is a modification of Fig. 6 showing an 
inter mediate repeater tube included in the cou 
iing between oscillatory circuits. 
Fig. 8 shows the possibility of associating with 

each oscillatory note-producing circuit a means 
for automatically attenuating the intensity of 
its note upon key depression. 

Fig. 9 is a modification of Figs. 6 and 7, show 
ing a multi-element tube Substituted for the 
tubes W.2 and W3 of these figures. 

Fig. 10 is a view showing the possibility of 
associating with each oscillatory note-producing 
circuit a means whereby the intensity of its note 
may be varied at will by the distance its con trolling key is depressed. 

Figs. li to 4 are curves showing correspond 
ing changes occurring with time in the grid 
cathode Voltage, plate current, plate-cathode 
voltage and grid current of the tube of the 
oscillatory circuit of the invention, respectively. 

Fig. 5 shows two consecutive cycles of the out. 
put Wave as derived from the grid-cathode 
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2 
branch of the oscillatory circuit, from the in 
stant the operation of the device is initiated. 

Fig. 15a shows two consecutive cycles of the 
output wave as derived from the plate-cathode 
branch of the oscillatory circuit, from the in 
stant the operation of the device is initiated. 

ig.16 shows three grid-cathode voltage waves 
of different frequency, illustrating frequency 
control by grid supply-potential variation. 

Fig. 17 illustrates two sinusoidal wave forms of 
different, but harmonically related frequencies. 

ig. 18 lustrates the grid-cathode voltage wave 
of the tube of the octatory circuit of the in 
wention and the trigger action of a similar wave 

15 stiperposed thereon by a master or control oscil 
lator. 

gs. 19 and 20 show embodiments of the in 
vention wherein the output Wave is derived from 
the grid-cathode branch of the oscillatory circuit. 

20 Sinar reference characters in the several 
figures indicate similar parts. 
In carrying out the invention the fundamental 

object of which is to provide a new apparatus 
for the production of musical sounds, there is a 

25 vacuum tube oscillator which will produce audi 
ble frequency oscillations the wave form of which 
lends itself to musical use. In other words an 
oscillatory circuit constructed in accordance with 
the invention will produce a wave which possesses 

0 at any of the frequencies to which the circuit 
may be turned the harmonics required to give the 
desired musical color or timbre, so that the cir 
cult may be adapted to natch or reproduce the 
notes of any given instrument, as well as to gen 
erate its own variations of tone, by proper inclu 
son of adjustable filtering elements. The cir 
cult which is provided includes the further ad 
wantage that it gives an immediate full response 
upon the closing of a key without time lag in 
cident to building up of the energy required for 
its operation and produces a sustained note of 
the predetermined frequency during the period of 
key depression. Theae factors are considered 
important characteristics of the invention and 
enable the production of musical sounds with 
great fidelity. Furthermore, it is possible to 
duplicate the effects produced by a complicated 
instrument, such as an organ, by means of ap 
paratus capable of assembly in a comparatively 

0 small space. 
The oscillatory circuit of the present invention 

establishes, audio-frequency oscillations by the 
thane constant characteristic of a condenser dis 
charging through a resistor. Generally stated, 
such circuit employs a thermonic vacuum tube 
in association with a potential feed-back means 
closely coupling the plate-cathode circuit through 
a condenser to the grid, the condenser being 
in electrical connection through the feed-back 
means with the cathode and therefore in a 
closed-circuit relation through the cathode with 
a resistor included in the grid-cathode circuit. 
The condenser alternately receives a charge and 
discharges the accumulated charge through the 
resistor and, because of the close coupling of the 
pate-cathode circuit to the grid, rapidly ac 
cumulates a charge such as to bias the grid be 
yond cut-off with the result that the period of 
discharge substantially determines the frequency 

70 of the established oscillations, the feed-back 
means being properly poled for this purpose. 
Proper choice should obviously also be made of 
the supply-potential at the grid. It will be ap 
parent from the following description that no 

is precise construction of the interior elements of 

2,088,246 
the vacuum tube is essential and that, although 
the conventional type of three element ther 
mionic device is illustrated in the various figures, 
other types of multi-element tubes as distin 
guished from a triode tube may be used with 
equally satisfactory results. 
The oscillatory circuit illustrated in Fig. 1 com 

prises a thermonic tube V having a cathode K, 
a grid C and an anode P. A source of potential, 
such as a battery b, has, its negative terminal 
connected to the cathode K and its adjustable 
terminal connected through portion Lp of an 
inductance M to the plate P, the other portion Lg 
of said inductance being connected at its outer 
end through a condenser C to the grid C. Also 
connected to the grid G is a resistor R, a second 
source of potential c being connected between 
this resistor and the cathode K. In practice, the 
potential values Eb and Ec may be adjusted 
by using a voltage divider D (Fig. 2), Ec being so 
determined with reference to the capacity of the 
condenser C that, when the latter is charged 
to its operating point, the grid is biased beyond 
the cut-off point of the tube and no substantial 
current flows in the plate circuit. 
The elements R., C, M and the two sources of 

potential are each variable at will. By their 
adjustment the fundamental oscillatory frequen 
cy of the circuit can be established in the first 
instance and may subsequently be changed as de 
sired. The chief methods of controlling the 
frequency generated by the circuit are by ad 
justment of the values of resistance R and Con 
denser C and by adjustment of the supply-po 
tential Ec. By using fixed values of R and C of 
approximately the proper relative values, final 
tuning may be accomplished by the variation 
of Ec. After this adjustment of the potential 
Ec, the potentials Eb and Ec should bear a fixed 
relation to each other. In order that they may 
maintain such relation, the potentials Eb and 
Ec should be derived from the source, as in Fig. 2. 
In explaining the oscillatory action of the cir 

cuit and the production of audible frequencies 
determined by the above mentioned elements, it 
will be assumed that at a given instant such 
charge has been accumulated in the condenser 
C that the grid G of the tube W is suftciently 
negative to prevent passage of plate current. 
Obviously the conderaser will not retain this 
charge as there is a path through the resistor R, 
the instrumentalities producing the potentials 
Ec and Eb and the winding Lig, around which it 
can discharge at a rate determined by the re 
sistance of this circuit. 
The condenser C discharges according to the 

mathematical relationship that 

v.-vee-Rs 
where V=the terminal voltage of the condenser 

at any instant, 
Wo=the terminal voltage of the condenser 

at time zero, 
e=the natural logarithmic base, 
t=the time in seconds from time zero, and 
R" and C are the resistance and capacity 

respectively of the condenser-discharge 
circuit. 

Designating the period of discharge of the con 
denser C during the operation of the circult by 
the symbol T, the ratio W/Vgo at the end of such 
period is 

T 
Ric, 
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2,083,246 3 
and, for given values of R' and C' and regardless 
of the initial voltage value Wig0, is a factor of the 
period T and of the period Talone. 
As time progresses, therefore, the condenser C 

will continue to discharge through the resistor R 
and the effect of this discharge will be to render 
the grid-cathode voltage (Fig. 11) progressively 
less negative until, depending upon the param 
eters of the tube W, the time T will be reached 

10 when the grid-cathode voltage is such that plate 
current (Fig. 12) can begin to pass, provided 
that the grid supply-potential Ec is insufficiently 
negative of itself to produce cut-off conditions. 
As soon as plate current starts, and depending 

15 upon its rate of change, a reactive voltage is set 
up in the winding Lp of inductance M, the latter 
winding opposing the change in the status quo. 
Through the medium of the mutual inductance 
M, however, induced voltage is transferred to 

20 the winding Lig, which causes the grid-cathode 
voltage to increase in a positive direction, which 
in turn, through the action of the triode, tends 
still further to increase the plate current. Thus 
a self-accelerating or regenerative action is cre 

25 ated, wherein increasing positiveness of the grid 
sets up increasing plate current, which still fur 
ther increases the grid potential in a positive di 
rection. As the plate current increases, how 
ever, the effective plate-cathode voltage (Fig. 13) 

80 decreases owing to the opposing action of the 
reactive voltage set up by the rise of plate cur 
rent through the winding Lip. Similarly, the in 
creasing positiveness of the grid causes the grid 
cathode voltage eventually to pass through zero 

8 from the negative to the positive region, and the 
grid-cathode circuit becomes conducting, at 
which point the grid starts to permit current to 
pass from the grid to the cathode (Fig. 14), which 
current causes a charge to accumulate in the 

40 condenser C. Shortly a limitation is reached 
corresponding to which the condenser C no longer 
accumulates a charge and the grid, for this and 
other reasuns, ceases to become further positive. 
At this moment plate current has risen to a 

45 maximum and then a reverse regenerative ac 
tion takes place. As soon as the rate of change 
of plate current ceases to increase, both the in 
duced voltage in the winding Lig and the grid 
potential depending upon it start to decrease. 

50 This decrease or return toward negativeness of 
the grid potential causes the plate current to de 
crease and the grid-plate regenerative action 
again takes place, though now, in the opposite 
direction. As soon as the grid-cathode voltage 
passes out of the conducting region, the charge 
accumulated in the grid condenser C by the pas 
sage of current is locked in, as it were, and can 
only escape by way of the path offered by the 
resistance R. The plate current rapidly falls to 

60 substantially zero and the grid is now negative 
beyond the cut-off point because of the charge 
present in the condenser C. This charge includes 
the normal charge present from the combined 
potentials of Eb and Ec, and is caused by a trans 
fer of energy from the plate circuit to the grid 
circuit of the tube, a portion of which energy 
goes to make up the condenser charge, which 
may be represented by the symbol Q. From the 
time the grid-cathode voltage passes out of the 
conducting region to the time that the plate cur 
rent ceases, such a small interval elapses that 
the discharge of condenser C through resistor R. 
during this interval is, for all practical purposes, 
negligible. However, Such discharge does take 

place, and so cannot be overlooked. Thus, when 
the plate current cycle of operation is completed, 
the grid-cathode voltage is Q/C minus a small 
amount, where Q represents the maximum charge 
(over and above that charge induced by the 
potentials Eb and Ec), which was acquired dur 
ing the action just described. From this point 
On resistor R and condenser C take charge of the 
operation of the circuit. 

Referring to Fig. 11, the condenser C discharges 
from the voltage Wao, equal in value to Q/C, to 
the voltage W.1 causing cut-off potential at the 
grid G, at which instant the cycle of operations 
is repeated. Depending upon the constants of 
the circuit to some extent, the charge Q and the 
voltage Wo depending upon it are determined 
by the magnitude of the plate supply-potential 
Eb. Likewise the cut-off voltage W1 is deter 
mined by Eb through the medium of the ampli 
fication constant of the tube. Supposing Ec to 
be Zero, it is obvious that, other things remain 
ing constant, if Ebbe increased or decreased by 
some factor, Wro and Vi will be similarly 
led by the same factor. And, since the 
ratio 

changing both terms of that ratio by the same 
factor will leave the exponential term unchanged. 
Thus, for given values of R' and C’ time indicated 
by T must remain fixed so that, since the cycle 
of plate current passage is over in a minute 
fraction of the time required for the entire cycle, 
the frequency of the established oscillations is 
determined by the period of condenser discharge 
almost to the exclusion of all other factors. 
Under the circumstances when Ec is not zero, 

it will be found that Ec must be changed in pro 
portion to Eb if the same frequency of established 
oscillations is to be maintained. Variation in Ec 
acts to change the point of time on the discharge 
curve at which cut-off potential is reached. The 
cut-off potential for Zero grid supply potential, 
or the condenser discharge voltage V, may be 
represented by the ratio Eb/u, where u is a con 
stant of the tube. If now the grid supply-poten 
tial is made negative (by connecting the negative 
terminal of the instrumentality c to the resistor 
R), the condenser C must discharge to a voltage 
V2 equal to Eb/u minus Ec, rather than simply 
Eb/pi as is the case when Ec=0, the voltage V 
being therefore smaller than the voltage V. 
Referring to Fig. 16, the condenser discharge 
period T when Ec=0 is indicated by T. Since 
Wiga is smaller than Wig1, substituting Wa in the 
exponential equation must of necessity increase, 
the period T to a definite value T2, all other 
factors being constant. Similarly, if Ec is made 
positive, the period T will decrease to a definite 
value Smaller than T, as the ultimate condenser 
discharge voltage W.3 will be larger than V1. 

It will be apparent from the foregoing discus 
sion that to keep the frequency of the established 
oscillations constant, it is necessary to change Ec 
in proportion to Eb, but that, regardless of the 
value of Ec, such frequency is substantially ex 
clusively determined by the period of condenser 
discharge. The periods of time between conden 
ser discharges are indeed extremely short and are 
purposely exaggerated in Figs. 11 to 16 for clarity 
of illustration, it being also apparent that the 
wave form of the oscillations established in either 
grid-cathode or plate-cathode circuit (see Figs. 
15 and 15a) is extremely rich in harmonics. 
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4 
So far the discussion has concerned itself with 

changes in operating potentials and the actual 
cycle of operation. Suppose either of the factors 
R" and C or both of these factors be changed in 

is the exponential equation by correspondingly al 
tering the values of the resistance R and capacity 
C, it is seen from this equation that T increases 
with increases in either C" or R' and that the 
increase in T is proportional to the increase in C 
or R. This must be so if the exponent is to be 
kept constant to keep the ratio of full charge 
voltage to cut-off voltage constant, which is, of 
course, fixed by other considerations, within wide 
variations of resistance R and capacity C. It 

5 should also be observed that the presence of 
leakage inductance in the windings Lig and Ip or 
of resistance in these windings or in series with 
the supply-potentials or with the grid itself, will 
all affect the initial charge Q., by limiting it to 

20 a greater or less extent, and to a corresponding 
extent also affect the frequency of the established 
Oscillations. 
The operation of the circuits of Figs, 1 and 2 

may be considered as typical of other arrange 
ments which may be utilized to produce audible 
frequency oscillations of a wave form suitable for 
musical instrument purposes, wherein the coul 
pling between the plate-cathode circuit and the 
grid is sufficiently close to permit the accumula 

30 tion of a sufficient charge in a grid condenser to 
produce grid potentials in excess of cut-off poten 
tial and wherein the condenser in discharging 
through a resistance determines the time period 
or frequency of the established oscillations. The 

35 oscillatory circuit, for example, may take the 
form shown in Fig. 3, where a transformer M" 

- having its windings closely coupled to one another 
is substituted for the auto-transformer M of Fig.1. 
he action of the circuit of Fig. 3 is practically 

40 identical to that of Figs. 1 and 2, but here the 
supply-potential Eb is separated from the con 
denser-discharge circuit. Similarly, any exist 
ing means of securing feed-back may be employed 
if suitable provision is made to assure that the 

45 charge accumulated by the grid condenser is 
sufficient to carry the grid potential beyond the 
cut-off point of the particular vacuum tube em 
ployed, so that the discharge characteristic of the 
condenser is the major factor in frequency de 

50 termination. 
The type of oscillator described is especially 

adapted for the purpose intended, as it maintains 
a substantially constant ratio of the limit voltages 
between which condenser discharge takes place, 

55 regardless of wide fluctuations in its supply po 
tentials Eb and Ec, provided the instrumentalities 
producing these potentials are so arranged that, 
if any variation occurs in One, a corresponding or 
proportional variation will simultaneously occur 

60 in the other. This can be easily accomplished 
by proper derivation of the two potentials from 
the same source. 

In further elaboration of this invention and in 
order to illustrate its embodiment in an instru 

85 ment suitable for the creation of formal music, 
there are shown in Fig. 4. certain circuit arrange 
ments by means of which single notes may be 
successively produced in the playing of melodies. 
The parts heretofore described bear the same ref 

70 erence characters in Fig. 4 and it is, therefore, 
only necessary to mention the additional elements 
introduced to provide the control features which 
permit such rendition of music. In Fig. 4 it will 
be observed that there have been substituted for 

76 the single resistance R of Figs. 1 to 3 a plurality of 

25 
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resistances which, in practice, correspond in num 
ber to the number of notes desired, three being pro 
vided in the embodiment illustrated, namely R, 
R2, and R3. These resistances are all connected 
in series with one another and with the grid C. 
of the tube V and are respectively associated with 
the switches , 2, and 3, which may constitute the 
keys of the musical instrument. Potention eters 
p?, p2, and p, also corresponding in number to 
the number of notes desired, are bridged across 
the common source c of blasing potential, the 
switches , 2, and 3 being respectively connected 
between the Outer terminals of the resistances 
R, R2, and R3 and the sliders a, 2a and 3a of 
the potentiometers p, p2, and p3. Tuning for 
each of the separate notes within the range of 
the instrument may be effected by merely adjust 
ing the sliders a, 2a, a, which determine the 
individual grid-supply potentials Ec, Ec2 and 
Ec.. Obviously, the frequency of the note pro 
duced by depressing key is determined by the 
discharge of the condenser C through the resis 
tance R, the frequency of the note produced by 
depressing key 2 is determined by the discharge 
of the condenser C through the resistances R. 
and R2, and the frequency of the note produced 
by depressing key is determined by the discharge 
of the condenser C through the resistances R. 
R2, and R. 
In the apparatus shown in Fig. 4 there is in 

cluded in the circuit of cathode K an adjustable 
tuning resistor Rt by means of which the charge 
accumulated in the condenser C may be varied 
to alter the pitch of the instrument as a whole. 
That is, the resistance Rt is used to tune all notes 
simultaneously and therefore provides a con 
venient means of tuning the instrument with 
others or changing its tuning to conform with 
recognized pitch, such as international, orches 
tra or concert. In addition to the foregoing 
there is included in series with the several key 
resistances another resistance R having its outer 
terminal connected to the cathode K by a con 
ductor 5 containing a source c' of predetermined 
voltage Ec. Owing to the difculty of construc 
ting circuits in which leakage resistances are 
infinite, it may be considered commercially in 
practical to prevent the condenser C from dis 
charging even with all keys open and Romitted 
The result of this discharge is to produce a long 
term cycle upon key release and corresponding 
noise like spaced "pops', if some means of pre 
venting this is not employed. Thus the potential 
of c' is chosen, together with the value of resistor 
R, to apply a cut-off or slightly greater po 
tential to the grid when all keys are released, RT 
being made sufficiently large to prevent the po 
tential Ec? from having an appreclable effect 
On the tuning when any one of the keys is de pressed. 
Inserted in and across the plate-cathode cir 

cuit are a resistance R4 and a by-pass condenser 
C5, respectively. The condenser C5 acts as a 
reservoir condenser to by-pass the impedance of 
the instrumentality b and to insure a relatively 
steady plate supply-potential Eb during the pas 
sage of plate current within the tube. The re 
sistance R serves to set the effective value of the 
supply-potential at the plate P and to isolate the 
oscillatory plate. Cathode circuit of the tube from 
the instrumentality b, thereby preventing the 
Creation of opposing voltages that might other 
wise introduce undesirable coupling effects. 

It is understood that the output wave of the os 
cillator is amplified by a thermionic amplifier 6 
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of suitable construction and thereafter repro 
duced in the desired volume by means of a Suit 
able loud speaker 7. This wave is preferably fed 
to the amplifier through an adjustable filter to 
permit the tone of the instrument to be controlled 
by cutting out those harmonics or component 
frequencies which it may be desired to suppress. 
Indicative of such a filter there is shown in the 
output circuit, comprising the wire 8, a resistance 
R5 with which two condensers C3 and C of dif 
ferent capacities are associated. These conden 
sers are connected at One side to a conductor 9 
leading to the resistance R5 and at the other side 
to terminals O and t, with which cooperates a 
switch arm 2 connected (through the resistance 
Rit) to the cathode K. Between the resistance RS 
and the plate P a blocking condenser C6 is in 
troduced to prevent the plate supply-potential 
Eb from acting through the output net work, 
which condenser C6 is of sufficient capacity to 
permit the free passage of the alternating po 
tentials developed. The resistance RS functions 
as a filter resistor and isolating resistor and is of 
such a value that, even if a short circuit occurred 
at one of the contacts of the filter switch 2, no 
appreciable change in the frequency of the estab 
lished oscillations would occur, . 

Also arranged in the wire 8 is a second re 
sistance R6 and a potentiometer P4, the latter 
being connected to the amplifier 6. The re 
sistance R limits the maximum volume of sound 
obtainable, while the potentiometer P4 acts as 
a volume control, its slider being adjustable from 
zero to the maximum voltage obtainable. 

In practice the plate supply-potential Eb and 
the potential Ec?, as well as the potential for the 
cathode-heating element H (where a heater type . 
of tube is used) are derived from the power sup 
ply already available in the audio-frequency 
amplifier 6 used with the oscillator. The ampli 
fier may be of conventional design, with the ad 
dition, if desired, of other filtering means for the 
further control of tone quality. By using the 
power supply circuits of a commercial amplifier 
as a source of supply potentials, the amplifier, 
in turn, being operated from the power means, 
and by supplying the potential required across 
the potentiometers P, P2, and P3 either from 
the power mains with a separate power supply 
device or from the power supply circuits of the 
amplifier, the various supply-potentials will in a 
properly designed oscillatory circuit be propor 
tional to each other, or nearly so, at all times. 
That is, the operation of the device will be sub 

55 

60 

75 

stantially stable with relation to Supply fluctu 
ations. 
The principles thus far disclosed in their rela 

tion to a single tone instrument are equally ap 
plicable to an instrument capable of producing. 
harmonies. Fundamentally there would be pro 
vided for such a purpose a plurality of oscillators, 
such as that of Fig. 1, each tuned by means of 
the proper choice of the resistance R, capacity C 
and biasing potential Ec to a predetermined 
fundamental frequency. Appropriate Switching 
means, such as keys, would be provided, each 
oscillator being so arranged that, when its key is 
depressed, a proper proportion of its Output is 
caused to be conveyed to the input of an ampli 
fier feeding into a loud speaker. Such an ap 
paratus when properly assembled and tuned can 
be made to play chords and in its essence is the 
basis of what may be termed an electric organ. 
By the addition of filter devices co-ordinated 
with stop-type controls, any desired change of 

timbre or tone shading can be accomplished, so 
that the apparatus will duplicate various instru 
ments, or may be used for the purpose of orig. 
inating its own discrete tonal values, as dis 
tinguished from existing musical instruments. 
Likewise, all notes can be made subject to either 
manual or automatic vibrato, and to volume changes accomplished by either knee or manually 
Operated controls, such as are now used in organs 
for producing such effects. 
While it is possible to evolve circuits by which 

One oscillator can be controlled from a variety of 
keys, so chosen that no two keys controlling the 
same oscillator would need to be simultaneously 
depressed in the rendering of formal music, it is 
considered best to assign an oscillator for each 
desired note in order that any desired combina 
tion of keys can be simultaneously depressed to 
produce the related chord sounding in each case. 

Fig. 5 illustrates a circuit arrangement which 
may be used in constructing such an apparatus, 
two oscillators being shown for the purpose of 
simplicity. The two oscillators are identical, ex 
cept for the choice of the values which should 
be used for the resistances Ri and R2, condensers 
C and C2 and grid supply-potentials, Ec? and 
Ec in order that the two notes desired may be 
produced. In this arrangement a parallel feed 
may be used to connect the plates of the sev 
eral tubes to the source b, resistors Rf and Rf2 of high value being employed through which the 
potential Eb supplied by said source is directly 
communicated to the plates P and P2 of the 
two tubes V and V2 illustrated. The potenti 
ometers p and p2, of course, serve for final tun 
ing after the latter has been approximated by 
choice of the resistances Ri and R2 and con. 
densers C and C2. The condensers Cb? and 
Cb, respectively connected in the output cir 
cuits of the tubes W. and V2, isolate the steady 
potential Eb from these circuits and prevent its 
transfer across the plate-circuit windings of the 
inductances M and M2, but are sodesigned as 
to freely pass the alternating potentials devel 
oped. Besides the condensers. Cb and Cb2 the 
output circuits of the tubes b and b2. respec 
tively comprise the resistances Rk and Rc2 and 
the keys at and ac2 associated therewith, the pOn 
tentiometer or volume control p being common 
to both circuits with both keys depressed. The 
resistances Rk and Rk2 are so chosen that the 
voltage appearing across the impedance of p 
when one of the note-producing oscillators is be 
ing sounded through its associated key, say the 
circuit of tube V, will not be coupled back to 
any appreciable extent through this impedance 
into the other note-producing oscillator, the os 
cillator comprising the tube V2 under the as 
3umed condition. Likewise the impedances of 
the instrumentalities supplying the operating po 
tentials at the plates and grids of the tubes 
should be kept low in order to prevent undesir 
able coupling effects. 
As is shown in Fig. 5, a capacity Cf is connected 

across the potentiometer p as indicative of a 
simple means which may be employed. By mak 
ing this capacity variable between the desired 
limits, various amounts of the higher harmonics 
may be retained or suppressed at will. 
The arrangement of Fig. 5 enables excellent 

stability of tuning to be obtained. However, 
there are variable factors such as the effects of 
humidity on leakage paths, the change in tube 
parameters with age, etc., which, over a period of 
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time, may tend to throw the apparatus out of 
ture. If this occurs; the potentiometers p and 
p permit the instranent to be easily returned 
during the useful life of the tubes, which is con 
siderable in the apparatus of this invention OW 
a to the relatively lew emission demands upon 
thena. Changes in tuning must inevitably oc 
cur, however, though usually they are of small 
magnitude, and for this reason it is deemed high 
ly desirable to provide a means for automatically 
antaining the turning of each note relative to 
at the others. 
Prealinary to explaining how this automatic 

control is effected, it is to be understood that 
the avention contemplates the use of a master 
ociator. This ray be one of the note-produc 
in Odellatory circuits, or a separate oscillatory 
circuit, preferably one oscillating at a frequency 
Corresponding to one of the higher frequencies of 
the keyboard. The naster oscillator is tied in 
to the other oscillators in such a manner that 
any decadence in the operation of any one of the 
controlled oscillators normally causing it to lack 
in harmory is checked by controlling impulses 
from the output of the master oscillator or from 
the output of a controlled oscillator, whereby all 
controlled oscillators are caused to oscillate with 

regularity in step with the master oscil 
to. 
The practical or tempered (chromatic) musi 

Cal scale as employed in a key-controlled instru 
net is divided into twelve intervals to the oc 
tave. Each octave interval is a two to one fre 
Quacy ratio and the twelve intervals between 
the successive notes of an octave are all equal to 
one another, each being given by the ratio of the 
twelfth root of two. Except for the octave inter 
vul, there is thus no harmonic relation between 
any two notes of a key-controlled instrument. 
in other words, the tempered scale does not per 

the playing of those frequencies which na 
demands in the rendition of music, it hav 

as been adopted for practical reasons due to the 
extremely large number of keys which would 
have to be provided as a result of the frequent 
changes in the keynotes with reference to which 
attle is written. While the notes of the ten 
pered scale are not naturally related to one an 
other, they are nevertheless very close to being 
so, as shown by the following tabulation: 

70 

s 

servals or frequency ratios in terms of C belop 

O 2 of 1.0 
1, 15 2 on 1.16 
1.23 24h 1,002 
1.33 2 in 1.44 

s This 1.31 
1,000 n 1.70 
1.5 la 1.77s 
20 an 20 

it will be observed that the correspondence be 
tween the mathematically derived intervals and 
the actual musical intervals is relatively close, 
variations being linited to a few per cent, so 
sight as to make it difcult to detect by the 
trated musical ear. The notes of the tempered 
scale can therefore be stated to be naturally re 
lated for all practical purposes. If, now, the re 
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maining semitone intervals be added to the inter 
vals already tabulated, it will be possible, because 
of the almost true natural relationships of all 
notes of the tempered scale, to express any given 
note of said scale in a whole number fraction of 
any other. 
As an example, let us consider the relation 

ship between the note C and the note C next 
above it on the tempered scale. This relation 
ship very nearly meets the condition that, for 
every four complete cycles of the C note, there 
will be very nearly three complete cycles of the 
lower note G. Thus at each fourth cycle of the 
note C and each third cycle of the note C, the 
two notes may be considered to be in phase, pro 
vided they are initially sounded together. 

In Pig. 17 are shown two sinusoidal waves 
and l having the above-mentioned frequency 
relationship of four to three, and it will be noted 
that at the third cycle of the lower frequency 
wave is and the fourth cycle of the higher fre 
quency wave B, the two waves pass through the 
same value (zero) in the same direction (from 
plus to ninus). Now Fig. 18 shows graphically 
the grid-cathode voltage wave at of an oscillator 
constructed and controlled in accordance with 
the invention. This oscillator is assumed to 
operate at the frequency corresponding to the 
lower pitch note C of the tempered scale, while 
the controlling oscillator, from which oscilla 
tions are supplied to the controlled oscillator in 
a nanner to be hereinafter described, is as 
sumed to operate at the frequency correspond 
ing to the higher pitch note C of the tempered 
scale. The oscillations produced by the con 
trolling oscillator are similar in wave form to the 
oscillations produced by the controlled oscillator 
and under the assumed condition are very nearly 
related, to the oscillations produced by the con 
trolled oscillator by the ratio four to three, the 
effect of the controlling oscillator on the gride 
cathode wave of the controlled oscillator being 
to produce certain irregularities as in its con 
denser-discharge portions, corresponding to 
which the grid approaches cut-of potential in a 
positive direction. These irregularities as are 
only slight because the controlling wave is suit 
ably attentuated prior to superposition. It will 
be observed that, during condenser discharge in 
the oscillator of the present invention, there is a 
considerable period when the grid-cathode volt 
age is very close to the cut-off level, but has not 
quite reached that level, because of which in 
pulses of comparatively small magnitude need 
be supplied to the grid during such period to 
cause a change in the point of time at which 
plate current will again be initiated. Therefore, 
should the controlled oscillator tend to oscillate 
at any other than the desired frequency, such an 
impulse supplied at the proper instant to correct 
its grid potential to the cut-off value will cause 
it to be triggered off into its true cycle of 
operation. 

Assunning, for example, that the controlled 
oscillator producing the wave a illustrated in 
Fig. 18 has a tendency to run a slightly length 
ened period, then on each successive cycle this 
effect would normally become cumulative arid 
overshooting would occur as indicated by the 
dotted lines at the right in Fig. 18. However, on 
the third cycle the impulse from the controlling 
oscillator corrects such overshooting and starts 
the controlled oscillator of in phase again. Ob 
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viously, the impulse from the controlling oscil- is 
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lator must be small enough so that it will not 
trigger the controlled oscillator at any other than 
the desired point of time. The line W2 in Fig. 
18 represents the cut-off potential of the con 

is trolled tube, and, while three consecutive im 
pulses are superposed during the first, second and 
third cycles of the controlled wave, it is not 
until the fourth impulse that the trigger action 
takes place, since this fourth impulse occurs at 

0 an instant when the grid potential of the con 
trolled tube is sufficiently close to the cut-off 
level to permit the trigger action to take place. 
From these considerations it is obvious that, for 
maximum control, the controlling impulse must 

15 be as large as possible in order to trigger over 
the widest possible discrepancy, but not large 
enough to give rise to a triggering action before 
the proper cycle. 
From the foregoing discussion it is apparent 

20 that control may be effected between any two 
oscillators the frequencies of which are musically 
related to one another. Consequently, with all 
oscillators tuned to produce the various notes of 
the conventional keyboard, they can all, in effect, 

25 be tied together, either directly or through the 
medium of intervening circuits, until all are made 
subject to the control of a master Oscillator. The 
latter may be any note-producing oscillator, such 
as the one producing the note middle C. It is 

80 possible to use one representing the highest pitch 
note on the keyboard, or a separate oscillator of 
still higher frequency may be employed, which 
is not used for sounding notes. In practice par 
ticular care is taken to render the naster Oscil 

35 lator exceptionally stable. Some care should also 
be taken to insure that no controlled oscillator 
becomes the controller, which may be avoided, by 
proper coupling between oscillators and proper 
selection of circuit constants. The controlling 

40 effect is sufficiently marked to offset the normal 
detuning incident to tube aging within operat 
ing life limits and to small changes occurring in 
the values of the resistances and capacities used. 
Also, if the frequency to which the master oscil 

45 lator is tuned be changed by a small amount, the 
whole keyboard is shifted by that same amount, 
which provides a means of securing tuning to 
pitch. As another advantage, independent tun 
ing of the various note-producing Oscillators is 

50 greatly facilitated. That is, if any one of these 
Oscillators is out of tune, such an oscillator will 
give indication of this fact by a slipping or beat 
ing effect, which only needs to be eliminated by 
adjustment of its circuit constants, to indicate 

55 its proper tuning, there being no possibility of 
doubt when a true tie-in is achieved. Still an 
other advantage resides in the fact that tremolo 
or vibrato effects may be introduced into all of 
the controlled oscillators from a single point, 
namely, the master oscillator, 
The frequency relationships between controlled 

and controlling oscillators must be chosen with 
a thought as to the simplest fractions, as the 
Smaller the numerator and denominator of the 
fraction are, the wider the region of natural 
period change over which the trigger action may 
take place and the more readily control may be 
effected. A careful analysis of the tempered scale 

to shows that tie-in sequences between certain notes 
may be SO Selected as to give a maximum of 
control with correct musical tuning, as the fre 
quency relationships practically take the form of 
simple fractions, as already explained. In prac 

75 tice, a single octave may be completely tied in, 
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directly or through a sequence, to the master note, 
which may well be the upper C of that octave, 
and then other octaves may be tied in progres 
sively below the master octave, thus completing 
a tie-in of the entire keyboard of the instrument. 
In this manner I have found that, by selectively 
grouping the various note-producing oscillators 
So as to cause the Oscillators of each selected 
group to feed through a common output and by 
connecting appropriate filters one in each of the lo 
common outputs of these selected groups, any 
desired predetermined wave form for the key 
board as a whole may be attained. 

Fig. 6 illustrates a means which has proved ef 
fective in practice for securing a tie-in of a plu- 15 
rality of note-producing oscillators with the 
master Oscillator. The arrangement shown is 
for a multi-tone instrument and, except for the 
introduction of the master oscillator and the 
coupling elements by means of which the tie-in 20 
is effected, is the same as that of Fig. 5. The 
master oscillator is shown for simplicity as a 
rectangle f7, it being understood that its oscil 
lations are established like those of the note 
producing oscillators in accordance with the fun- 25 
damental circuit of the invention. The master 
oscillator is coupled to the oscillator comprising 
the tube V by means of a condenser Cg and 
resistances RC and Rd and the latter oscillator 
is coupled to the oscillator comprising the tube 30 
W2 by means of a condenser C9 f and resistances 
Rc? and Rd, the resistances Rc and Rc? being 
respectively connected in the grid-cathode cir 
cuits of the two tubes V and v2. Thus the oscillator comprising the tub V is directly con- 8 
trolled by the master oscillator, while the oscil 
lator comprising the tube V2 is indirectly con 
trolled by the master oscillator through the in 
termediary of the controlled oscillator compris 
ing the tube V. In this manner it is possible 40 
to tie-in any number of note-producing oscillators 
with the master oscillator, the condenser C92 
and resistances Rd.2 being shown connected to 
the output of the tube V2 for the purpose of 
illustrating this possibility. For a complete un- 45 
derstanding of the apparatus shown, the function 
of the condenser Cg and resistances Ref and 
Rd., providing the coupling between the oscilla 
tors comprising the tubes V and V2, only need be 
described, it being understood that each of the 50 
couplings provided between oscillators operates 
in identical manner. The condenser C9 acts as 
a blocking condenser by means of which the grid 
supply-potential of the tube V2 is isolated from 
the oscillatory plate-cathode circuits of the tube 55 
V, but is so designed as to freely pass the con 
trolling impulses supplied from the tube W. The 
resistances Ric and Rd function as an ordinary 
voltage-divider, their values being so chosen that 
they will attenuate the controlling impulses in- 00 
troduced into the grid-cathode circuit of the tube 
W2 to an extent determined by the considerations 
for maximum trigger action for the harmonic re 
lationship peculiar to the respective notes pro 
duced by the oscillators comprising the two tubes 65 
V and W2. The resistances Re and Rd also 
Serve to attenuate impulses from the controlled 
tube V2 to the controlling tube V, thus eliminat 
ing to some extent the possibility of reverse con 
trol. 70 
Another means by which assurance can be 

had that the controlled osrillators are always 
governed by the master oscillator is illustrated 
in Fig. 7, which shows the use of an isolating 
thermionic repeater tube V3 inserted between 7 
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the controlling tube V and the controlled tube 
W2. In this instance the condenser Cy acts as 
a blocking condenser between the tubes V and 
V8 and is employed in association with a resist 
ance 8 to couple the tube V to the tube W3, 
while the resistances Rc and Rd are employed 
together with a condenser 9 to couple the tube 
WS to the tube W2, the values of the resistance 
Re and Rd f being chosen to attenuate the con 
trolling impulses supplied from the output of 
the repeater tube V8. By thus inter posing a vac 
uum tube repeater, the effect of reverse control 
can be entirely overcome where troublesome. 
it should also be observed that by introducing 
falter networks (not shown) in the coupling 
means employed between oscillators, unwanted 
harmonics present in the output of a controlling 
oscillator can be excluded from the input cir 
cult of the oscillator which it controls, the ef 
fect being to purify or clarify the tone of the 
note produced by the controlled oscillator in 
certain instances, particularly th Colm 
trolled oscillator is at the end of a long Co 
trolled sequence. Moreover, by such filter net 
works improvement in the control may be ob 

in an instrument of the character described 
various additional refinements may be added for 
the purpose of obtaining desired musical effects. 
For instance some or all of the keys, instead of 
merely closing switches, may be caused to vary 
the intensity of the notes as produced, a means 
to this end being illustrated in Fig. 10. Refer 
ring to this figure, the oscillator comprising the 
tube v is shown associated with a key 2 adapt 
ed to cooperate with a variable resistance 2 ar 
ranged as an output coupling so as to supply in 
varying amount the outgoing oscillations from 
said oscillator to the input of a repeater tube 
ve, the resistanceRef being in this instance con 
nected in the output circuit of the tube W. The 
sider 2a of the resistance is at all times in 
electrical connection with the grid G of the 
repeater tube, but is normally in contact with 
the sero potential and of the resistance 2 so 
that oscillations from the tube V are supplied 
through the repeater tube V only upon de 
pression of the key 20, the note during its pro 
duction being obviously capable of having its in 
tensity regulated at will by the distance the key 

is depressed. As shown, a blocking condenser 
2S is connected with the resistance 2 in the 
output circuit of the tube V, another blocking 
condenser 2B being connected with the resistance 
Rt in the output circuit of the tube V. 
As a further elaboration of the invention, some 

or all of the notes may be automatically attenu 
ated in intensity during the period of key de 
pression and thus produce an effect similar to 
that of a plucked string, this concept behng ill 
lustrated in Fig. 8. Here the oscillator compris 
ing the tube V directly supplies its oscillations 
through a blocking condenser 30 to a repeater 
tube VI having a condenser C0 and a resist 
ance RiD connected in parallel with one another 
in its grid-cathode circuit, the note produced by 
said oscillator being controlled by a key 3 adapt 
ed upon its depression to cause the bias at the 
grid G D of the repeater tube to be progressively 
increased by discharge of the condenser C 
through the resistance Rf). The key 3 is op 
eratively associated with the contact S movable 
therewith and adapted to normally engage a fixed 
contact S2, still another contact S3 being pro 
vided to establish connection with the contact Sl 
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during key depression. To satisfy the require 
ments of the apparatus under discussion, the 
connection between the contacts S and S 
should be effected monentarily and only during 
the downward stroke of the key 3, for which 
purpose the contact S in the embodiment illus 
trated is made of a flexible strip of conducting 
material fixed at one end and provided with in 
sulation beneath its free end portion, this con 
struction obviously permitting the contact S to 
wipe past the end portion of the strip during its 
downward movement and to wipe past the insu 
lation during its upward movement. The con 
denser CfD is adapted to be normally short-cir 
Cuited by the contacts S and S2, the movable 
contact S being connected to the grid side of the 
condenser CO and the fixed contact S2 to the 
cathode side. For reasons which will shortly ap 
pear, two sources of opposite polarity are opera 
tively associated with the grid-cathode circuit of 
the tube W0, these sources being indicated in 
the embodiment illustrated by batterles c and 
c2. The battery c is permanently connected in 
the grid-cathode circuit so that potential there 
from is at all times supplied to the grid GO, 
while the battery c2 is so connected that its volt 
age is impressed across the condenser CO and 
potential therefron is suppplied to the grid G D 
during the short interval of time that the con 
tacts 8 and S are caused to engage with one 
another, the flexible contact S3 being connected 
through the battery c2 to the cathode side of the 
Condenser C. The battery cl determines the 
normal bias at the grid Gl, its voltage being 
so chosen as to supply a potential beyond cut 
of when the key is in its normal position of 
release. Both the batteries cl and c2 determine 
the initial operating potential at the grid GO, 
the battery c2 having a voltage value such as to 
increase the potential at the grid G 10 to an 
operating value by its opposition to the battery 
c when rendered effective by engagement of 
the contacts S and S3. It is thus apparent that 
oscillations from the tube V are supplied 
through the repeater tube Vle only upon key de 
pression. The note is initiated at the instant 
connection is made between the contacts S and 
S and, because of the momentary character of 
this connection, the condenser CO is almost in 
stantly charged by the battery c2. Thereafter 
this charge is progressively dissipated through 
the resistance RO, the effect of which is to pro 
gressively increase the bias at the grid Go. This 
changing bias alters the amplification of the re 
peater tube, which amplification is gradually 
diminished with the result that the note is cor 
respondingly gradually attenuated in intensity 
during its production. The action is comparable 
to that obtained in a piano wherein the ham 
ner corresponding to the key depressed strikes 
the string and bounds clear until the key is again 
depressed. Moreover, when the key 3 is released, 
the contact Sf makes permanent connection 
with the contact S2, thereby short-circuiting the 
condenser clo and abruptly terminating the 
Sounding of the note. This embodiment of the 
invention thus duplicates the effect obtained by 
the striking of a piano key and subsequent release 
thereof, or by the plucking of a string and sub 
sequent finger contact thereof. As shown, the 
resistance Rk and a blocking condenser 34 are 
connected in the output, circuit of the tube W. O. 

In Fig. 9 there is shown a modified circuit 
wherein a multielement tube V20 performs the 
separate functions of the tubes V2 and V3 of 
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Fig. 7. The single plate P20 performs both the 
function of the element P2 of the tube W2 and 
the function of the element P3 of the tube V3, 
by operating in conjunction with the two grids 
GW2 and GV3, which perform the functions of 
the grids G2 and G3 of the tubes W.2 and W3, re 
spectively. The grids GW2 and GW3 are inter 
posed in the electronic path between the plate 
P20 and the cathode K20, and one of these grids 

O is surrounded by a perforated shield which re 
ceives a supply-potential from an external 
SOurce C.S. The controlling impulses are here at 
tenuated by the resistances 40 and 41, which 
serve together with the blocking condenser Cg 

ls to couple the controlling tube W to the grid 
GW3. 

In the embodiments which have been described, 
the output wave is derived from the plate-cath 
ode side of the oscillator and is therefore repre 

20 sented by the curve shown in Fig. 15a. It is 
also possible, however, to derive the output wave 
from the grid-cathode circuit, in which case it 
will then take the form shown in Fig. 15. It is 
understood, of course, that either form is rich 

25 in harmonics and adaptable to musical purposes. 
In Figs, i9 and 20, there are shown embodi 

ments of the invention. Wherein the output wave 
is derived from the grid-cathode circuit. Thus, 
in either of these figures, the simple oscillatory 

30 circuit of Fig. 1 is shown supplying oscillations 
from its grid-cathode circuit to a thermionic re 
peater tube W30, which merely serves to amplify 
and communicate such oscillations to the output 
terminals O. The latter, as is obvious from pre 

35 vious description, may be connected through ad 
ditional amplifying means, filter means or other 
accessories described to the loud speaker. In 
Fig. 19 the intensity of the note produced is va 
ried by a potentiometer p30, one end and the slid 

40 er of which are connected to the terminals O. 
In Fig. 20, the grid G30 of the repeater tube is 

5 

connected to a slider cooperating with the resist 
ance R of the oscillatory circuit, the adjustment 
of the slider effecting a variation in the intensity 
of the note. Except for these differences, the two 
arrangements shown in FigS. 19 and 20 are sim 
ilar in operation. In either case, the grid and 
plate supply-potentials ECR and EBR are so 
selected that, during operation, the potential at 

50 the grid G30 does not pass beyond cut-off or 
into the positive region. In this way, the voltage 
wave across the grid-cathode branch of the os 
cillatory circuit may be extracted without sub 
stantially affecting the operation of the latter 

55 circuit, the repeater tube circuit serving to ef 
fectively isolate the oscillatory circuit from the 
accessories in electrical connection with the out 
put terminals O. 
What is claimed is: 
1. In a device for the production of musical 

sound, an oscillator comprising a thermionic 
tube having a plate, a grid, and a heated cathode, 
a plate-cathode circuit and a grid-cathode cir 
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cuit, a resistance connected in said grid-cathode 
65 circuit, feed-back means having two closely cou 

pled portions one of which is connected in said 
plate-cathode circuit, a condenser connected at 
one side to said grid and at the other side to the 
other of said portions, said condenser being in 
electrical connection through said other portion 
with said cathode, and potential-supplying means 
for operating said tube, said feed-back means be 
ing poled to cause said condenser to periodically 
rapidly accumulate a charge such as to bias Said 

75 grid beyond cut-off whereby its period of dis 
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charge through said resistance substantially de 
termines the frequency of the Oscillations. 

2. In a device for the production of musical 
SOund, an OScillator comprising a thermionic tube 
having a plate, a grid, and a heated cathode, a 
plate-cathode circuit and a grid-cathode circuit, 
a resistance connected in Said grid-cathode cir 
cuit, a mutual inductance having two closely cou 
pled windings one of which is connected in said 
plate-cathode circuit, a condenser connected at 
one side to said grid. and at the other side to the 
other of said windings, said condenser being in 
electrical connection through said other wind 
ing with said cathode, and potential-supplying 
means for Operating said tube, said inductance 
being poled to cause said condenser to periodi 
cally rapidly accumulate a charge such as to 
bias said grid beyond cut-off whereby its period 
of discharge through said resistance substantially 
determines the frequency of the oscillations. 

3. In a device for the production of musical 
Sound, an oscillator comprising a thermionic tube 
having a plate, a grid, and a heated cathode, a 
grid-cathode circuit and a plate-cathode circuit, 
a resistance connected in said grid-cathode cir 
cuit, an inductance having a portion connected 
in Said plate-Cathode circuit, a condenser con 
nected at One side to said grid and at the other 
side to the other portion of said inductance, said 
condenser being in electrical connection through 
said other portion with said cathode, and poten 
tial-supplying means for operating said tube, said 
inductance being poled to cause said condenser 
to periodically rapidly accumulate a charge such 
as to bias said grid beyond cut-off whereby its 
period of discharge through said resistance sub 
stantially determines the frequency of the oscil 
lations. 

4. In a device for the production of musical 
sound, an oscillator comprising a thermionic tube 
having a plate, a grid, and a heated Cathode, a 
plate-cathode circuit and a grid-cathode circuit, 
a resistance connected in said grid-cathode cir 
cuit, feed-back means having two closely coupled 
portions one of which is connected in said plate 
cathode circuit, a condenser connected at one 
side to said grid and at the other side to the other 
of said portions, said condenser being in electrical 
connection through said other portion with said 
cathode, and means for supplying operating po 
tentials from a single source to said plate and 
grid, said feed-back means being poled to cause 
said condenser to periodically rapidly accumulate 
a charge such as to bias said grid beyond Cut-Off 
whereby its period of discharge through said re 
sistance substantially determines the frequency 
of the Oscillations, 

5. In a device for the production of musical 
sound, an oscillator comprising a thermionic tube 
having a plate, a grid, and a heated cathode, a 
plate-cathode circuit and a grid-cathode circuit, 
a resistance connected in said grid-cathode cir 
cuit, feed-back means having two closely coupled 
portions one of which is connected in said plate 
cathode circuit, a condenser connected at One 
side to said grid and at the other side to the 
other of said portions, said condenser being in 
electrical connection through said other portion 
With said cathode, means for supplying operating 
potentials to said plate and grid, said feed-back 
means being poled to cauSe Said condenser to 
periodically rapidly accumulate a charge Such as 
to bias said grid beyond cut-off whereby its period 
of discharge through said resistance Substantially 
determines the frequency of the oscillations, and 
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means for adjusting the grid-operating potential 
to efect frequency adjustment. 

6. In a device for the production of musical 
sound, an oscillator comprising a thermionic tube 

5 having a plate, a grid, and a heated cathode, a 
plate-cathode circuit and a grid-cathode circuit, 
resistance neans connected in Said grid-cathode 
circuit, feed-back means having two closely cou 
pled portions one of which is connected in said 

O plate-cathode circuit, capacity means connected 
at one side to said grid and at the other side to 
the other of said portions, said capacity means 
being in electrical connection through said other 
portion with said cathode, and potential-supply 

15 ing means for Operating said tube, said feed-back 
means being poled to cause said capacity means 
to periodically rapidly accumulate a charge such 
as to bias said grid beyond cut-off whereby its pe 
riod of discharge through said resistance means 

20 substantially determines the frequency of the 
Oscillations, at least one of said resistance and 
Capacity means being variable to effect frequency 
Variation. 

7. In a device for the production of musical 
25 sound, a thermionic tube having a plate, a grid, 

and a heated cathode, a plate-cathode circuit 
and a grid-cathode circuit, a resistance and a 
switch connected in series with one another in 
said grid-cathode circuit, feed-back means hav 

30 ling two closely coupled portions one of which is 
Connected in said plate-cathode circuit, a con 
deser connected at one side to said grid and at 
the other side to the other of said portions, said 
condenser being in electrical connection through 

35 said other portion with said cathode, potential 
supplying means for operating said tube, said 
feed-back means being poled so that upon clos 
ing of said switch said condenser is caused to 
periodically rapidly accumulate a charge such 

to as to bias said grid beyond cut-of whereby its 
period of discharge through said resistance sub 
stantially determines the frequency of the oscilla 
tions, and means for normally supplying cut-off 
potential to said grid. 

45 8. In a device for the production of musical 
sound, a thermionic tube having a plate, a grid, 
and a heated cathode, a plate-cathode circuit and 
a grid-cathode circuit, a plurality of resistances, 
a plurality of operating switches respectively 

50 connecting said resistances in said grid-cathode 
circuit, feed-back means having two closely cou 
pled portions one of which is connected in said 
plate-cathode circuit, a condenser connected at 
One side to said grid and at the other side to the 

55 other of said portions, said condenser being in 
electrical connection through said other portion 
with said cathode, and potential-supplying means 
for Operating said tube, said feed-back means 
being poled so that upon actuation of any of said 

60 switches said condenser is caused to periodically 
rapidly accumulate a charge such as to bias said 
grid beyond cut-off whereby its period of dis 
charge through any of said resistances substan 
tially determines the frequency of the oscilla 

65 tons, said resistances being of different values to 
effect the establishment of different frequencies. 

9. In a device for the production of musical 
sound, a thermonic tube having a plate, a grid, 
and a heated cathode, a plate-cathode circuit and 

70 a grid-cathode circuit, a plurality of resistances, 
a plurality of switches respectively connecting 
said resistances in said grid-cathode circuit, feed 
back means having two closely coupled portions 
One of which is connected in said plate-cathode 

is circuit, a condenser connected at one side to 
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said grid and at the other side to the other of Said 
portions, said condenser being in electrical con 
nection through said other portion with said 
cathode, and means for supplying operating po 
tentiais to said plate and grid, said feed-back 5 
means being poled so that upon actuation of any 
of Said Switches said condenser is caused to peri 
odically rapidly accumulate a charge such as 
to bias said grid beyond cut-off whereby its period 
of discharge through any of said resistances Sub- () 
stantially determines the frequency of the oscil 
lations, said resistances being of different values 
to effect the establishment of different frequen 
cies, said potential-supplying means including a 
plurality of tuning potentiometers respectively 5 
connected in said grid-cathode circuit by said 
Switches. 

10. In a device for the production of musical 
sound, two oscillators each comprising a ther 
mionic tube having a plate, a grid, and a heated 20 
cathode, a plate-cathode circuit and a grid 
cathode circuit, a resistance connected in said 
grid-cathode circuit, feed-back means having two 
closely coupled portions one of which is con 
nected in said plate-cathode circuit, and a con 
deriser connected at one side to said grid and at 
the other side to the other of sald portions, said 
condenser being in electrical connection through 
said other portion with said cathode, potential 
Supplying means for operating both tubes, in each 30 
of said oscillators said feed-back means being 
poled to cause said condenser to periodically 
rapidly accumulate a charge such as to bias said 
grid beyond cut-off whereby its period of dis 
charge through said resistance Substantially de- 3. 
termines the frequency of the oscillations, said 
oscillators being adapted to produce musically 
related frequencies, and coupling means between 
said oscillators communicating attenuated in 
pulses from one to the grid-cathode circuit of the 40 
other to cause said one to control the frequency 
of Said other. 

11. In a device for the production of musical 
sound, two oscillators each comprising a ther 
mionic tube having a plate, a grid, and a heated 45 
cathode, a plate-Cathode circuit and a grid 
cathode circuit, a resistance connected in said 
grid-cathode circult, feed-back means having 
two closely coupled portions one of which is 
connected in said plate cathode circuit, and a 50 
condenser connected at one side to said grid and 
at the other side to the other of said portions, 
Said condenser being in electrical connection 
through said other portion with said cathode, 
potential-supplying means for operating both 55 
tubes, in each of Said OScillators said feed-back 
means being poled to cause said condenser to 
periodically rapidly accumulate a charge such as 
to bias Said grid beyond cut-off whereby its 
period of discharge through said resistance sub- 80 

2 5 

stantially determines the frequency of the oscil 
lations, said Oscillators being adapted to produce 
musically related frequencies, and coupling means 
between said oscillators communicating attenu 
ated impulses from one to the grid-cathode cir- 5 
cuit of the other to cause said one to control the 
frequency of Sald other, Said coupling means iso 
lating said oscillators to prevent reverse control. 

12. In a device for the production of musical 
sound, an oscillator comprising a thermionic tube to 
having a plate, a grid, and a heated cathode, a 
plate-cathode circuit and a grid-cathode circuit, 
a resistance connected in said grid-cathode cir 
cuit, feed-back means having two closely coupled 
portions one of which is connected in said plate- 76   
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Cathode circuit, a condenser connected at one side 
to said grid and at the other side to the other 
of said portions, said condenser being in elec 
trical connection through said other portion with 
said cathode, and potential-supplying means for 
operating said tube, said feed-back means being 
poled to cause said condenser to periodically 
rapidly accumulate a charge such as to bias said 
grid beyond cut-off whereby its period of dis 
charge through said resistance substantially de 
termines the frequency of the oscillations, and a 
repeater tube circuit through which the Oscilla 
tions are Supplied comprising a Second condenser 

11 
and a second resistance connected in parallel with 
One another between the grid and cathode of the 
repeater tube, means for normally supplying cut 
off potential to the grid of the repeater tube, a 
key, means cooperating with said key for no 
mentarily supplying Operating potential to the 
grid of the repeater tube and simultaneously 
therewith momentarily charging said second con 
denser, and means rendered operative by release 
of Said key for normally short-circuiting said 
Second condenser. 
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