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1. 
The present invention relates in general to 

selectronic musical instruments and in particular 
to improvements in instruments of this type 
which employ electronic keying means to pro 
duce keyed envelope Sigaas. 
In certain forms of electronic musical instru 

ments the signal is keyed directly thus causing 
the Signal to start and stop instantaneousiy in 
accordance With ... the operation of the playing 

5 

key. This produees a transient or key thunp. ; 
in the Sound reproducing System which, particu 
larly in electronic organs, is considered to be 
a very undesirable musical effect. 

In accordance with the present invention it 
is proposed to overcome the effects of key thumps 5 
Or transients by employing a keying voltage 
which is applied to electronic keying means 
-through a network which produces a gradual 
attack and decay of the musical notes. Stich 
network not only eliminates the key thump bat a 
provides the means for obtaining artifical 
reverberation, which is a very important musical 
effect, particularly in the playing of organ 
literature: 

It is an object of the present invention to pro 
Wide an improved, System for electionic insical 
instruments whereby keyed envelope signals may 
be employed without the introduction of unde 
sirable transient effects; 

It is another object of the present invention 
to provide an improved keying means for elec 
tronic musical instruments, whereby a gradual 
attack and decay of musical notes can be ob 
tained. 
Another object is to provide in an electronic, 

musical instrument means whereby artificial 
reverberation can be introduced into the music 
being, produced by the instrument. 
A still further object of the present invention 

is to provide in an electronic organ, means for 4t 
obtaining a keyed envelope attack in conjunc 
tion with any of the conventional signal sources. 

Another object is to provide means, toward the 
end of economy, in an electronic organ, whereby 
a conventional multipurpose vacuum tube may 
be employed to provide the signal source and a 
plurality of electronic keying means in one title. 
Another object of this invention is to provide 

hears of obtaining more than one type of tone 
quality from each source of keyed envelope 
Signal. 

Other objects will appear from the following 
idescription, reference being had to the accom 
panying drawings, in which: 

Figure 1 shows a fundamental form of the 
invention, in which a diode is used to obtain a 
keyed envelope signal. 

Figures 2, 3, and 4, show three different volt 
age operation conditions of a diode, used as elec 
tronic keying means. 
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Sistor R2 is shunted by capacitor Ci. 

2 
Figi'e 5 shows a form of the invention in 

which a triede twin diode is used to provide an 
electronic signal generating means, with two 
Electronic keying means each providing a sepa 
rate source of keyed envelope signal. 

Figure G illustrates one means for obtaining 
two different types of tone quality from one 
keyed envelope signal source. 

Figure 7 shows how a pentode twin diode tube 
may be used to provide an electronic signal gen 
erating means, and three separate electronic 
keying nearis, each providing a keyed envelope 
Signal, and each such signal available in two 
contrasting tone qualities. : - . . . . . . 

In the present invention a direct voltage is 
used to supply plate current to the anode of a 
control tube, rectifier, or diode, which serves as 
electronic keying means for connecting the sig 
inal source to the tone modifying and audio re 
producing systern of the instrument. This key 
ing voltage is applied to the electronic keying 
means through a resistance capacitance net 
Work, which permits a gradual attack and decay 
of the musical note. 

Figure 1 shows one form of the invention in 
which an alternating current generator , is 
connected in Series with a diode 2, a resistor R, 
a resistor R2, and a negative bias Source 5. Re 

Resistor 
R3 is an attack resistor which permits capacitor 
C? to charge slowly when the adjustable con 
tact 2 of a voltage divider R8 across the posi 
'tive keying potential 6 is connected thereto upon 
closure of switch SW. 
Normally the anode A of diode 2 is biased 

negatively through resistors Rf and R2 to such 
an extent that even on the most positive peaks 
of voltage from the alternating current generator, 
the anode dies not become positive with respect 
to the cathode C. Normally therefore there is 
no current flowing through the diode. 

Resistors Ri, R2, and R3 are all large com 
pared to the forward internal impedance of the 
diode. R2 is larger than R3, and R3 is larger 
than R. - 

When switch SW is closed the positive keying 
potential from the voltage divider R8 is applied 
to capacitor C, and to the anode of the diode 
through resistor R1. During those periods when 
the instantaneous sum of the positive keying 
potential, and the positive peaks of the alternat 
ing voltage from the generator becomes greater 
than the negative bias voltage at the anode, the 
diode will conduct current. At those times the 
anode is at a positive potential with respect to 
the cathode. A pulsating direct current will 
therefore flow through the diode and resistor R. 
Resistor Ri and capacitor C2 serve as coupling 
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means and an alternating voltage appears acroSS 
the output terminals 3 and 5. 
Although the circuit of Figure 1 shows a diode, 

it should be understood that a rectifier of any 
type would serve, within the limits of the inveil 
tion, and although the bias polarity is shown as 
negative and the keying potential polarity as 
positive, these polarities may be reversed provid 
ing the connections to the cathode and anode are 
interchanged. 
In Figures 2, 3, and 4 are shown three Voltage 

conditions of operation of the diode of the cir 
cuit of Figure 1. Time is plotted horizontally in 
the three figures, and voltage conditions ver 
tically. The reference for each curve is the cath 
ode potential, represented by the line A. Woltages 
above this line are positive with respect to the 
cathode, and those below the line are negative. 
Curve B represents two cycles of voltage wave 
form delivered by generator A. Straight dashed 
line C represents the direct potential present at 
the anode of the diode. This potential is the 
resultant of the negative bias potential added to 
the positive keying potential. Since the alter 
nating voltage B is superimposed upon the direct 
voltage C, its position with respect to the cath 
ode line A is determined by the magnitude and 
polarity (location) of direct voltage line C. 
Thus it Will be seen in Figure 2, that at no 

time does curve B cross line A, indicating that 
the anode of the diode never becomes positive 
with respect to the cathode. The distance fron 
line A down to dashed line C represents the mag 
nitude of the negative bias Voitage 5 in Figure i. 
The peak voltage of generator (curve B) is : 
equal to or slightly less than the bias voltage. 
Figure 2 shows the voltage condition existing 
When Switch SW in Figure 1 is Open. 

Figure 3 shows the voltage condition existing 
when switch SW is closed and a moderate keying 
potential just sufficient to bring the resultant 
direct voltage at the anode of the diode to Zero 
potential, is applied. Under this condition line 
C coincides with line A, and the positive eXCui'- 
sions of curve B rise above line A. When the 
curve rises above line A the anode of the diode 
is positive with respect to the cathode, and the 
diode conducts current during the periods indi 
cated by the shaded areas under the curve. 
These shaded areas also indicate the approximate 
waveform of the pulsating current through the 
diode, and also the output waveform at termi 
nals 3 and 4 of Fig. i. 

Figure 4 indicates the voltage condition exist 
ing at the anode when a higher keying potential 
is applied to the anode, switch SW of course be 
ing closed. Under this condition the direct po 
tential line C appears above line A, the distance 
above the line indicating the magnitude of the 
direct potential at the anode. This magnitude in 
Figure 4 is just equal to the peak voltage of the 
alternating current generator, and the shaded 
areas under the curve Bindicate the periods when 
the diode is conducing current. The approxi 
mate waveform and magnitude of the output 
voltage is also indicated as before. It will be 
seen that any further increase in the keying po 
tential will not result in any increase in output 
voltage, but only a greater current through the 
diode. Figure 4 therefore indicates the conditicin 
of maximum output from the circuit of Figure i. 
Other keying potentials between the extremes 

given above will result in output voltages of cor 
responding magnitude. 
In the quiescent condition shown in Figure 2 
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4 
there is no output signal. When switch SW in 
Figure 1 is closed the keying potential charges 
capacitor C through resistor R3 relatively Slowly, 
causing the output voltage to rise gradually from 
Zero to a value determined by the magnitude of 
the keying potential. Thus a signal of the same 
frequency as that of generator is caused to ap 
pear across the output terminals 3 and 4, without 
a key thump, and a Smooth pleasing attack. 
When the switch SW is opened the charge on 

capacitor C? is dissipated through resistor R. 
and the diode, and also through resistor R2, 
causing the output signal to decay gradually to 
Zero. If the capacitor and the resistors are rela 
tively large the period of discharge can be made 
long enough so that a pleasing effect of reverbera 
tion may be obtained in an electronic musical 
instrument using this circuit. 

Figure 5 shows an embodiment of the invention 
in Which the triode section of a triode twin diode 
tube 8 such as the 6RT, is connected in a con 
ventional triode Oscillator circuit. This oscil 
lator is adjusted to the frequency of one of the 
musical notes to be played by the instrument. 
Each of the diodes O and of the tube is 
utilized as the electronic keying means used in 
the manner of Figure 1. 
Inductance Li and capacitor CT comprise the 

tuned tank circuit, and R O and C8 are the grid 
resistor and capacitor respectively, connecting to 
grid 20 of the triode 8. Plate 9 connects to 
Source of positive plate potential 2. Cathode 22 
connects to a tap on Ll through a load resistor 
R9. 

Diode is shown connected to a keying cir 
cuit which is identical in all but two respects to 
that shown in Figure 1, and similar reference 
characters indicate components serving similar 
functions in all of the figures. The first differ 
ence is the addition of a capacitor C3, whose 
function will now be explained. 

Consideration of Figures 3 and 4 will indicate 
that distortion takes place during the keying op 
eration with low levels of keying voltage. While 
Figure 4 shows no distortion since the tube is 
conducting during the entire cycle, Figure 3 in 
dicates that the negative half cycles are clipped, 
resulting in distortion. This effect is musically 
undesirable since the harmonic structure of the 
keyed tone changes with different keying poten 
tials. Thus the Sustained level or maximum in 
tensity of the tone is duller (having fewer har 
monicS) than the decay period of the tone. It 
is during this later period that the most distor 
tion occurs, since increased clipping takes place 
as the charge on capacitor C is dissipated, with 
the consequent lowering of the direct potential 
at the anode of the diode. 
To prevent this change in waveform with 

change in keying potential, a suitable capacitor 
is connected from anode to ground. This ar 
rangement provides an output voltage having a 
Sawtooth waveform, and this waveform is pro 
duced with any useful keying voltage. Thus from 
maximum to minimum keying potential there is 
practically no change in tone quality, and only a 
change in intensity, since the amplitude of the 
Sawtooth Wave is dependent upon the magnitude 
of the keying potential. This capacitor is shown 
aS C3 in Figure 5. 
The second difference between the keying cir 

cuits of Figures 1 and 5 is that in the latter, 
another keying Switch SW2, having its own at 
tack resistor R4 and its own variable keying po 
tential terminal 3, has been added. 
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sKeying potential terminals 2 and 3, on volt 
age divider R8 are, as indicated, individually var 
iable. This permits switch SW to apply a higher 
or, lower keying potential than that provided by 
switch SW.2. Since the intensity of the tone pro 
duced is dependent upon the intensity of the 
keying potential, one or , the other of the two 
switches may be made to produce a louder or 
softer tone than the other, depending upon the 
relative adjustments of the keying potentialter 
minals. 2 and 13. s 

In a complete electronic organ having multiple 
contacts operable by each playing key, Switch SW 
might represent the so called “unison” contact on 
a certain key, while switch SW.2 might be the 
"octave' contact on the key one octave lower. 
Similarly any number of switches could be asso 
ciated with each playing key to obtain various 
other organ "coupler” effects. 
The playing keys associated with diode if could 

all be located on the upper manual of the instru 
ment. The output terminal 4 would therefore be 
associated with the tone control, voicing, or 
formant circuits of the upper manual. 

Diode 0 is connected to a keying circuit which 
is identical to that just described, and its output 
terminal 9 as well as all keying switches, keying 
potential terminals, and playing keys could be 
associated with the lower manual of the instru 
ment. 

In operation the triode oscillator is in contin 
uous oscillation, and in the quiescent state no 
signal appears at either output terminal. When 
keying potential is applied to either diode as pre 
viously described, the corresponding musical tone 
is heard from the reproducing System of the in 
strument. 
In this way a single tube can provide an elec 

tronic signal generating means and two sepa 
rate electronic keying means, and one such tube 
and associated circuit, would be provided for each 
musical frequency to be produced, in a two man 
ual electronic organ of this type. By methods 
disclosed in the prior art either two or three tubes 
were required to accomplish equivalent results. 
In an instrument of this type, which may be re 
quired to produce eighty or ninety different musi 
cal frequencies, this invention provides a very 
real economy in the reduction of tubes which are 
required in the complete instrument. 
In order that the feeling of multiple tone sources 

shall be preserved in this kind of instrument it is 
necessary that the closure of two key switches, 
such as SW and SW2 in Figure 5, Shall produce 
a tone of more intensity than the closure of one 
only of such switches. In order for this require 
ment to be met it is necessary for resistors R3 and 
R4 to be larger than resistor R. i. Thus the larger 
resistors, become the current limiting factors, SO 
;that when two switches are closed, more current 
flows through the two parallel resistors, to R. 
and the diode, than flows through either resistor 
alone. If resistor. Ri were larger than the attack 
resistors R3 and R4 it would become the current 
limiting factor, and the closure of two. Switches 
would produce no preceptible increase in signal 
intensity. - 

As a means of obtaining different tonal effects 
in an electronic organ, the conventional radio tone 
control is very undesirable. Although the har 
monic content may be varied to some extent by 
this method, it is undesirable because voicing of 
the scale is badly unbalanced through its use. 
Thus, when the tone control is adjusted to reduce 
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6 
the overall intensity of the upper octaves of the 
instrument with consequent unbalancing of the 
Scale, and the bass becomes relatively too loud 
for the treble. As a means of overcoming this 
difficulty, and also to provide a greater range 
of tonal variation, the voicing circuit of Figure. 6 
is used, The output coupling condenser C2 con 
nects to terminal: 4 as in Figures 1 and 5. Two 
branch circuits, connect to terminal. 3, one being 
a high pass filter, and the other being a low pass 
filter. Resistors R5 and R6, and capacitor C4 pro 
Vide.the low pass filter, connecting common out 
put; terminal 4 to flute tone output terminal 4. 
Capacitors. C5 and C6, and resistor RT are the 
high, pass filter, and connect terminal 4 with the 
string tone output, terminal 5. 

It WaS. previously.nentioned that the waveform 
of-the output voltage atterminal 4 is essentially 
a Sawtooth wave. This wave is rich in natural 
harmonics. The high pass filter is adjusted to 
emphasize the higher harmonics relative to the 
fundamental, thus producing a bright tone, simi 
lar to a reed or string. 
The low pass filter attenuates the higher hair 

nonics thus emphasizing the fundamental and 
low order harmonics, and producing a dull tone 
which is flute-like in quality. 

Therefore each, note may be independentil 
Voiced relative to the other notes of the instru 
ment, both as to tone quality and intensity, 
tai'{}ugh choice Of the constants of the low pass 
and high pass filters. 

is ach. Signal source of the instrument has a 
flute tone terminal 4 and a string tone terminal 
5. All like terminals for all-notes of one manual 
are connected together, and to their own con 
strolling means. Thus, all terminals f4 connect 
together and to a means for controlling the flute 
tone intensity of one manual of the instrument. 
Likewise all terminals 15 connect together-and-to 
a means for controlling the string-tone intensity 
of the same manual of the instrument. 
By mixing the amounts of string tone and 

"flute tone in controlled proportions the overall 
5 tone quality of the instrument may be changed 
without producing the unbalance of the conven 
tional tone control. 
When the flute tone and the string tone are 

adjusted in proper relative proportions, and used 
together, a very pleasing diapason tone may be 
-obtained. These three are probably the most im 
portant organ tone qualities in common use. 
Pleasing solo qualities may be obtained by using 
combinations of these three qualities in conjunc 
tion with formant circuits, and organ coupling 
means previously described. 
Representative values for the circuit of Figure 

6 are as follows: 
Note-Middle C frequency 261.27 cycles 

Keying potential 100 volts 
Peak signal voltage at cathode-8 volts 
iBias voltage 8 or 9. volts 
C-.25 mifd. 
C2-01 
C3-01 
C4-006 
C5-002 
C6-002 
Rf-50,000 ohms 
R2-3 megohms 
R3-1.5 megohms 
R5-100,000 ohms 
R6-100,000 ohms 

the harmonic content of the tones, it also reduces .75 R7-250,000 ohms 
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In Figure 6 the leads of the triode which are 
now shown connected to any circuit, may be con 
nected to one or more signal generating Sources 
including any type of oscillator circuit, such as 
feed-back, nnulti-vibrator, parallel T. R.-C., or 
phase shift oscillators, as well as any type of tone 
wheel generator, frequency divider, or frequency 
multiplier, which permits the cathode to be above 
ground potential for the signal voltage. A plural 
ity of signal Sources may be used to produce en 
semble effects, or various tone color effectS. 

Diode plate O may be connected to a keying 
circuit identical in every respect to that con 
nected to diode plate , the output of diode 
being associated with the circuits of the upper 
manual, and the output of diode 0 being associat 
ed with the circuits of the upper manual, and 
the output of diode 9 being associated with those 
of the lower manual. 

in an electronic organ a third source of keyed 
envelope signal is sometimes desirable, either for 
a third manual, if it is a larger instrument, or for 
solo purposes, or to provide the pedal notes of the 
organ. It is possible to make a third source Serve 
as both solo and pedal source because of the fact 
that pedal notes are confined to the lower end of 
the musical scale, while the solo notes generally 
are more useful in the middle and upper registers. 
Therefore if all such sources generating the lower 
notes of the instrument are connected to pedal 
control circuits, and those generating the notes 
in the middle and higher range are connected to 
the solo control and formant circuits, this objec 
tive shall have been achieved. 
A circuit providing three separate sources of 

keyed envelope signal from one vacuum tube is 
shown in Figure 7, in which a vacuum tube 6 
of the pentode twin diode type is used. Such a 
tube as the type 6B8 will serve satisfactorily. 
The oscillating circuit of Figure 7 is similar to 
that of Figure 6. However the Screen 8 of the 
pentode serves as the anode of the triode oscil 
lator circuit, and is connected to the positive 
anode Supply 2. This is the conventional elec 
tron coupled Oscillator circuit, and the plate f. 
serves to deliver the output signal by means of 
electron coupling to the electron stream. 
In its function of serving as output electrode 

of the signal source, the plate f serves also as 
an electronic keying means, and for this purpose 
it is connected to the keying circuit shown, which 
is within the limits of the present invention, and 
whose operation has already been described in 
keying a diode. In Figure 7 similar reference 
characters indicate components of similar func 
tion and size, as those used in the foregoing 
figures. 
The diodes 9 and are not shown connected 

to any circuit and it is understood that they may 
be connected to keying circuits similar to those 
shown and described above. The circuit of Fig 
ure 7 thus provides an electronic signal gener 
ator and three separate Sources of keyed envelope 
signal, using but One Vacuum tube. 
The bias Source 5 in Figure 7 Serves a Some 

What different purpose from that of Figures 1, 
5, and 6 in which a diode is the electronic keying 
means. When a diode is the keying means the 
alternating voltage on the anode itself serves to 
modulate the electron stream in the tube. The 
only electron accelerating potential in the tube 
is that on the anode itself. Consequently when 
the anode is at a negative potential with respect 
to the cathode, the electrons are not accelerated 
as they leave the cathode, 
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8 
spurious electrons to arrive at the anode is there 
fore slight. 

In the case of the multi-electrode tube shown 
in Figure 7 however, there are other electrodes 
in the tube than the anode. Since these elec 
trodes are grids, and since they are sometimes 
positive with respect to the cathode, they may 
accelerate the electrons as they leave the cath 
Ode. A small negative bias on the plate assists 
in preventing the arrival at this electrode of 
those spurious electrons which succeed in pass 
ing through the grid wires. These electrons, if 
allowed to arrive at the plate, cause a small audio 
Signal to be apparent at the output terminal, and 
in a complete instrument, an undesirable back 
ground of Sound is the result, 
An organ designed and built to incorporate 

he details of this invention, and which are dis 
closed herein, is capable of producing rich and 
satisfying Organ music, not only because it has 
a pleasing range of useful tone colors, and com 
plete lack of key thump, but also because the 
artificial reverberation produced by the instru 
inent, lends a realism and spaciousness to the 
music Which is ordinarily associated only with 
large cathedral organs. 

the simplifications and economies provided by 
the present invention in an electronic organ hav 
ing a signal source for each note of the instru 
ment, and electronic keying means for each play 
iing key of the instrument, may better be appreci 
ated by comparison With similar instruments of 
the prior art. 

In a conventional organ having two playing 
maiauais, and the standard 32 note pedalboard, 
a total of 85 musical frequency signal sources is 
provided. The two manuals and the pedal board 
of the instrument must function with complete 
independence of one another, both as to keying 
control, and also tone color control. 
To meet these requirements using circuits of 

the prior art, and providing the advantages of 
gradual attack alld reverberative decay, the num 
ber of tubes required would be as follows: 85 
tubes for the signal sources, 85 tubes for the elec 
tronic keying circuits of the upper manual, 85 
tubes for the electronic keying circuits of the 
lower manual, 32 tubes for the electronic keying 
circuits of the pedal board. This is a total of 287 
tubes. By employing the economies provided by 
the circuits of the present invention, the same 
flexibility of operation is obtained using 85 multi 
purpose vacuum tubes. 
The equally important advantage, for which 

to the best of my knowledge, there is no prior 
art counterpart, is the simultaneous availability 
of contrasting tone colors from one electronic 
keying device. 
While for the purpose of illustrating and de 

Scribing the present invention, certain preferred 
embodiments have been shown, it will be ap 
parent to those skilled in the art that various 
modifications may be made, including the use of 
other types of vacuum tubes and circuit arrange 
ments, without departing from the basic prin 
ciples of the invention. I therefore do not wish 
to be limited to the precise details set forth 
herein, but desire to include within the scope of 
the invention those modified forms by means 
of Which similar results may be obtained in sub 
stantially the same way. . . 

Having thus described my invention, I claim 
as follows: 

1. In an electronic organ the combination com 
The tendency for 75 prising a source of alternating current, a two ele 
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ment. vacuum tube, keying device having a cath 
ode and an anode, a source of bias potential 
therefor, a load circuit for said vacuum tube in 
cluding a resistor connected in series. With a 
capacitor, a resistor connectod in parallel. With 
said capacitor, said latter resistor having a high 
resistance value, a source of keying potential 
having one terminal connected: to one terminal 
of said: capacitor, and means for selectively con 
necting a resistor between the juncture of said 
capacitor and said first mentioned resistor and 
the other terminal of Said source of keying por 
tential. - - - - - - - - 

2. In an electronic organ, the combination 
comprising a source of alternating signal cur 
rent, a unilaterally conductive device, having an 
input, electrode and an output electrode and be 
ing associated with said source of current, a 
Source of bias. Voltage for said unilaterally con 
ductive, device, a capacitor, a load resistor, said 
source of bias voltage, said capacitor, and said 
load resistor being serially connected between 
said output, electrode and said source of alternat 
ing signal current, a relatively high value re 
sistor connected in parallel to said capacitor, a 
Source of keying Voltage, and SWitching means 
for selectively connecting said source of volt 
age acroSS. said capacitor, 

3. In an electronic organ, the combination 
comprising a source of alternating current, an 
output circuit including a resistor connected in 
Series with a capacitor, a unidirectionally con 
ductive device having an input electrode and 
an output electrode interconnecting said source 
of alternating current with said output circuit, a 
Source of biasing voltage for said device, a second 
source of voltage of greater magnitude than Said 
first source of Voltage, and means connected to 
Said latter source of voltage including a time de 
lay circuit for rendering ineffective said first 
mentioned source of voltage. 

4. In an electronic organ, the combination 
Comprising a plurality of sources of alternating 
signal current, an output circuit including a re 
Sistor connected in series with a capacitor, a uni 
laterally conductive device, having an input 
electrode and an output electrode and being as 
Sociated with said sources of alternating signal 
Current, a Source of biasing voltage of one po 
larity for rendering said device inoperative, a 
second Source of voltage of opposite polarity and 
of greater magnitude than said first source of 
Voltage, and means connected to said latter 
Source of Voltage including a time delay circuit 
for rendering said device operative. 

5. In an electronic organ, the combination 
comprising a source of alternating current, a 
rectifier having an anode and a cathode, means 
for normally maintaining said anode negative 
With respect to Said cathode, and keying means 
for Said rectifier including a source of poten 
tial Switching means, and time delay means op 
erative upon closure of said switching means to 
delay the application of said potential to cause 
Said anode to be at a positive direct current po 
tential With respect to said cathode. 

6. In an electronic organ, the combination 
Congrising a source of alternating signal cur 
reit, ail output circuit including a resistor con 
nected in series with a capacitor, a unilaterally 
conductive device, having an input electrode and 
an output electrode and being associated with 
Said Source of alternating signal current, a source 
of biasing voltage for said device, a second source 
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10 
Source of voltage, and means connected to said 
latter Source of voltage including a time delay 
circuit for rendering. said device operative, said 
time delay circuit including said capacitor, and 
a resistor, Said. Second resistor having a greater 
resistance than said first resistor. 

i. in an electronic organ, the coin bination 
comprising a source of alternating current, an 
electronic keying means connected between said 
Source of alternating current and an output cir 
cuit, Said keying means including a two element 
vacuum tube arranged to produce a keyed en 
velope Signal, a Source of keying potential, a load 
resistor, connected batWeen one electrode of the 
Vacuun tube and Said Source of keying potential, 
and means shunting said resistor for causing said 
keyed evelope. Signal to have substantially the 
Satile Wave for in for any Value of applied kaying 
potential. 
8. The combination Sct forth in claim. 7 in 

which the means shunting the load resistor is re 
active. 

9. The combination. Set forth in claim 7 in 
Willich the means shunting the load resistor is a 
capacitor. s 

10. The combination set forth inciain in 
which the keyed envelope. Signal is of Sawtooth 
Waveform. ... 

11. In an electronic musical instrument, the 
combination comprising. a source of alternating 
current, an electronic vacuum, tube keying means 
having an output electrode, a load circuit for Said 
vacuum tube, a pair of output terminals, and a 
network interconnecting said terminals With Said 
load circuit for delivering a keyed envelope sig 
nai having a simpier harmonic conformation than 
the signal appearing acroSS Said load circuit, a 
second pair of output terminals, a Second net 
work interconnecting said latter terminals With 
said load circuit for delivering a keyed envelope 
signal having a more complex harmonic Con 
forization than the signal appearing acroSS Said 
load circuit. 

12. The combination set forth in clairl ll, 
wherein the first mentioned network includes a 
series resistor and a shunt capacitor, and the 
second mentioned network includes a Series ca 
pacitor and a shunt resistor. 

13. In an electronic musical instrument, the 
combination comprising a triode connected in 
an oscillator circuit, an electronic keying means 
including a diode, an output circuit, Said keying 
means interconnecting the cathode of Said triode 
and said output circuit, means for Selectively 
rendering said keying means operable to deliver 
a keyed envelope signal across Said output cir 
cuit. 

14. The combination set forth in claim 13 
wherein said triode and said diode are contained 
within the same evacuated envelope. 

15. In an electronic musical instrument, the 
combination comprising a pentode connected in 
an oscillator circuit, the screen of Said pentode 
serving as oscillator anode, an output circuit, 
the plate of said pentode serving as electronic 
keying means interconnecting said oscillator and 
said output circuit, a second electronic keying 
means including a diode, a second output circuit, 
said second keying means interconnecting the 
cathode of said pentode and said second output 
circuit, means for selectively rendering Said first 
or said second electronic keying means operable. 

16. The combination set forth in claim 15 
wherein said pentode and said diode are con 
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17. In an electronic musical instrument, the 
combination comprising a signal generator cir 
cuit including a triode, an electronic keying means 
including a diode, an output circuit, Said keying 
means interconnecting the cathode of said triode 
and said output circuit, means including a tine 
delay circuit for selectively rendering said key 
ing means operable to deliver a keyed envelope 
signal to said output circuit. 

18. The combination set forth in claim 17 
wherein said triode and said diode are contained 
within the same evacuated envelope. 

19. In an electronic musical instrument, the 
combination comprising a signal generator cir 
cuit including a pentode, an output circuit, the 
plate of said pentode serving as electronic key 
ing means interconnecting said signal generator 
and said output circuit, a second electronic key 
ing means including a diode, a second output 
circuit, said Second keying means interconnect 
ing the cathode of said pentode and said Second 
output circuit, means including a time delay cir 
cuit for selectively rendering Said first keying 
means operable to deliver a keyed envelope Sig 
nal to said first output circuit, means including 
a time delay circuit for selectively rendering said 
second keying means operable to deliver a keyed 
envelope signal to Said Second output circuit. 

20. In an electronic musical instrument, the 
combination comprising a signal generating & 
means including a pentode, an output circuit 
including a resistor, the plate of said pentode 
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serving as electronic keying means intercon 
necting said signal generating means and said 
output circuit, a second electronic keying means 
including a diode, a second output circuit in 
cluding a resistor, said second keying means in 
terconnecting the cathode of said pentode and 
said second output circuit, means including a 
time delay circuit for selectively rendering said 
first keying means operable to deliver a keyed 
envelope signal to said first output circuit, said 
time delay circuit including a capacitor and a re 
sistor, said resistor having a higher resistance 
than said first mentioned resistor, means includ 
ing a time delay circuit for selectively rendering 
said second keying means operable to deliver a 
keyed envelope signal to Said Second output cir 
cuit, said time delay circuit including a capac 
itor and a resistor, said resistor having a higher 
resistance than said Second mentioned resistor. 

- THOS. J. GEORGE. 
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