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- The  present invention relates -in :genersl ito

‘electronic musical instruments and:-ih particulsr

to improvements in instrurents :of. this $ype
which employ eleetronic ‘keying ‘means to {pro-
duce keyed -envelope .sighals.

~In certain forms of electronic musical instru-

ments the signal is keyed direetly thus edusing
the signal to start and stop instantaneousiy in
accerdance with- thie ‘operation of the playing

&y

key. This produces a transient:or :kKey thump 1

-in the:sound reproduting systein which, partici-
larly in electronic orgahs; is. ¢onisidered 'to Be
a ‘very undesirable ‘musical effect.

In aceordance with ‘the :present ihvention it

is propesed to overcome the effects of key thumps 1;

or. transients by employing a keying voltage
‘which is_applied to -electronic keying means
through a network which .produees 'a .gradual
attack and decay of the musical notes. Séth
network -not only -eliminates the key thuimp but
provides the 'meghs for obtaining artifical
-reverberation; which is a very important musical
effect; particularly in the playing of organ
Jliterature: =

. It is an object .of the present iftvention to pro-
vide an improved system for electionic musical
-instruments whereby ‘keyed envelope signals may
be employed without the introduction of unde-
sirable transient effects:

. It is another object of the .present invention. gy

to provide an improved keying means for elec-
tronic musical instruments, whereby a4 gradual
attack and decay of musieal netes-can be .ob-
tained.

-Another ebject is “to ‘provide in an electronic .3

_musxcal instrument means wherehby artificial
.reverberation -can be introduced into the music
being. preduced by the instrumeént.

. A.still further object of the present invertion

is to .provide in gn electronic organ, :means for; -4

obtaining a keyed envelope attack in conjunc-
tion with any of the conventional signal sources.

Another object is to provide maans, toward the
end of economy,.in an eléctronic organ, whereby

-a-iconventional multipurpese vacuum tube may .

be employed to previde the signal source and .a
‘plurality of :electronic keying means in one tube.

Ancther .object of this invention .is to provide
means o0f obtaining more than one type of tone

gquality from -each source of keyed  envelope:j

signal.

‘Other ohjects will appear from the following
<Hescription, reference being had to the accom-
‘panying -drawings, in which:

Figure 1 shows a fundamental férm of the
invention, in which a diode .is used to obiain a
“keved envelopé signal.

Figures 2, 3, and 4, show three different volt-
-age operation éonditions of & .diode, used as elec-
tronic keying means:

60

2
Figute 5 shows a . form of the invertion in
which 3 ‘tricde twin diode is used to provide an
eléctronic sigunal -génerating means, with tWwo
elactronie keylnv means sach providinhg a sepa-

rate sotirce of ‘keyed env elope signal.

Pigure ¢ illustrates one means for obtaiﬂihg
two differeiit types of toné giwlity from -ore
keyed erivelope signal source.

Figure 7 shows how a pentode twia dlode tube
may be used ©o provide an electronic 51gna1 en-
erating medns, and three separate -eléctronic
keyinlg meaxis, edch prov1d1ng 4 keyed envelope
sign4l, and &dch suCH signal available in two
Loptrastmg tohie qualities.

In the prEsent ihiveritionl a dirset voxtage is
used to supply plate currént 6 the anode of a
conitrel tube, rectifier, or diode, which- serves as
electromc keying meéans for connectmg ‘the 51g-

“hal Source to uhe tore modifying and dudio ré-

producing sysuem of ‘the instruiment. 'This key-
ing volmﬂe is apphed to the electronlc keymg
means nhrougn 8 res1stance capacltance net-
work, which permlts a gradual attack and decay
of the musmal note.

Flgule 1 shows one form of the invention m
which an ‘alternating current -generator |, is
connectedvin» series with a diode 2; a resistor Rl,
a resistor R2, and & negative bias source 5. Re-
sistor R2 is:shunted by capacitor Ci. Resistor
R3E is an attack resistor which permits capacitor
Ci to chargé slowly when the 4djustable con-
tact 12 of a voltage divider R8 across the posi-

tive keying potential 6 is connected thereto upon

closiire .of switch SW.

Normsilly theé anode A of diode 2 is biased
hegatively through resistors Ri gnd R2 to such
an extent that even on the most positive peaks
of voltage from the alternating ¢urrent genérauor
the ‘ahode dies hot become positive with Fespeet
to the cathodée C: Normally thérefore thefe is
no current ﬁowmg through the dlode

Resistors Rﬁ R2, sod R3 are all large Som-
par ed to the forward intérnal hnpedance of the
diode, RZ is Iarger than R3, and R% is largér
than RI1.

When switéh SW is ¢losed the posmve keymg
potentlal from the voltage divider RS is apphed
to capamtor Cl, and to the anode of the dlode
through resistor Ri. 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 ahode, the
diode will conduct -current. At those times the
anode is at a positive poténtial with réspect to
the cathode. A pulsating direct currént will
therefore flow through thé diode snd resistor Ri.
Resistor Rl ‘and capacitor C2 sérvé ds coupling
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means and an alternating voltage appears across
the output terminals 3 and 4.

Although the circuit of Figuie 1 shows a diode,
it should be understood that g rectifier of any
type would serve, within the limits of the inven-
tion, and although the bias polarity is shown as
negative and the keying potential polarity zs
positive, these polarities may be reversed provid-
ing the connections to the cathode and anode are
interchanged.

In Figures 2, 8, and 4 are shown three voltage
conditions of operation of the dicde of the cir-
cuit of Figure 1. Time is plotted herizontally in
the three figures, and voltage conditions ver-
tically. The reference for each curve is the cath-
ode potential, represented by the line A. Voltages
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 [. 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 from
line A down to dashed line C represents the mag-
nitude of the negative bias voitage 5 in Figure 1.
The peak voltage of generator i
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 excur-
sions of curve B rise above line A. When the
curve rises above line A the anode of the diods
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. 1.

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 B indicate 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 inerease 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 condition
of maximum output from the circuit of Figure 1.

- Otfher keying potentials between the extremes
given above will result in output voitages of cor-
responding magnitude.

In the quiescent condition shown in Figure 2

(curve B) is

4

there is no output signal. When switch SW in

Figure 1 is closed the keying potential charges

capacitor CI 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 1 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 Cl is dissipated through resistor Ri
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.

Pigure b shows an embodiment of the invention
in which the triode section of a triode twin diode
tube 8 such as the 6R1T, 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 10 and il 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 R10 and C8 are the grid
resistor and capacitor respectively, connecting to
grid 20 of the triode 8. Plate 19 connects to
source of positive plate potential 2i. Cathode 22
connects to a tap on LI through a load resistor
RS.

Diode 11 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 figsures. 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
50 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-

55 tion occurs, since increased clipping takes place
as the charge on capacitor Cl is dissipated, with
the consequent lowering of the direct potential
at the anode of the diode.

To prevent this change in waveform with

60 change in keying potential, a suitable capacitor
is cennected 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
65 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
70 as C2 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-

75 tential terminal 3, has been added,
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«Keying potential terminals 12 and-13, on volt-
age divider R8 are, as indicated, 1nd1v1dua.11y var-
iable; This permits switch SW to apply a-higher
or.lower keying potential than that provided by
switch SW2. -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 keymg potential: ter- 1

minals. 12 and (3.

7' In.a.complete electronic organ-having multlple
contacts operable by each playing key, switch SW
mlght represent the so called “unison” contact.on
4 ‘certain. key, while switch SW2 might be -the
“octave” contact on-the key one -octave.-lower.
‘Similarly any number of switches could he asso-
ciated -with each playing key to obtain various
other organ “coupler” effects.

~The playing keys associated with diode 11 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- 10 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
assoclated w1th 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-
v1ousiy described, the corresponding musical fone
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 & 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-
qulred to produce eighty or ninety different musi-
cal frequenmes this :inventfion provides a very
real economy:in the reduction of tubes which are
‘réquired.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 RI. Thus the larger
resistors.become the current limiting factors, so
sthat.when two switches are closed, more current
flows ‘through the two parallel resistors, to Rl
.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 obtainmg diﬁerent 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
;sthis method, it .is undesirable because voicing of
the scale is badly unbalanced through ‘its use.
‘Thus.when the tone.control is. adjusted to reduce
.the harmonic content.of the tones, it also reduces -
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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 & means of overcoming this
difficulty, and also to provide a greater range
of tonal variation,. the voicing circuit of Figure-§

s used. - ‘The output coupling condenser C2 con-
nects to terminal:4 as.in: Flgures 1 and:5. Two
braneh circuits.connect-to terminal 4, 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 14.
Capacitors. €5 and :C6, .and ‘resistor R1 are the
high:pass filter,-and .connect terminal 4 with the
string tone output terminal 15.

It was.previously. mentioned that the waveform
of -the. output voltage at terminal 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, 51m1—
lar to a reed orstring.

The low pass filter-attenuates the higher-har-
monics thus emphasizing the fundamental -and
low order harmonics, and producing a dull tone
which:is. flute-like. in.quality.

Therefore each note .-may be . 1ndependent1y
voiced relative to- the other notes of the instru-
ment, both as to tone ‘quality -and intensity,
.eonstants of the low pass
and:high. pass filters.:

- Fach signal -source -of -the .instrument has a
flute tone terminal 14 and a string tone terminal
A5, -All like terminals for all:notes of one manual
are-connected together, and to their own con-
trolling means. Thus all terminals 14 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
& 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
fogether, 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 mrcmt of Figure
6 are as follows:

HNote—Middle € frequency 261.27 cyeles
Keying potential 100 volts

‘Peak signal voltage at cathode—8 volts
Bias voltage 8 or'9 volts

Ci-—-.25 mfd.
Cc2—.01

c3—.01

C4—.006
C5—.002
C6—.002

‘R {—50,000 ohms

R2—3 megohms

R3—1.5-megohms

RE—100,000 chms

‘R5—100,000 ochms
‘R1—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, multi-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 10 may be connected to a keying
circuit identical in every respect to that con-
nected to diode plate 11, the output of diode I
being associated with the circuits of the upper
manual, and the cutput of diode {0 being associat-
ed with the circuits of the upper manual, and
the output of diode 18 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
sclo 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 1§
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 18 of the
pentode serves as the anode of the tricde oseil-
lator circuit, and is connected to the positive
anode supply 2!. This is the conventional elec-
tron coupled oscillator circuit, and the plate 11
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 17 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 {8 and i1 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 § 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. The  tendency for

[+
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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
satisTying organ music, not only because it has
o pleasing range of useful tone colors, and com-
plete- lack of key thump, but also because the
artificial reverberation produced by the instru-
ment, 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-
ing key of the instrument, may better be appreci-
ated by comparison with similar instruments of
the prior art.

In a cenventional organ having two playing
manuals, 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 and 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
Hexibility 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-
seribing 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 ohtained in sub-
stantially the same way. - - :

Having thus déscribed my invention, I claim
as follows: ’ o L

1. In an electroni¢ organ the combination com-
prising a.source of alternating current, a two ele-
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1ment. vacuun tube.-keying device having a cath-
ode and an.-anode, a:source of bias potential
therefor, a load circuit for said vacuum tube in-
cludihg a resistor connectedin - 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: conneeted: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 po-
tential. ST Do
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 capacior, 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-
fng 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 cireuit 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. Tn 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 greatsr 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.

8. Tn an electronic organ, the combination
comprising a source of alternating signal cur-
rent, an 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
of voltage of greater magnitude than said first
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source: ofvoltage, and means connected. to said
latter ‘source -of voltage including a time delay
circuit-for rendering said device operative, said
time delay circuit inéluding said- capacitor, and
a-resistor, said.second resistor having a greater
resistance than said first. resistor.

7. in' an- electronic -organ, the combination
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. between one electrode of the
vacuum: bube and said source-of keying potential,
and means shunting said resistor for causing said
kaéyed: envelope signal to have substantially the
same wave form for any value of appiied kaying
potential. . ‘ . ) ‘

8. The.‘combination seb forth in claim. 7 in
which the means shunting theload resistor is re-
active.. i T

9. The combination: set forth in claim 7 /in
which the means shunting the load resistor is a
capacitor. s .

10, The . combination-set ferth -in. claim.7.in
which. the keyed envelope signal is of :sawtooth
waveform. s Co

11. In an. electronic musical instrument, the
corabination -comprising ‘a«source: of alternating
current, an.electronic vacuum: tube keying means
having an output electrode, a load cireuit for-said
vacuum tube, a pair of output terminals, and a
network interconnecting said terminals with sald
load circuit for delivering a keyed envelope sig-
nal having a simpler harmonic conformation than
the signal appearing across said load eircuit, a
second pair of output terminals, a second net-
work interconnecting said latter terminals with
said load ecircuit for delivering a keyed envelope
signal having a more complex harmonic con-
formation than the signal appearing across said
load circuit.

12. The combination set forth in claim 11,
wherein the first menticned network includes a
ceries 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
ineluding a diocde, an output circuit, said keying
means interconnecting the cathode of said triode
and said output circuit, means ior 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. Tn an electronic musical instrument, the
combination comprising a pentods connected in
an ogeillator circuit, the screen of said pentode
serving as oscillator anode, an output cireuit,
the plate of said pentode serving as ¢lectrenic
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 outpub
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-
tained within the same evacuated envelope.
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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 time
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 eclaim 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 g keyed
envelope signal to said second output circuit.

20. In an electronic musiecal instrument, the

combination comprising a signal generating 3

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 cireuit 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.
T THOS. J. GEORGE.
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