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F13. 7 is another schematic wiring diagrain somewhat 
3,074,306 along the lines of FIG. 4 illustrating another modification; PERéct JSSECN ARRANGERVE ENT FOR ELSECTRONIC aid 

Joasa H. Ri C. SSES s d FiG. 8 is another fragmentary electronic wiring dia 03. Ea i. Riggs, R&e aii agre, a 2d Braak B3. LSE)iaey at ram illustrating a further modification. 
Howard G. Babiei, Tozawasada, N.Y., assignors to The 5 gr d Erdryers w is o Referring now in greater particularity to the drawings, 
Eitzer CoE sparey, Chicago, E., a corporation of and first to FIG. 1, there is showin an orga pie CO 

Fied Feb. 29, 1958, Ser. No. 2,692. structed in accordance with the principles of this inyen. 
26 (Caikas. (C. 84-5.25) tion and including a console i2. The console has two 

10 manuals cr keyboards 14 and 15, having respective stop 
This invention is concerned generally with an electronic tablets 3 and 2G associated therewith. The organ in 

musical instrument, and more particularly with an im- cludes various controls as indicated at 24 and also may 
proved percussion arrangement therein. include a chord unit 22, for piaying chords. The console 
AS is Well known, there are many electronic musical includes a loud speaker at 26, and a Swell pedal at 28. 

instruments using electronic oscillators, such as tube oscil- 15 Each of the manuals or keyboards, for example the 
lators, as tone generators. It is not particularly difficult manual 4 (see also FIG. 2) includes a plurality of white 
to cbtain percussive effects with such electronic oscilla- keys 30 and a plurality of black keys 32. These keys are 
tors by applying the percussion directly at the oscilla- mounted on key bars 34 mounted on suitable pivot means, 
tors. However, this requires a separate circuit for each such as flexible springs, to a fixed piate or flange 35. The 
osciliator, and this renders the resulting instrument in- 20 key bars are arranged to shift operating members 38 
ordinately expensive. Application of percussion means to vertically, whereby to effect movement of a plurality of 
an amplifier or transinission circuit eliminates the need for contact wires 46. The contact wires are aranged to con 
a plurality of percussion means respectively at the oscil- tact conductive inserts 42 in transverse insulating Sup 
lators. However, difficulties are encountered here. in a ports 44, whereby to connect the oscillators to the ampli 
keyboard type of electronic musical instrument, such as 25 fier, or to actuate the oscillators, for proper tone genera 
an electronic organ, depression of the first key may be tion. The conducting inserts 43 generally correspond 
Inade to produce a percussion without too much difficulty. to different steps of the organ, as controlled by the stop 
However, the amplifier Soon ends to operate in a steady tablets E8 and 25, in adidition, there is preferably : 
State, and a percussion effect caniot readily be obtained additional transverse insulating support 46 having a con 
on a Second iote, when the first key is held down and a 30 ductive insert 43 on the bottom thereof. The adjacent 
Second key is depressed. wire contact 48 normally engages the overlying conduc 

Accordingly, it is an object of this invention to provide, tive insert 43, and all of the contact wires 40 are nor 
in a keyboard type electronic instrument, percussion mally spaced from the conductive insert 42. Upon de 
means in the amplifier thereof, wherein percussion effects pression of a key, the corresponding wires 48 are deflected 
can be obtained on successive notes, irrespective of 35 downwardly by the operator 38 into engagement with the 
whether or not preceding notes are sustained. underlying conductive inserts 42, the upper wires at the 
A further object of this invention is to provide per- saiae time moving away from the condit ctive insert 44. 

cussion means in the amplifier of an electronic musical The insulating supports 44, except for the top one, are 
instrument wherein the amplifier is operated in a more or pivotable about their own axes selectively to position the 
less steady state, and the output thereof is varied by vary. 40 conductive inserts for engagement or non-engagement by 
ing the loading of the amplifier, whereby to pFCduce a the wires 40, according to whether a given stop is active or 
percussive effect. not. 

More specifically, it is an object of this invention to pro- Reference now should be made to FIG.3 wherein the duce a percussive effect in the amplifier of an electronic percussion amplifier is shown in deal. A jack 50 is pro 
fillusical instrument by means of a “variable loser cir. 45 vided for totle input to the percussion amplifier herein 
cuit. after identified generally by the numera. 52. he tone 

t is yet another object of this invention to provide input is from the key switches, preferably through a pre 
variosis improved pulsing circuits for producing percus. amplifier, and through wave shaping filters, and con 
sion in the amplifier of an electronic musical instrument. Yentignally also including, various grgan stop switches. 

It is yet another object of this invention to provide 50 The input at the jack 5e is conventionally connected O 
novel electronic Switch means for interconnecting a key a triode phase inverter 54 having t usual equal value 
operated pulsing means to the amplifier of an electronic plate and cathode resistors 56 and 58 respectively. The 
musical instrument for producing percussive effects. piate resistor 56 is connected through the usual resistance 
Another object of this invention is to provide a repeater 55 cap.E. decoupling, O g risis cap ael percussion for providing plucked or banjo-like tones in tance filter 6 to a junction 62, and thence through a resis 

an electronic crgan ior 64 to a B-- supply line as indicated at 65. The S-- 
y w 

O vrr -- voltage preferably is obtained from a power amplifier in 
enAvail E. it.g als E.S of the pres- the usual fashion. The plate output of the phase inverter yh iii pe apparent Iron e Iollowing descrip- 54 is conventionally resistance-capacitance coupled to 
tion when taken in connection with the accompanying 60 the grid 68 of a triode vacuum tube TG. The cathode drawings wherein: s' vul 

'esistance-capacitance coupled to the grid 72 FIG. 1 is a perspective view of an organ constructe y Ai. WiiE. ; e coupled to the g 
in accordance with the principles of this invention; u vu i. 

r The tubes 70 and 74 are push-pull connected, the Fi€3. 2 is a perspective view of a fragment of the key- push-pull co l 
respective plates 75 and 78 thereof being connected to 

65 the opposite ends of the input winding 83 of a trans 
former 82. The input winding is provided with a center 
tap 84, and this is connected to the junction 62 leading 
to the B-- supply line. 
The cathode 86 of the tube 73 is connected through a 

70 cathode resistor 83 to a junction 99. The cathode 92. 
of the tube 74 is similarly connected through a cathode 
resistor 94 to the junction 99. This junction is connected 

board anci Switching ineans thereof; 
FiG. 3 is an electronic wiring diagram illustrating the 

essential electrical parts of tie invention; 
FiG. 4 is an "add-on' circuit for producing a plucking 

effect; 
F.G. 5 is a block diagram of the organ; 
F1G. 6 is a schematic wiring diagram illustrating a 

modification of a part of the circuit of FIG, 3; 
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through a resistor 96 to the center tap of the transformer, 
and is also connected to a bias determining filter 96 corn 
prising a grounded resistor 109, and a capacitor 82 in 
parallel therewith. The resistor 90 is quite Small rela 
tive to the resistor 96 representative values being 3900 
and 150,000 ohms respectively. The capacitor i02 is 
a power supply capacitor, for example 25 mid. The top 
of the filter 98 is connected through a line 204 to a Series 
connected potentiometer 96 and a fixed resistor 88. 
The potentiometer is somewhat smaller than the fixed 
resistor, for example being on the order of 1000 ohms, 
with the fixed resistor A68 being on the order of 1500 
ohms. The fixed resistor is connected to terminal number 
6 of a percussion socket 18. The significance of this 
connection will be brought out hereinafter. 
A triode tube 12 has its plate 114 connected directly 

to the plate 76 of the tube 76. Furthermore, the cathode 
S16 of the tube 152 is directly connected to the cathode 
86 of the tube 70. 

Similarly, the plate 18 of a triode tube 120 is directly 
connected to the plate 78, while the cathode 22 thereof 
is directly connected to the cathode 92. The grids 124 
and 26 of the respective tubes A2 and E20 are con 
nected in parallel to a line S28. Further connection of 
this line will be set forth hereinafter. 
The phase inverter 54, the tubes 70 and 74, the tubes 
12 and 23, and associated circuit parts will be recog 

nized as being a “variable losser' circuit of the type some 
times used for volume expansion. The tubes E2 and 20 
variable load the tubes 70 and 74. When the grids of the 
tubes 12 and 120 are biased for cutoff, the plate re 
sistance of the tubes 2 and 28 is so high as to throw 
very little load on the tubes 70 and 74, the output there 
of accordingly being at a maximum. However, when the 
tubes 12 and 20 are biased for conduction, the plate 
resistance thereof drops, and the tubes 10 and 74 are 
loaded, whereby the output thereof as applied to the 
transformer 32 is reduced. As will be brought out more 
clearly hereinafter, the grid bias of the tubes A2 and 
120, as effected through the line 128, is varied to produce 
a percussive effect. 
The secondary winding 130 of the transformer 82 is 

grounded at one end as indicated at 532. The opposite 
end of the transformer is connected to a wire 34 lead 
ing through a resistor 136 of relatively high value, for 
example 2.2 megohms to an output plug or jack 1:38. 
The transformer secondary is bypassed by a series com 
bination of a resisotr 49 and capacitor £42, with an ad 
ditional resistor 44 also connected across the trans 
former secondary. A connection also is made from the 
wire or line i34 through a resistor 146 of relatively low 
value, for example 22,000 ohms, to contact number 2 of 
the percussion socket 10. 

in the lower right hand portion of FIG. 3, there will 
be seen a subsidiary B-- line i48 connected through a 
resistor E50 to the junction 62 leading to the B-- supply 
at 66. Connected to the line 48 is a voltage divider 
comprising a resistor i52 in series with a grounded re 
sistor 54. The two resistors 52 and 54 are of equal 
value, for example 100,000 ohms. The junction between 
these two resistors is connected to contact number 3 of 
the percussion socket 18. 
The B-- line 148 further is connected through a plate 

load resistor 56 to the plate 258 of a triode vacuum tube 
E60. The grid 62 of this tube is shunted by a grid 
resistor 564 and is connected to contact number 5 of the 
percussion socket 28. 
The cathoed of the tube 60, as indicated at 66, is con 

rected through a resistor 58 to ground. The resistor 
68 is paralleled by a capacitor 370 of rather high value, 

for example 25 mfd. The cathode also is connected 
through a resistor 72 to the B-- line 148. The resistor 
72 is much larger than the resistor 268. For example, 

the resistor 72 may be 100,000 ohms, while the resistor 
$8 may be 2700 ohms, 

4 
The plate 158 also is connected through a capacitor 

174 to one electrode of a neon bulb 176. The capacitor 
174 is of significant size, for example being .47 míd. The 
opposite electrode of the neon bulb is connected at a 

5 junction 178 to a resistor 180 leading to contact number 
4 of the percussion socket 10. This resistor, for exam 
ple may be 150,000 ohms. The junction 78 is grounded. 
through a capacitor 182 of larger capacity than the 
capacitor 74. For example, the capacitor may be 1 mi?d. 

10 The junction is also connected to the grid 84 of a triode 
186. The plate 188 of this tube is connected to the B-- 
line 148. A smoothing capacitor 189, for example of 20 
mfd., is connected from the plate to ground. 
The cathode 90 of the tube 186 is connected through 

15 a cathode resistor 492 to ground. The resistor is paral 
leled by a capacitor 94 of significant size, for example 
0.1 mfd. The cathode further is connected to the line 
123 leading to the grids 24 and 26 of the loading tubes 
12 and 120. 

20 Connection is made from the grid 84 of the triode 586 
through a wire 96 to one cathode 598 of a dual diode 
200. The corresponding plate 202 is connected to the 
plate 284 of the other diode, and both plates are con 
nected across a network comprising a resistor 266 and 

25 a capacitor 298 in parallel with one another, and con 
nected to ground. The resistor, for example may be 
10,000 ohms, while the capacitor, for example may be 
25 mfd. The remain cathode 250 is connected to a 12 
volt secondary winding 22 of a transformer 214 having 

30 a 110 volt input winding 216. If desired, the secondary 
winding 212 may be incorporated in the main power 
transformer of the electronic organ. 
Some of the triodes shown may be triode sections of 

dual tubes. Thus, for example, the tubes 70 and 74 may 
35 be the two halves of a 12AX7. Similarly, the triodes A12 

and 120 may be the two sections of another 12AX7 tube, 
while the two triodes 66 and 136 may be the two halves 
of a 12AU7 tube. As previously indicated, the tube 200 
comprises a dual diode, for example a 6A5 tube. The 

40 filaments of all of the tubes are conventionally shown at 
2:8 connected across the 6.3 volt A.C. filament winding 
as indicated at 220. 
As will be understood, the normally 12 volt tubes 

have their filaments connected for 6 volt operation. Also 
45 connected across the filament winding through a small 

resistor 222, for example of 27 ohms, is a light bulb. 224. 
The light bulb physically is in close proximity to the neon 
bulb 176 and conveniently is placed in a small housing 
therewith. The reason for this is that neon bulbs, type 

50 NE2 for example, are somewhat photosensitive, and are 
much more reliable in operation when exposed to light. 

Reference now should be had to the upper portion of 
FIG. 3 wherein there is shown the percussion plug 26 co 
operable with the socket if 0. Pin number 3, carrying 

55 B-- from contact number 3 of the socket, is connected 
to the common bus 48 previously referred to in connection 
With F.G. 2. This bus is normally engaged by all of the 
whisker percussion contacts. Each of these contacts is 
connected to a capacitor 228 in series with a grounded 

0 resistor 230. By way of example, the capacitor may be 
.047 mfd., and the resistor may be 2200 ohms. As will be 
understood, there is one whisker contact 40, and the cor 
responding capacitor 228 and resistor 230, for each key 
of the organ. When the key corresponding to any given 

65 whisker contact 40 is depressed, that contact 40 is moved 
away from the fixed bus 48 into engagement with the bus 
42 immediately therebeneath. As will be understood, 
there is only one bus 42 cooperable with all of the 
whisker contacts 40 for the percussion, and similarly 

70 there is only one bus 43. The bus 42 is connected to a 
fixed contact 232 of a percussion switch, the switch being 
shown in off position. 

Operation of the percussion circuit is effected by clos 
ing of the percussion switch, hereinafter identified by the 

75 numeral 234, to bring movable contact 236 into engage 
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inent with the fixed contact 232, whereby to apply the B-- 
charge on capacitor 228 to pin 5 of the plug 226, and 
hence to the grid 62 of the triode 6. 
The movable switch arm 236 is ganged as indicated at 

233 with a movable switch arm 243. This movable switch 
arra is connected to the braid or shielding 242 of a cable 
or wire. The braid is connected to pin number 5 of the 
plug 226, and hence is grounded. The movable contact 
24.63 normally engages an upper fixed contact 244, con 
nected through the shielded wire 245 to pin 2 of the plug 
226. Hence, with the Switch in normal “off” position pin 
2 is grounded, and resistor ié6 shunts the output of the 
circuit. When the switch is moved to “on” position, the 
movabie contact 240 engages a lower fixed contact. 248. 
This contact is connected to pin number 6 cf the percus 
sion plug 226. 

Operation of the percussion circuit is as follows: With 
the percussion switch 234 in the “on” or lowered position, 
whenever the whisker 4G of any key switch is lowered 
from the B-- bus 43 to the collector bus 42, the charge 
on condenser 223 associated therewith applies a positive 
potential through the switch contacts 232 and 235, and 
through the pin 5 and contact 5 cit the plug 226 and socket 
iii.6) to the grid 62 of the triede 268. The tube 68 is 
formally cut off. However, since the capacitor 228 is 
acrisially charged to 100 volts, the tube 60 is suddenly 
biased to conduction. However, the capacitor 223 dis 
charges through the resistors 238 and 54, whereby con 
duction of the tube 568 quickly decays. 
The neon buib 76 is normally non-conducting, and 

the side of the capacitor i74 toward this bulb is at sub 
stantially ground potential. A resistor 77 on the same 
order of size as the resistor 253, say 100,000 ohms, shunts 
the first inentioned electrode of the neon bulb 76 to 
ground. The opposite side of the capacitor 74 is at ap 
proximately 200 volts above ground. The neon bulb 
176 wi: become conductive with about 90 volts potential 
across it, and wiii stop conducting when the voltage across 
it drops to about 60 volts. Normally, as noted above, it 
is non-conducting. Fiowever, when the tube 63 is pulsed, 
the piate potential thereof drops rather markedly, and the 
potential of the plate of the capacitor 74 which is con 
nected to the necn bulb 75 provides a negative pulse of 
about 143 volts below ground to the neon bulb. This 
bulb thea becomes conductive. The capacitor 132 is 
charged negatively, and the neon bulb E73 stops conduct 
ing when this charge has built up to a sufficient potential. 
Eience, the neon bulb functions as any electronic switch, 
and the tube (69 may be considered to be a trigger tube, 
The charge on the capacitor 32 leaks off through the 

resistor 33, and through a potentiometer 256 connected 
in series therewith and adjacent the percussion switch 
234, the connection being inade through pins 4 and 5 of 
the plug 223 and the corresponding contacts of the socket 
£18. A negative pulse is thus applied to the grid 34 of 
the triode $86, either cutting off this tube, or substan 
tially reducing its conduction. This markedly lowers the 
bias on line 23 and hence the grid bias of the loading 
triodes 332 and 28. 

Normally, the riodies 12 and 282 are conducting. 
When they are in this coindition, they load the tubes 79 
and 74 to a greater or lesser extent. When the negative 
potential is suddenly applied to the grids, the tubes 12 
and 23 are Suddenly cut off, and the tubes 76 and 74 
are not leaded. Hence, the electrical tone oscillations 
applied at the input at 50 are simply passed through to 
the output at 233 with some degree of amplification. 
However, as soon as the neon bulb iii.6 has extinguished, 
the charge oil the capacitor A82 leaks of through the re 
sistor Sé and the potentiometer 255, and the tube 1.36 
thus becomes progressively more conductive. The poten 
tial of the cathode 298 rises accordingly, as does the po 
tential on the line i28. Hence, the grids £24 and 26 
become progressively more positive, and the tubes 12 
and 20 become progressively more conductive, whereby 
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to place an ever increasing load on the tubes 70 and 74 
and thereby to diminish the output at 38. The tones thus 
produced are started quite rapidly, and decay at a rate 
controlled by the setting of the potentiometer 250. Hence, 
a variable percussion is produced. 
The dual diode 295 serves as a clamp tube and limiter 

to prevent the capacitor 82 from being charged beyond 
a predetermined value. This is of importance when suc 
cessive notes are played percussively, as the succession 
of charges on the capacitor f74 transferred through the 
switching neon bulb 76 would charge the capacitor 82 
to a sufficiently high potential that the tube i86 would 
remain cut off for a considerable time, whereby the out 
put of the circuit would remain at a constant level for 
some time before beginning to decay, whereas the decay 
should desirably start substantially instantaneously. With 
the clamp tube-limiter 259, any voltage over the desired 
value is discharged to ground through the power supply. 
The rectifier section of the diode applies a predetermined 
D.C. bias from the power supply to the clamp section 
of the diode to controi the cut in point of its action. 
The grids of the loading or control tubes A2 and 120 

have a normal positive potential of 12 volts from the 
cathode of the tube E85. This requires that the cathode 
circuit of the control tubes 332 and 20 and of the output 
tubes 73 and 74 be raised to 12.8 volts to establish the 
correct operating bias for these tubes. Due to tube vari 
ations and component variations, this operating point 
would be difficult to maintain. Accordingly, the 1,000 
ohm potentiometer 66 is included to give some adjust 
ment to this operating point. For proper adjustment, 
the percussion is turned on, stops are drawn on the organ, 
a chord is played, and is held. When the signal dimin 
ishes, a certain amount of signal will still pass through 
the percussion amplifier. The potentiometer 66 is then 
adjusted until the signal is substantially biased off. 
The resistor 45 shunts the output when the sustain 

switch is in “off” position. It does not shunt the output 
when the switch is in “on' position. This is done to 
prevent an apparent drop in cutput when percussion is 
used, especially with short sustain for the percussion, as 
adjusted by the potentiometer 250. 

Besides loading the tubes 79 and 74, the tubes 12 and 
120 when conducting reduce the conduction of tubes 78 
aid f4 due to the common cathode resistors which raise 
the cathode bias when the tubes SS2 and 229 conduct. 

Reference has been made heretofore to incorporation 
of the percussion amplifier 52 in the organ, and this may 
be sean more clearly with reference to the block diagram 
cf FIG. 5. Thus, the tone generators are indicated at 
252. These generators may be of any desired type to 
produce electrical oscillations corresponding to musical 
tones. The tone generators are connected to the key 
switches 254, including the various whisker contacts 40 
and the collectors or busses 42. The output from the key 
Switches, except for the one whisker contact 40 controlling 
the percission, is connected to a preamplifier unit 256 
including wave shaping filters. The properly preamplified 
and shaped tones at 256 are then applied to the percussion 
amplifier 52, by means of the input jack 59. The output 
from the jack 38 of the percussion amplifier is applied 
to a power amplifier 258, and the output of the power 
amplifier is connected to the loudspeaker 26. 
A circuit is shown in FIG. 4 which is usable in coop 

eration with the percussive circuit to produce a plucking 
effect, as with a guitar. The circuit of FIG. 4 comprises 
mainly a free running multi-vibrator 268 of generally 
conventional construction and including a dual triode 
vacuum tube 262. One plate of this tube is coupled by 
a capacitor 264, a shunting resistor 266 of large value, 
and a large value resistor 268 to a terminal identified at 
w. The terminal Y is connected through a coupling capaci 
tor 26 to a junction 272, the latter being grounded 
through a resistor 274. The junction 272 is connected 
by a wire 276 to a fixed “on” contact 273 of a foot switch 



7 
identified generally by the numeral 286. The foot switch 
further includes a grounded movable contact 282 el 
gageable with the fixed contact 278, and also engage 
able with a fixed “off” contact. 284 which is not coil-r 
nected to anything. 
The corresponding grid of the dual triode 262 is di 

rectly connected by a wire .236 to terminal No. 1 of a, 
socket 288. Terminal No. 2 of the socket is grounded, 
while terminal No. 3 is connected to another terminal or 
junction identified at Y. 
A plug 290 cooperates with the socket 288. Pin No. 

2 of the plug is connected to a second movable contact 
292 of the foot switch 280, ganged for movement with 
the movable contact 282. In the “off” position shown, the 
movable contact 292 engages a fixed contact 294 which 
is directly connected to terminal No. 2 of the plug 296. 
Terminal No. 3 of the plug is directly connected to a. 
fixed contact. 296 with which the movable contact 292. 
is engageable when the latter is moved to the “on” posi 
tion. 
When the repeater or plucker circuit of FIG. 4 is in 

corporated in the organ, point x of the circuit is con 
nected to point x in the circuit of FIG. 3 leading to the 
grid 62 of the trigger tube 160. Similarly pointy is con 
nected to point y of FIG. 3, this being in the discharge. 
path for the capacitor 82 and specifically, between the 
single resistor 480 and potentiometer 25. 
The movable switch contact 292 when on the “off” con 

tact 294, as illustrated, grounds one grid of the multi 
vibrator tube 262 through the line 286 whereby the multi 
vibrator is kept from operating. When the switch con 

firs: 
- 

tact 292 is moved down to the fixed contact 296, ground 
is connected to the bottom of the resistor 180, thereby 
removing ground from the multi-vibrator grid which 
then proceeds to run freely, and shorting out the potenti 
ometer 250, thereby adjusting the time constant for the 
capacitor 132 and its discharge path. Simultaneously, 
the switch arm 232 is moved to the fixed contact 278. 
Pulses to the trigger tube 60 thus are shunted to ground, 
thereby preventing the normal operation of the percus 
sion. The percussion is repeated at a predetermined rate 
by the multi-vibrator 260. A plucked type of tone thus 
is produced, and in particular, a banjo can be readily 
simulated. 

Various modifications for keying of the percussion ann 
plifier are shown in FIGS. 6-8. The original form dis 
closed in connection with FIG. 3, particularly including 
the capacitor 228, works extremely well. However, it re 
quires one capacitor for each note, and capacitors are 
rather expensive. This may be seen particularly well with 
reference to FIG. 6. Thus, there will be seen certain of 
the parts previously described, including the common bus 
bar 48 for cooperation with all of the whisker contacts 
of which five are shown in FiG. 6, these five being identi 
fied as 40- to 40-5. All of these whisker contacts 40 
etc. are selectively cooperable with the collector 42 which 
is connected as heretofore described to the trigger tube 
160, and to the ensuing parts associated therewith. 
Although only five whisker contacts have been shown, 

it will be understood that the actual number in an organ 
would be much larger and equal to the number of keys. 
With each of these whisker contacts there is associated 
one of the capacitors 228, shown in FIG. 6 as 228 
through 228-5, and corresponding resistors 230-1 through 
238-5. The expense of the resistors 230-A etc. is not 
great, but the expense of the several capacitors 228 
etc. is rather substantial. 
A circuit is shown in FIG. 7 wherein the capacitors 

223-5 etc. are eliminated thereby materially reducing 
the cost. In this embodiment of the invention, similar 
parts are identified by numerals similar to those used 
heretofore with the addition of the suffix a. In this em 
bodiment, there is still a plurality of whisker contacts, 
herein shown as 40a-i through 46a-8, it being under 
stood that the actual organ embodies a great many more 

20 

45 

50 

3,074,806 s 

of these contacts. A common B-- bus bar 48a is pro 
vided for engagement with all of the whisker contacts 
40a- etc., and charged to, for example, 300 volts. The 
Whisker contacts normally are not in engagement with 
the bus bar 48.a. Each of the whisker contacts has con 
nected thereto a resistor, herein shown as 298-2 through 
298-8, all of the resistors being connected to a common 
wire 368. This wire is shunted to ground through a re 
sistor 302, and is connected through a capacitor 304 to 
the junction 366 between a grounded resistor 363 and a 
resistor 320 leading to the grid 62a of the trigger tube 
56Ca. 

Relative values of the components in the circuit of 
FiG. 7 are important. Thus, by way of example, the 
key switch resistors 293-2 etc., each have a value of one 
megohm. The common resistor 362 has a value of 
150,000 ohms. The capacitor 384 has a value of .0082 
Infd, while the grid resistor 388 has the value of one 
megohm. The value of the resistor 326) is less critical but 
may be taken as 100,000 ohms. 
When the first key is depressed, a 300 volt D.C. voltage 

is picked up from the bus 43a by the corresponding 
whisker contact 40a. This is divided by approximately 10 
to 1 and charges the capacitor 394 through the grid resistor 
368, providing a positive pulse to the grid 62a of the 
trigger tube 60a. From this point, the percussion cir 
cuit is the same as, and operates the same as the circuits 
previously described in connection with FIG. 3. 

Each time an additional key is depressed, the one 
megohm resistor 298 associated with the corresponding 
whisker contact is connected in parallel with the previous 
resistor 298, assuming the first key remains depressed. 
This decreases the resistance of the upper part of the 
Voltage divider, and thus raises the voltage at the top of 
the common resistor 382. This causes the capacitor 364 
to be charged to the new voltage at the top of the resistor 
302, thus providing another pulse to the grid of the trigger 
tube 166a. Each time another key is depressed, another 
pulse is applied in the same manner. However, subse 
quent pulses become Smaller and smaller because of the 
paralleling of the resistors 298 until the charging circuits 
will no longer be actuated. With 300 volts on the bus bar 
48a, it is possible to hold six keys down, and to obtain 
percussion upon depression of the seventh. However, this 
requires 300 volts on the B-- bus, as opposed to 100 volts 
in the previously described circuit. 
A further variation of the key switches of FIG. 7 is 

shown in FIG. 8, operation being generally the same, and 
similar parts being identified by similar numerals, with the 
addition of the suffix b. In this instance, there is provided 
a common grounded bus 312. This bus is engaged nor 
mally by some of the whisker contacts and not by others. 
By way of example, the alternate contacts 495-1, 49b–3 
etc. engage the grounded bus 312 with the keys in rest 
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position, while the whisker contacts 40b-2, 49b. 4 etc. do 
not engage anything. When any key is depressed, its cor 
responding whisker contact 46b is moved into engagement 
With a B-- bus 48b charged to 300 volts. 
As will be seen, upon actuation of successive keys, re 

sistors are connected in parallel to the B-- side of the 
Voltage divider, while resistors are also removed from 
the parallel combination on the ground side of the voltage 
divider. By this means, the voltage steps used in charging 
the capacitor 364b are controlled so that the pulses pro 
duced are more nearly uniform. Correspondingly, the 
range over which the percussion can be produced, i.e. the 
number of keys that can be held down and yet still have 
another key produce percussion, is greatly extended. 

It will be understood that the various examples of the 
invention as herein shown and described are set forth 
by Way of illustration only. Various changes in structure 
will no doubt occur to those skilled in the art and will be 
understood as forming a part of this invention insofar as 
they fall within the spirit and scope of the appended 
claims. - 
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The invention is claimed as follows: 
1. Percussion means for an electronic musical instru 

ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations corre 
sponding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising amplifier means having input means connected 
to said key switch means and tone generating means and 
further having output means connected to said electro 
acoustic translating means, means providing a variable 
load across said amplifying means output means, a plu 
rality of percussion switches connected to and selectively 
operable by said keys, electric means connected to said 
percussion switches and operable by any thereof to pro 
duce a pulse, and means electrically interconnecting said 
pulse producing means and said variable load for varying 
the load thereof across said amplifying means output 
means as a pulse to produce a percussion effect in the 
electronic oscillations applied to said electro-acoustic 
translating means. 

2. Percussion means as set forth in claim 1 wherein the 
means providing the variable load comprises means pro 
viding an impedance varying with applied bias, and where 
in the interconnecting means comprises means biasing said 
impedance in accordance with the pulses produced. 

3. Percussion means as set forth in claim 2 wherein the 
impedance comprises the anode to cathode resistance of 
an electronic valve. 

4. Percussion means as set forth in claim 2 wherein the 
impedance comprises the plate resistance of an electronic 
discharge tube. 

5. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations corre 
sponding to musical tones and further having a plurality 
of keys and key switch means for controlling said oscilla 
tions, comprising amplifier means connected from said 
key switch means and tone generating means to said elec 
tro-acoustic translating means, said amplifier means in 
cluding a push-pull stage having a pair of electron tubes 
each with a plate, a control grid and a cathode, a pair 
of push-pull connected electron tubes comprising a variable 
ioad across the push-pull stage of the amplifier means, 
said pair of tubes each having a plate, a grid and a cathode, 
the plates of the load tubes being connected in parallel 
with the plates of the push-pull amplifier stage and the 
cathodes of said load tubes being connected in common 
with the cathodes of the push-pull amplifier tubes, the 
grids of the load tubes being connected in parallel with 
one another and independent of the grids of the push-pull 
amplifier tubes, a plurality of percussion Switches con 
nected to and selectively operable by said keys, means 
connected to said percussion means and operable by any 
thereof to produce a pulse, and means electrically inter 
connecting said pulse producing means and the grids of 
said load tubes for varying the load imposed by said 
load tubes on the push-pull amplifier stage as a pulse to 
produce a percussion effect in the electric oscillations 
applied to said electro-acoustic translating means. 

6. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a piurality 
of keys and key switch means for controlling said osci 
lations, comprising amplifier means connected from said 
tone generating means and said key Switch means to said 
electro-acoustic translating means, means providing a 
variable load across said amplifier means, means oper 
ated by said keys and key switches for producing pulses, 
means for producing a succession of puises independently 
of operation of said keys, means connected to said pulse 
providing means and to said variable load for varying the 
load thereof across said annpifier means as a pulse to 
produce a percussion effect in the electrical oscillation 
applied to said electro-acoustic translating means. 
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7. Percussion means as set forth in claim 6 and fur 

ther including a plurality of percussion Switches connected 
to and selectively operably by said keys, and manual Switch 
means for disabling the key operated percussion Switches 
and for connecting the successive pulse producing means 
to the variable load. 

8. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said osciilations, 
comprising airplifier means connected from said key 
switches and said tone generating neans to Said eiectro 
accustic translating means, said amplifier means having 
means therein for varying the gain of said amplifier ac 
cording to the bias applied thereto, a plurality of movabie 
percussion switch contacts respectively connected to and 
selectively novable by said keys, capacitor means, a coin 
mon D.C. bus with which all of said movable percussive 
switch contacts are alternatively engageable and non-en 
gageable, means connecting said capacitor ine2ns to said 
novable percussion switch contacts whereby the poten 

tial on said capacitor means is changed as the condition 
of engagement and non-engagement of said movable per 
ission switch contacts with said bis is selectively changed 

to produce pulses, and means connecting said capacitor 
means to said amplifier gain varying means whereby the 
gain of said amplifier is increased and decreased by said 
pulses to provide a percussive effect. 

9. Percussion means as set forth in claim 8 wherein 
all of the movable percussion Switch contacts normally 
engage the cominon D.C. bus, wherein the capacitor 
means comprises a plurality of capacitors respectively 
connected to said movable switch contacts, and further 
including a common coiector bus Selectively engageable 
by said movable percussion Switch contacts, a commic: 
discharge resistor corrected to said last m2ntioned bus, 
said common discharge resistor comprising a part of the 
means connecting the capacitor means to the amplifier 
gain varying ineails. 

10. Peircussion 1means as set forth in ciaim 8 and fur 
ther including means including a plurality of resistors re 
spectively connected to each movable pércussion switch 
contact, means forming with the percussion switch contact 
resistors a voltage divider having an output junction, the 
potential at said output junction changing as the condition 
of engagement of said irovable percussion switch contacts 
with said connnon 3.0. bus is varied, said voltage divider 
Gutput junction being connected to Said capacitor means. 

i1. Percussion means or an electronic musical instru 
ment as set forth in ciairn 8 and further including a plu 
rality of resistors respectively connected to said novable 
percussion switch contacts, all of said resistors being 
connected to a corninon point, a common resistor con 
nected from said comarnon point to ground and forming 
with said plurality of resistors a voitage divider, said ca 
acitor means coil prising a single capacitor connected 

from said common point, all of said in ovable percussion 
switch contacts normaily being out of engageinent with 
the coinion D.C. bus and selectively brought into engage 
ment therewith to vary the resistance in one portion of the 
voltage divider, whereby to vary the potentiai at said 
common point. 

12. Fercussion means as set forth in claim 8 and fur 
tier including a common ground bus with which at least 
some of said movable percission contacts are normally 
in engagement, a plurality of resistors respectively coin 
nected to said movable percussion Switch contacts, and a 
common bus to which all of said resistors are connected, 
said capacitor means comprising a single capacitor con 
nected in series between said last mentioned common bus 
and the means connecting the capacitor fileans to the am 
plifier gain varying means. 

13. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
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generating means for producing electric oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising amplifier means connected from said toile gen 
erating means and said key switches to said translating 
means, said amplifying means incorporating means for 
varying the gain of said amplifying means according to 
an electric potential applied to said gain controlling 
means, percussion switch means operated by said keys for 
producing electric pulses, and electric circuit means con 
necting said percussion switch means to Said gain coil 
trolling means and including a normally open on-off elec 
tronic switch normally off automatically on nomentarily 
upon application of a pulse thereto. 

14. Percussion means as set forth in claim 13 wherein 
the eiectronic switch means comprises a gas diode. 

15. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising amplifier means connected from said tone gen 
erating means and key Switches to said translating means, 
said amplifier means incorporating means for varying the 
gain of said amplifier means according to an electrical 
potential applied to said gain controlling means, means 
including percussion switch means operated by said keys 
for producing electric pulses, a normally cut off electron 
tube connected to said pulse producing means and momen 
tarily rendered conductive by said pulses, and circuit 
means connecting said electron tube to said gain varying 
means and including a normally open on-off electronic 
switch automatically closing momentarily upon conduc 
tion of said tube. 

16. Percussion means as set forth in claim 15 wherein 
the pulse producing means comprises capacitor means 
connected te said percussion switch means, the potential 
on said capacitor means being varied by manipulation of 
said percussion switch means. 

17. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising amplifier means connected from said tone gen 
erating means and key switches to said translating means, 
said amplifier means having means for varying the gain 
of said amplifier means according to an electric potential 
applied to said gain controlling means, capacitor means, 
means for charging said capacitor means, normally open 
on-off electronic switch means connected from said ca 
pacitor means to said gain varying means, and means 
including percussion Switch means connected to and Se 
lectively operable by said keys for closing said electronic 
switch means and for simultaneously discharging said ca 
pacitor means to vary the potential applied through said 
clectronic switch means to said gain varying means to 
produce a decaying tone characteristic. 

18. Percussion means as set forth in claim 17 wherein 
the eiectronic switch means coinprises a gas diode. 

19. Percussion means as set forth in claim 17 and fur 
ther including an electronic valve having an input and out 
put, the output thereof being connected to said electronic 
Switch, a second capacitor connected to the input of said 
electronic valve, said electronic valve being normally cut 
off, and means including the pulse producing means for 
momentarily rendering said electronic valve conductive 
and thereby rapidly changing the potential on the first 
mentioned capacitor to operate the electronic switch. 

20. Percussion means as set forth in claim 19 wherein 
the electronic Switch comprises a gas diode, and whereby 
the change in potential on the first mentioned capacitor 
causes the gas diode to break down, discharging said first 
mentioned capacitor and extinguishing said gas diode. 
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ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a plural 
ity of keys and key switches for controlling said oscilla 
tions, comprising amplifier means connected from Said 
tone generating means and key switches to said translating 
means, amplifier means incorporating means for varying 
the gain of said amplifier means according to an electric 
potential applied to said gain controlling means, means 
including percussion Switch means connected to and op 
erated by said keys for producing electric pulses, an elec 
tronic valve normally biased substantially to cut off and 
contected to Said pulse producing means, said valve being 
rendered conductive upon said puises being applied there 
to, said electronic valve having an anode connection, a 
dropping resistor supplying potential to said anode con 
nection, a capacitor connected to said anode connection 
and normally charged through said dropping resistor, the 
opposite side of Said capacitor having a terminal, a gas 
diode connected to said terminal and a resistor shunting 
Said terminal to ground, said gas diode being normally 
non-conductive, and circuit means connecting said gas 
diode to the potential varying means of the amplifier 
means, the potential applied to said anode connection 
through said dropping resistor changing quite markedly 
upon application of a pulse to said electronic valve and 
thereby causing said capacitor to raise the potential of 
said gas diode to cause said gas diode to fire, said capaci 
tor discharging through said shunt resistor and said gas 
diode subsequently becoming extinguished, conduction of 
said gas diode causing transmission of a puise to the gain 
varying means of the amplifier. 

22. Percussion means as set forth in claim 21 and in 
cluding an additional capacitor connected to said gas 
diode on the opposite side of the previously mentioned 
capacitor and charged through said gas diode when said 
gas diode conducts, a discharge path for the additional ca 
pacitor, an electronic valve normally biased substantially 
to cut off and rendered conductive upon charging of said 
additional capacitor and Subsequently decaying to sub 
stantial non-conduction as said additional capacitor dis 
charges, and means connecting the last mentioned elec 
tronic valve to the gain varying means of the amplifier 
for varying the gain of the amplifier as the conduction of 
said valve changes. 

23. Percussion means as set forth in claim 22 and in 
cluding an additional capacitor connected from ground to 
the side of the gas diode opposite the first mentioned 
capacitor, a discharge path for said additional capacitor, 
said additional capacitor being charged from the first 
mentioned capacitor through said gas diode upon con 
duction of said gas diode, and wherein the circuit means 
connects the additional capacitor to the gain varying means 
of the amplifier to vary the gain thereof according to the 
charge on the additional capacitor. 

24. Percussion means as set forth in claim 23 and 
further including means limiting the charge applied to 
the additional capacitor to a predetermined value. 

25. Percussion means for an electronic musical instru 
ment having electro-acoustic translating means and tone 
generating means for producing electronic oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising amplifier means connected from said tone gen 
erating means and key Switches to said translating means, 
said amplifier means including a push-pull stage having 
two electron discharge tubes each having a plate, a cathode 
and a control grid, a cathode resistor connected to each 
cathode, the cathode resistors having a common ground 
return, the grids being similarly energized 180 degrees out 
of phase, positive voltage supply means for said plates, 
variable load means for said push-pull state comprising a 
pair of electron discharge tubes each having a plate, a 
cathode and a control grid, the plates respectively being 

21. Percussion means for an electronic musical instru- 75 connected to the plates of the first mentioned electron dis. 
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charge tubes, and the cathodes of the loading tubes being 
directly connected to the corresponding cathodes of the 
push-pull tubes, the grids of the loading tubes being con 
nected in parallel with one another and independent of the 
push-pull tubes, circuit means connecting the plates of the 
push-pull tubes to the translating device, means including 
percussion key switch means and capacitor means con 
nected in circuit therewith for producing pulses, said per 
cussion key switch means being connected to and selec 
tively operable by said keys, a normally cut off trigger 
tube having a plate, a cathode and a control grid, means 
connecting the pulse producing means to the control grid 
of the trigger tube to render said trigger tube conductive 
in pulses, a resistor connected to the plate of the trigger 
tube for Supplying voltage thereto, a capacitor having one 
side thereof connected to the plate of the trigger tube, a 
resistor shunting the opposite side of the capacitor to 
ground, said capacitor being charged through the afore 
mentioned resistor, a gas diode connected to the opposite 
side of the capacitor, a second capacitor connected to the 
other side of the gas diode, a discharge path for said 
Second capacitor, said gas diode normally being non-con 
ductive but conducting when the trigger tube conducts in 
pulses, thereby changing the voltage on the plate of the 
trigger tube and hence the voltage on the first mentioned 
capacitor, said second capacitor thereby being charged 
and subsequently discharging through its discharge path 
upon extinction of the gas diode, a control grid being con 
nected to the second capacitor and biased thereby, said 
control tube being normally substantially cut off and 
rendered suddenly conductive and having the conduction 
thereof subsequently decay as the second capacitor is 
charged and subsequently discharges, and cathode coup 
ling means from said control tube to the grids of the 
amplifier loading tubes whereby to vary the conduction 
and hence the plate resistance of the loading tube, thus 
varying the loading of the push-pull tubes and producing 
a percussion in the output of the amplifier. 
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26. Percussion means for an electronic musical instru 

ment having electro-acoustic translating means and tone 
generating means for producing electric oscillations cor 
responding to musical tones and further having a plurality 
of keys and key switches for controlling said oscillations, 
comprising tone transmission means connected between 
said tone generating means and said translating means, 
said toe transmission means having means for varying 
the efficiency of tone transmission therethrough according 
to an electric potential applied to said efficiency control 
ling means, said key switches including a plurality of per 
cussion switches each comprising a pair of fixed contacts 
and a movable contact alternatively engageable with said 
two fixed contacts, at least one of each of said fixed con 
tacts having a predetermined potential applied thereto, 
and electric circuit means connected to one of the two 
remaining contacts of each percussion switch and to said 
efficiency controlling means and including a gas diode 
normally biassed to non-conduction with the movable con 
tacts engaging the biassed fixed contacts and rendered 
conductive upon movement of at least one of the percus 
sion switch movable contacts away from the correspond 
ing biassed fixed contact to the other fixed contact thereby 
to vary the efficiency of transmision of said tone transmis 
sion means. 
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