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John M. Eia.net, Des Plaires, IE, assigror to 
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Application flowerier 2, 1951, Serial No. 254,573 
(C1, 84-01) 5 Caias. 1. 

My invention relates generally to an electrical 
musical instrument and more particularly to in 
proved electronic organs in which the tone sig 
nals are generated by oscillators which are nor mally not oscillating. 
In Some electronic Organs utilizing vacuuth 

tube oscillators as the tone signal generators the 
Signal output circuit of the oscillator is perma 
nently coupled to the output System of the instru 
ment. Thus, whenever a signal fronn an oscil 
lator is required, a key operated switch coinpletes 
a circuit to impress an operating potential upon 
one of the electrodes of the vacuum tube, usually 
through a resistance-capacitance delay network 
SO as to cauSe the oscillator to cominence oscil 
lating with gradually increasing amplitude and 
Similarly to cause the cessation of oscillation to 
OCCur With gradual decay. This arrangement, 
Whereby a direct current potential is applied to 
One of the electrodes of the vacuun tube is ad 
vantageous in that the oscillator is not operating 
except when a signal therefrom is called for by 
depression of a key. The vacuum tube and its 
aSSociated components will therefore have an extended useful life. 
However, this type of electronic organ has a 

disadvantage in contamon with the unified pipe 
Organ in that, if octave couplers are used, de 
pression of two keys an octave apart will not pro 
duce additive results as would be expected after 
hearing each of the tones sound separately. 
For example, if the organ builder were required 

to Supply only one voice, it would be a simple 
matter to regulate the tone of each key to be of 
Suitable loudness and quality. Under these con 
ditions, the movements of the tenor and alto 
Voices in contrapuintal music would he clear and 
easily distinguished. Now Suppose a second 
Voice in the form of an octave is wanted. One 
good plain, of course, Would be to pirovide another 
rank of pipes one octave higher in pitch than 
the first. This being somewhat expensive, the 
Organ builder is faced with the temptation merely 
to install 3 relatively inexpensive octave coupler. 
But if two keys, separated by the interval of an 
Octave, are played at the same time, an unex 
pected tone is heard. If one plays the lower key 
he finds that the key one octave higher in pitch 
Sounds weak because it has no unison component 
but merely plays its octave coupler component. 
Unification tends to spoil the enseinole of the 
Organ because the inner voices Of contrapuntal 
music cannot be clearly distinguished. if, on the 
other hand, all the voices add in proper pro 
portions regardless of the interval played, the 
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Organ is said to be 'straight.' It then becomes 
a vastly Superior instrument in which one key 
does not “rob' anything from the tones of any 
other key of the instrument. 
Other electric organs have been made in which 

this unification effect has been substantially 
avoided by the utilization of a decoupling imped 
ance in such Inanner that when a tone sigial 
Source Was required to Supply the unison coin 
ponent for one note and at the same time Supply 
an octave coupler component for another note, 
the output of the generator was held at a rela 
tively constant value and additive results were 
obtained across a Signal in pedance having a 
value low compared to the coupling impedance, 
thereby to produce additive or “straight’ effects. 
An organ of this type is disclosed in the patent 
to Laurens Hammond No. 1,956,350 and has been 
in extensive use. In instruments of this type 
there is difficulty in avoiding transients due to 
the closing and opening of the Signal circuits 
upon depression and release of the keys, and 
rather elaborate precautions must be taken even 
if variable impedance keying elements are en ployed. 
It is therefore a primary object of the inven 

tion to provide an improved electronic musical 
instrument in which electronic OScillators are 
employed as the tone signal generators, in which 
signals of different tone quality may be derived, 
and in Which octave couplers are employed with 
out introducing the disadvantage found in SO 
called unified organs and at the same time to 
provide the Smooth and gradual attack and decay 
characteristics of a direct current keyed Oscil 
lator having a suitable time delay mesh for con trolling attack and decay. 
A further object is to provide an instrument 

of the character described in the preceding para 
graph in which signals of different tone qualities 
may be simultaneously produced in both the uni 
Son and Octave when the Octave coupler is en 
ployed, thereby making it possible to divide the 
manual of the single manual organ and employ 
different quality registrations on each Section. 
In some types of electronic organs the tone 

signals are generated by OScillators and Since 
each of these oscillators includes a vacuum tube, 
the possibility of failure of the instrument to play 
a note called for by the depression of a key is 
increased if all the oscillators are operating dur 
ing the time that the instrument is being used. 

in the piaying of most selections the musician 
usually will not have more than six keys de 
pressed at one time. Thus, if the instrument con 
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tains sixty oscillators, only approximately one 
tenth of the oscillators will be operating at any 
one time and the useful life of the tubes will 
therefore be extended considerably. Of course 
factors other than the application of plate volt 
age to a tube which may causes it to age, but 
the life of most vacuum tubes may be gaged 
fairly well by the length of time plate current is 
flowing in the plate circuit tube. Furthermore, 
the cost of an instrument of this type is deter 
mined largely by the number of oscillators en 
ployed. In the instrument presently to be de 
Scribed each Oscillator serves to supply the tone 
signals for two adjacent Semitone intervals be 
cause it is infrequent that adjacent semitones 
Would be played in most musical Selections. Thus 
one oscillator may very well serve to supply the 
signals for two adjacent Semitones, thereby re 
ducing by Substantially one-half the number of 
tubes and Oscillator components required. 

It is therefore a further object of my invention. 
to provide an improved electrical musical instru 
ment in which the number of oscillators required 
is reduced by substantially one-half, in which 
plate current is supplied to the oscillator tubes 
Only while their output is being used, and by 
which true octave coupler effects may be obtained. 
Other objects will appear from the following 

description, reference being had to the accom 
panying drawings in which: 

Figure 1 is a schematic wiring diagram of a 
form of oscillator suitable for use in an instru 
ment; and Figure 2 is a schematic wiring and block dia 
gram of a representative portion of the instru 
ment. The oscillator shown in Fig. 1 is of the Hartley 
type, modified as to specific circuit arrangement 
and values of components, and is more fully de 
Scribed and claimed in my copending application 
Serial No. 224,276, filed May 3, 1951, now aban 
doned. The oscillator comprises a vacuum triode 
0 having a cathode , control grid 2, and anode 

or plate 3. The cathode is connected to a tap 
On an inductance L 4 which has a tuning capaci 
tor C6 in parallel therewith, one terminal of 
the L4 and C6 mesh being connected to ground 
while the other terminal of this mesh is con 
nected to a terminal F and connected to grid 
2 through a capacitor C8. The cathode is 
also connected to a terminal T through a turning 
capacitor C20. The grid 2 is connected to a 
source of vibrato pulses, indicated as a terminal 
W, through a resistor R22. Plate current is sup 
plied through a keying terminal K which, as will 
appear hereinafter, is adapted to be connected by 
a key-operated switch to a B-- terminal of the 
power supply. Terminal Kis connected to the plate f3 through 
a mesh comprising a resistor R24 having in par 
allel therewith a second lower-value resistor R26 
which is in series with a capacitor C28. The mesh 
R24-R26-C28 is connected to the plate 3 
through an additional resistor R30 and the plate 
is connected to ground through a resistor R33 
and an attack and decay capacitor C32. The sig 
nal appearing upon the plate 3 passes through 
a blocking capacitor C34 and is impressed across 
a coupling resistor R36, one end of which is 
grounded and the other end of which is con 
nected to C34 as well as to a terminal S. 

It will be understood that upon applying plate 
potential to the terminal K an initial surge of 
plate current will pass through capacitor C28 and 
relatively low value resistors R26 and R33 and 
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4. 
in addition the capacitor C32 will be rapidly 
charged. Thereafter the plate current is continu 
ously supplied through R24 and R39 and capaci 
tor C32 will become charged to its normal Oper 
ating potential. Thus even though the voltage on 
the control grid 2 is negative, due to the fact 
that the plate current happens to start being Sup 
plied at the instant that the vibrato voltage is 
in the negative phase of its cycle, the oscillator 
Will start promptly at the correct frequency. 
However, the rate of attack will be slowed by 
the time constants of the mesh R24-CS2-R38, 
so that a smooth attack will result. Similarly, 
upon disconnection of the source of plate poten 
tial from the terminal K, the capacitor C32 Will 
continue to supply plate current at a diminishing 
potential thus assuring a Smooth decay of the 
tOne. The signal appearing between the terminal F 
and ground will be substantially a sine Wave, Cor 
responding to a tone of a flute-like character, 
whereas the signal appearing acroSS R33 at the 
terminal S will be highly complex, representative 
of a tone quality of the String family. 

In Fig. 2 there are illustrated as blogks 69, 4i, 
and 42 three oscillators, each of which is of 
the circuitry shown in Fig. 1, except for mino' 
changes in the valueS of SOne of the circuit C91.in 
ponents. The oscillator it is adapted to Supply 
electrical tone Siginals of pitch corresponding to 
the notes C and Citi, it being understood that 
the capacitor C2 is of such value that when 
the terminal T is connected to ground the pitch 
of the oscillator will be reduced by a senitone 
interval. Oscillator Ai is adapted to provide tone 
signals of the pitcin C2 and C2it while oscillator 
42 is adapted to Supply tone signals of the pitch 
C3 and C3. Each of the Oscillators is provided with a tuning 
Switch 63 which, upon depression of the lower of 
the two playing keys 45 with which the oscillator 
is associated, is adapted to connect the terminal 
T of its oscillator to a grounded bus bar (33. In 
addition, each of the keys operates switches 68, 
49, and 5. Switches 44, 49, and 5 are arranged 
so as to close prior to the switch 58 whenever 
a key is depressed, and to open last upon release 
of the key. Each of the Switches 59 is adapted 
to connect the F terminals of its associated Os 
cillator to a bus bar 52 through a decoupling 
impedance 253, to complete a circuit for con 
ducting the fiute signal to the output System of 
the instrument. The impedances Z53 are illus 
trated as resistors, but in some instances night, 
be capacitors, or possibly inductance elements. 
If capacitors, they could be used also as keying 
Switches in the manner shown in Curtis Reissue 
Patent No. 21,554. Switches 49 are adapted to 
make connections between the terminal S of the 
Oscillator and a bus bar 55 through a decoupling 
impedance Z53, to complete circuit.S for the COn 
duction of the string tone signal to the output 
System of the instrument. Until one of the 
Switches 8 is closed the oscillator is not operat 
ing, So that when this last-to-close SWitch is 
closed plate current is supplied from the B-- bus 
bar 56 to the terminal K of the OScillator. AS 
previously indicated, the Oscillator Will tinen com 
mence oscillating with a Smooth attack and Will 
transmit flute signals to the bus bar 52 and String 
type signals to the bus bar 54. 

In addition to operating the SWitches previ 
ously mentioned, the key C is illustrated as ar 
ranged to operate a SWitch 60 and keys C and 
Ci are each adapted to operate similar groups 
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of switches 6 ?, 62, and 63. Upon operation of 
an Octave coupler tablet 64, a coupler switch 66 
connectS One pole of each of the switches 6 to 
the K terminal of the oscillator for the notes C2 
and C2F, and also, by closure of switch 5, con 
nects the tuning switch 80 to the T terminal 
of OScillator 4f. The switches 6, which make 
connections to a B-- bus bar 69, are closed after 
the other Switches 60, 82, and 63 have been closed 
upon the depression of a key and open prior to 
the opening of these other Switches. The Switch 
60, when closed, completes a circuit from the 
T terminal of oscillator 4 to a grounded bus 
bar 68 to tune the oscillator 4 to the pitch of 
C2. Closure of either of the switches 62 con 
nects the terminal S of Oscillator i to a bus 
bar 0 through a decoupling impedance Z53, and 
similarly, closure of either of the switches 33 con 
nects the F terminal of oscillator 4 to a bus bar 
72 through another decoipling impedance Z53. 

hus if the 4 ft. coupler tablet 64 is operated 
and one of the keys, for example C, depressed, 
closure of its Switches 44 and 60 will first tune 
the OScillators 4) and 4 to the pitch of C and C2 
respectively. Closure of the Switches 49 and 62 
Will condition circuits for supplying the string sig 
nals from oscillators 40 and 4f to the output. 
Closure of Switches 53 and 63 Will condition the 
circuits for transmission of the flute tone signals 
to the output. Thereafter, closure of the switches 
48 and 6 Will supply plate current to oscillators 
40 and 4 respectively, causing these oscillators 
to Commence oscillating and to supply flute and 
String quality signals to the output system of the instrument. 
The key C3, in addition to operating its switches 

44, 48, 49, and 50, operates a tuning switch 80 
and each of the keys C3 and C3# operates one 
of two groups of similar switches 8, 82, and 83. 
A 16 ft. coupler tablet 90 is adapted to operate 
Switches 9 and 92. The switches 63 to 83, 3 
and 92 correspond in function to the switches 
60 to 63, 66 and 67 and operate in the same 
nanner to control the tuning and the keying of 
Signals from oscillator 4 whenever key C3 is Operated. 
Switch 80 co-operates with a grounded bus bar 

94, Switches 8 are adapted to complete a cir 
cuit to a B-H bus bar 95, switches 82 are adapted 
to complete circuits to a string signal bus bar 
96, and Switches 83 are adapted to complete cir 
cuits to a flute signal bus bar 97. Thus when 
ever the key C3 is depressed appropriate signals 
from its associated oscillator 42 and additional 
Signals froin the oscillator Ai are supplied to the 
Output System as Soon as the late-to-close switches 48 and 8 are closed. 
BuS bars 54, 7, and 96 are respectively con 

nected to switches 0 , 2, and 03, which are 
Operated by a suitable tablet G 3 which is nor 
mally in position to ground these bus bars, but 
When operated, connects these bus bars to a sig 
nal collector conductor (5. 
In a similar manner the bus bars 52, 2, and 

9 are respectively connected to switches iOS, Ol, 
and 8, these Switches being normally grounded, 
but being arranged to connect these bus bars to 
the collector conductor G5 when a tablet () is 
Operated. The collector conductor G5 is con 
nected to One end of an impedance element 2, 2, 
the value of which is low relative to the values 
of the decoupling impedances Z53, to obtain addi 
tive results when an oscillator has its output cou 
pled to an amplifier 4 through more than one 
of the impedances Z53. The other end of im 
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6 
pedance Z 2 is grounded. The amplifier f4 
which, may include suitable tone quality and 
volume controls, and the output of which is sup 
plied to a Speaker f 6 has its input terminals 
connected to the ends of the impedance Z 2. 

It will be understood that some of tha princi 
ples of the invention may be embodied in instru 
ments in which an oscillator is enlployed ior each 
note, in which event the tuning capacitors C20 
and all Switches connected to the terminals T 
are omitted. If desired, a vibrato signal produc 
ing apparatus 8 may be coupled to the W ter 
minals of the oscillators, preferably in the man 
ner noire fully disclosed in my copending appli 
cation Serial No. 223,376, filed April 27, 1951. 
Depending upon the effects desired, one or both 

of the tablets 64, 90 may be operated to close 
their associated switches whereupon depression 
of any of the keys, such for example as the key C2, 
will result in tuning the oscillators 4G, 4, and 
42 to the pitches of the notes C, C2, and C3 
respectively; condition the circuits to supply flute 
quality, string quality, or both types of signals to 
the amplifier, depending upon which of the tah 
lets f O4, C, or both, have been operated; and 
finally, render each of the three oscillators oper 
ative by supplying plate current, thereto. 

It will be understood that in lig. 2 only a rep 
resentative portion of the instrument is illus 
trated and that each octave of keys, except the 
keys for the lowermost octave, will be provided 
with SWitches 80 to 83. Each except the Upper 
nost, octave of keys will be provided with Switches 
60 to 63, and all switches will be connected in 
the manner illustrated and described. 
The instrument is played in the customary 

manner of an organ, Operating the various con 
trols and depressing the playing keys 45. Full 
organ and flute-like tone qualities may readily 
be obtained. If the instrument has but one man 
ual it may be “split' below the note A3, utilizing 
Separate bus bars for collecting the flute and 
string tones respectively from the treble section, 
and the accompaniment and bass section, and 
providing Switches operable by tablets such as 
04 and O for each register. Since the tuning 

circuits and the circuits connecting the oscilla 
tor outputs to the output system are operated 
prior to rendering the oscillators operative, the 
tones produced may have the desired intensity envelope. 
While I have shown and described particular 

embodiments of my invention, it will be apparent 
to those skilled in the art that numerous modi 
fications and variations may be made in the form 
and construction thereof, without departing from 
the more fundamental principles of the invention. 
I therefore desire, by the following claims, to in 
clude Within the scope of my invention all such 
similar and modified forms of the apparatus dis 
closed, by Which substantially the results of the 
invention may be obtained by substantially the Same or equivalent means. 
I claim: 

1. In an electrical musical instrument having 
an output System, the combination of an elec 
trical musical tone signal generator having input 
and output terminals, said generator supplying a 
Signal to its output terminals only when an oper 
ating potential is impressed across its input ter 
minals, a playing key, two switches operated se 
quentially thereby, a circuit including the first 
operated Switch to couple the output terminals 
of the generator to the output system, and a sec 
Ond circuit including the second-operated switch 
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for impressing an operating potential across the 
input terminals of the generator. 

2. In an electrical musical instrument, the 
combination of an output system having a low 
impedance input circuit, a plurality of electrical 
musical tone signal generators each having input 
and output terminals and supplying a signal to 

5 

its output terminals only when an operating po 
tential is impressed across its input terminals, a 
playing key, two groups of switches operated Se 
quentially thereby, circuits each including One of 
the first-operated group of switches and a rela 
tively high value impedance to couple the output 
terminals of at least two octavely related gen 
erators to the output System, and additional cir 
cuits each including one of the Second-Operated 
group of Switches for connecting the input ter 
minals of said octavely related generators to a 
Source of operating potential. 

3. In an electrical musical instrument having 
an output System with an input circuit of rela 
tively low inpedance, the combination of two 
octavely related electrical tone signal generators, 
each generator having output and input termi 
nals and operable to Supply a tone signal to its 
output terminals when an operating potential is 
impressed across its input terminals, first and 
second playing keys, at least four switches oper 
able by each key and arranged so that two of 
the Switches will be operated before the other two 
are operated, parallel circuits each including an 
impedance of relatively high value and One of the 
early-operated Switches for coupling the output 
terminals of the generators respectively to the 
output system, and additional circuit.S each in 
cluding one of the late-Operated SWitches for im 
pressing operating potentials acroSS the input 
terminals of the generators respectively. 

4. In an electrical musical instrument having 
an output System, the combination of a first and 
a second electronic oscillator, a first key, a second 
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key spaced an octave from the first key, deCOll 
pling impedances and switch means operable by 
the first key to couple the outputs of the first and 
Second oscillators to the output System, decoul 
pling impedances and Switch means operable by 
the second key to couple the output of the second 
OScillator to the output System, two switches in 
parallel operable by the first and second keys 
respectively to supply energizing current to the 
OScillators, said last named Switches being Op 
erated on the downstrokes of the keys after all 
of the other switch means have been operated. 

5. In an electrical musical instrument having 
an Output system, the combination of a first elec 
tronic oscillator, a second electronic oscillator 
having a tuning circuit including an impedance 
to change its pitch, a first key, a second key 
Spaced an Octave from the first key, decoupling 
impedances and Switch means operable by the 
first key to couple the outputs of the first and 
Second OScillators to the output system, decou 
pling impedances and Switch means operable by 
the Second key to couple the output of the second 
oscillator to the output System, a switch operable 
by the first key effectively in the tuning circuit 
of the second oscillator to change the pitch of 
the latter, two SWitches in parallel operable by 
the first and second keys respectively to supply 
energizing currents to the oscillators, said last 
named SWitches being operated on the down 
Strokes of the keys after all of the other switch 
means have been operated. 
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