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UNITED STATES PATENT of FICE 
- 2,506,23 

ELECTRICAL GENERATION OF MUSICAL 
TONES 

Merwin J. Larsen, Willa Park, Ill., assignor to 
Stromberg-Carlson Company, a corporation of 
New York 

Application December 31, 1947, Serial No. 795,060 
(C. 84-1.19) 8 Claims. 

The present invention relates to apparatus for 
the electrical generation of musical tones and 
more particularly to improvements in musical in 
struments of the type employing electrical oscil 
lators of audible frequency for the production of 
musical notes. 

It is Well-known that the timbre or tone qual 
ity of musical instruments depends upon the har 
monic content of the wave form of the musical 
note produced. Some musical instruments such 
as the flute, the triangle and the like may pro 
duce tones having substantially sinusoidal wave 
forms. It is also well known that certain musical 
instruments are characterized by the absence or 
extreme weakness of certain harmonics and the 
predominance of others. Some musical instru 
ments, for example, have strong odd harmonics 
such as the fundamental, third, fifth, etc. and 
weak even harmonics Such as the second, fourth, 
sixth, etc. Musical instruments of the type often 
characterized by the term electronic organ, have 
been constructed so as to be able to imitate the 
characteristics of various other musical instru 
ments having wave forms of the type referred to 
above. It is obvious therefore that such musical 
instruments must be able to produce tones vary 
ing from sinusoidal wave forms to those having 
complex Wave forms. Known tone Sources for 
use in electrical musical instruments produce 
wave forms which are either substantially sinus 
oidal or else Wave forms which are rich in har 
monics. If a sinusoidal Wave form source only is 
available, it is necessary subsequently either to 
distort the sine wave or combine the outputs of 
various sine wave generators in order to arrive at 
a tone of complex wave form. On the other hand, 
if a complex wave form source only is used, Such 
as relaxation oscillators, or multivibrators, then 
rather involved filtering is necessary in order to 
produce tones having a substantially sinusoidal 
wave form. 

It is apparent therefore that to produce the 
desired tone quality, it is necessary to have tone 
sources which are capable of producing audible 
signals having waveforms varying all the Way from 
a sine wave to a wave form of very complex har 
monic structure. A plurality of different methods 
have been employed for accomplishing this result. 
One method which has been extensively emi 
ployed comprises employing a plurality of gener 
ators for producing only substantially sinusoidal 
voltages of frequencies following the tempered 
scale. The complex Wave form tones are then 
produced by bleeding various harmonics along 
the tempered scale from those generators whose 
frequencies exactly or sometimes approximately 
correspond to the harmonic Orders desired and 
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recombining them to produce the desired tones. 
Another method Which has also been extensively 
used employs means for initially generating tones 
rich in harmonics and employing suitable filters 
for getting the desired pure tones without har 
monics or the desired combinations of frequen 
cies. A third method starts with sinusoidal volt 
ages and produces complex wave forms by dis 
torting techniques. The present invention is par 
ticularly concerned with this third method 
whereby a simple inexpensive multiple tone 
source can readily be provided. 

It is an object of the present invention to pro 
Wide a multiple tone source for a musical instru 
ment which is exceedingly simple and inexpen 
sive and very satisfactory in operation. 

It is another object of the present invention to 
provide a tone source which provides a source of 
Substantially pure tones as well as a source of 
tones rich in harmonics without the requirement 
of filtering means or other complicated means for 
recombining various frequencies to provide com 
plex Wave forms. 
A still further object of the present invention is 

to provide a tone source for both pure tones and 
tones having complex wave forms with simple 
means for providing a vibrato output whenever, 
desired. 
Further objects and advantages of the present. 

invention Will become apparent as the following 
description proceeds, and the features of novelty. 
which characterize the invention will be pointed 
out with particularity in the claims annexed to 
and forming a part of this specification. 
For a better understanding of the present in-' 

vention reference may be had to the accompany 
ing drawings in which: 

Fig. 1 is a schematic circuit diagram to aid in 
understanding one feature of the present in 
vention; 

Figs. 2a and 2b are curve diagrams to aid in 
understanding the operation of the circuit of 
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Fig. 1; 
Fig. 3 is a schematic diagram of a multiple tone 

Source embodying the present invention and em 
ploying the basic concept of Fig. l; 

Figs. 4d. and 4b are curve diagrams similar to 
Figs. 2d. and 2b to aid in understanding the oper 
ation of the multiple tone source of Fig. 3; 

Fig. 5 is a circuit diagram similar to Fig. 3, 
illustrating a modification thereof; 

Fig. 6 is a curve diagram to aid in understand 
ing the operation of the multiple tone source of 
Fig. 5; and 

Fig. 7 is a diagram similar to Fig. 5 illustrat 
ing still another modification of the present in 
vention. - 
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Because of its low cost the resistance-ca 
pacitance or R. C. type of audio Oscillator has 
been found to be very well suited for a sine wave 
tone source. The so-called parallel-T oscillator 
which has recently been extensively employed 
is especially satisfactory since the frequency 
stability is very good and is more a function of 
component stability rather than a function of the 
voltage or tube characteristic. The basic theory 
underlying the so-called parallel-T type oscillator () 
is disclosed in United States Letters Patent to : 
Scott 2,173,427. Although a parallel-T type of 
oscillator has been illustrated in some of the fig 
ures of the drawings as the source of a signal of 
sinusoidal wave form, it should be understood 15 
that other forms of audio oscillators' night . 
equally well be employed and the illustrated em 
bodiment is by Way of example only. vs. -- 
Referring now to Fig.1 of the drawings there 

is illustrated, partially in block diagram, a multi- 20 
ple tone source generally indicated at to 
including as a basic element thereof an audio 
oscillator if capable of acting as a sine-wave 
source. This sine-wave source i may be of the 
form. disclosed in detail in Fig. 3 of the draw- 25 
ings or some other suitable audio frequency os 
ciliator preferably of the resistance-capacitance 
or so-called “R. C.’ type. . . . . . . . . . . . . . 
: For the purpose of producing a tone having a 
complex wave form from the substantially 30 
sinusodial output of the oscillator there is 
provided in accordance with the present inven 
tion a distorting circuit employing a small gas 
diodegenerally indicated at 2 which may for 
example comprise a 1/25 watt neon tube such as 35 
is available on the market under the type desig 
nation NE9. As illustrated one electrode of 
the gas diode 2 is connected to a terminal 5a 
which in turn is connected to one terminal of 
the sine-wave source through a suitable cur- go 
rent limiting resistor f3 for limiting the current 
which may flow through the gas diode-2 when 
it ionizes. The other electrode of the gas diode 
f2 is connected to the other terminal of the sine 
wave source f l with a suitable adjustable sour 45 
of direct current potential interposed in this cir 
cuit. This source of direct current potential is 
schematically designated by the battery 4 hav 
ing its positive terminal designated as 5b. The 
sum of the battery potential and the potential 
appearing at the terminals of the oscillator. , 
neglecting any voltage drop in the resistor 13, is 
therefore-impressed across the diode terminals. 
When this voltage across the diode terminals ex 
ceeds the break down voltage of the diode, cur 
rent will flow through the diode. Such diodes 
generally have a break down voltage which is 
substantially higher than the voltage when the 
diode is conducting current. A typical operating 
characteristic for a gas diode such as 2 might 
require 80 volts for break down or ionization 0 
following which the voltage drops to about 66 
volts, rising slightly as the diode begins to de 
ionize. . The difference in voltage between the 
positive and negative peaks of the sine wave volt 
age output of the source if should preferably be 
several times greater than the difference in volt 
age across the diode for break down or ioniza 
tion and when conducting full current, in order 
to compensate for operating differences from tube 70 
to tube. - - - - - - -- . . . . . . . . . . . . 

The operating characteristics of the circuit of 
Fig. 1 will become apparent from the curve dia 
grams of Figs. 2a and 2b respectively. The volt 
age of the battery 4 is designated as Eb volts 75 
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above the Zero axis in both Figs. 2a and 2b and 
it is noted that the battery voltage is substan 
tially greater in Fig. 2b than in Fig. 2a of the 
drawings. The Sinusoidal voltage at the termi 
nals of the audio oscillator or sine wave source 
f is the same in each of the Figs. 2a and 2b and 
is indicated by the dashed line curve Es. The 
voltage across the terminals 5a and 5b in Fig. 
1 of the drawings is represented by the solid line 
curves Ea in both Figs. 2d. and 2b of the draw 
ings. It will be understood that the differential 
voltages across the diode 2 have exactly the same 
wave forms as the curves Ea except that 
the zero axis is displaced by the amount Eb. If 
the horizontal lines Z in Figs. 2a and 2b were 

2. considered to be the reference axes or zero axes 
then the curves Ea with reference to the axes Z 
would truly represent the differential voltages 
across the gas diode 2 for the two situations rep 
resented by Figs. 2a and 2b of the drawings. An 
examination of the voltage curve Ea in Fig. 2d 
of the drawings indicates that the voltage across 
the diode 2 rises until ionization occurs at point 
X when a sudden drop in voltage occurs. The 
voltage remains substantially constant at this 
lower value until the gas diode 2 starts to de 
ionize when a slight rise in voltage occurs. The 
point Y indicates the instant during each cycle 
that deionization occurs. From the point Y in 
Fig. 2a of the drawings to the successive point 
X the gas diode 2 is not conducting current 
and break down again occurs at X. By increas 
ing the direct current bias voltage Eb in the man 
ner shown in Fig. 2b of the drawings the gas 
diode 12 fires near the trough of the alternating 
current cycle as contrasted with Fig. 2d where 
the diode fires near the peak of the alternating 
current cycle. A harmonic analysis of the volt 
ages represented by the curves Ea in Figs. 2a and 
2b of the drawings indicates that a tone is pro 
duced which is rich in harmonics not unlike the 
output of a saw-tooth generator with the excep 
tion of the fundamental and second harmonic. 
It is evident that by varying the bias Eb of the 
battery f4 a variation of the wave form may be 
obtained, the curve Ea of Fig.2a containing more 
fundamental and more second harmonic than the voltage Ea of Fig.2b of the drawings. 
For the purpose of obtaining a voltage having 

the complex wave form of the curves Ea of Figs. 
2a and 2b, for example, a suitable circuit con 
nected in parallel with the terminals Sa and 5b 
may be provided. As illustrated this parallel cir 
cuit comprises the capacitor f3, the resistorf7 
and the resistor 8 all connected in series across. 
the terminals 3d and 5t. This garallel circuit 
affords a convenient means of chtaining at the 
terminals 9 across the resistor 8 a suitable volt age having the wave form rep: esented by typical 
curves Ea, such as are shown in Figs. 2a and 2b, 
potential from reaching the terminals 9. 

It will be apparent from the description thus 
far that by means of a simple and inexpensive 

the capacitor f6 preventing any direct current 

gas diode a sine wave source of one or signal may 
readily be conve:ted to a dual tone source since 
the sine wave tone may be obtained across the 
terminals 23 of the oscillator and the tone 
rich in harmonics may be obtained across the 
terminals 9. 
In Fig. 3 of the drawings there is illustrated 

schematically an application of the distorting 
circuit of Fig. 1 to a portion of the tone source of . 
an electronic organ. The audio frequency oscil 
lator is again generally designated by the referr, 
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ence numeral if and the corresponding parts of 
Fig. 3 are designated by the same reference nu 
merals as in Fig. 1. The audio frequency oscil 
lator is illustrated as a parallel-T type OScilla 
tor which is a specific one of the bridge type of re 
sistance-capacitance oscillators. As illustrated 
the oscillator if comprises a bridge circuit gen 
erally designated at 2 arranged in a so-called 
parallel-T with one T comprising the serially 
arranged resistors 22 and 23 and the capacitor 
24 connected between the common terminal of 
the resistors 22 and 23 and ground. The other 
T circuit comprises the capacitors 25 and 26 con 
nected in series with the common terminal of the 
capacitors connected to ground through resistors 
27 and 28, one of which, i.e. resistor 28, is indi 
cated as being adjustable to provide means for 
obtaining a fine frequency adjustment as for ini 
tially tuning the electronic organ. This parallel 
T bridge type circuit is disclosed in the Scott Pat 
ent 2,173,427 referred to above. The audio fre 
quency oscillator further includes an electron 
discharge valve 30 specifically illustrated as a tri 
ode comprising an anode or plate 3, a cathode 
32 and a control electrode or grid 33. The cath 
ode 32 is grounded through a suitable cathode re 
sistor 34 which provides the desired degenera 
tion for improvement of the Wave form, while the 
anode 3 is connected to a source of --B poten 
tial 35 through a suitable voltage dropping re 
sistor 36. The bridge circuit 2 described above 
has one terminal, namely the terminal between 
the resistor 23 and the capacitor 26, connected to 
the control electrode 33 while the terminal be 
tween the resistor 22 and the capacitor 25 is con 
nected to the plate 3 through a Suitable direct, 
current blocking capacitor 38. A suitable resistor 
40 is also illustrated as normally connecting the 
control electrode 33 to ground as indicated at 4. 

In order that a substantially pure sinusoidal 
potential may be obtained from the audio fre 
quency oscillator if there is provided an output 
circuit comprising the resistors 42 and 43 con 
nected in series and connected between ground 
and the plate 3 of the triode 39 preferably 
through the direct current blocking condenser 38 
as illustrated. The sinusoidal output voltage may 
be obtained at the terminal 44 between the re 
sistors 42 and 43. The resistor 42 preferably pro 
vides a very high resistance so as to prevent any 
frequency change of the oscillator when an 
output potential is obtained as by keying or the 
like from the terminal 44. 
Any suitable means for obtaining a sinusoidal 

potential from the terminal 44 may be provided. 
As illustrated the terminal 43 is connected to a 
suitable movable switch arm 5 adapted to be ac 
tuated by a key 47 pivotally mounted at 48. By 
depressing the finger engaging portion of the key 
47 which may comprise the key of an electronic 
organ the Switch 45 is moved into engagement 
with the stationary contact 69 connected by a 
suitable conductor 50 to an audio frequency am 
plifier 5 which in turn has its output connected 
to a signal reproduction device or loud speaker 
52. It will be apparent therefore that the output 
of the audio frequency oscillator may selec 
tively be supplied to the amplifier 5 and loud 
speaker 52 to produce an audible tone of Substan 
tially sinusoidal frequency or in other words a 
pure tone. It will be understood that in an elec 
tronic organ a plurality of Oscillators such as 
each capable of producing a different frequency 
will be provided and by suitably keying these 
oscillators the common conductor 59 may be se 
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lectively connected to one or more of the Oscilla 
tors such as . The conductors 50d, 50b, 50c and 
50d are illustrated as representing branch con 
ductors connecting the common line 50 with the 
various keying circuits of a plurality of Oscilla 
tors such as . 

It will be understood that other types of oscil 
lators than the one illustrated may be employed 
equally well herein, the only requirements being 
that such an oscillator must have a safe margin 
of amplitude and a high degree of frequency sta 
bility. 
By employing the parallel-T type oscillator de 

scribed above a very desirable arrangement is pro 
vided for the injection of a low frequency signal 
to produce a frequency vibrato. As illustrated in 
the drawings a suitable key or stop 54 may be 
provided for controlling a two-position Switch 55. 
Normally the switch 55 engages a contact 55a 
whereby the control electrode 33 is grounded 
through the grid resistol 40. Upon actuation of 
the key or stop, however, the Switch 55 is moved 
into engagement with a normally open contact 
55b SO as to connect a low impedance low fre 
quency source generally designated at 57 in series 
With the resistor 40 with one terminal of the gen 
erator 57 connected to ground, also designated 
by the reference numeral 4. Preferably the gen 
erator 57 is a five to eight cycle generator of 
Sufficiently low impedance whereby keying of the 
switch 55 has no adverse effect. By the proper 
choice of the resistance value of the resistor 40 
the frequency vibrato may be substantially free 
from amplitude modulation which is very desir 
able since it permits the gas diode 2 to operate 
steadily. It will be apparent that a single gen 
erator such as 57 may be employed for supplying 
the vibrato for all of the frequency oscillators 
Such as and consequently the conductor 60 con 
nected to the other terminal of the generator 5. 
and the contact 55b may be common to all of the 
Oscillators Such as ff. 
The gas diode or neon tube 2 is connected in 

Substantially the same manner as in Fig. 1 of the 
drawings with the resistor 3 connected to the 
plate circuit of the triode 30. Instead of employ 
ing the biasing battery of Fig. 1 of the drawings, 
however, the terminal f5a connected to one elec 
trode of the diode 2 is connected to the source 
of --B potential 35 through the serially arranged 
resistors 3 and 36. The source of potential 35 
therefore provides the necessary bias for the gas 
diode 2 whose other electrode is connected to 
ground a SShoWn. It will be apparent that by suit 
ably adjusting the resistors 3 and 36 any desir 
able bias may be obtained such as was obtained 
by varying the voltage of battery 4 in Fig. 1 of 
the drawings. 
The tone or signal of distorted wave form may 

also be keyed and, as illustrated in Fig. 3 of the 
drawings, the terminal 8a between the resistors 
7 and f 8 is connected to a suitable switch 6 

which is controlled by a key 62 pivotally mounted 
at 63. The Switch 6 includes a normally open 
contact 64 which is connected by a conductor 65 
to suitable filters generally designated at 66 the 
output of which may, if desired, be connected to 
the audio amplifier 5 for audible reproduction 
by the loudspeaker 52. It will be understood that 
conductor 65 may be a common circuit for the 
complex waves produced by the distorting cir 
cuits of other audio oscillators forming a part of 
an electronic organ. If desired the capacitance of 
capacitor 6 may be made small enough to par 
tially suppress the fundamental component of 
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the audio frequency signal of complex waveforms 
since this fundamental component is available for 
separates control at the terminal 44: 

In Figs. 4a and 4b-there are illustrated certain 
waveforms for understanding the operation of 
the distorting circuit of Fig. 3 of the drawings: 
which curves are quite similar to the curves shown 
in Figs: 2a and 2b of the drawings. The curves 
Ein both Figs: 4a and 4b indicate the sinusoidal 
voltage output of the audio-oscillator f, it being 
observed that a larger voltage is present in the 
curve of Fig. 4b which is obtained by increasing 
the potential of the --B source 35 as by adjust 
ing the resistor 36: The curves Ea of Figs. 4a and 
4b represent the potentials at the terminal 5a 
of the diode 2 which potential is displaced from 
the zero axis by the direct current biasing voltage' 
of the source 35. This biasing voltage is indicated 
as also being of greater magnitude in Fig. 4b. 
than in Fig. 4a: - 

it will be understood that various circuitar 
rarigements and various circuit constants may 
be employed in connection with the arrange 
ment of Fig. 3 of the drawings for example. In 
order, however, to illustrate the relative magni 
tudes of the principal elements of a typical cir 
cuit arrangement which has been found to satis 
factorily embody the present invention the fol 
lowing approximate values of such elements to 
gether with other pertinent information are 
given for a particular device. It should be under 
stood that these values are given by Way of ex 
ample only and not by Way of limitation. 
Gas diode 2i.------- NE 9 (1/25 watt) - 
Resistor. 3.--------- 4.7 megohms 
Capacitor' 6.------- has such a value of capac 

- itance that its capacitive" 
reactance at the oScii 
lator frequency is 2.2 
negohms. 

Resistor T---------- 2.2 megohms' 
Resistor F8--------- C:1 megohm 
Resistor 22--------- 0.27 megohn" 

0.27 megohm 
capacitance in microfar 
ads approximately eral 
to 1:8/f where f is the 
frequency in cycles." 

Resistor 23, 
Capacitor 24. 

capacitor 25,------- 4 the capacitance of ca 
pacitor 24 

Capacitor. 26:------- % the capacitance of ca 
- pacitor 24 

Resistoi'2.É.--------- 18,000 ohms 
Resistors 28---------- 0 to 10,000 ohms Electron discharge 
valve 30i.---------, 6SI (A of the 6SL7 to be 

used for one audio fre 
quency oscillator if and 
the other half for a sim 
ilar oscillator of a some 
what different frequen 

. . . cy . . 

Resistor. 34-------- 3,900 ohms' 
Potential of --B 
Source 35i-------- 200 volts 

Resistor. 36--------- 0.27 megohm 
Capacitor, 38-------- ten-times the capacitance 

- of capacitor 24 
Resistor 40--------. negohm 
Resistor 42--------. 2.2-megohms. 
Resistor 43---------. 0..negohm 
Frequency of 
generator 57.----- 5 to 8 cycles 
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As was mentioned above certain instruments, 

notably the woodwinds such as the clarinet, have. 
strong odd harmonics and weak even harmonics: 
with the tone source illustrated in Fig. 3 of the 
drawings it is necessary to do a substantial 
amount of filtering to eliminate the even hars 
monics. In Fig. 5 of the drawings there is illus 
trated a modification of the present invention 
in which there is essentially provided a triple 
tone source which comprises a sine wave tone 
source, a complex wave tone source in which sub 
stantially only odd harmonics are present, and 
a complex wave form source in which substan 
tially all harmonics are present. The corre 
sponding parts of Fig. 5 are designated by the 
same reference numerals as in the preceding 
figures. It will be understood that the wave Ea 
such as is shown in Fig. 4b, for example, could 
not be used to produce a clarinet tone which 

: contains substantially only odd haraonics, with 
out resorting to cumbersome flitering. If, how 
ever, the wave. Ea of Fig. 4b, for example, were 
distorted Soboth the positive and negative halves 
were alike the resulting wave would contain sub 
stantially only odd harmonics. This is accom 
plished by the circuit arrangement of Fig. 5 
where two gas diodes are employed, designated 
as 2a and 2b respectively. The diodes are con 
nected in Series with the common terminal O 
corresponding to the terminal 5ain the preced 
ing figures of the drawings. The other terminal 
of the diode 2d. is connected to the source 35 
of --B potential through a suitable potentiometer 
comprising the resistor and the adjustable 

is tap 72. The other terminal of the gas diode 2b 
is grounded through a suitable resistor 3. The 
potential of the --B source 35 must be sufficiently 
large to fire both diodes 2a and 2b alternately. 
The terminal 70 is connected to the sine wave 
Source if through the current limiting resistor 
i3 and the blocking capacitor 74. The terminal 
7 is also connected to ground through serially 
arranged blocking capacitor 75 and resistors, 6. 
and 77. The resistors 76, and 77 are illustrated. 
as having a common terminal 78 which provides 
a source of potential. of complex wave form con 
taining Substantially, only odd harmonies. By 
virtue of the capacitors 74 and 75 the common. 
terminal 10 of the gas diodes. 2a and 2b is main 

stained at an average direct current potential be 
tween ground. and the positive potential of the 
Source 35 whereupon a very symmetrical wave. 
form is obtained. - 

In Fig. 6 of the drawings. there is illustrated 
55 by the curve Ea the complex wave form obtain 
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able which contains substantially, only odd har 
monics. The oscillator sine wave. voltage Es is 
also shown. 
The potential obtainable at the terminal. T8: 

may be supplied through a suitable switch, 80. 
actuated by a key ef pivotally mounted at 82. 
Switch 88 is illustrated as being engageable with 
a normally open contact. 83, connected by means 
of a suitable conductor $3 to suitable filters and : 

'subsequently to the audio amplifier. With the 
arrangement disclosed in Fig. 5 of the drawings. 
a very Simple Way of obtaining a pure sine wave,; 
a Wave rich in all harmonics, and a wave rich. 
in odd harmonics only is provided. The three dif 
'ferent wave forms are illustrated schematically 
in Fig. 5 adjacent the conductor wherein the 
particular wave form appears. 

It should be understood that instead of gas. 
diodes 2a and 12b ordinary diodes might equally 
Well be employed and in Fig. 7 of the drawings 
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the identical circuit of Fig. 5 with the tubes. 2d. 
and 2b replaced by ordinary diodes designated 
by the reference numerals 90 and 9 respectively, 
is shown. As illustrated the anode of the diode 
90 is connected to the terminal While the cath 
Ode of the diode 9 is connected to the terminal 
70. It will be understood that when the poten 
tioneter comprising the resistor and the war 
iable tap 72 is employed the odd harmonic output 
can readily be controlled inerely by changing the 
common bias. With this arrangement it is pos 
Sible to tie keys 62 and 8 together or in other 
Words eliminate one of the keys thereby making 
possible a keying system employing a minimum 
number of cantacts and yet retaining a degree 
of quality control. 
In view of the detailed description included 

above the operation of the multiple-tone source 
arrangements described Will be apparent to those 
skilled in the art and no further discussion there.- : 
Of is included hereWith. 
While there have been described and illus 

trated what are at present considered to be the 
preferred embodiments of the present invention, 
it will be obvious to those skilled in the art that 
various changes and modifications can be made 
therein without departing from the spirit and 
Scope of the present invention. It is aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and Scope of the present invention. 
What is desired to be secured by Letters Patent 

of the United States is: 
1. In a musical instrument, an oscillation gen 

erator for developing an audible signal having a 
Substantially sinusoidal wave form, means for 
developing a signal of adjustably complex wave 
form comprising a distorting circuit including a 
gas diode characterized by having a firing poten 
tial which is substantially higher than the po 
tential for sustaining current flow through said 
diode, means for impressing the output of said 
oscillation generator across said diode, the varia 
tion in potential of the output of said oscillation 
generator exceeding the difference in voltage 
across said diode for firing said diode and for 
Sustaining current flow therethrough, and means 
for applying a direct, current, hias across said 
diode, the value of said bias determining the wave 
form of said developed signal. 

2. In a musical instrument, an oscillation gen 
erator for developing an audible signal having 
a substantially sinusoidal wave form, means for 
developing a signal of adjustably complex wave 
form comprising a distorting circuit including 
a gas diode characterized by having a firing po 
tential which is substantially higher than the po 
tential for sustaining current foW through said 
diode, means for impressing the output of said 
oscillation generator across said diode, the war 
iation in potential of the output of said oscillation 
generator exceeding the difference in voltage 
across Said diode for firing said diode and for sus 
taining current flow therethrough, means for ap 
plying a direct current bias across said diode, the 
value of said bias determining the wave form of 
Said developed signal, and means for obtaining a 
potential of Said determined complex wave form 
from across said diode. 

3. In a musical instrument, an oscillation gen 
erator for developing an audible signal having a 
Substantially sinusoidal wave form, means for 
developing a signal of adjustably complex wave 
form comprising a distorting circuit including 

35 
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a gas diode characterized by having a firing po 
tential which is substantially higher than the 
potential for Sustaining current flow through 
Said diode, means for impressing the output 
of said oscillation generator across said diode, 
the variation in potential of the output of 
said Oscillation generator exceeding the dif 
ference in Voltage across said diode for firing Said 
diode and for sustaining current flow there 
through, and for applying an adjustable direct 
current bias across said diode, the value of said 
bias determining the Wave form of Said developed 
Signal, and means comprising a serially arranged 
capacitor and resistor connected across said diode 
whereby a potential of said determined complex 
Wave form may be obtained across said resistor. 

4. In a device for producing musical tones in 
cluding tones of Sinusoidal Wave form and tones 
of adjustably complex wave form, the combina 
tion of a source of alternating potential of audio 
frequency having a substantially sinusoidal wave 
form; means for distorting said potential of audio 
frequency comprising an electron discharge valve 
of the type requiring a substantially greater po 
tential across its terminals to initiate ionization 
than to maintain ionization. Once such ionization 
has occurred, the sinusoidal Wave form output of 
said source having a variation in potential ex 
ceeding the difference in potential acroSS Said 
valve between that existing at the instant of ion 
ization and that for maintaining ionization; 
means for connecting said Valve acroSS said 
Source; and means for impressing a direct cur 
rent potential across said valve of Sufficient mag 
nitude so that the Sum of said audio frequency 
potential of sinusoidal wave form and said direct 
current potential equals the ionization potential 
of said valve at Some point during each cycle 
of said audio frequency potential whereby the 
potential across said valve comprises an audio 
frequency potential rich in harmonics, the mag 
nitude of Said direct current potential determin 
ing the Wave form of said developed audio fre 
quency potential. 

5. In a device for producing musical tones in 
cluding tones of sinusoidal wave form and tones 
of adjustably complex wave form, the combina 
tion of a source of alternating potential of audio 
frequency having a substantially sinusoidal wave 
form: means for distorting said potential of 
audio frequency comprising a gas diode of the 
type requiring a substantially greater potential 
across its terminals to initiate ionization than 
to maintain ionization. Once Such ionization has 
occurred, the sinusoidal wave form output of 
such source having a variation in potential ex 
ceeding the difference in potential across said 
diode between that existing at the instant of 
ionization and that for maintaining ionization; 
means for connecting said diode acroSS Said 
source; and means for impressing a direct cur 
rent potential across said diode of sufficient mag 
nitude So that the sum of Said audio frequency 
potential of sinusoidal wave form and said direct 
current potential equals the ionization potential 
of said valve at Some point during each cycle of 
said audio frequency potential whereby the poten 
tial acroSS said valve comprises an audio fre 
quency potential rich in harmonics, the magni 
tude of said direct current potential determining 
the Wave form of said developed audio frequency 
potential; and a circuit associated with said diode 
for providing a means of extracting a potential 
having a wave form rich in harmonics. 

6. In a musical instrument, a resistance-ca 
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pacitance -oscillator capable of producing a po 
tential of sinusoidal wave form comprising 'an 
-electron discharge valve including at least three 
'-electrodes one of which is a control electrode. 
sa 'parallel-T network connected sacross two of 
I said electrodes, a resistor connected between said 
Control electrode and ground, means for produc 
ing a frequency vibrato comprising a low fre 
quency low impedance source: connected in series 
with said "resistor, and a distorting circuit com 
prising- a gas diode connected to said oscillator 
for providing a source of potential of audio fre 
-quency and of complex waveform. 

7. In a musical instrument, an oscillation gen 
-erator for developing a first-audible signal hav 
sing a substantially sinusoidal wave form, means 
for developing two additional signals of complex 
'wave form one containing both odd and even 
harmonics and the other containing substantially 
Only odd harmonics, -comprising a distorting cir 
scuit including a pair of gas diodes: each character 
ized: by having a firing potential which is sib 
-stantially higher than-the-potential for sustaining 
Current flow therethrough, means for connecting 
One terminal of each of said diodes to a common 2. 
iterminal, means for ... connecting the other iter 
iminal of one of Said diodes to a source: of direct 
current potential, means for connecting the other 
terminal of Said other ... diode to ground, means 
for connecting Said oscillation generators across 
said other diode, the variation in potential of the 
output of said oscillation generator exceeding the 
difference in voltage at said common terminal 
required for firing each of said diodes, a circuit 
connected to said common terminal for supplying 3 
a potential of complex wave form containing sub 
stantially only odd harmonics, and means-con 
nected to said other terminal of said other diode 
for Supplying a potential of complex wave form - 

its rich in both odd-and even harmonics. 
-8. In a musical instrument, an oscillation gen 
erator for developing; a first audible signal hav 
ing a Substantially sinusoidal waveform, means 

2 
for developing two additional signals of complex 
Wave form one containing both odd and seven 
'harmonics and the other containing only odd 
harmonics comprising a distorting circuit includ 
sing a pair of diodes each characterized by having 
"a firing potential which is substantially higher 
than the potential for sustaining current flow 
therethrough, means for connecting the anode of 
*One diode and the cathode of the other diode 
to a common terminal, means for connecting: the 
Cathode of Said one diode to a source of adjustable 
direct: current potential, means for connecting 
the anode of Said other diode to ground, means 
::for connecting Said oscillation generator across 

; 5 Said other diode, the variation in potential of the 
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output of said oscillation generator exceeding the 
difference in voltage at said common terminal 
frequired for firing each of said diodes, a circuit 
connected to said common terminal for supply 
ing a potential of complex wave form containing 
Substantially only odd harmonics, and means 
connected to the anode of said other diode for 
supplying a potential of gomplex-wave;form rich 
in both odd; and even harmonics. 
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