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1

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, ete. and
weak even harmonics such as the second, fourth,
sixth, efc. 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 sinius-
oidal or else wave forms which are rich in har-
monies. If g 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
broduce 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
signalshaving wave forms 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 em-
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-
vide 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 & tone source which provides a source of
substantially pure tones as well as z 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,
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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;

Pig. 3 is a schematic diagram of a multiple tone
source embodying the present invention and em-
ploying the basic concept of Fig. 1;

Figs. 4¢ and 4b are curve diagrams similar to
Figs. 2a 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
Pig. 5; and .

Fig. 7 is a diagram similar to Fig. 5 illustrai- -
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 espemally 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 theotry
underlying the so-called parallel-T type escillator

o

10

is disclosed in United States Letters Patent t6 =

Scott 2,173,427. = Although a parallel-T type of
osclllator has been illustrated in’ some of the fig-
ures of the drawings as the sourée of & sizual of
sinusoidal wave form, it should be understood

that other forms of audio oscillators - ight

equally well be employed and the 111ustrated em-
bodiment is by way of example only.

Referring now to Fig"1 of the drawings there
is illuistrated, partially in block diagrain; a’ “multic
ple* tone" source generally indicated * at <10
includinig as'a basic element thereof ‘an audlo
oscillator' 1t capable of acting as a-sine-wave
sotitce: ~This sine-wave source- {1“may be of the
form disclosed in detail in"Fig. 3 of the draw-
ings or some ofher suitable audio’ frequency oS~
cillator preferably of the reszstance capamtance
or ‘so-called “R. C.” type. :

“For the purpose of producing a tone having a
complex wave -form “from - the substant1ally
sinusodial output of the-oscillator [ thereis
prov1ded in accordance with the present 1nven—

tion'“a- distorting circuit employmg 8 small ‘gas

diode ‘generally indicated -at- 12 which may for
" example comprise a-1/25 watt neon tibe such as
i§'available on the market under the type desig-
nation “NE9., As illustrated one “electrode -of
the‘gas diode {2 is connected to' a terminal 15q

Which in furn is connected to one terininal of
the sine-wave source |} through-a suitable cur~
rent limiting resistor 13 for limiting the current

which may flow through the gas diode*12 when
it’ iohizes:  The other elecfrode-of the gas dicde

i2 is connected to the other terminal of ‘tlie sine’

wave sovrce 11 with a suitable adjustable source
of ‘direct current potential interposed ini-this’ e1ra
cuit. This source of direct current potenual' is
schematically designated by the battely 14 ‘hav-
ing its positive terminal designated-as 1557 The

§um ‘of the battery potential and ‘the potentlali

appéaring at the terminals of the oscillatot- Ii :
néglecting any voltage drop in the: ‘resistor-13, is
therefore-impressed across -the diode- termmals3
When this voltage geross the diode terminals ex-
ceeds the break down voltage of the ‘diode; eur-
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 opsrating’

characteristic for a gas diode such as {2 might

require 80 volts for ‘Preak -down ‘or ichization

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 11 should preférably be

seéveral 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 oper atmg dlfferences from tube

to tube
“Phe operating characteristics of the circuit. of

Fig, 1 will become apparent from the curve dia~

grams of Figs. 2a and 2b rnspectrvely The volt-
age of the battery 14 is designated as Eb volts
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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
1 is the same in each of the ths 2a and 2b and
i§ indicated by the dashed line curve Es. The
voltage across the terminals 15¢ and 15b in Fig,
17of the drawings is represented by the solid line
curves Ex in both Figs. 20 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 ax1s is displaced by the amount Ep. If
the horizontal lines Z in Figs. 2¢ and 2b were

" ¢onsideréd to be the reference axes or Zero axes

then the curves E. with reference to the axes Z
would truly represent the differential voltages
across the gas diode {2 for the two sifuations rep-
res by Flgs 2a and 20 of the drawmgs ‘An
examination of the voltage curve Ea. in Fig. 24
of the drawings indicates that the Voltage across
the dlode 12 rises unt11 1omzat10n oceurs at pomt
X when a sudden drOp ‘in voltags ocours, The
voltage remains substantially constant at this
lower value until the gas diode 12 starts to de-
ionize when a slight rise in voltage oceurs. The
polnt Y indicates the 1nstant during each cycle
that deionization occurs. From the” pomt Y in
Fig. 2a of the drawings to the successive point

X ‘the gas diode 12 is not conducting current

and break down again occurs at' X By 1ncreas-
ing the’ dlrect current pias voltage Ep in the man-
ner shown in Fig. 2b ‘of the drawings the gas
diode {2 fires near the trough of the alternating
current cycle as’ contrasted with Fig. 2a whire

the diode fires near the peak of the alternatlng'

current cycle. A harmonie ‘analysis of the volt-
ages represented by the curves Ea in Figs. 2a and
28 of the drawmgs indicates that a tone is pro-
duced which'is Tich in harmonics not unhke the
output of a saw-tooth generator w1th the ‘excep-
tion" ‘of the fundamental and second harmonic.
It is ‘evident that by varying the bias Eb of the

battery 14 a variation of the wave form may he.

obtained, the curve Ea of Fig, 2a contammg more
fundamental and more second harmomc than tﬁe
voltage Ea of Fig. 2b of the drawings.

For the purpose of obtainivz 2 voltage having
the complex wave form of the curves Ea of _Figs.
2a and, zb, for exqmple a suitable circuif con-
nected in’ parallel with the terminals {5a and 158

may be provided. As iltustrated this parallel cir="

cmt comprlses the capacitor E\., the resrstor 11

ahd the resistor i alleonnect ted in serigs acr 0SS
Thxs *‘arallel circuit’

the termrna,ls 45¢ and 18D,
affords’ 8 cony venient medns of oz_,t°
termma]s {9 across the “eslotor i8a
age ha'rmg the ‘wave foim reps
curves Ha, such as are sh owo
the capac1tor {6 preventing” any'dnect culrent
potentlal “from reac?‘mg the termina

It will be apparent from the nescrmtlon thus
far that by means of a simple and inexpensive
gas diode &
readllv be conve-teo t0 a dUa.l tone source smce
the sine ‘wave tone may be obt"med across the

termmals 23 of the oscillator 1}

ag at the

termmals 13:

In Flg 3 of the drawings there is illustrated.
schematically an application of the dlstortlng_'
clrcmt of Fig. 1 to a portion of the tone scurce of .

an electronlc organ The auvdio frequency cscil-
lator is again generally desighnated by the refers

1itable Volt-'
ed hy typical
in Figs, 24 and 2b,

sine wave source of tone or signal may.

“and the tone‘
rich in harmomcs may be \,btamed across the;
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ence numeral 1{ and the corresponding parts of
PFig. 3 are designated by the same reference nu-
merals as in Fig. 1. The audio frequency oscil-
lator {1 is illustrated as g parallel-T type oscilla-
tor which is a specific one of the bridge type of re-
sistance-capacitance oscillators. As illustrated
the oscillator (i 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 cemprises the capacitors 25 and 26 con-
nected in series with the common terminal of the
capacitors connected to ground through resistors
21 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 electroric 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 1{ further includes an electron
discharge valve 30 specifically illustrated as a tri-
ode comprising an anode or plate 3f, a cathode
32 and a control electrode or grid 33. The cath-
ode 32 is grounded through a suitable cathode re-
sistor 34 which prevides the desired degenera-
tion for improvement of the wava form, while the
anode 81 is connected to a source of 4B 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 suifalble resistor
40 is also illustrated as normally connecting the
control electrode 23 to ground as indicated at 41.

In order that a substantially pure sinusoidal
potential may be obtained from the audio fre-
quency oscillator (i 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 38 preferably
through the direct current blocking condenser 28
as illustrated. The sinusoidal output voitege may
be obtained at the terminal 44 between the re-
sistors 42 and 48. The resistor 42 preferably pro-
vides a very high resistance se as to prevent any
frequency change of the oscillator I} 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 44 is connected to a
suitable movabie switch arm 45 adapted to be ac-
tuated by a key 41 pivotally mounted at 43. 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 49 connected by a
suitable conductor 50 to an audio frequency am-
plifier 51 which in turn has its output connected
to a signal reproduction device or loud speaker
§2. It will be apparent therefore that the output
of the audio frequency oscillator 1{ may selec-
tively be supplied to the amplifer 51 and loud
speaker 82 to produce an audible tone of substan-
tially sinusoidal frequency or in other words a
pure tone. If will be understood that in an elec-
tronic organ a plurality of oscillators such as 1
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 I1. The conductors 50a, 50b, 50¢ 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 (1. s

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 g 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 resistor 48. Upon actuation of
the key or stop, however, the switch 55 is moved
into engagement with a normally open contact
550 so as to connect a low impedance low fre-
quency source generally designated at 51 in series
with the resistor 48 with one terminal of the gen-
erator 57 connected to ground, also designated
by the reference numeral 4f. Preferably the gen- -
erator 87 is a five to eight cycle generator of
sufficiently low impedance whereby keying of the
switeh 5 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 12 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 §0 con-
nected o the other terminal of the generator 57
and the contact 55b may be common to all of the
oscillators such as 1.

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
blate circuit of the triode 80. Instead of employ-
ing the biasing battery of Fig. 1 of the drawings,
however, the terminal {5¢ connected to one elec-
trode of the diode 12 is connected to the source
of 4B potential 35 through the serially arranged
resistors 13 and 36. The source of potential 35
therefore provides the necessary bias for the gas
diode 12 whose other electrode is connected to
ground as shown. It will be apparent that by suit-
ably adjusting the resistors 13 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 18« between the resistors
IT and 18 is connected to a suitable switch 61
which is controlled by a key 62 pivotally mounted
at 63. The switch 61 includes a normally open
contact 84 which is connected by a conductor §5
to suitable filters generally designated at 66 the
output of which may, if desired, be connected to
the audio amplifier 51 for audible reproduction
by the loud speaker 52. It will be understood that
conductor 65 may be a common circuit for the
complex waves produced by the distorting ecir-.
cuits of other audio oscillators forming a part of.
an electronic organ. If desired the capacitance of
capacitor 16 may be made small enough to par-

_tially suppress the fundamental component of
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theaudio frequenicy: sigrial of complex wave form -
sinde'this findsimental component is available for-

separate: control ‘at the fermindl 44 ‘
In Figs. 4a-and-4b-there are illustrated certain
wave-forms"for understanding the operation- of

the distorting circuit of Fig. 3 of the-drawings-

which curves are quitesimilarto the curves:shown
in" Pigs: 2¢ -and 2b of ‘the drawings. The curves
Efin-both Figs: 4@ and-4b indicate the: sinuscidal
voltage output of the-audio-oscillator I, it being
observed-that a larger: voltage is present in the

curve of Fig. 4b which is obtained by increasing:

the potential of the: 2B source 35 ds by adjust-

ing-the resistor 36: The curvesE; of Figs: 4g-and”

4Y° represent- the- potentials at the términal 15a

of the-diode 12 whick' potential’ is-displaced from-
the Zero-axis by-thedirect current biasing voltage-

ie'source 35, This bigsifig-voltage isindicated
aS-dlso-being of ‘grester magmtude in ¥
thar it Fig: 4a:

Tt-willbe- understood that various circuit ar-

rarigements-and various -circuit’ censtants-ay*

be- emiployed -in- connection: withthe :arranges
nmient of Fig: ¥ of the drawings for example, In’
order; however; to-illustrate the reldtive magni-
tudes of “the-principal elements of ‘a-typical cir-
cuit arrangement which has been found to satis=

factorily’ embody the present invention the folw-

lowing -gapproximate values of such elements to-
getHer with other pertinent irtformation ars
givieri for a particular-device. It stouldbe under-
stood that these values are given by way of ex-
aniple only arid ot by way of it tation.

Gas diode {22 ...
Resistor-18: ... 4.7 megohms

Capacitor” l6“______;_ has-such-a-value of capacs

- itancethat its cdpacitive”

regetance - at the -oseil-'
frequency- is 2.27

lator
megohms.
2.2 megohims-
¢l megohm-
0.27 megohm”
027 thegohm .
capacitdnce in- microfar=

Resistor 1T -
Resxstor l8-~

Resistor 2%
Capdcitor 285 __ .-

ads appro¥imately equal”

to 1.8/f where fis-the
frequency. in -eycles”
Capac1tor 285 .
pacitor-24
V5 the capacitance of ‘ca-

Capacitor- 28: .-
- pacitor 24

Resistor 8% ... 18,000 chms

Resistor 28 . _.-.-. 0-to 10,000 ohms

Eléctron dlscharge-“ : 7
valves 302 oo 6SI.T (Y% of the 6SLT't6 be

used for one "audio fre-
“quency-cscillator-if-and
the other half for a sim-
itar oscillator of & sowms-.
what different frequen-

, cyy
Resistor: 34__-_; _____ 3,900 ohms-
Potential of -8B
souree 855 __ 2007 volts™

0.27 ‘megohim
tén’ times the capac
of capacitor 24

Resistor 887 ..

CHpPHCItOr 38__ .. ifance

REsIstor 407 oo . 1 mégéhm’
Resistor 42 _ ... 2.2 megohimns.
Résistor 485 _____.__. 0.1 .megochm
Frequeticy. of S
generator 57_____.: 57to 8 cycles

Fig. 4

Yy the capacitance -of cas

“‘i_‘

As Wis eritiotied dbove certain instEimtents,:
notably the woodwinds'such as the:clatinet, have:
strong odd harmoiics-and weak éven: Rarmonics:-
With the tone sourde illistrated i Fig. 3 of the:

g Crawings if is necsssary to- do' a- substantial
amount of fliering to ehmmatﬂ the evenr havs
momus e Fig. 5 of ‘the drawings there is illus<

trated a niodification of the present ifnvention
inwhich there-is essentially rrevided a: tmple-l

10 tone- source which comprises a sine Wwavetone'
source, a complex'wave tone ‘source in which sub=
stantlally only“‘odd harinonics- are- present; and

o complex wave' form sourtce’ in’ which substan«
t1aliy all” harmonics - are present. The - corre=

15 spotiding parts of Fig: 5 are designated by the
samfe 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 - ¥e used to prodiice ¢ clarinet tonz' which'

g¢° containg substantially oniy odd haruionics, with-
out r If, how-"

resorting to cumbersome filtering.
ever, the wave Ea of Fig. 4b, for example, were
distorted so both the positive and negative halves”
were ‘alike the resulting wave would contain sub-
o5 stantially only  6dd harmonics; This is accom-
plished’ by the  circuit” arrangement of Fig, 5
where ‘two gas diodes are employed, designated
as 12a and 12b respectively.. The diodes are con-
nected in series with the common terminal 70
30+ corresponding tothe terminal {5ain the preced-
ing" figures of ‘the drawings. Tlie othér términal
of ‘the diode {2¢ is connected to the source 35.
of -+ B potential thirough a siiitable poteritiometer’
comprising the resistor 7! and the adjustable
35 tap i2. The other terminal of the gas diode (2b
is'grounded through & suitabls resistor 73.. The
potential of the +B source 35 must be.sufficiently-
large to five both diodes {2a and 12b alternately.
The terminal 70 is  connectéd to.the sine wave
40 souz'ce i1 through the current limhiting resistor
$ and the blocking capacitor 4. The terminal
7{) i$ also” conrnected to ground through serially
arranged blocking -capacitor 75 and. resistors. 76-
and TT. The resistors 76.and 17 are illustrated.
45: as Having a common tefminal 18 which: provides
a source of voteuntial.of complex wave form con-
tairting” substantially. only odd ha‘ monics.- - By
virtue of thie capacitors 18 and 75 the COMIMOLN.-
termiinal 10°of the gas diodes {2¢ and i 2b is mam-
50+ taltied at anraverage direct current potential be--
tween ground.and the positive potential of the
source” 35 whereupon a very symmetrical wave
form is obtained.
Il Fig. 6 of the drawings. there is illustzated.
557 by "the curve By the complex wave form. obtain-
ablé which contains subSuantlal v. only-odd: har-
motiies.. The oscillator sinie wave. voltage Es is -
also. shown,
The  potential obtainable -at-the. terminal. 18:
60 May” be suppliad. through a - suitable. switch: 88
actuated by a'key 8f.pivotally mounted at 82,
Switch 8§ is illustrated as being. engageable with -
a normally open contact-83. connected by means-
of ‘g suitable conductor’ 84 to suitable filters and:
657 subsequently. to: the- audio amplifier. With the.
arrangemenﬁ «disclosed-in Fig. 5 of -the:drawings-
a. very simple way-of obtaining a pure:sine-wave;
a wave rich in all harmoniecs, and- a wave- rich-
in'odd harmonics only is provided. ‘The three dif~
70" ferent wave forms abe illustrated sohematmally
in"Fig; 5 adjacent the conductor wherein. the
particular wave form appears.
It- should be - understood that instead of . gas..
diodes 12z and lzb ordinary diodes might equally
76 well be emiployed-and in"Fig. 7 of the drawings
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the identical eircuit of Fig. 5 with the tubes {2a
-and 12b replaced by ordinary diodes designated
by the reference numerals 8§ and 9 respectively,
is shown. As illustrated the anode of the dioge
90 is connected to the terminal 78 while the cath-
ode of the diode 91 is connected to the terminal
10. It will be understcod that when the poten-
tiometer comprising the resistor T{ and the var-
iable tap 12 is employed the odd harmonic cutput
can readily be controlled merely by changing the
common bias. With this arrangement it is pos-
sible to tie keys 62 and 8f 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. : i

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 sinuscidal 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 substantislly higher than the ro-
tential for sustaining current flow through said
diode, means for imvressing 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 szid diode and for
sustaining current flow therethrough, and means
for applying a direct current bias across said
diode, the value of said bias determining the wave
form of said develoned signal.

2. In a musical instrument, an oseillation gen-
erator for develoning an audible signal having
8 substantially sinusoidal wave form, means for
developing a signal of adjustably complex wave
form comprising a distorting civeuit including
a gas diode characterized by having 2 firing po-
tential which is substantially hisher than the »o~
tental for sustaining current flow through said
dicde, means for impressing the output of said
oseillation generator across said diode, the var-
iation in potential of the outnut of said oseillation
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 osecillation 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 cireuit including

10

20

23

=
<

35

40

G

70

%

‘10
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 dicde 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
wherehy a potential of said determined complex
wave form may be obtained across said resistor.

4. In a device for producing musieal 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 sinusecidal 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 jonization once such ionization
has occurred, the sinusoidal wave form output of
said source having s variation in potential ex-
ceeding the difference in potentizl 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 audic 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 freguency 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-
duency potential.

5. In g 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 votential 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 jonization 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 suficient 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 eyele of
said audio frequency potential whereby the noten-
tial across said valve comprises an audio fre-
quency potential rich in harmonies, 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 a2 means of extracting a potential
having a2 wave form rich in harmonies.

6. In a musical instrument, 2 resistance-ca-
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~pacitance -oscillator: capable of producing -a-po-
“tential -of ‘sihusoidal- wave “form comprising ~an
-glectron discharge valveincluding at least-three
+glectrodes one of ‘which is ‘a conirol -electrode,

<a-parallel-T -network - cormected ~across two of -

-said electrodes, a resistor-connected between said
~eontrol 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- i

prising-a -gas diode -connected to-said oscillater
for-providing a:seurce-of potential-of-audio fre-
~guency -and-of-complex wave‘form.

7. In-a musical instrument;-an oscillation gen-
“grator for -developing ‘a first-audible signdl hav-
“ing -a- substantially sinuseidal wave form, means
‘for-developing two-additiondl-signals -of -complex
“wave ‘form - one. contgining both odd -and -even
‘harmonics and-the: other containing substantially
-only-odd harmeonics,-comprising -a ‘@distorting-eir-
-cuit including a pairef-gasidiodeseach character-
“jzed: by having -a ‘firing -potentisl -which “is--siib-
-Stantially‘higher than-the-potential for sustaining
-current flow thersthrough, means for-connecting

one termingal of:-each-ofsaid ‘diodes to-a-common 3

‘terminal, means ‘for -connecting “the -other ‘ter-
‘minal of one of said diodes to a source:of direct
-current potential, means for connectingthe other
‘terminal - of :said -other: diode “to :ground, -means
for- connecting -said- oscillation :generator  across
said -other diede, the varigtion in-potential-of the
-output-of said oscillation generator exceeding the
difference’ in wvoltage -at said-common *terminasl
required for firing -each-of: said ‘diodes,a circuit

connected to-sdid commoniterminglfor supplying 4

‘- potential-of complex-wave form containing:sub-
sstantially only -odd harmenics,-and-means-con-
nected to said other-termingdl-of said -other-diode
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for supplying a potentigl:of :complex waveform -

‘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 :‘wave:form, means

1)
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-for:fleveloping ‘two-additional signals of -complex
wave ‘Torm one containing “both odd and :even
‘harmonics and ‘the other containing -only odd
harmonics:comprising a distorting circuit-includ-

-ing.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.ancde .of

.one -diode -and the cathede of the -other diode
-0 a :common terminal, means for connecting -the
cathode of said one diode 1o a:scurce of:adjustable

“direct current . potential, -means “for -connecting

:the -anode-of -said-cther diode:to ground, means

“for-connecting -said :oscillation generator--across
-said other:diode, thevariation-in-potential.ofiithe

output of said oscillation generator exceeding the
difference -in :voltage -at -$aid -common: terminal

srequired -for firing each of said diodes,a eireuit
~connected-to said common-terminal for-supply-

‘ing-a potential.of complex-wave fTormcontaining
substantially only odd harmonics, and-means
‘connected to the :ancde of :said other diede for

=supplying a -potential-of -complex -wave form wich

in“hoth odd-and-even harmonies.
MERWIN-J. T:ARSEN.
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