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1. 
My invention relates generally to electrical 

InuSical instruinents and more particularly to a 
novel accordion type instrument capable of pro 
ducing a wide variety of musical effects, the 
instrument including a novel toine signal ger 
erating equipment, a novel form of console and 
Controls for Selecting the tones to be played, and 
a novel form of control mechanism for deter 
mining the rhythm effects, including means for 
COIntrolling the attack and decay of the tones. 
Most everyone, at sometime during his life, 

a Spires to play a musical instrument. A con 
siderable nuimber of people commence learning 
to play. Some instrument Such as the piano, Organ, 
or accordion, choosing these instruments in pref 
erence to the Solo Orchestral instruents because 
they may render a complete musical Selection 
Without need of accompaniment. Of those who 
have this desire, only a very Small percentage 
acquire Sufficient proficiency to perfor in ac 
ceptably. The maily hours of hard and con 
centrated practice required to attain acceptable 
proficiency proves to be too great a deterrent for 
nost aspirants. The playing of these instru 
ments is made difficult chiefly through the ne 
cessity of playing more than one key Siriultane 
Ously with One hand. 

It is a relatively simple matter for the 
novice to play the melody part Since this re 
quires playing only one key at a time with One 
hand. Most everyone knows how to “pick Out' 
Simple melodies on a piano keyboard. The dif 
ficulty arises in playing the harmony chords and 
bass notes, which requires left hand dexterity of 
a high order for the playing of the most simple 
music. In the accordion, this difficulty is re 
duced somewhat by sounding a coaplete chord 
upon depression of but a single button. HoW 
ever, the problem of using the left hand for both 
the chord and bass buttons, and frequently play 
ing them simultaneously, proves very difficult for 
the amateur. 
In the instrument of the present invention, the 

player's right hand usually is used to play Only 
the single melody notes. The player's left hand 
depresses only one of a number of buttons of 
an accordion type keyboard corresponding to the 
chord harmony (major, minor, seventh chords, 
etc.). The actual sounding of the chord accorn 
paniment may be independently controlled by an 
auxiliary wrist-operated control, or may be 
caused as an incident to the depression of the 
button. The sounding of the bass notes is con 
trolled by a pair of foot-operated pedals. One 
pedal sounds the “root' bass while the Other 

Sounds the "fifth' bass of the chord Selected by 
the depression of a button on the accordion type 
keyboard. Thus the melody, chord accompani 
ment, and bass notes may be played independ 
ently or Sinultaneously. With any rhythm effects 
that may be desired. The Volume or expression 
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is independently controlled with the player's right 
knee. The manual dexterity required is extreme 
ly slight in that the fingers of each hand need 
operate only one key at a time. The player soon 
realizes that the bass notes virtually play then 
selves' and all the other motions are simple and 
repetitive and very soon feel “automatic.' Ex 
perience has shown that With the instrument of 
iny invention anyone who can “pick out,’ a melody 
on a keyboard can play the Selection in a finished 
and professional manner after an exceedingly 
short practice period. 
The character of music which it is possible to 

play on the instrument is homophonic as dis 
front polyphonic or contrapuntal 

music. As examples, homophonic music includes 
the popular Songs, ballads, folk Songs, Waltzes, 
marches, polkas, and many other forms of musical 
composition in which the predominant chara,c- 
teristics are melody, harmony, bass, and rhythm. 
Polyphonic music (such as the fugue and canon), 
is much more complex, frequently involving two 
or more melodies Sounding Sinutaneously as it 
the Symphony and Sonata forms. Most people 
prefer to hear and play homophonic music and 
the instrument is designed chiefly for playing 
Such music. : 
Through the use of a novel but relatively simple 

electronic tone generating System, especially de 
signed for this console arrangement of keys, but 
tons, and pedals, the instrument, although ex 
tremely easy to play, possesses a tonal grandeur 
equalled by combining resources found only in the 
largest pipe organs and orchestras. 
Due to the Sinutaneous sounding of several 

complex tones derived from different generators 
of the same note having slightly different pitches, 
there is present a “complex chorus effect' which 
gives the instrument the over-all tonality of a 
true ensemble of orchestral instruments. If 
these generator resources were to be provided in 
quantities to meet the requirements of the usual 
two manual and pedal type of organ console the 
cost of the generating equipment would be in 
creased to a prohibitive extent. It appears that 
this instrument, while costing less than a good 
accordion, is unequalled for varied and beautiful 
tonal resources by any other single instrument. 

It is therefore the primary object of my inven 
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tion to provide a musical instrument having great 
tonal resources upon which proficiency in playing 
homophonic music may be quickly and easily 
acquired by anyone With little or no experience 
in playing a keyboard instrument. 
A further object is to provide a console having 

a group of harmony buttons, each of which has 
circuits for tentatively determining both the 
chord tones and the bass tones which may be 
utilized with the particular chord. 
A further object is to provide a console having 

a group of bass pedals which in themselves are 
not identifiable with absolute pitches but rather 
are determinative of the inversion of the par 
ticular chord button depressed, through sounding 
an appropriate basStone, 
A further object is to provide a group of bass 

tOne pedals having pitch-determining locking 
circuitS and nonlocking envelope-determining 
circuits, such that the bass tones will continue to 
Sound with decaying intensity envelopes of a 
reverberative character after the pedals are com 
pletely released. 
A further object is to provide a group of bass 

tOne pedals having a control circuit which is ad 
justable with respect to its attack and decay 
characteristics. 
A further object is to provide a console having 

a chord envelope control for transmitting the 
chord signal tentatively determined by a har 
mony button, and in which the envelope is ad 
justable with respect to its attack and decay 
characteristics. 
A further object is to provide a group of gen 

erators of Variable tone quality for accompani 
ment purposes. 
A further object is to provide an improved 

electrical musical instrument having a chord tone 
generating System which supplies signals for the 
harmony chords, which signals are additionally 
Selectively connected to control the operation of 
a multi-stage bass-tone frequency-divider gen 
erator whose output is productive of deep complex 
bass tones havnig a desirable series of harmonics. 
A further object is to provide a manual of play 

ing key operated Switches which not only control 
the transmission of the signals from the accom 
paniinent generators, but also are connected to 
a Solo or melody Section tuning circuit in such 
manner as to transmit the solo at the highest 
pitched of a plurality of depressed keys, thus 
making it possible for one hand to play both the 
Solo and an accompaniment, these two effects 
being Selectively different with respect to quality, 
pitch, register, volume, and dynamic envelope. 
A further object is to provide a double accom 

paniment System in which one form of accom 
paniment is provided by the accordion buttons 
and chord envelope control, and in which another 
form of accompaniment is provided under the 
control of a manual of playing keys. 
A further object is to provide an improved in 

Strument capable of producing a very wide variety 
of Solo tones covering many of the orchestral 
instrument families, as well as multi-octave organ 
effects, with Selective vibrato of adjustable extent, 
and also With adjustable envelope control. 
A further object is to provide an improved in 

Strument having an improved solo accent appa 
ratus for producing dynamic emphasis. 
A further object is to provide a manual for 

producing composite Solo tones of a chorus char 
acter, employing simultaneously both the solo 
instrument generator output and the accompani 
ment generator output. - 
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4. 
A further object is to provide a vibrato appa 

ratus which may be applied Selectively either to 
the Solo tones, to the accompaniment tones, or 
to both. 
A further object is to provide a unitary vibrato 

means for applying direct current pulses at a 
vibrato rate to the grid circuits of a group of 
accompaniment OScillators to produce corre 
SpOnding vibrato frequency variations in their 
Outputs. 
A further object is to provide a console having 

a chord envelope control for accenting or empha 
sizing a relatively soft chord signal selected by a 
chord button. 
Other objects are to provide improved modi 

fications and variations of component parts of a 
musical instrument of the general type described 
in the foregoing objects whereby similar or re 
lated musical results may be attained. 
Other objects will appear from the following 

description, reference being had to the accom 
panying drawings in which: 
Figure 1 is a diagram indicating the relation 

Ship of Figs. 1a, 1b, 1c and 1d; 
Figures 1a, 1b, lic and 1d together constitute 

a schematic wiring diagram of a preferred form 
of the complete instrument; 

Figure 2 is a block diagram of the complete 
instrument; 

Figure 3 is a perspective view of the console of 
the instrument; 

Figure 4 is a fragmentary plan view of the ac 
cordion keyboard; 

Figures 5, 6 and 7 are transverse sectional views 
Of the accordion keyboard taken on the lines 
5-5, 6-6 and -7 respectively of Fig. 4; 
Figure 8 is a transverse Sectional view of the 

accordion bar and its support taken on the line 
8-8 of Fig. 7; 
Figure 9 is a horizontal Sectional view taken 

On the line 9-9 of Fig. 6 and showing particu 
larly the arrangement of the accordion button 
operated Switches; 

Figure 10 is a diagram illustrating the notes 
Composing the Various chords and constituting a 
key for the construction of the button operated 
accordion selecting levers and the circuits con 
trolled thereby; 

Figure 1 is a fragmentary vertical sectional 
view of an organ section key and the switches 
operated thereby; 

Figures 12 and 12a show a schematic wiring 
and block diagram of a modification of the ac 
cordion Section signal generating system and the 
accordion button operated Switching mechanism; 

Figure 13 is a diagrammatic illustration of a 
transposing switch mechanism forming part of 
the generating system of Fig. 12; 

Figure 14 is a plan view of a button keyboard 
for the modified form of the accordion section of 
the instrument Shown in Figs. 12, 12a and 13; 

Figures 15 and 15d together constitute a sche 
matic Wiring and block diagram of a second mod 
ification of the accordion section of the instru 
ment; 

Figure 16 is a plan view of the keyboard for 
the accordion Section of the modification shown 
in Figs. 15 and 16; 

Figure 17 is a fragmentary front elevational 
View of a further modification of the invention 
illustrating the accordion section as supported 
by and playable with a conventional piano; 

Figure 17 d is a fragmentary vertical sectional 
view of the combination shown in Fig. 17; 

Figure 18 is a fragmentary sectional view of 
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a modified form of actuating mechanism for the 
accordion section of the instrument; 

Figure 19 is a sectional view of the pneumatic 
control valve mechanism to be used. With the 
apparatus of Fig. 18; 

Figure 20 is a fragmentary vertical Sectional 
view of a piano action controllable by the ap 
paratus shown in Figs. 18 and 19; 

Figure 21 is a vertical sectional view of manu 
ally operated bellows for Supplying air under 
pressure to the apparatus shown in FigS. 18 and 
20; 

Figure 22 is a phonographic type of Signal gen 
erator for the accordion section of the instru 
ment, and includes a schematic Wiring diagram 
of the aSSociated circuits: 

Figure 23 is a fragmentary sectional view taken 
On the line 23-23 of Fig. 22; 

Figure 24 is a combined block and Schematic 
wiring diagram showing a further modification 
of the invention; 

Figure 25 is a fragmentary plan view of a 
'120 Bass' button keyboard for operating the 
various combinations of the SWitches ShoWn in 
Fig. 24; and 

Figure 26 is a diagrammatic view indicating 
the manner in which the key buttons of Fig. 
25 are arranged to operate Warious combinations 
of the Switches shown in Fig. 24. 

GENERAL DESCRIPTION OF THE 
INVENTION 

Referring particularly to Fig. 3, the instru 
ment comprises a console 30 which may be of 
any desired construction but is preferably of 
the form shown. The console 39 includes tWO 
legs 32, a case 34 and a speaker housing 36, 
the latter preferably provided With a Screened 
Sound opening 38. The instrument is equipped 
with a root bass tone controlling pedal 40 and 
a fifth bass tone controlling pedal 42, and may, 
if desired, be provided with a chord control pedal 
44. 
A lever 46 projects from beneath the keyboard 

of the instrument and is adapted to be engaged 
by the right knee of the player to control the 
Overal volume of the output of the instrument. 
The instrument includes a manual keyboard 

47, preferably consisting of thirty-seven keys 48 
of the conventional pianoforte type. In addi 
tion, the instrument has an accordion type but 
ton keyboard 5 comprising ninety-six key but 
tons 54 which are operated in the manner of 
accordion chord and bass buttons. 
An accordion tone intensity envelope bar 55 

is located in front of the accordion button key 
board 59 and is adapted to be engaged by the 
heel portion or Wrist of the left hand While one 
of the buttons 54 is held depressed by a finger. 
Arranged directly above the two keyboards are 
control or stop tablets to 9 inclusive which, 
as Will appear hereinafter, control the various 
Operations in the instrument Such as the Vibrato, 
the Selection of the tone quality for the inelody 
tone System, etc. Between the piano type key 
board 48 and the row of stop tablets to 9 
are located three balancer control knobs 62, 63 
and 64. The knobs 62, 63 and 64 constitute a 
mixing panel Whereby the intensities of the Sig 
nal Outputs of the pedal, Organ, and melody or 
Solo Sections of the instrument relative to the 
accordion Section, may be controlled. The con 
Sole may be constructed of Wood and may in 
clude a music rack 66. The quality of the tones 
produced, the addition or lack of Vibrato, and 
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6 
various octave coupler effects are controlled by 
the stop tablets 7-90, as for example: 
Tablet No. 

T. Wolume-Soft 
2. Accordion. Sustain 
3. Accordion mute 
4. Pedal fast decay 

75. Organ strings 
76. Organ flutes 
7. Accordion and organ Vibrato 
8. Solo Wide Vibrato 
9. Solo Small vibrato 
8. Bass 
8. Tenor 
82. Soprano 
83. Solo WoodWinds 
84. Solo fast attack 
85. Solo accent 
86. Deep tone 
8. Full tone 
88. First voice 
89. Second Woice 
90. Brilliant 

The instrument includes a melody or Solo 
tone generating System controlled by keys 48, 
and a set of sixteen OScillators which supply 
Signals for the production of the Organ chords 
likewise under the control of the keys 48, the 
control being such that when a plurality of keys 
is of the keyboard 48 are simultaneously de 
preSSed, aS in playing a chord, the tonal output 
Will consist of tones derived from the sixteen 
OScillators providing the depressed keys are not 
Of adjacent semitones, or in Some instances ad 
jacent full tones. The highest of a plurality of 
Contemporaneously depressed keys 48 will con 
trol the Sounding of the tone produced by the 
Solo or melody generating system. 

EXPLANATION OF BLOCK DIAGRAM, 
FIGURE 2 

The foregoing general description of the in 
Vention may be amplified by reference to the 
block diagram, Fig. 2. In this diagram, manu 
ally Operable parts are indicated by rectangles or 
circles bounded by light lines while the elec 
trical parts and their controls are indicated by 
rectangles bounded in heavy lines. Dotted lines 
Connecting light rectangles or circles with 
heavy rectangles indicate that the part operated 
by the player set forth in the light rectangle has 
SOne effect or control function upon the elec 
tronic or control part in the heavy rectangle. 

Light full lines connecting the rectangles in 
dicate that the component named in one of the 
rectangles has a controlling effect on the con 
pOnent named in the other rectangle. The heavy 
lines connecting the heavy rectangles which 
terminate in arrowheads indicate the direction 
of flow of tone signals to the component named 
in the rectangle at the arrowhead. 

Considering first the Solo Section of the in 
Strument, it will be noted that there is provided 
a Solo oscillator 90 which, upon suitable op 
eration of the Solo Wide vibrato tablet, 8 or Solo 
Small vibrato tablet 79, receives a control signal 
from a vibrato switch tube and controls O2, the 
latter causing transmission of the vibrato signal 
from a Vibrato oscillator C4 to the solo oscil 
lator f0. 
As previously indicated, the highest of a plu 

rality of contemporaneously depressed keys of 
the keyboard 47 controls the effectiveness of 
Solo turning Coils and contacts 96 and these coils 
determine the frequency at which the oscillator 
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100 operates. The solo oscillator 00 Supplies 
a Signal to two cascaded stages of Solo frequency 
dividers 08. The solo oscillator 00, as well as 
each of the two stages of the Solo frequency 
dividers 08, supply tone signals to register Se 
lectors 0 which are controlled by the bass tablet 
80, tenor tablet 81 and soprano tablet 82. 
From the register Selectors 0 the Signals of 

two different family types are supplied to a tone 
family selector 2, the two families being the 
Woodwinds and strings. When the Solo Wood 
Winds control tablet 83 is operated tones of the 
Woodwind family will be transmitted to the Solo 
preamplifier i? 4, but when the tablet 83 is not 
operated tone signals of the string family will 
be transmitted to the solo preamplifier f l 4. The 
output of the solo preamplifier 4 is Supplied 
to tOne quality controls 6 which are selectively 
utilized by operation of the deep tone tablet 86, 
full tone tablet 87, first voice tablet 88, Second 
voice tablet 89 and brilliant tablet 90. The Solo 
signal, as modified by the tone quality controls 

6, is transmitted to the input of solo control 
tubes 8 which control the intensity envelopes 
of the transmitted tone signals. The keys of 
the keyboard 47, in addition to their other func 
tions, Operate Solo keying contacts 29 which 
provide a control potential on the Solo control 
tubes 8. The character of the tone intensity 
envelopes may be varied by selective operation 
of Solo fast attack tablet 84 and Solo accent 
tablet 85. The signal Output of the Solo control 
tubes 8 is transmitted to a solo volume control 
22 which is manually varied by the Solo balance 
knob 64 to Supply the Solo signal in desired 
amplitude to a mixer 24. The amplitude of the 
over-all signal output of the mixer 24 may be 
adjusted to be soft or loud by the Soft tablet 
lf. The output of the mixer is Supplied to a 
main preamplifier f26 and the output of the 
latter is supplied to a power amplifier 28 
through a capacity volume control 30 which 
is varied by the expression lever 46. The power 
amplifier Supplies a Speaker 3 for translating 
the electrical signals into Sound. 
The keys of the keyboard 47, in addition to 

their previously described functions, also operate 
organ keying contacts 32 and organ tuning 
contacts 34. The organ tuning contacts operate 
On Sixteen Organ OScillators 36 to determine at 
which of the two or three Semitone interva fre 
quencies Selected OscillatorS 36 shall oscillate, 
While the Organ keying contacts 32 are utilized 
to control the Supply of operating voltages to 
certain of the Sixteen Organ oscillators 36. 
These oScillators receive a vibrato Signal from 
the vibrato switch tube and controls 02 when 
ever the accordion and Organ vibrato tablet 
is operated. 
Output signals of two different tone families, 

namely strings and flutes, are derived from the 
Sixteen Organ OScillators 36 and Supplied to 
Organ tone quality Selectors 38, and whether 
signals of either or both of these tone quality 
families are transmitted to an organ volume 
control 40 is determined by the selective op 
eration of the organ Strings tablet 75 and organ 
fiutes tablet 76. The organ volume control. 40 
may be adjusted by the Organ balance knob 63 
and the tone signals of the desired volume are 
thus transmitted to an organ preamplifier 42, 
the output of which is transmitted to the mixer 
f24. 
The key buttons of the accordion button board 

50 effect the operation of accordion and pedal 
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8 
tuning and selecting contacts f44 which receive 
tone signals from Six accordion OScillatorS 46. 
Whether or not these oscillatOS 46 are to be 
modulated by a vibrato signal received from the 
vibrato switch tube and controls 02 is deter 
mined by the position of the accordion and organ 
vibrato tablet TT. The accordion and pedal 
tuning and selecting contacts 44 also effect 
tuning of the six accordion OScillators to either 
One of two adjacent Semitone frequencies. Since 
the harmonic chord need not contain more than 
Six notes, it is poSSible by using Only Six OScil 
lators to provide in usable combination all the 
Semitones of an octave, using only six OScillatol'S, 
each capable of Supplying tone Signals of ad 
jacent Semitone frequencies under the Control of 
accordion and pedal tuning and Selecting Con 
tacts 44. The Several tones of the accordion 
chord are supplied from the accordion and pedal 
tuning and Selecting contacts to low paSS filter 
f 47 which may be rendered effective or inef 
fective by the position to which the accordion 
mute tablet T3 is moved. The signal output of 
the filter is normally Supplied to an accordion 
control tube f48, the operation of which is de 
termined by the accordion bar 56. Unless the 
accordion bar 56 is depressed, the accordion 
control tube is cut off and the Signal is not 
transmitted therethrough. When the accordion 
bar 56 is depressed the signal is transmitted 
through the accordion control tube 48 to the 
mixer 24. Alternatively the accordion control 
tube 48 may be controlled by the accordion 
pedal 44. 
When it is desired that the accordion chord be 

Sounded without depression of the accordion bar 
56 or the operation of accordion pedal 44, the 
accordion Sustain tablet 72 is operated to close a 
SWitch 50 thereby to cause transmission of the 
accoldlion-chord. Signal from the low pass filter to 
the Organ preamplifier 42, and hence to the 
mixer 24 and output system of the instrument. 

In addition to the functions previously de 
Scribed, the accordion and pedal tuning and Se 
lecting contacts f44-supply tone signals, of pitch 
related to the 'root’ and “fifth' of the chord 
Selected, to a pedal switch mechanism 52. To 
determine whether the “root’ or 'fifth' signal 
shall be supplied to pedal frequency dividers 54, 
the player will operate either the “root' pedal 40 
or the 'fifth' pedal 42. The pedal frequency di 
Widers 54 comprise a pulse sharpening device and 
tWO Stages of altel'nate pulse responsive frequency 
dividers. The pulse sharpening device and the 
frequency divider stages supply signals of succes 
Sively lower octave pitches and of successively in 
creasing amplitude to a pedal control tube 56 
Which has its operating bias controlled by the 
pedal Switch mechanism 52. The rate of the 
decay of the tone-signals transmitted through the 
pedal control tube 56 is determined by the posi 
tion of the pedal fast decay tablet 24. The pedal 
control tube output is supplied to a pedal volume 
Control 58 which is adjusted by the pedal bal 
ance knob 62. So as to determine the amplitude of 
the bass pedal control signals which are supplied 
to the mixer 24, and hence to the common out 
put System of the several sections of the instru 
ment. 
From the foregoing description of Fig. 2 it will 

be clear that the instrument comprises a unifica 
tion of four tonal sections, namely, the solo sec 
tion, the Organ Section, the accordion section and 
the bass Section. These various sections are in 
terrelated through the manually operable means 
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by which they may be played, through the source 
of modulating vibrato frequency, through the 
amplitude balancing controls, and through other 
controls. To achieve most desirable musical re 
Sults from the instrument, not only the relative 
volumes but the Variety of tone qualities produced 
by the several sources of tone signals should be 
carefully balanced and voiced so as to obtain a 
desirable, harmonious and musically interesting 
tonal ensemble. 

Having generally described the instrument as a 
whole, the various component parts will now be 
described in detail. It Will be understood that 
the various components may differ widely in the 
details of their construction and in the arrange 
ment of the various circuits employed and that 
the components disclosed herein are intended as 
illustrative and representative of such equivalent 
components, elements and circuits by which Sub 
Stantially equivalent results may be obtained. 

SOLO SECTION GENERATING SYSTEM 

Figs. 1d, 1b, lc and 1d, when connected in the 
arrangement shown in Fig. 1, illustrate a sche 
matic circuit diagram of a preferred form of the 
invention. 
The Solo section tone signal generating system 

is illustrated mainly in Figs, 1a and 1b. The solo 
OScillator comprises a pair of triodes 59 and 60, 
the plates of which are connected to a suitable 
--B potential Source, indicated as --285 V., 
through load resistors R6 and R. 62 respec 
tively. The plate of triode 60 is connected to 
the grid of triode 59 through a blocking capaci 
tor Cf 63 which is in series with a resistor R64, 
While the plate of triode 59 is connected to grid 
of triode 60 through a blocking capacitor C65 
which is in series with a resistor R? 66. The grid 
of the triode 59 is connected to a conductor 67 
While the grid of the triode 60 is connected to 
ground through R66 as well as R. 68 which is in 
Series with Rf66. The cathodes of the triodes 
59 and 60 are connected to ground through 

biasing resistors R. 69 and RTO respectively. 
The frequency of OScillation of the solo oscilla 

tor 00 is determined by an LC mesh which in 
cludes capacitors CT, connected between the 
conductor 67 and ground, a plurality of rough 
turning capacitors CT2, and a plurality of fine 
tuning capacitors C4, the latter groups of ca 
pacitors being adapted to be successively con 
nected in parallel with capacitors Clf by the 
Operation of Switches 5 and 76. The inductive 
reactance of the resonant tuning circuit for the 
Solo oscillator 00 is provided by a plurality of 
inductances LT8 connected in series between 
Conductor 67 and ground. One or more of these 
inductances L. 8 is included in the oscillating 
circuit by operation of the keys 48. Each of the 
keys (except the lowermost key 48) is adapted to 
Operate a Switch 80 which has one pole con 
nected to the junction between the adjacent in 
ductances Lil 8 and the other pole of which com 
prises a grounded bus-bar 82. The inductances 
L.f3 are separate inductance elements each com 
prising a core which may be adjusted to vary the 
value of the inductance slightly so as to provide 
for initial tuning to the Semitone frequencies of 
the tempered musical Scale. 
The signal appearing across the cathode resis 

tor R. 69 is conducted to the register selectors O 
(Fig. 1b) through a conductor 86. 
The oscillations of the solo Oscillator OO are 

transmitted to a rectifying and pulse sharpening 
triode 90 (Fig. 1d) through a blocking capacitor 
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C 92 and a series grid resistor R. 94, the junction 
between C 92 and R 9A being connected to the 
cathode 96 through R. 98. The cathode 96 is 
connected to ground through a signal load and 
biasing resistor R299. Plate current is Supplied 
from a -285 v. terminal through a plate load 
resistor R202, and the signal output appearing on 
the plate of the triode 96 is transmitted through 
a blocking capacitor C204 to a conductor 206. 
The signal appearing across the resistor R200 is 
transmitted through a conductor 208 to the reg 
ister selectors to shown in Fig. 1b. 
The Signal appearing on conductor 206 is im 

pressed upon the grid 20 of a rectifying and 
driving triode 2 f2, which together with triodes 
24 and 26 (Fig. 1b) and their associated cir 
cuits, constitutes a frequency divider of the al 
ternate pulse-responsive type operable to divide 
the frequency generated by the Solo Oscillator 
09 by a factor of 2. (See my prior Patent No. 

2,429,266.) A grid return resistor R28 (Fig. 1d.) 
connects the grid 20 to ground while the cath 
Ode of the triode 22 is connected to a conduc 
tor 29 which is connected to ground through 
biasing resistors R2 (Fig. 1b) which have a 
by-pass capacitor C22 in parallel therewith. 
The plates of the triodes 22 and 26 are re 
Spectively connected to a source of plate poten 
tial indicated as terminals --285 v. through load 
resistors R22 and R222 respectively. The signal 
appearing upon the plate of triode 22 is im 
pressed upon the grids of triodes 24 and 26 
through capacitors C224 and C225. The grids 
of the triodes 24 and 26 are connected to 
ground through grid return resistors R.226 and 
R227 respectively. The plate of triode 24 is 
connected to the grid of triode 26 through a 
mesh comprising a series resistor R228 and ca 
pacitor C230 which are in parallel with a re 
sistor R232. In a similar manner, the plate or 
triode 26 is connected to the grid of triode 24 
through R234 in series with C236, these ele 
ments being in parallel with R238. A useful 
rectangular wave shape tone signal, an octave 
lower than that provided by the solo oscillator 
00, is derived from the plate of triode 24 

through the resistor R220, capacitor C240, and 
conductor 242. R220 together with a resistor 
R23 form a voltage divider and plate load re 
Sistance for triode 24, R23 being connected 
to a --285 v. terminal and having a by-pass ca 
pacitor C233 in parallel therewith. 
The signal appearing upon the plate of tri 

Ode 26 is transmitted to the input circuit of a 
rectifying and driving triode 235 which is simi 
lar to triode 22 in its circuit arrangement, a S 
sociated components and function. The output 
of the triode 235 is supplied to the Second fre 
quency divider stage which comprises triodes 
23 and 239 which correspond, respectively, in 
function and circuit arrangement with the tri 
odes 24 and 26 except for slight changes in 
the values of the various associated circuit con 
ponents to allow for the lower frequency at 
Which the Second frequency divider stage oper 
ates. A signal from the plate of triode 239 is 
transmitted to the input circuit of a triode 24 
through a blocking capacitor C242 and the plate 
of the triode 24 is connected to a -285 v. ter 
minal through a pair of voltage dividing re 
sistors R243 and R244, the latter being shunt 
ed by C245. The junction of resistors R243 and 
R244 is connected to a conductor 246 through a 
blocking capacitor C241. A signal is similarly 
derived from the plate circuit of triode 237 
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through a blocking capacitor C248 and thus in 
pressed upon a conductor 249. In a similar man 
ner a signal is derived from the plate of tri 
ode 235 through a blocking capacitor C256 and 
conductor 25f. Direct current flow through the 
signal conductor 86 is prevented by a blocking 
capacitor C253 (Fig. 1b). 
The output signals appearing on the conduc 

tors 86, 242 and 249 are of generally rectan 
gular shape and are of successively lower octave 
pitches. These rectangular, or Substantially 
square, signal waves are tonally representative 
of musical tones of the clarinet family, that is, 
they consist of a fundamental frequency and a 
long series of odd harmonic overtones. 
The signals appearing upon the conductors 

208, 25 and 246 are, however, of Sharp peak 
forms and are representative of String tones, 
that is, brilliant tones having a fundamental 
frequency and a long series of both the odd 
and even harmonic overtOneS. 
The signals appearing on conductor's 86, 242 

and 249 have their high frequencies Substan 
tially attenuated by filtering meshes 262 and 
are adapted to be supplied to a collector Con 
ductor 263 upon selective operation of Stop tab 
lets 83, 3 and 82, as more fully disclosed and 
claimed in my copending application Serial No. 
87,913, filed April 16, 1949, Patent No. 2,562,908 
issued August 7, 1951. 

In a similar manner the siginals appealing 
upon conductors 208, 25? and 246 are adapted to 
be supplied to a collector conductor 254 under 
the control of said stop tablets 88, 8f and 82. 
When switch 255, operated by the stop tablet 83, 
is in its dotted line position the signals Will be 
muted, that is, they will be of the Woodwind 
family of which the clarinet tone is typical, 
Whereas when the Switch 255 is in full line po 
sition the tone quality of the signals Supplied 
to collector conductor 260 will be of a string type, 
the very sharply peeked output Waves appear 
ing on the conductors 208, 25 and 246 having 
their high frequencies attenuated by the Vari 
ous filtering meshes by which these conductors 
may be connected to the collector conductor 25A. 

SOLO SECTION OUPUT, SYSTEM 
The signals appearing on the collector Con 

ductor 260 are impressed upon the grid 264 of 
a preamplifying triode 266. The grid 264 is con 
nected to ground by resistor R266 and a filter 
ing capacitor C268. Self-bias is provided by a 
cathode resistor R269 while plate current is Sup 
plied from a --290 V. source through a load re 
sistor R27 O. The plate 270 of triode 266 is con 
nected through a decoupling resistor R272 and 
blocking capacitor C24 to the ungrounded ter 
minal of the primary of a transformer 276. 
The secondary 278 of the transformer 276 has a 
center tap 280 and has its terminals respectively 
connected to the control grids of control pentodes 
282 and 284. 

Solo tone intensity envelope Controls 
Referring to Fig. 1a, the keys 48 of the man 

ual, in addition to operating the Switches 8 
as previously described, respectively Operate 
parallel switches 286 which upon closure connect 
a conductor 288 to ground through the Con 
mon bus-bar 82. It will be noted that conduc 
tor 288 is normally maintained at a suitable poS 
itive voltage by being connected (Fig. 1b) to a 
voltage divider comprising resistors R.290 and 
R29 . This voltage divider is connected between 
a -285 v. terminal and ground and the juin C 
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tion between R.290 and R29 is connected to the 
conductor 288. The potential on the conductor 
288 is utilized to control the transmission of the 
Signal through the pentodes 282, 284 which are 
Of the Variable mu type. The cathodes of pen 
todes 282,284 are connected to their Suppressor 
glids and to each other. Their screen grids are 
both connected to a -40 v. terminal, while the 
plates of these pentodes are respectively con 
nected to a primary of a transformer 294, a cen 
ter tap of the primary of this transformer being 
Connected to a plate current source indicated at 
--285 v. 
Conductor 288 is connected to the cathodes of 

pentodes 282, 284 through a series of resistors 
R300, R30 t and R302. A conductor 304, con 
necting R300 and R30?, is connected to ground 
through a capacitor C306. A capacitor C308 may 
be connected in parallel with R30 by moving a 
SWitch 30 to itS dotted line position by the stop 
tablet 85. The conductor 34 is connected 
through R312 and C3 4 to the center tap 280 of 
the Secondary 28, the center tap being also con 
nected to ground through R3? 6 and C38 in par 
allel. Resistor R32 may be shunted when SWitch 
30 is moved to its full line position and a SWitch 
S2 is closed by operation of tablet, 84. 
The potentia on conductor 288 is normally de 

termined by the voltage divider R290, R29 to be 
at approximately --30 V. which is, of course, im 
pressed upon the cathodes of pentodes 282,284 
through R308, R30 and R302. However, when 
the Conductor 288 is connected to ground by one 
of the key-operated Switches 286, the cutoff bias 
is removed and the Only bias then available is 
furnished by the voltage drop occurring in self 
bias resistors R302, R3) and ER3. These re 
Sistors are of Sufficient magnitude to prevent grid 
Current foW and a minimum of distortion is thus 
produced. With the Switches 3 and 32 in the 
positions ShoWn, the potential on the center tap 
280, and hence on the control grids of pentodes 
282 and 284, is substantially at ground potential 
by virtue of the connection through R36. R.32 
is Of high value and serves to prevent a voltage 
acroSS C2 4 from building up When switch 329 
is in itS Open position. It should be noted that 
R3:2 is connected through Switch 30 across 
SWitch 33 thereby making the static potential 
On capacitor C34 the Sane whether SWitch 320 
is opened or closed. Thus the pentodes 282,284 
Will commence transmitting the signal at an at 
tack rate determined by the values of R300 and 
C36, these values being normally selected so as 
to produce a reasonably prompt attack, free from 
undesirable transients or key clicks. 
Upon release of the playing key the conductor 

288 is no longer connected to ground and the 
potential of the Cathodes commences to rise at a 
rate determined mainly by the values of R302, 
R3), C3S and R320. The values of these cir 
cuit Components are chosen. So as to produce a 
Smooth decay envelope devoid of undesirable 
transientS. 
When it is desired to produce tones with per 

CuSSive attack envelopes the Solo accent tablet 
85 is operated to move SWitch 30 to its dotted 
line position. Under these circumstances when 
the playing key 48.is operated and the conductor 
288 thereby connected to ground, the potential 
On the Cathodes Will rise rapidly since C38 
shunts R30t, and upon commencement of cur 
rent iOW through the pentodes the biasing effect 
normally provided in part by R30 is effectively 
not present. However, as current commences 
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flowing through R30, the potential across C308 
increases and thus R30 gradually becomes more 
and more effective as a self-bias resistor for the 
pentodes and the gain of the pentodes Will there 
fore decrease after an initial high gain condition. 
This rapid increase followed by a decrease in gain 
Occurs after the key is depressed and CauSeS a 
percussive accent. 
When it is desired that the tone intensity en 

velopes shall have a slow attack the tablet 84 is 
operated to close Switch 320. (As shown the 
SWitch 32 is in fast attack position.) Under 
these conditions the capacitor C34 will be con 
nected to conductor 304 and thus the potential On 
the control grids will be reduced at the same time 
that the potential on the cathodes is reduced. 
The pentodes 282, 284 will therefore temporarily 
remain cut off. However, as the charge acroSS 
C34 and C38 is dissipated through R36, the 
grids Will gradually increase in potential relative 
to the potential on the cathodes, and thus render 
the pentodes conductive in a Smooth manner be 
cause of the variable nu characteristics of the 
pentodes 282, 284. After a short time (for ex 
ample, 200 milliseconds) the slow attack portion 
of the intensity envelope will have been con 
pleted and the tone will continue Sounding at a. 
constant intensity until the key is released. 
When this occurs the potential on conductor 288 
returns promptly to a positive value, such as --30 
v., and as above explained, produces a transient 
free decay envelope. 

Solo tone quality controls 
The secondary of the output transformer 294 

has one terminal grounded and the other ter 
minal connected by conductor 324 to one pole of 
a plurality of switches 326 which are respectively 
operated by the tablets 86 to 90. The other poles 
of these switches 326 are respectively grounded 
through compensating resistors R.328 for a pur 
pose which will presently be described. 
Tablets 86 to 9 also operate normally closed 

SWitches 33 which are connected in Series be 
tween ground and the ungrounded terminal of 
the primary of transformer 276, by a conductor 
332. The SWitches 330 respectively shunt tone 
control meshes which, as is well known in the art, 
attenuate certain frequencies more than otherS SO 
as to produce changes in the tone quality of the 
signal. When the switches 330 are closed it Will 
be apparent that the primary of transformer 26 
is effectively short-circuited so that no signal Will 
be transmitted through this transformer. When 
one of these switches 330 is opened the impedance 
or filtering mesh which it normally shuntS is ren 
dered effective to modify the signal appearing 
across the primary winding of transformer 276, 
and when more than one of these Switches. 330 
is opened the amplitude of the signal across the 
primary of transformer 276 is correspondingly 
increased and it is for this reason that resistors 
R.328 are connected across the secondary of 
transformer 294. As the switches 330 are opened, 
the load provided by resistors R.328 acroSS the 
output of transformer 294 compensates for the 
increase in the amplitude of the signal acroSS the 
input of transformer 276 so that irrespective of 
how many of the tablets 86 to 90 are Operated 
the intensity of the tone signal on conductor 324 
will remain substantially constant. 
The conductor 324 transmits the output of the 

solo section of the instrument to the Solo volume 
control 22 (Fig. 1c); operated by the Solo balance 
knob 64. This knob controls the position of the 
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4. 
contactor of a potentiometer R340, one terminal 
of which is connected to the conductor 324. The 
other terminal is connected to ground through 
a resistor R34. The movable contactor of this 
potentiometer is connected through resistor R342 
to a conductor 344. 

OUTPUT SYSTEM COMMON TO ALL 
SECTIONS OF INSTRUMENT 

The conductor 344 is connected to the grid of 
a triode 346 through a decoupling resistor R348. 
The Cathode of triode 346 is connected to ground 
through a self-bias resistor R350 while the con 
trol grid is connected to ground through a grid 
return and signal load resistor R352. A de 
coupling resistor R354 is connected between the 
Cathode of triode 346 and a terminal 355 to which 
a connection may be made during initial tuning 
and testing of the instrument. The plate of tri 
Ode 346 is connected to a -280 v. terminal 
through a load resistor R356 shunted by a filter 
capacitor C358. The plate of triode 346 is also 
connected to a stationary capacitor plate 360 
forming part of the capacity volume control 30. 
In addition to the plate 360 this capacity volume 
control includes a stationary capacitor plate 362 
and a movable plate 364, the latter being operated 
by the expression lever 46. The plates 360, 362 
and 364 may be arranged in a form similar to the 
Customary variable multiplate air dielectric tun 
ing capacitors. 
The capacitor plate 362 is connected to the 

plate of triode 346 through a mesh which is 
adapted to compensate for the frequency re 
Sponse characteristics of the ear at different in 
tensity levels. This mesh comprises a section 
comprising R370 and C37 in parallel, this sec 
tion being connected in series with a similar sec 
tion comprising R372 and C3T3 in parallel, the 
junction between these two sections being con 
nected to ground through C374 and R375 in 
Series. The plate 362 is connected to ground 
through C36 in Series with R377, these latter 
tWO components being shunted by R378. 
The movable plate 364 of the capacity volume 

control 30 is connected to the grid of an ampli 
fying triode 380 through a conductor 38 and a 
series grid resistor R382. The movable plate 364 
is also connected to ground through filter capaci 
tors C384 and C385 connected in series, the junc 
tion between these capacitors being connected to 
a. --19 W. terminal of the power Supply through 
R.386. The --19 W. potential is impressed upon the 
grid of triode 380 through R386, R388 and R.382 
and is Similarly in pressed upon the grid of a tri 
Ode 390 through a load resistor R392. The cath 
odes of triodes 38 and 390 are connected to 
gether and are connected to ground through a 
relatively high value common cathode load resis 
tOr R394. One of a pair of phonograph input 
terminals 396 is also connected to the grid of tri 
Ode 390, the other input terminal being con 
nected to ground. 
The plates of triodes 380 and 390 are connected 

to a --285 V. terminal through load resistors 
R398 and R399 respectively. The plates of these 
triodes are also coupled to the control grids of 
power tubes 400 and 40 through blocking capaci 
tors C402 and C403 respectively. The cathodes 
of tubes 400 and 40 are connected to ground and 
negative grid bias is provided through common 
resistor R.404 and individual resistors R406 and 
R407 respectively, the junction being between 
the latter two resistors connected to ground 
through a filtering capacitor C408. The screen 
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grids of tubes 400 and 40 are maintained at a 
suitable Operating potential by connection to a 
--285 v. terminal while the plates of these tubes 
are connected to the ends of the primary Winding 
Of an output transformer 408, the center tap of 
which is connected to a plate current source 
terminal --295 v. The secondary of transformer 
408 has a center tap connected to ground and 
has terminals connected to the Speaker 3. One 
terminal of the secondary of transformer 408 is 
also connected to the conductor 381 through vis 
ible feed back capacitor C42 which may be ad 
justed to control the over-all gain of the poWei' 
amplifier 28. 

WIBRATOR, OSCILLATOR, 

The vibrator oscillator 04 provides a vibrato 
frequency to the signal generating System of the 
solo section of the instrument as well as to other 
sections of the instrument as will hereinafter ap 
pear. As shown in Fig. 1d, the vibrato OScillator 
{ 04 is coupled to a switch tube 420 through a 
blocking capacitor C422 and a limiting resistOl' 
R424. Negative grid bias is provided by a Con 
nection of the grid of Switching triode 420 
through R424 and R425 to a -2.5 v. terminal 
of the power supply, this terminal being also Con 
nected to the vibrato oscillator i04 to provide grid 
bias voltage thereto. The plate of the Switch tube 
420 is connected to a --295 v. plate voltage source 
through a relatively high value load resistor R426. 
The plate of tube 420 is also connected to capaci 
tol's C428 and CA29. These capacito's may re 
spectively be connected to the control grid of Solo 
Oscillator triode 59 by Switches 430 and 43 re 
Spectively, these switches being operable by Stop 
tablets 9 and 78. When either of the Switches 
439 or 43 is in the full line position and the tri 
ode 420 is conducting, the aSSociated capacitor is 
effectively connected to ground through the tri 
ode 420 and a by-pass capacitor C432 by which 
its cathode is connected to a -4 v. terminal, 
which for alternating current is effectively 
ground potential. A cathode bias resistor R433 is 
connected in parallel with the capacitor C432. 
Thus the SWitch tube A28 is effective alternately 
to increase and decrease the capacitance in the 
tuning circuit of the solo oscillator 80 by render 
ing either or both capacitors C428, C429 effective 
in the tuning circuit, and thus the frequency of : 
the oscillation of the solo oscillator G Will be 
caused to vary at the vibrato rate, namely, the 
frequency at which the vibrato oscillator 94 op 
erates. When the Switches 430 and 43 f are noved 
to their dotted line positions they respectively 
connect the conductor 67 to ground through 
compensating capacitors C434 and C435. The 
stop tablets may be operated So that either or 
both of the capacitors C428, C429 are in circuit 
and thus produce either a small, a wide or a very 
Wide vibrato effect. The construction and opera 
tion of the vibrato oscillator, the SWitch tube and 
associated circuits and parts are more fully dis 
closed and claimed in my Copending application 
Serial No. 111,743, filed August 22, 1949, Patent 
No. 2,580,424 issued January 1, 1952. 
ORGAN SECTION GENERATING SYSTEM 
The generating system for the organ tone Sig 

nais comprises sixteen oscillators of which three 
representative oscillators are shown in Fig. 1d. 
Some of these oscillators are arranged to Sup 
ply either of two adjacent semitone frequencies 
while other OScillators are arranged to Supply 
any one of three semitone frequencies. One of 
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the oscillators which is capable of Supplying 
either of two adjacent Semitone frequencies is 
the F-Fi Oscillator comprising triode 44 hav 
ing a plate 442, a grid 443 and cathode 444, and 
includes a resonant circuit which may comprise 
an inductance L445 having a capacitor C446 in 
parallel therewith. This resonant circuit may in 
clude an additional capacitor C448 of the same 
value of C446, connected between a tap 449 on 
the inductance L445 and a switch 450 operated 
by the F playing key 48 in the octave above mid 
dle C. The Switch 450, When closed, connectS 
C448 to a conductor 452, which is connected to 
ground through a low value resistor R453 as 
well as through a portion of an autotransformer 
coil L454. The tap 449 is located SO that ap 
proximately 65 per cent of the turns of L445 alre 
between this tap and a terminal 456. A block 
ing capacitor C45 connects the terminal 456 at 
One end of the resonant mesh L445-C446 (or 
L485-C446-Cái B) to grid 443. The other ter 
minal 458 of the resonant mesh is connected to a 
conductor 46 and is thus connected to ground 
through R453 and a portion of L454. 
Varying bias is impressed upon the grid 443 

through a resistOi R462 connected to a conductor 
464 which leads to the cathode of Switch tube 
42), thereby to introduce a Vibrato effect in the 
output of the oscillator. The oscillator triode 44 
is normally not in oscillation since it is supplied 
With plate current only upon closure either of a 
switch & 35 or a switch 467, these switches being 
Connected to plate 342 through an attack 'e- 
Sistor Ri88. A capacitor C469 in Series with a 
l'esistor RAC is connected across the attack re 
Sistol R468 and this mesh, together with a ca 
pacitor C2, provides time delay so as to cause 
the gradual attack and decay in the intensity en 
velopes of the tone signals produced by the 
GScillator. A Suitable operating potential is im 
preSSed upoln the plate 442 upon closure of either 
Switch 386 or 46, since the other poles of these 
SWitches are connected to a --295 v. terminal 
through a conductor 44. 
The terminai 4:56 of the OScillator is connected 

by a decoupling resistol R476 to a signal collect 
ing conductor 478. The form of the signal wave 
between the terminal 56 and ground is sub 
Stantially a Sine wave with but slight harmonic 
development, characteristic of flute tones, these 
flute-like tone Signals appearing on the conduc 
tor 478. The collector conductor 478 may be 
connected to ground through a decoupling re 
sistance R480 when a switch 432 operated by the 
Stop tablet 76 is in its full line position. When 
the Switch 482 is noved to its dotted line posi 
tion the collector conductor 478 is connected to 
an Organ Section signal conductor 484 through 
R480 and R486, while at the same time the con 
ductor 434 is connected to ground through a 
filter capacitor C628. 
The Signals derived from the cathode through 

the autotransformer L454 are supplied to a 
SWitch 490 through a decoupling resistor R492. 
Closure of SWitch 398 results in impressing a 
Signal of high harmonic development, char'- 
acteristic of a tone of the string family, upon 
the output conductor 484. The switch 490 is 
Operated by tablet 5 which simultaneously op 
erates a Switch 494 which is adapted to connect 
the conductor i78 to the conductor 484. The 
purpose of the Switch 494 is to cause the addition 
of Some of the flute tone signals with the organ 
tone Signals to enrich harmonically the tone 
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signals of complex quality derived through the 
autotransformer 454. 
The conductor 484 is connected to a potentiom 

eter resistance R496 (Fig. 1C), the other terminal 
of which is connected to ground through R49. 
The movable contact of the potentiometer R496 
is adapted to be adjusted by the organ balaince 
knob 63, the nowable contact being Connected 
through a decoupling resistor R498 to the grid 
of a preamplifier triode 500. The cathode of 
triode 500 is connected to ground through a 
self-bias resistor R502, while the grid is con 
nected to ground through a grid return resistor 
R504 and a filtering capacitor. C506. The grid 
of triode 50) is also connected to ground through 
coupling resistors R508 and R509, the junction 
Of which is connected to SWitch 50 for coupling 
a signal from the accordion section of the in 
Strument to the Organ preamplifier tube under 
certain circumstances which Will more fully ap 
pear hereinafter. The plate of triode 500 is con 
nected to a Suitable Source of Operating poten 
tial, indicated as a terminal --280 V., through a 
load resistor R5 which is shunted by a filter 
ing capacitor C52. The plate of the triode 500 
is connected to conductor 344 through a de 
coupling resistor R54 and a blocking capacitor 
C56, and the signal is thus impressed upon the 
grid of the preamplifier triode 346, together with 
the Signal from the Solo Section of the instru 
ment. 

It Will be noted that Sone of the Organ OS 
Cillators Such as the OScillator for the notes 
F-F-G and Git-A-Ai (Fig. 1a) supply any 
One of three Semitone frequencies. Each of these 
Oscillators is similar to the F-Fi oscillator previ 
ously described except that an additional ca 
pacitor C520 is adapted to be connected in series 
With the capacitor C448 upon depression of the 
intermediate key such as the F3 key 48 in the 
F-F-G Oscillator, or the A key 48 associated 
with the G-A-A. oscillator. As previously in 
dicated there are sixteen Organ tone signal OS 
ciliators and these may selectively supply tone 
Signals of the pitches for the notes F2-F2. G2; 
G2-A2-A2; B2-C3-C3; D3-D3-E.; F2 
F2; G2-G2:; A2-A2i; B2-C3 C3-D3; 
D33-E.; F3-F33; G3-G3:; A3 A38; B3-C4; 
C4-D; D42-E4-F4; respectively. 
Thus it will be noted. With the use of but six 

teen Oscillators 37 tone signals of the 37 different 
Successive Semitone pitches are capable of being 
supplied, effecting a substantial saving in the 
number of oscillators required. It is very seldom 
that, in playing an accompaniment chord, adja 
cent full tone or semitone interval keys will be 
depressed at the same time. Even if two adja 
cent semitone keys are depressed at the Same 
time, both semitones will usually be heard Since 
the organ oscillator will oscillate at the pitch of 
the lower of Such two keys while the Solo Section 
generating system will produce a signal of a pitch 
of the higher of the two keys. By using twin 
triodes for the organ section oscillators it Will be 
clear that only eight vacuum tubes are required 
to supply the signals for a compass of 37 Semi 
tones. The range of the frequencies generated 
by the organ signal generating oscillators is from 
1746. C. P. S. to 1396.91 C. P. S. 
The organ section of the instrument is used to 

supply accompaniment for the solo section of the 
instrument and the arrangement is such that the 
highest note of a chord played on the keyboard 
47 will, in addition to causing the Organ tone to 
sound, cause the solo generating Section to Sup 
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ply a signal of pitch corresponding to the highest 
depreSSed key to the output system of the in 
Strument. In most homophonic music the high 
est note of the treble chord constitutes the melody 
note of the Selection. By having the solo section 
provide a signal of different tone quality and 
intensity than the signal provided by the organ 
Selection, the chord may usually be heard with 
the Superposed solo note. 
When it is desired to have the organ generat 

ing System generate signals devoid of the vibrato 
effect the player may close switch 528 (Fig. 10) 
by Operation of the accordion and organ vibrato 
control tablet 77, thus connecting the conductor 
464 to ground. The resistors RA-62, which im 
preSS. the Vibrato frequencies on the grids of the 
Oscillators, are of relatively high value, in the 
Order of 2 negohms. 

It Will be noted that the high value resistors 
R462 and the grid capacitors C457 are of such 
Values that a considerable degree of phase shift 
at the fundamental frequency of Oscillation is 
produced. The amount of phase shift used is 
Sufficient to change the frequency of the oscil 
lator approximately 3 percent. When this is the 
case variations in the voltage of the grids to 
which the grid resistors R462 are connected, are 
effective to cause further distortion of the Wave 
shape of the plate current signal and thus in 
troduce further phase shift which results in 
periodic changes in frequency to produce the de 
sired vibrato effect. It is only when the resist 
ance-capacitance meshes (R462-C45) are inade 
current limiting that the vibrato effect is 
achieved by Varying the grid bias. If R462 and 
C5. Were not current limiting, the variation in 
vibrato bias supply would result mainly in ann 
plitude modulation, that is, a tremolo effect, 
which is not nearly as desirable as the vibrato 
effect. 

ACCORDION SECTION GENERATING 
SYSTEM 

The accordion Section generating system com 
prises Six OScillators, each capable of oscillating 
at One of tWO adjacent Senitone frequencies. 
The Six Oscillators thus cover a range of one 
Octave. These oscillators are designed to pro 
Wide tone signals of pitch corresponding to chord 
button controlled reed tones of an accordion, and 
have their outputs controlled by the accordion. 
button keyboard 50 which preferably comprises 
96 buttons arranged in twelve vertical files ac 
Cording to the note designation of the chord in 
the octave, and in eight horizontal rows, each 
row representing a different type of chord, 
namely: the major--6th; 9th; major; minor; 
7th; diminished; augmented; and minor 7th. 
(See Fig. 4.) 
The six accordion OScillators, shown in Fig. 1d, 

are similar except for slight differences in the 
values of their components to render them oper 
ative at their particular oscillating frequencies, 
and therefore but one Such oscillator has been 
shown in detail. This Oscillator comprises a 
triode 530 having a resonant circuit comprising 
a tunable inductance L532 and a capacitor 
C534. One terminal of inductance L.532 and one 
terminal of the capacitor C534 are connected to 
ground while the other terminals of these con 
ponents are connected to the grid of triode 539 
by a current limiting capacitor C536. A tap on 
L532 is connected to the cathode and the cathode 
is connected to a switch contact 538 through a 
tuning capacitor C540. The grid of triode 530 
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is also connected to the vibrato signal conductor 
464, through a high value current limiting resis 
tor R542, to introduce a varying bias at the 
vibrato frequency derived from the cathode cir 
cuit of the switch tube 429 (Fig. id). The triode 
53 has its plate connected to a suitable Operat 
ing potential source terminal --295 v. through a 
load resistor R544. The output signal from the 
oscillator S-F is Supplied to a "root' bus-bar 
553 and a “fifth' bus-bar 554 through a de 
coupling resistor R550 and switch contactOrS 555 
and 556 respectively. 
An accordion tone signal is derived from the 

plate of the triode 539 through a high pass filter 
ing mesh comprising capacitor C558, a grounded 
resistor R558, and a decoupling resistor R566, the 
latter being connected to the contactor 562 
adapted to make contact with a signal bus-bar 
55 connected to a terminal X, which also ap 
pears in Fig. 1c. The tuning contactor 536 is 
adapted to make contact with a tuning bus-bar 
552 which is connected to ground. 
Whenever one of the key buttons 54 (Fig. 3) 

of the accordion button board 50 is depressed it 
will operate two contacts 555 and 556 (Fig. 1d.) 
to supply signals of the required frequencies to 
the bus-bars 553 and 553. In addition, it Will 
operate a contactor 562 to supply a signal to the 
signal bus-bar 55 and it may, if one of the ele 
ments of the chord called for by the depressed 
button is the lower of two of the semitone pitches 
capable of being supplied by the Oscillator, Oper 
ate a contact 538 to tune a particular Oscillator 
to the lower of its two semitone frequencies. 
The manner in which these contacts 538, 

556 and 562 are operated will be described here 
inafter, it being understood for the present, that 
depression of one of the key buttons 54 will 
result in supplying signals of the three, foul", 
or five pitches required for the desired chord 
and, in addition, will result in SUpplying to the 
“root' bus-bar 553 a signal corresponding to the 
“root’ of the selected chord, and will Supply 
a signal to the “fifth' bus-bar 554 a frequency 
corresponding to the “fifth' of the selected cinord. 
Since only twelve adjacent semitone frequen 
cies are supplied by the accordion OScillators 
;46, the chord actually sounded may be first Or 
second inversion of the selected chord. As Will 
appear hereinafter, the over-all effect of the 
chord will be determined by the Sounding of the 
pedal bass note, so that whether the chord (apart 
from the bass tone) is the first Or second in 
version will not be perceptible to the listener. 
The signals composing the notes of the chord, 

as previously indicated, will be impressed on the 
signal bus-bar 55 and hence will be present On 
the terminal X appearing in both FigS. 1C and 
id. It Will be noted from Fig. 1c that the ter 
minal X is connected to the grid of the accordion 
control tube 48 through a resistor R564 and 
capacitor C566, the junction 56 between the 
latter elements being connected to ground 
through a capacitor C568. R564 and C568 form 
a low pass filter which greatly attenuates the 
high frequencies. It will be recalled that in the 
output circuits of the accordion oscillators there 
are provided high pass filters C558-R559 
R560, which greatly attenuated the lower fire 
quencies. Thus by attenuating the higher fre 
quencies by means of the filter R564-C568, the 
amplitude relationship between the high and 
low frequencies in the signal on the plate of the 
oscillator 539, for example, is restored. HOW 
ever, transients introduced by closing or Open 
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ing of the contacts 562 with the bus-bar 55 will 
be greatly attenuated by the filter mesh R564 
C568. The Suppression of these transientS Sub 
stantially eliminates the possibility of the pro 
duction of audible “key thumps' or "key clicks' 
When contacts between contactor's 562 (Fig. d) 
and bus-bar 55 are made and broken. 
A Switch 569 (Fig. 10) is operable by the ac 

cordion mute tablet 73 effectively to connect a 
capacitor C570 between terminal X and ground, 
thus providing an additional high frequency by 
paSS of the signal to ground and thereby muting 
the signal. When the Switch 569 is moved to 
its full line position it provides a short circuit 
around a resistor R52 which is connected in 
Series With a resistor R53 between the terminal 
X and ground. The shunting of R572 operates 
to compensate for the removal of C570 from the 
circuit So that the amplitude of the over-all Sig 
nal is the same irrespective of the position of the 
nute Switch 559. 
The accordion control tube 48 is normally 

biased beyond cutoff by having its control grid 
connected to a -50 V. terminal through grid 
resistor R54 and decay resistor R576. It will be 
noted that the cathode of tube 8 is connected 
to a --3.8 v. terminal of the power supply, while 
the plate thereof is connected to a -280 v. ter 
miral through a load resistor R58. 
The tube 48 being normally biased beyond 

Cutoff, may have its bias changed by Operation 
Of the accordion bar 56 to close a SWitch 580 and 
thereby connect the junction between R574 and 
R56 to ground though an attack l'esistor R582. 
The junction between R54 and R576 is con 
nected to ground through an attack and decay 
capacitor C584. It Will be clear that when the 
Switch 58) is closed, the potential on the grid 
of tube 48 will approach ground potential at a 
rate determined mainly by the relative values 
Of C584 and R582 SO as to cause the tube 48 
to conduct the signal With a Substantially tran 
sientless gradual attack. Similarly, when the 
SWitch 58 is opened, C584 will be recharged at 
a rate determined mainly by the values of R576 
and C584. So as to return the potential of the 
grid 48 Snoothly but rapidly to the -50 v. be 
yond cutoff potential. The plate of tube 48 
is COnnected through a decoupling resistor R586 
and capacitor C5 6 to conductor 344 and hence 
to the grid of the preamplifier triode 346, and the 
Signal is thus amplified and supplied to the power 
Output System of the instrument together with 
the Signals from the solo section and from the 
Organ Section. 

It is frequently desirable to have the accordion 
tOne signals Supplied at low amplitude to the 
Output of the instrument even though the ac 
COrdion bar 56 is not depressed. When it is 
desired to have Such sustained accordion accom 
paniment controlled solely by the depression of 
a Selected accordion key button 54, the player 
Will move the previously mentioned Switch 50 
(Fig. 1C) by means of the accordion sustain tab 
let 2 to its full line position, thus connecting the 
junction 56 to the grid of the organ preampli 
fier triode 550 through the voltage divider formed 
by resistors 508 and 589. The accordion sec 
tion Signals will thus be combined with the or 
gan Section Signals and transmitted to the out 
put System of the instrument at a relatively re 
duced anplitude. 
In SOne instrumentS the pedal 44 may be used 

to cause Sounding of the accordion chord in place 
of, or as a Supplement to the accordion bar 56. 
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In such instruments the pedal 44 is arranged to 
operate a Switch 587 which is connected in paral 
le. With SWitch 580. 

It will be noted, by referring to Figs. 1d, and 1d, 
that the vibrato Signal for the Solo OScillator is 
derived from the plate circuit of Switch tube 420, 
while the vibrato signals for the Organ OScilla 
tors 36 (e.g. triode 44) and for the chord OScil 
lators d6 (e. g. triode 53) are derived from the 
cathode of the Switch tube 42). The Solo vibrato 
is therefore 180° out of phase with respect to the 
vibrato on the organ and chord tones. Assuming 
that the vibrato OScillator Operates at 7 C. P. S., 
during / of a second, the solo tone will be slightly 
sharp and the Organ and chord tones will be 
slightly flat. During the following A of a sec 
ond the condition will be reversed. This results 
in the production of a rich chorus effect when 
ever tones, having the same fundamental, or 
having partials of the same nominal pitch de 
rived respectively from the Solo Section and from 
the organ or chord sections, are produced at the 
Same time. This chorus effect and Various Ways 
it may be produced are more fully disclosed and 
claimed in my copending application, Serial No. 
223,376, filed April 27, 1951. 

PEDAL SECTION SIGNAL 
GENERATING SYSTEM 

As previously indicated depression of an ac 
Cordion button 54 not only causes transmission of 
the accordion accompaniment chord to the out 
put System but also supplies a Signal of frequen 
cies corresponding to the “root’ and “fifth' of 
the Selected chord to the 'root' bus-bar 553 and 
“fifth' bus-bar 554 respectively. As will be ob 
served from Fig. 1d, these bus-bars are connected. 
to contacts 589 and 590 respectively forming 
parts of a pedal SWitch mechanism 52. A COn 
tactor, illustrated as a bar 592 mounted on a cen 
tral frictional pivot, is connected to a conductor 
593 and is adapted to be moved from its full line 
position to its dotted line position by the “fifth' 
pedal 42, and returned to its full line position by 
depression of the “root' pedal 40. The pedals 
are resiliently returned to their uppermost po 
Sitions while the contact bar 592 Will remain in 
the position to which it was moved by the last 
depressed pedal, thus making Contact with either 
contact 589 or contact 590 at all times when it is 
not beng moved from . One position to the other. 
Thus, depending upon which of the pedals 40, 42 
has been last depressed a Signal, of frequency 
corresponding to the “root’ of the Selected ac 
cordion chord or to the “fifth' of such chord, 
will be impressed upon conductor 593 and hence 
through a single pole double throw SWitch 595, a 
blocking capacitor C594 and series grid resistor 
R596, Supplied to the grid of a pulse sharpening 
triode 598. The grid is also connected to ground 
through R596 and grid return resistor R599. The 
Cathode of triode 598 is connected to ground and 
its plate is connected to a --285 v. terminal 
through a load resistor R600. The output signal 
from the triode 598 is Supplied through a block 
ing and current limiting capacitor C602 to the 
grid of a rectifying and pulse sharpening triode 
604. The cathode of triode 64 is connected to 
the terminal Z, which, it will be recalled, also ap 
pears in Fig.1b and is connected to the cathodes 
of the Solo Section frequency divider tubes and 
thus provides the proper bias for triode 604. The 
triode 604 Supplies sharp negative pulse signals 
to the grids of alternate pulse responsive fre 
quency divider triode 606 through blocking and 
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current limiting capacitors C608 as well as to the 
grid of triode 607 through a similar capacitor 
C609. The grid of triode 606 is connected to the 
plate of triode 607 and the grid of triode 6) is 
Connected to the plate of triode 606 through re 
Sistance-capacitance meshes of the type de 
scribed in connection with the description of the 
first frequency divider of the solo section gen 
erator, and a detailed description of the compo 
nents and circuit arrangement of the pedal fre 
quency divider Will therefore not be repeated. 
The triode 60 supplies a control signal to a sec 
Ond pedal frequency divider 60. Signals are de 
rived from the plates of triodes 598, 607 and from 
the corresponding output of the second pedal 
frequency divider 6 iO through decoupling re 
Sistors R6 f2, R63 and R64 respectively. These 
resistors have graded values. Such that the sig 
nal transmitted through R64 will be of approxi 
mately twice the amplitude of the signal trans 
mitted through R63 and four times the ampli 
tude of the signal transmitted through R62. 
The combined output signal from the pedal fre 
quency dividerS Will thus be a combination of 
Octavely related odd harmonic signals, and the 
musical effect will be that of string tones, as 
more particularly shown and claimed in my co 
pending application Serial No. 11,453, filed Feb 
ruary 27, 1948, now abandoned. 
The combined signals from R6: 2, R6 3 and 

R64 are transmitted through a blocking capaci 
tor C6 6 to a low pass filtering mesh 618 com 
prising three series resistors R69, four bypass 
capacitors C620 and a load resistor R622, the out 
put of the filter 618 being coupled to the grid of 
triode 56 through blocking capacitor C324. The 
cathode of triode 56 is connected to a -3.8 v. 
terminal, while the grid is connected to a -50 v. 
terminal through a grid resistor R626 and a de 
Cay resistor R628. The -50 v. On the grid of 
triode 56 normally biases the tube beyond cut 
Off and no signal is transmitted through it. 
However, when either the “root’ or “fifth' pedal 
is depressed, Switch 636 or switch 631 is closed 
to connect conductor 632 to ground and thereby 
raise the potential on the grid of triode 56 grad 
ually to approach ground potential at a rate de 
termined by an attack resistor R634 and capac 
itors C635 and C636 which are connected in se 
ries between ground and the junction of R626 
and R628. The rate at which the potential on 
the grid of triode 56 approaches ground poten 
tial is such that the triode 56 will commence 
transmitting the signal with a smooth gradual 
attack intensity envelope. The switches 636 and 
63 are Spring returned with the pedals that op 
erate them, and upon release of the depressed 
pedal, the grid of triode 56 will again return to 
its cutoff -50 v. bias potential at a rate deter 
mined by the relative values of R628 and the 
combined capacitances of C635 and C636. 
A normally Open SWitch 638 is also adapted to 

Connect the conductor 632 to ground for render 
ing the control tube 56 effective to transmit sig 
inals... The SWitch 595 is operable to a dotted 
line position to connect the grid of the triode 598, 
through R596 and C594, to the “root' bus bar 
553 instead of the pedal operated switch bar 592. 
The Switches 595 and 638 are operable by a com 
mon Control member 639. 
When it is desired that the pedal-controlled 

notes should be sounded with slow decay, the 
pedal fast decay tablet 74 is operated to close 
Switch 640 and thereby shunt C636 by a low 
value anti-Spark resistor R642. Substantially the 
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full value of the capacitor C635 is then effective 
in the attack and decay circuitS With a result 
that the decay portions of the tone intensity 
envelopes will be longer, that is, the decay Will be 
SIOWer. 

Plate voltage for triode 56 is supplied from a 
--280 v. terminal through load resistor R64 
which is shunted with a high harmonic filtering 
capacitor C646, and the output signal is trans 
mitted to terminal Y through a blocking capaci 
tor C648. The terminal Y appears also in Fig. 
1c and is connected to one terminal of a poten 
tionetter 58 comprising a variable resistance 
R656 and a fixed resistance R65. R.650 and 
RS5 are connected in Series between the termi 
inal Y and ground while the contactor of the 
potentiometer, which is operated by pedal bal 
ance knob 62, is connected through a decoupling 
resistor R552 to the grid of preamplifier triode 
346. The signal provided by the pedal section 
of the instrument is thus combined with the Sig 
nals provided by the other Sections of the in 
strument and transmitted to the Output SS Stern 
of the instrument. 
The “soft' tablet (Fig. ic) is connected to 

operate a switch 654 which, When closed, Con 
nects conductor 344 to ground through a resis 
tor R656 by which a portion of the signals Sup 
plied by the solo, organ, and accordion Sections, 
and a lesser portion of the Signal Supplied by the 
pedal section of the instrument, are shunted to 
ground. Thus R348 provides a simple form of 
bass pedal compensation, whereby the bass pedal 
tones are attenuated less than the tones pro 
duced by the other sections of the instrument 
When the “soft’ tablet i is operated. 
In lieu of the bass signal generating System 

above described, a generating System of the type 
employed in the solo section may be used, in 
which event, each of the chord buttons Would be 
effective to tentatively tune the OSciliator to tWO 
different pitches corresponding to the SubOctaves 
of the root and fifth of the selected chord. 

ACCORDION KEYBOARD AND SWITCH 
NECHANISM 

The accordion keyboard and the SWitch mecha 
nism. Operated thereby is best shown in FigS. 4 to 
10. The keyboard, shown in plan view in Fig. 4, 
comprises a molded plastic keyboard plate 680 
having ninety-six openings 682 formed therein 
as guides for key buttons 54, the latter being 
arranged in eight generally horizontal l'OWS and 
twelve vertical rows, preferably differently col 
ored as indicated by the Stipling, the horizontal 
rows being marked with the chord designation 
“major--6th,” “ninth,” “major,” “minor,” “sev 
enth,’ “diminished,' 'augmented' and "minor 
7th' at the left-hand end of the roWS and 
marked with abbreviations of these chord design 
nations Such aS “6,' “9,' “mj,' “m,' 7, “. ...,' 
“,' and “m7' at the right-hand ends of th 
rows. The chord key designations are marked 
on the vertical board adjacent to the real Ward 
end of the keyboard plate 680, "Db, Ab, Eb, Bb, F, 
C, G, D, A, E, B and FE' as generally indicated in 
Fig. 3, but for convenience are shown as marked 
upon the keyboard plate 680. For quick Visual 
identification, the buttons and the vertical roWS 
Eb, C, A and F2 are distinctively colored, as indi 
cated by stipling the other buttons 54. 
As best, shown in Figs. 5 and 6, the keyboard 

plate 680 is suitably reinforced around the Open 
ings 682 so as to provide ample guiding surfaces 
for the vertical sliding movement of the key but 
tons 54. The low bosses 683 around the opening 
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682 on the upper side of the plate 680 tend to 
prevent dust and dirt from falling through the 
clearance Spaces between the buttons and the 
Walls of these holes. The key buttons 54 have 
enia.rged heads 686 at their lower ends Which 
rest upon upwardly projecting lugs 688 forming 
parts of Switch Selecting evers 690, of which 
there is one for each key button 54. These select 
ing levers 690 are pivoted on a rod 692 suitably 
mounted in a keyboard frame 694 which compris 
es a number of channels, angles and plates form 
ing a rigid Supporting structure for the Operating 
parts, and has the keyboard plate 580 secured 
thereto by Screws 696. Each of the evers is nor 
mally swung counterclockwise by a compression 
coil Spring 698 against an upper limit stop 699. 
The Springs 698 are arranged in echelon since 
they are of greater diameter than the spacing of 
Selecting levers. The downward O' clockwise 
Swinging movement of the levers 690 is limited by 
a downstop 100, these stops being Supported by a 
channel 702 forming part of the frame 694. The 
levers 690 are stamped of thin sheet metal and 
are provided with a number of dimples 704 
Which Serve to Space them from One another and 
thus to prevent them from adhering to one an 
other due to the accidental presence of oil. 
The lower edges of the levers 699 are provided 

With a number of projections 06 which are 
adapted to depress Switch actuators 708. There 
aire, of couise, ninety-Six levers 690, that is, one 
for each Of the 96 key buttons 54, but there are 
Only twenty-four actuators 08. As best shown 
in Fig. 5, these actuator's 708 are in the form of 
sheet netal levers pivoted on a rod 7 iO carried 
in the frame 694 and normally urged clockwise 
(Fig. 5) each by a separate compression coil 
Spring 2. Alternate actuators (08 have discs 

made of an insulating material Suitably riv 
eted thereto while the intermediate actuators 
have similar discs 5 of insulating material riv 
eted thereto. The insulating discs or washers 

4, 5 are of different sizes, those secured to 
the leftmost (Fig. 6) actuators being larger than 
the others to make certain that the switches 
closed by these six actuators will close first and 
Open last aS buttons 54 are depressed and re 
leased. 
To reduce noise, the upper edges of the actua 

tOr 08, Where they may be engaged by projec 
tions C6 of the levers 630, are protected by in 
Verted U-shaped felt pads 6 which are Secured 
to the actuators by staples i 18, the latter project 
ing through suitable openings adjacent the upper 
edges of the actuator 73. 
The insulated discS 4 are arranged to engage 

and Operate the rearward row of Switch contac 
tors 538, 562 and 555 (see Fig. 9) while the in 
Sulating discS if 5 are similarly adapted to en 
gage and Operate the forward row of SWitch con 
tactors 538, 562 and 555. These switch contac 
tors are in the form of thin flexible resilient 
SWitch alms having contact wires 20 welded to 
the lower Surfaces of their free extremities. The 
SWitch arms 533 are adapted to make contact with 
the bus-bar 552 which is shown in Fig. 9 as com 
prising two sections joined by a conducting 
jumper 22 while the Switch arms 562 are adapted 
to make contact with a bus-bar 55 , likewise 
Shown in Fig. 9 as comprising two sections joined 
by a conducting jumper 723. Similarly the switch 
Contactors 555 are arranged to make contact with 
the buS-bar 553 While switches 556 make contact 
With the bus-bar 554. 
The bus-bars 55?, 552, 553 and 554 are prefer 
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ably staked to an insulating plate 724 (Fig. 6) and 
have solder lugs 726 projecting through the plate 
24 for attachments of connecting Wires. The 

plate 24 is mounted for longitudinal sliding 
novement in vertical plates 728 which form part 
of the frame 694. A metal plate 73 is likewise 
mounted for longitudinal sliding movement in 
the vertical frame plates 728. The insulating 
plate 724 has three holes 73 which receive studs 
732 riveted to the plate 730, and the plate 730 is 
provided with a manually engageable knob 734 
by which the plates 730 and 724 may be moved 
longitudinally. This longitudinal movement is 
provided so that the bus-bars carried by the plate 
724 maybe shifted relative to the contactors which 
engage them to present fresh Surfaces to the con 
tact wires 20 on these contactors and thereby a S 
sure completion of the circuits by these contactors 
in spite of the presence of dust or other foreign 
particles which might be present accidentally, 
even though the SWitch mechanism is suitably en 
closed to prevent admission of dust. 
As previously indicated, the arrangement of the 

projections 726 on each key lever 690 differs from 
the arrangement of the projections on all other 
key levers. Thus depression of each of the key 
buttons SA will result in operation of a set of con 
tactors 538, 555, 556, 562 differing from the set 
operated by any other key button. 
The manner in which the projections 05 are 

arranged may best be understood by reference to 
the diagram Fig. 10, Which may be used to in 
dicate the pitches to which the accordion oscil 
lators 46 are tuned by the depression of the var 
ious buttonS. 54 and also to indicate Which of the 
switches 555 and 556 are operated to supply the 
“root’ and the “fifth' frequencies for controlling 
the frequency of operation of the pedal section of 
the instrument. In Fig. 10 the various types of 
chords are designated by joined radial arrows 
pointing to the particular notes of which the 
chord is composed, While the dotted line radial 
arrows point to the note designations of the 
“root' and 'fifth' notes of the chords. If One 
imagines the chord designations with their ar 
rows as being stationary, and the circular row of 
note or pitch designations as being rotatable (or 
vice versa) one can determine all of the notes of 
the chord as well as the “root' and the “fifth 
for all of the different types of chords in all dif 
ferent keys. 
For example, as indicated in Fig. 10, the major 

chord comprises the notes C-E-G, the pedal 
“root' being likewise shown as 'C' and the pedal 
fifth' as “G.' If one desired to determine the 
notes of the major chord in the key of Eb, these 
could be determined by mentally rotating the cir 
cular row of key designations in Fig. 10 one step 
counterclockwise so as to bring the Db designa 
tion below the first arrow of the major chord ar 
rows and then one could read from the chart that 
the major chord in Db comprised the notes Db, F. 
and Ab, the “root' being Db and the “fifth' being 
Ab. In a similar manner the notes, as well as 
the “root’ and "fifth,' of all other chords in all 
other keys may be determined from Fig. 10. The 
information thus determined may be utilized to 
fix the number and positions of the Various pro 
jections 706 on the levers 699 and the wire con 
nections to the switch contact arms 538, 555, 556 
and 552. The particular Enechanical construc 
tional features, the arrangement of the key but 
ton keyboard, and the Switch mechanism oper 
ated thereby, do not form a part of my invention 
but are disclosed and claimed in the copending 

O. 

5 

20 

25, 

30 

35 

40 

4.5 

60 

65 

70 

75 

26 
application of Laurens Hammond, Serial No. 
169,902, filed June 23, 1950. 
The accordion bar 56 which is located directly 

in front of the button keyboard 5). (Fig. 4) is pref 
erably made of a hollow inverted box-like plastic 
molding having suitable internal reinforcing webs 
756 to 759, as best shown in Figs. 7 and 8. This 
bar is mounted upon an angle shaped bracket 740 
Secured to the button keyboard frame 694 and 
having upwardly extending arms 742 surrounded 
by felt strips 44 cleated theretoforming the pri 
mary guides for the sliding movement of the ac 
cordion bar 56. The bar 56 is resiliently held in 
its uppermost position by a pair of coil springs 
46 compressed between the bar and the bracket 
760. Upward movement of the bar 56 is limited 
by a pair of felt upstops 48, 49 which are suit 
ably Secured to the bracket 740 and which are 
engaged by Small angle brackets 750 secured to 
the bar 56 by screws 75l. Felt downstops 752 are 
Cemented Or otherWise Suitably secured within the 
bar 56 near the ends thereof and are adapted to 
engage the upWardly extending end portions 54 
of the bracket 4). Excessive longitudinal slid 
ing movement of the bar 56 is prevented by the 
engagement of transverse webs or ribs 756, 757, 
758 and 59 with suitable felt covered portions of 
the bracket 74t. A wire 760 is hooked into a suit 
able Opening 76 formed in a small plate 762 
Which is press-fitted into suitably grooved parts 
of the chord bar 56. The wire 16 extends down 
Wardly through a Suitable opening in the lower 
flange of bracket 730. The lower end of the wire 
760 has a rearwardly bent portion 764 (Fig. 8) 
Which lies beneath the end of a flexible resilient 
SWitch arm 766, having a contact wire 767, and 
normally holds the latter from making contact 
With a fixed contact 768. The parts 766 and 63 
are Suitably insulated from each other and se 
cured by a Suitable bracket 77 to the horizontal 
flange of the blacket 740. 
The chord bar 56 may be struck at the middle 

OF at either end and nevertheless cause depres 
Sion of the central portion thereof sufficiently to 
permit the SWitch arm 766 to make contact with 
the SWitch arm 768, these parts having previously 
been referred to collectively as switch 58. For 
example, if the right-hand end of the chord bar 
56 is depressed the Springs i4S will be compressed 
and the bar Will pivot around the left-hand 
upstop 48 So that the central portion of the 
accordion bar will be moved downwardly a suffi 
Cient distance to close the switch 58. Thus 
the player need not operate the chord bar with 
any degree of carefulness since the SWitch 580 
Will be closed irrespective of which portion of 
the chord bar the player presses downwardly. 

It Will be recalled that switches 538 are oper 
ated to tune the accordion oscillators 46, and 
it is highly desirable, in order to avoid unde 
Sirable transients, that the tuning be effected 
prior to the time that the oscillators are con 
nected to the output circuit. This is accom 
plished not only by positioning the contacts 538 
Closest to the pivot rod 692, but also by providing 
larger WasherS-4, 7 5 on the Switch actuators 
208 associated with the switches 538. 
The fact that the buttons 5 are not fastened 

to the Selecting everS. 690 is of Substantial ad 
vantage in that the buttons are free to slide up 
and down. Without any tendency to bind. 
To facilitate locating the Various buttons 54 in 

playing the instrument, and to enable the player 
to depress, the proper buttons by “touch,' there 
is provided a pair of finger guides comprising 
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l'ods it and 72 (Figs. 4 and 6) each supported 
by four posts T3 secured in the keyboard plate 

8. The posts at the ends of the rods if and 
have sockets to receive the ends of the rods 

while the rods pass through the intermediate 
posts. Thus the posts project somewhat above 
the level of the rods and make it possible for 
the player easily to locate the button to be de 
pressed by his tactile Sense. 

It will be understood that the switches operated 
by the actuating levers 708 could be connected 
in solenoid energizing circuits, the Solenoids Op 
erating tone controlling instrumentalities of any 
suitable musical instrument for Selecting the 
chord and bass tones to be Sounded upon de 
pression of the chord bar and bass pedals. 

SOLO AND ORGAN KEY SWITCHES 

The switches operated by playing keys 48 may 
be of the construction shown in Fig. 11. Each 
key is secured to or formed integrally with a key 
bar 78 G, which in turn is secured to an L-shaped 
bracket 782. The up-turned rearward end of 
this bracket is riveted to the upper end of a leaf 
spring 784 and the lower end of the latter is 
suitably secured to a support 786 fixed in the 
console. A switch actuating bar 88 of insulating 
material has suitable openings through which 
project the switch arms 450, 467, 80 and 286, 
these switches being secured in a pair of insulat 
ing uprights 799 which are rigidly mounted in 
the console. These switches and their mountings 
are preferably of the construction shown in the 
patent to Laurens Hammond, No. 2,099,204. It 
will be noted, however, that the Spacing between 
the contact of switch arm 450 and the contact 
of bus-bar 452 is less than the Spacing between 
the contact of switch arm 467 and bus-bar 474. 
Similarly the spacing between the SWitch 88, 
S2 is less than the spacing of the contacts of 

the switch 28.6, 288. This is necessary, Or at 
least; highly desirable, because the Organ oscilla 
tors 36 should be tuned to their required fre 
quencies by the closure of Switch 450, 452 prior 
to the time that plate current is supplied to these 
oscillators by the closure of switch 46, 474, thus 
precluding the possibility of transmitting to the 
output undesirable transients which may occur 
during the tuning of the OScillators. 

For a similar reason the Switches 30, 
should be closed to tune the solo oscillator 60 
before the switch 286, 288 is closed to render the 
solo control tubes 282,284 capable of transmitting 
the signals from the solo generating System. The 
key 38 is provided with a forwardly projecting lip 
92 for engagement with the customary up and 
down stopS. 

OPERATION 

The instrument shown in Figs. 1a, 1b, 1c, 1d, 
operates in the following manner: The musi 
cian seated at the console will operate the main 
switch to supply current to the power Supply 
system with the result that the potentials indi 
cated will be present on the various terminals 
thereof. Operating potentials will immediately 
be applied to the six accordion oscillators 46 
as well as to the vibrato oscillator f04 and 
switch tube 428. The solo oscillator 00, to 
gether with the associated solo frequency dividers 
88, will also commence operation, at the lowest 
F frequency since all of the inductances 8 
will be effectively in the tuning circuit of the 
solo oscillator. Assuming that the Solo oscillator 
has been initially tuned by adjustment of the 
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tuning control switches 75 and T6, the instru 
ment Will be in condition for playing. 
Then, depending upon the character of the 

Seisction the player wishes to render he will 
Operate various stop tablets, for example, he 
may desire the accordion nute and therefore 
Operate the tablet 3. He may desire the organ 
Section to provide string tones and will operate 
the tablet 75 accordingly, and if he desires these 
String tones to be combined with the organ fiute 
tones, he will additionally operate the stop tablet 
5. ASSunning that he wishes the Solo section to 

provide the basS and tenor octave tones he will 
Operate tablets 8 and 8 which will determine 
the pitch of the tones provided by the solo sec 
tion, in this case With the octave coupler effect. 
He will also determine the quality of the Solo 
tone desired by Operating One or more of the 
tablets 86 to 99. 

If he is playing in a Small room he may de 
sire to operate the soft tablet and may, if he 
desires, operate Such other controls as the tone 
family selector 2 by means of tablet 83, the 
accordion Sustain tablet 72, and the pedal fast 
decay tablet 74. Optionally he may adjust the 
balance between the Various SectionS by Opera 
tion of the balance controls 62, 63 and 64, al 
though ordinarily this balance will not be 
changed frequently. 

Having thus set up the various controls to the 
desired positions, he may commence playing the 
Selection. The instruinent is played in a man 
ner using the right hand to play the keys of the 
manual keyboard 47, to control the Sounding of 
the notes of the melody and Sometimes treble 
accompaniment chords, while the left hand op 
erates the key buttons 54 of the accordion but 
ton board 50 and the left foot is used selectively 
to operate the pedals 40 and 42 while the right 
knee operates the expression lever 46. 
In the rendition of many selections, especially 

by the least skilled musicians, the right hand 
will be used to play a Single note melody Sequence 
While the accompaniment chords will be caused 
to be sounded by depression of the desired key 
buttons 54 at intervals, providing the accordion 
Sustain Switch. 5) is closed. The chords may 
then be accented, if desired, by depression of 
the accordion bar 56. If the Switch 50 is open, 
the depression of the selected accordion button 
54 Will not cause the chord to Sound until the 
accordion bar 56 is depressed. At intervals the 
accordion bar 56 is depressed to cause Sounding 
of the accordion chord with a pleasing rhythmic 
pattern in the intensity envelope. At similar or 
probably less frequent intervals, one of the pad 
als 4 or 42 is operated to cauSe Sounding of the 
“root’ or “fifth' of the chord selected by the de 
pressed accordion button 54. It will be noted 
that the player need merely select between the 
“root’ and “fifth' bass tone and in this respect 
the playing of the instrument of this invention 
is easier and more simple than the playing of 
an accordion. In addition to selecting the chord 
by the depression of one of the chord buttons, 
the player of an accordion must also Select and 
depress one of a group of bass tone controlling 
buttons to cause the sounding of a bass tone. 
In accordions there are frequently Several Silni 
lar groups of buttons for the control of the bass 
tones so that the player must become familiar 
with the positions of many more than twelve 
buttons in order to be able to Select and Conven 
iently depress the desired bass note controlling 
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button at the time the chord selecting button is 
depreSSed. 

In the course of playing a composition the 
musician may readily operate the various stop 
tablets and the balance control knobs to change 
the quality, accent, and relative volume, and thus 
it is possible to produce an extremely wide wa 
riety of musical effects. These may be enhanced 
occasionally by playing both the melody and the 
chords, Such as transition chords, upon the key 
board 47. Special counter-melody and other 
polyphonic effects may be obtained by using both 
hands on the keyboard 47. Despite the wide 
variety of musical effects which may be obtained 
by the expert, a highly creditable performance 
is obtainable merely by the operation of a single 
key of the keyboard 47, a single button 54 of 
the accordion button board 50, and one of the 
pedals 40, 42. When played in this simple man 
ner any person having but the Slightest appre 
ciation of the technique of playing the instru 
ment may with very little practice or experience 
produce excellent, honophonic music. Never 
the ess the resources of the instrument are Suffi 
cient to maintain the interest of the expert 
musician. There are So many different possi 
bilities of registration and control that the ex 
perienced musician may render a selection with 
Such variety of musical effects that the over 
all musical effect will be that of hearing an Oir 
chestra, rather than a single instrument. The 
facility with which the accordion chords may be 
emphasized by the operation of the accordion 
bar 56, and the ease with which the sounding of 
the bass peda tones may be controlled makes 
the instrument very useful for the production of 
dance music, either when played alone or aS a 
part of a Small orchestra. 
While the instrument is designed primarily for 

use in the home it will be useful, as above indi 
cated, in connection with orchestras and also in 
a wide variety of entertainment fields such as in 
radio, television, musical accompaniment for no 
tion pictures, and also for use in Schools, church 
es and other institutions. 
The over-all dimensions and the weight of the 

instrument are sufficiently Small that it is readi 
ly portable. 
The several sections of the instrument are 

combined in such a manner that more than the 
aggregate of the possible outputs of the indi 
vidual sections is obtained by their combination. 
For example, the utilization of the single key 
board to control the sounding of notes in both 
the solo section and in the organ Section makes 
it possible to reduce substantially the number of 
tone signal generators in the Organ Section. 
Similarly, by using the chord button keyboard 
50 as a means for preselecting two possible bass 
tone signals, one of which may be selected by 
operation of the desired pedal 40 or 42, the play 
er is relieved of the necessity of individually 
selecting the bass tones to be sounded and leaves 
to him only the requirement of selecting either 
the “root' or the “fifth' basstone by the opera 
tion of these pedals. 
of the organ tone signal transmitting channel 
for the transmission of accordion tone signals 
the accordion tones may be sounded merely by 
depression of the accordion key buttons 54. With 
out the necessity of using the accordion bar 56. 
and the playing of the instrument is thereby 
further simplified for the beginner. 
As the player advances in skill and knowledge. 

in the playing of the instrument, a large number. 

Also by utilizing a part. 

5 

O 

5 

20 

25 

30 

40 

55 

60 

65 

O 

75. 

30 
of different possibilities are successively made 
available to him. With his acquirement of in 
proved technique. The instrument, thus pos 
Sesses a simplicity not previously attained in any 
instrument capable of producing Such wide range 
of musical effects, while at the same time having 
Sufficient tonal resources to enable the highly 
skilled musician to obtain musical results not 
heretofore attainable on any single instrument, 
played by a single musician. 
A unique and musically interesting effect may 

be produced on the instrument by playing a glis 
Sando passage, especially when the Solo Section 
is set up for a tone quality differing Substantially 
from that of the organ section. Of course, play 
ing in this manner is equivalent to rapid legato 
playing in that there are two keys depressed at 
one time alternately with one key at a time. , 
In playing up the Scale in this manner, upon 

depression of the first key, both the solo section 
and the organ Section sound the Same note haW 
ing a tone quality which is a mixture of their 
individual qualities. Upon depression of the Sec 
ond key, while holding the first key depressed, 
the next higher semitone is sounded by the solo 
Section. With its distinctive quality while the Or 
gan section may continue to sound the first note. 
Then upon release of the first key, both the solo 
section and the organ Section again Sound the 
note of the second key in a quality which is a 
combination or mixture of the Solo. and Organ 
qualities. 
When playing in this glissando manner pro 

ceeding down the scale, upon the depression of 
the first key, both the solo section and the organ 
section Sound the same note of a mixed quality. 
Upon depression of the second key, while holding 
the first depressed, the Solo section will continue 
to sound the first note and the Organ Section Will 
Sound the next lower semitone, the Second note. 
Then, upon release of the first key, both the solo 
Section and the Organ section Will again SOund the 
Same note, that is, the Second note, and so on. 
The effect of this transition. Successively over 

a number of notes is. Somewhat like that of re 
verberation and also gives to the listener the 
distinct impression that he is hearing a duet of 
different instruments, or even a trio of different 
instrumentS SOmewhat like that heard, for ex 
ample, when one or more trombones and violins 
Of an Orchestra are being played in a giSSando 
manner. The multiple Source effect is enhanced 
by the fact that the different tone qualities are 
heard in succession thus creating the impression 
that there are several instruments playing the 
same glissando passage but that they are not 
exactly in time. The over-all effect is one which 
adds substantially to the musical interest in the 
rendition. 
Countess other novel and interesting effects 

may be obtained by the extremely large number 
of different possible settings of the controls. 
When a novice is first learning to play the in 

strument he may prefer to operate the control 
member 639 to close the switch 638 and move 
the Switch 595 from its full line to its dotted line 
position. The grid of the input tube 598 of the 
pedal frequency divider system is then connected 
directly to the root bus bar 553 by the Switch 595 
and the bass control tube. 56 is rendered effec 
tive to transmit signals from the frequency di 
vider System. Consequently, Operation of a chord 
control button 54 will cause immediate Sounding 
of a low frequency bass tone having a pitch. Subs 
octavely related to the root of the chord Select 
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ed by the chord button. According to the posi 
tion of the accordion Sustain tablet 12, the ac 
COrdion bar 56 may be operated to Sound Or to 
emphasize the chord Selected by the chord but 
tOn 54. 

Operation of the control member 39 renders 
the pedals 40 and 42 completely ineffective. Play 
ing the instrument thereby requires merely ma 
nipulation of the accordion and pianoforte key 
boards with the hands, but of course the variety 
of musical effects obtainable is reduced. 

MODIFICATION SHOWN IN FIGS. 12, 120, 13 
AND 4 

In SOme instances it may be desirable to re 
duce the cost and simplify the accordion Section 
of the instrument by utilizing twelve oscillators, 
one for each note of the octave and to provide 
but thirty-six key buttons. An instrument Sec 
tion of this character is shown in FigS. 12, 12d, 
13 and 14. As Will appear hereinafter the num 
ber of key buttons may be reduced to eighteen 
(or thirty-six), if desired, merely by the use of 
the multipole Switch for transposing the chords 
whenever the music being played chainges to a 
different, key. 
As shown in Fig. 12, there are provided twelve 

OScillators for the notes F (14.6 C. P. S.) to E 
(329.63 C. P. S.), these oscillators bearing refer 
ence characters 83 to 8 inclusive. These OS 
cillators may be alike in circuit, arrangement, ex 
cept for slight variations in the values of the 
components, and each comprises a resonant tun 
ing circuit 842 coupled to the input of a triode 
844 in a mannel to Secure Oscillation. 
A vibrato frequency is impressed on the oscil 

lato's by the use of a suitable vibrato apparatus 
846 having an electromagnetic drive, or the vi 
brato frequency may be supplied from a vibrato 
Oscillator and Switch tube Such as the vibrato 
oscillator 4 and switch tube 420 shown in Fig. 
1a and previously described. The vibrato ap 
paratus includes a plurality of contactS 84 which 
are grounded throughout half of each vibrato 
cycle at the rate of about 6 to 7 C. P. S., the con 
tacts being connected to the grid circuits of th5 
triodes 34 through incremental tuning capaci 
tors C848, for producing the customary vibrato 
effect. 
The plate of each of the triodes 84 is con 

nected to a terminal identified by the pitch note 
designation of the oscillator followed by an “o,' 
as Fo, and these terminals are adapted to be con 
nected to One of tWeive other terminals desig 
nated P to P2 inclusive. 

Fig. 3 is a diagrammatic illustration of a 
manually operated transposing Switch by which 
the various terminals FO to EO may be connected 
Selectively to terminals Pi to P2. In Fig. 13 the 
terminals P to P2 are indicated as connected 
to sliding contactors 852 which are mechanically 
connected together so as to be rotatable with 
respect to a circular Set of contact segments 354. 
The contact Segments are connected to the ter 
minals FO to Eo respectively. It will there 
fore be apparent that, as the contactors 852 are 
l'Otated relative to the Segments 854, a transpo 
Sition. Of the connections of the terminas P to 
Pf2 with respect to their connection with ter 
minals FO to Eo is effected without changing the 
Sequential nature of the connections. This trans 
posing switch is represented, in Fig. 12 by dotted 
lines connecting terminals Fo and P, Fo and 
P2, etc. 

Referring to Fig. 12 a plate load resistor R856 
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is connected to the terminal P and the other 
terminal of this resistor is connected to ground 
through a capacitor C850, the junction between 
R856 and C860 being connected to terminal Fl 
by an attack resistor R858. The mesh compris 
ing RS58 and C860 prevents excessively rapid 
build up and decay of the signals produced by 
the Oscillator when the terminal F is connected 
to and disconnected from a source of plate volt 
age. 
The Signal is derived from the plate of the 

OScillator triode 844, that is, from the terminal 
P, through a blocking capacitor C862 and a ter 
minal F2. As will hereinafter appear, the signals 
On the terminals such as F2 are utilized for con 
trol of the bass pedal frequency dividing section 
Of the instrument. 
A Second Signal is derived through a decoupling 

resistor R854 and impressed upon a signal col 
lector conductor 866 which is connected to the 
aCCOrdion input terminal of the output System 
of the instrument, such as the terminal X of Fig. 
C. 
AS previously indicated, the instrument may 

comprise an accordion button keyboard of limited 
range, it being necessary only that the vertical 
rOWS for the chords in the key of C, comprising 
Vertical l'OWS F, C, G, D, A, and E, be provided. 
However, if desired the keyboard may be ex 
tended to include thirty-six buttons, as shown 
in Fig. 14, and should include a chord bar 877 
preferably as long as the keyboard. The key 
buttons 86 are mounted in a plate 868 which is 
provided With a window 869 through which are 
Visible the chord designations. A knurled Wheel 
870 is manually operable to rotate the transpos 
ing SWitch 852, 854 and at the same time to oper 
ate a drum Ol' tape 8, 2 bearing markings indicat 
ing the key designations. Key buttons 876 for 
the chords built on the notes C and G are shown 
in Fig. 12a, and are intended as being illustrative 
of the eighteen (or thirty-six) buttons employed 
in the keyboard for this form of the invention. 
Each of the buttons 876 in a vertical row, such 
as those in the Crow, is arranged to operate the 
Same twelve Switches 878. Further, each of the 
buttons 86 in a horizontal row operates addi 
tional SWitches, the keys 876 in the upper horizon 
tal row for the major, augmented, or major-6th 
Chords, Operates switches 880 to 885 inclusive. 
In a similar manner the middle horizontal row 
of buttons for the minor, or minor seventh chords 
Operate SWitches 886 to 889 inclusive, and the 
buttons 875 in the lower horizontal row operate 
SWitches 890 to 897 inclusive. 
The SWitches 818 which are operated by the 

Vertical row of "C' keys 876 are connected re 
Spectively to terminals C1, Ebi, etc. and C2, F2, 
etc. (as indicated in Fig. 12a) of the oscillators 
Which may be required to provide a signal for 
the production of any of the chords built on the 
note C. Similarly the switches 378 for the other 
Vertical roWS of keys are connected to appropriate 
terminals of the Oscillators 839 to 34 ?, as shown 
in Fig. 12a. When the major with the added 
6th chord is desired, the operator, in addition 
to depressing the Selected key button ST6 in the 
upper horizontal row, depresses a tablet 888 
Which closes a Switch 899. When the augmented, 
the minor Seventh, or the diminished seventh 
chord is desired, the musician in addition to de 
pressing One of the buttons 876 depresses a pedal 
909, Which may be similar to the pedal 44, Fig. 3. 
This pedal is adapted to operate switches 90 to 
90. One pole of each of the switches 90 to 90 
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is connected to a suitable source of plate current 
indicated as a terminal B-. The switches 908 
to 90 are connected through a conductor 928 
to the pedal fifth input terminal of the output 
System, Such as the 'fifth' bus-bar 554 (Fig. 1d.) 
to Which the SWitch. 889 is also connected. 
The Various bus-bars 9A to 925 to which one 

pole of switches 878 and switches 890 to 897 and 
886 to 889 are connected, have suitable legends 
applied thereto indicating the character of the 
chord or the pedal or the function performed 
When plate current is supplied to these bus-bars. 
It will be noted that the bus-bar 922 is to be 
Connected to the pedal “root’ input terminal of 
output System, Such as the “root' bus-bar 553, 
(Fig. 1d). 
The operation of the various switches shown in 

Fig. 12d results in effecting the production of the 
desired chord, as will now be explained by refer 
ring to the production of the chords in the key of 
C. If the key button 86 in the key of C and in 
the upper horizontal row is depressed either the 
major, the augmented, or the major--6th chord 
may be produced, depending upon whether the 
tablet 898 or pedal 9 is operated. Assuming 
that neither of the latter are operated, and only 
the above-mentioned key button 876 is depressed, 
closure of the Switch 88 connected to terminal 
C Will result in Supplying plate current to the 
C oscillator 33 since the bus-bar 914 is con 
nected to a B-- terminal. In addition, depression 
Of the C major key, button Will close Switches 380 
and 88; thus impressing the plate voltage on 
bus-bars 96 and 9,8. As a result, and because 
Of the closure of the SWitches. 88, which make 
connections With these bus-bars, the oscillators 
for the notes E and G namely oscillators 84 and 
832 Will be supplied with plate current and com 
mence oscillation. Closure of Switches 882 and 
883 Will not have any effect since these switches 
are in series with switches 904 and 899 respective 
ly, which are open. 

Closure of the SWitch 88 connected to the ter 
minal C2 results in impressing the frequency of 
the oscillator. 837 on bus-bar 922 and hence on 
bus-bar 553 (Fig. 1d), and is thus available to 
determine the frequency of operation of the pedal 
frequency dividers whenever the “root' pedal 
40 is depressed. Closure of the switches 878 con 
nected to the terminals. FE2 and Ab2 does not have 
any effect because the bus-bars 923 and 925 are 
not connected to the output conductor 928, be 
cause of open switches 908 and 90. Closure of 
the switch 88 connected to the terminal G2 re 
Sults in Supplying a signal from the terminals 
G2 of the oscillator 832 to the bus-bar 924 which, 
through switches 884 and 9 is connected to 
conductor 928, and thus determines the pitch of 
the bass note. Which Will be sounded when the 
'fifth' pedal 42 is depressed. Thus, the oscil 
lators for the notes C, E, and G are supplied with 
plate current and appropriate signals from the 
C and G. Oscillators are Supplied to the output 
System for the control of the pedal frequency 
dividing section of the instrument. In addition, 
the C, E, G Oscillators supply signals to conductor 
866 and hence to the output system under con 
trol of accordion bar 56 and associated control 
tablets 72 and 3. ... ." 
When the augmented chord is desired, the 

pedal 9) is depressed and this, through switch 
904, disconnects the plate current supply from 
bus-bar 98 and connectS. it to bus-bar 99. 
Thus, the oscillators. C, E, and Ab, instead of 
oscillators C, E, and G, will be supplied with plate 
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In addition, 
operation of Switch 90 selects the Ab Oscillator 
833 instead of the Goscillator 832 to provide the 
pedal augmented fifth. 

If the major-6th chord is desired the tablet 
898 is depressed to close switch 899 thereby to 
connect bus-bar 920 to the B-- terminal, and as 
a result, the A. oscillator 834 will be rendered 
operative in addition to the oscillators for the 
notes C, E and G. 
When the key 876 in the vertical Crow and in 

the middle horizontal row is depressed, the minor 
chord C, Eb, G. Will be produced, for it will be 
noted that when this key button is depressed 
the bus-bars 9 4, 9 5 and 9 i8 will be connected 
to B-- terminals, and the oscillators for the 
notes C, Eb and G will thereby be rendered oper 
ative. The terminal G2 of the oscillator 832 will 
be connected to bus-bar 924 and by virtue of the 
closure of switch. 889, will be connected to the 
output terminal 928. Thus the pedal root fre 
quency of C and the pedal perfect fifth fre 
quency of the note G will be available for deter 
mining the frequency of operation of the pedal 
frequency divider section of the instrument. 

If the minor Seventh chord is desired, the foot 
operated chord change pedal 900 is operated, 
and as a result the bus-bars 94, 95, 98, and 
92 f will be connected to the B-- terminal and 
the oscillators for the notes C, Eb, G and Bb will 
be rendered operative. In addition, the ter 
minals C2 and G2 will remain connected to bus 
bar 922 and terminal 928 respectively, to provide 
the pedal root and pedal fifth signals for the 
pedal frequency divider section of the instrument. 
When the button 876 in the lower horizontal 

row and in the vertical row C is depressed to pro 
duce the C seventh chord, the bus-bars 9:4, 9 ? 6, 
98 and 92 will be connected to B-- terminals 
thereby to supply the plate current to the oscilla 
tors for the notes C, E, G and Bb. The pedal root 
frequency C and pedal perfect fifth frequency G. 
Will be rendered available for determining the 
frequency of operation of the pedal frequency 
divider Section. - 

When the diminished seventh chord is desired, 
in addition to depressing the key button 876 on 
the lower horizontal row for the vertical row C, 
the musician Operates the chord change pedal 
900 and thus the bus-bars 94, 95, 97 and 920 
will be connected to B+ terminals, and the oscil 
lators for the notes C, Eb, F. and A will be ren 
dered Operative and thus Supply signals of cor 
responding pitch to the output system of the 
instrument. In addition, the terminal 928 will 
be disconnected from bus-bar 924 by the open 
ing of Switch 909 and the bus-bar 923 will be 
conneced to the terminal 928 due to the closure 
of Switch 908. Thus, the player will have avail 
able for controlling the pedal frequency dividers, 
signals of the frequencies C and FE since the ter 
minals C2 and FE2 will be connected respectively 
to the bus-bars 922 and 928. 
From the foregoing, it Will appear that de 

pression of any one of the key buttons 876, will 
cause the oscillators required for the production 
of the desired chord to be supplied with plate 
Current and thus cause them to operate, and in 
addition, appropriate output terminals of these 
selected oscillators will be connected to the pedal 
section of the instrument to supply signals neces 
sary to cause the pedal tone generating system 
to provide either the root and the perfect fifth, 
the root and the diminished fifth, or the root and 
the augmented fifth, as may be required. 
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MODIFTED ACCORDION TONE SIGNAL GEN 
ERATING SYSTEM AND CONTROLS 

The means for generating the tones or the 
electrical signals corresponding to the musical 
tones of the chords played under control of the 
chord button keyboard may assume various 
forms, one such modification being shown in 
Figs. 15, 15a, and 16. In Fig. 15 there are shown 
four oscillators, a root oscillator 950, a 3rd OScil 
lator 95, a 5th Oscillator 952 and a 7th oscil 
lator 953. These four oscillators take the place 
of the twelve Oscillators shown in the previously 
described embodiment (Figs. 12 and 12d), and 
in an instrument constructed to Sell at a low 
price, in which a very low production cost is 
determinative, a generating system of this type 
will prove practical. 
The foul oscillators are of identical circuit ar 

rangement and a description of the root OScil 
lator 950 Will suffice for the description of all of 
these oscillators. The root oscillator 950 con 
prises a triode 956, the cathode of which is con 
nected to ground, and the grid of Which is con 
nected to a resonant tuning circuit through grid 
bias resistor R958 and capacitor C960 in parallel. 
The tuning circuit comprises an inductance L962 
which is connected between the grid of triode 
956 and ground and which is in parallel. With One 
of four capacitors C964, C965, C966 and C967 
(Fig. 15a) upon operation of Selected key but 
tons 968. There may be but twelve keys 968 and 
they may be arranged in a manner indicated in 
Fig. 16, in three horizontal and four vertical roWS 
preferably with the chord key designations which 
appear as legends on the keyboard plate 969, 
through Which the keys project. Each of the 
keys 968 operates four Switches 970 which are 
arranged respectively to connect certain termi 
nals of the oscillators 950, 95, 952 and 953 to 
certain of the bus-bars 972, 973, 974 and 975. 
These bus-bars are connected to the ungrounded 
terminals of the capacitors C964 to C96 respec 
tively. The inductance L962 is provided with a 
plurality of taps, Which for the root OScillator 
950 have the note designation followed by the 
letter “R,' these taps of the oscillator 950 being 
respectively connected to correspondingly let 
tered poles of the key switches 970. 
An inductance 1930 is connected between a 

tap. On the inductance L962 and a Switch con 
tact 984 which is adapted to make contact with 
a grounded Vibratory reed 986. The reed 986 is 
maintained in Vibration at a vibrato frequency 
of about 6 to 7 cycles per second by a Suitable 
electromagnetic drive indicated as an electro 
magnet L988 co-operable with the reed 986, or 
a suitable magnetic weight 987 carried thereby. 
The inductance L988 is adapted to be energized 
by engagement of the reed 986 with a contact 
990, thereby to complete the circuit including a 
source indicated as 6.3 v. A. C. The inductance 
1988 has a resistor R992 in parallel therewith 

to reduce Sparking at the contact 990 with the 
reed 986. As the reed 986 vibrates it periodically 
Connects the inductance L980 between ground and 
the tap on inductance L962 throughout one-half 
the cycle of OScillation of the reed, thus chang 
ing the tuning of the oscillator by a Small amount 
Sufficient to produce a desirable vibrato effect. 
The plate of the triode 956 is connected through 

a feedback coil L996 to a terminal 998. The ter 
minal 998 is supplied with a suitable source of 
plate current through a load resistor R997 con 
nected to a conductor 000. 
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The Supply of plate current to the triode 956, 

as well as to the triodes of the Other Oscillators, 
is effected by the closure of Switches f00. A 
conductor 002, connected to a suitable B-- ter 
niinal is adapted to be connected to conductor 
004, by closure of any of the Switches 00 upon 

Operation of one of the chord character Selecting 
bars 006 to Of and tablet O2. Since the con 
ductor 002 is connected to a suitable B-- termi 
nal of the power Supply System, it Will be clear 
that depression of any of the bars 806 to O2 
Will cause the oscillators 950 to 953 to be supplied 
With plate current, for as Will appear from Fig. 
15 the Conductor 004 is connected to conductor 
000 through resistor RO 4. Conductor OOO is 

connected to ground through a capacitor C06, 
which with RfCl4, forms an attack and decay 
controlling mesh to prevent the production of 
any undesirable transients which might occur 
if the plate current source were directly con 
nected to the plates of the triodes 956 of the Os 
cillatOS 950 to 953. 
The outputs of the OscillatOS 950 to 953 are 

derived through blocking capacitors CIO 8 and 
decoupling resistors RO 9, the signals thus being 
Collected On a conductor 020 which leads to the 
accordion. Output of the instrument such as the 
terminalX shown in Fig. 1c. 
In addition to Supplying signals for the accor 

dion tones, the oscillators 950 to 953 Supply sig 
nals for the control of the frequency of opera 
tion of the first of the pedal frequency dividers 
f54 (FigS. 2 and 1d), depending upon the selec 
tion operation of one of four pedals O22, 023, 
f024 or fo25. These pedals are arranged respec 
tively to operate switches 032, iO33, O34 and 
835, thereby selectively to connect the outputs 

Of the OScillators 950 to 953 to a conductor lead 
ing to the input of the first pedal frequency di 
Vider stage, Such as the conductor 593 (Fig. 1c). 
The SWitches 032 to 1035 are connected to the 
plate circuits of the oscillators 950 to 953 through 
decoupling resistors R 036, RO37, RO38 and 
R039 respectively. In addition to operating 
One of the SWitches 032 to 035 each of the 
pedals (22 to 0.25 operates a common switch 
040 thereby to connect to ground a conductor 

leading to the biasing mesh of the tubes which 
Control the output of the pedal section of the in 
Strument, Such as the conductor 632 of Fig. 1c. 
The pedal Switches 032 to 1035 are provided 

With a Suitable intercoupling latching mecha 
nism. So that depression of one of the pedals will 
result in the release of the Switch associated with 
the previously depressed pedal, and that the 
SWitch associated with the last depressed pedal 
Will remain closed after the pedal has been re 
leased. The operation of switch fo40 is prefer 
ably not affected by this latching mechanism but 
is arranged to be closed and opened directly with 
the depression and release of any of the pedals, 
and is arranged to be closed only after one of 
the Switches 032 to 1035 has been closed. 

It Will be recalled that each of the accordion 
buttons 968 operates four switches 970 to con 
nect the four bus conductors 972 to 95 respec 
tively to taps on the inductances L962 of the 
OScillators 950 to 953 thereby to cause the oscil 
lators to be tuned to the desired pitches Upon 
depression of any one of the chord selecting bars 
f006 to 0.2. Capacitors ClO42, CO43, CO44 
and C045 are connected between conductors 973, 
974 and 975 and conductors 1046, f047, 0.48 and 
050. By operation of various switches by means 

of the chord Selecting bars foos to O2, the ca 
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pacitors C042 to Co45 are selectively rendered 
effective. . - 

When, for example, the chord selecting bar 
006 is depressed to select the diminished 7th 

chord, in addition to supplying plate current to 
all the OScillators through operation of SWitch 
00, this bar closes switches 352, 53, and 
054. Closure of switch 52 results in connect 

ing capacitor C: 042 in parallel with C965. The 
Value of C (42 is such that it will lower the pitch 
of the 3rd oscillator 95 by a semitone. Similarly, 
closure of Switch f 253 Will result in connecting 
C943 in parallel with C96. The value of ClO43 
is such as to lower the frequency of the 5th 
OScillator 952 by a full tone. Closure of switch 
1954 connects CG45 in parallel with C967 which 
has the effect of lowering the pitch of the 7th 
OScillator. 953 by a semitone. It will be noted 
that the SWitches (52 to 54, upon operation, 
respectively connect their associated conductors 
to grounded bus-bars (55. Thus the 3rd, 5th 
and 7th OScillators are tunable jointly by the de 
pression of the key buttons 968 and the chord 
Selecting bars 3 to 2. The root oscillator 
950 is tuned solely by the operation of the key 
buttons 988. 

Depression of the minor chord selecting bar 
007 closes switches 358, 059, and f O60. Clo 

sure of switch 58 results in lowering the pitch 
Of the 3rd OScillator a Senitone. 
switch 059 results in tuning the 5th Oscillator 
to a semitone lower than the nominal pitch of 
the depressed button 968 Since CA4 has a value 
effective to produce this result. Closure of switch 
060 connects conductor .69 to ground and thus 

Short circuits C96 and a portion of the tuning 
circuit. The 7th oscillator 953 is thereby ren 
dered inoperative to produce a tone signal. 
Depression of the major chord selecting bar 

f008 results in closure of switches i G6 and OS2 
Which respectively reduce the pitch of the 5th 
oscillator 952 by a semitone and render the 7th 
oscillator inoperative. - 

Depression of the 7th chord bar 909 results 
in closure of switch 63 which, by connecting 
C044 in parallel with C966 lowers the pitch of 
the 5th Oscillator 952 one Semitone. 

Depression of the augmented chord bar f00 
results in closure of SWitch 064 and thus, by 
shunting capacitor C96, prevents the 7th oscil 
lator from operating. 
Depression of the minor 7th chord bar Of 

results in the closure of Switches (65 and 066 
which, in the manner previously described, lower 
the pitches of the 3rd and 5th oscillators by semi 
tOne intervals. 

Depression of the --6th chord bar or tablet 
O2 results in closure of switches 67 and 0.68 

which causes the 5th and 7th oscillators to be 
lowered in pitch by semitone intervals. 
From the foregoing it will appear that by de 
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selecting bars 006 to 0f2 the oscillators may be 
tuned to provide the frequencies of the seven dif 
ferent types of chords in any desired pitch and 
that these oscillators will be rendered operative 
by supplying plate current thereto through clo 
sure of switches 09. The oscillators thus sup 
ply signals to the output system, such as to the 
terminal X of Fig. 1C. The keyboard is of course 
provided with an accordion-bar 56 which, as in 
Fig. 1c, operates a switch 58 to supply the proper 
biasing voltage to the control tube by which the 
output of the accordion section of the instrument 
is controlled, 
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It will also be clear that the four oscillators 950 

to 953 Will respectively supply signals to the pedal 
control switches 632 to 35, so that upon de 
pression of any one of the pedals 022 to 025, 
thus closing one of the mentioned switches and 
Subsequently closing switch 40, a signal cor 
responding to the root, 3rd, 5th or 7th of the 
chord Will be supplied to the first pedal frequency 
divider through the conductor 593 (Figs. 15 and 
lc). The latching mechanism associated with 
the switches. 032 to fo35 will upon depression 
of one of the pedals release any of the switches 
which has previously been closed and maintain 
closed the switch associated with the depressed 
pedal after the pedal has been released. The 
switch (49, however, opens upon release of the 
pedal. Thus the pedal tone will have an inten 
sity envelope characterized by smooth attack and 
long gradual decay. s 
While the accordion section of the instrument 

shown in Figs. 15, 15a, and 16 may be slightly more 
difficult for an accordionist to play, in that it 
requires the depression of at least one key button 
and one chord selecting bar for the selection of 
a particular chord, to a person unfamiliar with 
the arrangement of the buttons of an accordion 
type keyboard it may be played more easily than 
the previously described embodiments. 
The accordion section of the instrument shown 

in Figs. 15, 15c., and 16 has, however, the distinct 
advantage of reducing the cost of this section of 
the instrument, primarily because of the reduc 
tion in the number of Oscillators required, and 
in the simplification of mechanism and structure 
Of the keyboard, due to the reduction in the 
number of key buttons. It also has the advan 
tage of making available four pedal tones, as 
Compared With the root and fifth only which are 
available to the musician in playing the accordion 
Section of the previously described embodiments 
of the invention. 

Modification of Figs. 17 and 17a, 
The invention may be embodied in diverse 

forms. For example, the accordion and pedal 
Sections may be utilized as an adjunct to a piano, 
in the nanner illustrated in Figs. 17 and 17a. In 
these figures a conventional piano comprising a 
customary case (85), having the usual keyboard 
082, has an accordion section keyboard 50 
mounted on a suitable casing 84 secured to 
the piano adjacent the front of the piano key 
board. The casing is preferably mounted on the 
piano in a position such that its right-hand edge 
is directly in front of the 'C' key one octave 
below middle “C.” The accordion keyboard 50 
mounted on the casing 34 is preferably of the 
construction shown in Figs. 4 to 9 and is con 
nected by a multi-conductor cable 086 to a tone 
cabinet 088 which may be placed on the fioor 
adjacent the end of the piano. The cabinet 088 
contains the accordion tone signal generating 
System, its various controls, the pedal frequency 
dividers and associated parts. For example, re 
ferring to the block diagram of Fig. 2, the cabinet 
may enclose the parts (2, 4, 46, 47, 48, 24, 
i26, 3, 52, 54, 56, 58 and 62. 
The pedals 40 and 42 are preferably secured 

to bars O90 and 99 which extend from the 
cabinet 088 and are provided with 90° swing 
hinges 0.92 so that they may be swung upwardly 
Out of the way when the instrument is not in use. 
The expression lever 46 (shown only in Fig. 3) 
may be suitably hinged beneath the keyboard of 
the piano and connected, as by an encased flexi 
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ble control Wire 093, to the volume control within 
the cabinet 088. The casing 08.4 may be Se 
cured to the plank beneath the keyboard of the 
piano by Suitable U-shaped clamps or bracketS 
O94. 

- The casing 84 is also provided with control 
tablets 7, T2, 3, is and 77 to control the output 
of the accordion and pedal section of the instru 
ment to produce respectively: "Soft' Volume, 
“accordion sustain,' 'accordion mute,' 'pedal 
fast decay, and “accordion. Vibrato. 
The instrument ShoWn in FigS. 17 and 17d may 

be played with the piano to provide the accom 
paniment chords and bass tones. With this air 
rangement the musician has at his Command 
easily playable means for the production of the 
chord accompaniment, the accent thereof by 
means of the accordion bar 56 and the production 
of the pedal root and fifth, While his right-hand 
is free to play the melodic passages on the piano 
keyboard. The pianist is thus provided with elec 
tronic tone production means which may be used 
greatly to enhance the Over-all musical effects 
Which he may produce. 

PNEUMATICALLY CONTROLED 
INSTRUMENT OF FIG.S. 18, 19 AND 20 

The broader principles of the invention may 
be employed for the playing and control of a 
Wide variety of conventional musical instruments, 
for example, the piano, reed Organ, and nearly 
any keyboard musical instrument. An appara 
tus by Which this may be accomplished is dia 
grammatically illustrated in Figs, 18, 19 and 20. 
In this embodiment of the invention the ac 

COrdion button keyboard may be of the Same con 
struction shown in Figs. 4, 5 and 6 except that 
instead of operating selected switches the key 
buttons operate Selected valves in a pneumatic 
(preSSuire Ol' WaCulin) COltrol System. Similar to 
that used in player pianoS. For example, in Fig. 
18 there is illustrated one of the 96 accordion key 
buttons 54 mounted in a keyboard plate 680 and 
arranged upon depression to pivot clockwise a, 
selecting lever 690. These key levers in turn 
operate predetermined transverse actuators 108, 
each of these being positioned to operate one 
valve stem if 0. 
These valve stems are arranged in groups of 

tWelve, the left-most group being provided for : 
determining the root, the middle group to deter 
mine the 5th, and the right-most group the 
notes of the chord. 
The valve stems 6 extend freely through 

Suitable Openings 2 formed in a valve chest 
top plate 94. The valve stems are also 
Vulcanized to an inner rubber-like Sheet, 5 
Which is coextensive With the top plate G4 and 
is clamped between the top plate G4 and the 
valve chest body 98. The body 98 is divided 
by partitions and into three chambers 

2, 3 and . The valve Stems OO have 
Valves 6 Secured to their lower ends which 
Co-Operate With downWardly facing valve seats 
f 8. Each of the valve seats has a downwardly 
extending ferrule 2 surrounding it, to which 
Suitable tubes 22 are connected. Each of the 
tubes 22 for a valve in the root group is also 
connected to a valve in the 5th group as by a 
T 24 and both tubes are thus connected to a 
bellows 26. 
This bellows may be of a type to operate on 

CompreSSed air or on a partial vacuum and may 
be connected to any tone controlling instru 
mentality of a musical instrument. For the pres 
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ent it will be assumed that a pressure system is 
employed. Under these circumstances a blower 
or other source of pressure indicated by the block 
28 in Fig. 19 is connected to a wind chest 30 

which upon operation of a chord bar 32 and 
consequent opening of a valve f33 supplies air 
under pressure to a chamber 34 which chamber 
is Suitably connected to the Valve chamber 4 
of Fig. 8 or may constitute an extension thereof. 
The accordion bar 32 and Valve 33 alre nor 
mally held in the upward position shown in Fig. 
19 by Compression coil Springs 36. The stem 
f 38 connecting the valve 33 to the accordion 
bar f 32 is preferably bonded to a flexible elastic 
Sheet 40 made of a material Such as rubber. In 
a similar manner valves 42 and 43 are re 
Spectively operable by root pedal 44 and fifth 
pedal 45 to admit air from the Wind chest 30 
to chambers 46 and 47 respectively, the latter 
being suitably connected to the chambers 2 and 

3 respectively of Fig. 18. The valves 33, 42 
and 43 are normally urged toward closed posi 
tion by the pressure of the air in the Wind chest 

30 and the Steins 48 and 49 of valves 42 
and 43 and also connected to the flexible resil 
ient Sheet 40 and are thus urged toward their 
uppermost positions by virtue of the elasticity 
of the sheet 49 as well as by any air pressure 
Which may be present in the chambers 46 
and 4. 

It Will be apparent that when a key button 54 
is depreSSed the projections 76 of the associated 
Selecting level 698 Will engage and depress pre 
determined actuating leverS 708, and each of 
these Will Open valves 6 to provide open pas 
SageWays for flow of air under pressure from the 
Chamber 4 to three Or more belowS 26. 
Similarly two other valves 6 will be opened to 
p'OWide paSSageWays for the flow of air from the 
chambel's 2 and 3 respectively to two addi 
tional bellows 26. When a button 54 is held 
depreSSed and the chord bar 32 is depressed, 
fiOW of air into the chamber 34 and hence into 
the chamber 4 will result in expanding the 
beliOWS 26 previously connected to the chamber 

4 by the opening of its associated valve 6 
and Cause the chord to Sound. Similarly depres 
Sion of either of the pedals 44, 45 will permit 
fiOW of air under pressure from the Wind chest 

3) past valves 42, f 43 into chambers 46, 
i 4i and hence into chambers 2, 3 to two 
Of the bellows 26 associated with the bass tone 
producing control members of the instrumen 
tality being utilized to produce the music. 
AS previously indicated this instrumentality 

inay be a piano, reed organ, accordion-like mech 
anism, Or any other musical instrument. One 
Such instrument is particularly diagrammatically 
illustrated in Fig. 20 as comprising a piano string 
i 50 which is adapted to be struck by a hammer 

52. The action of the piano by which the ham 
liner is Operated to strike the string 50 is not 
Of particular relevance here and is therefore 
Shown in a Simple form intended as representa 
tive of any Suitable piano action which is adapted 
to be Operated by the clockwise swinging of a 
key bar 54 having limit stops 55, 57. Each 
of the key bars has a felt-padded seat 59 for 
engagement by the actuating plunger 58 of one 
Of the belows 26. 
The arrangement is such that whenever the bel 

lows 26 is supplied with air under pressure by 
the operation of valves controlled jointly by key 
buttons 54 and accordion bar if 32 or pedals 44, 
it 45, the hammers f 52 corresponding to the 
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notes of the chord and of the selected pedal note 
Will be caused to operate to strike their respec 
tive strings 50 to produce the accompaniment 
chord as well as the root or fifth bass pedal tone. 
Natural leakage of air from the system, or escape 
of air from the pipes 22 through bleed aper 
tures 60 (Fig. 20) will permit the operated bel 
lows 26 to return to their normal positions 
either by gravity, by a Spring forming part of the 
bellows itself, or by other resilient means of well 
known construction. 

It will be apparent that by Suitable slight 
changes in the structures of the valves operated 
by the accordion bar 32 and by the pedals f 44, 

45, as well as by reversing the operation of the 
bellows 26, a suction blower instead of pressure 
blower may be employed as the pneumatic power 
Source in a manner well-known in the player 
piano art. . . . 

In lieu of a suction or a pressure blower, the 
air pressure necessary for operation of the bel 
lows 26 may be obtained from bellows i? 62, 63 
and 64 which are adapted to be collapsed re 
Spectively by operation of pedals 66, 67, and 
by an accordion bar 8 respectively, as shown 
in Fig. 21. The air inlet valves 70 of these bel 
lows may be of conventional construction, utiliz 
ing the force of gravity or incorporating a spring 
to hold them in the positions in which they are 
shown in full lines. In this form of the invention 
the outlets 12 of the bellows are respectively 
connected to ducts 74, if T 5 and f 76 which are 
connected respectively to the chambers 2, f3 
and 4 (Fig. 18). 
Thus when a key button 54 is depressed and 

the accordion bar f68 is operated the pressure 
Within the bellows 64 will be increased and air 
under pressure supplied to the chambers 76 
and 4, and thence to such of the bellows 26 
Which, due to the opening of their associated 
valves f6, are in communication with the cham 
ber 4. In this way the player has under his 
control the intensity envelope of the tones pro 
duced, in a manner comparable to the control 
which may be affected by the operation of the 
bellows of an accordion. 
The pedal tones are similarly sounded by op 

eration of either the pedal 66 or the pedal 67, 
compressing their associated bellows 62 or f63 
and thus supplying air under pressure to either ; 
the chamber f. 2 or fli3 and thereby operating 
the bellows 26 required to cause the sounding 
of the Selected pedal tone. . . . . . . 

In the particular embodiments of the inven 
tion shown in Figs. 18 to 20 and in Fig. 21 the air 
Supplied through the tubes 22 may be used to 
energize vibratory reeds directly instead of con 
trolling such vibrations through intermediary bel 
loWs f 26. These modifications further illustrate 
the Scope of one phase of applicant's invention 
concept whereby the notes of the chord are pre 
Selected by the operation of an accordion key 
button which also operates to preselect the root 
and fifth bass tones, and in which the actual 
Sounding of the chord is controlled by an ac 
cordion bar which may also be used to determine 
the loudness or the intensity envelope of the tone, 
and further, in which the alternative operation 
of pedals will cause the sounding of either one 
of a plurality of bass pedal tones which were 
preSelected by the operation of the accordion key 
button. By illustrating and describing several 
forms in which this feature of the invention may 
be embodied, it is believed that it will be clearer 
to those skilled in the art how this feature of the 
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invention may be adapted and embodied for the 
control of other musical instruments. 
MODIFICATION SHOWN INFIG.S. 22 AND 23 
Some of the more fundamental principles of the 

invention may be incorporated in the quite 
divergent structures and circuits shown in Figs. 
22 and 23. In these figures the tone signals are 
derived from a phonograph record 80 mounted 
for positive rotation on a turntable 82 driven 
in a conventional manner by a motor which is not 
shown. The record 80 is preferably of a trans 
parent plastic and has pasted beneath it a disk 
of paper or the like having seventeen different 
colored concentric circular bands 83 imprinted 
thereon so as to be visible through the trans 
parent record. The record above each of these 
bands, has recorded thereon tone signals rep 
resentative of seventeen different chords, for ex 
ample the chords F, C, G7, D7, Dm, A7, E7, C7, 
Am, Cm, Fm, Em, G, G-, G--, C- and B7. In 
these chord designations, the '7' indicates a 7th 
chord of the given key, the 'm' indicates the 
minor chord, the minus sign '-' indicates the 
diminished chord, the plus sign '-' indicates the 
augmented chord, while the major chords are 
designated by the key without a suffix. 
The recording may be made from any Suitable 

musical instrument such as an organ, accordion 
or orchestral instruments capable of producing 
full rich chords. In addition to the recording of 
the chords there are recorded upon these different 
Sound tracks tWo different carrier frequencies, 
Such as 5,500 and 6,500 C. P. S. which are respec 
tively amplitude modulated by the appropriate 
bass or pedal root tone signal and the bass or 
pedal fifth tone signal. 
The record is covered by a suitable casing or 

housing 84 which is preferably hinged so that 
it may be raised for replacement of a different 
record, and is provided with an open window f 86 
through which the needle 88 of a crystal pick 
up element 90 (Fig. 23) may project. The 
crystal pickup 90 is mounted for limited pivotal 
movement at the end of a tone arm 92, the 
pivot 94 being So located that the crystal Will 
assume the position shown in Fig. 23 due to the 
action of gravity. A switch contact arm f 96 is 
secured to the pickup element 90 and is adapted 
to co-operate with a switch arm 97 Suitably 
fixed to the tone arm 92. 
One of the terminals of the pickup 90 is con 

nected to ground by conductor 98 while the 
other terminal has conductor 99 Connected 
thereto. The Switch arm 97 has a conductor 
200 connected thereto. The tone arm f 92 is 
provided with the customary mounting 202 on 
the casing 84 so as to permit it to Swing through 
an arc and also to be SWung upWardly SO as to 
raise the needle 88 from the record 80. 
The signal produced by the pickup f : 9 is in 

pressed upon the input of an amplifier 204, the 
output of which is coupled by a transformer f206 
to the input of a pair of control triodes 208 and 
209, the signal being impressed upon the grids 

of these triodes in push-pull. The center tap 20 
of the secondary 207 of transformer 206 is con 
nected through a resistor R? 22 to a negative cut 
off bias terminal indicated as a terminal C- and 
is also connected to the conductor 20) through 
R24. The center tap 20 is also connected to 
ground through a capacitor Cl26. The cathodes 
of triodes f28 and 209 are connected together 
and are connected to ground through a common 
Self-bias resistor R? 28. 
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The plates of triodes 208, 209 are connected 
to the end terminals of a primary winding 220 
of a transformer 22, the Center tap of the pri 
mary winding being connected to a suitable source 
of plate current indicated as a B-terminal. The 
secondary 222 of transformer 22 has one ter 
minal connected to ground and the other ter 
minal connected to a conductor 224. The sig 
nal appearing upon conductor 224 is impressed 
upon the input of a low pass filter 226 having 
a high frequency cutoff of 5,000 C. P. S. The out 
put of the filter 226 is Supplied to a polarity re 
verser 228 (which may comprise a single triode 
or a transformer) Which upon closure of a SWitch 
230 in its output circuit will cause a signal to be 

impressed through a decoupling resistor R232 
and a conductor 234 across a coupling and load 
resistor R? 236 Which is in Series With a variable 
resistor R238, the latter serving as a variable 
Volume control. A signal appearing across R236 
in series with R.238 is impressed on the input of 
a power amplifier 240, and the amplified signal 
is supplied to a speaker (242. 
The Output signal from the filter 226, in 

addition to passing through the polarity reverser 
f228, is impressed upon a chord control tube 244, 
which is similar to the control tube 48 (Fig. 
1c) previously described and which is normally 
biased beyond cutoff by having its grid connected 
to a C-terminal. The bias on the tube may be 
changed. So as to cause the transmission of the 
Signal through the tube by operation of a chord 
control button 246 which, upon operation, closes 
a, SWitch 248 and thereby removes the cutoff bias 
on the control tube in a manner similar to that 
previously described with reference to the con 
trol tube 48 of Fig. 1c. The output signal from 
the chord control tubes is combined with the sig 
nal output of the polarity reverser 228 (assum 
ing the Switch 230 is closed) so that the chords 
may be accented by the operation of the control 
button 246. If desired, the instrument may be 
played with the switch 230 open, in which event 
the chords Will Sound only upon operation of the 
control button 246. 
The Signal appearing upon the conductor 224 

is also impressed upon a decoupling and tuned 
filtering mesh comprising resistors R 250 and 
Rf 25 in series and inductance L252 and ca 
pacitor C 254 in shunt. 
tuned to be resonant at one of the carrier fre 
quencies, that is, in the example given above, 
5,500 C. P. S. The output of this filtering mesh 
is demodulated by a rectifier diode 256 and the 
demodulated Signal, which is of the root fre 
quency of the chord, is supplied through a de 
coupling resistor R? 258 to a switch 260 con 
trolled by the root control button 262, and is 
impressed on the input of a low pass filter 264 
through a conductor f 266. The low pass filter 
may have a frequency cutoff at about 500 C. P. S. 
So as to prevent the transmission of any of the 
carrier frequencies. 

Similarly the signal appearing on conductor 
224 is also supplied to a decoupling and resonant 

filtering mesh comprising R? 268, R. 269, L 270, 
and C27, and is demodulated by a rectifier 
diode 272, the demodulated signal being sup 
plied through a decoupling resistor R? 273 to a 
SWitch 274 operated by a control button 275 
for the bass or pedal fifth. The input filtering 
mesh for the diode 22 is tuned to be resonant 
at the assumed carrier frequency of 6,500 C. P. S. 
for the pedal fifth. The switches 260 and 24 
may be of the same construction as the switches 

This filtering mesh is : 
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589, 590, 592 of Fig. 1d. The control buttons 262 
and 275, in addition to operating these switches, 
are arranged to operate switches 2:6 and 27, 
Which correspond to SWitches 636 and 637 of Fig. 
ld, and are adapted to render the pedal control 
tube 278 conductive of the signal by connecting 
its grid to ground and thus removing the negative 
bias provided by the connection of the grid to the 
C-terminal. 
The Signals passing through the filter 264 are 

impressed upon the grid of the control tube in 
the manner previously described, and the Output 
of the control tube is impressed across volume 
balancing resistors R280 and R? 28. R. 280 may 
be in the form of a potentiometer having a slid 
ing contactor connected to the conductor 234. 
To play the instrument shown in Figs. 22 and 

23 it is necessary for the player merely to place 
the pickup needle i 88 on the record 80 on the 
particular band 83 upon which the desired 
chord is recorded. Noises or transients incidental 
to placing the needle on the record and removing 
it therefrom are prevented from being transmit 
ted to the output System of the instrument by 
the Switch 96, 97 which renders the control 
tubes 208, 209 conductive of the signal only 
after the needle has been placed in a record 
groove, and also operates to render these control 
tubes nonconductive before the needle is removed 
from the record groove. In addition to selecting 
the desired chord by placing the needle f 88 on 
the recording of a selected chord, the player may 
depress control button f 246 to provide accent 
and may depress either the button 262 or 275, 
depending upon whether the root or fifth bass 
tone is desired. The signals of the tone compos 
ing the chord and the selected root or fifth bass 
tone are thus supplied to the amplifier 240 and 
Speaker 242. 

If it is desired that the chord be sounded softly 
immediately upon closure of the switch 96, 

97, the Switch 230 is closed, thus making the 
Operation of the chord control button 246 effec 
tive to provide emphasis of the chord when de 
sired. Since the chord control tube causes re 
Versal of the polarity of the signal it is necessary 
to provide the polarity reverser 228 so that the 
output signals of the control tube and the polarity 
reverser will be of the same polarity. 

It Will be clear from the foregoing that the in 
strument in Figs. 22 and 23 includes a single in 
strumentality for selecting the chord to be sound 
ed as well as preselecting the root or fifth bass fre 
Cuency which are to be sounded depending upon 
which of the control buttons 262 or 275 is op 
erated. Since there is no appreciable limit to the 
complexity of the tone signals recorded on the 
record 80 it will be apparent that the musical 
output of the instrument may be of any desired 
quality. Furthermore the instrument may be 
provided with a number of records 80 which 
are similar to each other except for the quality 
of the recorded tones so as to provide musically 
desirable variation in registration. 
MODIFICATION OF FIGS. 24, 25, AND 26 
Many of the novel features of the invention 

may be incorporated in an instrument which nay 
be played somewhat in the manner of playing a 
Conventional accordion, that is, by playing mel 
Ody notes on a keyboard, playing the accompani 
ment chords on a button keyboard, and playing 
the bass notes by depressing a second button of 
the button keyboard. While, in general, an in 
strument of this type is more difficult for an ama 
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teur to play, it would not present any technical 
difficulties to a qualified accordionist. 
The versatility of instruments embodying vari 

ous forms of the invention heretofore described 
may appear to be somewhat limited to the pro 
fessional skilled accordionist. While these in 
struments are admirably Suited to the amateur, 
the professional accordionist may consider the 
instruments incomplete since they do not enable 
him to play bass melodies. In the usual “120 
Bass' accordion, it is possible to play any of the 
bass notes of the chromatic scale independently 
while holding down any single chord button. 
The modified form of the invention shown in 
Figs. 24, 25, and 26 has a, button keyboard which 
includes two rows of bass buttons as in the stand 
ard accordion. This instrument is designed, not 
only to make it easy for the beginner to learn to 
play as in the previous modifications, but also, 
has further possibilities for playing melodic and 
other contrapuntal effects in the bass Section, 
The button keyboard of the instrument may take 
the usual “120 Bass' accordion form. A control 
is provided which may be optionally set to either 
of two positions. In One position the instrument 
performs in Substantially the same manner as the 
standard “120 Bass' accordion. In another po 
sition of the control the single row of bass but 
tons operate in a manner corresponding to the 
operation of root and fifth pedals 40, 42 or other 
auxiliary root and fifth controls, described in 
the above disclosed embodiments of the inven 
tion. 
Whenever a chord button is depressed, the bass 

button in the same vertical file is conditioned to 
play the root bass note With the decay intensity 
envelope and pitch retaining functions as did the 
root pedal 40 in the preceding embodiments. The 
bass button in the file next to the right of that of 
the depressed chord button functions to play the 
fifth of the chord depressed, as did the fifth 
pedal 42, or other fifth selecting control in the 
previously described embodiments. For all the 
chords the root bass button Will play the same 
note as it does in the standard accordion but the 
button to the right may or may not play the same 
note that it does in the standard acCOrdion. For 
those chords in which the fifth is related to the 
root by the interval of a perfect fifth the bass 
note played will be the same as in the standard : 
accordion. However, when the interval is a di 
minished or augmented fifth, the note will be 
Correspondingly lowered or raised. One Senitone 
from the pitch which is normally played in the 
Standard accordion. 
to be described in detail combines the advantages 
of the pre-selected bass root and fifth With the 
independent type of bass tone selection for the 
more advanced player. 
The modification of FigS. 24 to 26 is of the last 

mentioned type and preferably comprises twelve 
oscillators 3 to 321 inclusive, the outputs of 
which are connected by decoupling resistors 
R 324 to four switches one from each group F 
to E, 2F to 2E, 3F to 3E, and 4F to 4E, the 
switches of these groups being operable to con 
nect the outputs of the oscillators respectively to 
conductors 33, 331, 332, and 333. The con 
ductor f333 corresponds to the conductor 55 
(Fig. 1d) and collects the signals required for the 
production of the chord, since the oscillators 
3 0 to 32 are within the pitch range of F2, 
174.61 C. P. S. to E3, 329.63 C. P. S. The chord 
signals appearing on the conductor 333 are Sup 
plied to the accordion control tube 48 upon 

Thus the instrument now : 
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Operation of the accordion bar 56 in the manner 
previously described With reference to the Opera 
tion of these parts as disclosed in Fig. 1c. The 
Output of the Control tube 48 is connected to the 
power amplifier 28 through a decoupling resistor 
R. 33. 

If it is desired that the chord be sounded with 
Out the necessity of operating the accordion bar 
56, the accordion sustain control 72 is operated 
to close the Switch 59, thereby supplying the sig 
inal through a preamplifier 338 to the decoupling 
resistor R334. S. 

The instrument preferably includes a keyboard 
or solo melody section (of the type shown in Figs. 
1 to 11) represented by the block 340, the out 
put of which is supplied to the power amplifier 
28 through an adjustable resistor R342 for bal 

ancing the Output of the solo keyboard section 
With the other Sections. 
The key buttons 54 shown in Fig. 25 are ar 

ranged in the conventional nainner of a “120 
BaSS' accordion having buttons for the major, 
minor, 7th, and diminished chords, and above 
these, two rows of buttons for the counterbass 
and bass accompaniment. (The row of bass but 
tons has one extra, button at its right hand end.) 
As in the previously described embodiment shown 
in Figs. 1 to 11, each of the chord buttons is ar 
ranged to operate a key lever 344 (Fig. 26) which 
is provided with suitable projections 346 for the 
Operation of certain combinations of switches F. 
to E, 2F to 2E, 3F to 3E, and 4F to SE, as well as 
One or more of three switches 350, 35, and 
352. 
The conductor 330 is adapted, upon closing 

any of the Switches F to E, to supply a signal 
COrresponding to the root of the selected chord 
to a two stage frequency divider 354 through a 
Switch 355 and a decoupling capacitor C356. 
The SWitch 355 is operable by a suitable stop 
tablet 358 which likewise operates a switch 359. 
When both of these switches are in their full line 
pOSitions the cut-off bias on the control tube 56 is 
removed (by grounding the control grid through 
SWitch 359) and the signal is transmitted 
through an adjustable volume control 58 to the 
input of the power amplifier 28. 
Thus with the Switches 355 and 359 in their 

full line positions, depression of a chord key but 
tOn Will cause signals from such of the oscillators 
3 to 32 as are required for the production 

Of the chord to be transmitted through conductor 
333 to the output system, under the control to 

the accordion bar 56 and the accordion sustain 
control 2. In addition, a signal corresponding to 
the root of the chord selected is impressed upon 
the two stage frequency divider 354, and the 
latter Supplies to the output system an octave 
Colped signal two octaves and one octave lower 
than the root of the selected chord. 

Additional means are provided to enable an 
amateur to play the instrument more easily and 
to provide long decay intensity envelopes on the 
baSS and counterbaSS tones. This means includes 
the Conductors 33 and 332 upon which are 
in pressed signals of pitch corresponding to the 
fifth and root of the selected chord by closure 
of one of the Switches 2F and 2E and one of the 
SWitches 3F to 3E. The signals on conductors 
33 and 332 are impressed upon the control 

grids of high gain triodes 365 and 36 through 
blocking capacitors C 362 and C 363 respectively. 
The plates of these triodes are connected to a 
B-- terminal through a common load resistor 
R364. The cathode of triode 359 is connected 
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to a, --40 W. terminal through R366, while the 
grid of this triode is connected to the -- 40 v. 
terminal by a grid return resistor R30. In a 
Similar manner the cathode of triode 35 is con 
nected to the -- 40 v. terminal through self-bias 
resistor R. 367, while its grid is connected to said 
-40 W. terminal by a grid return resistor R3T. 
The cathodes of triodes 369 and 36 are re 
Spectively connected to the cathodes of triggering 
triodes 372 and 373, and the plates of the 
latter are connected to a B-- terminal through 
R. 374 and 35. The grids of triodes 372 and 
33 are connected to ground through grid re 

sistors R. 369. The plate of triode 372 is cross 
Connected to the grid of triode 33 through a 
resistor R. 378 while the plate of the triode 33 
is CrOSS-connected with the grid of triode 372 
through R. 379. The grid of triode 32 is 
adapted to be connected to a B-- terminal 
through a high value resistor R380 upon closure 
of switch 350, while the grid of triode 373 may 
be connected to the B-- terminal through a sim 
ilar high Value resistor R. 38 upon closure of 
the SWitch 35. 

Each of the key levers 344 which is located 
beneath the bass buttons is provided with a pro 
jection. Such as 346 for the Operation of either 
SWitch 35 or SWitch 35. The buttons in the 
baSS roW Will be arranged so that alternate but 
tons in this row will operate the Switch 350, 
While the remaining buttons will operate the 
SWitch 35. 
When a button is depressed such as, for ex 

ample, the button for the bass note F, the B-- 
Voltage Will be impressed upon the grid of triode 
372 by closing Switch 350 rendering the latter 
conducting So that the potential on its cathode, 
and hence on the cathode or triode 360, Will be 
raised Sufficiently to cut off triode 360. At the 
Same time the voltage on the plate of triode 372, 
and hence on the grid of triode 373, will drop, 
and triode 373 will be rendered non-conducting. 
Its cathode and the cathode of triode 36 Will 
have their potential sufficiently lowered to cut 
off triode 33. Thus control triode 36 re 
mains in a conducting condition with R. 367 sup 
plying a Suitable self-bias voltage. The signal 
of pitch F impressed upon conductor 332 will 
therefore be transmitted through the triode 36, 
SWitch 355 (then in its dotted line position) and ; 
capacitor C356 to the frequency divider 354. 
Since SWitch 359 is open under these circum 
stances, it is necessary to close switch 352 to 
render the control tube 56 conductive, and this 
is accomplished by providing a projection 346 
above switch 352 upon the key lever 344 op 
erated by the F key button 54. 

If instead of desiring to play the bass note 
corresponding to the root of the chord (assum 
ing that one of the F chord buttons 54 is de 
pressed) the player wishes to play the fifth, this 
may be accomplished by depressing the button 
54 marked C in the Second row of buttons. (If 
the chord button depressed Was the diminished 
7th, i. e. F-, the bass note Sounded would be of 
B pitch.) The key lever 344 operated by C bass 
button will have projections such as 346 to 
Operate the Switch 35 and the Switch 352 SO 
that a positive potential Will be impressed upon 
the grid of triode 373, whereupon the latter Will 
be rendered conductive and thereby raise the 
potential on the cathode of triode 36 Sufi 
ciently to cut off the latter. At the same time 
the potential on the grid of triode 372 will be 
lowered to cut off this tube and thereby render 
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the triode 360 capable of transmitting the signal 
impreSSed on conductor 33 to the frequency 
divider 354. Since SWitch 352 Will also be 
ClOSed the Signal Will be transmitted to the out 
put System through the bass control tube 56. 

After release of any of the second row buttons 
the conducting or non-conducting condition of 
triodies 372, 33, 369, and 36 Will not change 
because of the resistive cross-connection of the 
grids and plates of triodes 372 and 33, and 
bass note will continue to Sound with slow decay, 
provided One of the F chord buttons is held 
depreSSed. 
From a consideration of the diagram Fig. 10 

and the description thereof, those skilled in the 
art will be able readily to provide the key levers 
344 with the proper combinations of projec 

tions 345 for the operation of the various 
SWitches. It is well to note, however, that the 
key levers 344 operated by the bass buttons alter 
nately are provided with projections for operat 
ing either the SWitch 350 oil the SWitch 35 and 
that all of the bass buttons additionally operate 
the Switch 352. The key evers 344 for the 
counterbass buttons 54 are provided with only 
one projection 346 to cause a signal of pitch 
COrresponding to the button designation to be 
impressed upon the conductor 330 and thus 
used as the Signal for controlling the pitch of 
the two stage frequency divider 354 whenever 
the tablet 358 is Operated So as to move SWitches 
355 and 359 to their full line positions. 
For example, the key lever 344 under the 

button marked F-, that is the diminished F 
chord, has projections on it to operate Switches 
4F, 4Ab, 4B, and 4D to impress signals corre 
sponding to the four notes of this chord (F, Ab, 
B, and D) on the conductor 333. In addition, 
this key lever would have a projection 346 to 
operate Switch 2F thereby to impress a signal 
corresponding to the root of the chord on con 
ductor 33 and Would also have a projection to 
Operate the Switch 3B which would impress a sig 
nal Of the pitch B, that is the fifth (diminished) 
of the chord upon conductor 332. If, while 
holding the F- button 54 depressed (assuming 
that Switches 355 and 359 are in their dotted 
line positions) the player depresses the E bass 
button he Will, through a suitable projection 346 
On the lever 344 operated by this button, close 
SWitch 35, thus rendering triode 360 conduc 
tive, so that the signal of F pitch (the root of 
the chord) would be impressed on the frequency 
divider 354 to determine the frequency of its 
output. On the other hand, assume that the 
tablet 358 has been Operated to move the 
Switches 355 and 359 to dotted line position, 
and that the player, while holding the F- button 
depressed, depresses the bass button C. The lever 
f344 under this bass button C, has a projection 
346 above the switch 350, and by closing this 

switch, as previously described, renders the triode 
36 conductive of the signal corresponding to 
the fifth (diminished) element of the chord, 
Which is the note B, and this signal will thus 
control the frequency of operation of the fre 
quency divider 354. 

If after the preceding operation of the buttons 
the player depresses the C- key button 54 he 
Will through the projections on the key lever oper 
ated by the C- button close switches 4C, 4Eb, 
4F, and 4A and Will in addition close switches 
3C and 2F. Therefore, if while holding the C 
button depressed, the player depresses the C bass 
button he will again close switch 350 but the 
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signal on the conductor 332 will be the signal 
conducted through the then closed switch 3C, 
and will be conducted to the frequency divider 
f354. On the other hand, should he, while still 
holding the C- button depressed, press the G 
bass button the signal of F. pitch Would be in 
pressed on conductor 33 and switch 350 would 
be closed so as to render the triode 360 capable 
of conducting this F signal to the frequency 
divider to control the pitch of the bass note pro 
duced thereby. 
In playing the modified form of the instrument 

shown in Figs. 24, 25, and 26 the professional 
accordionist will normally operate the stop tablet 
358 to move the Switches f355 and 359 to their 

full line positions. He will then be able to Oper 
ate the chord bass and counterbass buttons 54 in 
the same manner as in playing the accordion, 
and with equivalent musical results. The 
amateur will usually prefer to operate the tablet 
358 so that the switches 355 and 359 are in 

their dotted line positions. Under these condi 
tions the musician will depress the chord buttons 
in the usual manner and when he desires the pro 
duction of the root bass tone will depress the bass 
button in the same file as the depressed chord 
button, while if he desires the fifth bass tone he 
will depress the bass button in the file immedi 
ately to the right of the file which includes the 
depressed chord button. There will be an addi 
tional button at the extreme right end of the bass 
row of buttons which will be used solely for the 
production of the fifth bass tone of the chord 
selected by the right-most file of chord buttons. 
Thus the player may very easily, while holding 
a chord button depressed, alternately sound the 
root bass and the fifth bass of the selected chord 
by alternately depressing the bass button in the 
file of the selected chord button and the bass 
button immediately to the right thereof. 

It will thus be apparent that the bass buttons 
may be used not only to perform functions corre 
sponding to those of the bass buttons of an 
accordion, but may also be used by the amateur 
to take the place of the bass pedals 40 and 42 of 

, the embodiment shown in Figs. 1 to 11. 
In some of the claims the terms "octavely 

related' and 'suboctave' are employed with 
reference to the pitches of the bass tones. These 
terms are intended to mean that the bass tones 
"are one, two or even three octaves below the cor 
responding tones in the accompaniment chords. 

As previously indicated, a number of novel 
features of the invention disclosed herein are dis 

a closed and claimed in copending applications. 
These may be summarized as follows. The par 
ticular circuit arrangement of Organ and accor 
idion oscillators, L. Hammond application Serial 
No. 96,107 filed May 28, 1949; the Over-all volume 
control, J. M. Hanert application Serial No. 
141,692 filed February 1, 1950; the solo generat 
ing system, J. M. Hanert application Serial No. 
51,409 filed September 27, 1948; the tone quality 
scontrols used in the solo and pedal bass tone sig 
nal generating system, J. M. Hanert applications 
Serial No. 11,453 filed February 27, 1948, and 
Serial No. 87,913 filed April 16, 1949; the vibrato 
oscillator and switch tube, J. M. Hanert applica 
tion Serial No. 111,743 filed August 22, 1949; the 
coppositely polarized vibrato signals on the chord 
oscillators and on the organ oscillators, John M. 
Hanert application Serial No. 223,376, filed April 
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chanical features of the key button keyboard and 
its switch operating mechanism, L. Hammond 
Serial No. 169,902, filed June 23, 1950. 
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 inven 
tion. I therefore desire, by the following claims, 
to include within the scope of my invention all 
such similar and modified forms of the apparatus 
disclosed, by which substantially the results of 
the invention may be obtained by substantially 
the same or equivalent means. 

I claim: 
1. In a musical instrument having means for 

producing musical tones throughout the accom 
paniment chord and bass registers, a control for 
Selecting tones of a chord to be sounded and at 
the same time tentatively selecting tones in the 
bass register to be sounded which are suboctavely 
related to the root and the fifth of the selected 
chord, and additional means to determine 
Whether the one of said tones in the bass register 
Which is to be Sounded shall be octavely related 
to the root or to the fifth of the selected chord. 

2. In an electrical musical instrument having 
generators for producing the tones of at least an 
Octave of the musical Scale and having an out 
put System; a keyboard of the accordion chord 
button type; means controlled by the keyboard 
for causing transmission to the output system 
Of the Signals produced by a plurality of the gen 
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27, 1951; the modification in which the signals 
are obtained from phonographic recordings (Figs. 
22 and 23) is not claimed herein; and thene 

erators of musical chord related pitches, an elec 
trical bass generating system comprising a plu 
rality of Octavely related variable frequency gen 
erators, means to impress a frequency from the 
chord tone generators upon the bass tone gener 
ating System thereby to determine the frequen 
cies of operation thereof, and additional means to 
Control the transmission to the output System of 
signals produced by the bass tone generating sys 
ten. 

3. The combination set forth in claim 2 in 
which means are provided under the control of 
the accordion button type keyboard to transmit 
signals corresponding in pitch respectively to the 
root and the fifth of the chord, and in which 
pedal Operated means are provided to select 
which of these two signals shall be effective to . 
control the frequency of operation of the bass 
tone generating system. 

4. The combination set forth in claim 3 in 
which the pedal operated means also controls 
the transmission to the output System of the fre 
quencies generated by the bass tone generating 
System. 

5. In an instrument of the accordion type, the 
combination of an electrical melody section; an 
electrical polyphonic section; a keyboard com 
mon to said sections; a chord playing section; an 
accordion type button keyboard for selecting ac 
companiment chords to be played by the chord 
playing section; means operated by the player to 
cause the sounding of the selected chord; an ac 
companiment bass tone producing instrumen 
tality; means controlled by the button keyboard 
for conditioning Said instrumentality for the pro 
duction of bass tone of either One of two 
pitches; and pedal-operated means for determin 
ing which of the two basstones shall be sounded. 

-6. In an electrical musical instrument having 
an output System, the combination of an ac 
Cordion type keyboard comprising a plurality of 
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key buttons, a plurality of Sources of electrical 
musical tone frequency Siginals, means operated 
by the key buttons respectively to couple to the 
output System a plurality of Said SourceS produc 
ing tone signals of pitch corresponding to the 
notes of a musical chord, a baSS tone Signal gen 
erating apparatus capable of having the pitch 
of the signal produced thereby determined by the 
pitch of a signal supplied thereto, means also 
operated by the key buttons to cause the SOurces 
to Supply to the basStone Signal generating ap 
paratus electrical signals of pitch corresponding 
to the root and fifth of the chords Selected by the 
key buttons, and a control selectively operable 
by the player to cause the root or the fifth signal 
to determine the pitch of the bass tone signal 
generating apparatus and to cause the latter Sig 
nal to be transmitted to the Output System, 

7. In an electrical musical instrument having 
an output System including electroacoustic 
translating means, a plurality of means for pro 
ducing electrical tone Signals COrrespOnding to 
the notes of musical chords and to the bass notes 
related in pitch to the root and fifth of the 
chords, manually operated means for causing the 
last named means to transmit to the Output SyS 
tem. Signals corresponding to the notes Of a Selec 
ted chord and additionally to preSelect the bass 
notes corresponding to the root and fifth of the 
Selected chord, and additional control means 
operable at will to select the bass note corre 
sponding either to the root or to the fifth of the 
Selected chord and to cause transmission to the 
output System of an electrical tone Signal of the 
Selected pitch. 

8. In an electrical musical instrument having 
an output System including electroacoustic 
translating means, the combination of an elec 
trical solo tone signal generating System; an elec 
trical organ tone signal generating System; an 
electrical chord tone signal generating System; 
an electrical bass tone signal generating System, 
a pianoforte type keyboard having a plurality of 
keys operable to tune the Solo tone Signal gen 
erating system and to cause transmission from 
their respective generating Systems to the output 
System of Solo tone signals and organ tone Sig 
nais; an accordion type button keyboard having 
a plurality of key buttons; means operable by 
the key buttons to cause the chord tone Signal 
generating System to provide tone signals of pitch 
corresponding to the notes of selected chords; 
optionally operable means to cause transmission 
to the output system of the tone signals provided 
by the chord signal generating system at a rela 
tively low amplitude; additional means operable 
at Will to cause the signals provided by the chord 
signal generating System to be transmitted to the 
output System at a relatively high amplitude; 
further means operated by the key buttons to 
cause transmission to the bass tone signal gen 
erating system of tone signals corresponding to 
the root and fifth of the selected chord, for pitch 
control of the bass tone signal generating SyS 
tem; means operable at Will for determining 
Whether the chord root or fifth sha determine 
the pitch of the tone signal produced by the 
bass tone signal generating System and to cause 
transmission to the output System of the Signal 
generated by the bass tone signal generating Sys 
tem; and means forming part of the output SyS 
ten to control the over-all amplitude of the Sig 
nals transmitted and translated into Sound there 
by. 

9. An electrical musical instrument having an 
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output system including electroacoustical trans 
lating means, comprising an electrical Solo signal 
generating system, a polyphonic electrical organ 
Signal generating System, an electrical accom 
paniment chord signal generating system, a 
Vibrato Signal producing apparatus coupled to 
all of Said generating Systems to introduce a 
vibrato effect in the signals produced thereby, an 
electrical bass tone signal generating System, a 
pianoforte keyboard to select the tone signals 
fi'On the Solo and the polyphonic Organ tone 
Signal generating Systems and to cause then to 
be transmitted to the output System, an accordion 
type button keyboard to Select the chord tone 
signals to be transmitted to the output System 
and to determine the pitches of the signals to 
be supplied by the bass tone signal generating 
System, and a control operable at Will by the 
player to select which of the pitches determined 
by the button keyboard shall control the pitch 
Of the signal produced by the electrical bass tone 
Signal generating System and to cause the bass 
tOne signal to be trainSmitted to the output Sys 
tein. 

10. In an electrical musical instrument having 
a keyboard and an Output System including elec 
OaCOuStic translating means; the combination 

of a Solo tone signal generating System; means 
controlled by the keys of the keyboard to cause 
transmission to the output System of a musical 
tOne Signal produced by the Solo generating Sys 
ten of pitch corresponding to the highest of a 
plurality of concurrently operated keys; a poly 
phonic tone signal generating System including 
a plurality of generators, each capable of Sup 
plying tone Signals of less than four adjacent 
Semitone pitches; and means controlled by the 
keys to cause each of Said generators to Supply 
to the output System an electrical tone signal of 
itch corresponding to the lowest of the several 

seinitone pitches which are called for by con 
culiently depressed keys and Which each of the 
generatoi'S is Capable of Supplying, each key op 
erating to control the production both of a Solo 
tOne and One of the polyphonic tones. 

11. In an electrical musical instrument having 
a keyboard and an output System including elec 
troacoustic transiating means; the combination 
Of a Solo tone generating System; means cor 
trolled by the keys of the keyboard to cause trans 
mission to the Output System of a musical tone 
Signal produced by the Solo generating System 
of pitch correspOnding to the highest of a plu 
rality of keys Operated at the same time; a poly 
phonic tone signal generating system including 
a plurality of generators individually capable of 
Supplying tone Signals of a selectable one of a 
plurality of adjacent Semitone pitches; pitch Se 
lecting means controlled by the keys to cause Said 
generators individually to Supply to the output 
System electrical tone signals of pitch corre 
SpOnding to the lowest of Said plurality of semi 
tone pitches simultaneously called for by de 
pressed keys, each key operating to control the 
production both of a Solo tone and one of the 
polyphonic tones. 

12. In an electrical musical instrument, the 
Combination of an output System, having an am 
plifier including a terminal the potential of which 
determines its gain; a plurality of oscillators op 
erable to Supply electrical tone signals at the 
Semitone intervals throughout the range of an 
Octave; a pair of collector conductors; manually 
Operable SWitch means for causing the oscillators 
to Supply simultaneously to the output system 
Signals. Corresponding in pitch to the note of a . 
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musical accompaniment chord and for causing 
the oscillators to supply tone signals of pitches. 
corresponding to the root and fifth of a selected 
chord to said conductors respectively; a fre 
quency divider system generating an electrical 
musical tone signal the fundamental of Which 
is a submultiple of a frequency impressed upon 
the input of the divider system; means for Se 
lectively coupling one of said conductors to the 
input of said divider system; means for coupling 
the output of the divider system to the Output 
System; and means, operated incidental to the 
operation of the means for Selectively coupling 
one of the conductors to the input of the divider 
system, to change the potential on Said terminal 
gradually to cause the signal from the divider 
system to be transmitted with a predetermined 
intensity envelope. 

10 

15 

13. An electrical musical instrument for the 
production of popular music including the major, 
minor, lith, and diminished chords, a rootbaSS 
tone, and a solo or meiody tone, comprising: an 
output system including electroacoustic translat 
ing means; a solo oscillator having means fortun 
ing it throughout the melody range of popular 
music and having its output coupled to the output 
System; a keyboard having keys for controlling 
the tuning means; more than three and less than 
Seven oscillators for generating the tone signals 

- required for the production of accompaniment 
chords, each of the latter oscillators having 
means to tune it to any one of less than four 
different Semitone pitches; a frequency divider 
for producing root bass tone. Signals; means to 
couple the output of the frequency divider to 
the output System; an accordion type keyboard 
having key buttons for controlling said last 
named tuning means; means operable by the key 
buttons to control the transmission to the out 
put system of the tone signals produced by at 
least three of the chord oscillators and to cause 
the transmission to the frequency divider of the 
signal produced by one of the chord OscillatOS, 
and an additional means to control the trans 
mission of the frequency divider to the output 
system. 

14. An electrical musical instrument having an 
output System including electroacoustical trans 
lating means, comprising an electrical solo tone 
signal generating system, an electrical accom 
paniment, chord tone signal generating System, 
an electrical bass tone signal generating System, 
a keyboard to select the signals from the Solo tone 
signal generating system and to cause them to 
be transmitted to the output System, an accordion 
type button keyboard operable to select the chord 
tone signals to be transmitted to the output Sys 
tem and to select two signals of different fre 
quencies for determining the pitches of the sig 
nals to be supplied by the bass tone signal gen 
erating system, and a control operable at will by 
the player to select which of the two signals 
selected by the button keyboard shall control the 
pitch of the signal produced by the electrical 
bass tone signal generating System and to cause 
the bass tone signal to be transmitted to the out 
put. System, 

15. In an electrical-musical instrument having 
an output system; the combination of only six 
electron discharge tube oscillators normally Op 
erating at musical pitch frequencies correspond 
ing to the full-tone intervals of an octave of the 
tempered musical scale; a plurality of keys cor 
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responding to various chords of the different 
musical keys; a plurality of Switches operable by 
each of the keys; there being for each key at 75 

54. 
least three circuits, respectively including only 
one of the switches. operated by the key, to con 
nect the OutputS. of at least three of the oscil 
lators to the output System; only six circuits con 
trolled respectively by the six of the key oper 
ated Switches to tune the six ocsillators to pitches 
Which differ from the pitches at which they nor 
mally operate by one semitone interval, each of 
the keys operating one of the Switches connecting 
the outputs of at least three oscillators to the 
Output System, and six of the keys in addition 
Simultaneously operating One of the Switches in 
One of the turning circuits. 

16. The combination set forth in claim 33 in 
Which there is a pedal bass tone generating sys 
tem, and in which there are additional circuits 
completed by the key operated Switches con 
nected to the outputs of the oscillators supplying 
the root. and the fifth of the chord respectively 
for Supplying frequency Control signals to the 
pedal basstone generating System. 

17. In an electrical musical instrument, the 
Combination of tWeive normally ineffective 
sources of electrical musical tone signals of 
pitches respectively corresponding to the semi 
tones of an Octave in the accompaniment range; 
a Common. Output conductor; decoupling means 
for connecting. Said conductor to all of said 
Sources; a plurality of chord selecting key but 
tons arranged in files determining the musical 
key of the chord and in rows determining the 
character of the chord; a plurality of switches 
Operable by each of said key buttons; circuits 
respectively including said Switches for render 
ing certain of said Sources effective to supply 
to Said common output conductor tone signals 
forming a musical chord; an electrical bass tone 
Signal generating System; circuits including some 
of Said key button operated switches for trans 
mitting Signals corresponding to the root and 
fifth of the Selected chord to the bass tone signal 
generating System; and additional control means 
to determine whether the root or fifth signal 
Shall. Control the pitch of the signals produced 
by the basstone signal generating system. 

18. An electrical musical instrument to pro 
vide accompaniment chords for a piano compris 
ing a Casing, an accordion type button keyboard 
mounted on the casing, means to secure the cas 
ing to a piano With the button keyboard directly 
in front of the piano keyboard and at a level 
slightly beneath the level of the tops of the piano 
keys, a plurality of electrical signal generators 
electrically connected to the keyboard and capa 
ble of providing tone signals throughout the range 
of at least an octave in the accompaniment reg 
ister, an output System including electroacous 
tical translating means, a housing including the 
generators and output system, a pair of pedals 
extending from the bottom of the housing to a 
position beneath the piano keyboard, a bass tone 
electrical signal generating system, means oper 
ated by the keys of the button keyboard to select 
and to transmit to the output system the tone 
signals of a chord to be sounded and to select 
two pitch controlling signals for transmission to 
the basstone signal generating System, and means 
operated by the pedals to determine which of 
the two bass tone pitch controlling signals shall 
be effective and to cause transmission to the 
Output. System of the electrical signal produced 
by the basstone signal generating System. 

19. In an electrical musical instrument, a plu 
rality of generators-of-complex. electrical tone...: 
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signals; individual filtering meshes respectively 
coupled to the outputs of Said generatorS for 
greatly pre-emphasizing the higher frequency 
components of the signals generated thereby; a 
signal transmission channel; SWitching means 
individual to each of the generators for coupling 
the outputs thereof to the signal transmission 
channel; an output System including electro 
acoustic translating means; and a means for 
coupling the output of the transmission channel 
to the Output System including a filtering mesh 
Substantially attenuating the higher frequencies 
present in the tone signals Supplied through the 
transmission channel, thereby to attenuate 
Switching transients caused by Operation of the 
SWitching means. - 

20. In an electrical musical instrument of the 
accordion type, the combination of tWelve con 
tinuously operating sources of electrical musical 
tone signals pitched to correspond With the notes 
of the chromatic musical Scale; an output Sys 
tem; a plurality of chord control buttons for the 
major, minor and seventh chords operable indi 
vidually to couple predetermined combinations. 
of the sources with the output System for pro 
ducing complete musical chords; a bass Collector 
conductor; a plurality of bass control buttons 
operable individually to couple one of the Sources 
of Said predetermined combinations of Sources 
with the bass collector conductor; and a plu 
rality of cascaded frequency divider stages for 
coupling the collector conductor with the output 
System for producing an accompaniment tone in 
a low frequency bass register. 

21. In a musical instrument having means for 
producing musical tones throughout accompani 
ment chord and bass registers, a single control 
for selecting tones of a chord to be sounded and 
at the same time tentatively Selecting a tone in 
the bass register to be Sounded Which is Sub 
octavely related to the root of the selected chord, 
and an additional means to determine Whether 
the tone in the bass register is to be SOunded. 

22. An electrical musical instrument having a 
plurality of chord tone controlling elements for 
determining the musical key and type of chord 
to be sounded and Whether the chord is in root 
position or an inversion thereof; means also op 
erated by the chord controlling elements to de 
termine the pitch of a bass tone octavely related 
to the root element of the chord; additional 
means operated by the chord controlling ele 
ments to determine the pitch of a bass tone 
octavely related to the fifth element of the chord; 
means to select which of Said last two means is 
to be effective; and an amplitude control element 
to cause the sounding of the bass tone. 

23. In an electrical musical instrument having 
an output System, the combination of generating 
means capable of producing electrical musical 
tone signals of twelve different semitones in at 
least an octave in the accompaniment range; a 
plurality of control elements; means operable by 
each of the control elements to cause the gen 
erating means to supply at least three tone sig 
nails of pitches corresponding to the root, third 
and fifth elements of a chord and a further 
optionally selectable tone signal; an electrical 
generating means capable of Supplying signals 
of the pitches of twelve different semitones in at 
least an octave of the bass range; and optionally 
operable means effective to cause the selection 
of said optionally selectable tone signal and to 
cause the basstone signal generating means to 
supply to the outputSystem a signal Suboctavely. 
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related to the root of a chord selected by the 
Operation of One of Said control elements. 

24. In a musical instrument, the combination 
of generating means capable of producing musi 
cal tones of twelve different Semitones in at least 
an octave in the accompaniment range; a plu 
rality of control elements; means operable by 
each of Said control elements to cause the gen 
erating means to Select at least three tones of 
pitches corresponding to the root, third, and 
fifth elements of a chord and a further option 
ally Selectable tone Signal; a generating means 
capable of Supplying musical tones of the pitches 
Of tWelve different Semitones in at least an octave 
of the bass range; and optionally operable means 
effective to cause the selection of said optionally 
Selectable tone Signal and to cause the bass tone 
generating means to supply a tone suboctavely 
related to the root of a chord selected by the 
operation of one of Said control elements. 

25. The combination Set forth in claim 1 in 
which said additional means includes a pair of 
alternatively effective electrical coupling means, 
holding means to cause one or the other of the 
coupling means to remain effective at all times, 
in Which Optionally operable Self-restoring means 
are provided for determining which of the cou 
pling means is to be effective, and in which 
means are provided to cause continued sounding 
of the bass tone at progressively decreasing in 
tensity after the Self-restoring means has been 
restored. 

26. The combination claim 23, and additional 
manually operated means operable only on the 
Signals Supplied by chord Signal generating 
leans to rendel the Output System effective to 

transmit the chord Signals selected by the chord 
elementS. 

27. The combination of claim 23, and addi 
tional manually operated means operable only 
On the signals Supplied by the chord Signal gen 
erating means to increase substantially the effi 
Ciency of transmission to the output System of 
the chord Signals Selected by the control ele 
netS. 

28. The combination set forth in claim 1 in 
Which Said tones are produced pneumatically. 

29. The combination set forth in claim 1 in 
Which there is provided a means for causing the 
chord tones to be selectively sounded at different 
intensities. 

30. The combination set forth in claim 1, in 
Which Said controls for selecting tones of a chord 
are buttons, in Which said buttons are arranged 
in a plurality of files corresponding with plu 
ralities of musical key signatures, and in rows 
Corresponding With the harmonic chord vari 
ations; in which an elongated control bar is po 
Sitioned adjacent the buttons for convenient op 
eration currently with the control buttons; and 
in Which the control bar is operative to vary the 
intensity at Which the chord tones are sounded. 

31. The combination set forth in claim 1, in 
Which there is provided a depressible control ele 
ment So positioned that it may be depressed by 
One of the player's hands while a finger thereof 
is Operating the control for selecting the tones 
of a chord to be Sounded, and in which means 
are provided to increase the intensity of the 
Chord tones When the element is depressed. 

32. The combination set forth in claim 21 in 
Which the means for producing musical tones 
throughout the accompaniment chord register 
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comprises six oscillators each operable at either 
of tWo frequencies. 

33. In an electrical musical instrument, the 
combination of twelve normally ineffective 
Sources of electrical musical tone signals of 
pitches respectively corresponding to the semi 
tOnes of an Octave in the accompaniment range; 
a common output conductor; decoupling means 
connecting said conductor to all of said Sources; 
a plurality of chord Selecting key buttons ar 
ranged in files determining the musical key of 
the chord and in rows determining the character 
of the chord; a plurality of switches, each of 
Said key buttons Operating at least three of Said 
SWitches to connect at least three of Said sources 
to the common output conductor; and transpos 
ing switches respectively in series with the key 
button Operated SWitches to alter the Selection 
of the group of three sources which are con 
nected to the output conductor by operation of 
each of the keys respectively. 

34. In an electrical musical instrument for the 
complete production of popular and homophonic 
music which includes the major, minor, and 
Seventh chords together With a bass tone as an 
accompaniment to a solo or melody tone, and 
having an output System including electro 
acoustic translating means; the combination of 
a monophonic electrical tone signal generator 
having means for selectively tuning it through 
a range of at least one octave and having its 
Output coupled to the output System of the in 
strument; a keyboard of the pianoforte type hav 
ing a plurality of keys for controlling the tun 
ing means; a plurality of Sources capable of Sup 
plying electrical musical tone signals of the 
pitches required for the production of the major, 
minor, and Seventh chords; an accordion type 
button board having chord buttons; means op 
erable by each of the buttons to cause the trans 
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mission of the appropriate tone signals provided 
by said chord tone signal sources to the output 
System; an electrical bass tone signal generat 
ing System capable of producing electrical musi 
cal tone signals throughout a range of at least 
one Octave and of pitch at least One octave lower 
than the pitch of the corresponding chord tone 
generator having the same key designation in the 
chromatic Scale; selectively operable means to 
determine the pitch of the tone signals produced 
by the bass tone signal generating system; and 
means for coupling the output of Said bass tone 
Signal generating System to the output system 
of the instrument. 

JOHN MI. HANERT, 
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