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UNITED STATES PATENT OFFICE 

MUSICAL INSTRUMENT 

Merwin J. Larsen, Villa Park, Ill., assignor, by 
mesne assignments, to Central Commercial In 
dustries, Inc., Chicago, Ill., a corporation of 
Delaware 

Application August 5, 1949, Serial No. 108,06 
(C. 84-19) 19 Claims. 

This invention relates to electrical musical in 
Struments of the class employing Sources pl’O- 
ducing complex audio signals at the tone fre 
quencies of different notes of the chromatic Scale, 
Which signals are adapted to be selectively trans 
lated into audible sounds in response to actu 
ation of the playing-keys of a keyboard. An in 
Strument of this class is fully disclosed in Letters 
Patent of the United States, No. 2,403,090, granted 
to me on July 2, 1946. 

In the aforementioned Letters Patent, the sig 
nal Sources consist of high vacuum tubes, the 
complex output Waves of which are conducted to 
Wave filters by means of which they are repeated 
as waves of different harmonic composition and 
then impressed on the input circuit of an elec 
troacoustical translating device and reproduced 
as audible sounds of different timbre. 
An essential object of the invention is the pro 

vision of an organization of elements for pro 
ducing pleasing sustained tones by an exceedingly 
simple and inexpensive System of transmission 
and keying-circuits. 
The herein disclosed embodiment of my inven 

tion employs Sixty sources respectively provid 
ing tone frequencies embracing a range of five 
Octaves, Such that the lowest fundamental fre 
quency is approximately 65. cycles per second. 
In organ noraenclature this range of sequential 
frequencies is known as a basic 8-foot stop. Most 
pipe OrganS embody what are known as couplers. 
These are designed so that tones in given fre 
quency irelation are available in different com 
binations, i. e. the basic 8-foot tone can be cou 
pled to a tone which may either be a 4-foot tone 
an octave above said basic tone or a 16-foot tone 
an octave below said basic tone. With the organ, 
the player can selectively draw one or more cou 
pler "stops' as inay prove most useful for musical 
eXpression. 

It is well known that when a tone of a given 
fundamental pitch is coupled to tones of other 
given pitch, the combination or resultant tone is 
more brilliant and has body the single tone lacks. 
While a feature of the invention is a simple and 
inexpensive method of coupling octavely related 
tones, the invention is not limited in this respect, 
for the reason that by very similar methods of 
coupling given frequency sources with each other, 
tones can be produced that are comparable to 
Various mixture stops of an organ. For example, 
the stop known as the manual quint 5A-foot 
which Sounds a fifth above the normal pitch of 
an 8-foot Stop, or the octave quint which sounds 
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In an electrical musical instrument the addi 

tion of Selectively actuable coupler and mixture 
Stops entails an expense that is prohibitive in an 
inexpensive instrument, and it is therefore a 
further object of my invention to provide a sim 
ple System or method of permanently coupling to 
each other tones in any given pitch relation so 
that the resultant tones are more or less compara 
ble to tones produced by more expensive instru 
mentS. 
A Still further object is the provision of a sin 

ple and inexpensive coupling System for electrical 
in usical instruments whereby tonal balance or 
necessary tapering of the relative amplitudes of 
tones is assured from top to bottom of the gamut, 
regardless of the pitch relation of individual tones 
comprising any given combination of tones. 
A Still further object is the provision of a sys 

tem adapted to be embodied as integral parts of 
circuits of the various cascades of electron dis 
charge devices employed herein for producing 
complex Waveforms at different tone frequencies 
and by means of which there will be no “robbing' 
anongst frequencies drawn simultaneously from 
any single electron discharge device. 
The novel features of my invention are set forth 

With particularity in the herein appended claims. 
The invention, however, both as to the organi 
Zation of elements employed and the method of 
Operation, together With additional objects and 
advantages will be fully understood from the foll 
lowing description of a specific embodiment of the 
invention taken in connection with the accom 
panying drawings, in which: 
The drawing is a schematic view of the inven 

tion, in which Figures 1 and 1a are continuations 
of a common electrical network when the figures 
are arranged to dispose Figure la at the right 
of Figure 1. 
In the production of musical tones from tone 

frequency sources or generators producing wave 
forms of audio signals which are rich in har 
monics, it is customary to draw on one such source 
or generator only for each basic note and to em 
ploy, in addition thereto, switching means to 
draw upon sources or generators having octavely 
related (or other multiple) frequencies. For ex 
ample, in pipe and electronic organs, 8-foot tones 
are keyed by means of straight-forward connec 
tions to Sources or generators, the output frequen 
cies of which correspond in number to the vibra 
tion frequencies of notes associated with the dif 
ferent playing-keys of a keyboard. 4-foot, tones 
are produced by selectively drawing frequencies 

a twelfth above an 8-foot stop can be very readily 55 from sources or generators one octave higher 
obtained. than the basic 8-foot tones. 16-foot tones are 
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produced by other switching means which draw 
Upon Sources or generators having frequencies One 
octave lower than the basic 8-foot tone. Similar 
coupling switches can also be arranged to draw 
upon sources or generators producing 2-foot tones 
(two octaves higher) or 2%-foot tones can be 
produced by connections to sources or generators 
having frequencies nearest the third harmonic of 
the basic 3-foot tone, and So on. In carrying inny 
invention into practice, resort can be had to any 
of these coupling methods, and for the broad pur 
pose of my invention, the term "coupling' as used 
herein shall not be limited to the coupling of OC 
tavely related frequencies. 

In order to produce a low-cost instrument With 
the maximum richness of tone, it is expedient in 
one embodiment of my invention to permanently 
connect, in a special manner, the 4-foot and the 
16-foot tones with the basic 8-foot tones, thereby 
eliminating otherwise expensive selective Switch 
ing and involved or complicated wiring and ca 
bling. To couple both 16-foot and 4-foot tones 
to 8-foot tones from top to bottom of a keyboard 
having a range of five octaves would require a 
number of sources which would be greater than 
the number of playing-keys of a five octave key 
board. In the instant embodiment of my inven 
tion, use is made of only sixty Sources or gen 
erators embracing a frequency range of five Oc 
taves, and by tapering the amplitudes of the 16 
foot outputs supplied to the next-to-lowest octave 
keys and similarly tapering the amplitudes of the 
4-foot outputs supplied to the next-to-highest 
Octave keys, and omitting the i6-foot coupling 
in the bottom octave and the 4-foot coupling in 3 
the top octave, highly satisfactory results are ob 
tained, such that to the average ear it is difficult 
to discern the difference between this system of 
coupling and the more expensive system in which 
for each key in said keyboard there are three dis 
tinctive tones at octave separation. 

in the accompanying drawing, it is assumed 
that the keyboard of the instrument has sixty 
playing-keys and that each separate key Oper 
ates a single electric switch. Fourteen of these 
switches are shown and respectively designated 
KC, KC-KC2 and KC5. Each separate switch 
comprises a fixed contact element connected 
to ground , a fixed contact element 2 con 
nected to a common output conductor 3 and a 
movable contact element 4, the latter coactive 
With the key so that when the key is fully ele. 
wated, the Switch is “off' and contact element is 
is engaged with element So that the current 
flow is to ground. Said connon conductor 3 is 
connected to ground by a resistor 3' of 4.7 K. 
When the key is depressed, the movable contact 
element 4 engages contact element 2 and the 
Switch is "on.' The output conductor 3 con 
nectS all of said switches with a filtering system 
for producing a number of tone qualities. This 
System consists of filters 6, and 8, connected 
by branch paths 9, 20 and 2 to said common 
conductor 3. The output leads 22 from said 
filters are each thereof provided with a control 
SWitch 23. These leads connect at 23 to the 
input lead 25 of an audio amplifier 26 in the 
Output circuit of which is a loud speaker 27. The 
input circuit of the amplifier is provided with any 
Well known volume control device 28. 
The term “generator' as used herein shall 

mean any Well known electronic or electrical de 
vice or Source adapted to produce an output wave 
which is rich in harmonics as distinguished from 
a single or sinusoidal wave. Systems of this class 
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4. 
are shown in the patent to Larsen et al. No. 
2,410,883 and are entirely dependable for the pur 
pose of my invention. Said system consists of a 
plurality of sets of high vacuum tubes in Which 
the tubes of each Set are connected in Cascade 
and function as frequency dividers, i.e. assuming 
that the frequency of stage C of the C cascade 
is 1046. c/s, the frequencies of the successive, 
(controlled) stages of said C cascade will be 523., 
262., 131., and 65. C/s. In this manner, the out 
puts of the respective stages of each and every 
Cascade Will be at Octavely related frequencies. 
While the frequencies are not divided exactly by 
a factor of 2 for each stage, the division is Suf 
ficiently accurate for all practical purposes. 
In my Patent No. 2,403,090 twelve similar di 

vider circuits are enployed. Each separate cir 
cuit consists of a controlling stage oscillating at 
a given natural frequency which corresponds to 
the vibration frequency of the highest note of a 
given letter in the chromatic Scale. Thus, there 
is a circuit producing outputs corresponding to 
the tone frequencies of all C notes, a circuit pro 
ducing outputs at the tone frequencies of all Cl 
notes, a circuit producing outputs corresponding 
to the tone frequencies of all D notes, and so on, 
to and inclusive of a circuit producing outputs at 
the tone frequencies of all B notes. As the range 
of the herein described instrument is limited to 
Sixty notes, there Will be. Sixty individual oscil 
lator stages or five stages per separate divider 
circuit of the twelve similar circuits. In the here 
in disclosed embodiment of my invention, the 
twelve divider circuits are arranged in three 
groupS of four Similar circuits, each, Such that 
one group consists of circuits respectively produc 
ing outputs for all C, C, D and D: noves, a sec 
Ond group of circuits respectively producing out 
putS for all E, F, F, and G notes and a third group 
of circuits respectively producing outputs for all 
Gl, A, A and B notes. To avoid unduily compli 
Cating the herein disclosed electrical network I 
have disclosed but one circuit, of each of said 
groups and have designated them C circuit, E 
circuit and G circuit. 

Referring to the group comprising the C, C, D 
and D circuits, only the C circuit is shown. This 
comprises coupled stages CF, C2, C3, C4 and C5. 
Of the group comprising the E, F, Fit and G cir 

cuits, the drawings disclose only the E circuit 
which comprises coupled stages E1, E2, E3, E4 
and E5. 
Of the third group which comprises circuits 

G, A, A and B, the drawings disclosed only the 
GF circuit, the Same comprising stages Gita, G:2, 
C3, GA and G:5. 

Referring more particularly to the circuit com 
prising stages CF, C2, C3, C6 and C5, it is noted 
that Said stages respectively have output ter 
minals C, C2, C3', CA and C5'. Terminal C. ' 
has a resistance RA in Series; terminal C2' a re 
sistance Ré in Series; terminal C3', a resistance 
R7 in Series; terminal C4', a resistance R, f in 
Series; terminal C5', a resistance R. 3 in series. 
The output of Stage C2 is connected to termi 

nal CA and C3' by resistors R3 and R5. The 
output of Stage C3 is connected to terminals 
C2' and C4' by resistors R6 and R8. The output 
of Stage Cá is connected to terminals C3' and C5' 
by resistors R9 and Rf , and as shown, the out 
put of Stage C5 is connected to terminal C3 by 
resistor R2. 
It follows from the above description that 

stages C and C5 are each thereof provided with 
a potential divider comprising two branch re 
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sistive output channels through which portions 
of a Waveform of Voltage is adapted to be con 
currently conducted and that each stage C2, C3 
and C4 has a potential divider comprising three 
branch resistive output channels. As each sepa 
rate cascade of the twelve cascades herein em 
ployed is similarly designed, except as will be 
hereinafter pointed to, the resistances in the Out 
put channels of all Similarly situated Stages are 
designated by like reference characters and 
numerals. 

Referring noW to the manner of connecting the 
various stages in a keying and transmitting net 
Work, I have shown key-actuated Switches of a 
keyboard employing Sixty playing-keyS. I have 
also shown a single key-actuated SWitch for the 
playing key for the last note in the top Octave. 
It is noted that terminal C connects to the 
movable contact element 4 of Switch KC; that 
terminal C2' similarly connects with Switch KC2 
an octave above KC; that terminal El' connectS 
With SWitch KE and that termina Gi connects 
with Switch. KG. It accordingly follows that 
from terminal Cl’ there will be impressed on 
switch KC a wave which is the sum of the 
coupled outputs of stages C and C2. Stage C. 
provides a frequency equal to 65. Cycles per Sec 
ond (basic 8-foot tone), Stage C2 producing a fre 
quency equal to 131. Cycles per Second (an octave 
above C). Similarly, the E' terminal from 
stages E and E2 impress on Switch KE a Wave 
Which is the Sum of Waves Corresponding to 8-foot 
and 4-foot tones. In like manner, terminal G: 
conducts to Switch KG a wave which is the sum 
of 8-foot and 4-foot tones. In like manner all 
remaining SWitches comprising the OWest Octave 
Will be Similarly connected by their leads to their 
respective stages. 
Regarding the three intermediate octaves, each 

playing-key Will be Supplied with a Wave Which 
is the Sum of 8-foot, 4-foot and 16-foot tones. 
Only a connection to one Switch, namely KC2 of 
the three intermediate octaves is shown, but on 
referring thereto it is noted that terminal C2' 
Which Connects therewith conducts thereto a 
Wave which is the Sun of the outputs of stages 
C, C2 and -C3, whereby the resultant tone will 
be a mixture of 4-foot, 8-foot and 16-foot tones. 
All intermediate SWitches comprising the three 
middle octaves will be similarly connected. 

In order that there will be no “robbing' 
amongst divided portions of the output of any 
generator that is simultaneously drawn upon, the 
resistances in the output of each separate stage 
are high relative to the internal impedance of 
Said stage and the impedance of the load circuit. 
An important feature of the invention is the 

herein disclosed use of twelve divider or equiva 
lent circuits for producing frequencies through 
out a useful musical range, which circuits are 
arranged in groups, Such that each separate group 
Comprises a given number of similar circuits. 
By this is meant that except that each separate 
circuit in any group furnishes its own or preas 
signed Octavely related frequencies which corre 
Spond to the Vibration frequencies of notes of the 
Same letter of the chromatic scale, the resistances, 
coupling and tapering and anti-robbing of all 
circuits comprising any group are of the same 
Values. By the method employed the high fre 
quency tone signals are increased in amplitude 
by lowering, in groups, the values of resistors R2 
for the 4-foot outputs and R3 for the 8-foot 
outputs, which increase is necessary to compen 
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6 
sate for the wave filters 6, 7 and 8 beyond the 
key switches. 
The following table discloses the grouping of 

different sets of circuits and the various values 
of resistances in the outputs of the different 
Stages: 

Table of values and divider circuit grouping 

Group Group 2 Group 3 
Footage Terminal Resistors C, C#, D, E, F, F#, G#,A,A#, 

D; G B 

R 470 K.----- 470K--- 470K 
2 R4 470 K.----- 470K----- 470K 

8-foot---- 3 R7 470 K----- 470K----- 470K 
4. R10 470 K----- 470 K----- 470K 
5 R13 220 K----- 150 K.----- 100K 
2 R2 3.3 Meg---- 2.2 Meg. 1.5 Meg. 

16-foot 3 R5 820 K. --- 820 K----- 820 K. 
4 R8 820 K----- 820 K----- 820 K. 
5 R1 820 K. -- 820 K.----- 820K 

R3 680 K.----- 680 K 680 K. 
4-foot 2 R6 680 K---- 680 K 680K 

3 R9 680 K----- 680 K----- 680K 
4. R12 380 K - 220 K----- 150 X. 

is used to designate one thousand ohms-i. e. 470 Kiss 470,000 
OS 
E. is used to designate one naillion ohms-i.e. 1.5 Meg. = 1,500,000 

OS 

While I have selected a practical grouping of 
the divider circuits, the total number of which 
consists of tWelve such circuits arranged in groups 
of four circuits each, this is by way of illustration 
and in order that any person skilled in the art 
can satisfactorily practice the invention. I do 
not intend, however, to be limited in this respect 
as the number of individual tone frequencies 
comprising any group will depend upon the num 
ber of OctaVeS COmprising a given note Or fre 
quency range, to which can be added the total 
number of outputS desired to be connected to the 
keying circuits. 

All of the aforementioned Switches connect to 
the common output 3, So that when any selected 
Switch is in an “on' condition, the output of 
generators aSSociated with Said Switch will be 
impressed on the wave filter system, thence im 
pressed on the input circuit of the power ampli 
fier 26 by Selected actuation of the aforemen 
tioned switches 23. The wave filter system may 
be of any Well known type So that the resultant 
tone will approximate a tone of any given timbre. 
The Wave filter System shown and fully described 
in my Patent No. 2,403,090 is entirely suitable for 
the purpose of ny invention. 
The fundamental frequencies indicated upon 

the accompanying drawings are related to the 
standard frequency A=440 c/s. 

Particular stress is placed upon thcse features 
of my invention which consist in providing a 
potential divider in the output of each separate 
electron discharge device as provided for by the 
impedances in Said output. 
AS Will be observed by referring to the table 

of values and divider circuit grouping, the 16 
foot signals Supplying the next to lowest octave 
Switches are attenuated increasingly as the fre 
quency lowers in three Steps, each step compris 
ing four notes. In addition to providing tonal 
balance this feature serves to blend the ampli 
tudes of the signals so that no abrupt change is 
noticed at the junction where the 16-foot signals 
are omitted, as between key KC and key KC2. 
At the other end of the keyboard, however, the 

4-foot generator signals are not attenuated. In 
fact, they are increased slightly, in groups, within 
the next to the lowest octave. The reason for 
this is that the attenuation in the further net 
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works more than compensates for the increasing 
generator signals. -- 
Tone frequency Sources as used herein shall be 

construed to mean any well known electron dis 
charge device or generator for producing an out 
put wave of predetermined audio frequency which 
is preferably but not necessarily a wave rich in its 
harmonic composition. 
While I have disclosed herein a system of fire 

quency generators consisting of separate fre 
quency halving circuits, any of the well known 
frequency multiplying circuits may be used to full 
advantage. 

I claim: 
1. A musical instrument of the class employing 

a keyboard, each playing-key of which is provided 
with a single electric switch which is actuable 
from an 'off' condition when the key is elevated 
to an "on' condition when the key is lowered; 
said instrument comprising a plurality of divider 
circuits, each comprising oscillator stages con 
nected in cascade and including a controlling first 
Stage operating at a given natural frequency and 
a plurality of controlled Stages, said controlling 
stage and Said controlled stages respectively pro 
ducing output Waves at octave separation and 
each having an output terminal permanently 
connected to an assigned one of said switches; 
and impedances in each separate divider circuit, 
Said impedances connecting preassigned stages 
With preassigned output terminals, whereby the 
Wave impressed on any single terminal and on 
any Single electric Switch is the sum of output 
WaVeS of at least two of said stages. - 

2. A musical instrument of the class employing 
a Work circuit, and a keyboard, each playing-key 
of which is provided with a single electric switch 
which is actuable from an 'off' condition when 
the key is elevated to an “on” condition when the 
key is lowered; Said instrument comprising a plu 
rality of Sources respectively producing output; 
Waves at tone frequencies for more than two 
Octaves of notes of a musical scale, each of said 
Source having an output terminal permanently 
connected to a preassigned one of said switches 
and provided with an impedance of given value, 
Said Source also having an output path in addi 
tion to the path provided by said terminal, the 
Sane connected to the output terminal of another 
One of Said Sources, whereby in addition to con 
duction of the output from any source to a pre 
assigned Switch there is conducted to the same 
SWitch the Cutput wave from another source. 

3. A musical instrument as set forth in claim 2, 
Wherein the additional output path from each 
Separate Source has an impedance, the value of 
which is different from that of the impedance of 
the output terminal of the same source. 

4. A musical instrument as set forth in claim 2, 
Wherein the additional output path from each 
Separate Source has an impedance, the value of 
which is different from that of the impedance of 
the Output terminal of the same source and 
Wherein both Said innipedances are high relative 
to the impedance of said source. 

5. An electrical musical instrument of the class 
employing a work circuit and a keyboard, each 
Separate playing key of which is provided with a 
Single electric switch which is actuable thereby 
from an 'off' condition when the key is elevated 
to an "on' condition when the key is lowered; 
Said instrument comprising a plurality of sources 
respectively producing complex output waves at 
tone frequencies for more than two octaves of 
notes of a musical Scale, each of said sources hav 
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8 
ing an output terminal permanently connected to 
a preassigned one of said switches and provided 
with an impedance of predetermined value, said 
Source also having an output path in addition to 
the path provided by Said terminal and having an 
impedance of predetermined value, said addi 
tional path connected to the output terminal of 
another one of said sources, whereby in addition 
to conduction of the output from any source to a 
preassigned switch there is conducted to the same 
Switch the output wave from another source, said 
switches connected with said load circuit and 
said impedances in the paths of any source, each 
being high relative to the impedance of Said 
Source and the impedance of said load circuit. 

6. An electrical musical instrument as set forth 
in claim 5, wherein said work circuit includes 
means for repeating the output of waves im 
pressed thereon as waves differing therefrom in 
their harmonic composition. 

7. An electrical musical instrument as set forth 
in claim 5, wherein said work circuit includes 
means for repeating output waves impressed 
thereon as waves differing therefrom in their 
harmonic composition and wherein said work cir 
cuit has means for translating said repeated 
waves into audible sounds and of desired volume. 

8. A musical instrument of the class employ 
ing a keyboard, each playing-key of which is pro 
vided with a single electric switch, actuable by 
the key from an “off” condition of the switch 
when the key is elevated to an “on” condition 
thereof when the key is lowered; said instrument 
comprising a plurality of sources of complex 
audio signals having the vibration frequencies of 
different notes of a musical scale, impedances 
connecting each separate switch to preassigned 
ones of said sources, and means including a con 
ductor connected in common to all of said 
switches for transmission of signals to an elec 
troacoustical translating system. 

9. A musical instrument as Set forth in claim 8, 
wherein said sources comprise high vacuum tubes 
providing separate sets of tubes in which the 
tubes of each set are connected in cascade and 
respectively produce audio signals at octave sep 
aration. - 

10. In a musical instrument employing Wave 
filters and sources respectively producing com 
plex waveforms of audio signals having the tone 
frequencies of different notes of a musical scale, 
a playing-key actuated Switch for and connected 
to each separate one of the aforementioned 
Sources, impedances coupling preassigned sources 
with preassigned switches such that signal volt 
ages conducted to any individual switch is the 
Sun of signal voltages from respective sources, a 
confmon conductor connected to all of said 
SWitches and to said filters, and means enabling 
Selective conduction of the outputs of said filters 
to the input circuit of an electroacoustical trans 
lating System. 

11. A musical instruinent as set forth in claim 
10, wherein the values of said impedances are 
Such that the relative amplitudes of signal volt 
ages conducted to a Switch from coupied sources 
are relatively different. 

12. In a musical instrument employing sources 
respectively producing audio signals at the tone 
frequencies of Sequentially related tone signals 
for a range of more than two octaves; said in 
Strument comprising in combination with each 
Separate one of Said sources a single electric 
SWitch adapted to be actuated by a playing-key 
of a keyboard, impedances of predetermined 
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values coupling the outputs of preassigned 
Sources to preassigned Switches such that there is 
Selectively impressed on any single SWitch at least 
tWO Signals of different frequency, said imped 
ances Serving to fix the amplitude relation be 
tween signals of different frequency impressed on 
any SWitch. 

13. In a musical instrument of the class emi 
ploying a keyboard, each playing-key of which is 
provided with a single electric switch actuable 
from an “off” condition when the key is elevated 
to an “on' condition when the key is lowered, said 
instrument comprising a plurality of sources of 
audio signals having the vibration frequencies of 
musical notes for a range of more than two 
octaves, each of Said sources having a potential 
divider providing a plurality of parallel paths, 
each having an impedance of predetermined 
value, a SWitch for and individual to each of the 
Sources, said paths connecting individual switches 

5, with a plurality of preassigned sources such that 
there is impressed on each individual switch a 

... Waveform of voltage which is the Sunn of signal 
voltages from said pluraliity of sources, the values 
of Said impedances in said Voltage dividers being 
predetermined so that the amplitude of one fre 
quency component impressed on a Switch is 
greater than that of another frequency compo 
nent impressed on the same switch. 

4. A musical instrument as set forth in claim 
13, wherein a load circuit is included and a com 
mon conductor connects all of said switches to 
said circuit, the impedance of said load circuit 
being low relative to the impedances in said par 
allel paths. 

15. A musical instrument as set forth in claim 
13, wherein said Sources are connected in sets in 
which the Sources of each separate set are cou 
pled in Cascade. 

16. A musical instrument of the class employ 
ing a keyboard, each playing-key of which is 
provided with a single electric switch which is 
actuable thereby from an 'off' condition when 
the key is raised to an “on' condition when the 
key is lowered; said instrument comprising as 
many tone frequency sources as there are play 
ing-keys in said keyboard, each of which pro 
duces an audio Signal corresponding to the vibra 
tion frequency of the note associated with a pre 
assigned playing-key, an electrical network in 
which said Switches and said sources are con 
nected, Said network including output terminals 
permanently connecting given ones of said 
Sources to switches of preassigned playing-keys 
of Said keyboard, paths connecting preassigned : 
Sources with preassigned terminals, and imped 
ances in Said paths and an impedance in each of 
Said terminals for predetermining the relative 
amplitudes of signals impressed on any switch 
from Sources common thereto, and an output 
conductor common to all of said switches and 
adapted to be connected to an audio signal trans 
lating device. 

17. A musical instrument as set forth in claim 
2, wherein the impedances interconnecting pre 
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10 
aSSigned ones of said devices with preassigned 
ones of Said terminals are in groups in which the 
impedances comprising a particular group are 
the same but different from the impedances of 
another group. 

18. A musical instrument of the class employ 
ing a keyboard, each playing-key of which is 
provided With a single electric Switch which is 
actuable from an 'off' condition when the key 
is elevated to an "on' condition when the key is 
lowered; Said instrument comprising a plurality 
of electron-discharge devices respectively pro 
viding Sources producing output Waves at tone 
frequencies for more than two octaves of notes 
of a musical Scale, each of said electron-discharge 
devices having an output terminal connected to a 
preaSSigned One of Said Switches, and impedances 
interconnecting preassigned ones of said devices 
With preassigned ones of said output terminals, 
whereby the output wave at said preassigned ter 
minals is the sum of output waves from a prede 
termined number of Said electron-discharge de 
vices, the impedances interconnecting the preas 
Signed terminals of Some of said electron-dis 
charge devices being the same but different from 
the impedances of others of said devices. 

19. A musical instrument of the class employ 
ing a keyboard, each playing-key of which is 
provided with an electric switch which is oper 
able from an 'off' condition when the key is ele 
vated to an "on' condition when the key is de 
pressed, an audio amplifier having a loud speaker 
Connected in its output circuit; said instrument 
comprising, twelve sets of tone frequency oscil 
lators, the oscillators of each separate set con 
nected in cascade to produce octavely related tone 
frequencies, said sets of cascaded oscillators ar 
ranged in Separate note groups, the oscillators of 
each Set of cascaded oscillators having an output 
terminal connected in circuit with a preassigned 
One of Said electric Switches; resistive means for 
each set of cascaded oscillators, said resistive 
means Comprising resistances interconnecting 
the output terminals of the oscillators to each of 
Said sets, the resistances in any given group of 
Said Cascades being the same but different from 
the resistances of any other group of cascades, a 
filter System having an output conductor con 
nected to the input circuit of said audio ampli 
fier, and a common conductor connecting all of 
the aforementioned electric switches to the input 
side of said filter system. 

MERWIN J. LARSEN. 
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