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2,422,940 

MUSCA, NSTRUMENT 

Harold M. Waage, Princeton, N. J. 
Application October 9, 1945, Serial No. 621,238 

(C. 84-01) Clains, 
1. 

This invention relates to musical instruments 
provided With improved means for automatically 
changing the pitches of tone producing elements 
thereof normally tuned to the equal tempered 
Scale so that said elements produce tones in 
just intonation when chords are played. 

Heretofore attempts have been made to attain 
perfect attunement in a plurality of musical keys 
by provision of complex keyboards which enabled 
the player to select the most concordant tone 
Combinations among a large number of tone pro 
ducing elements for each octave. In order to 
simplify the keyboards use has been made of 
auxiliary Scale Selector pedals or keys associ. 
ated With mechanism for obtaining selective con 
trol of a large number of enharmonic tones. 
These structures required the mastery of new 
fingering technique or pedal operation and the 
additional mental effort of a proper selection of 
tones. 

In order to avoid these objections, the pres 
ent invention primarily comprehends the provi 
Sion of means responsive to the actuation of the 
keys of the keyboard whenever chords are played 
thereon during the rendition of a musical corn 
position to thereby control the tone producing 
elements of the instrument for automatically 
changing the tones of said chords normally pro 
duced in the equal tempered scale to tones of 
just intonation in all octaves of the instrument. 
The invention further provides means of the 

indicated character Which may be incorporated 
in a musical instrument, employing the conven 
tional Organ or piano keybard and which will 
enable nuSicians accustomed to such standard 
keyboard to play in the usual manner musical 
compositions of considerable complexity with 
true intonation. 
With the foregoing and other objects in view 

reference is now made to the following specifica 
tion and accompanying drawings in which is 
illustrated the preferred embodiment of the in 
Vention. 

In the drawings: 
Fig. 1 is a fragmentary schematic view illus 

trating a portion of the keyboard of an organ 
and a portion of the electrical Wiring constructed 
in accordance with the invention. 

Fig. 2 is a similar view illustrating a con 
tinuation of the electrical Wiring shown in Fig. 1 
and illustrating the same in association with in 
strumentalities for carrying out the invention. 

Fig. 3 is a fragmentary Schematic View illus 
trating the electrical Wiring and instrumentali 
ties associated therewith which is typical for 
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2 
any one key and showing the same for the key E. 

Fig. 4 is a graphic representation of two equal 
tempered scales and a perfect Or just intonation 
Scale. 

Fig. 5 is a fragmentary Schematic View ilius 
trating an organ pipe tone producing element 
for producing a prime tone and a sub tone. 

Fig. 6 is a similar view illustrating two sep 
a late tone producing elements for producing a 
prime tone and a Sub tone for each key. 

In order to demonstate the theory upon which 
the invention is based, a graphic representation 
of two equal tempered scales differing slightly in 
pitch and of a perfect or just intonation scale 
interposed between the equal tempered scales is 
illustrated in Fig. 4 of the drawings, the repre 
Sentation of the Scales including the tones in an 
octave from middle C to the C above. 
The uppermost scale consisting of prime tones 

indicated by the reference character P illustrates 
an equal tern pered scale in which the tones there 
of are separated by intervals corresponding to a 
common multiple factor of 1.0595, the low C in 
the octave being represented by 1.0000 and the 
upper C by 2.0000. 
The lowermost scale consisting of Sub tones in 

dicated by the reference character S illustrates 
an equal tempered scale in which the tones there 
of are likewise separated by intervals correspond 
ing to a common multiple factor of 1,0595. As 
the tones in this scale are slightly lower in pitch 
than the tones in scale P, the low CE in the 
octave is represented by .9921 and the upper 
Cb by 1.9843. 
The intermediate scale indicated by the ref 

erence chairacter J is a just diatonic Scale in 
which six common intervals are represented, 
namely, a major second from 1.0000 to 1.1250, a, 
major third from 1.0000 to 1.2500, a perfect fourth 
from 1.0000 to 1.3333, a perfect fifth from 10000 
to 1.5000, a major sixth from 1.0000 to 1.6667, 
and a major seventh from 1.0000 to 1.8750. An 
additional interval from 1.0000 to 1.7500, known 
as the natural or harmonic seventh, is also rep. 
resented in scale J. The low C of scale J is rep 
resented by 1.0000 the same as Scale P and the 

55 

upper C by 2.0000. 
All tones in scales P, J and S are represented 

by decimal ratioS which may be thought of as 
the number of vibrations produced by the various 
tones thereof in the same interval of tinne that 
the low C of Scales P and J executes one vibra 
tion. The relative pitches or number of cycles 
per Second of all tones are also given in rela 
tion to tone A in Scale J when the same is tuned 
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to the American standard pitch of 440 cycles per 
second. It will be noted that the pitches of all 
tones in scale J are expressed in whole numbers 
as is also the case with each C in Scale P and 
E3 in Scale S. 
The rationale of the notation used to replesent 

notes in scales P and S will appear from the foll 
lowing: When modulating from the key Of C 
major into the key of G major, it is raised to it 
sharp. F is the fourth note in the scale of C 
major wriliie F sharp is the Seventh note in the 
scale of C: najol. in Scale J the fourth note 
is closely approximated by a prime tone in Scale 
P, while the leading tone seventh in Scale J is 
closely approximated by a sub tone in Scale S. 
The prime tones are, therefore, represented by 
plain letters and the sub tones by sharped let 
ters. When riodulating from the likey of F major 
into the key of C major, B flat is raised to 3 
natural. Foi similar reasons the flats and natu 
rals are used to represent, prime tones and Suig 
tones respectively. By means of this arrange 
ment of conventional symbols the enharmonic 
notes of scales P and S may be clearly differenti 
ated. However, it will be apparent that this no 
tation is accurate only within the eight key Sig 
natures from A flat major through. A major and 
that, additional symbols Would have to be pro 
vided in order to avoid ambiguous note designal 
tions of just intonation scales in other musicai lkeys. 
The faults of the equal tempered scale may be 

readily Seein by comparing the relative sizes of 
intervals in Scale P with the corresponding in 
tervais in Scaia J of just intonation. The major 
third CE and inajol sixth CA of Scale P are too 
Wide in comparison with the corresponding in 
telvals in scale J while the minor third EG and 
the minor sixth EC are too narrow in compari 
son with Scale J for perfect consonance. The 
minor Seventh CBb used in the dominant Sev 
enth chord CEGB) is considerably Wider than 
the harmonic Seventh interval between 1.0000 
and 1.7500 in scale J. The equal tempered 
fourths and fifths such as CF and CG respec 
tively are mistuned by about one-fiftieth of an 
equal tempered semitone and alre, therefore, har 
nonically equivalent to just fourths and fifths. 
The Octave is the Only perfect interval within the 
equal tempered scale. 
By providing a second equal tempered scale 

such as scale S of slightly lower pitch the im 
perfect intonation of the thirds and sixths of 
equal temperament can be corrected by proper 
Substitution. The Scale S is turned flatter than 
Scale P by a comina equal to one third of the 
great diesis, which is the interval by Which three 
superimposed just major thirds are short of an 
octave. In general, the comma is the interval 
by which four Superimposed fifths exceed two 
octaves and a just major third. Since just fifths 
are wider than equally tein pered fifths, it follows 
that the conna of perfect intonation is larger 
than that required for the System of commatic 
equal temperament provided by the scales P and 
S. The former comma is .215 of an equal tem 
pered semitone while that of the commatic equal 
temperament is .137 of an equal tempered semi 
tone. When music involving complex modula 
tions and plogressions is played in perfect in 
tonation, frequent, shifts of a comma, are bound 
to occur. Because of the Small comma required 
in the system of temperament here described, 
these shifts will be less noticeable than in a 
mathematically perfect intonation. 
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4. 
In this commatic equal temperament all major 

thirds and their inversions, the minor Sixths, 
are in parfect tune. Thus the interval between 
C in Scale P and E2 in scale S coincides With 
the interval from 1.0000 to 1.2500 in scale J. All 
other liaior thirds such as DEF:, DFa, EbC3, etc., 
being of the same size as CE2 are also perfect. 
The minor thirds and their inversions, the na 
jor sixths, are very slightly out of tune but hardly 
enough to make then distinguishable from the 
collesponding perfect intervals. Thus E2G is 
slightly narrower than the just minol third be 
tween 1250?) and 1.5000 in scale J because G is 
slightly flat. The same is true of all the other 
minor thirds Such as F2Ab, FA, GbE3b, etc. 

It is possible to introduce a slight modifica 
tion in the above arrangement whereby the 
minor thirds are perfectly tuned and the major 
thirds are tuned slightly flat but the total har 
monic effect of such a system would be practically 
identical with the one here described. 

Since all major and minor cho'ds contain Vali 
olis combinations of majol and minor thirds and 
sixths the said chords may be rendered in almost 
perfect intonation in all musical keys by Selection 
of the proper tones from scales P and S. In 
scale J the tones 1.0000, 1.1250, 1.2500, 1.5000 and 
1.7500 form a justly intoned dominant ninth 
chord within the limits of one octave. A good 
approximation to this ideal chord may be at 
tained by employing the tones C, D, E2, G and 
Ai from scales P and S. The Superfluous sixth 
CA which is the only appreciably mistuned in 
terval in the chord serves as a Satisfactory sub 
stitute for the inatural Seventh interval from 
1.0000 to 1.7500 in Scale J. In a similar nanner 
highly consonant, dominant seventh and domi 
nant ninth cholds are obtained in all tonalities 
by deliving their roots, fifths and ninths from 
Scale P and their thirds and sevenths from scale 
S. 

Referring to the drawings by characters of ref 
erence the keyboard is diagrammatically illus 
trated by a portion of the keys thereof which are 
lettered according to the notes of the Scale. The 
means responsive to the actuation of the keys of 
the keyboard for automatically correcting the in 
tonation of chords irclides for each key a switch 
means indicated generally by the reference char 
acter N, a solenoid S adapted to be energized by 
the simultaneous actuation of at least two of the 
keys to thereby control the pitch of a tone pro 
ducing element T of at least, one of the keys and 
a double al'mature relay R adapted to be actuated 
when certain chords are struck to break the cir 
cuit With certain of the Solenoids So that the 
pitches of the tone producing elements T corre 
Sponding thereto Will remain unchanged. 
The relays R are twelve in number irrespec 

tive of the number of the keys of the keyboard 
and the same are numbered respectively R-R2. 
Likewise the solenoids S are twelve in number 
and are numbered respectively Si-Sf2. The tone 
producing elements T of the instrument col're 
spond in number to the keys of the keyboard and 
the tone producing elements are normally tuned 
to the notes of the equal tempered scale P and 
are constructed to produce tones of the scale S 
when the tuning elements 48 thereof are ener 
gized by the playing of certain chords. 
The switch means N may be of any preferred 

construction and as illustrated by the wiring dia 
glam in FigS. 1 and 3 of the dra Wings and more 
particularly in Fig. 3 thereof each switch means 
N includes a pair of oppositely disposed spring 
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Switch elements O and formed With rolled 
inwardly directed free upper ends f2 which slid 
ably engage against oppositely inclined cam faces 
f3 provided on the flared lower end of a switch 
actuator lug 4 fashioned of insulation material, 
one such lug being secured to and depending from 
the underside of each key. The Switch elements 
0 and of each Switch means N are secured 

to opposite side edges of an insulation strip 5 
affixed to the instrument frame, the upper end 
of each Switch element 0 and being normally 
tensioned against the actuator lug 4 for move 
ment inwardly upon depression of the key. Pro 
truding through the strips 5 are pairs of fixed 
Switch terminals 6 and T, and 8 and 9 re 
Spectively, disposed adjacent to the Switch ele 
ments 0 and and adapted to make contact 
therewith upon the actuation of the keys to per 
mit of the normal in Ward movement of elements 

and . 
The SWitch eleinents O of the SWitch means N 

are respectively connected by conductor wires 23 
to common conductor 2 Which extends through 
out the length of the keyboard and is connected 
to a source of current 22 and to a ground 23 
through a three-Way SWitch 24. The opposite 
Switch elements of the switch means N of all 
keys of the same note denomination in each oc 
tave are connected by conductor Wires 25 to a 
common bus wire 26, there being twelve bus wires 
26 respectively lettered according to the subtone 
series and which extend throughout the length 
of the keyboard while the twelve keys in each 
octave are lettered according to the prime tones. 
The switch terminal 6 of each key through 

out the keyboard is connected by a conductor 
Wire 2 to the SWitch terminal 8 of the fourth 
key to the right, while the Switch terminal 7 of 
each key is connected by a conductor Wire 28 to 
the switch terminal 9 of the third key to the left, 
Each switch terminal 6 is also connected by a 
conductor wire 2A to the switch terminal 8 of 
the eighth key to the left while each switch ter 
minal f is also connected by a conductor wire 
28A to the switch terminal 9 of the ninth key 
to the right. For instance, beginning at the left 
of Fig. 1, the switch terminal f6 of key C is con 
nected by a conductor Wire 27 to the SWitch ter 
minal 3 of key E, which terminal is also coin 
nected by a conductor wire 27A to the SWitch 
terminal 6 of key C in the next octave above, 
and the last mentioned terminal in like manner 
is connected by a conductor wire 2 to the Switch 
terminal 8 of key E in the next octave above, and 
so on throughout the length of the keyboard. 
Similarly, switch terminal 9 of the first key C 
is connected by a conductor wire 28 to the switch 
terminal f of the key Eb, which terminal is also 
connected by a conductor wire 28A to the switch 
terminal 9 of the key C in the next octave above, 
which latter terminal in like manner is connected 
by a conductor wire 28 to the Switch terminal 
of the key Eb in the next octave above, and so on 
throughout the length of the keyboard. Thus, by 
means of the conductor wires 2 and 27A the 
switch terminals 6 and 8 of keys separated by 
intervals of a major third or any inversion there 
of, are coupled together, and by means of the 
conductor wires 28 and 28A the switch terminal 

and 9 of keys separated by intervals of a 
minor third or any inversion thereof, are coupled 
together. It follows that upon the simultaneous 
depression of the low key C at the left side of the 
diagram Fig. 1 and the upper key E at the right 
side of the diagram, a circuit is completed from 
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6 
the common conductor 2 to the bus wire Ea 
th ough the switch terminal f6 of the key C, the 
switch terminal fa of the key E a major third 
above, the Switch terminal 6 of the key C an 
octave above and thence through the switch ter 
minal 8 of the key E a major tenth above. Sim 
ilarly, upon the simultaneous depression of the 
low key C at the left side of the diagram and 
the upper key Eb at the right side of the diagram 
a circuit is completed from the COmmon Con 
ductor 2 to the bus wire C4 through the switch 
terminal 9 of the low key C, the Switch terminal 
it of the key Eb a minor third above, the Switch 
terminal 9 of the key C an octave above, and 
thence through the switch terminal 7 of the key 
Eba, minor tenth above. 
The bus wires 26 are connected by conductor 

Wires 29 to fixed contacts 30 respectively, which 
contacts are normally engaged by the left-hand 
armatures of the relays Ri to R2 respectively. 
The conductor wires 29 are also connected to the 
lower windings of the solenoids S to Sf2 re 
spectively. The left-hand armature 3 of each 
relay is connected by a conductor wire 32 to the 
right-hand armature 33 of the fifth relay to the 
left, respectively, the right-hand armature there 
of being normally in engagement with a fixed 
contact 34. The fixed contacts 34 are each con 
nected by a conductor wire 35 to branch wires 
36 and 3 leading respectively to the winding of 
the third relay to the right thereof and to the 
upper winding of one of the solenoids S. 

It is to be understood that the energizing of a 
particular Solenoid S is dependent upon the note 
denominations represented in any pair of simul 
taneously depressed keys and is independent of 
any possible inversion of the interval thereof. 
When two keys forming an interval of a major 
third or a major sixth such as AbC or EbC, re 
Spectively, are depressed, a circuit is completed 
between the Switch element 0 of the lowermost 
key and the switch element of the uppermost 
key. Conversely, when two keys forming an in 
terval of a minor third or a minor sixth Such as 
EG or EC, respectively, are depressed, a circuit is 
completed between the switch element O of the 
Uppelmost key and the Switch element of the 
lowermost key. In every case of a completed 
circuit between the Switch elements 0 and of 
two keys, the Switch element O is associated with 
a key which theoretically should elicit a prime 
tone and the Switch element l l is associated with 
a key which theoretically should elicit a Sub tone 
in order that the interval be rendered in just in 
tonation. 
The twelve solenoids S to S2 are arranged 

in horizontal alignment and are provided with 
amatures 38 SWingably mounted on Spring ele 
ments 39 respectively. The armatures 38 are 
formed with depending latch elements 40 pro 
truding through longitudinally spaced detent 
openings 4 in a slidably mounted latch bar 42 
which as illustrated is retractably disposed in 
position for engagement With the latch elements 
A8 by the action of a coiled contractile spring 43. 
Disposed below each of the armatures 38 is a 
Spring switch element 44 having its free end lo 
cated below the lower end of the latch element 40 
and which is Spaced therefrom by an insulation 
block 45. As illustrated the downward tension 
of the armature 38 normally acts to overcome the 
upward tension of the Spring switch element 44 
so that the same moves upWardly with the arma 
ture 38 when the Solenoid thereof is energized. 
A fixed contact element 46 is provided for each 
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spring switch element 44 which is adapted to be 
engaged thereby when the Corresponding arma 
ture 38 is moved upWardly, the contact elements 
f6 being connected by conductor wires 47 to the 
windings of tuning elements 48 associated with 
each tone producing element T. The opposite 
ends of the Windings of the tuning elements 48 
are connected by conductor Wires 9 to a common 
conductor 53. The windings of all tuning ele 
ments 3 associated. With the tone producing ele 
Inents T of the same note denomination in each 
octave are connected by bus wires 5 for control 
by a single solenoid S. The tone producing ele 
ments T may be of any type and any suitable key 
controlled means for Sounding the same may be 
employed. The design of the electrically con 
trolled tuning elements 38 will depend upon the 
particular types of tOne producing elements T 
used, but it is desirable that the time lag be 
tween the initial operation of the switch means N 
and the operation of the tuning elements 48 be 
Small compared to the time lag between the in 
itial movement of the key levers and the sound 
ing of the corresponding tone producing elements 
T COnt1'Olled thereby. The tone producing ele 
ments T which are normally tuned to the scale P 
are OWelled in pitch to produce tones of the Scale 
S When the Windings of the tuning elements 48 
tiereof are energized. 

In the 1right hand position the three-Way switch 
24 engages a contact 52 which is connected to 
the Common conductor 2 and to the common 
conductor 59. In the middle position the said 
switch 24 engages a double contact 53, one con 
tact of which is connected to the common con 
ductors 2 and 59 and the other of which is con 
nected by a conductor wire 55 to the winding of 
a Solenoid 56. The left hand or open circuit po 
sition of the said switch is provided by a contact 
54. 
The solenoid 56 is disposed in alignment With 

and adjacent to one end of the latch bar 42 and 
is provided with an armature 57 mounted on the 
adjacent end of the latch bar 42 which arma 
ture is adapted to be engaged by the solenoid 56 
for shifting the latch bar 42. The opposite end 
Of the latch bar 2 has the coiled contractile 
Spring 3 attached thereto and adapted to ten 
Sion the latch bar for retracting the same when 
the Solenoid 56 is deenergized. The source of 
current 22, the windings of the relays R, the up 
per and lower windings of the solenoids S, the 
spring switch elements A, and the Winding of the 
Solenoid 58 are respectively connected to a con 
non ground as indicated at 23, 58, 59, 66 and 6. 
When the three-Way switch 24 is set in the 

right hand position the Solenoid 56 is deemergized 
and the latch bar 42 is free to engage With the 
armatures 38 of solenoids S. The general pur 
pose of the latching feature of the switches actu 
ated by the Solenoids S is to allow the collected 
intonation of each chord to be retained so that 
the same chord may thereafter be played as a 
Succession of notes in arpeggio fashion without 
altering the intonation thereof. Also if the in 
strument is provided With Sustained tones which 
may sound after the keys are released, as in a 
piano, the latching of switches actuated by sole 
noids S Will insure that the intonation of the 
chord Will not change upon releasing the keys. 
For each new chord played a new combination 
of Solenoids S Will be energized and as the arma 
tures 38 thereof engage the latch bar 42 they 
Will simultaneously act to disengage those previ 
Ously latched armatures 38 of a prior Combina 
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8 
tion which are foreign to the new combination 
as is characteristic of structures of this kind. 
When the three-Way Switch 24 is in the mid 

dle position the Solenoid 56 is energized to shift 
the latch bar 42 so that the armatures 38 no 
longer latch therewith, and the Switches con 
trolled thereby remain closed only while the cor 
responding Solenoids S are energized. For cer 
tain types of music in which the chords follow 
One another in rapid succession, and particularly 
if the tones of the instrument Sound only during 
the depression of the keys, it may be more ad 
Vantageous to render the latch bar 42 inoper 
ative by setting the three way switch 24 in the 
middle position. 
In Order to play music in equal temperament 

the three-way switch is set in the left hand or 
Open circuit p0Sition and all Solenoids S as Well 
as all tuning elements 48 are deenergized and all 
tone producing elements T of the instrument are 
then turned to Scale P or equal temperament. 
Also after the three-Way SWitch has once passed 
through the middle position before a final setting 
in the left hand position the latch bar 42 is mo 
mentarily Shifted to disengage all previously 
latched arnatures 38 and thus producing the 
Same effect as the deemergizing of all the tuning 
elements 48. 

It Will be understood that the conductor wires 
S9 connected respectively with the contacts 30 
of the relays R 9 to R2 inclusive are connected 
With the lower windings of the solenoids S to 
S4 inclusive as illustrated in Fig. 2 of the draw 
ingS. Similarly the conductor Wires 32 connect 
the light-hand almatures 33 of the relays R8 
to R2 inclusive with the left-hand armatures 3 
of the relays Ri to R5 inclusive. The conductor 
Wires S5 leading from the contacts 34 of the re 
lays Ri to R? 2 inclusive are connected with the 
COndlictor Wires 37 leading from the relays R. 
to R3 respectively. 
The use of the instrument will be set forth in 

Conjunction with the playing of chords which are 
typical of the chords requiring corrected in 

5 tonation. Since most of the chords which require 
corrected intonation contain notes either 3, 4, 8 
or 9 keys apart, one or more circuits will be com 
pleted upon the playing of a chord due to the 
Spacing of the notes thereof so that the circuits 
With one or more of the bus wires 26 will be com 
pleted to thereby actuate tuning elements 48 of 
certain tOne producing elements T to produce 
tOnes of just intonation. 
One of the chords which will be changed when 

played On the keyboard is the major chord hav. 
ing the notes CEG. With particular reference to 
Fig. 3 the depressing of the keys C and E of the 
keyboard will close the circuit with the bus wire 
28 which bears the notation E2. In like manner 
When the keys E and G of the keyboard are 
Struck a circuit will be closed with the bus wire 
26 likewise bearing the notation E. 
The Said bus wire 28 with the notation E2 is 

connected by means of the conductor wire 29, 
contact 30, left-hand armature of the relay R7, 
ConductO' Wire 32, the right-hand armature of 
the relay R2, contact 34, conductor wire 35 and 
conductor wire 37 connected with the winding 
Of the relay R5 and the upper winding of the 
Solenoid S.5 whereby the said relay and solenoid 
will be energized upon the playing of said chord 
so that the armature 38 will be attracted by the 
Solenoid S5 to close the circuit With the con 
ductor Wire 47 so that the tone producing ele 
ment T normally producing the tone E will func 
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tion to produce the tone Ea. 
changed will be CE4G. 
Another chord which Will be changed when 

played on the keyboard is the minor chord GB5D. 
Depressing the keys GBb and the keys BibD of 
the said chord will close the circuits with the buS 
wires bearing the notation. Gb and D4. The cir 
cuit with the said bus wire 26 bearing the nota 
tion G4 is completed through the left-hand air 
nature of the relay R) and the right-hand ar 
mature of the relay R5 into the Winding of the 
relay R8 and the upper winding of the Solenoid 
S8 so that the tone producing element T nor 
mally producing the tone G will function to pro 
duce the tone G5. Similarly the circuit with 
the bus wire 26 bearing the notation D1 is com 
pleted through the left-hand arnature of the 
relay R5 and the right-hand arnature of the 
relay R2 into the winding of the relay R3 and 
the upper Winding of the Solenoid S3 SO that the 
tone producing element T normally producing 
the tone D will function to produce the tone Da. 
The minor chord CBbo With its intonation thus 
corrected will be G.BbD. 
Due to an anomaly in the structure of the 

dominant ninth chord CEGBb) when the same 
is rendered in just intonation the constituent 
minor chord G.Bb) thereof Will no longer have 
its tones G and D lowered in pitch to G4 and D5 
but instead the pitches of these tones Will remain 
unchanged and the pitch of the tone Bb will be 
lowered to A. The same is true of the dominant 
seventh chord CEGBb. As set forth hereinbefore 
depressing the keys CE and/or depressing the 
keys. EG will close the circuit with the bus wire 
26 which bears the notation E4 to thereby ener 
gize the winding of the relay R5 and the Upper 
winding of the solenoid S5 so that the tone pro 
ducing element, T producing the tone E will func 
tion to produce the tone E2. Simultaneously a 
circuit, with the said bus wire bearing the nota 
tion E is also completed through conductor Wire 
29 into the lower Winding of Solenoid S. So that 
the tone producing element T normally produc 
ing the tone Bb will function to produce the tone 
Ai. The depressing of the keys G.Bb of the chord 
CEGBD and the keys. Bb) of the said chord Will 
close the circuits with the bus wires 26 bearing 
the notation G and D1. These bus Wires are 
respectively in circuit with the right-hand arma 
ture 33 and the left-hand arrnature 3 of the 
relay R5. As this relay is energized by the play 
ing of the notes CE and/or EG, the right and 
left-hand armatures thereof will be attracted 
thereto SO as to break the circuits With the buS 
wires bearing the notation Gls and D5 whereby 
the tone producing elements T producing the 
tones G and D will be unchanged in pitch. The 
dominant ninth chord CEGBbD with its intona 
tion thus corrected will be CEGAD. 

It Will be apparent from the foregoing descrip 
tion that the automatic Corrections of the into 
nation of these and other chords Will be exactly 
analogous When they are tranSpoSed into any 
musical key and also that the desired corrections 
of intonation Will be equally effective for all pOS 
Sible inversions of each chord. 

In FigS. 2 and 3 of the drawings the tone pro 
ducing eleinents and tuning elements 48 are 
illustrated diagrannatically. In Fig. 5 of the 
drawings however the same is illustrated more in 
detail. As illustrated therein the turning ee 
ninent 48 consists of an electro-magnet one termi 
nail of Which is connected to the fixed contact, 
element 46 by the conductor wire 47 while the 
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opposite terminal thereof is connected to the 
common conductor 59 by the conductor Wire 49 as 
is also shown in EigS. 2 and 3 Of the draWingS. 
In this embodiment the tone producer T consists 
of an organ pipe which is open at its upper end 
in the usual manner and is provided With an ap 
erture 62 adjaceint the Upper end thereof and 
which is adapted to be closed or restricted by 
a swingably mounted vane 63 of magnetic mate 
rial when the electro-magnet 8 is energized. 
The vane 63 is normally maintained by a Spring 
64 in open relation with reference to the aperture 
62, it being understood that when the same is 
in Open Irelation the tone producing element or 
organ pipe T will produce a prime tone or a tone 
in scale P and when the Vane is closed by the 
energizing of the electro-magnet 48 the tone 
producing element T or organ pipe will produce a 
Sub tone or a tone in Scale S. 
In Fig. 6 of the drawings a plurality of Octave 

related tone producing elements i are shown by 
Way of illustration. For each key throughout 
the length of the keyboard a tone producing ele 
meat is provided which in this instance consists 
of two tone producing devices, One for emitting 
a prime tone such as Db designated by the ref 
erence character 64 and the other for emitting 
a sub tone such as C. as indicated by the refer 
ence character 65. The tone producing devices 
64 for the octave related keys throughout the key 
oard are connected by means Of a cornOn Con 

ductor wire 66 to a contact normally engaging 
the Spring switch element 6 similar to the spring 
Switch element 44 in the previous form of the in 
vention. The opposite tone producing devices 
S5 of the same octave related keys are respective 
ly connected to a common conductor Wire 68 
leading to a fixed contact 69 normally out of 
contact with the Spring SWitch element 6 and 
adapted to be engaged thereby when the cor 
responding Soleiloid S in this instance the sole 
noid S2 is energized in the mainner hereinbefore 
described. Which also functions to disengage the 
contact with the common conductor Wire 66. 
The tone producing devices 65 and 65 are any 
standard electric key control type and are con 
nected in the usual manner by conductor Wires 

to the key actuated means of the organ. The 
tone producing device 64 is adapted to emit a 
prime torie or a tone in scale P While the tone 
producing device 65 is adapted to emit, a Sub tone 
or a tone in Scale S. 
As hereinbefore set forth the drawings illus 

trate a portion of the keyboard of a musical in 
Strument Which is illustrative of the SWitch ar 
rangement, and Wiring connection for each key 
throughout the keyboard. In Some Organs Sew 
era keyboards are provided and for such Con 
Struction connon conductor Wires 2 and the 
bus Wires 26 may be extended throughout the 
extent of the additional keyboards in Which event 
also the conductor wires 2 and 28 and 2d and 
28a, would be extended throughout the additional 
keyboards. 
Having thus described the invention, it Will be 

apparent that the same is not limited to the par 
ticular embodiments illustrated, but that numer 
ous modifications thereof may be made Without 
departing from the more fundamental principles 
of the invention. 
What is clained is: 
1. A musical instrument of the type having a 

keyboard, a tone producing eleinent for each key 
thereof and an action for effecting the SOL Inding 
of the tones of said tone producing elements. When 
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the keys are actuated respectively, in combina 
tion with an electrical Switch for each key, each 
Switch having two terminal elements and two 
pairs of contacts normally spaced therefrom re 
Spectively, an electrical circuit connected with a 
Source of current, one of the terminal elements of 
each SWitch being connected to one of the wires 
Of Said circuit, circuit wires respectively connect 
ing one pair of contacts of each switch with con 
tacts of the Switches of keys located four semi 
tones above and three semitones below respec 
tively, circuit wires respectively connecting the 
Other pair of contacts of each SWitch. With con 
tacts of Switches of the keys located three semi 
tones above and four semitones below respec 
tively, means carried by the keys respectively for 
effecting engagement of said contacts with the 
terminal elements upon depressing of the keys, 
double amature relays corresponding in num 
ber to the number of the keys in an octave of the 
keyboard With the corresponding notes of the Oc 
taves having the same relay, double coil sole 
noids CCTresponding in number to the number of 
keys in an octave of the keyboard with the cor 
responding notes of the Octaves having the same 
solenoid, circuit wires connecting the opposite 
terminal element of each switch with a Winding 
of the solenoid of the key separated six semitones 
therefrom and with one of the armatures of the 
relay of the key separated two semitones there 
from whereby Switches of corresponding keys of 
each CCtaWe are in circuit with the same Solenoid 
and are normally in circuit with the same arma 
ture, circuit wires connecting said relays in cir 
cuit With the other winding of the Solenoids re 
Spectively and with the relays normally in cir 
cuit With the other armature of the relays of the 
keys Separated three semitones therefrom respec 
tively and with one armature of each relay with 
the opposite armature of the relay of the keys 
Separated five Semitones therefrom, said tone pro 
ducing elements each being connected with the 
other wire of the first named electrical circuit 
and each having means for emitting an enhar 
monic tone lower in pitch than the normal tones 
thereof, and normally open electrical switch 
in eans Connected. With Said last named means 
and adapted to be closed by the movements of 
the armatures of the Solenoids when the same 
and the relays are energized by the actuation of 
the keys when a chord is played on the keyboard 
to thereby effect the SOunding of the enharmonic 
tones of lower pitch of at least one of the tone 
producing elements corresponding to the keys 
actuated. 

2. A musical instrument of the type having a 
keyboard, a tone producing element for each key 
thereOf and an action for effecting the sounding 
of the tones of said tone producing elements when 
the keys are actuated respectively, in combina 
tion. With an electrical switch for each key, each 
Switch having two terminal elements and a pair 
Of contactS for each terminal element normally 
Spaced therefrom respectively, one contact of 
One of the terminal elements of each key being 
in circuit with contacts of the other terminal 
elements of octave related keys located four semi 
tones above and eight Semitones below respec 
tively, the other contact of the first named ter 
minal element of each key being in circuit With 
contacts of the other terminal elements of the 
ctave related keys located nine semitones above 
and three Semitones below respectively, one con 
tact of the other terminal element of each key 
being in circuit with contacts of the first named 
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terminal elements of octave related keys located 
eight semitones above and four semitones below 
respectively, the other contact of the other ter 
minal element of each key being in circuit with 
the contacts of the first named terminal ele 
ments of octave related keys located three semi 
tones above and nine semitones below respec 
tively, means carried by the keys respectively for 
effecting engagement of the said contacts with 
the terminal elements upon depression of the 
keys, double armature relays corresponding in 
number to the number of keys in an octave of 
the keyboard with the corresponding keys of 
each octave having the same relay, double coil 
solenoids corresponding in number to the number 
of keys in an octave of the keyboard with the 
corresponding keys of each octavehaving the same 
solenoid, one of the terminal elements of each 
SWitch being connected in circuit With a Source 
of current, the opposite terminal element of each 
Switch being connected in circuit with a Winding 
of the Solenoid of the key separated six Semitones 
therefrom and each of the Said Opposite terminal 
elements being normally in circuit with one of 
the armatures of the relay Separated two semi 
tones therefrom whereby the Switches of corre 
Sponding keys of each octave are in circuit 
with the same solenoid and are normally in cir 
cuit with the same armature, the said relays 
each being connected in circuit with the other 
winding of a corresponding Solenoid respectively 
and the relays also being normally connected in 
circuit with the other armature of the relays of 
the keys separated three semitones therefrom 
respectively and one armature of each relay being 
connected in circuit with the opposite armature 
of the relay of the key separated five Semitones 
therefron, Said tone producing elementS each 
having means for emitting an enharmonic tone 
lower in pitch than the normal tones thereof and 
normally open electrical Switch means connected 
in circuit with octave related groups of the said 
last named means, each of said electrical Switch 
means adapted to be closed by the movements of 
the armatures of corresponding Solenoids when 
the same and the relays are energized by the 
actuation of the keys when a chord is played on 
the keyboard to thereby effect the sounding of 
the enharmonic tones of lower pitch of at least 
one of the tone producing elements correspond 
ing to the keys actuated. 

3. A musical instrument of the type having a 
keyboard, a tone producing element for each key 
thereof and an action for effecting a Sounding of 
the tones of said tone producing elements When 
the keys are actuated respectively, in combina 
tion with an electrical switch for each key, each 
SWitch having two terminal elements and tWO 
pairs of contacts normally Spaced therefrom re 
spectively, the contacts of one switch being con 
nected in circuit With the contacts of other 
Switches of keys located three and four semi 
tones thereabove and therebelow, means carried 
by the keys respectively for effecting engagement 
of said contacts with the terminal elements upon 
depressing of the keys, a plurality of double ar 
mature relays, a plurality of double coil solenoids, 
one of the terminal elements of each SWitch being 
connected in circuit with a source of current, the 
opposite terminal element of each Switch being 
connected in circuit with a winding of one of 
the solenoids and being normally in circuit with 
one of the armatures of one of the relayS With 
the terminals of the SWitches of the correspond 
ing keys in the several octaves of the keyboard   
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being connected with the same solenoid and nor 
mally in circuit with the same armature, said 
tone producing elements each having means for 
emitting an enharmonic tone lower in pitch than 
the normal tones thereof and normally open 
electrical Switch means connected with said last 
named means and adapted to be closed by the 
movements of the armatures of the solenoids 
When the same and the relays are energized by 
the actuation of the keys when a chord is played 
On the keyboard to thereby effect the sounding 
of the enharmonic tones of lower pitch of at least 
One of the tone producing elements correspond 
ing to the keys actuated. 

4. A musical instrument of the type having a 
keyboard, a tone producing element for each key 
thereof and an action for effecting the sounding 
of the tones of said tone producing elements 
When the keys are actuated respectively, in com 
bination. With an electrical switch for each key, 
each Switch having two terminal elements and 
tWo pairs of contacts normally spaced therefrom 
respectively, an electric circuit connected to a 
Source of current, one of the terminal elements 
of each SWitch being connected to one of the 
Wires of said circuit, circuit wires respectively 
connecting the contacts of one switch in circuit 
With the contacts of other switches of keys lo 
cated three and four semitones thereabove and 
therebelow, means carried by said keys respec 
tively for effecting engagement of said contacts 
With the terminal elements upon depressing of 
the keys, circuit wires connecting the opposite 
terminals of Said Switches in circuit With tuning 
Control devices of said tone producing elements 
respectively, said tone producing elements hav 
ing means for emitting enharmonic tones lower 
in pitch than the normal tones thereof, and elec 
trically actuated means in the circuits between 
Said opposite terminals and Said last named 
means and adapted to be actuated When a, chord 
is played on the keyboard to thereby effect the 
SOunding of the enharmonic tones of lower pitch 
of at least one of the tone producing elements 
corresponding to the keys actuated. 

5. In a keyboard type polyphonic musical in 
strument having tone producing elements nor 
mally tuned to the equal tempered scale, the com 
bination of electrically actuated means associ 
ated with each tone producing element for ef 
fecting an enharmonic shift of pitch to correct 
the grosser errors of the Said scale, an electrical 
switch for each key, a network of coupling Wires 
interconnecting said Switches to provide circuit 
paths upon the simultaneous actuation of keys 
Separated by musical intervals of major and mi 
nor thirds and all inversions thereof by octaves 
and all transpositions of each interval by semi 
tones, latching armature Solenoids equal in num 
ber to the keys in an octave of the keyboard and 
adapted to control octave related groups of Said 
electrically actuated means, circuit cut out re 
lays adapted to render inoperative certain latch 
ing armature solenoids associated with anoma 
lous notes of a chord, an electrical circuit includ 
ing a source of current and adapted to extend 
through any one of Said circuit paths and coin 
nected With the arnatures of two of Said cir 
cuit Cut out relays and With the Winding of one 
of Said cut out relays and With the Winding of 
one of said latching armature Solenoids, latching 
means having detent elements engaging the 
latch elements of all of the armtaures of said 
latching armature solenoids, electrically actuated 
means for shifting said latching means out of 
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14 
engagement with all of said latch elements, and a 
three Way SWitch provided with a contact con 
necting Said current source with said electrical 
circuit and a double contact connecting said cur 
rent Source With said electrical circuit and with 
the last named electrically actuated means and 
having an Open circuit position for disconnecting 
Said current Source whereby the instrument is 
returned to the equal tempered scale. 

6. In a keyboard type polyphonic musical in 
Strument having tone producing elements nor 
Inally tuied to the equal tempered scale, electri 
cally controlled means for lowering the pitches 
Of Octave related groups of said tone producing 
elements to correct the grosser errors of the said 
SCale, all electrical SWitch for each key, networks 
of coupling wires oetween said switches for pro 
ducing equivalent circuit paths upon the simul 
taneous actuation of a plurality of keys of distinct 
note denominations constituting a chord irrespec 
tive of all inversions theireof and octave repeti 
tions of the notes thereof, the arrangement of 
said couping wires following the same repeated 
pattern among all of Said SWitches to provide 
analogous circuit paths for all transpositions of 
a given chord whereby the simultaneous actu 
ation of ary tWO keys forming an interval classed 
as major effects the closure of one of said circuit 
paths feeding said electrically controlled means 
a SSociated with the upper of the two keys of the 
Saic najor interval and whereby the Simulta 
neCl2S actuation of any two keys forming an 
interval classed as minor effects the closure of 
Oile Of Said circuit paths feeding said electrically 
co-Entrolled means associated With the OWer of 
the two last named keys of the said minor in 
terval, Said electrically controlled means includ 
ing Solenoids for controlling the tuning elements 
of said octave related groups and being connected 
to respond in pairs corresponding to notes a tri 
iOile apart for providing collected Sevenths in 
addition to corrected thirds in dominant Seventh 
and doininant ninth chords, and a circuit cut 
Cut relay for each key of an octave of the key 

5 board and being connected to operate in unison 
with a solenoid of said electrically controlled 
In eans and adapted to render inoperative the 
Solenoids of others of said electrically controlled 
Yeahs aSSociated With the fifth and with the 
ninth of doininant, Seventh and dominant ninth 
chords. 

'. In a keyboard type polyphonic musical in 
St"uinent, the combination of two tone produc 
ing elements of fixed pitch for each key respec 
tively turned to two equal tempered scales differ 
ing in pitch by an enharmonic interval, an ac 
tion for effecting the sounding of one of a pair 
of said to he producing elements. When the cor 
reSCCnding keys are actuated respectively, an 
electrical Switch for each key, a network of cou 
pling Wires interconnecting said switches to pro 
vide circuit paths upon the simultaneous actu 
ation of keys separated by musical intervals of 
Yajoy' and minor thirds and all inversions thereof 
by Octaves and all transpositions of each interval 
by Semitories, latching armature Solenoids cqual 
i: number to the keys in an octave of the key 
board, said latching al'nature solenoids adapted 
to select which of two sets of octave related 
elihai'i:onic tone producing elements shall be able 
to $,0!!nd, circuit cut out relays adapted to ren 
der in Operative certain latching arrnature sole 
incids aSSociated with anomalous notes of a chord, 
an electrical circuit including a Source of cur 
rent and adapted to extend through any one of 
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Said circuit paths and being connected With the 
almatures of two of Said circuit cut out relays 
and With the Winding of one of Said cut Oult relays 
and With the Winding of One of Said latching 
arnature Solenoids, a latching means having de 
tent elements engaging latch elements of all 
of the armatures of said latching armatule Sole 
noids, electrically actuated means for shifting 
Said latching means out of engagement With all 
of Said latch elements, and a three Way Switch 10 

16 
provided With a contact connecting said circuit 
Source With Said Glectrical circuit, and a double 
contact Connecting Said Cullent Source With Said 
electrical circuit and With the last named elec 
trically actuated means and having an open cir 
cuit position for disconnecting said current source 
Whereby the instrument is tuned only to the equal 
tempered scale of higher pitch. 

HAROLD IM. WAAGE. 


