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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 obfaining 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 avcid 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 com-
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 musicians accustomed to such standard
keyhoard to play in the usual manrer 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:

Tig. 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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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 illus-
trating an organ pipe tone producing element
for producing a prime tone and a sub tone.

Tig. 6 is a similar view illustrating two sep-
arate 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 ig
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 tempered 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 1.6000 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 CH in the
octave is represented by .9921 and the upper
Ch by 1.9843.

The intermediate scale indicated by the ref-
erence character 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 1.0000
to 1.5000, & major sixth from 1.06060 to 1.666%,
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 geventh, 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

65

upper C by 2.0000.

All tones in scales P, J and 8 are represented
by decimal ratios which may be thought of as
the nuinber of vibrations produced by the various
tones thereof in the same interval of time 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 piteh 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 ¢f the notation used o represent
notes in scales P and S will appear from the fol-
Iowing: When modulating from the key of C
major into the key of G major, I is raised to ™
sharp. 7 is the fourth note in the scale of C
inajor wi sharn is the seventh note in the
scale of ¢ major. In seale J the fourth note
is closely approximated by a prime tone in scale
P, while the leading tone seventh in seale J is
closely approzimated by a sub tene in scale S,
The prime tones are, therefore, represented by
plain letiers and the sub tones by sharped let-
ters. When modulating from the key of ¥ major
into the key cf € major, B flat is raised to B
natural. For similar reasons the flats and natu-
rals are used to represent prime tones and sub
tones respectively. By means of this arrange-
ment of conventional symbols the enharmonic
notes of scales P and 5 may be clearly differenti-
ated. However, it will ke apparent that this no-
tation is accurate only within the cight 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 designa-
tions of just intonation scales in other musical
keys.

The faults of the equal tempered scale may be
readily seen by comparing the relative sizes of
intervals in scale P with the corresponding in-
tervals in scaie J of just intonation. The major
third CE and major sixth CA of scale P are too
wide In comparison with the corresponding in-
cervals 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 1.7800 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 gnd are, therefore, har-
monically equivalent {o 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 8 of slightly lower pitch the im-
perfec intonation of the thirds and sixths of
equal temperament can be corrected by proper
substitution. The scale S is tuned flaiter than
scale P by a comma 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 egually tempered fifths, it follows
that the comma of perfect intonation is larger
than that required for the system of commatic
equal temperament provided by the scales P and

. 8. 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 progressions 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 bhe less noticeable than in a

mathematically perfect intonation.
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In the commatic equal temperament all majot
thirds and their inversions, the minor sixths,
are in perfect tune. Thus the interval between
C'in scale P and Bh in scale S coincides with
the interval from 1.0800 to 1.2500 in scale J. All
other major thirds such as DhFy, DFE, BEbGH, ete.,
being of the same size as OB are also perfect.
The minor thirds and their inversions, the ma-
jor sixths, are very slightly out of tune but hardly
enough to make them distinguishable from the
corresponding perfect intervals. Thus EiGF is
slightly narrower than the just minor third be-
tween 1.2500 and 1.5000 in scale J because & is
slightly flat. The same is true of 21 the other
minor thirds such as F2ab, FA, GhBb, ete.

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 he vractically
identical with the one here described.

Since all major and minor chords contain vari-
ous combinations of major 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 1.0089, 1.1250, 1.2590, 1.5000 and
17560 form a justly intoned dominant ninth
chord within the limits of one octave. A good
approximation to this ideal chord may he at-
tained by employing ths tonsg C, D, E5, G and
Af from scales P and S. The superfluous sixth
CA% which is the ouly appreciably mistuned in-
terval in the chord serves as a satisfactory sub-
stitute for the notural seventih interval from
1.0000 to 1.7500 in scale J. In & similar manner
highly conscnant dominant seventh and domi-
nant ninth chords are ohtained in alj tonalities
by deriving 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 keyhoard is diagrammatically illus-
trated by a portion of the keys thereof which gre
lettered according to the notes of the scale. The
means responsive to the actuation of the keys of
the keybhoard for automatically correcting the in-
tonation of cherds includes for each key a switch
means indicated genersily by the reference char-
acter N, a solenoid S adapted to be energized by
the simultanecus actuation of at least two of the
kays to thereby control the pitch of a tone pro-
ducing element T of at least one of the keys and
a double armature 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 keyhoard
and the same are numbereg respectively RI-R{2.
Likewise the solenoids S are twelve in number
and are numbered respectively Si-S12. The tone
producing elements T of tha instrument corre-
spond in number to the keys of the keyboard and
the tone producing elements are normally tunesl
te the notes of the equal tempered scale P and
are constructed to produce tones of the scale &
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-
gram in Figs. 1 and 3 of the drawings and more
particularly in Fig. 3 thereof each switch means
N includes g pair of oppositely disposed spring
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switch elements (0 and {1 formed with rolled
inwardly directed free upper ends 2 which slid-
ably engage against oppositely inclined cam faces
i3 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
i0 and 11 of each switch means N are secured
to opposite side edges of an insulation strip 15
affixed to the instrument frame, the upper end
of each switch element 10 and fi being normally
tensioned against the actuator lug 14 for move-
ment inwardly upon depression of the key. Pro-
truding through the strips 15 are pairs of fixed
switeh terminals 16 and 17, and 18 and 19 re-
spectively, disposed adjacent to the switch ele-
ments 10 and {1 and adapted to make contact
therewith upon the actuation of the keys to per-
mit of the normal inward movement of elements
10 and {1.

The switch elements 10 of the switch means N
are respectively connected by conductor wires 28
to common conductor 21 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 i! 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 28, 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 18 of each key through-
ocut the keyboard is connected by a conductor
wire 21 to the switch terminal I8 of the fourth
key to the right while the switch terminal 17T of
each key is connected by a conductor wire 28 to
the switeh terminal (8 of the third key to the left.
Each switch terminal i is also connected by a
conductor wire 2%7A to the switch terminal {8 of
the eighth key to the left while each switch ter-
minal {7 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 16 of key C is con-
nected by a conductor wire 27 to the switech ter-
minal 18 of key E, which terminal is also con-
nected by a conductor wire 27A to the switch
terminal 16 of key C in the next octave above,
and the last mentioned terminal in like manner
is connected by a conductor wire 2T to the switch
terminal 18 of key E in the next octave above, and
so on throughout the length of the keyboard.
Similarly, switch terminal {8 of the first key C
is connected by a conductor wire 28 to the switch
terminal {1 of the key Eb, which terminal is also
connected by a conductor wire 28A to the switch
terminal I8 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 17
of the key Eb in the next octave above, and so on
throughout the lengih of the keyboard. Thus, by
means of the conductor wires 271 and 2TA the
switch terminals 16 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
{1 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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the common eonductor 21 to the bus wire BY
th sugh the switch terminal 16 of the key C, the
switch terminal 18 of the key E a major third
above, the switch terminal 16 of the key C an
octave above and thence through the switch ter-
minal I8 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 21 to the bus wire CH through the switch
terminal {9 of the low key C, the switch terminal
7 of the key Eb a minor third above, the switch
terminal 19 of the key C an octave above, and
thenece through the switch terminal 7 of the key
Eb g minor tenth above.

The bus wires 28 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 RI2 respectively.
The conductor wires 29 are also connected to the
lower windings of the solenoids S{ to SI2 re-
spectively. The left-hand armature 31 of each
relay is connected by a conductor wire 32 to the
right-hand armature ¥3 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 37 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 10 of the lowermost
key and the switch element 11 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 10 of the
uppermost key and the switch element 11 of the
lowermost key. In every case of a completed
circuit between the switch elements 10 and {1 of
two keys, the switch element 90 is associated with
a key which theoretically should elicit a prime
tone and the switch element 11 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 S12 are arranged
in horizontal alisnment and are provided with

.armatures 3% swingably mounted on spring ele-

ments 39 respectively. The armatures 38 are
formed with depending latch elements 40 pro-
truding through Iongitudinally spaced detent
openings 4! in a slidably mounted latch bar 42
which as illustrated is retractably disposed in
positien for engagement with the latch elements
89 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
£6 heing connected by conductor wires 41 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 49 to a common
conductor §). The windings of all tuning ele-
ments 43 associated with the tone producing ele-
ments T of the same note denomination in each
octave are connected by bus wires 51 for control
by a single solenoid 8. 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 48 will depend upon the
particular types of tone producing elements T
used, but it is desirakle 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 controlled thereby. The tone preducing ele-
ments T which are normally tuned to the scale P
are lowered in pitch to produce tones of the scale
S when the windings of the tuning elements 48
thereof are energized.

In the right hand position the three-way switch
24 engages 2 contact 52 which is connected to
the common conductor 21 and to the common
conductor 58. 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 21 and 58 and the other of which is con-
nected by a conductor wire 85 to the winding of
a solenoid 58. The left hand or open circuit po-
sition of the said switeh 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 43 attached thereto and adapted to ten-
sion the latech bar for retracting the same when
the sclenoid 58 is deenergized. The source of
current 22, the windings of the relays R, the up-
per and lower windings of the solenoids 8, the
spring switch elements £4, and the winding of the
solenoid 88 are respectively connected to a com-
mon ground as indicated at 28, 58, 58, 60 and .

When the three-way switch 24 is set in the
right hand position the solenoid 55 is deenergized
and the latch bar 42 is free to engage with the
armatures 88 of solenoids S. The general pur-
pose of the latching feature of the switches actu-
ated by the solenoids S is to allow the corrected
intonation of each chord to be retained so that
the same chord may thereafter be played as a
succession of notes in arpeggic 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 g 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
onie 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
cpen circuit position and all solenoids S as well
as all tuning elements 48 are deenergized and all
tone producing elements T of the instrument are
then tuned 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 armatures 38 and thus producing the
same effect as the deenergizing of all the tuning
elements 48.

It will be understood that the conductor wires
<8 connected respectively with the contacts 30
of the relays R9 to Ri2 inclusive are connected
with the lower windings of the solenoids Si to
54 inclusive as illustrated in Fig. 2 of the draw-
ings. Similarly the conductor wires 32 connect
the right-hand armatures 33 of the relays RS
to R12 inclusive with the left-hand armatureg 31
of the relays Ri to RS inclusive. The conductor
wires 89 leading from the contacts 34 of the re-
lays RI0 to RI2 inclusive are connected with the
conductor wires 37 leading from the relays Rl
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 E4. In like manner
when the keys E and G of the keyboard are
struck a circuit will be closed with the bus wire
6 likewise bearing the notation EH.

The said bus wire 28 with the notation Ej is
connected by means of the conductor wire 29,

5 contact 30, left-hand armature of the relay R1,

conductor 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
sclenoid S5 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 ER,
changed will be CE4G.

Another chord which will he changed when
played on the keyhboard is the minor chord GBbD.
Depressing the keys GBb and the keys BbD of
the said chord will close the circuits with the bus
wires bearing the notation Gk and DH, The cir-
cuit with the said bus wire 2§ bearing the nota-
tion G is completed through the left-hand ar-
mature of the relay Ri0 and the right-hand ar-
mature of the relay R5 infto 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 GH. Similarly the circuit with
the bus wire 26 bearing the notation DY is com-
pleted through the left-hand armature of the
relay R5 and the right-hand armature of the
relay RI2 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 D4.
The minor chord CBbD with its intonation thus
corrected will be GEBbDE,

Due to an anomaly in the structure of the
dominant ninth chord CEGBbID when the same
is rendered in just intonation the constituent
minor chord GBbD thereof will no longer have
its tones G and D lowered in pitch to G4 and D#
but instead the pitches of these tones will remain
unchanged and the piich of the tone Bb will be
lowered to Af. 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 EH to thereby ener-
gize the winding of the relay R® and the upper
winding of the solencid S5 so that the tone pro-
ducing element T producing the tone E will func-
tion to produce the tone E4. Simultaneously a
circuit with the said bus wire bearing the nota-
tion Ef is also completed through conductor wire
29 into the lower winding of solenoid SI1 so that
the tone producing element T normally produc-
ing the tone Bb will function to produce the tone
At. The depressing of the keys GBb of the chord
CEGBbD and the keys BvD of the said chord will
close the circuits with the bus wires 26 bearing
the notation GY and DH. These bus wires are
respectively in circuit with the right-hand arma-
ture 33 and the left-hand armature 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 atftracted
thereto so as to break the circuits with the bus
wires bearing the notation GY and DY 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 CERGAID.

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 ftransposed into any
musical key and also that the desired corrections
of intonation will be equally effective for all pos~
sible inversions of each chord. i

In Figs. 2 and 3 of the drawings the tone pro-
ducing elements T and tuning elements 48 are
illustrated diagrammatically. In Fig. 5 of the
drawings however the same is illustrated more in
detail. As illustrated therein the tuning ele-
ment 48 consists of an electro-magnet one termi-
nal of which is connected to the fixed contact
element 48 by the conductor wire 41 while the
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opbosite terminal thereof is connected to the
common conductor §9 by the conductor wire 49 as
is also shown in Ifigs, 2 and 3 of the drawings.
In this embodiment the tene 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 adjacent the upper end thereof and
which is adapted to be closed or restricted by
a swingably mounted vane 83 of magnetic mate-
rial when the electro-magnet 48 is energized.
The vane €3 is normally mainfained by a spring
64 in open relation with reference to the aperture
82, it being understood that when the same is
in open relation the tone producing element or
organ pipe T will produce a prime tone or a tone
in scale P and when the vane ig 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 T are shown by
way of illustration. For each key throughout
the length of the keyboard a tone producing ele-
ment 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 84 and the other for emitting
a sub tone such as C# as indicated by the refer-
ence character §5. 'The tone producing devices
84 for the octave related keys throughout the key-
koard are connecied by means of a common con-
ductor wire 66 to a contact normally engaging
the spring switch element 67 similar to the spring

switch element 44 in the previous form of the in-

vention. 'The opposite tone producing devices
§5 of the same octave related keys are respective-
ly connected t0 a common conductor wire 68
leading to a fixed contact 69 normally out of
contact with the spring switch element 67 and
adapted to be engaged thereby when the cor-
responding solenoid S in this instance the sole-
noid 82 is energized in the manner hereinbefore
described which also functions to disengage the
contact with the common conductor wire 66.
The tone producing devices §§ and 6§ are any
standard electric key control type and are con-
nected in the usual manner by conductor wires
78 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 8.

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 connecticn for each key
throughout the keyboard. In some organs sev-
eral keyboards are provided and for such con-
struction common 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 27 and 28 and 27a 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 claimed is:

1. A musical instrument of the type having a
keyhoard, a tone producing element for each key
thereof and an action for effecting the sounding
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 termina] 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 circuil, circult 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 armature relays corresponding in num-
ber to the number of the keys in an octave of the
keyhoard with the corresponding notes of the oc-
taves having the same relay, double coil sole-
noids corresponding 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 solenoigd 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 cctave 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 cireuit
and each having means for emitting an enhar-
monic 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 cf the solenoids when the same
and the relays are energized by the actuation of
the keys when a chord is played on the keyhoard
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 keing in circuit with
confacts of the other terminal elements of the
octave 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 fo the number of kKeys 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 octave having 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
therefrom, 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
keybeard, 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 therehelow, 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



2,422,940

13

being connected with the same solencid 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 scunding
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 tcnes 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 meang 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 ecircuit
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 solenocids asscciated with anoma-
lous notes of a chord, an electrical circuit includ-
ing a source of current and adapted tc extend
through auny one of said circuit paths and con-
nected with the armatures of two of said cir~
cuit cut out relays and with the winding of one
of said cut oub relays and with the winding of
one of said latching armature solenoids, latching
means having detent elements engaging the
lateh elements of all of the armtaures of said
jatching armature solenocids, electrically actuated
means for shifting said latching means ouf of
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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
retuned to the equal tempered scale.

6. In a keyboard type polyphonic musical in-
strument having tone producing elements nor-
mally tuned 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, an electrical switch for each key, networks
of coupling wires between said switches for pro-
ducing egquivalent circuit paths upon the simul-
taneous actuation of a plurality of keys of distinct
nobe denominations constituting a chord irrespec-
tive of all inversions thereof and octave repeti-
tions of the notes thereof, the arrangement of
said coupling wires following the same repeated
pattern among all of said switches to provide
analcgous circuit paths for all transpositions of
a given chord whereby the simultaneous actu-
ation of any two keys forming an interval classed
as major effects the closure of one of said circuit
paths feeding said electrically controlled means
associated with the upper of the two keys of the
said major interval and whereby the simulta-
necus actuation of any two keys forming an
interval classed as minor effects the closure of
one of said circuit paths feeding said electrically
controlled means associated with the lower 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-
tone apart for providing corrected sevenths in
addition to corrected thirds in dominant seventh
and dominant ninth chords, and a circuit cut
out relay for each key of an octave of the key-

5 hoard and being connected to operate in unison

with a solenoid of said electrically controlled
means and adapted to render inoperative the
solennoids of others of said electrically controlled
means associated with the fifth and with the
ninth of dominant seventh and dominant ninth
chords.

7. In a keyboard type polyphonic musical in-
strument, the combination of two tone produc-
ing elements of fixed pitch for each key respec-
tively tuned 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 tone producing elements when the cor-
respending 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 hy musical intervals of
major and minor thirds and all inversions thereof
hy octaves and all transpositions of each interval
by semitones, latching armature solenoids equal
in number to the keys in an octave of the key-
hoard, said latching armature solencids adapted
to select which of two sefs of octave related
enharmonie tone producing elements shall be able
o e , cireuit cut out relays adapted to ren-
der inoperative certain latching armature sole-
ncids asseciated with anomalous notes of a chord,
an elecirical circuit including a source of cur-
rent and adapted to extend through any cne of
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said circuit paths and being connected with the
armatures of two of said circuit 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, a latching means having de-
tent elements engaging latch elements of all
of the armatures of said latching armature 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

5

16

provided with a contact connecting said circuit
source with said electrical circuit and a double
contact connecting said current 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 M. WAAGE.



