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9 Claims.

This invention relates to electrical musical in-
struments and more particularly to an electrical
musical instrument whose scale frequencies bear
exact integral ratios to each other.

Just scale musical instruments have been un-
der consideration by many investigators for
many years and in recent years a number of ar-
ticles have appeared in technical journals on this
subject. Such an instrument due to anomalies
in scale structure have been regarded by most
authorities as being impossible from a practical
standpoint. It has thus become to be regarded
by most musicians as an ideal end to be sought
after but which is impossible of practical attain-
ment.

This invention therefore has for its object the
provision of a structure capable of practical use
whose scale frequencies bear exact harmonic re-
lationships with one another to the end that
maximum harmoniousness may be achieved.

The foregoing object is attained by this inven-
tion by providing an electrical musical instru-
ment containing a plurality of octaves, each hav-
ing twelve notes, tuned to a given key in Just
intonation, and a means for substantially in-
stantaneously returning the notes of each of
these octaves to sound with Just intonation in
any other desired key.

The invention may be better understood by re-
ferring to the attached drawing, in which:

Fig. 1 is a schematic diagram in block form
showing the invention applied to an electronic
musical instrument having a plurality of oscilla-
tors and frequency dividers; and

Fig. 2 shows a preferred embodiment of the
invention.

Referring now to Fig. 1 which discloses a con-
sole | having mounted thereon the manuals,
pedals, quality and volume controls 2, a system of
oscillators and frequency dividers 3, an elec-
tronic control circuit 4 and speaker system §.
The instrument so far described in schematic
form is preferably of the form disclosed in
United States Patent 2,126,682 to Laurens Ham-
mond, issued August 9, 1938. In this instru-
ment a system of twelve oscillators is provided
for the top octave and the frequencies for all
lower octaves are obtained by a successive series
of cascaded frequency divider systems. The
electronic organ therein described is preferred
in connection with this invention because of its
inherent ability to change frequency with great
rapidity.

According to this invention a system of key

control relays 8, more particularly hereinafter 55 vide the natural keys of C major and
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described, is adapted to have a controlling in-
fluence over the frequencies of the twelve os-
cillators in the oscillator and frequency divider
unit 3. The action of these key-control circuits
is under the control of a series of key-control
pedals T mounted on the console 1.

Instead of tuning the twelve oscillators in the
oscillator and frequency divider unit 3 in the
scale of equal temperament they are preferably
tuned according to this invention, for the key
of C major, so as to bear the following frequency
ratios to the tonic frequency C: 1, 17/16, 9/8,
6/5, 5/4, 4/3, 11/8, 3/2, 25/16, 5/3, 7/4 and 15/8.
The foregoing series of intervals have been se-
lected because they provide the greatest conso-
nance in harmony, pleasing melodic intervals and
the maximum of harmonic content in exact
mathematical ratios.

In tuning the instrument in the manner above
described, it is apparent that its use would be
limited to playing music in the keys of C major
and A minor only. Moreover, existing music is
written with occasional chords that do not prop-
erly belong to the key indicated by its key sig-
nature. With present musical instruments
tuned to the scale of equal temperament these
chords are played in equal temperament as if
they belonged to the key indicated. This inven-
tion proposes to avoid this difficulty on a justly
intoned basis without changing the fingering
technique, that is to say, the fingering will re-
main the same as for the scale of equal tempera-
ment but by the operation of an auxiliary pedal
control these occasional chords are caused to
sound correctly. This will be described more in
detail in connection with Fig. 2.

As previously stated, the oscillator section 3
of Fig. 1 contains twelve oscillators one for each
note of the octave which, according to the usual
custom, have been denoted C, C#, D, D4, E, F, etc.
Each of these oscillators contains a tank coil
and a condenser to form the frequency deter-
mining network.

In Fig. 2 the circuits for the key-control ped-
als 1, key-control relays 6 and the tank circuits
for the cscillators of oscillator section 3 are
shown in detail. It will be noted that the tank
circuits of the oscillators for notes C,CiLDand B
of the octave are shown, the remalning eight
being deleted for the sake of clarity. Each of
these tank circuits comprises a tank coil 31 and a
plurality of condensers which may be individual-
Iy connected in parallel with the coil by means
of magnetic switches described later. To pro-
A minor
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and all the major keys and relative minor keys
from seven sharps to seven flats, inclusive, it is
necessary to provide fifteen condensers for each
tank coil. Only four of these condensers are
shown in the drawing, the rest being deleted
for the sake of clarity. Likewise in the key-con-
trol relay unit 6 there must be fifteen relays sup-
plied, one for each of the keys from seven sharps
to seven flats, inclusive, including the natural
keys. Switches in the key-control pedal unit 7
are adapted to operate any one of these relays at
a time.

Referring to the tank circuits again, it will be
noted that one side of all the condensers and one
side of the tank coil for each oscillator are con-
nected to the chassis ground. If other types of
oscillators are employed, this connection to
chassis ground may not be required as is well
known. The remaining circuits of these oscil-
lators have not been shown but may be of any
form such as, for example, the oscillator intended
for use in the structure disclosed in the above-
mentioned patent to Hammond 2,126,682. The
other terminal of each of these tank coils is con-
nected to one switch blade of each of the relays
in relay section 6. For example, the ungrounded
end of the tank coil for oscillator C is connected
to its associated switch blade in the 7¢ relay by
way of conductor 8. It will also be noted that
this conductor is multipled to a similar switch
blade in each of the remaining fourteen relays.
A similar connection will be found for each of the
other tank coils, for example, the tank coil for
the C# oscillator is connected to its associated
switch blades in relay section 6 by way of con-
ductor 9.

Referring now to the ungrounded side of the
tank condensers. It will be seen that they are
connected to the complementary switch blades in
each of the key-control relays in such a way that
when any one of the relays is operated one con-
denser in each tank is paralleled with its tank
coil and should this relay be released and a sec-
ond relay operated another condenser in each
tank is caused to replace the first condenser in
parallel with its tank coil. By way of a specific
example, assume that the relay marked 7# in the
key-control relay section 6 is operated. It will
immediately be apparent that conductor {2 lead-
ing from a condenser in the C oscillator is con-
nected to conductor 8 so that this condenser is
caused to shunt its associated coil. Likewise, con-
ductor 13 of the C# oscillator is connected to con-
ductor 9 and conductor 14 is connected to con-

ductor 10, and so forth. Similar circuits may be ;

traced for each of the other relays.

The purpose of the above-described switching
arrangement is to retune each of the oscillators in
Just intonation for the key in which it is desired
to play. Stated otherwise, each of these relays
will select one of the notes of the octave as the
key-note and will simultaneously retune the other
eleven oscillatiors so that their musical interval
with the key-note will follow tne series 17/16, 9/8,
6/5, 5/4, 4/3, 11/8, 3/2, 25/16_5/3, '7/4 and 15/8.

Referring now to the key-control pedal section
1 of Fig. 2, it will be noted that there are two rows
of pedals 16 and {1. Switches 16 are of the lock-
ing type and are mechanically interlocked by
locking bar 18 to permit the operation of but one
at a time. Switches IT are adapted for momen-
tary operation only and remain operated only so
long as they are pressed. It will be noted that
there is one locking switch 16 and one momen-
tary switch 1T for each of the fifteen relays in
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key-control relay section 6. A source of electric
energy 19, specifically disclosed herein as a bat-
tery, has one terminal 20 connected to an upper
contact 21 of each of the momentary switches 17,
while its other pole is connected by way of con-
ductor 22 to one side of each of the relay magnets
23. The other terminal of each of the relay
magnets 23 is connected by way of conductor 24
to one blade 25 of its associated momentary switch
1T and one blade 26 of its associated locking
switch 16. A series circuit may also be traced
through the lower normally closed contacts of
momentary switches {7 from conductor 20 via
contacts 27 and 28 of each of the switches I7.
The other end of this series connection 29 con-
nects to each of the lower contacts 30 of locking
switches 18.

In operation it will be seen that if any one of
the locking switches 16 is operated, it will auto-
matically release through latch bar (8 any other
locking switch which may have been previously
operated. This switch will then be locked in place
by latch bar I8 and will cause its associated relay
winding 23 to be energized. This circuit may be
traced from source {9 through conductors 20, nor-
mally closed series contacts 27 and 28, conductor
28, contacts 30 and 2§, conductor 24 to coil 23
and back to source 19 via conductor 22.

Should it be desired to momentarily change the
key in which the instrument is tuned, this may
be done substantially instantaneously by operat-
ing any one of the other momentary contact
switches 1, the operation whereof will open the
series circuit through contacts 27, 28 to release
the coil previously energized through the locking
switch contacts 26 and 30 of the locking switch
18 and will close a new circuit through contacts
21 and 25 which may be more explicitly described
as follows: From source {9 via conductor 20
through contacts 2§ and 25 of the operated mo-
mentary switch (1, conductor 24 through the
winding of relay 23 and back to source {9 via con-
ductor 22.

Modulation from key to key is generally thought
of as progressing by perfect fifths, for example,
to modulate in the dominant direction from the
natural key of C major renders the next adjacent
key G major and to modulate again D major is
reached, and so forth. The scale of equal tem-
perament assumes only twelve notes to the octave
with all intervals exactly equal to the twelfth root
of 2. Key progression on the equal temperament
basis results in the artifice of making twelve-
fifths equal to seven octaves so that after the reg-
ular progression of twelve key modulations the
tonic returns to the one from which the modula-
tion started. A perfect musical fifth is an inter-
val of 3/2 and twelve such fifths is the twelfth
power of 3/2 or 129.75. On the other hand, seven
octaves in either Just or equal temperament in-
tonation is equal to the seventh power of 2 or 128
so that on an equal temperament basis there is
the fallacy of assuming that 129.75 is equal to 128.
Equal temperament therefore results in a limita-
tion of twelve keys while Just intonation may
theoretically have any number of keys; for ex-
ample, assume the tonic of C major to be of a
frequency of 264,000 cycles per second. After
twelve modulations from C major in the dominant
direction the key of B# major is reached having a
tonic frequency of 267,603 cycles per second.
With a keyboard instrument built on the twelve-
note octave basis B# is the white digital denoted
as Cin C major. The result is that keyboard in-
struments tuned to equal temperament falla-
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ciously identify B? major as synonymous with C
major.

The above-described anomaly is easily over-
come by this invention. While some musicians
may be right in their assertion that twelve keys
are sufficient to satisfy all aesthetic requirements,
there has been some disagreement on this point.
This discussion, however, is for the purpose of
demonstrating the flexibility of the structure of
this invention as the structure herein disclosed
may be made to fully satisfy these theoretical
considerations. In the previous description of
Fig. 2, it was said that only fifteen tank con-
densers were associated with each oscillator coil
to provide key modulations from seven flats to
seven sharps. This is because this covers the
field of key modulations as they appear in ex-
isting writings. However, additional keys could
be added by adding an additional condenser to
each oscillator tank, one relay to key-control unit
6 and one pair of pedal switches {6, {7 for each
additional key desired. In this way the conven-
tional keyboard with a twelve-note octave could
be retained for the additional key modulations.
Moreover, in equal tempered intonation the same
frequencies are employed for F? major (6!) as
are used for Gb major (6b) thereby rendering
these two keys practical identities. In Just in-
tonation if the digital denoted C has the fre-
quency of 258,425 cycles per second for Ft ma-
jor, it will have a frequency of 254,947 cycles per
second for Gb major thereby rendering them dif-
ferent Keys as they should be. The structure of
this invention also accomplishes this as the sepa-
rate condensers in the oscillator tank for each
key makes it possible to correctly tune every note.

In using the key-control pedals above described,
the organist operates the appropriate locking key
16 corresponding with the key signature noted on
the music. Assume, for example, the organ to be
tuned for the key of C major so the twelve notes
of the middle octave will have the frequencies
shown for that key in the following table:

J Frequency Interval from tonic
Digital !
Keyof C|Keyof G| Keyof C | Keyol G
major major major major

(AP 1264, 000 264, 000 11 4/3
Cz D> 280, 500 | 272, 250 17/16 118
D... 297,000 297, 000 9/8 3/2
Dz (E 316, 800 309, 375 8/5 25/16
E... 330,000 { 330,000 5/4 5/3
1 352,000 | 346, 500 4/3 T/4
Fz 363,000 | 371,250 11/8 15/8
¢ 396,000 | 1 396, 000 3/2 Iy
(i 412,500 | 420,750 25/18 17/18
A . -] 440,000 { 445,500 5/3 9/8
A¥ (Bb) ... ... 462,000 475, 200 7/4 8/5
B 485,000 | 495,000 15/8 5/4

I Tonic note.

Now assume the key signature for the music to be
played is G major (1%). Upon operating the
locking switch 16 labeled “G major"” or “1#” the
frequencies of the oseillators will be changed to
those indicated for the key of G major in the
table above. At this point a practical consider-
ation may be noted. It will be seen from the
above table that five of the digitals will not
change in frequency when modulating from C
major to G major. While separate condensers
can be used as previously described, it is obvious
that the same condensers may be used wherever
there is no change in frequency thereby reduc-
ing materially the number of condensers required
per oscillator, The invention has been disclosed
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using separate condensers to simplify the de-
scription.

Much existing music may be played as now
written. However, there are oceasional chords
which have been written into modern music that
do not properly belong to the key in which they
are written. While these chords as well as all
others have inherent harmonic dissonances when
played on an equally tempered instrument, they
are not quite so noticeable on such instruments
because both listeners and musicians alike have
become accustomed to them. However, on a Just
scale basis these chords are inherently more
sharply dissonant but may be played in a very
pleasing manner by cperating an additiona] pedal
switch simultaneous with playing the chord. For
example, in C major and A minor the D minor
triad involving digitals D, F and A must be played
in D major or B minor to obtain the desired
frequency ratio of 10:12:15. Likewise the GT
chord must be played in G major or E minor.
In the relative key of A minor the E7 chord
must be played in E major or Cf minor. This is
easily accomplished by operating the appropri-
ate momentary pedal control switch 17 simul-
taneous with playing these chords.

It will be clear from the foregoing description
that the simple structure comprising this inven-
tion is capable of playing existing music on a
conventional keyboard with no change in finger-
ing technique and yet materially improve its
consonance by rendering the melodic and har-
monic content on a Just scale basis. The only
additional manipulation is to operate the ap-
propriate locking key-control pedal before
playing the composition and occasionally operat-
ing a momentary key-control pedal where ex-
traneous chords are encountered.

An important prerequisite to maximum con-
sonance and harmonic content is a properly
designed musical scale to which the instrument
must be tuned before the full advantages of this
invention can be realized. It is preferred that
the musical intervals be those shown in the above
table. An analysis of these intervals will disclosz
that the various triads which may be built there-
on make for maximum consonance and, more-
over, the instrument will have available a large
number of harmonics. It can be shown that up
to the twentieth harmonic only the thirteenth
and nineteenth are absent. This will enable the
production of a very large number of tone colors
or timbres. Heretofore, keyboard instruments
tuned in the scale of equal temperament and ca-
Dable of playing in more than one key were lim-
ited to either equally tempered “harmonics” or
to a dissonant mixture of equally tempered tones
and natural harmonics with the worst offenders
being greatly suppressed by special design of the
instrument. It will be apparent that for the
musical scale above described, the various com-
ponent harmonics may be employed without re-
striction since there are no dissonances produced
by a confusing mixture of natural harmonics and
“harmonics of equal temperament.”

What is claimed is:

1. A non-transposing keyboard musical instru-
ment comprising a plurality of octaves each con-
taining twelve notes tuned to a given key in Just
Intonation, and means for substantially instane-
ously retuning the notes of each of said octaves
to sound with Just intonation in any other de-
sired key.

2. A non-transposing keyboard musical instru-
ment comprising a plurality of octaves each con-
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taining twelve notes tuned to a given key in Just
Intonation, means for generating the frequencies
for sald notes comprising a plurality of oscillators
each having frequency determining elements as
parts thereof, and means for substantially in-
stantaneously retuning said frequency determin-
ing elements to cause s2id Instrument to sound
with Just intonation in any other desired key.

3. A non-transposing keyboard musical instru-
ment comprising a plurality of octaves each con-
taining twelve notes tuned to a given key in Just
Intonation, a separate oscillator for generating
each of said notes, a frequency determining
means for each oscillator, and a key-control
means adapted to substantially instantaneously
retune each of said oscillators to cause the instru-
ment to sound in Just intonation for any other
desired key.

4. A non-transposing keyboard musical instru-
ment comprising a plurality of octaves each con-
taining twelve notes tuned to a given key in Just
Intonation, a separate oscillator for generating
each of said notes, a frequency determining
means for each oscillator, a key-control means
adapted to substantially instantaneously retune
each of said oscillators to cause the instrument
to sound in Just Intonation for any other desired
key, and a second key-control means for momen-
tary operation adapted to similarly retune said
instrument to any other desired key in Just in-
tonation so long as it is held in its operated posi-
tion and to transfer control to the first-named
control means instantly upon its release.

5. A non-transposing keyboard musical in-
strument comprising a plurality of octaves each
containing twelve notes tuned to a given key
in Just Intonation, a separate oscillator for gen-
erating each of said notes, a frequency deter-
mining means for each oscillator, and a key-con-
trol means adapted to substantially instantane-
ously retune each of said oscillators to cause the
instrument to sound in Just Intonation for any
other desired key, said control means being so
constructed as to permit the operation of but one
control means at a time.

6. A non-transposing keyboard musical in-
strument comprising a plurality of octaves each
containing twelve notes tuned to a given key in
Just Intonation, a separate oscillator for gener-
ating each of said notes, a frequency determin-
ing means for each oscillator, and a key-con-
trol means adapted to substantially instantane-
ously retune each of said oscillators to cause the
instrument to sound in Just Intonation for any
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other desired key, said control means being so
constructed as to permit the operation of but one
control means at a time and upon the operation
thereof to automatically release any other con-
trol means which may have been previously op-
erated.

7. A non-transposing keyboard musical in-
strument comprising a plurality of octaves each
containing twelve notes tuned to a given key in
Just Intonation, a separate oscillator for gener-
ating each of said notes, a frequency determin-
ing means for each oscillator, and a key-control
means adapted to substantially instantaneously
retune each of said oscillators to cause the in-
strument to sound in Just Intonation for any
other desired key, said control means being so
constructed as to permit the operation of but one
control means at a time, and a second key-con-~-
trol means for momentary operation adapted to
similarly retune said instrument to any other
desired key in Just Intonation so long as it is
held in its operated position and to transfer con-
trol to the first-named control means instantly
upon its release.

8. A non-transposing keyboard musical in-
strument comprising a plurality of octaves each
containing twelve notes tuned to a given key in
Just Intonation, a separate oscillator for gener-
ating each of said notes, a frequency determin-
ing means for each oscillator, and a key-con-
trol means adapted to substantially instantane-
ously retune each of said oscillators to cause the
instrument to sound in Just Intonation for any
other desired key, said control means being so
constructed as to permit the operation' of but
one control means at a time an¥ upon the oper-
ation thereof to automatically release any other
control means which may have been previously
operated, and a second key-control means for
momentary operation adapted to similarly re-
tune said instrument to any other desired key in
Just Intonation so long as it is held in its oper-
ated position and to transfer control to the first-
named control means instantly upon its release.

9. A non-transposing keyboard musical instru-
ment comprising a plurality of octaves each con-
taining twelve notes so tuned that their funda-
mental frequencies bear the following ratios to
the tonic frequency: 1, 17/16, 9/8, 6/5, 5/4, 4/3,
11/8, 3/2, 25/16, 5/3, 7/4, and 15/8, and means
for substantially instantanecusly retuning the
instrument to sound in any other desired key but
retaining the said frequency ratios.

SIDNEY T. FISHER.
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Certificate of Correction -

Patent No. 2,203,499, August 18, 1942,
SIDNEY T. FISHER Y-/

It is hereby certified that errors appear in the printed specification of the above
numbered patent requiring. correction as follows: Page 2, second column, line 68,
for ““264,000"" read 264.000; line 71, for *“267,603" read 267.603; page 3, first column,
line 30, for “258,425" read 258.425; line 31, for 254,947 read 254.947; and lines
50 to 58 inclusive, in the table, second and third columns thereof, for

1264,000 264,000 1264.000 264,000
280,500 272, 260 280,500  272.250
207,000 297,000 207,000  297.000
316,800 309,375 316.800 309,375
330,000 33, 330.000  330.000
352,000 348, 5 d 352.000 348,500
363,000 371,250 Trea 363,000 371,250
396,000 1 396, 396,000 1 398, 00D
412,500 420, 750 412,500  420.750
440,000 445, 500 440.000 445, 500
462,000 473,200 462,000 475,200
405,000 <85, 000 495.000  405.000

and that the said Letters Patent should be read with these corrections therein that
the same may conform to the record of the case in the Patent Office.
Signed and sealed this 30th day of March, A. D. 1943.

[sEAL)

HENRY VAN ARSDALE,
Acting Commissioner of Patents.



