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ABSTRACT OF THE DISCLOSURE

An electronic musical instrument of the keyboard type
which has a tone generator system comprised of a
plurality of oscillators each having a chain of frequency
dividers attached thereto for producing a series of tone
signals in octave relation to cach other, a keyswitch sys-
tem for switching tone signals to a tone forming circuit
by depressing keys on a keyboard, the tone forming
circuit delivering the tone signals to a sound system
which converts them to acoustic tones, and a tone signal
mixing system coupled between the tone generator sys-
tem and the keyswitch system. The tone signal mixing
system includes a plurality of mixing networks for mixing
at least some of the tone signals generated by the tone
generator system in such a manner that mixed tone signals
are produced which have fundamental frequencies in a
22 order, the frequencies extending over a range of at least
three octaves and having various amplitudes relative to
each other.

BACKGROUND OF THE INVENTION
Field of the invention

This invention relates generally to a keyboard type
electronic musical instrument and more particularly to a
tone signal mixing system for an electronic musical in-
strument, in which a multitone-effect can be achieved by
using a smaller number of tone generators and simple
keyswitch contacts in a keyswitch system.

The multitone-effect referred to herein is defined as
a sound produced when only one key is depressed but
which includes, in addition to the tome corresponding
to the depressed key, a number of acoustic tones in-
cluding tones higher and tones lower in a pitch than
the tone corresponding to the depressed key. The multi-
tone-effect, therefore, enables richer and warmer tones
to be produced by an electronic musical instrument.

Prior art

A conventional electronic musical instrument is usual-
ly provided with numbers of tone generators and key-
switch contacts for producing a multitone-effect, and
consequently has a complicated construction which makes
it very expensive, Furthermore, the complicated con-
struction makes installation and maintenance very dif-
ficult and uneconomical.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an elec-
tronic musical instrument having multitone-signals
capable of producing multitone-effects by employing a
simple construction which is comparatively inexpensive.

A further object is to provide an electronic musical
instrument being provided with a simple keyswitch sys-
tem and a simple generator system which reduce produc-
tion costs and assure reliable operation.

A further object of the invention is to provide an

10

15

20

25

30

35

40

45

50

55

60

65

70

2

electronic musical instrument which can produce multi-
tone signals, said instrument being characterized by a
tone generator system which comprises a small number
of tone generators, such as oscillators and frequnecy di-
viders and which generates difference tone signals in
association with difference tone signal producing means.

A further object of the invention is to provide an
electronic musical instrument which can produce multi-
tone signals, said instrument also being capable of pro-
ducing a single-tone signal so as to be able to generate
various tone colors.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in connection with
the accompanying drawings, in which:

FIG. 1 is a block diagram of a circuit for an elec-
tronic musical instrument according to the invention;

FIG. 2 is a basic circuit diagram of a character-
istic part of one embodiment of an electronic musical
instrument according to the invention;

FIG. 3 is a circuit diagram illustrating a circuit for
generating tone signals in a conventional manner;

FIG. 4 is a diagram of the wave forms of the tone
signals generated by the circuit of FIG. 3;

FIG. 5 is a frequency spectrum diagram for a square
wave tone signal illustrated in FIG. 4;

FIG. 6 is a circuit diagram illustrating a circuit for
producing mixed tone signals in a conventional manner;

FIG. 7 is a diagram of the wave forms of the mixed
tone signals generated by the circuit of FIG. 6 from a
mixture of two tone signals each having a square wave
form; -

FIG. 8 is a frequency spectrum diagram of the wave
tone signal illustrated in FIG. 7;

FIG. 9 is a frequency spectrum diagram of a multi-
tone signal produced by the instrument of the present
invention; '

FIG. 10 is a frequency spectrum diagram of another
multitone signal produced by the instrument of the
present invention;

FIGS. 11, 12, 13 and 14 are frequency spectrum dia-
grams of different multitone signals produced by the
instrument of the present invention;

FIG. 15 is a graph illustrating the frequency char-
acteristics of a tone forming system and a sound system
according to the invention;

FIG. 16 is a frequency spectrum diagram of a multi-
tone signal modified by the frequency characteristics
as shown in FIG. 15;

FIG. 17 is a graph illustrating the frequency char-
acteristics of another tone forming system and a sound
system according to the invention;

FIG. 18 is a frequency spectrum diagram of a multi-
tone signal modified by the frequency characteristics as
shown in FIG. 17;

FIG. 19 is a frequency spectrum diagram of another
multitone signal produced by the instrument of the pres-
ent invention;

FIG. 20 is a graph of the frequency characteristics of

- still another tone forming system and sound system ac-

cording to the invention;

FIG. 21 is a frequency spectrum diagram of a multi-
tone signal modified by frequency characteristics as shown
in FIG. 20; ‘

FIG. 22 is a circuit diagram of a characteristic part of
another embodiment of ths musical instrument accord-
ing to the invention;

FIGS. 23-25 are spectrum diagrams of still further
multitone signals produced by the instrument of the pres-
ent invention;
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FIG. 26 is a circuit diagram of a characteristic part
of another embodiment of the musical instrument accord-
ing to the invention for producing the tone signals shown
in FIGS. 23-25;

FIGS. 27 and 28 are circuit diagrams similar to FIG.
26 of further embodiments of the musical instrument ac-
cording to the invention;

FIGS. 29 and 30 are circuit diagrams of high frequency
filters for use with the musical instrument according to
the invention;

FIG. 31 is a circuit diagram of a characteristic part of
still another embodiment of the musical instrument ac-
cording to the invention;

FIGS. 32 and 33 are circuit diagrams of filters for use
with the musical instrument according to the invention;

FIG. 34 is a circuit diagram of a characteristic part
of still another embodiment of the musical instrument
according to the invention;

FIG. 35 is a frequency spectrum diagram of the mixed
tone signal produced by the circuit of FIG. 34 and con-
taining a plurality of frequency components; and

FIG. 36 is a frequency spectrum diagram of a multi-
tone signal produced by using two tone signals, said two
tone signals being separated by two octaves from each
other.

DESCRIPTION OF PREFERRED EMBODIMENTS

Before proceeding with a detailed description of the
invention, the basic principle will be explained in order
to aid in an easy understanding of the scope of the inven-
tion,

A multitone signal is a special sort of mixed tone signal
capable of simultaneously producing various acoustic
tones having many pitches which are different from each
other. Only one multitone signal can produce many
acoustic tones having different pitches in accordance with
the invention. This multitone signal has a clearly different
frequency spectrum from the musical tone signals well
known in the prior art. The well known prior art musical
ton signals are characterized by having only one pitch
and are generally divided into the following two classes
(1) musical tone signals having integral order harmonics
which can be produced by e.g. strings and open pipes
and (2) musical tone signals having odd order harmonics
which can be produced by e.g. closed pipes and clarinets.

As a practical matter, these musical tone signals do
not have exact integral or odd order harmonics, but
rather deviate slightly from the exact order of harmonics.
The deviation from the exact order harmonics increases
- with an increase in the frequency. It is known that some
tone signals have other kinds of harmonics different from
those of the above two classes. For example, tone signals
produced by e.g. tuning forks of flutes have substantially
no harmonics and tone signals produced by e.g. steel
reeds have non-integral order harmonics. The scope of
the invention, however, is not closely related to the devia-
tion of the harmonics of tone signals and kinds of har-
monics of tone signals other than those of the above two
classes, but is related to the order of harmonics of the
above two classes.

It is difficult to make a clear change in the pitch of
musical tone signals by modifying the amplitude of the
frequency components so as to modify the frequency
spectrum by means of electric frequency filters. The rea-
son for the difficulty can be explained as follows; the
frequencies in a tone signal having integral order har-
monics can be expressed as follows:

1,2,3,4,5,6 ..

wherein the number denotes the relative position of the
harmonic in the frequency scale. The tone signal can
be modified in such a way that the fundamental frequency
component corresponding to 1 is almost reduced to zero in
amplitude or is eliminated by an electric frequency filter

. h (n:integer)
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to 2 is the lowest frequency. It would be expected that the
modified tone signal would have a pitch higher by one
octave than the unmodified tone signal. As a practical
matter, the modified tone signal is not heard as a tone
having a pitch one octave higher because one can sub-
jectively hear a sound, even if it is weak, corresponding
to the difference 1 between the harmonics 2 and 3, 3 and
4, 4 and 5, and so on, respectively. The tone color of
the modified tone signal, of course, is observed to be
clearly changed.

These facts are not exactly understood theoretically
but can be observed commonly in practice. For example,
the fundamental frequency of piano tones in the tone
range lower than 100 cycles per second can hardly be’
heard but can be recognized in connection with the pitch
thereof because integral order harmonics exist up to the
twentieth harmonic with respect to the fundamental fre-
quency. Said integral order harmonics, as a practical
matter, deviate slightly from an exact order, and the
slight deviation increases with an increase in the order
of the harmonic. Taking as another example a pipe organ,
sounding two tone signals having a frequency relation of
2:3 makes it possible for a person to recognize a pitch
corresponding to the difference 1 between said two tone
signals.

"For a reason similar to that mentioned above, it is dif-
ficult to change the pitch of tome signals having odd
order harmonics. Such tone signals have harmonics in
the following harmonic order:

1,3,5,7 ... 2n—1 (n:integer)

Reduction or elimination of amplitude of the fundamental
frequency component corresponding to 1 will not change
the pitch of the tone to a pitch corresponding to the low-
est frequency 3 because a difference tone having a fre-
quency of the order of 2 is produced between harmonics
3 and 5, and this difference tone produces another dif-
ference tone having the fundamental frequency 1 in as-
sociation with said harmonic 3, said another difference
tone of frequency 1 producing a pitch sensation at the
fundamental frequency. Of course, the tone color is ob-
served to be changed.

Thus when people hear a tone signal in which the
lower order harmonics are reduced in amplitude or almost
eliminated, they can still sense subjectively the pitch
corresponding to the fundamental frequency as a maxi-
mum common number of harmonic order from the
remaining higher harmonics. Despite the presence of
many harmonics in frequency scale, the conventional
tone signals mentioned above will sound as a single tone
signal having only one fixed pitch.

The following description will explain the novel tone
signals, each of which is independéhtly able to produce
many different pitch sensations in accordance with the
basic principle of the invention. Many different pitch
sensations can be obtained by arranging frequency com-
ponents on frequency scale in a particular order such
that the frequencies have a relationship with each other
of 21, as:

1,2,4,8 16,32 ..., 28 (n: integer)

wherein the number denotes the relative position of the
harmonic in the frequency scale, The reason that many
different pitch sensations mentioned above can be pro-
duced is that when the frequency component correspond-
ing to the lowest harmonic order 1 is reduced in the
amplitude or almost eliminated, the remaining frequency
components will still be arranged in a 2» order. There-
fore, the frequency component corresponding to the
harmonic 2 produces a new pitch sensation higher by one
octave than that corresponding to the harmonic 1, i.e.
the fundamental frequency, and the other higher fre-
quency components are still arranged in a 2» order with
respect to the harmonic 2. Successive eliminations of the
lowest frequency component of the tone signal do not
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change the order of the harmonics of the remaining com-
ponents when a tone signal having harmonics arranged
in a 2= order is employed.

More details of this principle are as follows. Suppose
that the original tone signal consists of components with
frequencies in the following harmonic order

1,2,4,8,16,32,64 . ..,2=»
By eliminating the component having the first or funda-
mental harmonic 1, one can obtain a tone having com-

ponents with frequencies in the following harmonic
order:

2,4,8,16,32,64 ..., 20 (a)
By again eliminating the component having the lowest

harmonic 2, one can obtain a tone having components-

with frequencies in the following harmonic order:
4,8,16,3264 ..., 2n (b)

One can obtain a tone with components having frequen-
cies in the following harmonic order by dividing the
frequencies in harmonic order (a) by a factor of two:

1’ 2: 4: 8; 16 v e ey Zn"l, 2n (ar)

Dividing the frequencies of the components with frequen-
cies in the harmonic order (b) by a factor of four, then
one can obtain:

1,2,4,8,16,32 . .. ,202 201 2n (b")
and so om.

The above illustration indicates that the pitch sensation
for this novel tone signal having components with f.e-
quencies arranged in.a 2» order be changeable and un-
certain, and consequently can be easily changed by using
electric frequency filtering means for eliminating or reduc-
ing the amplitude of the lowest frequency component of
said novel tone signal, and indicates that said tone signal
can be changed to produce two or more pitch sensations
by eliminating or reducing some of the other higher
frequency components other than the lowest. A more
detailed description of the means of producing two or
more pitch sensations will be set forth hereinafter.

Therefore, such a signal is principally able to be modi-
fied to give many possible pitch sensations. This kind of
novel tone signal, characterized by being able to be modi-
fied so as to give many possible pitch sensations, is con-
sidered to be a multitone signal which can produce the
aforesaid multitone effect. Even though a conventional
tone signal has only one pitch, as explained previously,
said novel tone signal itself produces many pitch sensa-
tions which are different from each other. This kind of
novel tone signal having no fixed pitch sensation offers
many advantages in tonal quality over conventional tone
signals for an electronic musical instrument system. It
has been discovered according to the invention that many
kinds of said multitone signal having components with
frequencies arranged in a 2" harmonic order can be pro-
duced by adding a tone signal mixing system to a con-
ventional electronic musical instrument.

There will first be described the general system of the
novel electronic musical instrument according to the
invention. Referring to FIG. 1, a tone generator system
1 generates tone signals capable of producing acoustic
musical tones, said tone signals being fed to a tone signal
mixing system 2 having various tone signal mixing net-
works so as to obtain mixed tone signals and unmixed
tone signals. Said mixed tone signals and unmixed tone
signals are controlled by a keyswitch system 3 having
keyswitches actuated by depressable keys on one or more
keyboards. Tone signals from said keyswitch system 3
are modified by a tone forming system 4 having a number
of tone forming circuits so as to obtain desired tone
responses such as desired tone colors. Electric tone signals
from said tone forming system 4 are converted into
acoustic tone signals by a sound system 5 comprising
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amplifiers 6 for amplifying the electric tone signals, ex-
pression control devices 7 for conmtrolling the intensity
of said acoustic tone signals, and speakers 8 for convert-
ing electric tone signals into acoustic tone signals.

Before going into a detailed description, it is pointed
out the explanation set forth hereinafter will be abbrevi-
ated as much as possible to provide an easy understand-
ing of the embodiments and the scope of the invention.
The number of frequency oscillators, the length of the
tone generator chain, the number of tone signal mixing
networks and keyswitches, etc., actually described has
been greatly reduced. As the practical matter, of course,
the number of tone generator chains should be at least
twelve so as to ensure a complete musical scale compris-
ing musical notes C, Ct, D, D#, E, F, F4, G, G#, A, At
and B. The length of the tone generator chain the number
of tone signal mixing networks and keyswitches vary with
the type and the size of an electronic musical instrument.
Therefore the explanations set forth hereinafter will be
limited to certain characteristic parts of the electronic
musical instrument. The other parts will be easily under-
stood by referring to the parts explained.

Referring to FIG. 2, the tone generator comprises fre-
quency oscillators 9, 10 and 11 and frequency dividers 12,
13, 14, 15, . . . 29 and 30 connected in series to the re-
spective frequency oscillator for dividing the frequency
of an input signal by a factor of two and for feeding the
divided frequency to a succeeding frequency divider. Said

requency oscillators 9, 10 and 11 and said frequency
dividers 12, 13, 14, . . . 29 and 30 generate tone signals.
These tone. signals are combined into many groups by
the mixing system 2 which comprises resistors 37, 38,
39, . .. 65 and 66, and the mixed tone signals are fed to
the key switch system comprised of normally open key-
switches 31, 32, 33 . . . 35 and 36, which are single-
pole keyswitches and which are actuated to the closed
position by depressing keys of keyboards (not shown).
Tone signals from said keyswitches are fed to a tone form-
ing system 4 and switched by tone switches 67, 68, 69,
70, 71 and fed to tone forming circuits 72, 73, 74, 75,
76 of the tone forming system 4 for the purpose of ob-
taining the desired tone colors.

When keyswitch 31 is actnated, a mixed tone signal de-
rived from frequency dividers 12, 13, 14, 15, 16 in the tone
generator chain connected to the tone generator 9 and
corresponding to musical notes C through resistors 37,
38, 39, 40, 41 is fed to tone forming circiuts 72, 73, 74,
75, 76 through tone switches 67, 68, 69, 70, 71 by which
a player can choose the desired tone colors. Tone signals
generated by the successive frequency dividers in the tone
generator chain, such as oscillator 9 and frequency di-
viders 12, 13, 14, . . . 17, and 18 are in an octave rela-
tion to each other, namely the tone signal generated by the
frequency divider 13 is lower in pitch by one octave pitch
than the tone signal from a frequency divider 12. A tone
signal generated by the frequency divider 14 is lower
in pitch by one octave than that from frequency di-
vider 13, and so on. Therefore, said mixed tone signal
which is mixed by mixing resistors 37, 38, 39, 40, 41,
comprising the mixing network 77 and which form a part
of the tone signal mixing system 2 has a frequency spec-
trum in which the fundamental frequencies of the tone
signals mixed through resistors 37, 38, 39, 40, 41 are in
the 27 order in accordance with the invention. Tone sig-
nals generated by the frequency dividers 19, 20, 21, 22,
23 in the tone generator chain, including frequency oscil-
lator 10 and corresponding to musical note B, are mixed
by mixing resistors 42, 43, 44, 45, 46 and are fed to a
keyswitch 32 corresponding to a key B;. Tone genera-
tors, tone signal mixing networks and keyswitches corre-
sponding to keys Ag#, A3, G3#, G, F3#, F3, Es, D3ﬁ
and Dj; are also provided but are not shown in order to
keep the description simple. Tone signals generated by the
frequency dividers 25, 26, 27, 28, 29 in the tone generator
chain including frequency oscillator 11 and corresponding
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to musical note C¥ ar¢ mixed by mixing resistors 47, 48,
49, 50, 51 and are fed to a keyswitch 33 corresponding to
a key Csf. Only tone signals generated by the frequency
dividers 13, 14, 15, 16, 17 in the said tone generator
chain with oscillator ¢ corresponding to musical note C
are mixed by mixing resistors 52, 53, 54, 55, 56 and
are fed to a keyswitch. corresponding to a key C; which
produces a tone having a pitch lower by one octave than
the tone produced by key C,.

Each of the tone signals mixed in said mixed tone sig-
nal fed to said keyswitch 34 is lower by one octave than
the respective tone signals mixed in the tone signal fed
to said keyswitch 31. Thus the one octave relation be-
tween said mixed tone signal corresponding to said key
C; and said mixed tone signal corresponding to said key
C, is obtained.

Only tone signals generated by the frequency dividers
20, 21, 22, 23, 24 in the said tone generator chain with
the oscillator 10 corresponding to said musical note B are
mixed by mixing resistors 57, 58, 59, 60, 61 and are fed
to a keyswitch 35 corresponding to a key B, which pro-
duces a tone which is lower by one octave in-a pitch
than that produced by said key Bs. The keyswitches corre-
sponding to keys Ao, Aj Goff, Gi, Fioff, Fy, E, Dot
and Dy and the corresponding circuits including tone gen-
erators and tone signal mixing networks are provided
but are not shown. Only tone signals generated by the fre-
quency dividers 26, 27, 28, 29, 30 in the said tone gen-
erator chain having oscillator 11 corresponding to said
musical note C¥ are mixed by mixing resistors 62, 63,
64, 66 and are fed to a keyswitch 36 corresponding to a
key Ct.

In the manner explained above, the tone generator
chain having oscillator 9 corresponding to musical note
C forms many multitone sigals which have components
having the frequencies in a 21 order of the fundamental
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various piiches. The tone generator chain having oscilla-
tor 10 corresponding to musical note B forms many multi-
tone signals corresponding to musical notes B of various
pitches, and so on. Each of these multitone signals can be
switched by a single pole keyswitch.

In the novel electronic musical instrument system ac-
cording to the invention, multitone signals can be formed
successfully by a simple, inexpensive and reliable con-
struction. Further advantages of the novel electronic mu-
sical instrument can be achieved by a- special mixing
method for many types of multitone signals, as explained
hereinafter.

There are, of course, tone signals having various wave
forms according to the types of tone generators and fre-
quency divider circiuts used. A square wave form electric
tone signal which can be used frequently in an electronic
musical instrument is employed as a tone signal in order
to explain the novel electronic musical instrument sys-
tem according to the invention. The invention, however,
should not be construed as being limited to such wave
forms.

Referring to FIG. 3, a tone signal from a frequency
oscillator 84 has the frequency successively divided by a
factor of two by the successive frequency dividers 85 and
86. Output tone signals from frequency dividers 85 and 86
are supplied through resistors 87 and 88 to output ter-
minals 89 and 90, respectively. Wave forms 91 and 92
shown in FIG. 4 are the wave forms of output tone sig-
nals from frequency dividers 85 and 86, respectively. The
frequency spectrum of a square wave form tone, such as
is shown in FIG. 5, is obtained by a frequency divider
such as a flip-flop circuit. Each of the numbers plotted
along the horizontal axis of FIG. 5 designates an order
of harmonics, the vertical axis denotes the ampltiude of
the harmonic components. The thick solid vertical lines
and thin solid vertical lines denote the fundamental and
harmonic frequency components of the tone signal, re-
spectively. The square wave form tone signal shown in
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FIG. 4 contains no components having even order har-
monic frequencies such as 2, 4, 6, 8 . . . , as shown in
FIG. 5. This peculiar characteristic of the frequency spec-
trum of a square wave form tone signal produces a par-
ticular tone color such as that produced by woodwind
musical instruments. This particular kind of tone color
cannot be eliminated easily even though the frequency
spectrum of this tone signal is modified by frequency filter-
ing means.

This peculiar characteristic mentioned above is not fa-
vorable for every type of electronic musical instrument
because a player cannot easily change a tone color by
means of tone forming circuits. In order to avoid this par-
ticular tone color as well as obtain even order harmonics,
the square wave form tone signal can be mixed with an-
other square wave form tone signal which is one octave
higher in the fundamental frequency than said first men-
tioned square wave form tone signal, This can be accom-
plished by mixing two square wave form tone signals,
one of which is lower by one octave in a pitch and is
larger by about two times in amplitude than the other
one.

Referring to FIG. 6, a tone signal from a frequency
oscillator 93 has the frequency successively divided by
a factor of two by the successive frequency dividers 94,
95 and 96, which frequency dividers will give square
wave form tone signals. The square wave form tone sig-
nals generated by the frequency dividers 94, 95 and 96 are
mixed into two groups through mixing resistors 97, 98,
99, 100 which are adjusted so as to have a mixing ratio
of about 2:1 with respect to signal amplitude, i.e. the
amplitude of the tone signal fed to terminal 101 from
frequency divider 94 is made about half that fed from
frequency divider 95 by means of resistors 97 and 98,
and the amplitude of the tone signal fed to terminal
102 from frequency divider 95 is made about half that
fed from frequency divider 96 by means of resistors 99
and 100. These combined tone signals have staircase wave
forms at output terminals 101 and 102. Said staircase
wave form tone signals are shown as the wave forms
103 and 104 in FIG. 7. These combined tone signals
have even order harmonics as well as odd order har-
monics as shown in the specttum of FIG. 8. This bhar-
monic spectrum has a better harmonic distribution than
that shown in FIG. 5 and consequently a better tonal
quality which does not show said particular unfavorable
tone color. Moreover, this combined tone signal can be
changed easily into various tone colors by using tone
forming circuits. This kind of method for mixing tone
signals has been used in a conventional electronic musi~
cal instrument for avoiding said particular tome color
explained above when a square wave form tone signal
is employed as a tone signal source.

However, even when two tone signals having square
wave forms are combined in a mixing ratio of about 2:1
with respect to their amplitude, people cannot hear two
pitches corresponding to the fundamental frequency of
each tone signal separately, but they can hear only one
pitch as an auditory stimuluar in which the tone signal
bhigher in frequency is heard as a harmonic of the lower
frequency tone signal. Therefore, 2 multitone signal ac-
cqrding to the invention cannot be obtained by simply
mixing two or more tone signals together.

The acheivement of the multitone signal of the inven-
tion requires a different mixing method.

Referring to FIG. 9, tone signals 105, 106, 107, 108,
109 which have frequencies in octave relation to each
other are mixed together at a unitary, i.e. 1:1, amplitude
ratio. This mixing method in which the fundamental fre-
quencies of said tone signals are arranged in a 27 order
produces a tone with a better tonal quality than that of
the tone the spectrum of which is shown in FIG. 8§ be-
cause of the aforesaid multitone effect, The reason for
this is that in the frequency spectrum shown in FIG. 9,
frequency components having the highest amplitudes cor-
respond to frequencies in a harmonic order 1, 2, 4,8,
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. which are in a 22 order and the frequency com-
ponents having comparatively lower amplitudes corre-
sponding to frequencies in a harmonic order 3, 6, 12, 24,

. ., are also in a 22 order when these harmonic fre-
quencies are divided by a factor of three, and frequency
components having still lower amplitudes and correspond-
ing to frequencies in a harmonic oxder 5, 10, 20, . . . are
also in'a 2n order when these harmonic frequencies are
divided by a factor of five, and so on.

Therefore, the mixed tone signal having the frequency
spectrum of FIG. 9 has an uncertain pitch sensation and
can produce said multitone effect when said mixed tone
signal is modified by tone signal forming circuits, This
mixed tone signal is the basic multitone signal accord-
ing to the invention. Said basic multitone signal can be
prepared by mixing tone signals having frequencies in a
2» order in a range of at least three octaves. It is pre-
ferred, in order to obtain a more effective multitone sig-
nal, to mix said tone signals having frequencies in a 2
order in a range of four or more octaves.

In order to obtain a clearer multitone effect, i.e. to
obtain many pitch sensations, tone signals having fre-
quencies in a 2@ order are mixed through resistors in such
a way that tone signals having large amplitudes are
separated from each other by two or more octaves. Re-
ferring to FIG. 10, tone signals from tone generators are
mixed through mixing resistors of a mixing network, ar-
ranged as follows: tone signals 110, 111 and 112 are rel-
atively large in amplitude, and are separated from each
other by two octaves. Tone signals 113 and 114 are rela-
tively small in amplitude and are provided between tone
signals 110 and 111 and between tone signals 111 and 112,
respectively. When tone signals 110 and 111 having sec-
ond order harmonics, such as tone signals having a fre-
quency spectrum as shown in FIG. 8, are employed, tone
signals 113 and 114 can be eliminated because the fre-
quencies of these tone signals 113 and 114 correspond to
the frequencies of the second order harmonics of said tone
signals 110 and 111, respectively. In such an arrangement,
tone signals 110, 111 and 112 which are separated from
each other by two octaves can produce three pitch sensa-
tions corresponding to the pitches of the tone signals
110, 111 and 112, respectively, when people hear this
sound.

Thus, the modified multitone signal according to the
invention can be obtained successfully by this mixing
method. An arrangement of tone signals such as described
above can be achieved easily in the above described tone
signal mixing network by using impedance elements such
as resistors having different values from each other. In or-
der to obtain a larger amplitude of tone signal, an elec-
tric impedance element having a smaller value is chosen
and vice versa. Such an arrangement of tone signals can
also be achieved by using frequency filtering means. This
method will be explained hereinafter.

Referring to FIG. 11, tone signals 115, 116 and 117
have large amplitudes and are separated from each other
by two octaves. Tone signals 118, 119 and 120 have small
amplitudes. A tone signal 118 is provided as a sub-octave
tone signal producing its own pitch sensation and is lower
by one octave than the fundamental frequency of said
tone signal 115, and tone signals 119 and 120 are pro-
vided between tone signals 115 and 116 and between
tone signals 116 and 117, respectively. Therefore, this
multitone signal according to the invention can produce
four pitch sensations corresponding to tone signals 118,
115, 116 and 117.

Referring to FIG. 12, tone signals 121 and 122 having
amplitudes larger than those of the other tone signals 123,
124, 125, 126 are separated by only one octave from each
other, and a tone signal 123 having an amplitude smaller
than that of tone signal 121 is provided as a sub-octave
tone signal having a fundamental frequency lower by one
octave than tone signal 121. Tone signa’s 124 and 126
having amplitudes smaller than those of tone signals 122
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and 125, respectively, are provided and have fundamental
frequencies higher by one octave than the frequencies of
tone signals 122 and 125, respectively. Therefore, this
multitone signal according to the invention can produce
four pitch sensations corresponding to tone signals 123,
121, 122 and 125. In this case, a person cannot recognize
said four pitch sensations but can recognize three pitch
sensations corresponding to tone signals 123, 121 and 125
because of limitations on his auditory sensibility.

Referring to FIG. 13, tone signals 127, 128 and 129
having amplitudes larger than those of tone signals 130,
131 and 132 are separated by three and two octaves from
each other, respectively. Tone signals 130 and 131 are
provided at frequencies corresponding to the second and
fourth harmonics of said tone signal 127, respectively,
and are smaller in amplitude than said tone signal 127.
Tone signal 132 is provided at a frequency corresponding
to the second harmonic of said tone signal 128 and is
smaller in amplitude than said tone signal 128. There-
fore, this multitone signal according to the invention pro-
duces three pitch sensations corresponding to tone signals
127, 128 and 129.

All of the mixed tone signals depicted in FIGS. 10-13
are novel multitone signals but have different tone quali-
ties because of their different frequency spectra. Each of
the multitone signals depicted has at least two tone sig-
nals. One of said at least two tone signals, such as a tone
signal 110, 116, 122 or 127 respectively, has an ampli-
tude larger than that of the adjacent tone signal, such as
a tone signal 113, 120, 124 or 130, said adjacent tone
signal being mixed in said each of the multitone signals
and having a higher fundamental frequency than that of
said one of said at least two tone signals. The other of
said at least two tone signals, such as tone signal 111, 115,
121 or 128, has an amplitude larger than that of the ad-
jacent tone signal, such as a tone signal 113, 118, 123 or
131, said adjacent tone signal being mixed in said each
of the multitone signals and having a lower fundamental
frequency than that of said another of at least two tone
signals.

The following description shows the effects of a tone
forming circuit where the tone color of the novel multi-
tone signal is changed without losing the multitone effect.

Referring to FIG. 14, tone signals 133, 134 and 135
have amplitudes larger than those of tone signals 136, 137
and 138, respectively. Said tone signals 136, 137 and 138
have fundamental frequencies corresponding to second
order harmonics of said tone signals 133, 134 and 135,
respectively. The tone signal 134 has an amplitude larger
than that of tone signal 133, and tone signal 135 has an
amplitude larger than that of tone signal 134. When the
mixed tone signal, the spectrum of which is depicted in
FIG. 14, is passed through a tone forming circuit having
frequency characteristics shown in FIG. 15, there is ob-
tained a mixed tone signal having a frequency spectrum
shown in FIG. 16, in which the tone signal 1344 has an
amplitude smaller than that of tone signal 1334, and tone
signal 1350 has an amplitude smaller than that of tone

“signal 134a. Therefore, it is possible to obtain a mixed

tone of different tone color from that of the mixed tone
having the former frequency spectrum shown in FIG. 14.

When the mixed tone signal having the frequency spec-
trum depicted in FIG. 14 is passed through another tone
forming circuit having the frequency characteristics de-
picted in FIG. 17, a mixed tone signal having still an-
other frequency spectrum, as shown in FIG. 18, is ob-
tained. The frequency spectrum shown in FIG. 18 pro-
duces a mixed tone having another different tone color
with a multitone effect. In this case, tone signals 134 and
137 in FIG. 14 are attenuated less than tone signals 133,
136, 135 and 138 in FIG. 14 due to the frequency charac-
teristics shown in FIG. 17. The frequency spectrum shown
in FIG. 14 is modified to the frequency spectrum shown
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in FIG. 18 in which the tone signal 1345 has an ampli-
tude larger than those of tone signals 1335 and 1355.
Therefore, it is possible to obtain another mixed tone sig-
nal having a different tone color from that of the tone
having the frequency specirum shown in FIG. 14.

Referring to FIG. 19, tone signals 139 and 140 are ap-
proximately equal to each other in amplitude, tone sig-
nals 141 and 142 are approximately equal to each other
in amplitude, and tone signals 143 and 144 are approxi-
mately equal to each other in amplitude. The amplitudes
of these three pairs of tone signals increase gradually as
the frequencies of tone signals increase, and said tone
signals 139-144 are each separated by one octave from
the other. When this mixed tone signal is passed through
a high frequency filtering means having the frequency
characteristics shown in FIG. 20, in which the attenua-
tion increases with an increase in the frequency, the fre-
quency spectrum shown in FIG. 19 is modified to the fre-
quency spectrum shown in FIG. 21 because tone signals
140, 142 and 144 in FIG. 19 are attenuated more than
tone signals 139, 141 and 143, respectively. In addition,
the higher frequency tone components are attenuated more
than the lower frequency components. These facts make
it possible to modify the frequency spectrum shown in
FIG. 19 to produce the frequency spectrum shown in FIG.
21. In the modified frequency spectrum shown in FIG. 21,
reference characters 139a, 140q, 141a, . . . 144a desig-
nate the modified tone signals. It will be obvious that the
modified tone signals 1394, 141a and 143a have approxi-
mately the same amplitude and the modified tone signals
1404, 1424 and 144a have approximately the same ampli-
tude, and the modified tone signals 139a, 141a and 143a
have amplitudes larger than those of the modified tone
signals 140q, 142a and 144a.

The frequency spectrum shown in FIG. 21 behaves
as a multitone signal even though it has a different tone
color from that of the original mixed tone having the
frequency spectrum shown in FIG. 19. In this case, a
tone forming system including tone forming circuits
modifies a mixed tone signal according to this invention
to produce a more effective multitone signal such as a
multitone signal having a frequency spectrum, as shown
in FIG. 21, which is similar to the frequency spectrum
shown in FIG, 10. It is also possible to convert such a
more effective multitone signal to acoustic multitone by
causing a sound system having frequency characteristics
shown in FIG. 20 to modify the mixed-tone signal having
a frequency spectrum as shown in FIG. 19.

It will be understood from the preceding description
that in the novel tone signal mixing method, the multi-
tone effect is successfully obtained even while using a
single-pole keyswitch such as keyswitches 31, 32, 33 . . .
36 shown in FIG. 2. In addition, this method can pro-
duce various tone colors by simply changing the fre-
quency characteristics of the tone forming circuits without
losing said multitone effect.

A conventional electronic musical instrument requires
a number of multipole keyswitches to produce said multi-
tone effect because in a conventional electronic musical
instrument, many tone signals generated by a tone genera-
tor system are combined after switching said many tone
signals by means of the multipole keyswitches. The multi-
pole keyswitches of a conventional electronic musical
instrument are generally very complicated and conse-
quently “very expensive. Substitution of a single-
pole keyswitch for the multipole keyswitch usually used
in the conventional instrument can greatly reduce the
cost of the electronic musical instrument in accordance
with the invention. Moreover, inexpensive fixed resistors
facilitate mixing said many tone signals having the funda-
mental frequencies in a 22 order in accordance with the
invention.

The novel concept according to the invention can
produce enormous advantages when it is embodied to
the arrangement depicted in FIG. 22, The same reference
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numbers as have been used in previous figures designate
the same components in this and subsequent figures.

Referring to FIG. 22, two kinds of tone signals are
employed, one of said two kinds of tone signals being a
single-tone signal which produces only one pitch sensa-
tion, and the other one being a multitone signal which
produces many pitch sensations in accordance with the
invention.

A mixed tone signal switched by a keyswitch 145
corresponding to key C, is produced by mixing, in a
special mixing ratio for producing a multitone signal
according to the invention, four tone signals generated by
frequency dividers 12, 13, 14 and 16, excluding frequency
divider 15, by means of mixing resistors 151, 152, 153,
154, having appropriate resistances and forming tone
signal mixing network 77a.

A mixed tone signal switched by a keyswitch 146
corresponding to key B, a mixed tone signal switched by a
keyswitch 147 corresponding to key Cz#, a mixed tone
signal switched by a keyswitch 148 corresponding to key
C;, a mixed tone signal switched by a keyswitch 149
corresponding to key B,, a mixed tone signal switched by a
keyswitch 150 corresponding to key C;# and so on, are
produced by mixing the tone signals generated by fre-
quency dividers 19, 20, 21 and 23, excluding frequency
divider 22, frequency dividers 25, 26, 27 and 29 excluding
frequency divider 28, frequency dividers 13, 14, 15 and
17, excluding frequency divider 16, frequency dividers
20, 21, 22 and 24, excluding frequency divider 23, fre-
quency dividers 26, 27, 28 and 30, excluding frequency
divider 29, and so on, respectively, by means of mixing
resistors 162, 163, 164, 165, mixing resistors 166, 167,
168, 169, mixing resistors 170, 171, 172, 173, mixing re-
sistors 174, 175, 176, 177, mixing resistors 178, 179, 180,
181 and so on, respectively, all of which have appropriate
resistances, in the same way as said mixing tone signal for
keyswitch 145 is produced, as explained above.

The tone signal from a frequency divider 15 is not
mixed into the mixed tone signal switched by keyswitch
145, but instead is directed to a keyswitch 155 through
resistor 161 forming part of the tone signal mixing sys-
tem 2 so as to give a special tone color to said mixed tone
signal. Said special tone color gives said mixed tone sig-
nal at least two pitch sensations, because said mixed tone
signal is made up of the tone signals excluding the one
tone signal from the frequency divider 15 which has a
pitch between the lowest pitch tone signal from the
frequency divider 16 and the highest pitch tone signal
from a frequency divider 12. The tone signal derived
directly from said frequency divider 15 does not contain
even order harmonics. Such a tone signal having no even
order harmonics has a particular tonal quality, such as a
tone from a woodwind instrument, which produces a
greater contrast with the mixed tone signal.

Tone signals from frequency dividers 22, 28, 16, 23, 29,
and so on, are directed to keyswitch 156 corresponding
to key Bj, keyswitch 157 corresponding to key Cy#, key-
switch 158 corresponding to key C;, keyswitch 159 cor-
responding to key B,, keyswitch 160 corresponding to
key Cy#, and so on, respectively, through respective re-
sistors-191, 192, 193, 194, 195 and so on in the same
way as for said tone signal for keyswitch 155, as ex-
plained above.

The mixed tone signals from keyswitches 145, 146, . . .
150 are combined and are fed to the tone forming circuits
196, 197 and 198, through tone switches 199, 200 and
201 of tone forming system 4 for the purpose of produc-
ing desired tone colors. On the other hand, the tone sig-
nals from keyswitches 155, 156, . . . 160 are combined
and are fed to the tone forming circuits 202 and 203
through tone switches 204 and 205 of said tone forming
system 4 to obtain different tone colors.

In an electronic musical instrument having such an
arrangement, the tone signals obtained from keyswitches
145, 146, . . . 150 are multitone signals. On the other
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hand, however, the tone signals obtained from keyswitches
155, 156, . . . 160 are single-tone signal in which only

one pitch sensation is observed. When the key C, is de-
pressed, the double pole keyswitch consisting of said key-
switches 145 and 155 is actuated and simultaneously
switches said multitone signal and said single-tone signal.
The novel electronic musical instrument according to the
invention, therefore, can produce many kinds of tone
- colors.

A more preferred embodiment of the invention is
shown in FIG. 26. FIG. 23, FIG. 24 and FIG. 25 will be
discussed initially to facilitate an understanding of the
embodiment shown in FIG. 26.

Referring to FIG. 23, a tone signal 207 having a smaller
amplitude and a higher frequency than a tone signal 206
is mixed with tone signal 206. The mixed tone signal made
up of said tone signals 206 and 207 is used as a single-
tone signal which produces one pitch sensation of an 8
foot voice.

The expression “8 foot voice” is part of the terminology
in the pipe organ art and is defined as the length of the
pipe corresponding to the lowest key of the keyboard.
Therefore, tone signals used to produce the sound of an 8
foot voice produce acoustic tones having the same pitch
as the notes written in the five-line staves of the music.
Tone signals used to produce the sound of a 16 foot voice
produce acoustic tones having a pitch lower by one octave
than that of the notes written in the staves of the music
and the tone signals used to produce the sound of a 4
foot voice produce acoustic tones having a pitch higher
by one octave than that of the notes written in the staves
of the music, and so on.

Referring to FIG. 24, tone signals 208, 209 and 210
have amplitudes larger than the amplitudes of tone sig-
nals 211, 212 and 213 and are separatéd by -two octaves
from each other. Tone signals 211, 212 and 213 have fre-
quencies corersponding to second order harmonics of
tone signals 208, 209 and 210, respectively. This mixed
tone signal is considered to be a multitone signal which
provides three pitch sensations corresponding to tone sig-
nals 208, 209 and 210, and in which the lowest tone sig-
nal 208 is used to produce a 4 foot voice, and tone signal
209 is used to produce a 1 foot voice, and so on.

Referring to FIG. 25, tone signals 214, 215 and 216
have amplitudes larger than the amplitudes of tone signals
217, 218, 219 and 220 and tone signals 214 and 215 are
separated by three octaves and tone signals 215 and 216
are separated by two octaves. Tone signals 217, 218, 219
and 220 are mixed with said tone signals 214, 215 and
216 so as to produce tone signal having the frequency
spectrum of FIG. 25. This mixed tone signal is con-
sidered to be another multitone signal which provides
three pitch sensations corresponding to tone signals 214,
216 and 217, and in which the lowest tone signal 214 is
used to produce a 16 foot voice, and tone signal 215 is
used to produce a 2 foot voice, and so on.

These three kinds of tone signals are produced in an
electronic musical instrument, the circuit diagram of a
typical part of which is shown in FIG. 26 where a three-
pole keyswitch switches said three kinds of tone signals
at the same time. One mixed tone signal or any com-
bination of said three kinds of mixed tonme signals can
be used by using a tone forming system 4 having tone
switches 246, 247, . . . 250 and tone forming circuits
241, 242, . . . 245, The combination of said three kinds
of mixed tone signals comprising one single-tone signal
and two multitone signals produces a tone in which all
harmonics have about the same amplitude so as to pro-
duce a very effective tone color. Said very effective tone
color provides many pitch sénsations corresponding to the
pitches of the 16 foot voice, 8 foot voice, 4 foot voice, 2
foot voice, 1 foot voice, and so on.

Referring to FIG. 26, frequency dividers 221 and 222

are added after frequency divider 17 in the tone generator
chain of oscillator 9 so as to divide successively the fre-
quency of tone signal from frequency divider 17. Tone
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signals produced in frequency dividers 17 and 221 are
mixed in mixing resistors 224 and 225 having appropriate
resistance values to achieve the amplitude relation shown
in FIG. 23, and are then fed to a keyswitch 223 corre-
sponding to key Cs. Tone signals produced in frequency
dividers 12, 13, . . . 17 are mixed in mixing resistors
227, 228, ... 232 having appropriate resistance val-
ues to achieve the amplitude relation shown in FIG. 24
and are fed to a keyswitch 226 corresponding to said key
C,. Tone signals produced in frequency dividers 13, 14,
..., 17, 221 and 222 are mixed in mixing resistors
233,234, . . ., 239 having appropriate resistance values
to achieve the amplitude relation shown in FIG. 25 and
are fed to a keyswitch 240 corresponding to said key Cs.
After being switched by the three pole keyswitch consist-
ing of keyswitches 223, 266 and 240, these three kinds of
mixed tone signals are fed to tone forming circuits 241,
242, . . . 245 through tone switches 246, 247 . . . , 250
to obtain the desired tone colors. In the novel electronic
musical instrument having such an arrangement, a mixed
tone signal obtained from keyswitch 223 is a single-tone
signal in which only one pitch sensation is observed. On
the other hand, however, mixed tone signals obtained
from key switches 226 and 24¢ are multitone signals in
which many pitch sensations are observed. Further, the
mixed tone signals obtained from keyswitches 223, 226
and 240 differ from each other in the voice which they
sound, such as a 16 foot voice, 8 foot voice, 4 foot voice,
and so on. This makes it posible to provide an electronic
musical instrument with many advantages, such as the
advantages that the tonal quality as well as the length of
the voices can be changed greatly.

The different types of multitone signals described thus
far have been produced by mixing tone signals having
fundamental frequencies in a 2 order. On the other hand,
the single-tone signals have been produced either by mix-
ing tone signals to produce a tone signal with a frequency
spectrum as shown in FIG. 8 or FIG. 23 or by producing
an unmixed tone signal having a frequency spectrum as
shown in FIG. 5. Thus, all of the tone signals can initially
be classified into two groups i.e. mixed tone signals and
unmixed tone signals. Said mixed tone signals are sub-
divided into two groups i.e. multitone signals and single-
tone signals, but all of said unmixed tone signals are single-
tone signals Hereinafter, all of said single-tone signals
referred to will be unmixed tone signals rather than said
single-tone signals produced from a mixed tone signal.

In order to produce still another multitone signal, it
will be apparent that there is no need to restrict the ar-
rangement of tone signals so that the fundamental fre-
quencies are in a 2® order. Other musical relations can
be used, such as musically perfect fifth or a musical third,
by using the circuit arrangements as seen in FIG. 27 and
FIG. 28.

Referring to FIG. 27, the tone generator chain which
consists of a frequency oscillator 251 and frequency di-
viders 252, 253, . . . 256 and which corresponds to musi-
cal note G is shown in full lines. A mixed tone signal is
supolied to a keyswitch 257 corresponding to key Cg, the
main part of said mixed tone signal being supplied from
frequency dividers 12, 13, . . . 16 through mixing re-
sistors 258, 259, 260, 262 and 263, having appropriate
resistance values.

A further tone signal produced in frequency divider 254
is mixed with said main part of the mixed tone signal
supplied to said keyswitch 257 through high frequency
filtering means 264 and mixing resistor 261. The further
tone signal produced in frequency divider 254 is in the
relationship of a musical fifth with respect to the tone sig-
nal produced in frequency divider 15.

A mixed tone signal is supplied to keyswitch 265 cor-
responding to key C; and the main part of said mixed
tone signal is supplied from frequency dividers 13, 14, . . .
17 through mixing resistors 266, 267, 268, 270 and 271,
having appropriate resistance values. The remainder of

, said mixed tone signal is supplied from a frequency di-
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vider 255 which produces a tone signal in 2 musical fifth
relationship with the tone signal produced in frequency di-
vider 16, and is passed through high frequency filtering
means 272 and mixing resistor 269. Said high frequency
filtering means 264 and 272 are used to avoid unfavorable
beats generated as a result of interaction between fre-
quency components of the tone signals generated by the
tone generator chain corresponding to musical note C and
high frequency components of the tone signal generated
by the tone generator chain corresponding to musical note
G. The tone signals switched by keyswitches 257 and 265
are combined and are fed to tone forming ciicuits 273,
274, .. . 277 so as to obtain the desired tone colors
which are selected by tone switches 278, 279, . . . 282.

Referring to FIG. 28, the tone generator chain which
consists of frequency oscillator 283 and frequency dividers
284, 285, . . . 288 corresponding to musical note E is
shown in full lines. The main part of a mixed tone signal
supplied to keyswitch 290 corresponding to key C, is sup-
plied from frequency dividers 12, 13, . . . 16 through
mixing resistors 291, 292, 294, 296 and 297 having ap-
propriate resistance values. Another part of said mixed
tone signal is supplied from a frequency divider 254 which
produces a tone signal which is in a musical fifth relation-
ship with respect to the tone signal generated by frequency
divider 15. The remainder of said mixed tone signal is
supplied from frequency divider 285 which produces a
tone signal which is in a musical third relationship with re-
spect to the tone signal produced by frequency divider 14.
Said another part and said remainder are mixed with the
main part of the mixed tone signal through high fre-
quency filtering means 299 and a mixing resistor 295 and
high frequency filtering means 298 and a mixing resistor
293, respectively. The main part of the mixed tone sig-
nal supplied to keyswitch 300 corresponding to key C; is
supplied from frequency dividers 13, 14, . . . 17 through
mixing resistors 301, 302, 304, 306 and 307 having ap-
propriate resistance values. Another part of the mixed
tone signal is supplied from frequency divider 255 which
produces a tone signal which is in a musical fifth relation-
ship with respect to the tone signal generated by frequency
divider 16. The remainder of said mixed tone signal is
supplied from frequency divider 286 which produces a
tone signal which is in a musical third relationship with
respect to the tone signal generated by frequency divider
15. Said another part and said remainder are mixed with
the main part of the mixed signal through high frequency
filtering means 309 and a mixing resistor 305 and high
frequency filtering means 308 and a mixing resistor 303,
respectively. These mixed tone signals switched by key-
switch 290 and 300 are combined and are fed to tone
forming circuits 273, 274, . . . 277 so as to obtain de-
sired tone colors which are selected by tone switches 278,
279, . .. 282. In the same manner as said high frequen-
cy filtering means 264 and 272 shown in FIG. 27, said high
frequency filtering means 298, 299, 308 and 309 are pro-
vided to avoid unfavorable beats by filtering out higher
frequency components of the input tone signals supplied
to said high frequency filtering means.

In the cases shown in FIGS. 27 and 28, said tone sig-
nals having a musical relationship different from a 2n
order are added to the aforesaid multitone signals. When
another tone signal having a musical fifth relationship
with respect to any one of the tone signals having the
fundamental frequencies in a 2® order is added to a multi-
tone signal, said another tone signal and any one of tone
signals have fundamental frequencies in a relation of 3:2.
Therefore, a tone signal having frequency 1 corresponding
to the difference between the two tone signals in said
ratio of 3:2 is produced and observed. The tone with the
frequency 1 intensifies the pitch sensation of the tone sig-
nal which is mixed into said multitone signal and which
has a fundamental frequency that corresponds to said dif-
ference frequency 1. When another tone signal having a
musical third relationship with respect to any one of the
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tone signals having fundamental frequencies in a 28 order
is added to a multitone signal, said .another tone signal
and any one of the tone signals have fundamental fre-
quencies in a relationship of 5:4. Therefore, a tone signal
having a frequency 1 corresponding to the difference be-
tween the two tone signals in said ratio of 5:4 is produced
and observed. The tone with the frequency 1 intensifies
the pitch sensation of the tone signal corresponding to
said difference frequency 1 in a manner similar to that
described above. Even though said another tone signal
which is added can intensify any one of the pitch sensa-
tions produced by a multitone signal, it is necessary to pro-
vide said another tone signal at a comparatively small
amplitude in accordance with the invention, because when
said another tone signal has a comparatively large ampli-
tude, the plurality of pitch sensations of sajd multitone
signal is lost. In the cases shown in FIG. 27 and FIG. 28,
it is, of course, possible to use one or more added other
tone signals which are consonant, such as by being in a
musical perfect fifth or in a musical third relationship,
with the tone signals having fundamental frequencies in
a 2» order. : )

FIG. 29 and FIG. 30 illustrate examples of high fre-
quency filtering means consisting of a resistor 311 and a
capacitor 312, and consisting of an inductor 313 and a
capacitor 314, respectively.

A conventional electronic musical instrument usually
has a number of tone generators greater than the number
of keyboard keys in the keyswitch system because the
number of signals supplied by one key in said keyswitch
system is greater than one. Such a construction is com-
plicated and expensive. The novel electronic musical in-
strument according to the invention has a reduced num-
ber of tone generators, and consequently it has advantages
over a conventional electronic musical instrument not
only with respect to tonal quality but also with respect
to simplicity of construction.

According to the invention, the multitone effect can be
achieved by using a fewer number of tone generators than
is used in a conventional electronic instrument.

Referring to FIG. 31, a mixed tone signal supplied to a
keyswitch 315 corresponding to key C, is supplied from
frequency dividers 12, 13 . . . 16 through mixing resistors
319, 320, . . . 323 having appropriate resistance values so
as to be mixed in a special mixing ratio to obtain a
multitone signal according to the invention. A mixed tone
signal is supplied to a keyswitch 316 corresponding to a
key C; from frequency dividers 13, 14, . . . 17 through
mixing resistors 324, 325, . . . 328, having appropriate
resistance values so as to be in the same mixing ratio as
said mixed tone signal for said key C,. A mixed tone sig-
nal is supplied to a keyswitch 317 corresponding to a key
C, from frequency dividers 14, 15, 16 and 17 through
mixing resistors 329, 330, 331 and 332, having appro-
priate resistance values and is partly supplied from a
means 343 for producing a difference tone signal from
a mixture of the two tone signals from frequency dividers
17 and 256, said two tone signals being supplied to means
343 through resistors 340 and 339. A mixed tone signal
is supplied to a keyswitch 318 corresponding to a key
C, partly from frequency dividers 15, 16 and 17 through
mixing resistors 334, 335 and 336, having appropriate re-
sistance values and is partly supplied from said means
343 and another means 344 for producing a difference
tone signal from a mixture of the two tone signals from
frequency dividers 17 and 257, said two tone signals being
supplied to means 344 through resistors 341 and 342.

In order to clarify the concept of difference tone sig-
nal, a method of mixing two tone signals to produce a
difference tone signal will be described. In FIG. 31, a tone
signal produced in frequency divider 17 corresponding to
musical note C and a tone signal produced in a frequency
divider 256 corresponding to musical note G have funda-
mental frequencies in a ratio of 2:3. When the tone signal
generated by frequency divider 17 and the tone signal gen-
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erated by frequency divider 256 are passed through mix-
ing resistors 340 and 339 and are fed to the aforesaid
means 343 for producing a difference tone signal, a dif-
ference tone singal having a frequency corresponding to
a difference 1 between the two tone signals which are in
said ratio of 2:3 is produced by said means 343, which
can be a non-linear network, for example. Said difference
tone signal from said nonlinear network 343 will be lower
in pitch by one octave than said tone signal generated by
frequency divider 17 because the fundamental frequencies
of the signal from the means 343 and the signal from fre-
quency divider 17 are in a ratio of 1:2. Another differ-
ence tone signal can be produced by the aforesaid means
344 in a similar manner. The tone signal generated by fre-
quency divider 17 corresponding to musical note C and
the tone signal generated by frequency divider 257 corre-
sponding to musical note G have fundamental frequencies
in a ratio of 4:3 and are fed through mixing resistors 341
and 342 to said means 344. A difference tone signal hav-
ing a frequency corresponding to a difference 1 between
the two tone signals in said ratio of 4:3 is produced. Said
difference tone signal from said means 344 is, however,
two octaves lower in a pitch than said tone signal gen-
erated by frequency divider 17 because the fundamental
frequencies of the signal from the means 344 and the sig-
nal from frequency divider 17 are in a ratio of 1:4.

Even though a non-linear network, such as a diode 345
and a resistor 347, or a diode 346 and a resistor 348 as
shown in FIG. 32 and FIG. 33, respectively, is used as the
means for producing the difference tone signal from the
mixture of tone signals, it is possible to recognize a dif-
ference tone signal subjectively when a non-linear net-
work is not used because one can discern subjectively the
difference pitch between said two tone signals and can
hear a sound corresponding to said difference pitch. The
network for producing the difference tone has a filter com-
prising, for example, a resistor 349 and a capacitor 350 in
the network of FIG. 32 or an inductor 351 and a capacitor
352 in the network FIG. 33. The unfavorable disconsonant
high frequency components can be reduced by using such
a filter, said filter filtering out high frequency components
from the mixture of tone signals or from a difference tone
signal from said non-linear network.

As a practical matter, each of the difference tone signals
produced from a mixture of tone signals deviates in pitch
from a pitch corresponding exactly to a musical note,
because the tone signals used in an electronic musical in-
strument are tuned on an equal tempered musical scale.
The ratio of the fundamental frequency of the aforesaid
C note to that of the aforesaid G note is not exactly 2:3
as explained previously but rather is:

2] 12/
1:\/2"#2 :2.9966 or 2:—\/27j:4:2.9966

respectively. - Therefore, a difference tone signal derived
from the mixture of said two tone signals has a pitch cor-
responding to a frequency difference of 0.9966 between
frequencies 2 and 2.9966, or to a frequency difference of
1.0034 between frequencies 4 and 2.9966.

It is difficult for a conventional electronic musical in-
strument to sound said difference tone signals having a
deviated pitch and normal tone signals having a pitch
exactly equal to that of a note corresponding to a key of
a keyboard individually and to produce the same tone
response for each such tone. However, a mixed tone signal
according to the invention formed by mixing one or two
difference tone signals having a deviated pitch and a com-
paratively low frequency with three or more normal tone
signals having an exact pitch and a comparatively high
frequency will be very similar with respect to tone re-
spones such as tone colors, to a mixed tone signal formed
by mixing only normal tone signals having an exact pitch
and ranging from a comparatively low frequency to a high
frequency. This is because said one or two difference tone
signals having deviated pitch are masked by said three or
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more normal tone signals in said mixed tone signal, ac-
cording to the invention, which have an exact pitch.
Therefore, said difference tone signals can be easily used
by mixing them with normal tone signals in accordance
with the invention. Consequently, the invention makes it
possible to reduce the number of tone generators by em-
ploying said difference tone signals.

Tone signals from keyswitches 315, 316, 317 and 318
are combined and are fed to tone forming circuits 273,
274, . . ., 277 through tone switches 278, 279 . . .,
282 for obtaining desired tone colors. The means 343 and
344 shown in FIG. 31 for producing difference tone signal
includes a non-linear element such as diode and vacuum
tube and high frequency filtering means for suppressing
higher harmonics of difference tone signals generated
therein.

Referring to FIG. 32 and FIG. 33 showing examples
of difference tone producing means, said means comprise
diodes 345 and 346 connected in parallel with resistors
347 and 348, respectively, and further include high fre-
quency filtering means. The said high frequency filtering
means consist of resistor 349 and capacitor 350, and an
inductance 351 and capacitor 352, respectively. By using
this method of mixing difference tone signals with normal
tone signals, one can obtain the same tone color over the
whole musical note range of a keyboard.

The method of mixing such signals can be modified to
be much simpler, which results in a low cost instrument.

Referring to FIG. 34, tone signals generated by a chain
comprising a frequency oscillator 353 and four frequency
dividers 354, 355, 356 and 357 and a tone signal generated
by a frequency divider 358 and having a frequency which
is higher by a musical fifth than the frequency of the tone
signal generated by frequency divider 357 are supplied
to keyswitches 359, 360, . . . 363 which are in a one
octave. relationship to each other.

Two tone signals which are in octave relationship with
each other, i.e., which have the fundamental frequencies
in a 28 order are generated by a frequency oscillator 353
and produced in frequency divider 354, respectively, and
are mixed by mixing resistors R1 and R2, respectively, and
then are fed to a key switch 359. With only these two tone
signals it is difficult to produce an effective multitone signal
due to a lack of frequency components contained therein.
The difficulty can be overcome by intensifying the higher
harmonic components of the tone signal which is gener-
ated by the frequency oscillator 353 and which includes
at least a second harmonic. A capacitor C; can be used
to intensify said higher harmonic components by being
connected in parallel with resistor R1. Three tone signals
which are in octave relationship to each other are gener-
ated by frequency oscillator 353, and produced in fre-
quency dividers 354 and 355 respectively, and are mixed
by mixing resistors R3, R4 and RS5, respectively, and then
fed to keyswitch 360. A capacitor C, is also provided to
intensify the higher harmonic components of the tone
signal generated by the frequency oscillator 353 in a
manner similar to that of capacitor C;. Four tone signals
which are in octave relationship to each other are gener-
ated by the frequency oscillator 353 and produced in fre-
quency dividers 354, 355 and 356 respectively, and are
mixed by mixing resistors R6, R7, R8 and R9, respectively,
and are fed to a keyswitch 361. Five tone signals are in
octave relation to each other, are generated by frequency
oscillator 353, and produced in frequency dividers 354,
355, 356 and 357 respectively, and are mixed by mixing
resistors R10, R11, . . . R14, respectively, and are fed
to keyswitch 362. Since there are at least four tone signals
in said last two mixed tone signals, no shunt capacitor is
needed.

Finally, a mixed tone signal supplied to a keyswitch 363
is partly generated in frequency oscillator 353 and pro-
duced in frequency dividers 355 and 356 respectively, and
mixed by mixing resistors R15, R16 and R17, respectively,
and the remainder produced in a non-linear network de-
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scribed hereinafter. A tone signal lower by one octave
than that produced in frequency divider 357 cannot be
obtained from the tone generator chain 353, 354, 355, 356,
357 of FIG. 34. Therefore, this tone signal is synthesized
as a difference tone signal by means of a non-linear net-
work. A tone signal generated by a frequency divider 357
and a tone signal generated by a frequency divider 358
which has a frequency which has a musical fifth relation-
ship with respect to said tone signal generated by a fre-
quency divider 357 are mixed by resistors R19 and R20,
respectively, and are fed to a non-linear network consist-
ing of resistor R21, diode D and capacitor C; so as to
generate a difference tone signal. Said difference tone sig-
nal is mixed by a mixing resistor R18 with the other tone
signals generated by the frequency oscillator 353 and
produced in frequency dividers 355 and 356, respectively,
and the mixed tone signal is fed to keyswitch 363. Each
of the mixed tone signals fed to the respective keyswitches
359, 360, . . ., 363 is grounded to a common ground
through resistors R22, R23, . . ., R26, respectively.

In the embodiment shown in FIG. 34, the fundamental
frequencies and amplitudes of all tone signals are com-
bined in the aforesaid manner to produce multitone sig-
nals in accordance with the invention. An example of
the values of the resistors and capacitors for the embodi-
ment is shown in Table 1 and Table 2.

In Table 2, the systems for the Fi~A# notes and the
B-E notes do not contain components C;, R1, R2 and
R22, because in the F—F; scale keyboard having a four
octave musical range, there are five F note keys, ie. Fy,
F,, F;, F, and F;, but the group of keys for the other
notes comprises only four keys. For example, the Fi keys
comprise F#, Fof, F3f and F,f, and the G keys comprise
G1, G, G3 and Gy, and so on.

Referring to FIG. 35 illustrating the frequency spectrum
of a mixed tone signal fed to the keyswitch 359 shown in
FIG. 34, the frequency component 364 is the funda-
mental frequency component of the tone signal produced
in the frequency divider 354 shown in FIG. 34 and the
frequency component 365 is the fundamental frequency
component of the tone signal generated by frequency
oscillator 353 shown in FIG. 34. The frequency com-
ponent 366 is a second harmonic component of the tone
signal generated by said frequency oscillator 353 shown
in FIG. 34, said second harmonic component being in-
tensified by said capacitor C, shown in FIG. 34. The
frequency spectrum shown in FIG. 35 is considered to be
that of a multitone signal, because it includes three fre-
quency components 364, 365 and 367, and the component
364 has an amplitude larger by at least three db than
that of the adjacent frequency component 365 forming
part of said frequency spectrum and which in turn has
a higher frequency than that of said component 364, and
the other component 366 has an amplitude larger by at
least three db and a frequency higher than that of the
adjacent frequency component 365.

A multitone signal can also be produced by mixing
three tone signals having their fundamental frequencies
in a 2" order in such a way that said three tone signals
have their amplitudes and relative frequencies correspond-
ing to those of said three frequency components 364,
365 and 366 shown in FIG. 35. One of said three tone
signals corresponding to said three frequency components
364, 365 and 366 has a fundamental frequency midway
between the other two and has an amplitude smaller than
the amplitudes of the other two tone signals. In this case,
it is most favorable for obtaining a good multitone signal
when said one tone signal midway between the other
two has an amplitude lower by at least three db than the
amplitude of the other two tone signals so as to produce
two pitch sensations in said multitone signal.

Referring to FIG. 36 illustrating a frequency spectrum
of one of the multitone signals according to the inven-
tion, two tone signals 367 and 368 have fundamental fre-
quencies which are separated by two octaves and no tone
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signal is positioned between said two tone signals 367
and 368. In this case, the frequency spectrum shown in
FIG. 36 is similar to that obtained in the case where the
frequency component 365 in the frequency spectrum of
FIG. 35 is eliminated. In such a way, a multitone signal
can be made by mixing two tone signals having the funda-
mental frequencies separated by two octaves.

The concept of the novel multitone signals according
to the invention can be applied not only to the whole
range of the keyboard of an electronic musical instru-
ment, but also to a part of the keyboard in such a way
that the tone signal mixing networks mix some of the
tone signals generated by the tone generator system so
as to produce said multitone signals for only a part of
the keyboard.

In addition, the concept of the novel multitone signals
according to the invention can be applied to an electronic
musical instrument having two or more keyboards in
such a way that some of said keyboards control said
novel multitone signals and the other of said keyboards
control conventional tone signals. i

Furthermore, the concept of the novel multitone signals
according to the invention can be applied to an electronic
musical instrument in which each key of some part of
the keyboard has a multipole switch. In such a case some
of the keyswitches of said multipole keyswitch switch two
or more different types of said novel multitone signals,
such as the different types of said novel multitone signals
which are shown in FIGS. 10-14, FIG. 24 and FIG. 25,
and which are different from each other with respect to
the fundamental frequency and amplitude of tone signals
contained therein, and the other keyswitches of said
multipole keyswitches switch one or more different types
of conventional tone signals, such as the different types
shown in FIG. 5 and FIG. 8.

While particular embodiments of the invention have
been shown and described, it will be apparent to those
skilled in the art that numerous modifications and varia-
tions can be made in the form and construction thereof
without departing from the fundamental principles of
the invention. It is, therefore, desired, by the following
claims, to include within the scope of the present inven-
tion all similar and modified forms of the apparatus dis-
closed and by which the results of the invention can be
obtained.

What is claimed is: ,

1. An electronic musical instrument comprising in com-
bination: a tone generator system for generating tone
signals capable of producing acoustic tones; a keyswitch
system for switching said tone signals and including key-
switches actuated by depressing keys of keyboards; a
tone forming circuit coupled to the output of said key-
switch system and ‘which provides tone responses for
said acoustic tones; a sound system which includes an
amplifier and a sounding means and is coupled to the
output of said tone forming circuit; and a tone signal
mixing circuit which is coupled between said tone gener-
ator system and said keyswitch system and which includes
a plurality of mixing networks for mixing at least some
of said tone signals generated by said tone generator
system so as to produce mixed tone signals at least some
of which are multitone signals, each of said multitone
signals being made up of a plurality of tone signals hav-
ing their fundamental frequencies in a 22 order and ex-
tending over a range of at least three octaves, each of ‘at
least some of said multitone signals including at least
two tone signals, one of said two tone signals having
an amplitude larger than that of an adjacent tone signal
which is present in said each of at least some multitone
signals and having a lower fundamental frequency than
said adjacent tone signal, and another of said at least
two tone signals having an amplitude larger than that
of an adjacent tone signal which is present in said each
of at least some multitene signals and having a higher
fundamental frequency than said adjacent tone signal,
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2. An electronic musical instrument as claimed in claim
1, wherein said mixing networks each comprise means for
mixing said multitone signals are each made up of tone
signals having their fundamental frequencies in a 20 order
and extending over a range of more than two octaves and
including four octaves.

3. An electronic musical instrument as claimed in claim
1, wherein said mixing networks comprise impedance ele-
ments.

4. An electronic musical instrument as claimed in claim
3, wherein said impedance elements are fixed value re-
sistors.

5. An electronic musical instrument as claimed in claim
3, wherein said impedance elements consist of fixed value
resistors and fixed value capacitors connected in parallel
therewith. for intensifying high frequency components of
tone signals.

6. An electronic musical instrument as claimed in claim
1, wherein at least some.of said mixing networks for
producing said multitone signals each include impedance
elements having at least two different electric impedance
values for producing a multitone tone signal in which the
components have at least two different amplitudes.

7. An electronic musical instrument as claimed in claim
1, in which said mixing networks comprise means for
mixing said tone signals so that each of at least some of
said multitone signals includes tone signals having the
lowest and the highest pitch fundamental frequencies in
a 28 order and excludes at least one tone signal having the
fundamental frequency between said lowest and said high-
est pitch fundamental frequencies.

8. An electronic musical instrument as.claimed in claim
1, in which said mixing networks comprise means for
mixing said tone signals so that the pitch of said one
of said at least two tone signals has a fundamental fre-
quency different by at least two octaves from the funda-
mental frequency of said another of said at least two
tone signals. :

9. An electronic musical instrument as claimed in claim
1, in which said keyswitch system includes multipole key-
switches corresponding to at least some of the keys in
the keyboards for switching said multitone signals and
said signals other than said multitone signals at the same
time to supply them to said tone forming circuit.

10. An electronic musical instrument as claimed in
claim 1, in which said mixing networks comprise means
for mixing said tone signals so that at least some of said
multitone signals comprise at least two different types
of multitone signals which have different amplitudes and
different fundamental frequencies of said tone signals,
and said keyswitch system includes multipole keyswitches
corresponding to at least some of the keys in the key-
boards for switching said different types of multitone sig-
nals to said tone forming circuit at the same time.

11. An electronic musical instrument as claimed in
claim 1, in which said mixing networks comprise means
for mixing with each of at least some of said multitone
signals other tone signals which are different from and
consonant with said tone signals having fundamental fre-
quencies in a 2" order.

12. An electronic musical instrument as claimed in
claim 11, in which said means for mixing said other tone
signals include a filter for filtering out high frequency
components of the said other tone signals.

13. An electronic musical instrument as claimed in
claim 11, in which said means for mixing said other tone
signals mix with said multitone signals other tone signals
which are in a musical fifth relation with respect to any
one of said multitone signals which have the fundamental
frequencies in a 20 order.

14. An electronic musical instrument as claimed in
claim 11, in which said means for mixing said other tone
signals mix with said multitone signals at least some other
tone signals which are in a musical fifth relation with
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respect to any one of said multitone signals having the
fundamental frequencies in a 20 order, and mix addi-
tional other tone signals which are in a musical third
relation with respect to any of said multitone signals
having fundamental frequencies in a 20 order relation.

15. An electronic musical instrument as claimed in
claim 1, in which said mixing networks comprise means
for mixing said tone signals and producing a difference
tone therefrom and supplying said difference tone to at
least some of said multitone signals as at least one tone
signal thereof.

16. An electronic musical instrument as claimed in

‘claim 15, in which said means for producing a difference

tone signal from a mixture of tone signals comprises a
filter for filtering out high frequency components of said
mixture of tone signals.

17. An electronic musical instrument as claimed in
claim 15, in which said means for producing a difference
tone signal from a mixture of tone signals comprises a
non-linear resistor and a filter for filtering out high fre-
quency components of said difference tone signal.

18. An electronic musical instrument comprising in
combination: a tone generator system for generating tone
signals capable of producing acoustic tones; a keyswitch
system for switching said tone signals and including key-
switches actuated by depressing keys of keyboards; a tone
forming circuit coupled to the output of said keyswitch
system and which provides tone responses for said
acoustic tones; a sound system which includes an ampli-
fier and sounding means and is coupled to the output
of said tone forming circuit; and a tone signal mixing
circuit which is coupled between said tone generator
system and said keyswitch system and which includes a
plurality of mixing networks for mixing at least some of
said tone signals generated by said tone generator system
so as to produce mixed tone signals at least some of
which are multitone signals, each of said multitone signals
being made up of a plurality of tone signals having their
fundamental frequencies in a 2» order, said each of said
multitone signals having at least two acoustic frequency
components which have fundamental frequencies two
octaves apart and which have an amplitude larger by at
least three db than the amplitude of another acoustic
frequency component positioned between said two acoustic
components, said another acoustic frequency component
being higher by one octave than the lower frequency
acoustic frequency component of said two acoustic fre-
quency components.

19. An electronic musical instrument as claimed in
claim 18, in which said mixing networks mix tone signals
to produce at least some of said multitone signals each
having three tone signals with their fundamental fre-
quencies in a 22 order and extending over a range of two
octaves, and one of three tone signals having a frequency
positioned at the octave midway between the octave
positions of the other two and having an amplitude smaller
by at least three db than the amplitudes of the other
two.

20. An electronic musical instrument as clajmed in
claim 18, in which said mixing networks mix tone signals
to produce at least some of said multitone signals each
having two tone signals with their fundamental frequencies
in a 2v order and extending over a range of one octave,
and to produce at least some of said multitone signals
each having three acoustic frequency components with
their frequencies in a 27 order and extending over a range
of two octaves, one of said three acoustic frequency
components being positioned at the octave midway be-
tween the octave positions of the other two and having
an amplitude smaller by at least three db than the ampli-
tudes of the other two.

21. An electronic musical instrument as clajmed in
claim 18, in which said mixing networks mix tone signals
to produce at least some of said multitone signals each
having two tone signals with their fundamental frequencies
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in a 2» order and said two tone signals having the funda-
mental frequencies two octaves apart.

22. An electronic musical instrument comprising in
combination: a tone generator system for generating tone
signals capable of producing acoustic tones; a keyswitch
system for switching said tone signals and including key-
switches actuated by depressing keys of keyboards; a tone
forming circuit coupled to the output of said keyswitch
system and which provides tone response for said acous-
tic tones; a sound system which includes an amplifier
and a sounding means and is coupled to the output of
said tone forming circuit; and a tone signal mixing circuit
which is coupled between said tone generator system and
said keyswitch system and which includes a plurality of
mixing networks for mixing at least some of said tone
signals generated by said tone generator system so as to
produce mixed tone signals at least some of which are
multitone signals, each of said multitone signals being
made up of a plurality of tone signals having their funda-
mental frequencies in a 22 order and extending over a
range of at least three octaves, said tone forming circuit
and said sound system comprising means for modifying
the frequency characteristics of at least some of said
multitone signals so as to produce acoustic multitones
each including at least two acoustic tones, one of said
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two acoustic tones having an amplitude larger than that
of an adjacent tone which is one component of said
acoustic multitone and having a lower fundamental fre-
quency than said adjacent tone, and another of said at
least two acoustic tones having an amplitude larger than
that of an adjacent acoustic tone which is one component
of said acoustic multitone and having a fundamental fre-
quency higher than that of said adjacent tone.
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