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ABSTRACT OF THE DISCLOSURE

An electronic musical apparatus improved in a musical
tone generating circuit which comprises a means for gen-
erating periodic functional signals corresponding to the
musical tones to be regenerated, a means for dividing the
frequency of said signals so as to shape the waves of these
signals into those of signals having a harmonic structure
corresponding to that of said musical tones and a means
for modulating the amplitude of the periodic functional
signals thereby to obtain musical signals having a desired
harmonic structure.

— A ————

The present invention relates to an electronic musical
instrument improved in a musical tone generating circuit
and more particularly to an apparatus for electrically
synthesizing musical signals thereby to regenerate desired
musical tones.

Generally, the ones produced by various musical in-
struments consist of a harmonic structure containing spe-
cific harmonic components, so that these musical instru-
ments respectively have characteristic timbers. To synthe-
size desired musical tomes, therefore, the conventional
electronic musical apparatus involved the steps of gener-
ating square wave signals, saw tooth wave signals or tri-
angular wave signals and the like which abounded with
harmonic components, and thereafter causing these spe-
cial musical signals to pass through a filter circuit wherein
a special property of allowing for the passage of certain
frequencies was built up so as to match the musical har-
monic structure peculiar to the tones of musical instru-
ments. However, a filter circuit having such a special prop-
erty of selectively passing certain frequencies was of a
complicated construction. Moreover, to obtain musical
tones of different harmonic structures, it was necessary
to set up a large number of these complicated filter cir-
cuits.

Since the aforesaid frequency passing property previ-
ously provided for the filter circuit was fixed, there was
the drawback that where the frequency of musical signals
to be impressed on the filter circuit was changed in order
to obtain different musical intervals for certain musical
tones, then the harmonic structure of these tones was also
subject to variation. Consequently, there were encoun-
tered considerable difficulties in obtaining timbers of the
same family with the same harmonic structure maintained
over a broad range of auditory frequency.

There was indeed already proposed an apparatus for
synthesizing musical tones which was capable of obtain-
ing the same harmonic structure independently of varia-
tions in the musical intervals. With such apparatus, how-
ever, the provision of only a filter circnit was not
sufficient, so that signals of sinusoidal functional waves
corresponding respectively to the harmonic components
were mixed after their frequency and amplitude were
adjusted so as to match desired harmonic structures. This
apparatus enabled signals of such frequency as falling
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within the auditory range of the keyboard tones to be
directly used as harmonic components of musical tones
included in the low auditory range of the keyboard tones.
However, to obtain the harmonic components of musical
tones in a high auditory range, it was further required to
generate signals 2 to 3 octaves higher. Consequently the
apparatus had the drawbacks that it was necessary not
only to prepare a large number of signal-generating cir-
cuits, but also to provide each keyboard with a sufficient
number of contact means to match the number of har-
monic components, and that the entire arrangement was
exceedingly complicated. Furthermore, the apparatus also
raised problems with respect to the accuracy of producing
musical tones and cost of manufacture.

Accordingly, the main object of the present invention
is to provide an electronic musical apparatus whose musi-
cal tone generating circuit is so improved as to produce
timbers of the same family for each musical interval with-
out using a filter circuit.

Another object of the invention is to provide an elec-
tronic musical apparatus improved in a musical tone gen-
erating circuit which is capable of obtaining a fixed har-
monic structure over a broad range of auditory fre-
quency.

Another object of the invention is to provide an elec-
tronic musical apparatus improved in a musical tone gen-
erating circuit which enables a harmonic structure to be
freely varied over a broad range.

Still another object of the invention is to provide an
electronic musical apparatus which is of sufficiently sim-
ple construction to minimize the requirements of circuit
elements.

Further objects and advantages will be apparent from
the following description for which reference is made to
the appended drawings in which:

FIG. 1 is a schematic diagram of the construction of
an electronic musical apparatus improved in a musical
tone generating circuit according to an embodiment of the
present invention;

FIGS. 2A, 2B and 2C present the wave forms of sigrials
by way of illustrating the functional operation of the
apparatus of the invention;

FIGS. 3A and 3B indicate the harmonic spectra of sig-
nal wave forms similarly to illustrate the working of said
apparatus;

FIG. 4 shows the harmonic structure of reed family
musical tones synthesized by the apparatus of the inven-
tion;

FIG. 5 is another embodiment of the invention, sche-
matically showing the construction of a means for syn-
thesizing reed family musical tones;

FIG. 6 schematically shows the construction of an elec-
tronic organ according to another embodiment of the
invention;

FIG. 7 indicates the composition of a musical tone gen-
erating circuit according to still another embodiment of
the invention;

FIG. 8 is a diagramatic representation of the harmonic
structure of musical signals synthesized by the means of
FIG. 7;

FIG. 9 represents the composition of & musical tone gen-
erating circuit according to a further embodiment of the
invention;

FIG. 10 shows the harmonic structure of musical sig-
nals synthesized by the means of FIG. 9; and

FIG. 11 indicates the composition of a musical tone
generating circuit according to a still further embodi-
ment of the invention.

There will now be described by reference to these fig-
ures the principle on which the apparatus of the present
invention is based and the various aspects in which the
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apparatus is applied. The apparatus of the preseat inven-
tion characteristically comprises the steps of generating
periodic functional signals with a prescribed frequency
so as to synthesize musical signals having a desired har-
monic structure for a given musical interval, dividing the
frequency of the periodic functional signals so as to con-
form it to the fundamental frequency corresponding to the
musical interval, shaping the waves of the signals, whose
frequency is thus divided, into those containing harmonic
components corresponding to the harmonic structure and
modulating the amplitude of the periodic functional sig-
nals with the signals whose waves are thus shaped, there-
by to produce the aforementioned musical signals.

There will now be described by reference to FIG. 1
the basic construction of an apparatus of the present inven-
tion. The reference numeral 1 is a generator of periodic
functional signals comprising a circuit for generating pe-
riodic functional signals, for example, signals of a sinu-
soidal functional wave having a certain frequency cor-
responding to musical tones to be regenerated. Periodic
functjonal signals such as square wave signals, saw tooth
wave signals, etc. may be properly selected in accordance
with the harmonic structure of musical tones to be regen-
erated. The output signals from the generator 1 are di-
vided in two groups. One group is supplied to an am-
plitude modulator 2 so as to be modulated, while the
other is transmitted to a frequency divider 3. The ratio
1/n in which the frequency is divided by the frequency
divider 3 is so set as to obtain a signal S; of such divided
frequency as will have an equivalent frequency to the
fundamental frequency f; of a musical signal S; to be re-
generated. While the signals S; and S; are not theoreti-
cally required to be in the ratio expressed in integers, the
division of frequency is preferably carried out in a man-
ner to obtain such ratio in consideration of the nature
of the frequency divider. The output signal S, of divided
frequency from the frequency divider 3 is transmitted to
the following wave shaper 4, where the wave form of said

. signal S, is shaped into that of a signal S; which has the
fundamental frequency f; and contains harmonic com-
ponents corresponding to the harmonic structure of the
musical signal S;. The signal S; whose wave form has
thus been shaped by the wave shaper 4 is then transferred
to the amplitude modulator 2 so as to modulate the am-
plitude of the aforementioned period functional signal
Sy, so that there is obtained the desired musical signal Sy
as an output from the amplitude modulator 2.

There will be further detailed the operation of the musi-
cal tone generating circuit of the present invention con-

structed in the aforementioned manner. To ease explana- 5

tion, the periodic functional signal S; is taken to be a
signal of a sinusoidal functional wave solely consisting of
a monofrequency component, which may be expressed by
the undermentioned formula. Namely, the signal gen-
erator 1 is assumed to generate a signal of the following
formula.

Si=4c cos (nwt4-6) - (1)

were:
Ac=amplitude
n=integers (reciprocals of the aforementioned ratio
of divided frequencies)
w=angular frequency (equivalent to 2=f,)
6=phase angle.

The signal S; of a sinusoidal functional wave is intro-
duced into the amplitude modulator 2 and frequency di-
vider 3. Since the ratio in which the frequency is divided
by the frequency divider 3 is set at 1/7 as described above,
the sign S, of divided frequency obtained as an output
will form a sinusoidal functional wave having a frequency
fi. The wave form of the signal S, having the divided
frequency is shaped by the wave shaper 4, and is formed
into a signal S; having special type waves, for exam-
ple, saw tooth waves, square waves, or triangular waves
with the pulse-repetition frequency f;. The signal S; pro-
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duces harmonic components of frequency f, in accord-
ance with the aforementioned special wave forms. Where
the signal S, of a sinusoidal functional wave is changed
by wave shaping, for example, into a signal Sy’ of a saw
tooth wave or a signal S3”” of a square wave as shown
in FIG. 2, the harmonic spectra of these signals Sg’ and
S;’” will be as illustrated in FIGS. 3A and 3B respec-
tively. It is well known that signals of a saw tooth wave,
square wave or other special wave forms have their own
peculiar harmonic spectra. Thus, if the wave shaper 4
comprises a saw tooth wave generating circuit, the spec-
trum of the signal S; will be as shown in FIG. 3A. Name-
ly, the signal S; will progressively acquire larger har-
monic components as 2f;, 3f; . . . Nf; in relation to the
fundamental frequency f; without missing any of these
components on the way. As the order of harmonic com-
ponents contained increases, the amplitude of those is re-
duced. Also where the sinusoidal functional wave of the
signal S, is shaped into a square one, the spectrum of the
signal S;”" will obtain harmonic components of only odd
orders as 3f;, 5f; . . . in relation to the fundamental fre-
quency f;, as shown in FIG. 3B. Signals of other special
wave forms will also have their own peculiar spectra. In
any case, the signal S contains various orders of harmonic
components in relation to the fundamental frequency f,
of the aforesaid signal S, of divided frequency. Thus the
signal S; may generally be expressed by the following
formula:

N
Sz=2, Am cos (mewt-+¢m)
m=1 (2)
where:

m=order of harmonic components contained

N=upper limit of orders.

While N theoretically represents the value up to an
infinite (e0) order, there will be no difficulties for prac-
tical purposes if N is considered to denote orders of less
than 100.

Am=amplitude of the signal containing mth harmonic
components.

¢m==phase angle of the signal containing mth har-
monic components.

The amplitude modulator 2 is formed from a very
common type of amplitude modulating circuit. When the
aforesaid signal S; modulates the amplitude of the signal
S; which should be modulated then there will be obtained
a musical signal S, as represented by the following for-
mua:

N
So=Ac{1+E Km-cos (mawt-+¢om) } -cos (nwt-46)
m=1

_ _ N Em
=Accos (nwt=0)+Ac> -5 cos{ (n+m)wt+9-+¢pm}
m=1

N
+Ac> KTm cos{ (n—m)wt-+0—¢m}
m=1
3)
where:
Km=degree of amplitude modulation. There is a rela-
tion

Am
Km=k A
(where k represents a ratio constant).

Because of w=2rf;, the harmonic spectrum of a mu-
sical signal S, forms side bands around nf;, as seen from
Formula 3, in accordance with the harmonic spectrum of
the signal S;, thus enabling desired harmonic structures to
be obtained in accordance with the harmonic structure
of the signal S3 with the frequency f; as the fundamental
one.

For better understanding, there will be described more
concretely the case where reed family musical sounds,
for example, those of an oboe are practically synthesized.
The harmonic structure of reed family musical tones gen-
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erally has a single peak at a specific order of a har-
monic component. Therefore, the harmonic structure of
the desired musical signal S, is deemed to be as shown
in FIG. 4. Namely, said harmonic structure has a single
peak at the nth order ( nf), for example, fifth order 5f;
in relation to the fundamental frequency f;. In this case,
it is assumed that the periodic functional signal generator
1 generates a signal S; of a sinusoidal functional wave hav-
ing a frequency 5fy, that the ratio in which the frequency
is divided by the frequency divider 3 is set at 1/5 and that

the wave shaper 4 consists of a saw tooth wave synthesizer’

for shaping a sinusoidal functional wave into a saw tooth
wave. Then the signal S; having a frequency 5f; is re-
duced to a signal S, having a frequency f; due to fre-
quency division by the frequency divider 3 wherein the
ratio of frequency division is set at 1/5 as mentioned
above. The signal S, of divided frequency is shaped by
the wave shaper 4 into a saw tooth wave signal S; hav-
ing a -pulse-repetition frequency f;. The signal S; is mod-
ulated in amplitude by said signal S; in the amplitude
modulator 2 to produce the desired musical signal Sq.
The peak of the harmonic spectrum of the musical sig-
nal S, corresponds to the frequency 5f; of the amplitude
modulated signal, and the attenuating property of upper
and lower side bands agrees with that observed in the
spectrum of the saw tooth wave signal S;. Namely, said
upper and lower side bands displays a corresponding pat-
tern to the harmonic component of the modulating signal
S;. While the upper side bands theoretically involve an
infinite degree of a harmonic component, the harmonic
component which exceeds one hundredth order may be
neglected for practical purposes, On the other hand, the
lower side band in the fourth order contains a frequency
up to fi. As shown in FIG. 4, the lower side bands in
the 6th to 9th order from the frequency 5f; of the signal
S, are vectorially superposed on the lower side bands in
the 4th to 1st order. Also the lower side band in the 10th
order is superposed on the signal S; and the lower side
bands in the 11th and subsequent orders are superposed
by turns on the upper side bands in the 1st and subsequent
orders so as to be vectorially added. This will be more
apparent by reference to Formula 3. It may be general-
ized that in the case of m>n, some of the side bands are
vectorially added by superposition. Namely, the lower side
bands in the order of m; from the carrier wave (provided
n<m<2n) agree in frequency with the lower side bands
in the order of (2n—m;) to be vectorially superposed
thereon. And the lower side bands in the order following
2n, namely those in the order 2n-Fmy (provided mp=;)
are superposed on the upper side bands in the order of m,.
Strictly speaking, therefore, the spectrum of FIG. 4 is not
perfectly symmetrical relative to the frequency 5f;. For
practical purposes, however, the spectrum may be deemed
symmetrical.

As seen from the spectrum of FIG. 4, the aforemen-
tioned arrangement produces the harmonic structure of
reed family musical tones having a single peak at the fifth
order 5f; of a harmonic component with the frequency f;
as the fundamental one, so that the output from the ampli-
tude modulator 2 forms a musical signal S, adapted for
reed family musical instruments.

As mentioned above, the present invention enables
musical tones of a desired harmonic structure to be syn-
thesized in accordance with the harmonic spectrum of the
signal S; even without particularly providing a filter cir-
cuit. Also if the frequency of the periodic functional signal
issued by the generator 1 thereof is varied, then it will be
possible to synthesize musical signals having a similar
harmonic structure to that of FIG. 4 with a 1/n fraction
of the aforesaid frequency taken as the fundamental fre-
quency. For instance, if 5Xf;==5X440 Hz., then the
fundamental frequency will be 440 Hz., and there will be
obtained a harmonic structure having a single peak at the
fifth order 5440 Hz. of a harmonic component. Where
5%f, changes to 5X880 Hz., then the fundamental fre-
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quency will be 880 Hz. and there will appear a harmonic
structure having a single peak at the fifth order 5x 880
Hz. of a harmonic component. Therefore, the harmonic
structure itself remains fixed even though musical inter-
vals may vary, thus enabling timbers of the same family
to be obtained over a broad range of auditory frequency.
Moreover, the order of harmonic components containing
a single peak may be varied to any desired extent by
changing the ratio of frequency division carried out by the
frequency divider 3.

FIG. 5 is a diagram of a more practical type of ap-
paratus for synthesizing reed family musical tones. It in-
volves new members added to the apparatus shown in
FIG. 1. The same parts or functions of FIG. 5 as those
shown in FIG. 1 are denoted by the same numerals and
description thereof is omitted.

The periodic functional signal S; generated at the out-
put terminal 6 of the generator 1 thereof is introduced
through an input terminal 7 into an amplifier 8 so as
to be amplified. The periodic functional signal S; thus
amplified is transferred to an amplitude modulator 2, fre-
quency divider 3 and phase inverter 9 respectively. The
frequency divider 3 is so arranged as to divide the fre-
quency in the ratio of 1/5. Namely, the signal S, of a
periodic functional wave is subjected to wave shaping by
a Schmitt trigger circuit 10. Then the signal S; is changed
by frequency division into another signal containing a
fundamental frequency f;, namely, one-fifth of the fre-
quency S5f; originally possessed by the signal S;, in flip-
flop circuits 11, 12 and 13 connected in series. The signals
issued from the flip-flop circuits 11, 12 and 13 are mixed
so as to be synthesized into a symmetrical wave wherein
the pulse widths are in the ratio of 1:4 (duty factor 4/5),
and thereafter introduced into the wave shaper 4. The
wave shaper 4 is formed from a directional integration
circuit and produces a saw tooth wave signal S; of a
pulse-repetition frequency f;. The signal S; is amplified
into a saw tooth wave signal S, of constant amplitude by
an amplifier 14 regardless of inputs applied. The signal
S, is transmitted to the amplitude modulator to modulate
the aforesaid signal S;. Up to this point, the apparatus of
FIG. 5 performs substantially the same operation as that
of FIG. 1 excepting that amplification is involved in the
interim step. Thus the amplitude modulator 2 produces
a musical signal Sy having such a harmonic structure as
shown in FIG. 4. In the apparatus of FIG. 5, said signal
So is adjusted in amplitude by an attenuator 15. On the
other hand, the signal S; of a sinusoidal functional wave
is inverted 180° in phase by a phase inverter 9, and ad-
justed in amplitude by another attenuator 16. The output
signals from both attenuators 15 and 16 are synthesized
and amplified by a buffer amplifier 17 to form the desired
musical signal Sy’. The harmonic structure of the musical
signal Sy’ obtained at the output terminal 18 is almost the
same as that of FIG. 4. In the apparatus of FIG. 5, how-
ever, the signal S; of a sinusoidal functional wave is added
after phase inversion to the output signal from the ampli-
tude modulator 2, so that the value of the peak only con-
sisting of the nth harmonics of the fundamental frequency
f1, for example, the fifth order 5f; of a harmonic compo-
nent can be adjusted. Thus the relative differences between
the peak value having a harmonic component 5f; and
another peak value containing other orders of harmonic
components are varied and as a result the harmonic struc-
ture of the aforementioned musical signal S, is changed
to that extent. Therefore, there are synthesized reed fam-
ily musical signals having a harmonic structure bearing
greater similarity to the tones of the original musical
instrument.

The apparatus of FIG. 5 can be used in constructing an
electronic organ. There will now be described the elec-
tronic organ apparatus 20 by reference to FIG. 6. The
same parts of FIG. 6 as those of FIG. 5 are denoted by
the same numerals and description thereof is omitted. In
the organ apparatus 20, the main construction 72 includ-
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ing the input terminal 7 and following members is quite
the same as that of FIG. 5 and is briefly indicated in a
block. Reference numeral 71 represents a periodic func-
tional signal generator, which generates signals of a
periodic functional wave having a frequency 5 times the
frequencies of musical intervals A, A%, B, C ... A, for
example, those of 440 Hz., 466 Hz., 493 Hz. . . . 880 Hz.

The signal generating circuit 71 is formed from a signal
generating member 22, elements 1;, 1, . . . 1 for de-
fining an oscillation constant comprising a coil, con-
denser, resistor, etc, and serially connected to said generat-
ing member 22, and switches 21;, 215, 215 . . . 21, one
end of which is respectively connected to one end of each
of the aforementioned oscillation constant defining ele-
ments and the other end of which is grounded. These
switches 21, 21, . . . 21, are operated in an interlocking
relation with the respective keyboards through an inter-
locking mechanism (not shown). If a keyboard having
a musical interval B is pressed, a switch contact 21, is
closed and there is supplied to the input terminal 7 a
signal of a periodic functional wave having a frequency
5% 493 Hz. as defined by the elements 1;, 1, and 13 which
are arranged to generate signals with a previously set
constant. Then there is obtained from an output terminal
18 a musical signal of a B interval having a fundamental
frequency 493 Hz. and a similar harmonic structure to
that of FIG. 4. Also where another keyboard is pressed,
there is obtained a musical signal having the same pat-
tern of harmonic structure, though ijts fundamental fre-
quency alone is varied in accordance with the required
musical interval. The aforementioned electronic organ
apparatus 20 has a very simple construction, because its
major parts can be used in common over a broad range
of musical intervals, only requiring the generation con-
stant to be so set as to match each musical interval in-
volved.

There will now be described by reference to FIGS. 7
and 8 a circuit for generating a string family musical sig-
nal having a multiple format type of harmonic structure,
of concretely, for example, the case in which there is
synthesized a musical tone having a harmonic structure
wherein a peak is present at both the third order 3f, of a
harmonic component and the ninth order 9f; in relation
to the fundamental frequency f;. Referring to FIG. 7,
the periodic functional signal generator 1 generates a
signal S; of a periodic functional wave having a fre-
quency 9f;. After being amplified by an amplifier 30, the
signal S; is conducted to a frequency divider 3. As illus-
trated, the frequency divider 3 comprises flip-flop circuits
32, 33, 34 and 35 serially connected to a Schmitt trigger
circuit 31. The signal S; of a periodic functional wave is
adjusted in the wave form by the Schmitt trigger circuit
31 and carried to the first to fourth flip-flop circuits 32,
33, 34 and 35. By feeding the output from the second
flip-flop circuit 33 back to the first flip-flop circuit 32, the
frequency of the signal S; is reduced to one-third of the
original frequency, thus obtaining another signal having
a frequency, 3f;. The signal thus obtained is transferred
to a low-pass filter 36 as later described, and to the suc-
ceeding flip-flop circuits 34 and 35. The output of the
fourth flip-flop circuit 35 is carried back to the third flip-
flop circuit 34 to cause the aforesaid divided frequency
to be further reduced to one-third. The output signal from
the second flip-flop circuit 33 and that from the fourth
flip-flop circuit 35 are mixed and supplied to a wave
shaper 4 consisting of a directional integration circuit.
The wave shaper generates a saw tooth wave signal S,
of a pulse-repetition frequency f;. The signal S; is trans-
ferred to an amplifier 37 to cause it to have a fixed am-
plitude.

On the other hand, the low-pass filter 36 has a property
of passing only a signal of a low frequency range which
does not exceed a certain upper limit. Thus the output
signal from the second flip-flop circuit 33 whose frequency
has already been reduced to one-third is introduced into
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a filter 36 to be shaped into a type containing large
amounts of the third harmonics of the fundamental fre-
quency f;, namely, a harmonic component 3f;, and there-
after amplified to a fixed amplitude by another amplifier
38. The amplified signal is conducted to an attenuator
39. Also, that portion of the signal S; of a periodic func-
tional wave which was separated from the output of the
amplifier 30 is also amplified by another amplifier 40
and transmitted to another attenuator 41. Output signals
from the attenuators 39 and 41 having frequencies 9f,
and 3f, respectively are mixed and carried to the ampli-
tude modulator 2, where these mixed signals are modu-
lated in amplitude by the saw tooth wave signal issued
from the amplifier 37. Then the amplitude modulator 2
generates a musical signal having a desired harmonic
structure which contains a peak at both the third order 3f,
of a harmonic component and the ninth order 9f,. This
signal is formed into the desired output signal after being
amplified by a buffer amplifier 42. If the value of the fun-
damental frequency f; is varied by changing the fre-
quency 9f; of the signal S; then there will be realized
musical tones having multiple formats of the desired mu-
sical interval,

There will now be described by reference to FIGS. 9
and 10 the apparatus of the present invention for syn-
thesizing musical tones of a harmonic structure which
contains only odd harmonic components insofar as the
low orders of said harmonic components are concerned,
such, for example, as the musical tones of a clarinet. Re-
ferring to FIG. 9, the periodic functional signal generator
1 generates a signal S; of a sinusoidal functional wave
having a frequency of, for example, 12f, in relation to
the fundamental frequency f;. The signal S, is carried
through an amplifier 50 to the succeeding frequency di-
vider 3, where the signal S, of a frequency 12, is adjusted
in the wave form by a Schmitt trigger circuit 51 and then
transferred to flip-flop circuits 52, 53, 54 and 55 con-
nected in series. Part of the output signal from the second
flip-flop circuit 53 is sent back to the first flip-flop circuit
52 and so the frequency 12f, is reduced to one-third by
the first and second flip-flop circuits 52 and 53, thus ob-
taining a signal S; of a frequency 4f;. The signal S, of
divided frequency is further reduced to one-fourth during
transit through the third and fourth flip-flop circuits 54
and 55 to obtain another signal of a pulse-repetition fre-
quency f;. This signal and the output signal from the first
and second flip-flop circuits 52 and 53 are mixed and sup-
plied to a wave shaper 4 consisting of a directional inte-
gration circuit (not shown). From the wave shaper 4 is
obtained due to directional integration a saw tooth wave
signal S; of a pulse-repetition frequency f;. The signal
S; is amplified by an amplifier 56 to a fixed amplitude,
and then transferred to an amplitude modulator 2 as a
modulating signal. Since the amplitude modulator 2 is
already supplied from an amplifier 50 with the signal S,
of a sinusoidal functional wave having a frequency 127,
50 as to be modulated thereby, the amplitude modulator 2
generates a signal of a harmonic structure which contains
a peak at the 12th order of a harmonic component in
relation to the fundamental frequency #;. The signal thus
generated is conducted to an attenuator 57. On the other
hand, another output signal issued from the aforesaid
fourth flip-flop circuit 55 is a square wave signal of a
pulse-repetition frequency f;. The square signal is am-
plified by an amplifier 58. The square wave signal has a
harmonic spectrum wherein a harmonic component only
appears at the odd number of order as shown in FIG.
3B. Therefore when the square wave signal is mixed with
the output signal from the attenuator 57 there will be ob-
tained a musical signal of such a harmonic structure as
shown in FIG. '10. The musical signal is amplified to a
desired extent by an amplifier 59.

The apparatus of the present invention can synthesize
not only musical signals of a very special harmonic struc-
ture as has been described up to this point, but also a
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large variety of other musical signals at will. These other
musical signals can be generated by an apparatus shown
in FIG. 11. As illustrated, the apparatus is operated in
the following manner. The periodic functional signal gen-
erator 1 generates a signal of a fixed frequency f. Said
periodic functional signal is introduced into frequency
dividers 3y, 35 . . . 3y wherein the ratio in which the fre-
quency is divided is set at 1/ny, 1/ny5 . . . 1/ny respec-
tively in terms of integers (where n; . . . ny represent dif-
ferent integers with ny<ny). Output signals from frequency
dividers 3y, 3, . . . 3, are supplied to wave shapers 4,,
45 . . . 4,. These wave shapers are not formed from the
same type of circuit, but from a plurality of those types
which can shape the aforesaid signal of divided frequency
into one having a special wave form such as at least a
saw tooth wave, square wave.or triangular wave. Qutput
signals from the wave shapers 4;, 45 . . . 4, are con-
ducted to a plurality of circuits involving serially con-
nected amplifiers 60;, 60, . . . 60, and phase shifters
61;, 61, . . . 61, respectively. These phase shifters en-
able the phase of output signals from the wave shapers
41, 45 . . . 4, to be varied freely. The output signals
from the phase shifters 61, 615 . . . 61, are respectively
supplied in parallel to the input terminal of the first and
second selection matrices 62 and 63. These selection mat-
rices 62 and 63 are interlocked with a keyboard switch
(not shown) and select only desirable signals from among
those which are carried to the input terminals thereof,
and conduct the selected signals to the output terminals
64 and 65 thereof. The signal issued from the output
terminal 65 is transmiited to the amplittde modulator 2
and the signal taken out of the output terminal 64 is also
transferred thereto as a signal modulating the amplitude
of the signal from the aforesaid terminal 65. From the
amplitude modulator 2 is obtained a musical tone having
a desired complicated harmonic structure. The signals
entering the input terminals of the selection matrices 62
and 63 have their own specific harmonic spectra. There-
fore, control of the keyboard switch enables a signal hav-
ing a desired harmonic spectrum to be obtained from the
output terminals 64 and 65 of the selection matrices 62
and 63. Namely, amplitude modulation produces that
type of harmonic structure in which side bands are
formed around the respective harmonic components con-
tained in the first signals in accordance with the har-
monic spectra of the second signals modulating the am-
plitude of the first signals, thus synthesizing musical tones
having various complicated harmonic structures.

As mentioned above, the present invention enables de-
sired musical signals to be synthesized over a broad range
of musical intervals using a simple construction. While
the foregoing description relates to the synthesis of har-
monic structures of tones of several musical instruments,
it is needless to say that the tones of other musical in-
struments can be easily synthesized using the concept of
the present invention. It will be understood that the afore-
mentioned embodiments of the invention are offered only
by way of illustration and that the apparatus according
to the invention may be practised in various modifications.
It will also be noted that these modification constitute
part of the present invention, provided that they do not
change the spirit and object of the invention, but fall
within the scope of the patent claims.

What is claimed is:

1. Anelectronic musical apparatus comprising:

means for generating a periodic functional signal hav-

ing at least one frequéncy nf equivalent to an in-
tegral multiple » of the fundamental frequency f
of a desired musical signal to be regenerated;
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means coupled to said generating means for produc-
ing a frequency divided signal having a frequency
corresponding to the frequency of said periodic func-
tional signal divided by a predetermined value;
wave shaping means coupled to said dividing means
for changing the frequency divided signal into a
wave shaped signal containing harmonic compo-
ments corresponding to the harmonic structure of the
musical signal to be regenerated; and
means for amplitude modulating a signal including the
output signal from said generating means with said
wave shaped signal to thereby produce said musical
signal.
2. An electronic musical apparatus according to claim
1 wherein said predetermined value is an integer n equal
to said integral multiple 7.
3. An electronic musical apparatus according to claim
1 wherein said periodic functional signal is sinusoidal
wave signal.
4. An electronic musical apparatus according to claim
3 wherein the said wave shaping means comprises means
for shaping said frequency divided signal into a square
wave.
5. An electronic musical apparatus according to claim
3 wherein said wave shaping means comprises means for
shaping said frequency divided signal into a saw tooth
wave.
6. An electronic musical apparatus according to claim
1 further comprising means for adding said periodic func-
tional signal to the output signal from said amplitude
modulating means.
7. An electronic musical apparatus according to claim
1 wherein said generating means includes means for
generating a plurality of periodic functional signals, each
having a different frequency, and means for selecting the
periodic signal having a frequency corresponding to the
desired musical signal to be regenerated.
8. An electronic musical apparatus according to claim
1 wherein said dividing means produces an intermediate
signal having a frequency which corresponds to the fre-
quency of said periodic functional signal divided by a
second predetermined value.
9. An electronic musical apparatus according to claim
8 comprising means combining said periodic functional
signal and said intermediate signal to produce a com-
bined signal, and wherein said amplitude modulating
means modulates said combined signal with said wave
shaped signal.
10. An electronic musical apparatus according to claim
1 wherein said dividing means includes means for generat-
ing from said periodic functional signal a square wave
signal having a pulse-repetition frequency equivalent to an
integral multiple of the fundamental frequency of musical
signal to be regenerated; and further comprising means
mixing said square wave signal with the output signal
from said amplitude modulating means.
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