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ABSTRACT: A carrier wave having a subaudible frequency is
modulated in amplitude by a modulating wave of a tone signa!
having an audible frequency, which produces a resultant
modulated output signal having first and second side band
components respectively deviated above and below the tone
signal frequency by a deviation equal to the carrier frequency.
The frequency of the carrier wave is selected to be much
lower than that of the modulating wave, contrary to the known
conventional modulation technique. The frequency-deviated
signal thus obtained is admixed with the original nonfrequen-
cy-deviated musical sound signal thereby to produce a
tremolo or chorus effect. The carrier wave is given a distorted
waveform in order to produce a richer and more complicated
tremolo or chorus effect.
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TREMOLO EFFECT PRODUCING DEVICE
BACKGROUND OF THE INVENTION

This invention relates generally to a tremolo effect (inclu-
sive of chorus effect) producing device, and more particularly
to a type of device for creating tremolo effect sounds in a
purely electrical manner.

Heretofore, tremolo or chorus effect producing devices
wherein an electrical musical sound signal (as a carrier wave)
is amplitude-modulated with a signal (as a modulating wave)
having a desired frequency and waveform, or the electrical
signal is converted into a sound signal through a loudspeaker
rotating at a desired speed, have been proposed. (Hereinafter,
as far as an electronic musical instrument is concerned, a
tremolo effect represents a modulation by a frequency ranging
from 5 to 10 Hz., while a chorus effect represents a modula-
tion by a frequency ranging from 0.5 to 2 Hz. However, in the
first-mentioned system, since only the amplitude modulation
is employed, a frequency of the musical sound remains
unchanged, and therefore the resultant sound is rather
monotonous and the sound effect is very poor. On the other
hand, in the second system, the Doppler effect is produced in
the musical sound signal by the rotation of the loudspeaker,
and as a result, the frequency, phase, and directivity are varied
in addition to the signal level variation (amplitude modula-
tion) whereby a widespread sensation can be obtained. There-
fore, the second method is very effective. However, the rotary
system and the driving system of the loudspeaker are exces-
sively complicated, and the production cost thereof is very ex-
pensive. Further, there are much possibilities for introducing
various undesirable noises such as windbreaking noise, and
other mechanical noises at the time of rotation of the loud-
speaker. :

SUMMARY OF THE INVENTION

It is accordingly a primary object of the present invention to
provide a novel organization of a tremolo or chorus effect
producing device wherein all of the above-described draw-
backs of the conventional devices can be eliminated.

Another object of the present invention is to provide a
tremolo effect producing device wherein a tremolo effect
which is very effective and rich in natural sound can be
produced in a purely electronic manner.

A further object of the present invention is to provide a
tremolo effect producing device, wherein a tremolo effect
sound which is very rich like that in an instrument having
several ranks of tone generators, can be produced by using
one extremely low-frequency distorted waveform oscillator.

A still further object of the present invention is to provide a
tremolo effect producing device, wherein a tremolo or chorus
effect sound same as obtained by a rotatable loudspeaker, can
be produced.

A particular object of the present invention is to provide a
tremolo effect producing device which is simple in organiza-
tion, and therefore can be mounted on any desired portion of
an electronic musical instrument.

Another and more object of the present invention is to pro-
vide a tremolo effect producing device, wherein frequency
(phase) variation is accorﬁpanied with amplitude variation,
and these variations produce tremolo effect sounds which vary
irregularly.

A more specific object of the present invention is to provide
a novel tremolo or chorus effect producing device which can
operate in a purely electronic manner and is simple in or-
ganization and economical in production.

The nature, utility and the principle of the present invention
will be more clearly understood from the following detailed
description with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawings:

FIG. 1 is a block diagram showing an example of the
tremolo effect producing device according to the present in-
vention;
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FIG. 2 is a waveform diagram illustrating the function of the
tremolo effect producing device shown in FIG. 1;

FIG. 3 shows the frequency spectra obtained at a point (e)
of FIG. 1;

FIGS. 4, 5 and 6 are circuit diagrams showing various
modification examples of the mixing circuit of FIG. I,

FIG. 7 is a block diagram illustrating another example of the
tremolo effect producing device according to the present in-
vention;

FIG. 8 illustrates various signal waveforms utilized to ex-
plain the function of the device shown in FIG. 7;

FIG. 9 is a block diagram illustrating a still further example
of the tremolo effect producing device according to the
present invention; and

FIG. 10 shows a frequency spectrum of a carrier wave from
a noise generator of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

With reference now to FIG. 1, an example of the tremolo ef-
fect producing device according to the present invention is
shown by a block diagram which comprises a musical sound
signal circuit MS of an electronic musical instrument, a phase
shifter PS adapted to shift a musical sound signal produced by
the musical sound signal circuit as much as a desired phase,
amount, an extremely low-frequency oscillator LFO adapted
to generate signals having a subaudible frequency (for in-
stance 0.5-10 Hz.) which is much lower than that of the musi-
cal sound signal, an amplitude modulator M adapted to am-
plitude-modulate this extremely low-frequency signal (as a
carrier wave) with the musical sound signal (as a modulating
wave), a high-pass filter F adapted to eliminate the oscillation
frequency component of the extremely low-frequency oscilla-
tor LFO, resistors R, and R, for mixing the output from the
filter and that from the musical sound signal circuit, an ampli-
fier A, and a loudspeaker SP. Since the phase-shifting quantity
of the phase-shifter increases, for instance as the frequency of
the musical sound signal becomes high, the phase difference
between the musical sound signal (modulating wave) and the
extremely low-frequency signal (carrier wave to be modu-
lated) varies according to frequency. Therefore, there will be
obtained at some frequency an amplitude modulation, at some
a frequency modulation and at some both modulations,
thereby to attain a more complicated effect.

When the extremely low-frequency oscillator LFO
generates an extremely low-frequency sine wave signal (ap-
proximately 0.5-10 Hz. as shown in FIG. 2(a,) which in turn is
amplitude-modulated with the musical sound signal produced
from the musical sound circuit, and the thus amplitude-modu-
lated signal is subjected to go through the high-pass filter to
cutoff an extremely low-frequency signal component, only the
upper sideband signal component and lower sideband signal
component as shown in FIG. 2(b,) can be obtained.

This will be expressed in mathematical formulas as follows:

Assumed that the signal at the terminal (@) is 4 cos w? (0=
27f) and the signal at the terminal (d) is B cos Acwt (w=27Af),
the output of the modulator M will be:

M output= B cos Awt (1+m cos wt)

= B cos Awt+mB/2 cos (w+Aw)t+mB/2 cos (w—Aw ),

where, m=K4 indicates the amplitude modulation factor,
and

K is the modulation sensitivity.

The output which is obtained by passing the M output
through the filter F to eliminate the extremely low-frequency
component will be as follows:

mB/2 cas (wt+Aw)t+mB/[2 cos (w—Aw)t.

FIG. 2 (b,) shows a waveform diagram in case of the 100
percent modulation where m=1. When this output and the
original musical sound signal are mixed at 2 point (e) through
the resistors R, and Ry, obtained is a signal of 4, cos (wt-+6)+4
2 €08 (wt+Aw )+ cos (w—Aw)t

where 4, and 4, are amplitudes and 8 is a phase difference
angle between signals at points (a) and (e). This signal is a
signal which is obtained by combining the amplitude modula-
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tion by a frequency Af and the phase variation with the same
frequency as that of the amplitude modulation. This signal is
amplified by the amplifier A, and then converted into a sound
through the loudspeaker SP thereby to obtain a tremolo effect
sound which periodically varies in amplitude and in phase.

And, if the oscillation output signal of the extremely low-
frequency oscillator LFO is of a pure sine waveform as
" described above, the amplitude, frequency and phase of the
musical sound signal merely repeat with a certain frequency.
Therefore, the obtained tremolo effect sound has lack of natu-
ral feeling and depth of sound.

In order to overcome such disadvantages; in the present in-
vention, the extremely low-frequency oscillator LFOQ is so con-
structed as to give out a distorted waveform signal as shown in
FIG. 2(a,) or FIG. 2(a,) containing harmonics. The waveform
shown in FIG. 2(a;) is a distorted waveform which contains a
great amount of second harmonic component 2Af, while the
waveforma shown in FIG. 2(ay) is a distorted waveform which
contains a great amount of third harmonic component 3Af.
The modulated waveforms are as shown in FIG. 2(b,) and
FIG. 2(b,) respectively, and further, the frequency spectra of
tremolo effect sounds obtained by mixing them with the
original musical sound signal f are as shown in FIGS. 3(a) and
3(b) respectively. As a result, various higher harmonic com-
ponents are interfered with one another, and therefore the
tremolo effect sound produced through the loudspeaker
becomes complicated and loses a simple periodicity in the
variation of amplitude, phase ‘and frequency thereof thereby
to obtain tremolo effect sounds rich in natural feeling.
Further, the tremolo effect sound can be regarded as the
sound from the multirank sound source which has a plurality
ranks of individual or frequency dividing tone generators the
number of which is same as that of the higher harmonic com-
ponents, and therefore becomes rich.

In addition, in the mixing circuit comprising resistors R, and
R,, the output signal level from the filter F may be varied by
providing the variable resistor VR in the circuit of the resistor
R, as shown in FIG. 4, or the musical sound signal only and the
effect sound signal may be selectively switched by providing a
switch SW in series to the circuit of the resistor R, as shown in
FIG. 5, or each of the output levels may be individually ad-
justed by providing the variable resistors VR, and VR, in place
of the resistors R, and R, as shown in FIG. 6, thereby properly
combining these output levels.

FIG. 7 shows a modified embodiment to achieve almost the
same object as that of the example of FIG. 1.

Shown in FIG. 7 is a block diagram in which two oscillators
LFO, and LFO, are employed instead of the extremely low
frequency signal oscillator LFQ of the tremolo effect produc-
ing device illustrated in FIG. 1, and any parts other than the
extremely low-frequency signal oscillators are completely
same as those included in FIG. 1. In this arrangement, it goes
without saying that the extremely low-frequency signal oscilla-
tors more than two may be employed.

For convenience in explanation, it is assumed that no output
is produced from the oscillator LFO,, only the oscillator LFO,
produces the output signal, the waveform of this output signal
is a sine wave such as shown in FIG. 8(a), and the phase-shift
angle of the musical sound signal to be shifted by the phase
shifter is 0°. The analysis will be same as about FIG. 2(q,).

Assumed that a musical sound signal (modulating wave) the
musical sound signal circuit MS is a coswt{w=27f, where, fis
frequency), and an extremely low-frequency carrier signal
from the extremely low-frequency oscillator LFO, is A cosAwt
(Aw=2mAf,, where, Af, is frequency), obtained at the output
terminal C of the amplitude modulator M is a signal of

A cos Awt (14m cos wt) = A cos Awt+mAl2 {cos (wt+Aw)t

+ cos (w—Aw)t},

where, m=ka shows the modulation factor and % is the
modulation sensitivity. When the thus modulated signal is
passed through the high-pass filter to eliminate the extremely
low-frequency component, obtained at the output terminal d
of the filter F is a signal expressed by the formula of

mA/[2{cos (w+Aw) + cos (w—Aw)t }.
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This signal is, as shown in FIG. 8(b), both a sideband signal
consisting of a frequency f+f, and a frequency f~f, m. This
signal is mixed at a proper ratio with the original musical
sound signal in the mixing circuit composed by the resistors R,
and R;, and the thus mixed signal is amplified in the amplifier
A, and then converted into sound through the loudspeaker.
The mixed signal is such as shown by the following formula:

a, cos (wt+8)t+a, cos (w+Aw)t+cos (w—Aw)t,

where, a, and a, are the amplitudes, and 8 is a phase dif-
ference angle between signals at the points (a) and (e).

This signal is a signal which is composed by the amplitude
modulation by the extremely low frequency Af, plus the phase
variation with the same frequency as that of the extremely
low-frequency signal. Therefore, a sound produced through
the loudspeaker is accompanied with the variation of am-
plitude and with the frequency of the musical sound signal is
varied with the frequency of Af: in other words the tremolo ef-
fect sound can be obtained.

As mentioned above, in case that the extremely low-
frequency signal is of a sine wave such as shown in FIG. 8(a),
the obtained tremolo effect sound feels monotonous and has
disadvantageously lack of natural feeling in an actual musical
performance.

In order to overcome the above-mentioned disadvantages,
the present invention utilizes the extremely low-frequency
oscillators more than two, the oscillation signals therefrom are
mixed together, and then are amplitude-modulated, whereby
the obtained tremolo effect sound is more complicated and
richer than the tremolo effect sound obtained by means of the
conventional tremolo effect producing means.

In the example illustrated in FIG. 7; assumed that the oscil-
lation frequencies of the extremely low-frequency oscillators
LFO, LFO, are Af, and Af, respectively, and the amount of the
signal Af; is greater than that of Af; in the mixing signal voltage
level, the waveform of the signal resulted from mixing
becomes a distorted waveform which always varies its configu-
ration at a slow speed, as shown in FIGS. 8(a,), 8(a;) and
8(a3) (The waveforms shown in FIGS. 8(q,) through 8(a;) are
for the case where Afy=7 Hz. and Af,=15 Hz.). This mixed
signal contains the frequency components of Af, —Afy, Af;, Afs,
and Afi+Af,. These components are amplitude-modulated in
the modulator M, and the thus amplitude-modulated com-
ponents go through the filter F thereby to eliminate the ex-
tremely low-frequency components Af; and Af,. As a result,
obtained at the terminal (d) is a signal of

B cos (wtA( wp—w, ) }1+B cos| w—A(w—w,)} ¢

+B cos (wtAw, )1 + B cos (w—Aw, )t + B cos (w+Aw,)t

+B cos (w—Awy)t + B cos {art A(wtw;)) ¢

+B cos{w—A(wtw,)}t,

where B is the amplitude, Aw=27Af, and w,=2wAf,the
waveform becomes a complicated configuration, the envelope
of which always varies at a slow speed, as shown in FIGS.
8(b,), 8(b;) and 8(b;).

By mixing this signal with the original musical sound signal,
obtained is a signal of

B, cos (wt+6) + B, cos | (w+ A{wy—a,)} ¢

+ B, cos {w—A(w,—w, )}t +B, cos (wtAw, )t

+ B, cos (w—Aw, )t + B, cos (artAm,)t

+ B, cos (w—Aw; t+B; cos{wtA(wtw,) ¢

+ By cosfa—A(wrtwy)jt, h

where B, and B, are'amplitudes, and 8 is the phase dif-
ference angle between signals at the points (a) and (e). This
signal is a signal carrying an amplitude modulation by a
frequencies a(f;—f), Afi, Afy, and A(fi+f,) and the phase
variation with the same frequencies as that of the amplitude
modulation. Therefore, when the signal is properly amplified
by the amplifier A and then the thus amplified signal is con-
verted into sound through the loudspeaker SP, the sound ac-
companied with the variations in amplitude and phase, that is,
the tremolo effect sound can be obtained. In this case, the
modulated signal includes the frequency components of A(f,
—f1), Af1, Afy, and A(fi+f,), so that a chorus effect is obtained
(if these are properly selected) by the components of approxi-
mately' ! Hz., while the tremolo effect sound is obtained by the
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components of approximately 7 Hz. Accordingly, if the oscil-
lation frequency of the extremely low-frequency oscillator is
set so as to obtain the values as stated above, the chorus effect
and the tremolo effect can be obtained respectively, and
further distorted waveforms also can be obtained by com-
ponents other than these described above thereby to attain a
multirank sound source effect. Furthermore, these signals al-
ways vary their waveforms with the passage of time, so that no
simple periodicity is felt and the tremolo or chorus effect
sound rich in natural feeling can be obtained.

In the above explanation, the phase shift angle of the phase
shifter is assumed 0°. However, if the phase shift angle is
changed to 90°, the signal obtained by mixing the output of the
filter F with the original musical sound signal in the same
manner as found in the Armstrong modulator, becomes such a
signal that is obtained by phase-modulating the extremely low-
frequency signal. Therefore, when the phase characteristic of
the phase shifter PS is so set that the phase shift is varied with
frequency, the obtained signal contains both amplitude modu-
lation and phase modulation, as a result of which much richer
tremolo effect sound can be obtained.

In addition, all the frequencies of the oscillation signals
from a plurality of extremely low-frequency oscillators are
preferably not in integral multiple relationship with one
another.

Mixing of the output of the filter F and the original musical
sound signal may be obtained by connecting the variable re-
sistor VR to the circuit of resistor R, as shown in FIG. 4, or by
connecting the variable resistor to the circuit of the resistor R,
as shown in FIG. 5 in addition to the mixing circuit shown in
FIG. 1, and further the tremolo effect may be removed by a
switch inserted in the mixing circuit as shown in FIG. 6.

In addition, in case where a balanced modulator is em-
ployed in place of the modulator M in FIG. 7, the extremely
low-frequency component from the extremely low-frequency
oscillator is not included in the modulated signal, and there-
fore it is not necessary to use the filter F.

FIG. 9 shows still another embodiment of this invention
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wherein there is employed a noise generator N generating a
band noise of a spectrum as shown in FIG. 10. In this case, a
carrier wave of the band noise signal is amplitude modulated
by the modulating signal of the musical sound signal from the
circuit MS. The resultant signal includes rich frequency band
components, and as a result, the final output sound becomes
very rich in multitone sensation with tremolo or chorus effect.

While a few embodiments of the present invention have
been illustrated arid described in detail, it is particularly un-
derstood that the invention is not limited thereto and thereby.

We claim:

1. A tremolo effect producing device comprising an ex-
tremely low-frequency oscillator which generates an extreme-
ly low-frequency signal having a distorted waveform and much
lower frequency than the frequency of a musical sound signal;
a modulator which modulates the extremely low-frequency
signal produced from said extremely low-frequency oscillator
by said musical sound signal, a filter means to remove ex-
tremely low frequencies from the output of said modulator,
and a mixer which is adapted to mix at a desired mixing ratio
said musical sound signal and the signal left after removing
said extremely low-frequency signal component from the out-
put signal of said modulator,

2. A tremolo effect producing device comprising a plurality
of extremely low-frequency oscillators which produce ex-
tremely low-frequency signals the frequencies of which are
sufficiently lower than the frequency of a musical sound signal
and are not in integral multiple relationship with one another;
a modulator which amplitude-modulates a signal obtained by
mixing said extremely low-frequency signals, by said musical
sound signal; a filter means to remove extremely low frequen-
cies from the output of said modulator, and a mixing circuit
which is adapted to mix a signal left by removing only the ex-
tremely low-frequency signal component from the modulation

output signal of said modulator. . .
3. A tremolo effect producing device according to claim 1,

wherein said extremely low-frequency oscillator is a band
noise generator in the region of extremely low frequencies.
* * * * *



