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TREMOLO ARRANGEMENT FOR AN 
ELECTRONIC MUSICAL INSTRUMENT 

EMPLOYING FEEDBACK OF MODULATED 
SIGNAL TO MODULATOR INPUT 

BACKGROUND OF THE INVENTION 

This invention relates generally to tremolo effect 
producing devices, and more particularly to a type of 
device for creating tremolo effect sounds in a purely 
electrical manner. 

Heretofore, there have been used tremolo or chorus 
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 wave form, or the electrical signal is 
converted into a sound signal through a loudspeaker 
rotating at a desired speed. (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 
modulation by a frequency ranging from 0.5 to 2 Hz.) 
However, in the ?rst mentioned system, since only the 
amplitude modulation is employed, a frequency of the 
musical sound signal 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, a Doppler effect is produced in the musical 
sound signal by the rotation of the loudspeaker, and as 
a result, the frequency and phase of the musical sound 
signal are varied, and the signal level is also varied with 
the variation of directivity whereby a wide spread sen 
sation can be obtained. Therefore, the second system is 
very effective, but involves disadvantages such as ex 
cessively complicated rotating mechanism and driving 
mechanism of the loudspeaker and high production 
cost thereof. Furthermore there are possibilities of vari 
ous undesirable noises such as wind noise and other 
mechanical noises being introduced at the time of rota 
tion of the loudspeaker. 

SUMMARY OF THE INVENTION 

It is accordingly a main object of the present inven 
tion to provide a novel organization of a tremolo or 
chorus effect producing device wherein all of the 
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above-described drawbacks of conventional devices ' 
can be eliminated. 
Another object of the present invention is to provide 

a tremolo effect producing device in which a tremolo 
effect which is very effective and rich in providing 
natural sound sensation can be obtained in a purely 
electronic manner. 

A further object of the present invention is to pro 
vide a novel tremolo or chorus effect producing device 
which can operate in a purely electronic manner and is 
simple in construction and economical in production. 
A still further object of the present invention is to 

provide a tremolo effect producing device, wherein the 
effect of a frequency deviation rate is averaged at every 
compass, and an outstanding tremolo effect is 
produced in the signal of string instruments, the signal 
of which is very rich in higher harmonics. 
The nature, utility and the principle of the invention 

will be more clearly understood from the following 
detailed description with reference to the accompany 
ing drawings. 
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2 
BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawings: 
FIG. 1 is a block diagram illustrating an embodiment 

of the tremolo effect producing device according to the 
present invention; 

FIG. 2 is a block diagram showing another embodi 
ment of the tremolo effect producing device according 
to the present invention; _ 

FIG. 3 is a chart of frequency vs. level of a signal ob 
tained in the tremolo effect producing device accord 
ing to the present invention; 

FIG. 4 is a chart illustrating an example of the phase 
characteristic of a phase shifter employed in the 
tremolo effect producing device according to the 
present invention; 

FIG. 5 is a block diagram of a further embodiment of 
the tremolo effect producing device according to the 
present invention; and 

FIG. 6 exhibits a frequency spectrum of the musical 
sound signal obtained in the tremolo effect producing 
device shown in FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference now to FIG. 1, reference symbol MS 
represents a musical sound signal generating circuit 
which includes tone generators, tone keyers, tone 
coloring ?lters, tone color controls, and the like in case 
of, for instance, an electronic organ, and a phase shifter 
PS is adapted to shift the phase of a musical sound 
signal by a phase amount in response to its frequency 
and, if required, to obtain its phase shifting charac 
teristic as shown in FIG. 4. 
An extremely low frequency oscillator LFO 

generates an extremely low (sub—audible) frequency 
signal the frequency (0.5 to 10 Hz) of which is substan 
tially lower than the musical sound signal. A modulator 
M is adapted to amplitude-modulate the extremely low 
frequency signal (as a carrier wave) with the musical 
sound signal (as a modulating wave). A high-pass ?lter 
F serves to obtain only side hand signals by eliminating 
only the extremely low frequency signal out of a modu 
lated output signal of the modulator M. Resistors R1 
and R2 are employed for composing a mixer which 
mixes the original musical sound signal and the side 
band signals. An ampli?er A ampli?es the thus mixed 
signal. Reference symbol SP designates a loud-speaker. 
In the case where a balanced modulator is used as a 
modulator, no extremely low frequency component is 
included in the modulated output signal, and therefore 
it is not necessary to employ the high-pass ?lter F. A 
feedback amplifier FBA serves to feed back the side 
bank signals to the input side of the phase shifter PS or 
to the modulating terminal of the modulator M. 
The phase shifter PS adapted to shift the phase of a 

musical sound signal by a shifting amount in response 
to its frequency gives a certain phase difference 
between an extremely low frequency signal (as a carri 
er wave to be modulated) furnished from the extremely 
low frequency oscillator LPG and the musical sound 
signal (as a modulating wave) so that an amplitude 
modulation and/or a frequency modulation can be ob 
tained, thereby to attain a more intricate sound effect, 
but it is not necessarily required. 
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Hereinafter, a case wherein the phase shifter is not 
provided and the musical sound signal is directly ap~ 
plied to the modulating terminal of the modulator M, is 
described for convenience in exposition. 

It is assumed that the musical sound signal is 
represented by a cosw t (w = 2-n'f, f = frequency the 
musical signal usually comprises a plurality of frequen 
cy components thus constituting a frequency spectrum 
band and the frequency thereof is varied in accordance 
with the progression of the musical performance, but 
for convenience in explanation in this speci?cation, the 
musical signal is represented by only a single frequency 
of f Hz.), and the extremely low frequency signal is 
represented by a formula A cos Amt (Aw= 21rAf, Af= 
frequency), a both side band signal represented by the 
following formula can be obtained when the extremely 
low frequency signal (as a carrier wave) is amplitude 
modulated with the musical sound signal (as a modulat 
ing signal) and the extremely low frequency com 
ponent contained in the modulation output signal thus 
obtained is removed by utilizing the high-pass ?lter F: 

mA/2 {cos (0) + Am) t+ cos (0) -Am)t} 

where m = ha and m means the amplitude modula 
tion factor (k is the modulation sensitivity). This signal 
is mixed with the original musical sound signal in the 
mixing circuit comprising the resistors R1 and R2, and 
as a result of which a signal represented by the follow 
ing formula is obtained: 

where a, and b, represent respective amplitudes, and 
a phase shift due to the ?lter is neglected. 
On the other hand, a part of the output signal of the 

?lter F is applied to the input side of the phase shifter 
PS after having been adjusted in phase and level 
through the. feedback ampli?er FBA. This signal am 
plitude-modulates the extremely low frequency signal 
in the modulator M in the same way as described 
above. Accordingly, the signal from the ?lter is 
represented by the following formula: 

where b represents the amplitude, and a phase shift 
due to the feedback is neglected. Therefore, the formu 
la of a mixed signal obtained by mixing with the original 
musical sound signal in the mixer will be as follows: 

Thus, both of the upper and lower side hand signals are 
fed back to the modulating terminal of the modulator 
M, and as a result the mixed signal is represented by the 
following formula: 

Zn a, cos 0) t+ b, { cos (0) +iAw) t+ cos ((0 —iAw) t}.i=l 

The frequency spectrum of this signal is as shown in 
FIG. 3, in which frequencies are distributed at an inter 
val of the extremely low frequency Af on both sides of 
the musical sound frequency f. Therefore, when this 
signal is properly ampli?ed and then converted into 
sound through the loud-speaker, a tremolo effect sound 
whose frequency varies by frequencies of Af, 2Af 
through nAf can be obtained. 
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4 
Moreover, the signal is equivalent to a signal contain 

ing many frequencies?fiA?fi 2Af ..... ..f:t: nAf, and 
therefore can be considered as a multi-rank sound 
source and the signal produces an outstandingly rich 
sound. 

Thus, an example in which a bilateral band modula_ 
tion circuit comprising the modulator M, the extremely 
low frequency oscillator LFO and the high-pass ?lter F 
has been described. However, a single side band modu 
lation circuit wherein a single side band signal is ob 
tained higher or lower by as much as Af than the 
frequency of the musical sound signal, can be em 
ployed. In this case, it goes without saying that the out 
put signal occupies either the right or left side of the 
frequency spectrum shown in FIG. 3. 

In addition, the signal mixer may be provided with 
variable resistors instead of the resistor R, and R2 so 
that the mixing level can be adjusted as desired, or the 
mixer can be designed so that the signal mixing can be 
accomplished by an RC network at a proper phase rela 
tionship. 
Another embodiment of the present invention is 

shown in FIG. 2 wherein the phase shifter PS is directly 
inserted in the musical sound signal path instead of 
being connected in the signal path to the modulator. 
However, this embodiment is substantially the same in 
function and effect as the example described with 
reference to FIG. 1. 
A further example according to the present invention 

is illustrated in FIG. 5. This example is the same as that 
shown in ,FIG. 1 with the exception that a ?lter F, is 
used in place of the ?lter F shown in FIG. I, and an ad 
ditional high-pass ?lter F, is provided on the output 
side of the feedback ampli?er FBA. The ?lter F, is a 
high-pass ?lter which serves to obtain a single side band 
signal only by removing the extremely low frequency 
component from the modulated output signal of the 
modulator M, and likewise F, is a high-pass ?lter. 

In the same manner as in FIG. 1, both the upper and 
lower side band signals are feed back, and as a result 
the mixed signal can be represented by the following 
general formula: 

>(Ign_practice, the phase of each side bandlsignal is 

The resultant combination output signal thus ob 
tained by feedback is of a composition having many 
side band signals spreading on both sides of the musical 
sound signal and contributes to producing a tremolo ef 
fect sound richer than that obtained without feedback. 
However, since the carrier signal (to be modulated), 
namely, the extremely low frequency Af from the ex 
tremely low frequency oscillator LFO is constant, the 
relative frequency deviation Af/f decreases with the in 
creases with the increases with the increase of the musi 
cal sound signal frequency. Accordingly, the higher in 
compass a signal is, the more is the decrease of the 
tremolo effect thereof. In order to overcome this disad 
vantage, the abovementioned third embodiment of the 
present invention is so designed as to relatively increase 
the higher frequency component included in the side 
band signal by inserting the high-pass ?lter F2 in the 
feedback device. Thus, as shown with a frequency 
spectrum in FIG. 6, the spectrum in higher frequency is 
widened and the effect of the frequency deviation rate 
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is averaged at every compass, whereby the tremolo ef 
fect is particularly improved in the signals of string in 
struments, which signals have a number of higher har 
monics. 
The example described above employs a bilateral 

band modulation circuit comprising the modulator M, 
an extremely low frequency oscillator LFO and a ?lter 
F1. However, it is capable of utilizing a single side band 
modulation circuit for obtaining a single side band 
signal either higher or lower by a frequency Af than the 
musical sound signal frequency. In this case, the 
frequency spectra of the output signals occupy only the 
right or left side of frequency 100 Hz, 500 Hz, and 5 
kHz respectively, but, of course, almost the same effect 
can be obtained as described above. 
While a few embodiments of the present invention 

have been illustrated and described in detail, it is par 
ticularly understood that the invention is not limited 
thereto or thereby. 

I claim: 
1. In a electronic musical instrument, a tremolo ef 

fect producing circuit comprising in combination: a 
musical sound signal generating circuit; a low frequen 
cy oscillator generating a low frequency signal of 
frequency substantially less than‘ audio frequency 
range; an amplitude modulator having an input con 
nected to said oscillator for receiving said low frequen 

6 
cy signal as a carrier wave, and with a second input 
connected to said musical sound signal generating cir 
cuit for receiving said musical sound signal as a modu 
lating wave, said modulator giving out a modulated out 
put signal including side band signals and the carrier 
wave; a high-pass ?lter connected to an output side of 
said amplitude modulator for receiving said modulated 
output signal to eliminate said carrier wave and pass 
side band signals; a feedback amplifier connected 
between the output of said high-pass ?lter and said am 
plitude modulator for feeding back said side band 
signals as modulating waves; and mixer means con 

v nected to said musical sound signal generating circuit 
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and said high-pass ?lter thereby to mix said musical 
sound signal and an output from the high-pass ?lter to 
produce a resultant output wave containing a tremolo 
effect. 

2. A tremolo effect producing circuit as claimed in 
claim 1, which further comprises a second high-pass 
filter connected between said feedback ampli?er and 
said amplitude modulator. 

3. A tremolo effect producing circuit as claimed in 
claim 1, wherein said amplitude modulator is a single 
side band modulation circuit. 

4. A tremolo effect producing circuit as claimed in 
claim 1 wherein said mixer means comprises resistors. 

* * * * * 
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