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ABSTRACT: An electronic musical instrument comprises a
keyboard associated with a DC power source to produce a
controlling DC voltage, a plurality of variable frequency oscil-
lators which produce tone signals of frequencies determined
by the controlling DC voltage and which include a control rate
adjuster so that the oscillators are always in harmonic rela-
tions very approximately, switching circuits for switching said
tone signals, and means to convert the tone signals into
sounds.
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TONE-GENERATING DEVICE FOR ELECTRONIC
MUSICAL INSTRUMENT

BACKGROUND OF THE INVENTION

This invention relates generally to electronic musical instru-
ments, and more particularly to a device for generating musi-
cal tones in very approximate but not just exact harmonic rela-
tions for giving richness to musical sounds.

In order to obtain richness and wide variety in musical
sounds, various types of tone-generating devices are hereto-
fore known. A typical one of them is a so-called coupler
means wherein an output frequency from a certain oscillator is
admixed with higher harmonics obtained from separate oscil-
lators, the oscillating frequency in each of the oscillators being
a multiple or a submultiple of the one frequency by a number
as, for instance, an even integer. As a variable frequency tone
generator, there is known a variable frequency oscillator, the
frequency of which is determined and controlled by a DC volt-
age which is applied to the control terminal and is varied by
depressing a different key on the keyboard.

The inventor conducted thorough study about musical
sounds and has drawn a conclusion that when a musical sound
having naturalness is desired, each of the harmonic frequency
components is preferably deviated a little from the exactly
correct harmonic integer relationship. This deviation is more
important when it is desired to obtain a broad and rich sensa-
tion of sounds such as those rendered from a pipe organ or in
an orchestra where various musical instruments are played in
ensemble.

For realization of the above-described frequency deviations
of the harmonic components from the correct integer multiple
relationship to the fundamental frequency, a plurality of
separate variable frequency oscillators may also be employed,
and the frequencies of the oscillators may be controlled simul-
taneously employing a single control voltage.

However, when these frequencies are controlled through a
wide range by a single control voltage, sounds inducing un-
natural and dissonant sensation have been frequently ob-
tained, since the control rates (mathematically, d(frequen-
cy/)/d(control voltage) ) which mean the variation charac-
teristics of frequencies in these oscillators in response to the
single control voltage are, in an ordinary case, not equal to
each other, and the harmonic relationship in these frequencies
obtained from the respective oscillators becomes far from the
integer relationship. Such a drawback is further aggravated by
the fact that the variation rates of the oscillation frequencies
of the variable frequency oscillators depending on the varia-
tion of the control voltage may be different widely by the lack
of uniformity of the parts employed in these oscillators. For in-
stance, the variation rate of the oscillating frequency in an
astable multivibrator or in an astable blocking oscillator de-
pending on the control voltage may be widely changed by the
allowance variation of the base-emitter voltage V. of the
transistor included therein.

To eliminate the above described disadvantages, the com-
ponent parts must be selected carefully, or a plurality of con-
trol voltages individually adapted to the corresponding oscilla-
tors must be employed. However, such procedures are exces-
sively troublesome and uneconomical.

SUMMARY OF THE INVENTION

Therefore, the principal object of the present invention is to
provide a novel device for generating musical tones for an
electronic musical instrument, whereby the above described
drawbacks of the conventional tone generators are substan-
tially overcome.

Another object of the present invention is to provide a novel
organization of the tone-generating device wherein a plurality
of oscillators are controlled from a single control voltage ap-
plied thereto.

Still another object of the present invention is to provide a
novel sound-generating device for an electronic musical in-
strument wherein the harmonic frequencies obtained from the
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plurality of oscillators are slightly deviated from the exact har-
monic relationship, whereby musical tones resembling those
of a natural musical instrument can be obtained.

These and other objects of the present invention can be
achieved by a device for generating sounds to be employed in
an electronic musical instrument having keys, which device
comprises a control voltage generator associated with the keys
and generating when a key is depressed, a DC control voltage
representing a tone name of the key being depressed; a plurali-
ty of variable frequency oscillators connected to the control
voltage generator, each oscillating a tone signal having a
frequency determined by the control voltage and substantially
harmonically related to each other upon receipt thereof, and
each except one including a control rate adjuster for varying
the changing rate of the oscillation frequency in response to
the change of the control voltage; switching circuits con-
nected to the oscillators and associated with the keys for
receiving and keying output signals from the oscillators upon
depression of the key; a tone color circuit connected to the
switching circuits for receiving the tone coloring output
signals from the switching circuits; and an amplifier and a
loudspeaker for converting output signals from the tone color
circuit into sounds.

The nature, principle, and utility of the invention will be
more clearly apparent from the following description with
respect to a preferred embodiment thereof, when read in con-

. junction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawing,

FIG. 1 is a block diagram showing a tone-generating device
constituting one embodiment of the present invention,

FIG. 2 is an actual circuit diagram showing the construction
of a preferred embodiment of a DC voltage-controlled varia-
ble frequency oscillator to be used in this device, and

FIG. 3 is a circuit diagram showing the whole construction
of one embodiment of this invention.

DETAILED DESCRIPTION

Referring now to FIG. 1 in the accompanying drawings, it is
seen that a tone generating device according to the present in-
vention comprises a keyboard 1, a control voltage generator 2
including a DC power source and a voltage divider, a control
terminal 3, three variable frequency oscillators 4, 5§, and 6 for
generating signals having frequencies determined by the con-
trol voltage, control rate adjusters 7 and 8 for controlling rela-
tions between the oscillation frequencies and the control volt-
age of the variable frequency oscillators 4, 5, and 6, switching
circuits 9, 10, and 11 which open or close the output signals
from the variable-frequency oscillators under the operation of
the keyboard 1, a tone color circuit 12 which mixes the output
signals from the switching circuits 9, 10, and 11 and filters so
that a desired tone color is obtained, an amplifier 13, and a
loudspeaker 14.

With this construction of the tone generating device, when a
certain key in the keyboard 1 is depressed, a control-voltage
from the control voltage generator 2 having a valve represent-
ing a tone name of the depressed key is applied to the control
terminal 3, whereby the variable frequency oscillators 4, 5 and
6 are oscillated respectively at the frequencies determined by
the control voltage. The output signals from the variable
frequency oscillators 4, 5 and 6 are thereafter sent to the
switching circuits 9, 10, and 11. Since the switching circuits 9,
10, and 11 are conducting at the time the corresponding key is
operated, the output signals are then sent to the tone color by
mixing the output signals from the variable frequency oscilla-
tors and passing the thus mixed output signals through a filter
included in the tone color circuit 12,

Now suppose the ‘oscillating frequencies of the variable
frequency oscillators 4, 5, and 6 having an integer relationship
(of, for instance, 110, 220, and 330 Hz. respectively). Since
each of the variable-frequency oscillators is oscillating inde-
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pendently at the above-mentioned frequency (each of the
frequencies is not maintained exactly in the above-described
integer relationship as in the case wherein these frequencies
are obtained from a frequency division system), the tone sen-
sation of the resuitant sound produced by mixing the output
signals from the variable frequency oscillators includes har-
monic components having slightly deviated frequency rela-
tionship from that of the above-description, whereby a kind of
beat sounds are heard in the output obtained from the tone
color circuit 12, and the above described rich and broad tone
sensation is thereby obtained.

The control rate of the variable frequency oscillators 5§ and
6 with respect to the frequency control voltage can be ad-
justed by the control rate adjusters 7 and 8, so that the oscilla-
tion frequencies of the oscillators § and 6 are changed by a
substantially same rate as the frequency change of the oscilla-
tor 4 when the control voltage is changed through a wide
range, whereby the harmonic relationship (not of a exact in-
teger, but of a very approximate integer) of the three frequen-
cies is maintained to be substantially constant throughout the
scale compass of the electronic musical instrument. A typical
example of the voltage-controlled variable frequency oscilla-
tor provided with the control rate adjuster is shown in detailed
inFIG.2.

In FIG. 2, the oscillator is constructed by an astable (free-
running) multivibrator including transistors Q, and Q,, re-
sistors R,, R,, R; and R, and capacitors C; and C,. The power
for operation is supplied from a DC power source E, through
resistors R; and Ry and diodes D, and Dy, a capacitor C; being
a bypass for AC signal. The control DC voltage for determin-
ing the oscillation frequency is supplied from a DC power
source E, through resistors Ry and Ry, diodes D, and D, and a
switch SW to a control terminal 3 of the multivibrator. The re-
sistor Ry together with the switch SW, and the resistor R, func-
tion to change the oscillation frequency of the oscillator.
When the switch SW is in contact with the higher tap position
of the resistor Ry and thereby the higher control voltage is ap-
plied to the terminal 3, the oscillation frequency becomes
higher. When the sliding contact of the variable resistor R; is
set nearer to the positive side of the power source E,, the oscil-
lation frequency becomes lower. The variable resistor R,
functions to change the control rate of the oscillation frequen-
cy in response to the change of the voltage of the terminal 3.
When the resistor R, is set at the higher value, the oscillation
frequency is varied more widely to the same change of the
control voltage by the switch SW. In designing the circuit, the
tap positions of the resistor Ry are determined to oscillate the
respective tone pitch signals in the chromatic musical scale,
using a standard circuit model with the resistors R; and R, set
at proper standard values. In manufacturing the device at a
factory in a mass-production quantity, the resistors Ry are
prepared having taps at such positions determined by the
designing, and then the switch is brought into contact with the
taps one by one to see whether the frequency intervals are too
wide for the chromatic scale or too narrow. If too narrow, the
resistor R, is varied to have a higher value until the intervals
become correct for the chromatic scale. This variable resistor
R, constitutes the control rate adjusters having the important
function in this invention. And next, the absolute value of the
oscillation frequency is examined. If it is too higher e.g. 240
Hz. for the note 4;=220 Hz. the sliding contact of the variable
resistor R, is brought more positive to lower down the
frequency. The adjustment by the resistor R, and the resistor
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R; is carried out a few times alternately, and then the switch
SW can selectively determine the oscillation frequency at the
respective pitches of the notes in the chromatic musical scale.
The variations of the resistor R, also affects the absolute
frequency and the variation of the resistor R; also affects the
control rate, but the repeated adjustment as mentioned above
finally brings the device into a correct or substantially correct
condition. In an actual instrument, the switch SW constitutes
key switches in a playing keyboard. The player has only to

manipulate the playing keys during music performance. The
resistors R, and R; have no longer to be adjusted after the

device comes out of the factory, except when the device is
subjected to reparation such as replacement of the transistor.
The diodes D,, D,, D3 and D, is for the temperature compen-
sation together with the resistors Rg and Ry

FIG. 3 shows one embodiment of the invention having the
basic construction of FIG. 1, with the detailed circuit dia-
grams, employing the variable frequency oscillators shown in
FIG. 2 and other circuits of conventional constructions, so
that the realizability and the operation of this invention can be
better understood. In this figure, a capacitor C, is provided to
obtain a sustain effect. This capacitor C, keeps the control
voltage for a while even after the keyboard 1 is released,
which permits the oscillators 4, §, and 6 to maintain their
oscillations of the same frequencies, and the sustain effect in
the output sounds can be obtained through an operation of the
switching circuits 9, 10, and 11.

As is apparent from the above description, the fundamental
and the harmonic frequencies are not maintained in an exact
integer relationship, whereby an advantageous effect simulat-
ing natural auditory sensation of the sounds is imparted to the
output sounds. Furthermore, since the plurality of variable
frequency oscillators is controlled by a single control voltage,
a coupler system of a simple and economical construction can
be obtained. When this device is assembled into an electronic
musical instrument, output sounds of excellent quality similar
to natural sounds can be obtained when pedals or a solo
device of the musical instrument is operated.

I claim:

1. A device for generating a plurality of harmonically re-
lated sounds in an electronic musical instrument having keys;
which device comprises a control voltage generator associated
with said keys and generating, when a key is depressed, a DC
control voltage representing a tone name of said key being
depressed; a plurality of variable frequency oscillators con-
nected to said control voltage generator, each oscillating a
tone signal having a frequency determined by said control
voltage and substantially harmonically related to each other
upon receipt thereof, and each except one including a control
rate adjuster for varying the changing rate of the oscillation
frequency in response to the change of said control voltage;
switching circuits connected to said oscillators and associated
with the keys for receiving and keying output signals from said
oscillators upon depression of said key; a tone color circuit
connected to said switching circuits for receiving the tone
coloring output signals from said switching circuits; and an
amplifier and a loudspeaker for converting output signals from
said tone color circuit into sounds.

2. A device as defined in claim 1, wherein said control volt-
age generator includes means providing a tone sustain effect,
said means comprising a storage capacitor coupled across said
voltage generator for maintaining said DC control voltage for
a period of time after release of said keys.
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