(111 3,590,133

United States Patent

{72] Inventors Harold O. Schwartz
North Tonawanda;
Roger J. McNerney, Tonawanda,
N.Y.

{21] Appl.No. 776,230

{22]) Filed Nov. 15, 1948

{45] Patented June 29,1971

{73} Assignee The Wurlitzer Company
Chicago, 1.

[54) VARIABLE AMPLITUDE VIBRATO AND

both of,

GLISSANDO CIRCUITRY FOR ELECTRONIC

MUSICAL INSTRUMENTS
8 Claims, 3 Drawing Figs.
(521 US.Cleiioo 84/1.24,
84/1.25
(51) I Cloiiiice G10h 1/02,
G10h 1/04
[50] Field of Search..............coo.. 84/1.24,
1.27,1.25
[56] References Cited
UNITED STATES PATENTS
2,141,231 12/1938 Trautwein....... . 84/1.24 X

2,455,472 12/1948 84/1.25X
2,697,959 12/1954 84/1.25X
3,376,776  4/1968 84/1.24

2,577,753 12/1951 Hanert.... ... . 84/1.26

2,585,357 2/1952 Wayne .... 84/1.17
3,288,907 11/1966 George........... 84/1.25
3,440,325  4/1969 Schwartzet al........ 84/1.25
3,474,182 10/1969 Destelle.................. 84/1.25

Primary Examiner—D. X. Sliney
Assistant Examiner—Stanley J. Witkowski
Attorney—Olson, Trexler, Wolters and Bushneli

—_—_—

ABSTRACT: A vibrato oscillator on the order of 6 cycles per
second frequency is supplied in an electronic organ. A diode
shunts the output of the vibrato oscillator, and when the diode
is conductive, no vibrato oscillations are provided to the organ
oscillators and no vibrato appears in the organ output. A
manually operable switch is provided which causes a capacitor
to charge through the diode, gradually biasing the diode off
and applying the vibrato signal at a controlled rate to the
ergan oscillators to produce an increasing vibrator in the
organ output. Glissando circuitry is also provided but the
vibrato and glissando cannot coexist.
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VARIABLE AMPLITUDE VIBRATC AND GLISSANDO
CIRCUITRY FOR ELECTRONIC MUSICAL
INSTRUMENTS

It 'is well recognized in the musical arts that vibrato
enhances the character of many kinds of music. Vibrato can
make a great difference in the type of sound produced by an
electronic organ. For example, for a cathedral type organ used
in playing liturgical music, little or no vibrato is desired. On
the other hand, a theater type organ requires a rather exten-
sive amount of vibrato. Particular compositions may require
greater or lesser amounts, and it has been found that espe-
cially desirable musical results can be obtained by controlling
the presence or absence of vibrato during the rendition of a
composition, and by controlling the rate at which vibrato is in-
troduced, substantially as is done in the playing of certain con-
ventional musical instruments, violin being exemplary.

Vibrato, as is well known, comprises a variation in the musi-
cal signal at a cyclic rate. According to some authorities,
vibrato is a periodic variation in frequency (pitch) or phase,
whereas tremolo is a periodic variation in intensity. The term
“pulsato” has been used on occasion in a generic sense to in-
clude either pitch change or intensity change, or a combina-
tion thereof. Although the present invention is concerned
primarily with pitch change, the principles thereof also are ap-
plicable to intensity change, and the use throughout the
present specification of the term *vibrato” will be understood
as exemplary.

In accordance with the present invention, a toe switch is
provided on the swell pedal of an electronic organ, which toe
switch is operable by shifting the toe end of the right foot to
the left. When this toe switch is so pressed to the left, a diode
is rendered conductive to shunt the output of a vibrato oscilla-
tor. When the toe switch is released, a capacitor charges
through the diode, cutting off the diode at a controlled rate,
and allowing a progressively greater amount of the vibrato
signal to be applied to the organ oscillators or tone generators,
thereby producing a progressively more effective vibrato.

Thus, in accordance with the principles of the present in-
vention, it is an object thereof to produce in an electronic
organ or the like a vibrato, the effectiveness of which is selec-
tively controlled by the player during the rendering of a com-
position,

More particularly, it is an object of the present invention to
provide a vibrato effect in an electronic organ which is readily
switched on and off by the organist during the rendering of the
composition, and which becomes effective at a controlled rate
upon being turned on.

Yet another object of the present invention is to provide a
vibrato effect in an electronic organ as heretofore set forth, in
combination with a slide or glissando effect, both being con-
trolled by a common instrumentality, and the slide or glissan-
do effect being turned off when the vibrato is used.

Other and further objects and advantages of the present in-
vention will be apparent from the following description when
taken in connection with the accompanying drawings wherein:

FIG. 1 is a perspective view of an electronic organ con-
structed in accordance with the principles of the present in-
vention;

FIG. 2 is a block diagram of the electronic organ; and

FIG. 3 is a schematic wiring diagram of the delayed vibrato
portion of the organ.

Turning now in greater particularity to the drawings, and
first to FIG. 1, there will be seen an electronic organ 10 con-
structed in accordance with the principles of the present in-
vention. The organ includes a case 12, and is illustrated as
being of the spinet organ type having two overlapping end
shortened keyboards 14 comprising the usual organ keys.
Various stop tablets and other controls 16 are included ad-
Jjacent the keyboards, and the organ is also provided with a
pedal clavier 18. In addition, as is common, the organ is pro-
vided with a swell pedal 20 for controlling the overall volume
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level of the instrument. The swell pedal is provided near the
upper end with a toe switch 22 which is actuable by movement
of the toe end of the foot to the left. The organ further is pro-
vided with a loudspeaker system 24 comprising one or more
suitable loudspeakers mounted behind grill cloth.

Turning now to FIG. 2, the organ will be seen to include
various tone- generators 26. Suitable tone generators are
known in the art, and in accordance with the present invention
itis preferred that these tone generators be of the type includ-
ing one octave of master oscillators and a succession of strings
of slave oscillators respectively controlled by the master oscil-
lators. In accordance with the present state of the art, the
master oscillators are preferably LC tuned transistor oscilla-
tors of significant stability, but being capable of being varied
in frequency to produce a vibrato effect. The slave oscillators
preferably comprise transistorized multivibrato or flip-flop
oscillators and shift in frequency with the master oscillators
when vibrato is applied.

A slide and vibrato circuit 28 comprises a slide switch for
detuning the oscillators flat, and subsequently allowing them
to come back up to pitch to produce a glissando or sliding
tone, and also a vibrato oscillator and suitable controls for
varying the pitch of the tone generators 26 alternately sharp
and flat. The tone generators 26 are connected through suita-
ble key switches 30 operated by the keys 14 and pedals of the
clavier 18 to stop switches and filters 32, which may be of
more or less known types.

The signals which are passed by the tone generators through
the key switches 30 and modified by the filters are applied to
an amplifier 34, and the amplifier output is applied to the
loudspeaker system 24, which, as noted, may be one or more
loudspeakers. Indeed, the output may include a jack for
earphones for private listening by the organist.

The slide and vibrato circuit 28 is seen in greater detail in
FIG. 3. The vibrato oscillator 36 is an RC phase shift oscillator
including a transistor 38. The transistor actually is preferably
two transistors connected in the well-known Darlington cir-
cuit, i.e., two transistors in cascade. The transistor is of the
NPN type, and the emitter thereof is connected to ground.
The collector is connected to a Jjunction 40 which, in turn, is
connected through a resistor 42 to a positive supply line 44 of
15 volts DC potential. The junction also is connected back to
the transistor base by means of a voltage divider comprising
series-connected resistors 46, 48, and 50, the latter of which is
grounded. The junction between the resistors 48 and 50 is
connected to the base. In addition, the junction between the
resistors 46 and 48 is shunted to ground by a capacitor 52. A
capacitor 54 is connected from the junction 40 to a junction
56, and this in turn is connected through a capacitor 58 to the
transistor base, and also through a resistor 60 to ground. The
resistor 60 may be paralleled by a resistor 62 having a nor-
mally open switch 64 connecting it to ground for controlling
the speed of the vibrato oscillator which is normally on the
order of 6 cycles per second.

The output from the oscillator 38 is taken through a capaci-
tor 66 from the junction 40, and further through a resistor 68
to the base of an NPN transistor 70 forming a part of a buffer
amplifier stage 72. The emitter of the transistor 70 is
grounded, while the collector is connected to a junction 74
which is connected through a resistor 76 to the positive supply
line 44. The base of the transistor is connected between volt-
age divider resistors 78 and 80, respectively connected to the
junction 74 and to ground.

The output of the transistor 70 is taken from the collector
by way of a capacitor 82 connected to the junction 74, The
opposite side of the capacitor 82 is connected to the junction
84, and this junction is connected to the anode of a diode 86,
the cathode of which is grounded.

The junction 84 is connected through a capacitor 88 to a
junction 90 which is connected to a resistor 92 leading to a
junction 94. The junction 94 is connected to another junction
96 which leads through a line 98 to a generator vibrato bus
160. This bus alternately rises and falls in potential in ac-
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cordance with the frequency of the vibrato oscillator 38 when
the vibrato oscillator. output is applied thereto, and shifts the
frequency of the tone generators 26 alternately sharp and flat.

The junction. 96 further is connected to a junction 102 to
which there is connected a resistor 104 leading through a line
106 to a movable contact 108 of a vibrato depth switch 109,
The movable switch contact 108 is engageable with a fixed
contact 112 which is grounded. A vibrato On-Off switch 110
includes a grounded switch contact 114. The movable switch
contact 114 in the “Off” position shown engages a fixed con-
tact 116 which leads through a line 118 to a movable switch
contact 120 of the instrumental vibrato (delayed vibrato)
switch 122. The instrumental vibrato switch is shown in the
“Off”’ position, and in this position the movable switch contact
120 engages a fixed switch contact 124 which is connected to
the junction 94. .

When the vibrato On-Off switch 110 is moved to its “On”
position, the movable switch contact 114 does not engage
anything.

The instrumental vibrato switch 122 further includes a
movable switch contact 130 ganged with the movable switch
contact 120, and in the “ Off”’ positiori shown engageable with
a fixed switch contact 132 leading to a generator slide bus
134, whereby to detune the generators flat a half tone, and
subsequently to allow them to come up to normal pitch to
produce a glissando or slide effect. In the ““On’ position, the
instrumental vibrato switch has the movable contact 130
thereof in engagement with a fixed contact 136 which is con-
nected through a line 138 to the junction 84, while the mova-
ble switch contact 120 is out of engagement with anything.
(Note that the “Off” position for the instrumental vibrato
switch is “On” for the production of slide or glissando.)

The movable switch contact 130 is connected through a re-
sistor 140 to a movable switch contact 142 of the toe operated
slide switch 22. This switch is normally open, and when
closed, the movable switch arm 142 engages a grounded fixed
contact 144. The slide switch also includes a second movable
switch contact 146 ganged with the movable switch contact
142, and which, when closed, engages a grounded fixed switch
contact 148. The second movable contact 146 is connected
through a line 150 to the junction 102.

OPERATION

With the instrumental vibrato switch 122 in the “Off" posi-
tion shown, the upper movable contact 142 of the slide switch
is connected to the generator slide bus 134 through the mova-
ble switch contact 130. Thus, when the slide switch 22 is
moved to closed position by the organist’s toe, the generator
slide bus is placed nearer ground potential. This causes the
tone generators 26 to be detuned a half tone flat, and when the
slide switch 22 is released and allowed to open, the generator
slide bus comes back up to its normal potential, and a rising
sliding tone is produced as the tone generators return to their
normal frequency.

When the slide switch 22 is closed, the movable switch con-
tact 146 grounds the junction 96, and hence the line 98,
whereby to short out the output of the vibrato oscillator, and
to prevent the production of vibrato during the production of
the slide or glissando effect. '

Considering now specifically the vibrato depth switch 109,
with this switch in the position shown, the junction 94 is
grounded through the resistor 104 and through line 106 and
switch contacts 108, 112, whereby minimum vibrato output is
applied to the generator vibrato bus 100. With the vibrato
depth switch turned to its opposite position, the resistor 104 is
.connected in parallel with the resistor 92 by the switch con-
tacts 108, 126. This reduces the resistance of the path from
the vibrato oscillator to the generator vibrato bus 100, and
maximum vibrato is impressed on the tone generators 26.

As to the vibrato On-Off switch 110, it will be apparent that
in the “Off” position shown, the vibrato oscillations are
shorted to ground and there is no vibrato. Conversely, with the
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switch 110 moved to its other or “On” position, ground is
removed from the vibrato bus.

Turning now to the instrumental vibrato switch 122, when
this is moved to its “On” position by means of one of the stop
tablets 16 (the vibrato On-Off switch 110 is also controlled by
one of these stop tablets), the switch contacts 120, 124 are
opened, and the ground circuit therefore is broken. Simul-
taneously, the switch contact 130 moves from the fixed con-
tact 132 to the fixed contact 136, thereby rendering the slide
ineffective, since there is no longer any connection to the
generator slide bus 134. The output of the buffer amplifier
stage 72 is always positive, and during steady state operation
the capacitor 82 charges from the positive voltage line 44
through the resistors 76 and through the diode 86, the left side
of the capacitor 82 being at positive potential, and the right

- side therefore being at negative potential, and cutting off the
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diode 86. Accordingly, the diode under such conditions does
not shunt the output of the buffer amplifier 72, and the vibrato
signal carries through the capacitor 88 and resistor 92 to the
line 98 leading to the generator vibrato bus, thus producing a
vibrato effect. However, when the slide switch 22 is closed by
the organist’s toe, the junction 84 is brought toward ground
potential through the resistor 140, while the junction 94 is
brought directly to ground potential through the lead 150,
whereby no vibrato oscillations are applied to the generator
vibrato bus 100.

When the slide switch 22 is subsequently released by the or-
ganist and it opens, the junction 84 at the top of the diode ini-
tially is close to ground potential. The alternating but always
positive signal from the output junction 74 of the buffer ampli-
fier stage is passed by the capacitor 82 and is shunted to
ground by the diode 86. However, as the diode conducts, the
capacitor 82 charges, being positive on the left and negative
on the right, therefore progressively cutting off the conduction
of the diode 86 and concomitantly rendering it less effective as
a shunt, whereby progressively more of the vibrato output is
applied through the capacitor 88 and resistor 92 to the line 98,
and hence to the generator vibrato bus 100, thereby to cause
the vibrato to be increasingly effective. The right side of the
capacitor 82 eventually reaches a negative potential, which in
the illustrative example is —0.5 v. The threshold of the diode in
this illustrative examplé is —0.5 v., and the diode therefore is
most effectively cut off.

In the illustrative example, the wave shape from the buffer
amplifier 72 is essentially trapezoidal. The potential at the
junction 74 is determined by the conduction of the transistor
70, and although the potential for charging the capacitor 82 is
derived from the positive supply line 44 through the resistor
76, it is actually the output wave of the buffer amplifier that
controls the charging, at a rate determined by the time con-
stant effected by the capacitor 82 and diode 86.

The specific example of the invention as herein shown and
described is for illustrative purposes only, as will be un-
derstood, and various changes in structure as may occur to
those skilled in the art will be understood as coming within the
ambit of the present invention insofar as they fall within the
spirit and scope of the appended claims.

We claim:

1. A pulsato circuit for an electronic musical instrument
having a plurality of keys and key switches comprising a
pulsato oscillator for producing pulsato oscillations, said oscil-
lator having an output, a capacitor in series with said output, a
shunting diode connected to said series capacitor, means con-
necting said series capacitor to produce pulsato in the output
of said electronic musical instrument, means including a
switch selectively manually operable to cause said diode to
conduct and to shunt the pulsato signal, subsequent reverse
operation of said switch effecting charging of said capacitor
through said diode progressively to cut off said diode and to
produce progressively increasing pulsato in the output of said
musical instrument.

2. A pulsato circuit as set forth in claim 1 and further in-
cluding means for producing a glissando effect in said elec-
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tronic musical instrument, said glissando producing means in-
cluding means including said switch, and means for rendering
said glissando producing means ineffective to produce glissan-
do during the production of pulsato.

3. A pulsato circuit for an electronic musical instrument
comprising means for providing a pulsato signal, means con-
nected to said pulsato signal providing means for utilizing said
pulsato signal to produce a pulsato effect in said electronic
musical instrument, means connected to said pulsato signal
producing means and including a manually selectively opera-
ble switch for rendering the pulsato signal ineffective to
produce pulsato means connected to said pulsato signal
producing means and including said switch and a circuit hav-
ing a predetermined time constant for subsequently rendering
the pulsato signal ineffective to produce pulsato at a predeter-
mined increasing rate, and means for producing a glissando ef-
fect in said electronic musical instrument, said glissando
producing means including means including said switch, and
means for rendering said glissando producing means ineffec-
tive to produce glissando during the production of pulsato.

4. An electronic musical instrument comprising means in-
cluding a plurality of keys and key switches for producing
musical tones, means for providing a pulsato signal, means
connected to said pulsato signal to produce a pulsato effect in
said musical tones, means connected to said pulsato signal
producing means and including a manually selectively opera-
ble switch for rendering the pulsato signal ineffective to
produce pulsato, and means connected to said pulsato signal
producing means and including said switch and a circuit hav-
ing a predetermined time constant for subsequently rendering
the pulsato signal effective to produce pulsato at a predeter-
mined increasing rate, said switch being selectively operable
independent of said keys and key switches whereby said musi-
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cal tones may be produced independently of pulsato effect.

5. An instrument as set forth in claim 4 wherein said switch
comprises a foot operated switch.

6. An instrument as set forth in claim 4 wherein the means
for rendering the pulsato signal ineffective comprises a diode
connected to said pulsato signal producing means, said switch
being connected to said diode to render the diode conductive
to shunt the pulsato signal.

7. An instrument as set forth in claim 6 wherein the means
for subsequently rendering the pulsato signal effective com-
prises a series capacitor connected to said pulsato signal
producing means for carrying the pulsato signal and con-

" nected to said diode for charging to cut off said diode.
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8. A pulsato circuit for an electronic musical instrument
comprising means for providing a pulsato signal, means con-
nected to said pulsato signal providing means for utilizing said
pulsato signal to produce a pulsato effect in said electronic
musical instrument, means connected to said pulsato signal
producing means and including a manually selectively opera-
ble switch for rendering the pulsato signal ineffective to
produce pulsato, said means for rendering the pulsato signal
ineffective including a diode connected to said pulsato signal
producing means, said switch being connected to said diode to
render the diode conductive to shunt the pulsato signal, and
means connected to said pulsato signal providing means and
including said switch and a circuit having a predetermined
time constant for subsequently rendering the pulsato signal ef-
fective to produce pulsato at a predetermined increasing rate,
said means for subsequently rendering the pulsato signal inef-
fective comprising a series capacitor connected to said pulsato
signal producing means for carrying the pulsato signal and
connected to said diode for charging to cut off said diode.
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