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The present invention relates to electrical ap-
paratus for producing signals in timed relation-
ship, and is particularly applicable to electronic
musical instruments.

Electronic musical instruments are frequently
employed in an effort to imitate particular in-
struments of the ordinary type. One difficulty
encountered in this connection is that although
a tone may be produced which for a considerable
portion of its duration simulates a tone of an
imitated instrument, there are certain sounds
occurring at the beginning of g tone produced by
an ordinary musical instrument which are not
normally present at the beginning of a tone pro-
duced by an electronic musical instrument. For
example, at the beginning of a note produced by
a. flute, there will usually be present in consider-
able quantity the second harmonic of the note in
question. As another example, at the beginning
of a tone produced by a wind instrument, there
is usually present a considerable hiss or wind
noise, These noises or sounds are of consider-
able iImportance in enabling the listener to
identify the tone as corresponding to that of a
particular musical instrument.

An object of the present invention is to pro-
vide, In electronic musical instruments, circuit
means for introducing transient effects in an
electrically generated musical tone, particularly
at the start of the tone, to characterize that tone
so that a listener will identify it as belonging
to some particular musical instrument.

Another object of the invention is fo produce
in timed relationship eleetrical signals having
amplitudes which build up and decay, the decay
of one signal having a predetermined relation-
ship to the build-up of another signal.

In one embodiment of the present invention
for use In an electronic musical instrument, there
1s provided a series of sources of electrical signals
corresponding to the musical scale. These
sources may for convenience be called steady
state signal sources. There is also provided one
or more sources of electrical signals correspond-
ing to hiss or wind noise, for example, or signals
of any other arbitrary form. These last-men-
tioned sources are employed for transient effects,
particularly at the start of a tone, and may there-
fore he termed ftransient effect sourees. The
sources proper, of both types, may produce con-
stant-amplitude signals at their own outoput
termingls. There are provided, however, circuits
including attenuating means coupling the sources
of both types to an electro-acoustic output svstem
for producing 2 tone, and the aftenuating means

10

30

40

2

are adapted to control as functions of time the
effective amplitudes of the steady state and
transient signals so that when a key is depressed
and held down, the steady state signal has little
initial effective gmplitude and builds up gradu-
ally, and the transient signal is introduced for
only a brief initial interval, and then decays and
disappears, whereby toward the beginning of the
tone, the transient effect of arbitrary wave form
predominates, and thereafter during the major
portion of the tone, the signal corresponding to a
steady state tone predominates. ‘The overall
effect is to improve considerably the degree to
which the electronic musical instrument simu-
lates the imitated instrument.

In one embodiment of the invention it is
possible to control the rate of build-up of the
transient effect, the rate of decay of the transient
effect, the rate of build-up of the signal corre-
sponding to the steady state tone, the rate of
decay of this signal, and the eventual ampvlitude
of the steady state tone, all by independent con-~
trols. A novel feature of another embodiment
of the invention is that the decay of the transient

2 effect is determined by the build-up of the signal

corresponding to the steady state tone.

The above-mentioned, as well as other objects,
together with the many advantages obtainakle
by the practice of the present invention, will be
readily comprehended by persons skilled in the
art by reference to the following detailed descrip-
tion taken in connection with the annexed draw-
ings which respectively describe and illustrate a
preferred embodiment of the invention, and

5 wherein

Big. 1 1s g schematic diagram of a system for
producing an electrical signal having the proper-
ties deseribed herein, and for producing a corre-
sponding tone. As a part of the control means
of the system, there is illustrated in front eleva-
tion. a keyboard, by means of which music may
be nlayed.

Fig, 2 is a schematic circuit diagram of a differ-
ent embodiment of the present invention. In this
system the build-up of the steady state signal
is employed to control the decay of the transient
signal. -

Pig, 3 is a graph showing the variation with
time of the envelope of typical ftransient and

0 steady state components of electrical output

signals which may be generated by the systems
disclosed herein.

Fig. 4 is a graph of the resistance-versus-bias
voltage characteristic of typical copper oxide
rectifiers or varistors which may be used in cer-
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tain embodiments of the apparatus. _
Fig, 5 is a schematic circuit diagram of still

another embodiment of the present invention.
featuring the use of symmetrical varistors. In
this system, also, the build-up of the steady state

signal is employed to control the decay of the
transient signal.

Fig, 6 is a graph of the resistance-versus-bias
voltage characteristic of a typical symmetrical
varistor, such as one of the silicon carbide type.

Embodiment shown in Fig. 1

Reference is made to Fig. 1 which may be as-
sumed to represent schematically an electronic
organ system. There is provided one or more
sources of electrical signals which may corres-
pond to notes of the musical scale. Such sources
may comprise oscillators, and are represented in
Fig. 1 by a series of sources 18, 12 and 14. Thus

the source 10 may provide an electrical signal g

- corresponding to the lowest note on an organ
keyboard, the note C. The source {2 may corres-
pond to the sharp of this note. The source {4
may produce a sighal corresponding to the hieh-

est note on an organ keyboard. A whole series of .

sources providing signals of intermediate pitch
may be provided, in order to produce an entire
musical scale. There is provided a keyboard, in-
cluding the keys {6, 18, and 20, which respectively
control circuits associated with the sources | C. (2
and 14, In the keyboard, which is schematically
shown in front elevation, the key {6 may be con-
sidered to represent a white key at the extreme
left-hand or lower end of the seale. while the Key

20 represents a white kev at the extreme right- .-

hand or upper end of the scale. The key 18 is 2
black key, and the note produced thereby is the
sharp of the note produced by the key 18. Thus
the key 18 controls circuits associated with the
source 12,

For the sake of simplicity, the system will he
described primarily in connection with the ele-
ments controlled by the key 16, but it will be, of
course, understood that a plurality of keys may
be depressed simultaneously.

The signal from the source 10 ig applied
through a transformer 22 to a potentiometer 24.
One end of this potentiometer may be biased to a
small positive potential with respect to ground by
a source of direct current potential 28. The
amount of this bias may conveniently be of the
order of 1.5 volts. For controlling the amplitiide
of the steady state signal derived from the source
[0, and thereby controlling the amplitude to
which the tone derived from this scurce eventi-
ally builds up, the voltage across the potentiom-
eter 24 may be tapped off at its slider 28, the
position of which may be adiusted by a control
30, which mayv be termed g steady state tone
source voltage control. The transformer 22, and
the potentiometer 24, should be arranged to pro-
vide a low impedance level at the slider 28. The
impedance level at this point may, for example,
be about 10 ohms. There is provided a bias con-
trollable impedance device such as a varistor or
rectifier 32, which may, for example, be of the
copper oxide type, having a terminal 24 connected
to the slider 28 and a terminal 36 connected
through a large variable resistor 38, of say 50,000
ohms, fo a point 40 of the input circuit of an
amplifier 42. As a part of this input circuit, a
resistor 43 of, for example, 600 ohms, is connected
between the point 49 and ground. The output of
the amplifier 42 is applied to an electro-acougtic
output system, 44, adapted to convert electrical
signals into sound. The point 4§ may be con-
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sidered an output point for the electrical signal
generating section of the system.

The resistance-versus-bias characteristic of a
varistor such as 32 is shown in Fig. 4. It may be

noted that when properly biased such a varistor
presents a very high resistance to current flow
and when the hias is reversed, it presents a low
resistance. The varistor 32 is so oriented that
when 1ts terminal 34 is biased positively with
respect to its terminal 36, it has a very high
resistance. There is provided a capacitor 46,
which conveniently may be of the order of 100
microfarads, having its lower plate grounded and
its upper plate 48 connected through a small
resistor 50, of, say, 20 ohms, to the terminal 36 of
the varistor 32.

There is provided a source of direct current po-
tential such as 52, having its negative terminal
grounded and a rather strongly positive terminal
vd connected through a variable resistor 56 to a
contact 98 of a switch 608. The positive direct
current potential at the point 54 may conveniently
be approximately 90 volis, and the resistor 56 may
be of the order of 80,000 ohms. The switch 60 is
provided with a movable contact arm 62 me-
chanically connected to the key {6 by suitahle
means 64. When the key (6 is depressed into the
down or on position, the contact arm 62 is adapted
to move downwardly to engage the contact 58.
When the key {6 is released, the contact arm 62
moves upwardly and is disengaged from the con-
tact 38. The contact arm 62 is connected by a
lead 66 to the upper, ungrounded plate 48 of the
capacitor 46,

When the key {6 is in the up or off position, the
lower end of the lead 65 may be considered open-
circuited. Under this condition, the direct cur-
rent source 26 biases the terminal 34 of the
varistor 32 above the terminal 36 to such an ex-
tent that this varistor has a very high resistance
and may be considered practically non-conduct~
mg. More specifically, the varistor may be con-
sidered biased to the “cut-off” condition indi-
cated in Fig. 4, or even beyond this point, that is,
to the left thereof on the graph. Since this
varistor is in series with the signal from the
source 19, this signal is unable to reach the am-

plifier 42, and hence the steady state tone is not
produced before the keys are depressed.

When the key {6 is depressed, the switch 60
closes the contact between the elements 58 and
62, and the direct current source 52 gradually
charges the upper plate 48 of the capacitor 46,
through the resistor 56, to an increasingly posi-
five potential. Under this condition the bias
eitect of the direct current source 26 on the varis-
tor 32 is gradually overcome: that is, the ter-
minal 36 of the varistor 32 is raised to 2 positive
potential with respect to that of the terminal 34.
Yhe varistor therefore gradually moves from a
bias condition corresponding to the left-hand side
of the diagram shown in Fig. 4 in which its re-
sistance is high, to a bias condition correspond-
ing to the right-hand side of this diagram in
which its resistance is low. In Fig. 4 the bias
position marked “trensmission bias voltage” indi-
cates a point to which the bias may satisfactorily
move. In the usually preferred mode of opera-
tion, the amplitude of signal voltage at the varis-
tor should have a maximum value small enough
SO as not to swing the varistor back into the
sloping portion of the characteristic, as indicated
in Fig. 4. As a result of the change in bias after
the key is depressed, the steady state tone signal

| —
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from the source 18 may, to an increasing degree,
pass through the varistor 32 and be applied,
through the resistor 38, to the point 48 of the in-
put circuit of the amplifier 42. Thus the steady
state tone signal delivered to the amplifier 42 wiil
build up until the capacitor 48 becomes charged
to the full potential of the direct current source
52, after which time its amplitude will remain
relatively constant. The rate of build-up of this
signal is determined by the rate at which the di-
rect current source 52 charges the capacitor &6
throueh the variable resistor 59, which rate in
turn is determined by the time constant of this
circuit. This time constant is substantially pro-
portional to the product of the capacitance of the
capacitor 46 and the resistance of the resistor &€.
The rate of building up of this steady tone signal
may be controlled by controlling the value of the
resistor 56. Means, such as a control §7, are pro-
vided for manually adjusting the setting of this
resistor. This control may be ganged to control
other resistors corresponding to 58 for regulating
the build-up rate of signals from other steady
state tone sources such as 12 and (4.

When the key i6 is released and the contact
hetween the elements 58 and 62 is broken, the
positive potential on the plate 48 of the capacitor
45 will decrease as this capacitor discharges. In
the illustrated embodiment the major discharge
path will be through the resistor 88, the resistor
28 and the resistor 43 of the input circuit of the
amplifier 42. For a short interval aiter the key
{6 is released, there will also be a discharge path
through the varistor 32, the potentiometer 24, and
the bias source 26, to ground, but as the resistance
of the varistor 32 increases, this discharge path
diminishes in importance. As the capacitor 48
discharses, the varistor 32 returns to its original
bias condition in which its terminal 34 is biased

above its terminal 36 because of the effect of the d

source 26, and hence the signal irom the source
{0 is increasingly attenuated by the varistor 32
antil effectively none of it reaches the amplifier
49 1In order to control the rate of decay of the
signal, the resistor 38 may be varied by means
such as a tone source decay rate control 10. It
will be understood that signals from other sources
such as 12 and {4 may be applied by similar
means to the amplifier 42 through resistors such
as 12 and 78. The control T8 may be adapted
to control the resistors 38, 72 and 14 simultane-
ously, by a ganged arrangement. On the other-
hand, if desired, the apparatus may be modified
to allow these resistors to be independently con-
trolled, to allow sighals from various SOUrces stich
as 18, 12, and 14 to decay at different rates. The

same is true with respect to control of the build-
up rates for these various sources.

In addition to the sources of steady state tone
signals, such as 18, 12, and {4, there are provided
ohe or more sources of electrical signals of arbi-
trary wave form, such as 76 and 18, correspond-
ing to wind sound, harmonics of various notes,
noise, sounds such as that produced by a violin
bow at the beginning of a stroke, a hiss, OVer-
tones, or any other signal which it ig desired to
apply to the amplifier 42 and the electro-acoustic
output system &4 for a briei interval, say, one-
half second, near the beginning of the vone. By
way of further example, the nolse thus intro-
duced may be similar to thermal noise.

Tt is to be noted that with the present invention
it is possible to introduce, from soUrces such as 1%
and 18, signals other than harmonics of the
steady tone signals. It is thus possible to obtaln
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results considerably different from those which
would be obtained if only harmonics of the steady
tone signals could be introduced as transient
effects. -

The voltage outputs from the sources 16 and
18 nie appiied, through transformers 80 and 82,
respectively, across potentiometers 84 and 86.
The impedance level at the sliders of these po-
teniometers should be very low, for example, 10
ohms. To one end of each of these poteniometers
is connected a source 88 of direct current bias
pnotential of, for example, 1.5 volts, having its
other terminal grounded. There is provided a
selector switeh 20 having a series of contacts to
which the sliders of the poteniometers are con-
nected, and a movable arm 92 which may be
positioned to select the output voltage from any
desired scurce of arbitrary wave forim such as
16 and 78. In the present illustration it may be
assumed that the arm 92 is in position to select
the output voltage from the source 18. The arm
32 may be connected {0 circuits controlled by all
of the kevs of the keyboard. The vresent dis-
cussion, for simplicity, will be largely limited to
the effect of the arbitrary wave form introduced
into circuits controlied by the key 15. As part
of the switeh 89, there is provided a movable arm
94, ganged with the arm 62. When the key 16
is up, the arm 94 is moved upwardly, that is, into
the off position. Cooperating with the arm 94
are a pair of contacts 88 and 38. The arm 94
engaces the contact 88 when in the off position,
and the contact 96 when in the on position. There
is provided 2 capacitor 189, which may conveni-
entiy bz of the order of 50 microfarads, having
one plate grounded and its octher plate connected
to the arm 94. There is provided a resistor (92,
which may satisfactorily he gbout 200 ochms, one
ennd of which is connected to an intermediate
nositive potential point 194 of the direct current
source 52, and the other end of which is con-
nected to the contact §8. The potential of the
point 184 may conveniently be of the order of 45
volts. The arm 22 of the selector switch 90 is
connected through a bias controllable impedance
device such as a varistor 186 and a variable re-
sistor 168 to the contact 83 of the swilch 60,
The variable resistor {88 may satisfactorily be
of the order of 8000 ochims. The terminals of the
varistor {08 may he designated as {19 and 12,
When the terminal {18, which is connected to the
arm 92, is at a positive bias potential with respect
to the potentiail of the teriminal 12, which 1s
connected to the resistor 168, the resistance of
the varistor is very high. The resistance of the
varistor is quite iow when the potential of the
terminal {18 is negative with respect to that of
the terminal §12.

There is provided a capacitor (#4 of, for ex-
ample, 100 microfarads, one plate of which is
erounded and the other plate of which is con-
nected through a resistor 146 of, for exampie, 30
ohms, to the terminal {{% of the varistor 106,
This terminal is cecnnected through a large vari-
able resistor {18 to the peint 49 of the input cir-
cuit of the amplifier 42. The resistor 118 may
gatisfactorily have a value of approximately
25,000 ohms. |

The action of the circuits adapted to apply
the transient effect of arbitrary wave form will
now be described. When the key 16 is in the
up or off position, befoire having been depressed,
the arm 94 is up, and the capacitor {09 becomes
charged to the potential of the point 134 of the

—

w5 source 2. The potential of the terminal (12 of
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the varistor 108 is under this condition substan-

tially ground, since it is disconnected at the con-
tact 96 of the switch 60 from the capacitor {00,

and since it is connected through the resistor 118
and the resistor 43 of the input circuit of the
amplifier 42 to ground. It is recalled that no
notential is being applied to the point 490 from the
steady state ssction of the system, under this
condition. The terminal 118 of the varistor 106
1s biased to a slight vositive potential by the
action of the direct current source 88, and there-
fore the varistor has under this condition a high
resistance. This high resistance in series with
the source 18 prevenis o signal from this source
reaching the amplifier 42 before the key is de-
pressed, as desired.

When the key {§ is depressed the arm 94 of the
switch 69 is moved downwardly, therehy connect-
ing the capacitor 189 to the contact 96. This
capacltor, previous to this swiltching operation
will have been charged to the volfage at the
point 1Ud. The capacitor {{d, previcus to this
switching operation, bore no effective charge.
After switching, the capacitor ({4 will become
charged through the resistors {6 and 188, from
the capacitor {08, The setiting of the variable
resistor {08 may be used to control the rate
at which the capacitor {4 becomes charged, and
for adjusting this resistor there is nrovided a
control 120 which may he termed a transient
source puild-up rate control.

The potential at thie terminal 112 of the varis-
tor 106 will be largely controlled by the poten-
tial at the upper plate of the capacitor 1{4. As
this capacitor is charged by the capacitor (00
after the key 18 is depressed, the potential at
terminal (12 of the wvaristor ({0 rises rather
quickly. It will, however, shortly drop, as the
charge on the capacitor {i4, and also the charge
on the capacitor 100, leak off. One path for this
leakage is through the resistors 118 and 43. Dur-
ing the early portion of its leakage, there will
also be some discharge through the varistor 108,
the potentiometer 85, and the source 88, but
when the potential of the terminal 112 approaches
that of the terminal i19, there is very little leak-
age through this path. The potential at the ter-
minal §i2 continues fo drop as a result of the
leakage through the resistors 118 and 43, and
approaches ground. In this last stage the re-
sistance of the varistor 186 is quite high. Dur-
ing the time when the potential at the terminal
112 is strongly positive, the resigtance of this
varistor is quite low, and the signhal from the
source I8 may readily pass through the varistor,
thereafter passing through the resistor 118 to
the point 40 of the input circuit of the ampli-

fier 42. The circuils coupling the sources {0
and 18 to the point 48 may be viewed as an
adding and aftenuating network. When the po-
tential at the terminal {12 drops sufficiently so
that the resistance of the varistor again be-
comes high, the signal from the source 18 may
no longer reach the amplifier 42. It may thus
be seen that the varistor 106 comprises a bias-
controllable impedance device or time-varying
attenuator adapted to control the sienal derived
from the source 78, and that there is vrovided
g source of transient bias, responsive to the key
16, connected to this varistor and adapted to
apply thereto a bias which increases and then
returns to its original value when the key is de-
pressed and held down.

To control the rate of decay of the transient,
there is provided a transient decay rate control
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122, adapted to adjust the value of the variable

resistor 118. This contro! 122 may also adjust
simultaneously corresponding resistors in por-

tions of the system responsive to different keys.
In some cases the decay rate of the steady tone
or tie transient may be adjusted to correspond
to the rate of decay of sound in a reverberant
room. The various controls 30, 67, 710, {20, {22 and
the selector switch 90 may be adjusted in relation
to each other to obtain a desired overall effect.

The output signal at the point 40 may in gen-
eral be considered to be a composite signal com-
prising a steady tone signal and a transient effect
signal. The steady tone signal, after the key is
depressed, has small initial amplitude, then in-
creases in amplitude gradually, and is thereafter
substantially constant. The transient effect sig-
nal rises steeply in amplitude after the key is de-
pressed, and is then rather quickly attenuated
and disappears. Thus toward the beginning of
the note the transient effect predominates, while
toward the end of the note the steady tone effect
predominates., It will be understood that the
steady tone signal may in many cases include
various frequency components and the same is
true for the transient signal.

In Fig. 3 the broken lines Vi, V¢’ and Vi'’, re-
spectively, represent the variation with time, as
the tone progresses, of the amplitude of the tran-
sient signal as a whole, at the point 40, for vari-
Ous_combinations of circuit constants. In other
words, the broken lines are in the nature of en-
velopes for the transient portion of the output
signal. The solid lines Vs and Vs’ have g cor-
responding significance for the steady tone sig-
nal. A composite output signal would be rep-
resented by the sum of one broken and one solid
line,

The sound effects produced by the device dis-
closed may imitate a desired instrument much
more closely than has heretofore been possible.

Embodiment shown in Fig. 2

In Fig. 2 there is illustrated a different em-
bodiment of the present invention, characterized
by the feature that the decay of the transient,
instead of being controlled by an independent
manually adjustable control, is determined by the
build-up of the steady state signal.

In this embodiment there is provided one or

i0re sources of signals corresponding to musi-

cal tones, such as 124 and 126, which may be
referred to as steady state sources, and one or
more transient effect sources of arbitrary wave
form, such as 128 and 130. For convenience, the
signals from the steady state source 124 and the
transient effect source of arbitrary wave form
138, will be discussed in connection with their
response to g key 132,

The signal from the steady state source 1%4
is applied through a transformer 136 across a
potentiometer {38, one end of which ig grounded.
At the slider 140 of the potentiometer, the im-
pedance level should be iow, for example, 1000
ohms. There is provided a tone source voltage
control 141 adapted to position the slider (40
for controlling the effective output derived from
potentiometer i38. There is provided a varis-
tor 142 having a terminal 144 srounded and its
other terminal 146 connected to 5 point t48. This
varistor is of the non-symmetrical type, having
low resistance when the terminal (46 is at o POSi-
tive potential with respect to the terminal F44,
and high resistance when this bias is reversed
The point {48 is connected through a blocking
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ca,pamtor (60 to the slider 140, and is connected
through a blockihg capacitor 152 and g resistor
134 to a point 156 of the inpub circuit of an
amplifier (08. It may be seen that when the
resistance of the varistor 142 is very low, this
varistor will short-circuit the signal from the
steady state source 124 to ground, preventing this
signal from reaching the amplifier 158. On the
other hand, if the resistance of this varistor is
high, this signal is not shunted to ground, but
may reach the amplifier. Connected to the out-
put terminal of the amplifier 158 is an electro-
acoustic system 159,

There is provided means for controlling the
bias of the varistor {42. As a part of such means
there is provided a source 160 of positive direct
current bias potential, conveniently of about 200
volts. There is also provided a source {61 of di-
rect current potential, having a positive terminal
162, a negative terminal {64, and a grounded ter-
minal (66. The potential available at the posi-
tive terminal 162 may be for example of the order
of plus 90 volts, and that available at the nega-
tive terminal 164 may be somewhat greater, for
example, minus 200 volts.

There is provided a switch 168 connected by
suitable means stich as (70 to the key {32, and
adapted to be controlled thereby. This swﬂ;ch is
provided with a movable arm {72, and a pair of
contacts {14 and (16. When the key 132 is de-
pressed, the arm 1712 is moved downwardly to en-

gage the contact 174, and when the key is re-
leased the arm 172 is moved upwardly and en-

gages the contact 1716. The contact {1§ is con-
nected through a variable resistor 178 to the posi-
tive terminal of the bias source 160, and the con-
tact 174 is connected through a variable resistor
180 to the negative terminal 164 of the source {61.
The resistor 180 may be set to have g resistance
of, for example, 50,000 ohms.

The movable arm §72 is connected through re-
sistors 182 and 184 to the point 148. The resistor
182 may have a typical value of 10,000 ohms,
while 184 may be 30,000 ohms. 'The junction be-
tween the resistors 182 and 184, at 186, is con-
nected to one plate of a capacitor 188, the other
plate of which is grounded. A typical satisfac-
tory value for the capacitor (88 is 20 micro-
farads. When such a value for this capacitor is
used, the resistor 178 may be adjusted to have a
value of 6.2 megohm, for example.

- Before the key 132 is depressed the movable
arm (12 of the switch (68 will be in the up or off
position, engaging the contact 176. Assuming
that the system has been in this condition long
enough to reach a quiescent condition, the ca-
pacitor 188 will have become eharged by the po-
tential source 160. The positive potential con-
sequently existing at the point 186 will serve to
elevate the potential of the terminal (45 of the
varistor 142, and this varistor is, as stated, so
constructed and arranged that under this con-
dition its resistance is quite low. It therefore
shunts to ground the signal from the source 124
which would tend to reach the point {48.

When the key 132 is depressed the arm §72 is
moved downwardly, into the on position, being
disconnected from the source 8@, and connected
through the resistor {80 to the negative terminal
164 of the source I61. As a result, the capacitor
188 starts to discharge and to charge to opposite
polarity through the resistors 182 and 188, the
point {88 moving toward the negative potential
available at the terminal 164. The rate of this
discharge may be controlled by adjusting the
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value of the resistor 189. For this purpose there
iS provided a tone source build-up rate control
{88, As the potential at the point 186 drops, the
potenvial at the point 148 likewise drops, and
moves toward a negative potentiasl. When this
effect has progressed sufficiently, the bias across
the varistor {43 will reverse, and raise the resist-
ance of this varistor to qwte a high value. Un-
der this condition, the varistor. no longer short-
circuits the output of the source {24, and this
output may therefore reach the amplifier 158.

When the key 132 is released, the arm 172 of
the switch 68 moves to the up or off position,
again connéciing the point 186 through the re-
sistors {82 and {18 to the positive bias source 160.
The condenser i88 will charge through the re-
sistors 8z and 118 toward its original condition,
the point 186 moving toward the positive poten-
tial availabie from the source 160. As a result,
the bias across the varistor 142 will change so
that its terminal 146 is biased positively with re-
spect to its grounded terminal, and consequently
the resistance of the varistor is again lowered.
‘The varistor thus short-circuits the output from

5 the steady state source 124, and the steady state

tone dGecays. There is provided a tone source de-
cay rate control 182 adapted to vary the value of
the resistor {78, for the purpose of cortrolling
the rate of discharge of the capacitor 188, and
consequently the rate of decay of the steady state
tone.

Ths means for applying a transient effect to-
ward the beginuing of the tone may now be con-

sidered. 'The output signal from the transient
effect source of arbitrary wave form 136 is ap-
plied through a transformer {94 across a po-
tentiometer {98, one end of which is grounded.
There is provided a varistor 198, having a termi-
nal 288 connected through a resistor 2802, of for
example 1000 ohms, to ground, and also connect—
ed tiirough a blockmg capacitor 204 to the slider
of the potentiometer {86. The other terminal
286 of the varistor {88 is connected to one contact
of a transient effect selector switch 208. Other
transient eilect sources of arbitrary wave form
may be connected through similar networks to
other contacts of the transient effect selector
switch. The varistor 198 is of the non-sym-
metrical type, having low resistance when the
terminal 206 is at a positive potential with re-
spect to the terminal 286 and high resistance
when this bias is reversed. It may be assumed
that the selector switeh is in position to select the
signal from the source 138. It may be noted that
the varistor 1988 is in series Wwith this signal.
When the resistance of this varistor is high, so as
to be virtually non-conducting, this signal may
not pass through the varistor. When the re-
sistance of the varistor {388 is low, this signal
passes through it, and after passing through the
switch 208, reaches the amplifier 158 through a
path including a blocking capacitor 218 and a re-
sistor 212, connected between the movable arm
of the switch 288 and the point §56.

Means will now be described for controlling
the bias on the varistor 188. The movable arm
of the switch 208 is connected through 4 resistor
2t4 of, say 3000 ohms, to an arm 216 which is
part of the switch (68, and which is ganged with
the movable arm {72 thereof, being controlled in
response to motion of the key 132, There is pro-
vided a source 2i5 of a smiall negative bias po-
tential, for example of about 5 volts, having its
negative terminal connected to a contact 217 of
the switch 168. The arm 216 is adapted to en-
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gage the contact 217 when in the up or off posi-
tion and to engage a contact 218 when in the
down or on position. Connected to the arm 215
is one plate of a capacitor 220, the other plate of
which is grounded. A typical value for this ca-
pacitor is 10 microfarads.

Before the key (32 is depressed, the arm 218
is connected to the source 215, and as a result,
the ungrounded plate of the capacitor 220 be-
comes charged to the negative potential avail-
able from this source. This potential is im-
pressed, through the resistor 2i4, on the termi-
nal 206 of the varistor 198. This varistor is con-
structed and arranged so that under this condi-
tion its resistance is very high. As a result, sig-
nals from the source 130 do not then reach the
amplifier (58.

The contact 218 is connected through a vari-
able resistor 21§, adjusted to have a value of,
for example, 60,000 ohms, to the positive terminal
[62 of the direct current source 16i. When the
Key 132 is depressed, the arm 216 engages the
contact 218, and as a resuit the ungrounded plate
of the capacitor 2208 charges through the resistor

219 toward the potential available at the termi- -

nal 162. An increasingly positive potential is
therefore applied to the terminal 206 of the va-
ristor 198, lowering the resistance of this varistor,
and allowing the transient signal to build up at

the point 156 in the input circuit of the amplifier -

I58.

There is provided a transient effect build-up
rate control 221 adapted to adjust the setting of
the variable resistor 219, thereby controlling the

rate at which the capacitor 220 may charge, and &

hence the rate of build-up of the transient effect.

The ungrounded plate of the capacitor 220 is
connected through a non-symmetrical varistor or
rectifier 222 such as a copper-oxide rectifier, to
the ungrounded plate of the capacitor 188. The
varistor 222 is constructed and arranged so that
when its terminal 224, which is connected to the
capacitor 220, is biased negatively with respect to
its terminal 226, which is connected to the ca-

pacitor 188, the resistance of the varistor is very .

high. As a resulf, when the switch 168 is in up
or off position, or immediately after it is thrown
to down or con position and before potentials on
the capacitors 188 and 220 have changed sub-
stantially the varistor 222 may be considered sub-
stantially non-conducting. Consequently, when
the ungrounded plate of the capacitor 220 moves
rapidly toward the positive potential of the ter-
minal 162, toward the very beginning of the tone,
it does not affect the condition on the capacitor
i88. Hence the build-up of the transient effect
does not affect the build-up of the steady state
effect.

Operation of the device will now bhe considered
as the tone progresses, and it will be explained
how the build-up of the steady state signal con-
trols the decay of the transient signal. It has
already been described how after the key 132 is
depressed, the point {86 moves toward the nega-
tive potential of the terminal 164. When the po-
tential of the point 186 drops sufficiently, then
the terminal 226 of the varistor 222 moves toward
a blas which is negative relative to that of the
terminal 224 of this varistor. A moment soon
arrives when the bias on the varistor 222 is re-
versed, and its resistance becomes low, instead of
high. When the bias on the varistor 222 is thus
reversed, it may be said that the build-up of the
steady state source signal begins to control the
decay of the transient effect signal. This is true
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because the potential at the point {86 begins to
control, through the varistor 222, the potential
on the capacitor 220, and through the resistor
z14 the bias potential on the varistor 198. Thus
the potential at the terminal 296 of the varistor
188 1s caused to drop. As it approaches ground
anca moves below ground, the resistance of the
varistor i98 becomes very high, and the signal
from the transient effect source 130 may no long-
er pass through the varistor 198 and hence may
not reach the amplifier §58.

By way of recapitulation, before the key 132 is
depressed, the varistor (98 is kbiased to have high
resistance and the varistor 142 is biased to have
low resistance. At the very beginning of the
tone, soon after the key 132 is depressed, the
varistor 198 is biased to have low resistance, and
hence an electrical signal corresponding to a
transient effect, of wind noise, or the like, ap-
pears at the amplifier 158 and a3 corresponding
sound appears at the output of the electro-acous-
tic system (85, The bias on the varistor 142
cannot change quickly, but changes gradually,
to increase the resistance of this varistor. As a
result, the steady state tone builds up gradually.
Toward the beginning of the tone the steady
state section of the system may not affect the
transient effect section because the varistor 222
through which they are connected, is biased to
have high resistance. As the tone progresses,
and the steady state signal builds up, the hias
on the varistor 222 is reversed, and the steady
state section of the system reacts on the tran-
sient effect section of the system, to alter the
bias of the varistor 198, thereby causing it to
have high resistance, and causing the transient
effect to decay, as desired.

Embodiment shown in Fig. 5

Another modification of the present invention
is illustrated in Fig. b5, featuring the use of sym-
metrical varistors, such as those of the silicon car-
bide type. The resistance-versus-bias characier-
istic of such a varistor is illustrated by a graph
in Fig. 6. It will be noted that when no bias is
applied te the varistor, its resistance is high, while
when a bias is applied in either direction, its re-
sistance is low. This characteristic is to be con-
trasted with that illustrated in Fig. 4 for a non-
symmetrical or rectifying type of varistor, where-
in the polarity of the bias determines whether the
resistance is high or low.

‘The system of Fig. 5 is, for convenience, shown
in simplified form, but it will be understood that
it may serve as the basis for a complete electronic
organ employing a whole series of signal sources
corresponding to the musical scale, and a complete
keyhoard.

In Fig. 5 there is shown a source 228 of electri-
cal signals corresponding to a musical tone,
coupled through a blocking capacitor 230 to a
terminal 232 of an impedance device such as a
symmetrical varistor 234, which may bhe of the
silicon carbide type. A resistor 236 is connected
from the terminal 232 to ground. There is pro-
viaed a capacitor 238 having one plate grounded
and having its other plate connected to a point
240 and thence through a variable resistor 242
to the other terminal 244 of the varistor 234,
The point 240 is connected through g variable re-
sistor 246 to a movable arm 248 of a switch 2590,
adapted to engage, 'when in the down position, a
contact 252 connected to the positive terminal of
a source of potential 254, the other terminal of
which may be considered grounded. Assuming
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this system to be part of an electronic musical
instrument, when the key of the instrument is
depressed, the switch arm 248 will be in the down
position, and when the key is released, the switch
returns to the up position. Before the key is de-
pressed, there will be zero bias potential applied
to the varistor 284, and hence the resistance of
this varistor will be high. Since this varistor is
connected in series with the source 228, no signal
from this source will reach the terminal 244 of
this varistor. When the switch arm 248 is de-
pressed, current irom the positive terminal of the
potential source 284 will charge the capacitor 238
through the resistor 245 so that point 240 rises
to a positive potential. As a result, g bias is
applied across the varistor 234, and its resistance
1s lowered, so that signals from the source 228
may reaclh the terminal 244, There is provided
all ampiifier 256, and signals from the terminal
244 are applied to a point 258 of the input circuit
of this amplifier through a blocking or coupling
capacitor 268 and a resistor 262,

'The huild-up of the steady tone signal is sub-
stantially determined by the time constant of the
resistor 248 and capacitor 238, and may be con-
trolled by varying the value of this resistor.

There is provided a source 264 of a signa] of
arbitrary wave form, which may correspond to
noise or the like. It may be assumed, as hereto-
fore, that it i1s desired to introduce g transient
signal from this source during g short interval
foliowing depression of a key on the instrument.
There 1s provided a bias-controliable impedance
device, such as a symmetrical varistor 266, which
may conveniently be of the silicon carbide type,
having g terminal 288 grounded, and a terminal
268 connected through a blocking capacitor 270
to the source 264. The varistor 268 may thus
be considered o be in shunt with the source 264.
Connected to the terminal 269 of the varistor 265
through a variabile resistor 212 is a capacitor 274,
having one plate grounded. The junction
betweenn the resistor 272 and the connection to
the ungrounded piate of the capacitor 274 may
be designated as a point 276. The point 276 is
connected to a terminal 278 of a rectifying or non-
symmetrical bias controllable impedance device
283, which may conveniently be a copper-oxide
type of varistor, The other terminal 282, of this
device, is connected tc the point 240. The pur-
pose of the varister €280 is to provide means
whereby the build-up of the steady state signal
may conirol the decay of the transient signal.
The non-symmetrical varistor 280 is arranged so
that when its terminal 278 is biased to a positive
potential with respect to its terminal 282, it has
high resistance, while when the terminal 282 is
at a positive potential with respect to the terminal
218, the varistor has low resistance. Means are
provided whereby the capacitor 274 may be
charged, 1In order to supply the bias to the varistor
2608, and may be discharged. As a part of such
means there is provided a switch arm 284, which
may be ganged with the switch arm 248. The
switch arm 284 is connected to the point 278.
When this arm is in the up position, it is adapted
to engage a contact 286 connected to the positive
terminal of a source 288 of direct current poten-
tial. When it is in the down position it is adapted
to engage a contact 298, connected through a
variable resistor 282 to ground. The terminal 269
of the varistor 256 is connected to the point 258
through a blocking or coupling capacitor 294 and
a resistor 296. |
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The build-up of the steady signal when the key
is depressed has already been described. The
operation of the transient section of the system
may now be considered. Before the key is de-
pressed, the switch arm 234 is in the up position,
and the ungrounded plate of the capacitor 214
will be charged to the full positive potential avail-~
able from the source 288. Under vhis condition,
there will be applied across the varistor 266,
through the resistor 272, a biasing potential,
thereby rendering the resistance of this varistor
iow. AS a result, signals from the source 264 are
shunted to ground, and may not reach the point
288, Since, before the key is depressed, the point
245 is at ground potential, and since the point 215
1Is av a positive potential, the varistor 280 will
serve to isolate these two points.

When the Key of the instrument is depressed,
and the switch arms 284 and 248 are thrown into
the down position, the capacitor 274 discharges
through the variahle resistors 272 and 292. The
values of this capacitor and these resistors are
chosen (o have a lower time constant than that
of the capacitor 2%8 and the resistor 24§, so that
the transient signal huilds up more rapidly than
does the steady state signal.

t will be observed that as the key is held down,
the point 249 will rise in potential while the point
276 will tend to fall in potential. When the point
240 reaches a potential above that of the point
216, the varistor 288 will have a low resistance,
and thereafter, the rise in potential at the point
248 will cause the capacitor 274 to become
charged agaln, tunereby again impressing a bias
across the varistor 268, This effect again causes
the signal from the source 284 to be shunted to
ground, and hence the transient signal decays,
the rate of decay being determined chiefly by the
build-up of the steacdy state siznal.

When the key is released the switch arms 248
and 284 will move into the up position, and the
charge on the capacitor 238 wiil leak off throush
various paths. The principal path will be through
the resistor 242, the varistor 234. and the resistor
236 to ground. The bias is thus removed from
the varistor 234, and it again has high resistance.
In this way the steady state signal is caused to
decay, as desired.

The transient signal will presumably have de-
cayed before reiease of the key. If the key is
operated very rapidly, and the capacitor 274 has
not become charged to any great extent throush
the varistor 289 prior to release of the key, it will
be noted that it will, immediately upon release of
the key, become charged to the full positive po-
tential available from the source 288. Therefore
the system will be in condition to generate the
transient again if the key is depressed shortly
thereafter. Hence the transient is always avail-
able, no matter how fast the key is operated. 'The
circuit of Fig. 2 also has this advantage.

Typical circuit constants which mav be em-
ployed in the circuit of Fig. 5 are: resistor 238,
10,000 ohms; resistor 246, 10,000 ohms: resistor
242, 30,000 ohms; resistor 272, 19,000 ohms: resis-
tor 282, 100,000 ohms; capacitor 288, 100 micro-
farads; and capacitor 274, 5 microfarads.

It will be understood that the values of circuit
constants mentioned herein in connection with
the various embodiments of the invention are
merely in the nature of examples, and a wide
variety of values may be employed, depending
upon the results desired.

Reference is again made to ¥igs. 1 and 4. As
Dbreviously indicated, the maximum signal voltage
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af the varistor 32 should usually be small enough
so that after the key is depressed and the varisto:
has moved from its high-resistancs bias condition
-to its final lIow~-resistance bias condition the varis-
tor will operate entirely in the horizontal poition
of the characteristic on the right-hand sida of
the graph, and nof swing back into tae sloping
portion of the characteristic. In case, however,
it is desired to generate harmoniecs of the signal
derived from the source (8, the control 88 may be
adjusted to produce a larger siznal voltage ampli-
tude at the varistor, and the potential source 52
may be adjusted to supply at the terminal 54 3
relatively small positive potential, thas i3, a po-
tential only slightly larger than the piasing po-
tential of the source 2¢. As g result, afcer the
key 16 is depressed, the varistor 32 moves 10 a
bias condition corresnonding to a point just 1o the
right of the zero-bias noint in Fig. 4, for example,
to the plus one velt point of the illustrative char-
acteristic, and the signal will, for a portion of the
cycle, swing the varistor partly or conmpletely into
the high-resistance condition., The signal de-
rived from the source 1§ reaching ths poing 43
will thus tend to be clipped or distorted somewirat
and will contain harmonics of the signal from
the source (0.

In the present application, it may be under-
stood that where non-symmetrical bias control-
lable impedance deviges have been specified, rec-
tifiers of the diode type could be used, altnouzh
varistors such as those of the copper-oxids {yne
are preferred for the sake of economy. Alsec, in-
stead of using diodes, the circuits could bhe modi-
fied to employ tricdes or other multi-electrode
tubes.

While the embodiment shown in ®ig. 1 has
been described as using varistors of the rectify-
ing or non-symmetrical type, this circuit may

be modified to employ symmetrical varistors hy 0

eliminating the bias sources 2t and 88 and
grounding the ends of the potentiometers such
as 24 and 86 which are shown connected to these
respective sources.

While g single transient effect source may be
employed in connection with all the notes of the
kevboard, it will be understood that other ar-
rangements may be used. Thus it may be de-
sired to use differently pitched transients for dif-
ferent notes. In order tc accomplish this Iin 2
system of the general type shown in PFig, 1, in-
stead of connecting a single transient effect
source such as 18 to the varistor 186 and to the
other corresponding varistors, there may be pro-
vided a plurality of transient effect sources con-
nected to these respective varistors, so that each
key of the keyboard would control a different
transient effect source. Other embodiments of
the invention disclosed herein may be similarly
modified to have this feature.

In conclusion, it may be seen that means have
heen provided for increasing the fidelity with
which an electronic musical instruinent may imi-
tate an ordinary instrument. Transient effects
near the beginning of the tone, which aid the
listener to identify the instrument being imitated
may be effectively introduced, and shortly there-
after caused to decay, as the steady state tone
builds up. In one embodiment described, the
decay of the transient effect is independent of
the build-up of the steady tone. In other em-
bodiments, the decay of the transient effect is
controlled by the build-up of the steady tone.

While an illustrative form of the invention has
been disclosed in considerable detail, it will be
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understood that various changes may be mdde
in the construction and arrangement of the sev-
eral parts without departing from the general
princivles and scope of the invention as defined
by the appended claims.

What is claimed 1s:

1. An electronic musical instrument compris-
ing a plurality of sources of alternating signals,
an adding and attenuating network having a
branch coupled to each of said sources, said
network having an output point and including a
bias controllable impedance device in each said
branch for controlling the amplitude of signals
from said respective sources reaching said point,
switch means, a circuit respcnsive to said switch
means adapted to apply a transient bias voltage
to one of said devices, and g circuit responsive to
said switch means adapted to apply to another
of said devices a bias which changes gradually
and 1s thereafter substantially constant at g new
value,

2. An electronic musical instrument compris-
Ing a source of eelctrical signals corresponding to
a muysical tone, a source of electrical signals cor-
responding to an arvivrary sound, an adding net-
work coupled to said sources including a bias-con-
trollaile impedance device adapted to control
the signal derived from said last-mentioned
sourcea, a key, and a source of a transient bias re-
sponsive to said key connected to said device and
adapted to apply thereto a bias which increases
alid then returns to its original value, when said
key is depressed and held down.

3. An electronic musical instrument compris-
ing a source of electrical signals corresponding to
a musical tone, a source of electrical signals cor-
responding to sound produced by an ordinary
mugical instrument at the beginning of a tone,
said last-mentioned signals including frequency
components other than harmonics of said first-
mentioned signals, and a bias-controllable at-
tenuating and adding network connected to said
sources. ,.

4. An electronic musical instrument comprising
a key, a first source of electrical signals corre-
sponding to a musical tone, a second source of
electrical signals corresponding to an arbitrary
sound, an adding and attenuating network con-
nected to sald sources comprising a first and a
second varistor respectively connected in series
with said sources, normally biased to high im-
pedance, and means responsive to said key for
graduaily biasing said first varistor to low im-
pedance and for quickly and temporarily biasing
said second varistor to low impedance.

0. An electronic musical instrument compris-
ing a key, a first source of electrical signals cor-
responding to a musical tone, a second source of
electrical signals corresponding to an arbitrary
scund, an adding and attenuating network con-
nected to said source comvrising g first and g
second varistor respectively connected in series
with said sources, normally biased with a polarity
to provide high impedance, means responsive to
sald key connected to said first varistor for grad-
ually applying thereto a bias of opposite polarity
to lower its impedance, said means comprising a
resistor, a capacitor, and connections for a cur-
rent source adapted to be connected in series,
and means for applying to said second varistor
a transient bias of opposite polarity to lower its
impedance briefly, said last-mentioned means
comprising a capacitor, connections for ncrmally

charging same, and a, switch responsive to said
key for connecting said charged capacitor to said
second varistor,
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6. An electronic musical instrument compris-
ing a signal generating system having an output
point, and an electro-acoustic output system con-
nected to said output point, said signal generating
system comprising a source of a first signal, a
source of g second signal, a key, a network con-
trolled by said key coupling said sources to said
output point, said network comprising a time-
varying atienuator adapted to apply at said out-
put point said first signal with gradually increas-
ing and then substantially constant amplitude
after operation of said key, and a time-varying
attenuator adapted to apply at said output point
sald second signal only briefly after operation of
sald Keying means. |

7. An electronic musical instrument compris-
ing keying means, a source of steady state signals,
a source of transient effect signals, an amplifier
having an input circuit, attenuating circuits cou-
pling said sources to the input circuit of said
amplifier, said attenuating circuits having a first
section adapted to apply to said input circuit said
steady state signals with low initial but gradually
increasing and then constant amplitude after op-
eration of said keying means, and a second sec-
tion adapted to apply said transient effect sig-
nals strongly te said input circuit for only a brief
interval after operation of said keying means,
and a blas-controllable impedance device con-
structed and arranged to couple said first and
second sections together when said steady state
signal increases to a predetermined extent, and
to cause said transient signal to decay in response
to further increases in said steady state signal.

3. An electronic musical instrument compris-
ing a first source of electrical signals correspond-
ing to a tone, a second source of electrical signals
corresponding to an arbitrary sound, an adding
and attenuating network including a first varistor,
normally biased to low impedance, connected in
shunt with said first source, and a second varistor,
normally biased to high impedance, connected in
series with said second source, a key, circuit means
responsive to said key including resistance and re-
actance means adapted to apply a slowly-chang-
ing bias of a first polarity to said first varistor to
increase its impedance and to apply a quickly-
changing bias potential of opposite polarity to
said second varistor to decrease its impedance
when said key is operated, and a third varistor
connected between said first and second varistors
adapted to apply to said second varistor a bias
potential of said first polarity, when that being
applied to said first varistor increases beyond a
critical value, thereby' attentuating the signal
from sald second source.

9. An electronic musical instrument compris-
ing a signal generating system having an output
point, said system comprising a key, & source of
electrical signals corresponding to a musical tone,
an attentuating network coupling said source %o
sald output terminal and comprising a varistor
connected effectively in shunt with said source,
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normally biased to low impedance, means respon-
sive to said key for gradually biasing said varistor
to high impedance, a second source of electrical
sighals corresponding to an arbitrary sound, an
attenuating network coupling said last-mentioned
source to said output point and comuprising g
second varister in series with said second source,
normally biased to high impedance, means re-
sponsive to said key adapted to bias said second
varistor to low impedance, and a circuit includ-
ing a third varistor coupling said first and sec-
ond varistors together and adapted to cause the
impedance of said varistor again to increase as
the bias controlling said first varistor increases
beyond a critical value,

10. An electronic musical instrument compris-
ing switch means, a first source of electrical sig-
nals corresponding to a musical tone, a second
source of electrical signals corresponding to an
arbitrary sound, an adding and attenuating net-
WOrk comprising a first, symmetrical, bias-con-
trollable impedance device connected effectively
in series with said first source, normally at high
impedance, a second, symmetrical, bias-controllg-
ble impedance device connected effectively in
shunt with said second source, normally biased
to low impedance, said switch means being
adapted, when operated, to quickly decrease the
blas on said second device to increase its imped-
ance, means responsive to said switch means
adapted to apply to said first device g gradually
increasing bias to decrease its impedance, and a
non-symmetrical bias~controllable impedance de-
vice adapted to again increase the bias on said
second device to lower its impedance as the bias
on sald first device increases beyond g critical
value.

11. An electronic musical instrument compris-
ing a source of electrical sisnals corresponding to
a musical tone, a source of electrical signals cor-
responding to wind noise produced by a wind
musical instrument at the beginning of a tone,
a key, means controlled by depression of said key
for causing signals from said first source to pro-
duce a corresponding musical tone for g auration
determined by the period of depression of said
key, and means brought into action by depres-
sion of said key for causing signals from sald sec-
ond source to produce a corresponding wind sound
for a duration terminating Iindependently of the
period of depression of said key.

ALBERT R. RIENSTRA.
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