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ELECTRICAL MUSICAL INSTRUMENT
PRODUCING CHORUS EFFECTS

John M. Hanert, Des Plaines, Ill., assignor to
Hammond Organ Company, a corporation of

Delaware

Application November 2, 1951, Serial No. 254,574
(Cl1. 84—1.24)

24 Claims.
1

My invention relates generally to electronic
musical instruments and more particularly to
instruments of the organ type in which im-

proved chorus effects may readily be cbtained.
It is the primary cbject of the invention to
produce a polyphonic electronic musical instru-
ment of the organ type in which the tones are
generated by electronic oscillators, in which each
oscillator serves to supply tone frequenecy signals

for two or more keys and in which at least four i

oscillators are provided for an octave of keys
all of which have overlapping tuning ranges to
produce a desirable chorus effect when simul-
taneously sounded upon the depression of a
single playing key.

A further object is to provide an electronic
organ in which a plurality of signals of nearly
the same fundamental frequency are transmitted
to the output system and are sounded upon the

depression of a single key to produce a rich 2

chorus of tones. : :

Further objects will appear from the follow-
ing description, reference being had to the ac-
companying drawings in which:

Figure 1 is a schematic wiring diagram of an ¢

oscillator which may be tuned to any one of
three adjacent semitones lower than its normal
frequency by adding capacitors in series in its
tuning circuit;

Figure la is a similar diagram of an oscillator
which may be tuned to operate at higher fre-
quencies by adding inductive tuning elements
to its tuning circuit; .

Figure 2 is a schematic wiring diagram of a
multivibrator utilized to produce signals of
vibrato frequency (5 to 7 C. P. S.) for frequency
modulating the electronic oscillators used in the
instrument;

Figure 3 is a block and schematic wiring dia-
gram of an electronic organ utilizing oscillators
of the type shown in Fig. 1 and in which two
oscillators are energized and supply signals to
the output system upon depression of a single
key;

Figure 4 is a schematic wiring and block dia-
gram of g second form of the invention in which
oscillators of the type of Fig. 1 are utilized, each
oscillator supplying any one of four adjacent
semitone signals, and in which depression of
a single key results in the transmission to the
output system of two tone signals of substan-
tially the same fundamental freguency;

Figure 5 is a schematic wiring and block dia-
gram of g third form of the invention which is
similar to that illustrated in Fig. 4 but has se-

Tt
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2
lectively operable means for obtaining the chorus
effect;

Figure 6 is a schematic wiring and block dia-
gram of a fourth form of the invention in which
the oscillators of Fig. 1 and Fig. 1l¢ are used in
alternation to produce a chorus effect.

Figure 7 is a wirinhg and block diagram of a
fifth form of the invention in which the oscil-
lators operate continuously, but is otherwise
similar to that shown in Fig. 6;

Figure 8 is a schematic wiring and block dia-
gram of a sixth form of the invention in which
the oscillators of Fig. 1 and Fig. le are used in
alternation; and

Figure 9 is a schematic wiring and block dia-
gram of an instrument employing the oscillators
of the type of Fig. 1, using each oscillator for
three adjacent semitones in overlapping rela-
tion.

Referring to Fig. la the oscillator comprises
a triode 10 consisting of a cathode (i, control
grid i2, and plate 3. 'The plate is connected
to ground through an attack and decay capacitor
Ci4 and is adapted to bz connected to a source
of plate current through a resistor Ri§ which
is connected between the plate and a terminal
K. As will appear hereinafter the terminal K
is connected to one or more key operated switches
which in turn connects the plate to a source of
plate current.

The grid 12 is connected to a terminal V
through a decoupling resistor RI18. The ter-
minal V may be connected to terminal VI or
terminal V2 of the vibrato frequency generator
shown in Fig. 2 and hereinafter to be described.
The grid 12 is also connected to a terminal 20
of a resonant mesh through a capacitor C22,
the resonant mesh comprising a capacitor C24
and a variable tuning inductance L.26 con-
nected in parallel between the terminal 28 and
an output signal terminal S. The terminal 20
is ‘also connected through a decoupling resistor
R28 to a signal output terminal F. A tap on
the inductance 1.2§ is connected to the cathode
il and is connected through a capacitor C30 to
a terminal Ti. A capacitor C2{ is connected
between terminals TI and T2 and a capacitor
C32 is connected between terminals T2 and a
terminal T3.

This oscillator is described in greater detail
in my copending application Serial No. 224,276,
filed May 3, 1951, now abandoned, and certain
features thereof are disclosed in my prior appli-

cation Serial No. 169,891, filed June 23, 1950, now " :

Patent No. 2,645,968 issued July 21, 1953, Other
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Ly
features incorporated therein are disclosed and
claimed in the copending applications of Laurens
Hammond Serial No. 96,107, filed May 28, 1949
and Serial No. 180,289, filed August 18, 1950.

For the purposes of this application it will
be sufficient to note that when the terminal K
is connected to a source of plate current the
oscillator will commence operating at gradualiy
increasing amplitude depending upon the time
constant of Ri6 and CI4, and that the fre-
quency at which it normally oscillates will be
determined mainly by the inductance I.26 and
capacitor C24 whenever terminals Ti, ‘T2, and
T3 are not connected to any potential. source.
Further, it will be understood that the capacitor
C39 is of such value that when terminzl T{ is
connected to terminal S the oscillator will os-
cillate at a frequency three semitones lower than
its normal frequency. When the terminals T%
and S are connected, capacitors C30 and C21 will
be effective in the resonant circuit and the value
C3i is so chosen that the oscillator will then
oscillate at a frequency two semitones below its
normal frequency. When the terminals T3 and
S are connected so that the three capacitors
C30, C3f, and C32 in series are effectively in
the resonant tuning circuit, the oscillator will
oscillate at a frequency one semitone below itg
normal frequency.

With the terminal V connected to a suitable
source of vibrato signals the oscillator frequency
will shift through a range of about 3 per cent of
its normal frequency at the rate of the vibrato
signal frequency, usually 5 to 7 cycles per second.

The oscillator of Fig. la is similar to that
shown in Fig. 1 and the corresponding references
have been applied to the corresponding parts
and a description thereof -will not be repeated.
It will be noted that in Fig. l¢ the terminal S
is connected to the ecapacitor €24 but is not con-
nected -to the inductance 126, the latter being
connected between the terminal 20 and a ter-
minal T. As will appear hereinafter the oscilla-
tor will .operate at its normal frequency when
the terminals S and T are connected and that
it will oscillate at decreased frequencies when
one or more separate inductance elements are
connected in series between the terminals 8 and
T. In this respect the oscillator is similar to
that more fully described and claimed.in my co-
bending application Serial No. 51,409, filed Sep-
tember 27, 1948.

The signals appearing -at the F-terminals of
these oscillators will be substantially - sine
wave character, that is, of flute-like tone qual-
ity, while the signals appearing at the S terminals
will. contain many harmoniecs and will thus be
of string tone quality. :

In Fig. 2 there is illustrated a relaxation os-
cillator comprising triodes 40 and 41, supplied
with plate current through load resistors R42
and R43 respectively. The cathodes of these
triodes are connected to a- —4 volt potential
source through self-biasing resistors R#4 and
R45, these resistors having by-pass capacitors
C46, C41 in parallel therewith. The cathode of
the triode 40 is connected to an output terminal
VI while the cathode of triode 4{ is connected
to an output terminal V2. The grid of triode
40 is connected to ground through a grid return
resistor R48 while the grid of triode 4i is con-
nected to ground through a resistor R49. The
plate of triode 41 is conneeted to the grid of triode
40 through a variable feedback capacitor C50
while the plate of triode 40 is similarly con-
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nected to the grid of triode 4i through a vari<
able capacitor C51.

Upon applying the operating voltages the os-
cillator will operate at a frequency determined
mainly by the values of R40, R49, C50, and C5{
and these capacitors may readily be adjusted
to cause oscillation at a vibrato frequency of 5
to 7 cycles per second. It will be noted that the
signals appearing at the terminals VI and V2
will be of opposite phase, that is, as the potential
on one terminal increases the potential on the
other terminal decreases.

The instrument shown in PFig. 3 utilizes oscil-
lators of the type shown in Fig. 1, four oscillators
60, 61, 62, and 63 being illustrated as representa-
tive of the 60 or more oscillators which may be
employed in a complete instrument. It will be
noted that these four oscillators do not utilize
the terminals T and T2, only the terminal T3
being used to lower the ‘pscillator frequency by
one semitone. The oscillator 60 is tuned to gen-
erate the frequency Cl and Ci#; the oscillator-
61, Ci# and Di; the oscillator 62, frequencies:
Di and DI#; and oscillator 63, Di# and El,. it.
being noted that there are thus two sources of
tone signals for each note of the scale.. The
tuning of the two sources which supply signals
of the same nominal pitch is not exact. ~ For ex-
ample the nominal Ci# frequencies generated.
by the oscillators 60 and 61 may be from 0.25 per:
cent to 1.7 per cent sharp and flat, respectively,-
relative to the exact pitch of the. note Ci#.
Thus the average of the two signals of the same-
nominal pitch supplied by two oscillators will
be of exactly the correct pitch. . . B

Pour representative keys 66 for -the notes
Cl#, DI, DI#, and Ei are illustrated, each: key:
operating three switches 68, 69, and 10. One
bole of each of the switches 68 is connected to a
bus bar 72; one pole of each of the switches.§9:
is connected to a bus bar 13; and one pole of.
each of the switches 10 is connected to a bus bar
T4. Bus bar 12 is connected to the S terminals’
of all of the oscillators and is connected to ground-
through a coupling resistor R16; 'The bus bars
13 and 14 are connected to the B+ terminal.
When a key 86 is depressed its switch 68 closes
before either of the switches 69 or 10 is closed;
and upon release of the key, switches 69 and 70
open prior to the opening "of "switch 68. This
sequence of switch operation prevents transmis-
sion to the oufput system of undesirable tran-
sients produced incidental to tuning the oscilla-
tors. -

The F terminals of all of the oscillators ‘are:
connected to a collector conductor 82 while; as
previously indicated, all the S terminals are con-
nected to the bus bar T2. 'The bus bar 12 is
adapted fo be connected to suitable tone control
devices 84 upon closure of a switch 86 operable-
by a tablet 89, while similarly the collector con=-"
ductor 82 may be connected to tone controls 80-
upon closure of a switch 92 operable by 4 con-
trol tablet 83. The signals as modifled by the'
tone controls 84 and 80 are supplied to an am-
plifier 94 which is provided with suitable volume’
controls 86 and the output of which is trans-
mitted to a speaker 98. ‘ s

Alternate oscillators such as 6! and 63 have
their V terminals connected to a conductor 100
which upon operation of a switch 102 by a suit-
able tablet 104 may be connected to the VI ter-
minal of a suitable vibrato apparatus (08, which
may be of the type shown in Fig. 2. Intermedi=
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ate oscillators such as 60 and 62 have their V
terminals connected to a conductor 108 which
upon closure of the switch 110 by operation of
the tablet 104 may be connected to the V2 ter-
minal of the vibrato apparatus 106. When the
tablet {04 is not operated (in the position which
is shown in Fig. 3) the switches 102 and 110 con-
nect conductors 109 and 108 to ground.

The instrument may be cased in the customary
organ ccnsole provided with bass note pedals,

ohe or more expression pedals, and various tone-

quality control stop tablets, in addition to those
shown in Fig. 3. The instrument is played in
the usual manner of an organ but it will be
noted that depression of any of the keys will

connect the T3 terminsl of the next adjacent

higher oscillator to the conductor 72 and thus,
referring to Fig. 1, connect the capacitors C86,
C31, and C32 in series between the cathode and
terminal S. It will be recalled that these eapaci-
tors. are of such value that the oscillator will
be detuned by s semitone. After the switch 68 of
an operated key is closed the switches 63 and 19
will be closed thereby connecting the K termi-
nals of the two oscillators to the source of plate
current, the B-- terminal, and these two oscil-
lators will commence oscillating, impressing
flute-like tone signals upon the collector con-
ductor 82 and string-like tone sighals on the bus
bar -12.

These signals, as desired, are transmitted to
the output system of the instrument, being ulti-
mately translated into sound by the speaker 98.
As previcusly indicated, because the oscillators
providing tone signals of the same nominal pitch
are tuned to provide sighals respectively slightly
sharp and flat relative to the nominal pitch, the
tonal output of the instrument is exceedingly rich
giving the impression that a large group of in-
struments is being heard. Even though the oscil-
lators are initially tuned exactly to the same
pitch, random changes in their frequencies rela-
tive to one another will occur in the course of
time due to aging of the various components, or
due to variations in temperature, humidity, and
possibly due to other factors.

This desirable impression of a chorus of in-
struments is further enhanced by virtue of the
use of vibrato modulation of opposite phase upon
the two oscillators supplying signals of the same
nominal pitch. This feature of utilizing vibrato
signals of opposite phase in various types of musi-
cal -instruments is more fully  disclosed and
claimed in my copending application, Serial No.
223,376, filed April 27, 1951. Even though the
vibrato apparatus is not used, a highly desirable
chorus effect will be obtained because of the
natural or introduced slight differences in the
frequencies generated by the several oscillators
of the same nominal pitch. )

In the instrument shown in Fig. 4, oscillators
of the type shown in Fig. 1 are employed. For
purpose of illustration, eight oscillators (20 to
121 are shown. The oscillator 120 would be the
same as the oscillator shown in Fig. 1, except that
the tuning terminals and tuning capacitors C30,
C31, and C32 would not be required. Similarly,
the oscillator 121 would not have to have a tun-
ing terminal Tt and the oscillator 127 need not
have tuning terminals Tl and T2. Additional
oscillators, similar to the oscillators 122 to {26,
could be connected in the circuit in the same
manner as these oscillators, as indicated by the
broken circuit lines.

Each of the terminals V of alternate oscilla-(
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tors are connected to the VI terminal of the vi-’
brato apparatus 196 by a conductor {30, while’
alternate intermediate oscillators have their ter-
minals V connected to the V2 terminal of the
vibrato apparatus by a conductor {32. The S
terminals of all of the oscillators are connected
to a conductor 134, while the F terminals of all
of the oscillators are connected to a conductor
136. Disregarding the two oscillators {20 ahd
121 at the lower end of the scale, and the single
oscillator 27 at the upper end of the scale, it
will be noted that each oscillator is capable of
supplying four frequencies, and since signals of
the same nominal frequency are provided upon
depression of any key, it will be apparent that
the number of oscillators required will be one-
half the number of tones in the gamut of the
instrument, or more particularly, six oscillators
will be required for each octave of the instru-
ment, plus two additional oscillators, due to the
fact that the end oscillators 28, 121, and 127
are not used in a fully efficient manner.

Each of the keys 138 operates three or four
switches. Each key operates a switch (40 for
tuning one of the oscillators, these switches be-
ing connected to & bus bar 182 which is connected
to the conductor 134. Some of the keys, such as
C#, D#, and F, operate additional tuning switches
{44 which connect the tuning terminal on an-
other oscillator to a bus bar {46, which is also
connected to the conductor (34. Each of the
keys also operates two additional switches 148
and 150, which co-operate respectively with bus
bars 149 and 151, both of these bus bars being
connected to a. B-- terminal.

The conductors 134 and 136 are respectively
connected to ground through signal resistors
Ri152 and Ri53. The conductor 134 is con-
nected to switch (54 through a decoupling re-
sistor Rit56 having a capacitor Ci58 in par-
allel therewith. Similarly, the conductor 136
is connected to a switch 155 through a resistor
R157 having a capacitor Ci59 in parallel there-
with., The other poles of the switches 154 and
185 are connected respectively to tone controls
160 and {61, which may be of any well-known
type comprising various selectively usable filter-
ing meshes. The outputs of both tone controls
are coupled to a preamplifier {62 which feeds
the signals to a power amplifier and volume con-
trol 164, and the output of the latter is sup-
plied to one or more speakers 166.

It will be noted that when any key (except
the C and C# key in the lowest octave and high-
est C key) is depressed, two adjacent oscillators,
for example oscillators 123 and 124, are tuned
to the same nominal:frequency. If the P key
138 is depressed, closure of its switch 140 will
tune the oscillator {24 to a pitch three semi-
tones below its nominal G# pitch, and by clo~
sure of its switch 144, will tune the oscillator
123 one semitone below its nominal F# pitch.
After the oscillators have had their tuning cir-
cuits rendered effective by closure of the switches
140 and 144, switches 148 and 150 are closed to
connect the K terminals of oscillators 124 and
123, to the B-- bus bars (4% and 15{, respec-
tively.

The tuning of the oscillators need not be of a
high degree of precision. In fact, if the osecil-
lators are very slightly out of tune, the chorus
effect is enhanced.

The vibrato apparatus 185 may be provided
with g4 means for rendering it ineffective in the
same manner as shown in Fig. 3, When the
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vibrato apparatus is connected to the oscillators;
as:it usually will be in normal use of the instru-
ment, the two adjacent oscillators, such ag 123
and 124; will have out of phase vibratos so that
arich:chorus effect will be .obtained, as more fully
described in my aforesaid application, Serial No.
223,376. Depending upon the tone quality re-
quired, either switch 154 or switch 155, or both,
are closed and the tone controls i60 and 161 ad-
justed. . The mstrument 1s then : played in- the
usual, manne1 ‘

From: the foregom 1t w111 be apparent that
the instrument shown in Pig. 4, although it re-
quires substantially one~-half as many oscillators
as keys, is nearly the equivalent of an instrument
having two oscillators per key, with the excep-
tion that some adjacent tones and semitones
which-are called for infrequently in music, will
not in all cases-sound in chorus but will never-
theless sound with the correct pitches. Due to
the inherent dissonance produced when playing
these intervals, the lack of chorus on these par-
ticular intervals- is not seriously objectionable,
in fact, it may be hardly noticeable. Where low
cost of production is a primary consideration,
the above noted minor inadequacies may be over-
looked.

--The instrument shown. in Fig, 5 is quite similar
to that shown in Fig. 4, and the same reference
characters have therefore been applied to the
corresponding parts- in the two figures, and a
detailed description of such parts will not be
repeated.

- ‘The instrument of Fig. 5 differs from that in
Fig. 4 in that the chorus-effect may be used or
not, at-the will of the player. The control for
the chorus effect comprises a tablet 178 which
operates a plurality of switches {12 connected to
some of the tuning terminals of the oscillators,
and a plurality of switches {74 connected to most
of the keying terminals K of the oscillators.
These switches are arranged in the tuning circuit
such that when a key, for example the F key
138, is depressed, closure of its switch 140 has no
effect. Closure of its switch 144 tunes oscillator
123 to the frequency of the note F, and subse-
quent closure of its switch 148 is effective to
supply plate current to the oscillator 123. Clo-
sure of its switch 158 has no effect, since the cir-
cuit between this switch and the K terminal of
oscillator {24 is broken by the opening of one of
the switches {T4. Thus only the oscillator 123 is
rendered effective to supply the signal of the
pitch of the note P to the output system. When
the chorus control tablet {78 is operated to close
the switches {72 and {14, the instrument will be
effectively the same as that shown in Fig. 4, and
will operate in the same manner to produce a
rich chorus effect.

In the form of the invention shown in Fig. 6,
there is one oscillator per key; but each oscillator
is capable cf providing two frequencies. Four
oscillators 180, 18!, 182, and 183 are illustrated
as representative of the complete signal generat-
ing system of the instrument. Alternate oscil-
lators, such as 180 and 182, are of the type shown
in Pig. 1, while the intermediate oscillators, such
as 181 and 183, are of the type shown in Fig. la.
Each of the keys 184 operates a pair of switches
186 and 188, the switch 185 being closed prior to
the closure of switch 188 upon depression of the
key, and opened affer switch (88 upon release of
the key. The switch 186 for alternate keys, such,
for example, as the keys C and D, connect the
T3 terminals of their oscillators to a bus bar 190
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8
which-is connected.by a conductor.i94 with the:
S terminals of all of the oscillators::..One pole.of
the -switch 188 ;for. the C keyis .connected.hy
branched. conductor: 196 to the K terminals:of.
both oscillators 180 .and i81.~ The other poles.of
switches 188 are connected to a plate current sup-v
ply bus bar 191, &

Depression of an 1ntermed1ate key, such as the
C# key, by closing its switch 186, shunts a-con~
ductor 19T around an inductance LI98, thus:con-:
necting the T terminal of oscillator. 181 to: the
bus bar 190, and thereby effectively changing the.
tuning of the oscillator 181, so that it will oscil-
late at C# pitch. The inductance Li98 is. nor=
mally in the tuning circuit of the oscillator, being:
connected between its T and S terminals, and is
of suchvalue that the pitch .of the oscillator is:
lowered by one semitone when it is effectively
connected in the tuning circuit. Closure. of the.
switch 188 associated with the C# key will cause
plate current to be supplied to the K terminals
through bus bar 191 and branched conductor {96

Alternate oscillators, such as oscillators 180
and 182, have their V terminals connected to a
conductor 200 leading to the VI terminal of the
vibrato apparatus 106, while the intermediate
oscillators such as 18{ and 183, have their V ter-=
minals-connected by a conductor 202 to the V2
terminal of the vibrato apparatus: ‘

When the vibrato effect is not desired, conduc-‘"
tors 288-and 202 are connected- to ground by
switches 204 and 205 operable by a chorus: con=:
trol tablet 2086. -

The conductor 194; whlch is connected to the
S terminals of all of the oscillators, may be con-
nected to an amplifier 208, which’ may -include
tone and volume controls this being effected by
closure of a switch 210, operable by a tablet 2i2.

The F terminals of all of the oscillators are
connected to a conductor 214 which may be con~
nected to the amplifier 208 by closure of a switch
216 operated by a tablet 218. A speaker 220 is
connected to the outlet of the amplifier 208. The
conductors 194 and 214 are connected to ground
through signal resistors R222 and 214, respec-
tively. As in the instruments shown in Figs. 4
and 5, suitable means may be employed to de-
couple these two output circuits, these being con-
sidered as included within the block 208 repre-
senting the amplifier, tone, and volume controls.

Upon depression of a key, such as the C key
184, its associated oscillator, such as 180, will be
tuned one semitone below its normal C# fre-
quency, and thus provide a signal of C pitch.
Closure of its switch 188 will result in supplying
plate current to both oscillators 180 and {81
by connecting their K terminals to the B--
bus bar {88, The oscillator 18i will oscillate
at its normal C pitch.

When a key associated with an intermediate
oscillator, such as the key C# associated with
the oscillator 181, is depressed, closure of its
switch 186 results in connecting an inductance
Li98 between its T terminal and the bus bar
190. The inductance Li98 has a value such as
to raise the pitch at which the oscillator 181
oscillates one semitone above its normal fre-
quency, and this oscillator will therefore gener-
ate a signal of C# pitch. Closure of the switch
188 associated with this C# key, will result in
connecting the K terminals of both oscillators
{80 and 181 to the B+ bus bar {91. Thus both
of the oscillators will oscillate at this C# piteh.

Because the vibrato control switches 204 and
205 will normally be open, the vibrato frequency
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modulation of each pair of adjacent oscillators
will be in opposite phase, with the result that
8 rich chorus effect will be obtained. Although
in this instrument of Fig. 6 there are as many
oscillators as keys, the effect produced is sub-
stantially the same as if there were two oscil~
lators per key.

In this particular instrument the even num-
bered oscillators may use a single capacitor of
the same value as the series of capacitors CB8d,
C3l, and C32 of Fig. 1 in place of these three
capacitors.

Instead of using the normally non-oscillating
type of oscillators as employed in the instrument
shown in Fig. 6, continuously operating oscillators
230 and 23! of the type shown in Fig. 7 may be
employed. These oscillators are similar to the
oscillator shown in Fig. la and are illustrative
of the thirty or forty-four pairs of oscillators
which may be employed in a complete instru-
ment.

“Each oscillator comprises a triode 232 having
an inductance-capacitance tuning mesh-234 con-
nected between the grid of the triode and ground
through a capacitor C236, the grid being like-
wise connected to one of two conductors 2383,
239, through a grid resistor R240. 'The plate
of the triode is connected to a B-}- terminal by
a load resistor R242, and the signal is derived
from the plate through a capacitor C244 which
is in series with a decoupling resistor R246, the
capacitor also being connected to ground through
a resistor R248. The resistors R246 of the pair
of oscillators are connected to one pole of each
of a pair of switches 250.
these switches are connected by a counductor
252 to an amplifier 254 which may include tone
and volume controls, and the output of which
is supplied to a speaker 256. The switches 250
are shown as being operable by keys 258 for the
notes C and C#.

It will be noted that the tuning mesh for the
oscillator 231 has an additional inductance L1258
connected in series with its main tuning in-

ductance 1.25¢ by a conductor 259 connected by

conductor 260 to a switch 262 operated by the C#
key 258. The value of inductance L250 is so
chosen that when it is connected to ground by
closure of the switch 262, the oscillator 231 will
operate at a frequency one semitone higher than
its normal frequency.

A switch 263 operable by the C key, has one
pole connected to the cathode of triode 232
through a capacitor C264. The cathode is also
connected to a tap on the tuning inductance,
this tap being so positioned, and the value of
the capacitor C264 being such, that when the
switch 263 is closed, the oscillator 230 will oper-
ate at a pitch one semitone lower than its normal
frequency of oscillation. This oscillator normally
operates at the pitch C#, whereas the oscillator
23{ normally operates at the pitch C.

As in the instrument shown in Pig. 6, there is
provided a vibrato control tablet 266 for operat-
ing switches 268 and 269 to connect the conduc-
tors 238 and 239 respectively to ground when-
ever the vibrato effect is not desired.

The instrument of Fig. 7 operates in essen-
tially the same manner as that shown in Fig. 6,
except that the oscillators operate continuously.
1t is therefore essential that the tuning switches
262, 283 be closed prior to the closing of the
switches 250 on the depression of the keys,
and that they open after the switches 250 upon
release of the keys, thereby to avoid the sound-
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ing of undesirable transients which may be
present as the pitch of the oscillator is changed.
Further to illustrate the breadth of the under-
lying principles of the invention, an instrument
is illustrated in Pig. 8, which in general is
similar to that shown in Fig. 5, but differs in
the manner in which one-half of the oscillators
are tuned. Seven oscillators 270 to 276 are illus-
trated as representative of the generating sys-
tem of the complete instrument, it being under~
stood that there are half as many oscillators as
there are semitones in the gamut of the instru-
ment. Alternate oscillators are preferably of
the type shown in Fig. 1, while the intermediate
oscillators are of the type shown in Fig. la.
Each key operates two switches 277 and 218
to connect the K terminals of two associated
oscillators to bus bars 279 and 282, the latter
being connected to the B4 terminal. Three out
of each group of four ksys also operate switches
284, The lowermost of each group of switches
284, upon closure, connects two of a series of
three inducfance elements L2886 between the T
and S terminals of its associated oscillator. For
example, the oscillator 271 is normally tuned
to oscillate at the pitch of the note E. It oper-
ates at this pitch when all three of the indue-
tances 1286 are connected between its T terminal
and a conductor 288, the latter being connected
to the S terminals of all oscillators. It is there-
fore not necessary to provide a switch 284 for
the key E. However, when switch 284 for the
key P is operated, the leftmost of the three
inductances 1.286 in series will have its terminals
connected together, because the switch 284 has
its other pole connected to a bus bar 290, which
in turn is connected to conductor 288. Similarly,
when the ¥# key is depressed, the two leftmost
inductances 1286 will be short-circuited and
thus rendered ineffective in the tuning circuit
of the oscillator 271. When the switch 284 for
the key G is closed, all three inductances will
be shunted out of the tuning circuit of the oscil-
lator 2T1. :
The values of the inductances L2885 differ
slightly from one another, but are of such values
that as each additional inductance is effective
in the tuning circuit, the pitch at which the
oscillator operates will be reduced by successive
semitone intervals. Three of each group of four
keys operate switches 292, which have one pole
connected to a Ti, T2, or T3 terminal of the
even numbered oscillators, such as the oscillator
272, the other poles of these switches being con-

5 nected to a2 bus bar 284 which is connected to

the conductor 288.

The connections are such that when a key,
such as the ¥ key, is depressed, two of the oscil-
lators will be tuned to the same nominal pitch,
and because. as in the previous instruments,
the two oscillators are frequency modulated by
vibrato signals of opposite phase, an inecreased
chorus effect will- be obtained.

Tt will be noted that alternate oscillators 278—
275 are connected to the V2 terminal of the
vibrato oscillator apparatus (86 by a conductor
298, while the V terminals of the intermediate
oscillators are connected by a conductor 297 with
the Vi terminal. These last named conduetors
may bhe connected to ground by operation of
a vibrato control tablet 298 which operates a
pair of switches 299.

When, for example, the ¥ key is depressed,
the oscillator 27{ is tuned to the pitch of the
note F by virtue of the fact that two induect-
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ances L285 are connected in the tuning circuit
when the switch 284 is closed. Closure of the
switch 282 tunes the oscillator 272 to the fre-
quency F by virtue of the fact that this switch
is connected to terminal T{ of the oscillator.
These two oscillators are thereafter supplied with
plate current by closure of switches 288 and 277.

Every fourth key does not operate a switch
284 or 266, since two adjacent oscillators are
normally tuned to oscillate at the frequency rep-~
resented by such key as indicated by the en-
circled letters on the blocks representing these
oscillators.

The terminals S of all of the oscillators are
connected to the conductor 288 while their termi-
nals F are connected to a conductor 309, these
conductors being connected to the output sys-
tem of the instrument in the same manner as
described with reference to the form of the in-
vention shown in Fig. 5.

The embodiment of the invention shown in
Fig. 9 differs from those previously described in
that it has one oscillator of the type shown in
Pig. 1 for each semitone within the gamut of
the instrumnent, each oscillator being tunable to
any of three adjacent semitone frequencies, and
in that depression of any single key causes the
sounding of three signals of the same nominal
pitch frequency modulated at different vibrato
rates.

Five oscillators 301 to 305 are shown as repre-
sentative of the generating system of the com-
plete instrument, it being understood that there
is one oscillator for each semitone interval plus
two oscillators for the two highest (or lowest,
or both highest and lowest) pair of semitones
within the gamut of the instrument.

Each of the keys 30% operates five switches
308 to 312. 'The switches 388 to 310 are respec-
tively co-operable with bus bars 314, 315, and
316, which are connected to a suitable source
of plate current indicated as a B+ terminal.
The switches 3{1 and 312 co-operate respec-
tively with bus bars 318 and 319, which are con-
nected to a conductor 320, the latter being con-
nected to the S terminals of all of the oscil-
lators. The switches 388 for three adjacent play-
ing keys 308, are connected together. For ex-
ample, the switches 368 for the keys C, C#, and
D are connected to the terminal K of osecillator
301. In a similar manner, the switches 369 as-
sociated with the three adjacent semitone play-
ing keys, are connected to the X terminal of the
oscillator 382, and the switches 318 for the keys
D, D4, and E are connected to the K terminal
of oscillator 383.

The switches 3{1 are connected to T2 termi-
nals of the oscillators whose lowest frequency
is the same as that of the key which operates
the switch. For example, the switch 3ii, op-
erated by key C, is connected to the oscillator
301, which generates the frequencies C, Ci,
and D.

The switches 312 of each key are connected
to the T3 terminal of the oscillator, which gen-
erates a middle frequency of the same pitch as
the key which operates the switech. Thus, for
example, the switch 312, operated by the Ct
key, is connected to the T3 terminal of the os.
cillator 301, which generates a middle frequency
of Ci.

The P terminals of all of the osecillators are
connected to a conductor 322. Every third gen-
erator, such as the generators 301 and 384, have
their ¥V terminals connected to a conductor 324.
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The respectively adjacent oscillators, such as 342
and 385, have their V terminals connected fo
a conductor 326, and the remaining oscillators,
such as oscillator 303, have their V terminals
connected to a conductor 328.

The conductors 324, 326, and 328, are connected
respectively to three vibrato apparatuses 330,
331, and 332, similar to that shown in Fig. 2,
but which are adjusted to generate vibrato pulses
at different frequencies, such, for example, as
5,6, and 7 C. P. S. A vibrato control tablet 334
operates a three pole switch 336 by which the
conductors 324, 326, and 328 may be connected
to ground when the chorus effect is not desired.
The conductor 320 may be connected to tone
and volume controls and amplifier 338, upon
closure of tablet operated switch 348, while the
conductor 322 may be similarly connected to
the output system by tablet operated switch 342.
The output system includes one or more speakers
344,

This modified form of the invention is played
in the usual maunner of an organ, and the tones
produced will have an extremely rich full organ
chorus effect because of the different vibrato
rates by which the oscillators are freguency
modulated. Upon depression of a single key,
three tone signals of the same nominal pitch will
be supplied to the output system. The tonal
result will be equivalent to that of a large chorus
of instruments, because the vibrato rates will
not be perceptible to a noticeable extent, and no
prominent heat effects will be heard.

The modulation of the oscillators in the pre-
viously described forms of invention may be ac-
complished by using two vibrato oscillators of
different frequencies instead of wusing out of
phase pulses from a single vibrato oscillator,
although the latter method of frequency modu-
lation is preferred for instruments in which but
two signals are supplied to the output system
upon the depression of a single key.

In each form of the invention disclosed herein
an oscillator is utilized which can be tuned to
any one of several frequencies, preferably not
more than four different fregquenecies, and upon
depression of any key, signals from at least two
different oscillators are supplied to the output
system. Since the oscillators are intentionally
tuned to pitches slightly sharp or slichtly flat
with respect to the nominal pitch, or in the course
of time become slightly out of tune, a chorus
effect is obtained. :

In some forms of the invention one oscillator is
required for each note within the gamut of the
instrument, but in others the oscillators may be
tuned to any of three or four pitches, thus sub-
stantially reducing the number of osciliators re-~
quired for a complete instrument capable of
producing the chorus effect by having more than
one oscillator sound at approximately the nomi-
nal pitch whenever a single playing key corre-
sponding to that pitch is operated.

When the vibrato is not used the chorus effect
correspbonds to that produced hy large church
pipe organs when several pipes are simultane-
ously sounding the same nominal frequency.
For theatrical and entertainment purposes where
more tonal animation is desirable, the chorus
effect may be increased by vibrato frequency
modulating the two oscillators which produce
signals of the same nominal pitch at vibrato fra-
quencies either of different (preferably oppo-
site) phase or of slightly different vibrato rates.

As previously indicated, various features of the
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oscillators disclosed in this application are dis-
closed and claimed in other pending applications
owned by the assignee of this application. In
addition, it should be noted that the idea of fre-
quency modulating the outputs of the oscillators
by vibrato signals of different phase, or of slightly
different frequency, is disclosed and claimed in
my copending application Serial No. 223,376, filed
April 27, 1951.

While I have shown and described particular
embodiments of my invention, it will be apparent
to those skilled in the art that numerons modifi=
cations and variations may be made in the form
and construction thereof, without departing from
the more fundamental prineciples of the inven-
tion. I therefore desire, by the following claims,
to include within the scope of my invention all
such similar and modified forms of the appa-
ratus disclosed, by which substantially the results
of the invention may be ohtained by substantially
the same or equivalent means.

I claim: ‘

1. In an electrical musical instrument having
an output system, the combination of at least
four electronic oscillators forming the tone signal
sources for each octave within at least a two
octave gamut, each oscillator having a tuning
impedance whereby the oscillator may be tuned
alternatively to produce signals having funda-
mental frequencies corresponding substantially
to the pitch of two different tones of the tempered
musical scale, each oscillator heing tunable
through a range of not more than four semitones,
a pianoforte type keyboard comprising a plurality
of playing keys, and circuits under the control of
the keys to cause two of said oscillators to op-
erate at the same nominal pitch angd to cause
transmission to the output system of the signals
produced by both oscillators whereby all major
and minor chords may be played with two oscilla~
tors supplying signals to the output system for
most of the elements of the chord to produce a
chorus effect.

2. The combination set forth in claim 1 in
which the tuning impedances are of such values
that when two oscillators are tuned to the same
nominal pitch one will be sharp and the other
will be flat with respect to the nominal pitch oy
between .25 per cent to 1.7 per cent.

3..In an electricail musical instrument having
an output system, the combination of at least
four electronic oscillators forming tone signal
sources for each octave within the gamut of the
instrument, each oscillator having a tuning im-
pedance whereby it tnay be tuned to produce
signals having fundamental frequencies corre-
sponding substantially to the pitch of only two
adjacent semitones of the tempered musical scale,
a pianoforte type keybeard comprising a plurality
of playing keys, circuits under the control of
each key to change the effectiveness of the tuning
impedance of at least one of said oscillators to
cause it to oscillate at the same nominal pitch
as another of said oscillators and thereafter to
couple both osciliators to the output system.

4. In an electrical musical instrument having
an output system and a plurality of playing keys:
the combination of a plurality of oseillators, sach
oscillator having tuning means whereby it may
be tuned to the pitch of any of four adjacent
semitones of the tempered musical scale; means
couplmg the outputs of the ogclllators to the
output system; tuning circuits including switchss
operable by each of the keys to cause the tuning
means of two of the oscillators to be tuned to the
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same pitch; additional switches operable by each
of the keys; energizing circuits, each including
one of said additional switches, to supply an op-
erating potential to the two oscillators tuned by
the operation of their associated keys, a chorus
control element, and switches operated by said
element and connected in two of the tuning cir-
cuits and in two of the energizing circuits asso-
ciated with each oscillator.

5. In an electrical musical instrument having
an output system, the combination of at least
six electronic oscillators forming tone signal
sources for each octave within the gamut of the
instrument, each oscillator having tuning im-

edances whereby it may be tuned to produce
signals having fundamental frequencies corre-
sponding substantially to the pitch of four ad-
jacent semitones of the tempered musical secale,
a pianoforte type keyboord comprising a plurality
of playing keys, and circuits under the control of
each key to change the effectiveness of the tuning
impedarices of at least one of said oscillators to
cause it to oscillate at the same nominal pitch
as another of said oscillators and to cause trans-
mission to the output system of the signals pro-
duced by both oscillators, whereby all major and
minor chords may be played with two oscil-
lators supplying signals to the output system for
most of the elements of the chord to produce a
chorus effect.

6. The combination set forth in claim 5 in
which the tuning impedances of alternate oscil-
lators comprise one capacitor and four separate
inductance elements connected in series and the
tuning impedances of the other oscillators com-
prise an inductance element and four capacitors
of which at least three are connected in series.

1. The combination set forth in claim 6 in
which the pitch ranges of the oscillators overlap
by three semitone intervals.

8. The combination set forth in claim 6 in
which the pitch ranges of the oscillators overiap
hy at least two semitone intervals.

9. The combination set forth in claim 6 in
which means are provided to cause alternate os-
cillators to be tuned to the pitch of the highest
of several simultaneously depressed keys asso-
ciated with such oscillators, and in which means
are provided to cause the intermediate oscillators
to be tuneqd to the pitch of the lowest of several
simultaneously depressed keys associated w1th
them.

19. In an electrical musical 1nstrument having
an output system, the combination of a playing
key; a plurality of oscillators, each oscillator hav-
ing tuning circuit means whereby it may be tuned
to the pitch of any of four different adjacent
semitones of the tempered musical scale; means
coupling the outputs of the oscillators to the out-
but system; switches operable by the playing key
to cause the tuning means of two of the oscil-
lators to be tuned to the same piteh; two addi-
tional switches operable by said key; and two cir-
cuits, each including one of saiq additional
switches, to supply an operating potential to the
two oscillators tuned by the operation of said key.

11. The combination set forth in claim 10 in
which there is provided a chorus control element,
switches operable thereby in two of the tuning
circuits of each oscillator to render it capable of
being tuned only to either of two adjacent semi-
tone pitehes, and another switch operable by the
chorus contro] element and connected in one of
said two circuits which supply operating poten-
tials to the oscillators.
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.12, In an electrical musical instrument having
an output system, the combination of at least
twelve electronic oscillators forming tone signal
sources for each octave within the gamut of the
instrument, each oscillator having tuning im-
pedances whereby it may be tuned to produce sig-
nals having fundamental frequencies correspond-
ing substantially to the pitch of any of three ad-
jacent semitones of the tempered musical scale,
a pianoforte type keyboard comprising a plurality
of playing keys, and circuits under the control
of each key to change the effectiveness of the tun-
ing impedances of at least two of said oscillators
to cause them to oscillate at the same nominal
piteh-as another of said oscillators and to cause
transmission to the output system of the signals
produced vy the three oscillators, whereby all
major and minor chords may be played with two
oscillators supplying signals to the output system
for most of the elements of the chord to produce
a chorus effect.

13. The combination set forth in claim 12 in
which three sources of vibrato frequencies of dif-
ferent rates are provided, and in which means
are provided to couple the three vibrato frequency
sources respectively to the three oscillators which
are capable of oscillating at the same nominal
piteh to cause their outputs to be frequency modu-
lated at different vibrato rates.

14. The combination set forth in claim 12, in
which the. pitch ranges of the oscillators over-
lap each other, in a manner such that a series of
oscillators will have means whereby they may be
tuned, respectively, to the pitches of the notes set
forth in the following series: C, C%, and D: Ct,
D, and D}; D, DY, and B; D§, B, and 7, &, F,
and ¥4, | ..

15. In an electrical musical instrument having
an output system and a plurality of playing keys;
the combination of a plurality of oscillators, each
oscillator having tuning means whereby it may
be tuned to the pitch of any of four different ad-
jacent semitones of the tempered musical scale;
means coupling the outputs of the oscillators to
the output system; switches operable by each of
the keys to cause the tuning means of two of the
oscillators to be tuned to the same pitch: addi-
tional switches operable by each of the keys; and
circuits, each including one of said additional
switches, to supply an operating potential to the
two oscillators tuned by the operation of their
associated keys, whereby all major and minor
chords may be played with two oscillators sup-
plying signals to the output system for most of
the elements of the chord to produce a chorus ef-
fect.

16. In an electrical musical instrument having
an output system, the combination of at least
twelve electronic oscillators forming the tone sig-
nal sources per octave within at least a two octave
gamut, each oscillator having tuning imped-
ances whereby the oscillator may be tuned alter-
natively to produce signals having fundamental
frequencies corresponding substantially to the
piteh of two adjacent semitones of the tempered
musical scale, a pianoforte type keyboard com-
brising a plurality of playing keys and ecircuits
under the control of each key to change the effec-
tiveness of the tuning impedance of at least one
of said oscillators to cause it to oscillate at the
same nominal pitch as another of said oscillators
and to cause transmission to the output system
of the signals produced by both oscillators which
are oscillating at substantially the same pitch.

17. In an electrical musical instrument haying
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an output system, the combination of at least
twelve electronic oscillators per octave within the
gamut of the instrument, each oscillator having
a tuning circuit including a capacitor which when
connected in the tuning circuit will cause the
oscillator to operate at a pitch one semitone
lower than when the capacitor is not connected
in the tuning circuit, a keyboard comprising a
plurality of playing keys, a circuit under the con-
trol of each key for connecting said capacitor in
the tuning circuit of one of the oscillators, and
additional circuits under the control of said key
to render effective said last named oscillator and
another osciliator normally operating at the same
frequency to transmit the signals produced there-
by to the output system.

18. In an electrical musical instrument having
an output system, the combination of at least
four electronic oscillators forming the tone signal
sources for each octave within at least a two
octave gamut, each oscillator having a tuning
impedance whereby the oscillator may be tuned
alternatively to produce signals having funda-
mental frequencies corresponding substantially
to the pitch of two different semitones of the
tempered musical scale, each oscillator being
tunable through a range of not more than four
semitones, a pianoforte type keyboard comprising
a plurality of playing keys, and circuits under
the control of the keys to change the effective-
ness of the tuning impedance of at least one of
said oscillators to cause it to oscillate at the same
nominal pitch as another of said oscillators and
to cause transmission to the output system of the
signals produced by both oscillators which are
oscillating at substantially the same pitch, where-
by all major and minor chords may be played
with two oscillators supplying signals to the out-
put system for most of the elements of the chord
to produce a chorus effect. :

19. In an electrical musical instrument the
combination of oscillators C and C# each having
a tuning circuit and each normally generating
musical tone signals of pitches corresponding to
the notes C and C# respectively, two playing
keys for the notes C and Ct respectively, a capac-
itor, means operable by the C key to connect said
capacitor effectively in the tuning circuit of the
Ct oscillator, said capacitor having a value such
that when connected in the tuning circuit of the
oscillator it will cause it to oscillate one semitone
lower than its normal Ct frequency, means also
controlled by the C key to cause transmission
of the signal produced by both oscillators to the
output system, an inductance element forming
part of the C oscillator tuning circuit and of such
value that when effectively disconnected from the
tuning circuit of the C oscillator will cause it to
oscillate one semitone above its normal freguency,
means operabie by the Cf key effectively to dis~
connect said inductance element from the tuning
circuit of the C oscillator, and additional means
operable by the C# key to cause transmission to
the output system of the signals produced by both
oscillators.

20. In an electrical musical instrument having
an output system, the combinstion of two oscil-
lators each having a tuning circuit of such reso-
nant frequency that the oscillators normally
operate at frequencies corresponding substan-
tially to the pitches of the notes C and Cf re-
spectively, and each having a reactive impedance,
the reactive impedance of the C oscillator being
normally connected so as to be ineffective in the
tuning circuit and the reactive impedance of the
C# oscillator being normally ineffective in the
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funing circuit of the Ct oscillator, playing keys
for the notes C and C§ respectively, means oper-
able under the control of the C key to render
effective the reactive impedance of the C¥ oscil-
lator, means operable under the control of the
C# key to render ineffective the reactive imped-
ance in the tuning circuit of the C oscillator,
whereby upon depression of the C key both oscil-
lators will be tuned substantially to the pitch of
the note C and upon depression of the C# key both
oscillators will be tuned substantially to the pitch
of the note C#, and means under the control of
either key to cause transmission to the output
system of the signals produced by both oscil-
lators.

21. The combination set forth in claim 20, in
which each of the oscillators includes a multi-
electrode vacuum tube having all of its electrodes
except one electrode connected to suitable op-
erating potential sources, and in which the means
for causing transmission of the signals to the
output system includes circuits for impressing an
operating potential upon the excepted electrodes
of both vacuum tubes.

22. The combination set forth in claim 20, in
which each of the oscillators includes a vacuum
tube having suitable operating potentials im-
pressed upon all of its electrodes so as to render
the oscillator operative, and in which the means
for causing transmission to the output system
of the signals produced by the oscillators in-
cludes means for coupling the output circuits of
the oscillators to the output system.

23. In an elecirical musical instrument having

an output system, the combination of two os- :

cillators each capable of generating electrical
musical tone signals having fundamental fre-
quencies corresponding to the pitches of either
of two adjacent semitones in the tempered musi-
cal scale and each oscillator having an induct-
ance-capacitance tuning mesh determinative of
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the frequency at which it normally operates, a -

pair of adjacent semitone interval keys, a switch
operable by the lower key to connect a capacitor
in the tuning circuit of one of the oscillators,

45
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the capacitor having a value such as fo lower the
frequency of oscillation by one semitone interval,
a switch operated by the higher key effectively
to disconnect an inductance element from the
tuning circuit of the other oscillator, the in-
ductance element having a value such that when
it is not effectively in the tuning circuit the fre-
quency of oscillation of the oscillater will be in-
creased by a semitone interval, means for im-
pressing an operating potential upon both os-
cillators when either key is operated, and means
coupling the outputs of the oscillators to the ocui-
put system.

24. In an electrical musical instrument having
an output system, the combination of three os-
cillators each having a tuning circuit including
a reactive element which may be rendered effec-
tive or inefiective in the tuning circuit, said os-
cillators being tuned to operate at the frequencies
of the pitches of the notes C, Cf, and D, respec-
tively, when said reactive elements are effeciive
in the tuning circuit and to the frequencies oi
the notes Ci, D, and D, respectively, when said
reactive elements are ineffective in their respec-
tive tuning circuits, a C# key, means opersble
by the Ci key to render the reactive impedance
of the C#-D oscillator effective in its tuning cir-
cuit, additional means cperable by the C# key
to render hoth the C-C# oscillator and the C¥-D3
oscillator effective to transmit their output sig-
nals to the output system, means operable by the
Iy key to render the reactive impedance of the
D-Dif oscillator effective in its tuning circuit,
and additional means operable by the T key to
render both the Ci-D and the D-Dt oscillators
effective to transmit signais produced thereby
to the output system.
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