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My invention relates generally to electrical

musical instruments and more particularly to im-

provements in instruments for producing the hass
tones of instruments of the organ type.

(Cl. 84—1.20)

2

16a of the frequencies of its conttrolling os-
cillator. These alternate pulse frequency di-
vider stages operate to divide the input frequency
by a factor of two, substantially irrespective of

It is only the most expensive and elaboraie pive 5 any variation in frequency of the input signal.
organs which have adequate pedal stops. This is The output signal of each of the divider stages
due primarily to the fact that the pipes for pro- is in the form of a rectangular or box wave and
ducing bass tones are necesserily very large, re- this output signal is thereafter modified to pro-
quire a large amount of air 0 cause them to duce three different types of signal waves which
speak, and are thus inliially expensive, expensive 10 are utilized for tone production. One of these
to operate, and require large chambers. As g re- modified signal waves is in the form of sharp
sult, few pipe organs have more than two or three impulse negative peaks, representing a relatively
sets of pedal pipes. In addition, the large pipes bright reed-like tone quality. The second is in
for the bass pedals are usually of siow speech the form of relatively smooth negative pulses rep-
due to the time required for the building up of the 15 resenting a musical tone having a diapason-like
acoustic wave trains in the pipes. If i were at- tone quality. 'The third is in the form of g slightly
tempted to accelerate the speech of the pipes by modified sine wave, representing a musical tone
Increasing the pressure of the air supplied there- quality similar to the bourdon, in which the
to, the quality of the tones emitted by the pipes fundamental is of relatively high amplitude and
would be undesirably altered and the pitch of the 20 there are but few odd harmonics of Jesser am-
tones would not be steady. Furthermore a much plitude.
larger capacity blov,.vler vzould be required. : By means of the stop tablets the desired type of

In accordance with the principles of my - output signal of the various divider stages are se-
vention these inadeguacies of most pipe organs lected, singly or in any desired combination, and
are remedied by the provision of electronic mesns 95 transmitted to the output system of the instru-
for generating and contrelling tones in the lower ment. The signals of the first mentioned type,
Pass range, the apparatus being so constructed  ynat s, those appearing as a series of relatively
that it may be substituted for bass rank pipes or sharp negative impulses are transmitted through
utilized 25 a supplement thereto, making use of a phase shifting network whereby the relative
the conventional stop tablets and relays of the 30 )

pipe organ.

It is thus the primary objest of my invention to
provide an improved electronic bass tone gener-
ator and control means for use in conjunction
with a pipe organ, or as a supplement to other me-
chanical and elecironic musical instruments.

Other objects will appear from the following
description, reference being had to the accom-
panying drawings in which:

Figures 1, 1a, 16 and lc together constitute a
schematic wiring diagram of the improved instru-
ment; and

Figure 2 is a wiring diagram of a modified form
of generating and switching apparatus.

GEMERAL DESCRIPTION

In genersl, the instrument of the invention
comprises a source of relatively high frequencies
of the tempered musical seale, disclosed herein as
a pair of oscillators which are respectively tuned
to frequencies related to those represented by the
highest and lowest denressed pedals of the organ
pedal clavier. Each of these oscillators is pro-
vided with a cascaded alternate impulse fre-~
quency dividing system whereby there may bhe
generated frequencies Y%, %, Yo, ¥ # and

40

phases of the partials of the tone are changed to
reduce the peak amplitude of the signal and thus
facilitate distortionless transmission of the sig-
nal through the amplifying and speaker system.

. This phase shifting network eliminates the “ma-

chine gun” effect which would otherwise be pro-
duced by such series of relatively sharp impulses
at very low frequencies.

The output of the phase shifting network is
mixed with the other forms of signal wave in a
preamplifier, and the output of the latter is am-
plifude controlled by a pair of push pull control
pentodes. These control tubes are normally
biased so as to be non-conducting but are ren-
dered conducting by the closing of a contact
upon energization of any one of the pedal con-
trolled relays. The amplitude controlled signal is
supplied to a power amplifier which is coupled
to a speaker, the latter being preferably located
in the crgan swell box so as to have the sound
output thereof controlled in part by the usual
swell shutters.

It will be understood there is a system as above
Gescrived for each of the oscillators, the only
means commen to the two systems being the con-
tacts under the pedal controlied relays, by which
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the biasing potential on the control tubes of both
instruments is determined.
In Fig. 1 are shown representative pedals of &

pedal clavier including pedals C@, Gf, Al# and.

G2, the pedals C8 and G2 representing lowest and
highest note pedals generally found in pipe organ
pedal claviers. Each of the pedals has associated
therewith~a single pole single throw switch {0,
one pole of which is connected to. a-common con-
ductor 12 leading to a suitable source of relay
operating potential such as +12 v., the other pole
of each of these switches being connected to the
winding of a relay 14, the circuit through the
winding of the relay being completed -to-ground.

The relays 14 are provided, instead of having the:

pedals directly actuate the relay switches, in
order to facilitate the installation of the appa-
ratus in a pipe organ, since the conventional
pipe organ has the switch contacts {9 for. con-
trolling relays (4. These relays are rendered
relatively slow-acting by the-provisions.of anti-

spark resistors-R51n parallel.with the windings.

thereof:

‘Wach of the relays {4 operates single pole
double. throw - switches A6-and. {7- and. shortly
thereafter: operates:.a. single pole single throw
switch. 18. -This.is accomptlished.in the usual
manner. by -having. the contacts for switch i3
initially spaced farther apart than are the con-
tacts. for. switches 6..and. 11,.or by equivalent
armature. sttucture whereby the armature. will
close. switches 16 and. i1 before it closes switch 8.
Switches. 16.and. {1 control the tuning.of a pair
of osciliators 20:and 21 respectively for generating
frequencies’ having o definite relationship, re-
spectively, with the frequency represented by the
highest note pedal depressed and the frequency
represented’ by. the lowest note pedal. depressed.
Each of the oscillators comprises a triode 24 hav-
ing a cathiode” 25, control grid 2§ and anode 28,

The tuning circuit for the oscillator comprises

mutually. coupled inductances L8 and 1382, the
inductance - 1.32 * being connected: between the

cathode 25 and ground, while the inductance L3¢
has a plurality of taps correspondingin number-

to one less than the usual 32 pedals. Depending
upon” which - of* the switches 16" is ‘operated a
greater or-lesser number of turns-of Liff are con-
nected: between ground and the-grid 28, this con-
nection’ being through a grid: resistor R34 by-

passed-by- a- capacitor- C36. The capacitance

portion-of the tuning circuit-includes a capacitor
C3%and-a trimming capacitor G48. Overall tun-

ing-of the range of ‘the oscillator 20‘is’ accom--
plished by adjustment of the air gap-in the core-:

coramon to ‘the inductances L36 and L32.

“Plate current for the triode 24 is supplied from
a suitable source, indicated -as- a  battery- 42,
through-a-plate load resistor R44,. and the signal

output-of the oscillator is impresséd:-upon the grid..

46:of a triode 48 through a blocking condenser
C50; i The grid46:is connected to a plate current
cutoff- hegative bias potential source; indicated: as
_Crthrough a grid resistor R52, while the cath-

ode:5&of thistricde:is connected to ground. The:

plate 5807 the triode 48 is connected:tc a suitable
source. of plate: petential through a load resistor
RE8iwhilesthe signal.output of the tricde 48 is
transmitted through:a conductor: §0.

Ireacsimiflar manner-the output of oscillator 24
istransmitted through a conductor 64.

The tricde 48 operates as 2 means.to rectify
and-increass the:slope: of oscillator cutput waves,
changing the-wave form into a series of relatively
sharp. pulses;suitable for  the operationof the
alternate pulse: dividers.

ot

4

Tt will be noted that the connections of the
switches 1§ are such that when the relay {4 for
the highest note pedal is operated, the remaining
switches 16 are disconnected from the circuit
while the operated switch 16 effects connection
into the tuning circuit of a predetermined num-
her of turns of 128 so as to cause the oscillator to
operate” at a frequency which bears a definite
relationship to the nominal frequency of the pedal
which has been depressed. )

. On the other hand, it will be noted that the
switches 17 for the oscillator 24 are connected in
such manner that the lowest depressed pedal will

-+tyune -the oscillator- 2 to a frequency bearing a

- definite relationship to the depressed pedal, while

- at the same time rendering ineffective all of the
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switches 17 associated with pedals higher than
that depressed. This type of switching system
and-oscillator tuning means are more fully dis-
closed in the patent to Laurens Hammond et al.
No.-2,332;076.

Alternate impulse frequency’divider stages

The pulses forming the output of the triode 48
are. transmitted -to the first stage of a plurality
of. cascaded stages of alternaie pulse frequency
dividers.. The first divider stage comprises tri-
odes 18.and. 71, the triode 10 including a cathode
72, a.grid 74 and an anode 16, while the triode il

Jincludes a cathode 13, a-grid 78 and an anode 1.

Sharply peaked negative pulses constituting the
output of the. tricde 48 are simultaneously im-
pressed .upon grids 74 and 75 through a pair of
small capacitors C18 and CT9, these grids being
connected to ground tarough.resistors R2§ and
RBi respectively. The plate 17 is connected to a
suitable.source of. plate current, indicated as a
terminal- 4308 v. of the power supply, through a
plate load resistor R83 while, the plate 6 is
connected to the 300 v. terminal through a load
resistor R84.

The plate Ti is coupled to the grid 74 through
5 feedback mesh comprising a resistance R8T
which is shunted by a capacitor C88, the latter
being in series with a resistor Rigd. Ina similar
manner. a mesh comprising resistors R98, Rigd
and. capacitor C98 provides a feedback circuit
from the.piate 76 to the grid 75.

The cutput of the triode T{ is supplied to the
grid 185 of a reciifying triode {56 through a
blocking capacitor Ci87. The grid 183 is nega-
tively biased through a resistor R183 which is
connected to o suitable negative terminal of the
power supply, indicated as —C. The cathode of
triode 188 is connected to ground through a signal
derivation resistor R118 which has a filter capac-
itor..in .parallel therewith. It will. be apparent
that potential of the cathode {i4 will be of a
wave form cciprising .a plurality of relatively
sharp positive peak impulses. Such impulses are
utilized as one of the output signals of the first
divider stage, such signal being transmitted
through a conductor [i6. This signal is very
bright in tone guality, such as is characteristic
of the reed and trombone families.

A second type of tone quality signal is also
derived from the output of the first divider stage.
A.triode 118 has its grid {20 connected by a con-
ductor 122 and a blocking capacitor C124 to the
anode: 77 of triode Ti. The anode {28 of triode
118 s connected to a.suitable potential source,
indicated as:+B, while the grid 120 is connected
to.a . negative potential biasing. source;. indicated
as —C, through: a. resistor R128. The-cathode
130 of. triode 118 is connected to ground through .
resistors. RI31 and R132, these: resistors having
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a capacitor C134 connected in parallel therewith,
and the resistor Ri32 having a capacitor C125
connected in parallel with it. The musical tone
signal, which is of the diapason quality, is derived
from the cathode 130 of the triode through 2
resistor RI140 and a conductor 142.

A bourdon-like tone quality is derived from the
cathode 12 through a conductor 144,

Tone quality selecting means

The selection of the desired tone quality or
tone qualities to be transmitted to the output
system of the instrument is accomplished by
means of control stops (Fig. 1») comprising a
plurality of switches 146 which may he actuated
in the conventional manner by tablets or stops
on the console of the instrument. Each switch
is adapted to energize two corresponding relays
150a, 1500, 150c and 15la, 151b or i5tc, respec-

tively for the highest note channel and the lowest .

note channel. There are three relays 58 for
each frequency divider stage of the highest note
channel as well as three relays 151 for each
divider stage of the lowest note channel. 'The
relay 150a for the first stage of the highest note
channel is arranged to connect the conductor {44
to conductor 152, while relays 1505 and 150¢ are
adapted respectively to connect the signal con-
ductors 142 and 116 to a conductor i54. 'The

relays 150, 1500 and 156¢c for the first divider -

stage will be energized respectively by the closure
of stop switches 1456 for 1’ octave piccolo, 1’ octave
fifteenth and 1’ super-octave clarion. Similarly
the corresponding relays for the second divider
stage may be energized by closure of the switches
146 of the stops labeled 2’ piccolo, 2 fifteenth
and 2’ octave clarion. The relays for the third
divider stage are similarly operated by closure
of the switches 146 associated with the tablets for
the 4’ flute, 4’ octave and 4’ clarion. The relays
for the fourth divider stage are controlled by the
stops identified as the 8’ flute, 8’ diapason, and
8’ tromba. The relays for the fifth divider stage
are controlled by the tablets identified as 16’
bourdon, 16’ diapason, and 16’ trombone.
relays for the sixth divider stage are controlled
by tablets indicated as 32’ sub-bass, 32’ diapason,
and 32’ bombarde.

The second to sixth divider stages for the

highest note are shown in block diagram form .

with appropriate legends applied. Three relays
130, 150b and 158¢ for each of the divider stages
for the highest note are conventionally illus-
trated, while the corresponding relays for the
divider stages for the lowest note are indicated
as blocks with appropriate legends.

Each of the relays 150a of the different divider
stages is adapted to connect the cathode of its
associated triode 16 to the conductor i52. Relays
{500 connect the cathodes of their associated
rectifier triodes 118 to the signal conductor 154;
while the relays {58c connect the cathodes of
the rectifier triodes, such as the triode 108, to
the signal conductor 154.

Phase shifting network

Since the signals transmitted through the con-
ductor 154 have a wave form constituting & series
of relatively high amplitude positive peaks, they
are not transmitted efficiently, in this form,
through the amplifier and speaker system. These
signals are therefore transmitted through a phase
shifting network to alter the phase relationship
of the partials. The wave form will be altered

to a shape in which the highest amplitude peak *

10

33

k)

The :-

6

is but a fraction of that of the input wave, with-
out appreciably altering the amplitudes of the in-~
dividual partials. The operation of this phase
shifting network is more fully disclosed and
claimed in my copending application Serial No.
569,569, filed December 23, 1944.

The coupling between the generating system
and the phase shifting network is herein illus-
trated as being effected by g transformer T160,
the phase shifting network comprising a plurality
of sections of series capacitors Ci162 and shunt
inductances L164, This phase shifting network
terminates in resistors R166 and RI§T which to-
gether form the characteristic terminating im-
pedance for this network. The output of this
phase shifting network is impressed upon the
grids 110 of push pull preamplifier triodes 1712,
the connections to the grids being through de-
coupling resistors R174 respectively. The cath-
odes of the triodes 172 are connected to ground
hrough biasing resistor RI18 while the plates
of these triodes are connected to the terminals
of the primary winding of g coupling transformer
T178. A center tap on this winding is connected
to a suitable source of plate current, indicated
as +-B.

Outpul and amplitude control circuits

The signal conductor 152 conveys the signals
from the cathode of the triode 10, and the similar
triodes of the other divider stages, to a decoupling
transformer T180, the output terminals of which
are connected respectively through decoupling re-
sistors RI82 to the grids 179 of the triodes 172.

The terminals of the secondary of transformer
Ti18 are connected respectively to the control
grids {84 of remote cut-off control bentodes 186,
while the ceater tap of the secondary of trans-
former T172 has conductor (88 connected there-
to. The conductor 188 is connected to ground
through a capacitor C188 and is connected to a
suitable source of negative biasing voltage, in-
dicated as —7 v., through a resistor R192. The
cathodes {34 of the control pentodes 186 are
connected to a conductor 185, It will be noted
that the conductor 186 is adapted to be con-
nected to ground through resistor R197 (Fig.
1) by one of the switches §8 (Fig. 1) whenever
any pedal relay 4 is energized. The conductor
188 is normally maintained at a vositive poten-
tial by virtue of its connsction through a resistor
RI%8 to a terminal of the power supply indi-
cated as -1-300 v, and its connection to ground
through a resistor R288 shunted by a capacitor
C202. Resistors RI92 and R2088 form a voltage
divider which normally maintains the potential
of the cathodes 194 at such positive value that
the pentodes {86 are biased beyond cutoff.

The generating system for the lowest note is

' in every respect similar to that above described

for the highest note and corresponding rarts of
the generating and signal transmission system
for the lowest note have reference characters
applied thereto corresponding to those of the

d similar parts of the highest note generating and

signal transmitting system. For the sake of
simplicity the phase shifting network and pre-
amplifier for the lowest note are shown as a
block 206 having an output coupling transformer

} ‘U288 corresponding to the transformer Ti78.

The center tap of the secondary of transformer
T258 is connected to the conductor (88 which,
it will be recalled, is also connected to the cen-
ter tap of the secondary of transformer TIT8.
This conductor {88 is adapted to be connected
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through:a -capacitor G218 (Fig.:1c)- with-the con-
ductor * £96 ~upon- clesure of a -relay -operated
switch 242. The switch-212 might also be man-
ually operated and located at the. console.

The control tubes :186 ‘for the highest note
transmission system  are suitably coupled to a
power-amplifier 2{4 while, in a similar manner,
the -corresponding contrel tubes 213 are suitably
coupled to a power amplifier 2{6. The outputs
of ‘the amplifiers 214 .and 216 are supplied re-
spectively to speskers 215 and Zi7 which are
preferably located :in a chamber 218 .forming
the swell box of the pipe orgsn, or in a similar
chamber:-in which the sound output:may be con-
trolled by a .plurality of swell shutters 220 form-
ing one-side of the box or chamber. The shutters
220 .are controlled from the console of the in-
strument in-any well . known manner, and thus
control the acoustic outpub of the speakers 215
and 217, as well as the acoustic output of any
organ pipes which may be located in the swell
box or chamber.

Tn addition to controlling the acoustic outbut
of the instrument by means. of the swell shutters
220, initial adjustment of the overall output.of
the control tubes (85 and 213 may be obtained
by adjustment of adjustable resistors R232 and
R233, respectively, for the highest and lowest
notes. In lieu of placing speakers 215 and 2:7
in a swell chamber, separate volume controls
of suitable construction, operating upon the po-
tential of one or more of the electrodes of the
control tubes 186 and 213, may be used to con-
trol the intensity of output of the instrument.

Operation

In playing the instrument the organist will
operate the pedals in the usual manner. When-
ever but one pedal is depressed, both oscillaters
20 and 2i will be tuned to the same. frequency,
corresponding to sixteen times the fundamental
frequency of the piteh represented by an 8’ stop
of the depressed pedal. - When two of the pedals
of the pedal clavier are simultaneously depressed,
that corresponding to the highest pitch will tune
the oscillator 20 to a frequency sixteen times
the fundamental of the pitch represented by an
8’.stop of the highest pedal depressed, while the
oscillator 21 will correspondingly be tuned to a

frequency sixteen times the fundamental of the -

pitch corresponding to the lowest pedal de-
pressed. The output of each oscillator wil] be
rectified and have its wave shape altered to pro-
duce a relatively sharp negative pulse suitabie
for the input. of the first frequency divider stage
coupled to the oscillator.

Tn describing the operation of the frequency
divider stages it will be assumed that no sig-
nal is being supplied thereto by the rectifier
triode 48. In this case a static condition pre-
vails in which one or the other of the tubes T2
or i is conductive of plate current to an ap-
preciably greater extent than the other. This
may be understood by assuming that the poten-
tial.on the plate 77 is decreased slightly. Such
slight change of potential in a negative direction
will also appear on the grid 74 of the triode It
due to its connection with the plate 77 through
the coupling mesh comprising resistors R817 and
R1i01 and capacitor C89, and will also result in
an increase in the potential at the plate 16 of
the triode 18. Such-increase in plate potential
will similarly appear at the grid 76 due to ifs
intercoupling with the plate 76 through the mesh
comprising R96,- R106 and :C58. This increase

10
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8
in" the positiveness ;of the grid 75 will .cause.a
further decrease in potential at the -plate 11,
thus supplementing the previously assumed .de-
crease in potential at the plate 17. This-cumu-
lative decrease in potential at the plate 1T .will
continue until the grid 74 becomes sufficiently
negative substantially to cut off the plate.cur-
rent in triode 78. After such limiting condition
has been attained, further changes will not oc-
cur in the potentials of the electrodes in these
two triodes 18 and 71, and this limiting condi-

tion will prevail for an indefinite period-of: time

because of the direct reciprocal resistance -cou-
pling between the grids and plates of the triodes
78 and 7!. Due to the symmetry of the-circuits
and of the characteristics of the triodes-10-and
74, it becomes a matter of chance as to which
of these triodes will conduct maximum plate
current in the first instance. As will be ex-
plained hereinafter, it is unimportant -to -pre-
determine which of these tubes will initially. con-
duct the greater plate current.

The speed with which changes in-potentisl.at
any of the electrodes of these triodes 70, 7i:can
oceur due to thismutual feedback effect is limited
hy the shunt capacitance offered by the capagi-
tors C18 and C19 and the interelectrode-capaeci-
tance present in the triodes 78 and T1. By.in-
cluding capacitors C28 and C39 the effect of..the
shunt input capacitance is largely overcome-be~
cause there is a direct low impedance connec-
tion for very high frequencies between the anode
17 of triode Ti and the: grid 74 of triode-70.and
also between the anode 16 and grid 15. The in-
clusion of these. capacitors results in a substan-
tially instantaneous mutual feedback -between
the triodes, which sudden change may ‘be inter-
preted mathematically as being an extremely
steep wave front having a Fourier harmonic se--
ries extending up to extremely high frequencies
such as radio frequencies. It was found unde-
sirable to permit this wave-to contain such high
frequencies, because when such .was the .case,
radic frequency interference -and spurious..colt-
plings were prevalent, thus rendering the divider
unstable. By inclusion of resistors ‘R100..and
RI01 in series with the capacitors C88 and-C99,
the rate at which such mutual feedback poten-
tial changes can occur is considerably .decreased
because of the time constant-introduced by the
resistors R{88 and the capacitors-C18 .and CI9
together with the interelectrode capacitances of
the triodes 70-and Ti. This decrease in-the rate
of change of potential substantially eliminates
harmonic components of the Fourier series which
lie appreciably above the super-audio range.

As pointed out heretofore, prior to the appli-
cation of a negative pulse .from the rectifier
triode 48, one of the triodes 719, Ti will be.con-
ducting with maximum plate current.and .the
other triode will be at substantially plate current
cutoff. The series of short high amplitude mega~
tive pulses are simultaneously transmitted to. the
grids 74 and 715 through the -small capacitors:

5 18 and C79 whenever the oscillator 20 is in op-

eration. Assuming that the triode -18 is drawing
maximum plate current and that triode.T! is cut
off, this simultansous application of the negative
pulse to the grids 14 and 73 will result in a.de-
crease in the plate current of triode 10, thereby
causing the potential on the anode 16 to increase.
This positive increase in potential is fransferred
from the anode 75 to the grid 15 through fhe fegd~
back mesh comprising R96, R{80 and-C93.. In-
crease .in positiveness.of the grid 75 .in.turn re-
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sults in a negative potential change at its plate
11, which negative potential change is similarly
transmitted to the grid 74 through the feedback
mesh comprising R9T, R101 and C89. This nega-
tive change in grid potential results in a further
increase in the potential at the anode 18, which
change is in phase with the original positive
change at the anode 78 due to the application of
the negative pulse on the grid 74 from the recti-
fier 48. This mutual feedback action continues
despite the disappearance of a signal pulse on
grids 74 and 75. The action ceases when triode
11 is at substantial plate current cutof. Due to
the direct resistive coupling of the grids and
anodes of the triodes 70 and 1, this cutoff condi-
tion will prevail until the rectifier 84 transmits
another negative pulse to the grids 74 and 15
through the capacitors C718 and C79. By making
the time constants of the feedback meshes (com-
prising R96, R97, C88 and €89) about cight times
the time constant of the signal input circuits
(comprising R80, R81, C18 and C79), the dura-
tion of the input pulses is made short by com-
parison with the duration of the pulses produced
by the feedback meshes. This insures that the
negative signal impulses will have disappeared
before the feedback action is completed.

From the foregoing it is apparent that this
first negative pulse from the rectifier 84 was effec-
tive to transfer the current from the previously
conducting triode 70 to the previously cutoff
triode Tf. When the rectifier triode 48 again sup-
plies a high amplitude negative pulse to the grids
14 and 75, triode 10 will be caused to draw maxi-
mum plate current and triode T{ will again be
cut off. Thus it is seen that alternate negative
pulses from the rectifier 48 are effective to cause
similar changes in potential in the output circuits
of the triodes 10 and T! and thus the frequency
of the plate current of either of these triodes
will be one half of the input frequency. The shape
of the wave in the plate circuits of triodes 70
and Tl will be substantially rectangular. The
wave shape will differ slightly from a rectangle
in that the positive slope is more steep than the
negative slope. This is accounted for by the fact
that the negative pulse input circuit has a shorter
time constant than that of the feedback meshes.

The harmonic analysis of a rectangular wave
shows that it comprises a fundamental of given
amplitude plus a third harmonic of one third of
the amplitude of the fundamental, a fifth har-
monic of one fifth the amplitude of the funda-
mental etc.

The rate at which the input pulses are supplied
is immaterial to the frequency dividing opera-
tion. By using relatively small capacitors the
frequency range over which these frequency di-
viders will operate successfully may extend over
the entire audio frequency band. In the embodi-
ment of the invention disclosed herein, the divider
stages are required to divide over a range of only
32 semitone intervals, slightly more than two
and one half octaves, so that no difficulty what-
soever is experienced in having the frequency
divider stages consistently and accurately divide
their input frequencies by 2. The inclusion of
the series resistors R100 and Ri0f serves to de-
couple the input grid circuits from the output
feedback meshes, and thus renders the circuit
more stable in operation and less sensitive to the
exact values of the input capacitors C18 and C19.
The resistors R100 and RI01, together with the
feedback meshes comprising C98, C99, R95 and
R97 determine the upper frequency limit to which
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the divider functions in a stable manner. These
time constants should be small in comparison
with the time required for one cycle of the highest
audio frequency (e. g. 1568 c. P. s.) which is to
generated by the oscillator 20.

Since the output of the triodes T{ is of generally
rectangular wave shape it is necessary to rectify
this wave and to change the negative portion of
this wave into relatively sharp negative pulses,
for reliable cperation of the second divider stage.
‘The rectifier triode (68 which may be considered
as part of the first divider stage performs this
function as well as providing g suitable reed
ity signal ve to the conductor 14{6. Thus

e {8% performs the double function of
providing s suitable input signal for the second
divider stage as well as providing a tonally suit-
able output signal for reed and trombone-like
tones. A somewhat similar but less bright tone
quelity is derived from the rectifier triode 118,
due to the fltering action of the mesh RI3I,
RI32, RI43, C{34 and CI38 connected to the
cathode 139 of this triode. The signal derived
from the cathede 12 through the conductor (44
% 8 symmetrical wave having well rounded peaks
and troughs, and as previously pointed out, repre-
senis tones of the bourdon tyve, naimely tones
having a strong fundamental and a relatively
ealk series of odd harmonics only.
organist will operate one or more of the
stop control switches 1458 and thereby transmit
to the coupling transformers Ti89 or T180 or
both, the desired tone gualities and octave cou-
pler effects. Since the hourdon type tone quali-
wies derived from the cathodes of the triode 70
of the various divider stages is initially of a
smoothly undulating character, it is not usually
necessary to shiff the phases of the partials and
therefore these tone signalg are transmitted di-

5 yectly to the grids 178 of the preamplifier triodes.

As previously pointed out, the relatively high
reak amplitude pulses derived from the cathodes
of the rectifier triodes 105 and 188 would tend
to overload the ampiifier and speaker system,
since these wave forms represent a phase rela-
tionship of the partials in which their peak am-
plitudes coincide. By means of the phase shifting
network, the peak amplitudes of the various par-
tials are variously displaced so that the peak
amplitude in a single cycle of the fundamental is
reduced to approximately one third of the origi-
nal peak amplitude of the signal, and the “ma-
chine gun” effect is removed.

Whenever one of the pedal control relays 14
15 energized, it closes its associated switch 18.
The grid bias on the remote cutoff control pen-
todes 186 and 2i3 is normally sufficient to cut
off these tubes due to the application of a positive
voltage to the cathodes of these pentodes by
weans of thie voitage divider mesh comprising
Ri98 and R263. Thus, when one of the switches
18 is closed, it connects the cathodes of these
control pentodes 186 and 213 to ground, render-

. Ing these tubes conductive with a prompt attack.

When it is desired to have the intensity envelopes
of the signals of such form that the sttack is
relatively slow, the switch 212 (Fig. 1¢) is closed,
whereupon the lowering of the potentials of the
cathodes of the control pentodes 186 and 213 is
accompanied in the first instance by the corre-
sponding lowering of the potentials on the grids
of these control pentodes. However, after a
short time, as the capacitor C2i8 becomes
charged, the grids of these pentodes become in-
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creasingly positive with respect to their cathodes,
and. they. commence conducting the signals on
their grids with gradually increasing amplitude,
producing -the effect of slow tonal attack. When
3 pedal is released its relay (4 operates first to
open its switch 18 and immediately thereafter to
operate its switches 1§ and i7. The opening of
switch 18, by disconnecting the cathodes of the
control tubes (86 and 2{3 from ground, permits
their potential to rise rapidly to cut-off poten-
tial, the rate of potential rise being determined
by the values of R188, R288 and C282. Thus the
tone will have decayed substantially to zero in-
tensity by the time that switches 16 and 1T are
operated to change the frequency of oscillation
of the oscillators 28 and 21.

Since the apparatus employs conventional or-
gan controls, it may be considered as an inte-
gral part of the pipe organ, not requiring the
organist. to learn any new technique of regis-
tration. The only control in the apparatus dis-
closed herein which could not be accomplished
by the usual pipe organ controls is that of pro-
ducing slow or fast attack at will, by operation
of the switch 212.

While the use of the variaple frequency oscil-
lators, whose frequencies are controlled by the
lowest and highest depressed pedals has mani-
fold advantages, there are some instances in
which .other forms of generators may be coupled
to: the divider stages in place of the variable
frequency oscillators. For example, in adapting
the invention to an electric organ of the type
shown in the patent to Laurens Hammond, No.
1,956,350, it would be unnecessary to provide two
oscillators, but instead the various frequencies
supplied to the frequency divider stages could
be obtained from the phonic wheel generators
present in thig type of organ. A circuit suitable
for utilization of such generators as the sources
of  the various frequencies required is shown in
Fig. 2, in which figure circuit elements corre-
sponding to those previously described bear cor-
responding reference characters.

In. Fig. 2 the pedal energized relays operate
single pole double throw switches {6 for selecting
the generator related to the pitch of the highest
pedal depressed and single pole double throw
switches 17 for selecting the generator related to
the pitch of the lowest pedal depressed. In this
figure the generators 290 are utilized as the fre-
quency sources. 'The three generators 280 con-
ventionally illustrated are representative of the
32 semitone generators which would be utilized
for supplying the frequencies for the 32 pedal
notes.  These generators will generate frequen-
cies at the various semitone intervals from 523.25
c. p. s. to 3135.96 c. p. s. The generators 289 are
respectively coupled to the upper contacts of
switches 18 and 7 through resistors R282.
Switches {6 are so connected in series that oper-
ation of any switch {6 renders inefiective the
switches 18 of lower pitch, and thus the switches
{6 control the transmission to the output con-
ductor 294 of a frequency related to the highest
depressed pedal. The switches 17 are connected
in series in an opposite manner so that the low-
est.pitch switch 17 which is operated determines
which of the generators 280 shall be connected to
the output conductor 284. The output conductor
294 transmits a signal through capacitor CB50
to:the-pulse sharpening and rectifying triode 48
prewiously described, and this pulse is then uti-
lized foy. controlling the frequency of operation
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of the cascaded alternate pulse frequency divider:
stages, all in the manner previolsly described.

By utilizing the frequency generating system of:
Fig. 2 a reduction in the cost of the instrument:
moy be effected in some instances, especially
those in which the generators 282 form a regu-.
lar pert of the instrument. This system also:
presents the advantage that the pedal controlled
bass tones will be exset sub-multiples of the fre-
gquencies produced by the generators 288. There:
will thus be no possibility of beating of the har-
monics of the pedal tones with the frequencies
derived directly from the generators 238.

While I have shown and described particular

- embodiments of the invention, it will be appar-

ent to those skilled in the art thai numerous:
modifications and variations may be made in the
fornt and construction thereof, without depart-
ing from the more fundamental principles of the:
invention. I therefore desire, by the following-
claims, to include within the scope of my inven-
tion ali such similar and modified forins of the-
apparatus disclosed, by which substantially the
results of the invention may be obtained by sub-
stantiaily the same or equivalent means.

I claim:

1. In an electrical musical instrument for pro-
ducing organ bass tones and having an amplifier
and electroacoustic transiating means, said in-
strument having a pedal clavier, the combina-
tion of two geuerating systems, each comprising
an oscillator and a cascaded series of alternate
pulse responsive frequency divider stages; a
switeh for each of the pedals of the clavier and
raspectively opened by the pedals, a relay for
each pedal, circuits respectively completed by the
switches 1o energize associated reiays, switch and
circult, means respectively rendered operative by
the relays and effective to tune one of said os-
ciliators to a frequency related to the pitch of.
the highest operated pedal of said clavier, switch
and circuit means respectively rendered opera-
tive by the relays and effective to tune the other
cscillator to a frequency related to the pitch of
the lowest operated pedal of said clavier, each
of said divider stages providing a plurality of
different wave form output signals, and selec-
tively operable remotely controlled means for
causing the transinission to said amplifier of any
cne or a plurality of the output signals from said
divider stages.

2. The combination set forth in claim 1 in
which the amplifier is normally ineffective to:
transmit the signals, and in which there is:a.
means operable by any one of the pedal con-
trolled relays to render the amplifier effective: fo
transmit the signals after the oscillators have
been tuned by the relay controlled switch and:
circuit means.

3. In an electrical musical instrument for: pro--
ducing the pedal tones of an organ and .compris-
ing an amplifier, the combination of a  pedal
clavier, g relay for each of the pedals of said
clavier, each of said relays being energized.upon
depression of its associated pedal and:operating:.
three switches, a pair of oscillators, means: con-
trolled by the first of said relay switches to tune
one of said oscillators to a frequency related to
the pitch of the highest of g plurality of de~
pressed pedals, means operated by the second of
said relay switches to tune the other.oscillator to:.
the frequency related to the pitch of the lowest
of g plurality of depressed pedals, a circuit com-
pleted by the operation of the third relay switch
to render the amplifier effective, a plurality of
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cascaded alfternate pulse responsive frequency
divider stages connecied to each of said oscilla-
tors, means for deriving from each of said di-
vider stages outpui signals of different prede-
termined wave forms, and stop controlled relay
operated switch means for selectively iransmit-
ting the output signals of said irequency divider
stages to the ampiifier.

4. In an electrical musical instrument inciud-
ing an amplifier for producing the pedal tones
of an organ, the combination of a clavier com-
prising a plurality of pedals, a plurality of relays,
each including three switches respectively oper-
ated upon depression of the pedals, a pair of os-~
cillators, means controlled by the first of said
switches to tune one of said oscillators o a fre-
quency related to the pitch of the highess of a
plurality of depressed pedals, means operated by
the second of said switches to tune the other os-
cillator to the frequency reiated to the pitcii of
the lowest of a plurality of depressed pedals, a
circuit completed by the operation of the third
switch to render the amplifier effective, a plu-
rality of cascaded alternate pulse responsive fre-~
quency divider stages connected to each of said
oscillators, means for deriving from each of said
divider stages an output signal of predetermined
wave form, and remotely controiled stop switch
means for selectively transmitting the output
signals of said frequency divider stages to the
amplifier.

5. In an electrical generator of bass tones for
a pipe organ having a pedal clavier and a shut.
ter controlled swell box, the combination of a
pair of oscillators capable of being tuned through
a range of semitone intervals of extent as great
as that of the pedal clavier of the organ, the
pedal clavier of the organ comprising a plurality
of pedals, a switch operable by each pedal, a plu-
rality of relays respectively controlied by the
bedal switches, means controlled by said relays
for tuning one of said oscillators to a {requency
related to the pitch of the highest pedal and
tuning the other oscillator to a frequency related
to the pitch of the lowest of two or more simul-
taneously depressed pedals, a multistage cas-
caded frequency divider system for each of said
oscillators to provide frequencies which are sub-
multiples of the frequencies respectively gener-
ated by said oscillator, an amplifying system for
each frequency divider system, selectively oper-
able remotely controlled means for coupling the
various stages of each frequency divider system
to its associated amplifying system, a loud-
speaker for each amplifying system, said loud-
speakers being located in the organ swell box,
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and means operated by said relays for controlling
the gain of both of the amplifying systems.

6. In an electrical musical instrument particu-
larly adapted for supplementing the tonal output
of a pipe organ equipped with a shutter control
swell box by providing adequate bass tones, the
combination of & pair of electronic osciliators, a
pedal clavier comprising a plurality of pedals,
means controlled by said pedals for tuning one
of said oscillators to a frequency reiated to that
of the highest of two or more simultaneously
depressed pedals and tuning the other oscillator
to a frequency related to that of the lowest of a
plurality of simultaneously depressed pedals, a
pair of multi-stage frequency dividers respec-
tively coupled to said oscillators to successively
divide by two the frequencies generated by the
cscillators; two amplifying systems respectively
assoclated with said frequency dividers, selec-
tively operable means for coupling the outputs of
predetermined stages of said frequency dividers
to their respective amplifying systems, a pair of
loudspeakers respectively coupled to said ampli.
fying systems and located in the pipe organ
swell chamber, and common means operated
upon the depression of any one of the pedals to
increase the gain of both of said amplifying
systems.

7. In an electrical musical instrument having
a bass tone generating system providing output
signals of two different tone qualities, the first
of the output signals comprising a fuandamental
frequency and a series of harmonics of high am-
piltude relative to the fundamental in which the
reak amplitudes of the partials are substantially
coincident, and the second signal comprising a
fundamental frequency and relatively few har-
monics of relatively low amplitude, an amplify-
ing system, means for impressing the second
signal directly upon the input of the amplifying
system, and a frequency responsive phase dis-
torting network forming a transmission line for
impressing the first signal upon the amplifying
system,

JOHN M. HANERT.
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