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Charles E. Williams, Seattle, Wash., assignor to 
Hammond instrument Company, a corporation 
of Delaware 

Application March 6, 1933, serial No. 659,667 
9 Claims. 

This invention in general relates to electrical 
musical instruments and in particular to means 
for incepting, generating, controlling, modulating, 
selecting, combining and coupling alternating 
electrical currents for the production of musical 
sounds when used with a suitable output system, 
the latter ordinarily including amplifying and 
loud Speaking Systems. An instrument cOn-. 
structed in accordance with this specification may 
be used in place of a pipe organ or as an orchestral 
instrument or it may be used for accompanying 
and solo purposes. 

Incorporated in this instrument are means for 
regulating the number and amplitude of har 
monics in the musical tones. 
Another object is to provide for the operation 

of the instrument when desired, by more than one 
player at the Same time by the use of a plurality 
of keyboards. These keyboards may be repro 
duced in whole or in part to suit the frequency 
range required for the individual player. 
Another object is to provide means for produc 

ing a vibrato. 
Another object is to provide means for monitor 

ing and remote control of various qualities in the 
music when produced in a concert hall with addi 
tional features such as indicators to show the rel 
ative amplitudes of sound waves as received at a 
particular point in the concert hall as well as the 
Settings and adjustments of the remote control 
devices. 

In this invention alternating currents of audible 
frequency are produced by suitable generators 
and associated circuits. One generator is pro 
vided for each frequency desired and all are oper 
ated continuously and connected to an amplify 
ing and output control system or systems by 
means of one or a plurality of keying systems. 
Musical Sounds are produced in the speaker sys 
tems only when the keying systems are operated. 
By operating the generators continuously better 
frequency regulation and stabilization can be ob 
tained than can be had with generators which are 
keyed to produce intermittent operation. An 
other advantage that can only be had with con 
tinuously operated generators is the availability 
of the generated frequencies for use in combining 
with other harmonically related frequencies to 
produce various Wave forms with resultant tonal 
effects. This results in a reduction in the number 
of tone generators required and permits of a 
simplified arrangement, 
This instrument is provided with means where 

by one or more players may play it simultaneously 
using the entire frequency range of the instru 

ment in whole or in part. 
(C. 84-) 

For example, identical 
keyboards may be electrically connected to the 
generating system and to the output amplifying 
system for operation by the different players, or, 
One keyboard group may be of a type similar to 
the present day pipe organ manual while other 
groups may be of a type shown in the accompany 
ing illustrations and described in the following 
text. 
This combination and arrangement permits of 

a more simplified arrangement than has hereto 
fore been obtainable by the use of individual gen 
erators for each tone frequency with associated 
generator groups to provide harmonic frequencies 
for combination with the fundamental. In my 
arrangement the harmonic components desired 
for any given tone frequency are obtained by 
introducing the desired amount of harmonic en 
ergy into the keying and amplifying system, said 
harmonic energy being derived from other funda 
mental tone generators of the system. 
Another advantage of this system is that in the 

case where a plurality of keyboards are operated 
in connection with the master generator system 
the pitch of the musical tones will be identical 
regardless of which keyboard or player is con 
trolling the keying. In systems previously de 
veloped wherein a complete system of generators 
is provided for each keyboard or player difficulty. 
is frequently experienced in synchronizing fre quencies. 

In Systems employed in similar musical instru 
ments up to the present time wherein a multi 
plicity of generators are connected to the output 
or amplifying devices difficulty is experienced in 
maintaining consistent volume or amplitude levels 
due to the fact that the output or load impedance 
varies with the number of units in parallel. In 
my arrangement this is overcome to such a degree 
that it cannot be detected by the ear, by means of 
combining high impedance generator output cir 
cuits to work into a succeeding shunt circuit of 
relatively low impedance. 
Vibrato effects, better defined as frequency 

modulation, frequency and amplitude modulation 
in combination, or phase modulation, are at times 
desirable and necessary in the rendition of most 
compositions. Previous attempts to obtain this 
effect in electrical instruments of this general type 
have resulted in the production of a tremolo or 
amplitude modulation only. The latter, used ex 
tensively in pipe organs, is not as desirable to 
those skilled or trained in the art of music as is a 
vibrato effect. 

Figure 1 is a schematic diagram of a typical 
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2 
circuit arrangement with continuously operated 
tone frequency generators harmonically related 
frequencies with switching and keying devices 
for connecting the output to an amplifying and 
loud speaker system. Embodied in this arrange 
ment are controls for both foot and hand ad 
justment of volume. 
Figure 2 shows an arrangement wherein tOne 

frequencies are generated by means of electronic 
tube oscillators. This arrangement includes a 
system of output coupling and control devices, a 
harmonic intercoupling system and multiple 
keying connections. 
Figure 3 shows in addition to the devices of Fig 

ures 1 and 2 a method of producing a vibrato 
effect, means for tuning and a System of remote 
monitoring controls for regulating Output Wol 
ume and tonal qualities with telltale indicating 
devices located in the vicinity of the players or 
conductor. 

Figures 4 to 9 inclusive show alternative ar 
rangements of contacts to permit keying of the 
instrument by contacting with the hands. 
The nature and Scope of this inventiun can 

best be understood by reference to the drawings, 
In Figure 1 are shown tone frequency generators, 
indicated by f GG, f200, f300 and f400 which gen 
erate, alternating currents having frequencies of 
100, 200, 300 and 400 respectively. Each of these 
is connected to an output coupling device con 
sisting of variable impedances 8a, 8b and 8c. 
This particular coupling System is used in a man 
ner similar to that employed extensively in tele 
phone and carrier frequency systems. The im 
pedances may be adjusted to regulate the ampli 
tude of the currents in either or both of the 
coupled circuits or the degree of coupling de 
sired. This is of particular value in that large 
changes in output circuit impedance result in 
negligible effects in the generator circuit. Sim 
ilar generators which are necessary in connection 
with the generators and System shown are 
omitted from the drawings, for sake of simplicity, 
but connections thereto are indicated by f600, 
f800, f900, fi200 and f 600. 6a, 6b, 6c and 
6d are contact devices complemental to the re 

spective contact devices f, f2, f3 and flä, which 
in this arrangement illustrated bear the relation 
of fundamental and second, third and fourth 
harmonics. The gaps between contacts 6a, 
A 6b, 6c and 6d and the respective contact de 
vices of f, f2, f3 and fé are arranged and con 
nected in such a manner as to permit electrical 
connection to be made with the hand or body, 
or in any convenient manner, to complete the 
circuit across Such gaps to terminal , allow 
ing current to flow to the terminals of variable 
impedance 8. The player may or may not be in 
contact at all times With the conductor connect 
ing to 7. The contact devices 6a, 6b, 6c and 
A 6d are shown in detail in various forms in Fig 
ures 4 to 8 inclusive. is a variable impedance 
coupling device for regulating the degree of in 
tercoupling of a harmonic frequency to the fun 
damental tone frequency. Said harmonic com 
ponent is obtained by connection to another tone 
generator whose frequency is such as to bear the 

70 
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required harmonic relation to the fundamental. 
In all cases where reference is made to harmonic 
frequencies it is the intention to consider as 
harmonic frequencies all notes of the tempered 
musical scale that correspond to the true note 
but which are modified or detuned a slight 
amount to permit the use of the instrument in 
various musical keys. It is the intention that 

2,142,580 
either the true harmonic frequency or the cor 
responding tempered frequency be considered 
herein as harmonic frequency. 0f2, Of3 and 
0ft are switches for the selection of second, 

third and fourth harmonics respectively; all 
Switches bearing the same designation are op 
erated simultaneously by means of contact keys 
or magnets similar to stop switching arrange 
ments used in pipe organs. In actual operation, 
if the required tonal quality necessitates fun 
damental and harmonic amplitude relations, such 
as fundamental 00, second harmonic 25 and 
fourth harmonic 0; switches 0f2 and Of4 are 
closed, impedances will be adjusted to limit 
the associated harmonics to the proper value, 
thereby obtaining the desired tone color. Keying 
of the fundamental plus the second and fourth 
harmonics will be accomplished by completing 
the circuit through the associated keying con 
tact devices 6a or 6b, etc., means to that end 
being shown in Figures 4 to 9 inclusive. In the 
event only the fundamental tones are to be played 
all of the harmonic selector switches will remain 
Open. The variable impedance 8, known here 
in as shunt load impedance, should be of value 
relatively low compared to that of the generator 
output coupling device. This will permit of the 
output circuits of a plurality of generators being 
Connected in parallel, with the result that the 
Volume of a given tone frequency will remain 
audibly the Same regardless of the number of 
tones being played simultaneously. This variable 
impedance 8, also serves as a maximum volume 
limiter. It may be adjusted prior to a perform 
ance to limit the volume from the speaker system 
to that which will not overload the amplifying 
or Speaker System attached thereto and which 
is consistent with the music to be played. Such 
adjustment should be made with all other vol 
lume controls Set in a maximum position. A hand 
Operated volume control located preferably near 
or upon the instrument keyboard is indicated by 
Variable impedance 9 while 20 is a variable im 
pedance for volume control with pedal or lever 
Operating mechanism arranged by means of 
Springs or other similar devices to return to an 
off position when pressure is removed. By means 
of these devices the volume can be controlled 
within the limits imposed by the variable im 
pedance 8. Any suitable output system may be 
employed, and in the drawings the same includes 
the audio frequency amplifier, 2, and the band 
paSS or Suppression filter 22, while 23 is a speaker 
Selector System, and 28 and 25 represent loud 
Speakers. These devices are in themselves com 
Inon in the electrical art and need no further 
description. Switch 38 and variable impedances 
33d and 36b constitute a quick acting damper 
circuit connected in shunt with the output sys 
tem for the purpose of cutting the volume off or 
on, to a definite predetermined value or to zero 
Value and at a rate determined by the adjustment 
of the impedance elements. It is intended that 
it be attached to a pedal operated mechanism 
and operated by the player. 

In Figure 2 a more detailed circuit arrange 
ment may be found wherein a form of generator 
comprising an electronic tube , inductances 2 
and 3, condensers 4 and 7 are indicated. Induct 
ance 3 and condenser 4 comprise an oscillatory 
circuit. This oscillatory circuit in conjunction 
with the electronic tube and associated power 
source constitutes a means for incepting tone 
frequency currents. This generator is coupled to 
the output keying system by means of coupling 
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impedances 8a, 8b and 8c. These impedances are 
arranged in such a manner that the magnitude of 
impedance included in the input circuit (side 
presented to the generator) is low relative to the 
magnitude of impedance in the output circuit and 
are arranged to provide high attenuation between 
the input and output, thereby providing a sub 
stantially constant load on the generator and 
thereby preventing undesirable transients from 
being produced and combined with the tone 
frequency currents as a result of keying. These 
transient currents would otherwise produce the 
effect known as key thumps. 5 and 6 represent 
respectively plate and grid potential sources as 
used in common practice with similar vacuum 
tube circuits. Switches 9 are operated by the 
player to produce frequency f. OO in the speaker 
system, switches 9a, are operated to produce f200 
while switches 9b when operated produce fre 
quency f300. All switches bearing the same des 
ignation are operated simultaneously either by 
means of one key or by a relay Operated by a key. 
Harmonic coupling devices regulate the tone 
color or timber by regulating the amplitude of 
the harmonic components. Switches of2 are 
operated simultaneously by means of contact 
keys or magnets similar to stops on the present 
day pipe organ. With these switches closed the 
Second harmonic of the associated frequency Will 
be present when keying switches are closed. 
Similarly when the third harmonic is desired 
switches of 3 are closed and coupling to the de 
sired generator is regulated by aSSociated cou 
pling device . Provision is made for varying 
the degree of harmonic coupling by controlling 
the flux density in the magnetic material within 
the field of impedances a. This is accom 
plished by controlling the current which ener 
gizes windings ffb; in case of the units for cou 
pling of second harmonics the switch 2 and 
variable resistance 3 is used, while switch 4 and 
variable resistance 5 are used similarly for the 
third harmonic control circuit. Contact devices 
6a, 6b and 6c previously referred to are con 

nected in parallel with Switches 9, 9a and 9b in 
such a manner that the circuits are completed to 
the terminal 7 by either the switches or the key 
ing contact devices. 

Figures 4 to 9 inclusive show in detail some 
of the ways in which the keying contacts may be 
arranged. In Figure 4 the keys shown are simi 
lar in arrangement to that of the standard piano 
or Organ keyboard. The keys however may be 
either fixed or movable, preferably they are of a 
conducting material so that by contacting with 
the hand the circuit will be completed to the con 
tact rail to which is attached the other side of the 
circuit . This rail or strip should also be of 
conducting material. By contacting it with the 
thumb and Varying the pressure or area of con 
tact the Volume may be readily controlled as de 
sired by the player. The form in which this 
principle may be applied may assume various de 
signs for example that as shown in Figure 5 
where the size and arrangement of keying con 
tacts are different from that shown in Figure 4, 
the principle of Operation remains the same. 
Figure 6 shows a further modification wherein 
both sides of the circuit are terminated on each 
key in alternate order but spaced for insulating 
purposes. By making contact on any two or 
more strips the circuit is completed. All shaded 
areas are connected to the common point while 
all other areas designated by the same identifica 
tion number are interconnected electrically to the 

3 
other side of the circuit. Figure shows another 
form in which these contact areas may be ar 
ranged. In Figure 8 the two sides of the circuit 
are terminated in small areas insulated from 
each other. All shaded portions are connected in 
common to the same side of the circuit, desig 
nated as . By placing the finger on the portion 
nearest the bottom of the illustration a lower 
contact resistance will result as the area of Con 
tact is greater than when the finger is placed at 
the upper part of the key where the contact area 
is much less. By touching the key at the proper 
place the desired volume will result. Figure 9 
shows an arrangement where multiple contacts 
are arranged so that contact may be made to 
harmonic circuits as Well as to the fundamental 
frequency. As in the previous illustrations the 
shaded portions are connected to the side of the 
circuit represented by . The small insulated 
circular areas are differently marked to indicate 
to which tone frequency they are electrically con 
nected. Those marked in the same manner as 
the areas designated flare common to the funda 
mental, while f2, f3 and f4 indicate the order of 
harmonic frequency to which Such areas are con 
nected, respectively. The contacts are electri 
cally connected to harmonically related sources 
in the Sane manner as are the various contacts 
shown in keying devices 6a, 6b, etc., in Figures 
2 and 3. By placing the finger on that portion 
at the bottom of the illustration where only con 
tact with f and T is possible the resultant tone 
Will contain only the fundamental frequency 
whereas contacting the upper portion of the key 
Will complete the connection to various harmonic 
frequencies as Well as to the fundamental. The 
amplitude and number of harmonics will be rel 
ative to the area exposed to the touch. This will 
permit a variation in tonal quality or color by 
the addition or elimination of harmonic content 
by moving the finger over the key. 

Figure 3 shows in a more simplified form all 
Of the features previously described and in addi 
tion a means for obtaining tone-color by fre 
quency modulation of the generated frequencies 
to accomplish a vibrato effect. This may be ac 
complished by including in the oscillatory cir 
cuits of each generator a device well known to 
those versed in the art as a magnetic modulator. 
This device 32 consists essentially of a three 
branch core 32d, upon the center branch of which 
is a controlling circuit winding 32b supplied with 
modulated direct current from source 5 and vari 
able low frequency generator 30 as indicated or 
merely by the latter source. The frequency of 
pulsating or alternating current supplied by 30 
will correspond to the frequency of the vibrato 
and will be for Ordinary effects between two and 
ten cycles per second. By means of frequency 
control 46 located conveniently to the player the 
vibrato frequency may be readily varied. The 
magnetic polarities of controlled circuit windings 
32c and 32d are such that none of the flux pro 
duced by the tone frequency currents in these 
windings will flow through the center branch 
upon which is winding 32b, thereby impressing 
one current on the other and, yet, obtaining zero 
magnetic coupling between the controlling and 
controlled circuits; thus, preventing intercou 
pling, or reaction, between tone frequency gen 
erators of the system. 32e is a variable imped 
ance shunted acroSS Winding 32b to permit vari 
ation of the voltage across this winding. In the 
event a pulsating or modulated direct current is 
used in this circuit impedance 32b may also be 
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4. 
used for making slight adjustments in the fre 
quency generated by the tone generator or oscil 
lator . This is accomplished by regulation of 
the flux density in core 32a which is one of the 
factors determining the frequency of Oscillations 
generated by . 
the exact arrangement shown in this illustration. 
The vibrato modulating circuit may be coupled in 
a similar manner to any portion of the oscillatory 
circuit and have ultimately th same desired ef 
fect. Likewise the means for tone frequency ad 
justment will be effective in either of these 
Schemes. 

I do not wish to be restricted to the exact 
means and circuit arrangement shown on the 
drawings. Identical results may be similarly 
produced by variations in capacity or by varia 
tions in inductance and capacity in combination, 
said variations occurring at a rate corresponding 
to the vibrato frequency. Also, there may be in 
cluded additional means for combining with the 
above described frequency modulation System, 
means for producing a variation in amplitude 
with constant or variable phase relation with 
respect to the frequency modulation. The am 
plitude modulation component may be produced 
by the use of circuits and devices well known to 
those versed in the radio-electrical art. 
An arrangement of controls 26, 27 and 28 is 

shown connecting respectively to amplifier 2, 
band filters 22 and speaker selector 23, said con 
trols to be located at some point in a concert 
hall where the rendition of the music may be best 
judged or analyzed for the purpose of effecting 
changes in relative volumes of the various tone 
frequencies produced by this and like instru 
ments. Provision is also made for telltale indi 
cators at the conductor's stand or within the 
vision of the players, to indicate the relative vol 
umes and the corrections as applied from the 
monitoring and listening station. These con 
trols and indicators may be of a type Well known 
to those familiar with the electrical art. Imped 
ance device 33 may be inserted in Some portion 
of the keying circuit where intermittent cur 
rents occur to reduce the undesirable effects 
known as keying transients or key thumps. In 
this invention wherein tone frequency generators 
or electronic tube Oscillators are used as prime 
sources of alternating current and the keying is 
accomplished in the coupled output circuits there 
is a much greater freedom from keying transients 
than will be found in instruments wherein key 
ing is done by interruption of the oscillatory cir 
cuits or in the power supply connections. In my 
keying arrangement the current and voltage am 
plitudes at the points of interruption are relative 
ly small compared to those found in previous 
Systems. 
I claim: 
1. In an electrical musical instrument for in 

cepting and modulating tone-frequency cur 
rents: a plurality of sources of tone-frequency 
currents; a source of vibrato-frequency current; 
and means for impressing said vibrator-frequen 
cy current on said Sources of tone-frequency cur 
rent so as to produce vibrato effects therein and 
for preventing reaction of said tone-frequency 
current upon said source of vibrato-frequency 
current, said means comprising a magnetic mod 
ulator. 

2. In an electrical musical instrument for in 
cepting and modulating tone-frequency cur 

I do not wish to be restricted to 

2,142,580 
rent: a plurality of sources of tone-frequency 
current; a source of vibrato-frequency current; 
and means comprising a magnetic modulator and 
variable impedance associated with said modul 
lator for impressing said vibrato-frequency cur 
rent on said sources of tone-frequency current 
SO as to produce vibrato effects in said tone-fre 
quency Currents, for preventing reaction of said 
tone-frequency current upon any of said sources, 
and for regulating the frequency of said tone 
frequency current. 

3. In an electrical musical instrument for in 
cepting and modulating tone-frequency currents: 
a plurality of Sources of tone-frequency currents; 
a source of vibrato-frequency current; and 
means for impressing said vibrato-frequency cur 
rent On Said plurality of sources of tone-frequen 
cy currents so as to produce vibrato effects in 
said tone-frequency currents and for preventing 
reaction of any of said tone-frequency currents 
upon any of Said sources, said means comprising 
a magnetic modulator. 

4. In an electrical musical instrument for in 
cepting and modulating tone-frequency currents: 
a plurality of Sources of tone-frequency currents; 
a source of vibrato-frequency current; and 
means comprising magnetic modulators and vari 
able impedances associated with said modulators 
for impressing said vibrato-frequency current on 
said plurality of sources of tone-frequency cur 
rents So as to produce vibrato effects in said 
tone-frequency currents, for preventing reaction 
of any of said tone-frequency currents upon any 
of Said sources, and for regulating the frequencies 
of Said tone-frequency currents. 

5. In an electrical musical instrument, the 
combination of an oscillating vacuum tube cir 
cuit having capacitative and inductive react 
ances, the values of which control the frequency 
of oscillation of said circuit, and vibrato frequen 
cy generating means coupled to one of said react 
ances and operable periodically to vary the effec 
tive value thereof, thereby periodically to vary 
the frequency of the current generated in said 
Oscillating circuit to produce a vibrato effect. 

6. In an electrical musical instrument, the 
combination of a plurality of oscillating vacuum 
tube circuits each having capacitative and in 
ductive reactances determining their respective 
frequencies of oscillation, and vibrato frequency 
generating means coupled to one of the react 
ances of each of said circuits and operable peri 
odically to vary the effective value thereof, there 
by periodically to vary the frequencies of the cur 
rents generated in said oscillating circuits to 
produce a vibrato effect. 

7. In an electrical musical instrument in which 
electrical generators of the frequencies of the 
musical scale are utilized to supply energy to 
an output circuit having means to translate elec 
trical oscillations into sound; a keyboard com 
prising an insulating member, and a plurality of 
electrical contacts mounted on said insulating 
member and arranged to control the transmission 
to the output circuit current from generators of 
substantially harmonically related frequencies, 
Said contacts being spaced sufficiently close to 
gether that a plurality of them may be simul 
taneously contacted by a finger of the player and 
thereby selectively determine the tone quality of 
the note which is sounded. 

8. In an electrical musical instrument for in 
cepting and modulating tone-frequency currents, 
a plurality of sources of tone-frequency current, 
each of said sources comprising a vacuum tube 
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oscillator having a frequency controlling imped 
ance, a source of vibrato-frequency current, and 
means for impressing said vibrato-frequency cure 
rent on said impedances of said sources of tone 
frequency current so as to vary the values of 
said impedances and thereby to produce vibrato 
effects in the current generated by said sources, 

9. In an electrical musical instrument for in 
cepting and modulating tone-frequency current, 
a vacuum tube oscillator having an impedance 
the value of which is a factor in determining the 
frequency of oscillation of the oscillator, said 

5 
oscillator forming a source of tone-frequency 
current, a source of vibrato-frequency current, 
and means for impressing said vibrato-frequency 
current on said impedance of said source of tone 
frequency current so as to produce vibrato effects 
therein and for preventing reaction of said tone 
frequency currents upon said source of vibrato 
frequency current, said means comprising an ele 
ment which periodically varies the effectiveness 
of said impedance, 
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