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Floyd A. Firestone, Ann Arbor, Mich, assignor to 
Central Commercial Co., Chicago, Ill., a cor 
poration of Illinois 
Application March 30, 1936, Serial No. 71,647 

18 Claims. 

This invention relates to an electrical musical 
instrument of the same general class as the one 
broadly claimed in Letters Patent of the United 
States No. 1,953,753 issued to me on April 3, 1934, 

5 and has particular reference to certain new and 
novel features of construction, forms, shapes, 
arrangements and combination of parts described 
generally either in whole or in part but not shown 
or claimed in said patent. 
A feature of the invention disclosed and broad 

ly claimed in said prior patent resides in the 
use of a plurality of rotary, capacity reactance 
devices adapted to produce alternating voltages 
corresponding with the tones of a musical scale 

l6 then selectively impressed upon an amplifying 
circuit and the amplified currents converted into 
audible sound. . The patent teaches the use of 
means by which these capacity reactance devices 
can be connected in a control circuit and the 
growth and decay of the voltages controlled to 
enable many very desirable tonal possibilities to 
be realized. 
A further feature claimed broadly in said prior 

patent relates to an arrangement of rotary capac 
ity reactance devices, each comprising two plates 
formed and related to each other to enable the 
electrostatic capacity thereof to vary according 
as a grounded conductor is rotated between them 
at an assigned Speed. 
This invention disclosed and claimed in the 

aforestated prior patent provides for any one 
or more of the rotary capacity reactances be 
ing placed in Operation upon depressing the keys 
of the key manual of an organ console; the com 
pounding of the different tonal components be 
ing effected by certain multiple switches actuated 
by said keys. The invention provides means for 
Varying as to loudness the relation of one tone 
to another, such for instance, a fundamental 
relative to any one or more of its harmonics. The 
growth and decay of a tone is made possible by 

. certain variable resistances and other impedances 
in the circuit between a polarizing source and 
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said rotary capacity reactances, the mathematical 
45 theory being that where these impedances are 

fixed condensers, the effective value of the alter 
nating current passed to the primary inductor 
of any rotary capacity reactance will be in ac 
Cordance with the time required to charge said 
condensers, hence the control of the growth and 
decay of a tone is entirely according to the elapsed 
time between the beginning and ending of the 
charging of the reactances, on the one hand, and 
the discharging interval on the other hand. 
As distinguished from the invention disclosed 
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(CI. 84-1.11) 
and claimed in my aforestated prior patent, the 
invention disclosed and claimed herein has for its 
essential objects those stated as follows, to wit: 

(1) To provide means by which the rate of 
growth of a tone may be made more nearly 
equal to the rate of decay thereof; 

(2) To provide means by which the rate of 
growth of a tone may be controlled to any de 
sired extent relative to a desired or predeter 
mined rate of decay thereof; 

(3) To provide means by which current of a 
given frequency can be selectively diverted as 
and when desired from one portion of a con 
trol circuit to another according as one musical 
result or another is desired as a function of time; 

(4) To provide means by which the growth 
and decay of a note can When ever desired, be 
made more instantaneous than was heretofore 
pOSSible; 

(5) To provide means by which, as a function 
of time, there can be any desired growth and . 
decay of any note relative to any other note; 

(6) To provide means by which any note 
elicited by actuation of any particular key of 
any manual of the instrument may be controlled 
to enable (a) a predetermined rate of growth and 
decay, (b) all or as many notes as desired to 
be made as fast or as slow as desired, and (c) 
notes elicited upon actuation of the keys of one 
manual to be made fast and those elicited upon 
actuating the keys of another manual to be 
made slow; 

(7) To provide means broadly whereby as many 
differences in relative time durations for hold 
ing and letting go of the notes may be had as 
desired; 

(8) To provide a rotary capacy reactance de 
vice consisting of but two relatively rotatable 
members connected between a polarizing Source 
and the grid of a vacuum tube amplifier; 

(9) To provide a rotary capacity reactance 
device consisting of but two relatively rotatable 
members in which one thereof provides a pri 
mary inductor and is formed to produce a mul 
tiplicity of frequencies conforming to different 
tonal components, and the other thereof serving 
as a common Support for all inductors which 
are inductively complementary to the frequency 
determining areas of the primary inductor. 
While I suggest a specific order of relationship 
of these members, wherein a particular one is 
the primary and the other the secondary, that 
this order can be reversed as provided for herein; 

(10) To provide simple but exceedingly effec 
tive means by which the relative phase of the 
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tonal components may be shifted. In my experi 
ments, I discovered that when a strong funda 
mental and one of its harmonics are impressed 
On one ear in various relative phases and sound 
preSSures, the tone quality and the loudness of 
the combination depended upon the relative phase 
of the two components. In a certain phase rela 
tion the loudness of the combination was 3.5 db. 
less than the loudness of the fundamental alone. 
Warying the phase changed the loudness of the 
Combination 10 db. and this may be explained 
by aSSunning that the ear mechanism distorts 
the pure components of a complex sound pres 
Sure, producing subjective harmonics which may 
either constructively or destructively interfere 
depending on the relative phases of the com 
ponents. It is therefore, an important object of 
my invention to provide in combination with 
means for Synthetically producing musically cor 
rect growth and decay of a tone, a means by 
which the primary and Secondary inductors of 
the rotary capacity reactance device will secure a 
phase shift of any harmonic relative to the fun 
damental, whereby the loudness level and quality 
of a tone will be musically correct and the tone 
made more pure and of greater Smoothness than 
was heretofore possible. 

(11) To provide a combination of instrumen 
talities in which each thereof depends upon the 
other for production of musical tones of the 
greatest possible purity. To this end, it is gen 
erally recognized that with the various forms of 
magnetic pickup devices heretofore employed for 
producing frequencies conforming to the differ 
ent tonal components, it was impossible to de 
pend upon them for the production of pure tones 
because it is mechanically impossible to provide 
rotaly wave form producing members that are 
dependably uniform, in spite of the greatest pos 
Sible care in their making. Where use is made of 
rotary capacity reactance device, great purity of 
tone is made possible, and less care need be used 
in their manufacture and when the primary and 
Secondary elements are properly shaped and 
formed, a dependable pure wave can be pro 
duced. These features plus the fact that re 
Spective means are provided for shifting the 
phase relation of the tonal components, and for 
Controlling the growth and decay of a tone in 
Slure faithful reproduction of all tones. 
The above and other objects of the invention 

Will be clearly understood from the following 
detailed description and claims taken in connec 
tion with the accompanying drawings in which 

Figure 1 is a schematic view of a typical por 
tion of an instrument embodying the invention; 

Figure 2 is a view in elevation of a set of rotary 
capacity reactance devices mounted upon a 
Single shaft and provided with means by which 
the relative phase of the currents representing 
the different tonal frequencies can be varied; 

Figure 3 is a view taken substantially in the 
plane of line 3-3 of Figure 2; 

Figure 4 is a section taken on line 4-4 of 
Figure 3, and 

Figures 5-10, inclusive, are diagrammatic views 
of different forms of circuits and slightly modi 
fied forms and arrangements of rotary capacity 
reactance devices. 

In Figure 5 of the accompanying drawings, 
the control circuit therein illustrated has its out 
put side connected with the input side of an 
amplifying circuit, preferable, but not necessarily 
as shown in Figures 1b and 4 of my aforestated 
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vice capable of producing sufficient alternating 
voltage to actuate the grid G of the vacuum tube 
amplifier 3 is shown at Gil and is connected to 
the polarizing battery 4. This device is substan 
tially the same as the one disclosed in said prior 
patent and as shown in Fig. 5, same consists of 
a metallic disc 2, fixed to a rotatable shaft and 
adapted to be driven at an assigned, or predeter 
mined speed by the means a. Around the disc 
is a row of equally spaced holes H or the equiva 
lent thereof. Two metallic plates 3 and 2 con 
stitute stators or inductors at the opposite sides 
of said disc and are disposed close to the annular 

. Series of holes H. So as to be successively a lined 
therewith during rotational motion of Said disc. 
Incident thereto, and assuming a charging cur 
rent is being delivered to the primary plate 3, 
the electrostatic capacity between plates 3 and 
f2 and through said holes H will vary, the poten 
tial of the plate 2 being always greater when said 
plate is opposite any one of said holes than when 
it is opposite an imperforate or Solid part of Said 
disc, the latter connected in the control circuit 
and grounded as shown at G. Thus, an alter 
nating voltage will be periodically developed or 
produced on the inductor f2 which will have the 
frequency with which the holes pass said plate. 
The voltage thus produced is taken into the con 
ventional vacuum tube 3 and may be converted 
into audible sound by any suitable well known 
electrical Sound producer P shown in Figure 1. 
The control circuit in which said generator is 

connected includes the adjustable resistances 5 
and 5 in series, the resistance 5 connecting with 
the primary plate 3 and the resistance 5 with a 
switch S. Said switch schematically represents 
a key of the manual of the instrument and is 
adjustable from a charging position at fixed con 
tact C to the discharging position at fixed con 
tact Cl, the latter connected to ground through 
adjustable resistance 7. The circuit includes a 
source of potential 4 for delivery of a charging 
current to the plate 3 through aforesaid contact 
C when switch S is in said full line position shown 
in Fig. 5. 
Connected in parallel in the control circuit are 

fixed condensers 8 and 9, Such that When the 
Switch S is in a charging position, the current 
flow from battery 4 will be through adjustable re 
sistance 5, to condenser 8 whose potential rises 
Slowly until energy passes through adjustable re 
Sistance 5, thence to condenser 9, the potential 
of which Will also rise slowly. In this manner, a 
very even rate of “attack' or rising voltage sup 
ply is obtained at plate 3. A corresponding al 
ternating voltage at plate 2 is thereby impressed 
upon the grid of Said amplifier 3. When the 
SWitch S is placed in the dotted line position shown 
in Figure 5, the device Gi is discharged at ap 
proximately the same rate as it was charged until 
the Voltage value at plate 3 is again at zero. 

In the line of each of the condensers 8 and 9 
is a Switch 2 which may be controlled at will 
from the console of the instrument, so that one 
or both said condensers can be selectively placed 
in open or closed circuit. By reason of the ad 
justable resistance 5 and 5 and the adjustable 
resistance across the control circuit, it mani 
festly follows that said resistances can be actu 
ated to very accurately govern the rate at which 
the generator is charged and discharged. When 
used Selectively in conjunction with the con 
densers 8 and 9, an exceedingly large number of 
changes in the elapsed time between starting and 
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tween the starting and stopping of the discharg 
ing of said device can be had. It is possible with 
proper relative adjustment of the resistances, to 
proportion the rate of attack relative to any de 
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sired rate of decay of a note or contrariwise, and 
as each device G1 is adapted to be separately con 
trolled, the period of time for the decay and at 
tack of one note may be made to be quite dif 
ferent from that of any other note, a feature of 
considerable importance, when the invention is 
used in connection with a plural manual instru 
ment. So accurately may this be done, that the 
respective elapsed times may be almost, if not 
exactly equal throughout the scale should this 
be desired by the player, or the device G1 can be 
made to function. So that the time interval for 
the Sounding of any fundamental tone may be 
in any desired proportion relative to the period 
of time for the sounding of any of the harmonics 
of the fundamental. If the condensers 8 and 9 
are placed in open circuit, the only resistance 
offered the flow of current to and from the de 
vice Gil will be through the resistances in the line 
between the battery and said device. 
The control circuit shown in Figure 6 of the 

drawings is substantially the same as the circuit 
shown in Figure 5, the difference being in the 
provision of a rotary capacity reactance device 
G8 consisting of primary stator plate 3a and ro 
tary secondary disc 2, the latter connected in 
circuit with the grid G of amplifier 3 and the 
former with the adjustable resistance 5a. 
In the form shown in Figure 7, the disc 2 has 

its shaft grounded at 2 and the primary plate 
3 is connected with adjustable resistance 5 and 
with the grid of the amplifier 3 through a block 
ing condenser 0. The circuit used in this form 
is in all other respect like those first referred 
to. 

In the form shown in Figure 8, the disc 2 is 
insulated from the grounded shaft as at 6 
and has a slip ring 5 against which the collector 
brush 7 of the grid circuit of vacuum tube 3 
bears. A primary stator plate 3 is adapted to 
be connected through adjustable resistance 5. 
with either the battery 4 or the adjustable resist 
ance 7 according as the primary plate 3 is to be 
charged or discharged. The circuit is otherwise 
functionally the same as any one of the circuits 
first referred to. 

In Figure 9, the arrangement is Substantially 
the same as that shown in Figure 8, the main dif 
ference being in the use of the brush 7a and disc 
2 employed as a primary inductor, the plate 3 
being the secondary inductor, whereas, in the 
form shown in Figure 5, the brush 7 and coact 
ing disc 2 mutually provide a Secondary induc 
tor. 
In each of the circuits herein disclosed, a grid 

leak is provided across the circuit as is well 
known in the art of radio. 
The term “generator' employed herein shall be 

understood to mean two or more Suitably shaped 
and relatively rotatable areas insulated from 
each other and forming a varying capacity re 
actance, whereby an alternating voltage con 
forming to the frequency of a note in a musical 
scale can be selectively impressed upon the cir 
cuit of a vacuum tube system and converted into 
audible sound of suitable loudness. Said device 
distinguishes from generators of the magnetic 
scale and other forms of tone generators of the 
prior art in that it insures that the output voltage 
shall always be proportional to the capacity of the 
generator, it being possible to readily control the 

3 
capacity from minimum to maximum, whereby 
the attack on the tones and decay thereof can 
be regulated to Suit the musical taste of the player. 
The plate circuit 4 of the amplifier 3 can be 
coupled in the control circuit and with the loud 
Speaker through a suitable rheostat R. 

In Figure 3, the disc 2 is formed with concentric 
rOWS of holes H, there being one such row of 
holes for a fundamental tone and one each for 
Such of the harmonics as are desired to be used. 
In practice, the discs of a series or set in use 
Will generate the fundamental frequencies desig 
nated by the following numbers: , 2, 4, 8, 6, 32, 
64, 28 and 256. The rest of the rows are used 
for providing such number of harmonics of the 
fundamental tone as are desired. In my prior 
patent, I teach the grouping of Such discs in sets 
of three, each driven at 16.00 revolutions per sec 
Ond, the arrangement being such that all the 
C's of the Scale and all their necessary harmonics 
can be produced. I also show such arrangement 
of discs in Figure 2. A similar group driven at 
a speed of 16.95 revolutions per second will pro 
duce all the frequencies required for all the C 
Sharps of the scale and their harmonics. The 
frequencies of all the notes of the musical scale 
and all their necessary or desired harmonics can 
be produced by twelve similar generator groups 
running at the following speeds in revolutions 
per second; 16.00; 16.95; 17.96; 19.02; 20.15; 21.35; 
22.62; 23.97; 25.39; 26.90; 28.50; and 30.19, all 
in the relation of the frequencies of the equally 
tempered scale, each being larger than the one 
just preceding by the twelfth root of 2. 
In Figures 2, 3 and 4 the circumferentially ad 

justable Secondary inductors I are crescent 
Shaped, being bounded by the two circular arcs 
A-B and having a total length approximately 
equal to the distance between two circumjacent 
holes H. The fixed primary inductors Il each 
Consist of a plate of any shape but essentially 
Considerably larger than the secondary plates 
and disposed adjacent to and directly opposite 
thereto So that the primary is at One side of the 
disc and the secondary at the opposite side 
thereof. Each secondary plate can be moved cir 
cumferentially either clockwise or counterclock 
wise relative to its coacting primary plate, whereby 
the relative phases of the generated currents can 
be varied. A pair of inductors shaped and re 
lated to each other as herein taught will give a 
Wave in Which the harmonic content is less than 
5% which is the least amount of harmonic the 
ear can detect and therefore represents a tone 
which is for the intended purpose a pure tone. 
As shown in Figures 2, 3 and 4, the entire 

Series of pairs of primary and secondary induc 
tors for each disc is Supported by a radially dis 
posed fixed Support OO, comprising parallel 
Spaced arms of hard insulating material, and 
on the inner face of one arm and in longitudinally 
Series formation at One side of the disc are the 
primary conductors I. In similar manner, the 
secondary conductors I are mounted on the inner 
face of the other arm and are thus disposed 
at the opposite side of the holes H and opposite 
said primary inductors. The secondary induc 

0 

5 

20 

25 

30 

35 

45 

60 

65 

tors carry studs of which are passed through 
arcuate slots 02 in the arm 03, the slots being 

70 concentric relative to the axis of the disc 2. 
Nuts 04 or other equivalent retaining devices 
are carried by said studs and adapted to be ad 
vanced into clamped engagement with arm 03, 
whereby said secondary inductors will be held in 
fixed positions of circumferential adjustment 
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4. 
relative to said primary inductors. It obviously 
follows that by mounting said respective pairs 
of primary and secondary inductors upon a com 
mon fixed support a relative fixed phase shift can 
be obtained. Should, however, each pair of pri 
mary and secondary inductors be mounted sepa 
rately and for circumferential movement rela 
tive to each other so that they are capable of 
adjustment representing either a 180% lag or 
180% lead, the phases can be shifted relatively, 
and Such arrangement Will provide for their ad 
justment as and when desired from the console 
of the instrument. In either such example the 
relative circumferential shifting of the primary 
and secondary inductors will secure a phase shift 
of any harmonic relative to the fundamental and 
the loudness and quality of the tone thereby 
beneficially influenced musically and a tone of 
great purity and Smoothness thereby produced. 
Although the invention has been illustrated and 

described in connection. With certain Specific cir 
cuit arrangements it is to be understood that it 
is not to be limited either to the particular ar 
rangment as a whole, or to particular details, but 
only by the scope of the appended claims, Which 
latter, I shall expect to be broadly construed to 
cover a large range of modifications because of 
the correspondingly large number of hook-ups 
herein disclosed, any one of which is the electrical 
equivalent of the other. I have illustrated a va 
riety of circuits merely to show the many 
known Ways of controlling the time intervals be 
tween charging and discharging of any generator 
of the series employed. 
In Figure 1. Six rotary capacity reactances are 

illustrated. The key circuit is the same as the 
One disclosed in my prior patent and it will suffice 
to say that each key such as the one shown at 
05 will include as many circuit making and 

breaking contact devices as are required to Si 
multaneously close as many reactance assemblies 
as there are components of a tone to be con 
pounded and to open the circuit to enable the 
assemblies to be discharged as elsewhere set 
forth herein. The assemblies shown in this view 
are six in number and while each assembly may 
include a Separate rotary disc, all the frequencies 
for the fundamental and its harmonics can be 
formed on a single disc as shown in Figure 2. 
In Figure 10 a portion of the output side of 

a control circuit is shown, and I suggest that in 
the line to the primary inductor 06 of the rotary 
capacity reactance device O7, there be inter 
posed an iron core inductive reactance fo8. This 
is preferably used to take the place of the ad 
justable resistance nearest the secondary induc 
tor. Such resistance Would specifically be the 
one indicated at 5a in any one of the control 
circuits first described. However, this reactance 
may be used in association with any series mul 
tiple arrangement of resistances 5 and 58 and 
pressure retarding or blocking condensers 8 and 
9. In the figure, a condenser 9 is connected in 
shunt and disposed between inductor f06 and 
said reactance. The condenser 8 is connected 
with adjustable resistance 5 in series with said 
reactance 08. 

It is to be borne in mind that all switches in 
the control circuit will be controlled from the 
key manual or manuals of the instrument and 
may either be preset or can be controlled by the 
player as and when desired While the organ is 
being played. The switches associated with the 
keys of one manual may be preset to for slow 
growth and decay and those associated with 
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another manual set for a fast growth and decay. 
By reason thereof, and bearing in mind that the 
SWitches can be separately actuated, it follows 
that a great variety of effects can be had. 

It therefore follows that the rate of attack and 
delay for any one quality on one manual can be 
regulated and pre-set So that the proper attack 
and delay for a quality will be introduced when 
a tappet is pressed that brings that quality into 
play. Certain qualities such as diapasons and 
Soft flutes Will have a slow rate of attack and 
others such as the clarinet and oboe will have a 
faster rate of attack while still others such as 
marimba or vibraharp Will have a rapid attack. 
The rate of attack and delay may be different 

for a quality on One manual than it is for 
another quality on another manual. That is to 
Say, a clarinet with a fast attack may be used 
On one manual while a flute with a slow attack 
may be used simultaneously on the other manual. 

In the same quality, the partials of that quality 
may have different rates of attack and delay 
So that certain of the components of that quality 
will be percussive and will drop off suddenly, 
While certain remaining components will have a 
Slow attack and will have a longer delay. This 
Will be found to be particularly useful in chimes 
in which certain of the Sub tones will have a long 
delay while the higher harmonics will drop out 
rapidly after a sudden percussive attack when 
the key is depressed. Certain other qualities such 
as diapason may be subject to Such treatment in 
noderation. 
Thus it is possible to have a quality on one 

manual in which the components vary relative 
to each other, while on another manual another 
quality may be used which has a uniform attack 
and delay On all partials of that quality in which 
the components may vary in the rate of attack 
as on the first manual. 

Regarding the form of rotary capacity re 
actance device shown in Figure 7, I wish par 
ticularly to direct attention to the fact that 
direct current is conducted to the inductor 3d 
from the direct current source 4 and that the grid 
G of the tube 3 is directly connected with said 
inductor 3d by a metallic conductor. Bearing in 
mind that the metal disc 2 is inductively related 
to the inductor 3d and is driven at a constant 
predetermined speed, and that it is formed as in 
all other examples of the invention. With an an 
nular series of openings H, it is evident that said 
disc functions as a converter and that the direct 
current delivered to the inductor is changed into 
pulsating direct current, the frequency of which 
will determine the tone generated at the sound 
producer P. 
Regarding the Series multiple circuits employed 

in each form of the invention, it is important to 
note that in addition to its being made possible 
to cut into and out of the circuit any one or more 
of the capacity condensers 8 and 9, it is possible 
to selectively control the rate at which these 
condensers can be charged and discharged by 
merely adjustably connecting said condensers 
with said resistances 5 and 5d. The resistances 
thus serve the dual capacity of a means for 
placing in the line between Source 4 and rotary 
reactance device G any amount of resistance de 
sired and to cause the condenSerS to be charged 
and discharged as quickly or as slowly as desired. 
This is, of course, assuming that the switches 2 
are in closed circuit positions. 

It is to be understood that the condensers 8 
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increase the range of usefulness of the instru 
ment for the purposes Set forth herein. 
What is claimed is: 
1. In an electrical musical instrument, a ca 

pacity reactance device comprising stator and 
rotor elements adapted to be driven at a constant 
relative Speed and having respective Surfaces for 
producing voltages conforming to the vibrational 
frequencies of a fundamental tone and its har 
monics; and means by which the elements can be 
shifted relatively circumferentially to vary the 
relative phases of the produced Woltages. 

2. In an electrical musical instrument, rotary 
capacity reactance devices for producing alter 
nating current voltages conforming to the Wi 
brational frequencies of the fundamental tones 
of a musical scale and the harmonics thereof; 
a polarizing source for said devices; a circuit 
common to said devices; a circuit having a Wac 
uum tube amplifier, the grid of which is con 
nected with said common circuit and adapted to 
be actuated by current impressed thereon; an 
electrical Sound producer connected in circuit 
with said amplifier; means by which a phase 
shift can be made between a fundamental fre 
quency producing device and any one or more 
devices for producing frequencies conforming to 
the harmonics of said fundamental frequency; 
means in said common circuit between the afore 
mentioned polarizing source and said frequency 
producing devices for controlling the rate at 
which any one of said devices can be charged 
and discharged; and means by Which Said Con 
trolling means can be placed in either open or 
closed circuit with said polarizing source. 

3. In an electrical musical instrument, an elec 
trical sound producer; an electrical circuit for 
controlling the operation of said Sound producer; 
and a capacity reactance device comprising a pair 
of stator elements and an intermediate rotor 
element formed to control the effective capacity 
reactance of said circuit at predetermined tone 
frequencies; one of said stators having inductors 
facing one side of the rotor; the other stator 
having inductors facing the other side of the 
rotor and disposed opposite the first inductors 
and being capable of circumferential adjustment 
relative to said first inductors So that the relative 
phase of the frequencies produced by said re 
actance can be varied. 

4. In an electrical musical instrument, an elec 
trical sound producer; an electrical circuit for 
controlling the Operation of Said sound producer; 
and a capacity reactance device comprising a pair 
of stator elements and an intermediate rotor 
element formed to control the effective capacity 
reactance of said circuit at predetermined tone 
frequencies; one of said stators having inductors 
facing one side of the rotor; the other stator 
having inductors facing the other side of the 
rotor and disposed opposite the first inductors 
and being capable of circumferential adjustment 
relative to said first inductors so that the relative 
phase of the frequencies produced by said re 
actance can be varied, the first and Second named 
inductors being shaped so that the harmonic con 
tent of any generated frequency is inaudible. 

5. In an electrical musical instrument, means 
for electrostatically producing an alternating cur 
rent of the frequency of a predetermined sound 
Wave, said means comprising oppositely disposed 
Stators, adapted respectively to be connected in 
circuit. With a Sound producer and with a polar 
izing Source; and a rotary shield disposed be 
tween said stators and spaced apart therefrom 

5 
and having portions for alternately exposing said 
stators to each other; and means enabling the 
positions of said stators to be shifted relative to 
each other and to said stator exposing portions 
of said rotary shield to thereby control the phase 
of the produced current. 

6. In an electrical musical instrument, an elec 
trostatic tone generator embodying a current 
conductor adapted to be electrically connected 
to the grid of an electron tube; a rotatable shaft 
having fixed thereto and insulated therefrom a 
metallic disc, disposed Substantially parallel to 
and spaced apart from Said conductor and having 
a portion in concentric relation to the axis of 
rotation of the shaft formed so that as the shaft 
is rotated at an assigned, constant speed, the 
electrostatic capacity between said member and 
the conductor will vary periodically with result 
ing production of alternating voltage by the gen 
erator, the frequency of which conforms to a 
predetermined musical tone. 

7. In an electrical musical instrument employ 
ing a space discharge tube having input and Out 
put circuits and a loud speaker coupled to the 
output circuit so as to be actuable to convert 
variable currents into audible sound of controlled 
volume; generators for producing variable cur 
rents at different tone frequencies; an electrical 
network including a polarizing source for said 
generators; adjustable Series inpedances through 
which voltage is Supplied a generator; condensers 
in parallel with the respective impedances of a 
generator; and means actuable from a console 
for selectively rendering active relative to a gen 
erator, one or more of the condensers and for 
adjusting the impedances to govern the rate at 
which the generator builds up its voltage through 
said Supply impedances. 

8. In an electrical musical instrument employ 
ing a space discharge tube having input and 
output circuits and a loud Speaker coupled to the 
output circuit so as to be actuable to convert 
variable currents intpaudible sound of controlled 
volume; generators for producing variable cur 
rents at different tone frequencies; an electrical 
network including a polarizing source for said 
generators; means by which the relative phases 
of the currents can be varied; adjustable series 
impedances through which voltage is supplied a 
generator; condensers in parallel with the respec 
tive impedances of a generator; and means actu 
able from a console for selectively rendering ac 
tive relative to a generator, One or more Con 
densers and for adjusting the impedances to 
govern the rate at which the generator builds up 
its voltage through said impedanceS. 

9. In an electrical musical instrument employ 
ing a space discharge tube having input and out 
put circuits and a loud speaker coupled to the 
output circuit so as to be actuable to convert 
variable currents into audible sound of controlled 
volume; generators for producing variable cur 
rents at different tone frequencies; an electrical 
network including a polarizing source for said 
generators; means for predetermining the elec 
trical value of voltage supplied a generator from 
said source; adjustable series impedances through 
which voltage is supplied said generators; Con 
densers in parallel with the respective impedances 
of a generator; and means actuable from a COn 
sole for selectively rendering active relative to a 
generator, one or more condensers and for ad 
justing the impedances to govern the rate at 
which the generator builds up its voltage through 
Said impedances. 
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10. In an electrical musical instrument em 

ploying a space discharge tube having input and 
output circuits, an electrical Sound producer actu 
able by current in the output circuit and an elec 
trical network including a polarizing Source; al 
ternating current generators adapted to be polar 
ized from said Source; series impedances in said 
network between each generator and the Source; 
condensers in parallel in Said network; means by 
which the condensers can be selectively connected 
With a corresponding number of impedances and 
charged therethrough; and key controlled means 
for connecting the impedances with said source 
upon depression of said key and in Series with a 
resisted discharge path when the key is raised. 

ii. In an electrical musical instrument employ 
ing a space discharge tube having input and out 
put circuits and a loud speaker actuable by cur 
rent in the output circuit; means for producing a 
Variable current of predetermined waveform in 
said output circuit, said means comprising in 
combination with a polarizing Source, a continu 
Ously variable capacitance device including an 

... electrode having a planar capacity area of Sub 
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stantially crescent configuration and a rotational 
Scanner disposed in spaced parallel relation to 
Said capacity area, to provide a thin air dielectric 
between same and the scanner and serving pe 
riodically to coact with the scanner electrostat 
ically to produce in the input circuit variable cur 
rent of said predetermined waveform. 

12. An electrical musical instrument compris 
ing a work circuit having means for converting 
alternating Voltage into audible sound; a con 
denser having capacity areas of substantially 
Crescent shape, and means formed, disposed and 
adapted simultaneously to Scan said areas to 
thereby cause continuous cyclic capacitance 
changes and production of alternating voltages 
at said areas of respectively different tone fre 
quencies, each Substantially of sinusoidal wave 
form; and keying rineans enabling selective con 
duction of alternating Voltages to said work cir 
cuit from any one or more of Said electrodes. 

13. An electrical musical instrument compris 
ing a Work circuit having means for converting 
'amplified alternating voltage into audible Sound; 
a condenser having capacity areas, each sub 
stantially of crescent shape, and means formed, 
disposed and adapted Simultaneously to Scan Said 
areas to thereby cause continuous cyclic capaci 
tance changes at the areas and production of al 
ternating voltages of respectively different tone 
frequencies, each substantially of sinusoidal wave 
form; and means by which preselected voltages 
can be conducted to said work circuit at prede 
termined relative intensities. 

14. A device for producing alternating voltage 
of predetermined tone frequency and substantial 
ly sinusoidal waveform comprising a capacitance 
reactance; means for polarizing said reactance, 
said reactance including substantially crescent 
shaped pattern areas of electrical conductive ma 
terial; and continuously driven means for se 
quentially scanning said areas, 
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15. A device for producing alternating voltage 

of predetermined tone frequency and substantial 
ly sinusoidal waveform comprising a capacitance 
reactance; means for polarizing Said reactance, 
said reactance including a metallic pattern sub 
stantially of crescent shape and continuously 
driven means having Scanning portions Spaced 
apart from each other and Sequentially scanning 
Said pattern to periodically vary the capacitance 
of the reactance according to a Substantially 
sinusoidal waveform and produce a corresponding 
alternating voltage; an electrical network having 
an electron tube annplifier provided with input and 
output circuits; an electrical sound producer 
connected in the output circuit and responsive to 
actuation of the amplifier; keying means for 
causing conduction of the voltage to the input 
circuit; and means in the network for controlling 
the growth and decay of a tone at said sound 
producer. 

16. In an electrical musical instrument, alter 
nators having relatively movable planar parts, 
respectively of precalculated shapes and forms, 
Said parts coacting to produce alternating Volt 
ages of different tone frequencies; means for Syn 
thesizing such of the produced voltages as are 
desired for the production of a desired complex 
Waveform; means for controlling the relative in 
tensities of said voltages; and means for shifting 
the phase relation of said voltages. 

17. In an electrical musical instrument employ 
ing a Space discharge tube having input and out 
put circuits, an electrical sound producer actu 
able by current in the output circuit, an electrical 
network, means for delivering electrical impulses 
at different tone frequencies to said input circuit 
through said network, said network including 
Series and parallel connected paths, impedance 
means in Said Series connected path, condensers 
in Said parallel connected paths, key controlled 
means for Selectively controlling the aforesaid de 
livery of impulses to Said input circuit, and means 
for rendering said condensers selectively effective 
for controlling the curve characteristics of im. 
puises in the output circuit of said space discharge 
tube. 

18. In an electrical musical instrument emi 
ploying a Space discharge tube having input and 
Output circuits, an electrical Sound producer actu 
able by current in the output circuit, an electrica 
network, means for delivering electrical impulses 
Corresponding to musical tones to the input of 
Said space discharge tube through said network, 
said network including series and parallel con 
nected paths, impedance elements in said series 
connected path, condensers in Said parallel con 
nected paths and key controlled means for se 
lectively controlling the impression of electrical 
impulses upon said input circuit from said net 
work and means in Selected parallel connected 
paths for rendering the condensers therein ef 
fective for selectively controlling the operating 
characteristics of said network. 
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