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1. 
... My invention relates to electrical musical in 
struments of the photo-electric type, wherein 
a moving member carries a plurality of pitch 
tracks dividing incident light into traveling 
beams, and wherein the traveling beaias on their 
Way from a light Source to a photoelectric cell 
paSS through and scan voicing representations 
through the agency of which puisations are set 
up characteristic of desired fundamental fre 
quencies and desired reiated harmonics in de 
Sired amplitudes for the production of voices. 
An object of the invention is the provision of 

a Self-contained, relatively Smail, and simple 
generator capable of producing and combining 
tones Within the range of the full tonal scale of 
a desired keyboard instrument, together with 
a Wide variety of voices. 

It is an object of my invention to provide a 
combination of pitch disc and voice disc of rela 
tively Small area, but coacting to produce a large 
number of tones and a large number of voices. 

It is an object of my invention to provide a 
generator in Which a division of voices may be 
obtained, either as respects different parts of the 
Same keyboard Or as between different keyboards 
Such, for example, as an organ manual and a 
pedal claWier. 

It is an object of my invention to provide a 
mode in which tones and voices which are lost 
by reason of voice shutter divisions may be sepa 
rately Supplied in the Same organization of parts. 

It is an object of my invention to provide a 
Standardized Series of parts making up a self 
Contained generator which with or without 
changes in a pitch disc and a voice disc may be 
employed either for a single manual keyboard 
instrument With a divided keyboard, or in tan 
dem for multi-keyboard instruments including a 
plurality of manuals and a pedal clavier. 

It is an object of my invention to provide in 
a generator, and particularly in connection with 
a generator Shutter System, a means and method 
for octave coupling as hereinafter set forth. 

It is an object of the invention to provide 
means and a method for securing the maximum 
number of voices and tones from a voice disc and 
a pitch disc containing a minimum number of 
pitch tracks. 
These and other objects of the invention which 

Will be set forth hereinafter Or will be apparent 
to. One skilled in the art upon reading these speci 
fications, I accomplish by that procedure and in 
that construction and arrangement of parts of 
Which I shall now describe exemplary embodi 
ments having to do With single manual and 
multi-manual keyboard instruments. Refer 
ence is made to the accompanying drawings 
Wherein: 

Figure 1 is a top plan view with certain parts 
broken away, of a generator which I may emi 
ploy. 
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ifigure 2 is a vertical Sectional view of the gen 

eratoi taken along the Section line 2-2 of Fig 
lure 1. 

higure 3 is a vertical elevational view of the 
Sairie generator. 

Figure 4 is a partiai plan view of a shutter 
plate mechanisian ShoWing the disposition of the 
Wire Shutter eleiiientS and modes of Octave coul 
pling Which i may employ. 

Figure 5 is a partial pian view of a voice disc 
for a Single inaiauai instrument having a divided 
keyboard, With a portion of the disc broken away 
to show a part of the pitch disc. 

Figure 6 is a diagrammatic representation 
illustrative of a mode of machining grooves in a 
Shutter plate. 

Figure T is a diagrammatic illustration of voic 
ing representations designed to produce har 
monically related voices from a singie pitch 
track. 

Figure 8 is a partial plan view of a voice disc 
for a two manual instrument. 

Figure 9 is another partial pian view of a voice 
disc for a two manual instrument. 

Figure 10 is a partial plan view of a voice Shut 
ter arrangement Such as may be employed on a 
Single manual instrument. 

Figure li is a partial perspective view of a 
Voice Shutter element. 
Figure 12 is a partial perspective view of a 

voice shutter element showing means for the 
attachment of an actuating Wire. 

Figure 13 is a partial Sectional view taken 
through a shutter plate, voice disc and pitch disc 
such as a view along the Section line i3-3 of 
Figure 10. 
Figure 14 is a partial Sectional view through 

a shutter plate, voice disc and pitch disc taken 
along the line i4-14 of Figure 10, and showing 
the operation of the voicing Shutters. 

Generator assembly 

This application is related to my copending 
application entitled Generator for Electric Pul 
sations of Audio Frequency, Serial No. 108,946, 
filed August 6, 1949, now U. S. Patient No. 2,558,- 
653 granted June 26, 195i, iina Snucn as it makes 
use of a generator of the Same general type. The 
said copending application pertains to the physi 
cal organization of the main parts of Such a gen 
erator. I shall first herein describe the genera 
tor broadly so that the Subsequent teachings 
herein may be fully understood. Reference is 
made to Figures 1, 2 and 3, Wherein it Will be 
seen that the genei'ator aS Such is built on the 
foundation of a shutter plate . The Shutter 
plate is generally of the type Set forth in the 
copending patent of John F. Jordan, No. 2,506,- 
599, granted May 9, 1950, and entitled Shutter 
Mechanism, and will be hereinafter more fully 
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described together with certain modifications 
therein. 

Centrally of the shutter plate there is a boss 
3 or bearing holder with respect to which a pitch 
disc 5 is journaled for rotation by means of a 5 
hub 6 and a shaft. A voice disc 8 rests directly 
upon the shutter plate as Will be seen most clearly 
in Figure 2. - , , -- 

A lower can or casing element 9 is affixed to 
the shutter plate. It contains a light Source ) 
in a suitable fitting , and a parabolic mirror 
2. There is an upper can or housing indicated 
generally at 5, which contains a photoelectric 
cell 6 and a parabolic mirror . It will be un 
derstood that iight from the light source 0, re 
flected by the mirror 2 is passed upwardly 
through openings in the shutter plate , through 
voicing representations on the voice disc 8, 
through pitch tracks on the pitch disc 5, -ahd is 
reflected by the parabolic mirror 7 to the photo 
electric cell 6. - 
The pitch disc 5 has a peripheral armature 18 

which is directly driven by-electromagnetic 
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means including the inside-C-core -and-winding 
9 and the outside E-core and winding 2G consti 

tuting with the armature - 8...an-eddy current 
motor. Within the scope of this invention, the 
pitch disc 5-may be otherwise driven. Where the 

25 

Specific illustrated construction is employed, the ... 
motor parts are contained within an extension of 
the can or housing 5- as shown, the magnetic 
Cores and Windings being Supported thereby. 
The photocell 6 and another photocell. 2: 

Which is employed in connection with speed con- . 
trol and vibrato tracks 3 and 38 on the pitch 
disc are supported on a bracket 2 a within the 
upper can or housing 5; and this bracket may 
also Support other electrical parts such as a pre 
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amplifier and the electric circuit, elements per- . . 
taining to the speed control and vibrato mech 
anism. The Speed control and vibrato means 
are described and claimed in a copending appli 
cation of myself and George.F. Williamson, en 
titled Systems for the Production and Use of 
Electric OScillations for Control Purposes, Serial 
No. 117,240, filed September 22, 1949. 
The principles of the present invention are 

preferably incorporated in a general organization 

40 

45 

of parts Such as has just been described; but this 
general organization is not a limitation on the 
present invention otherwise as set forth in the 
appended claims. 

The shutter plate 
The shutter plate hereinabove referred to is 

of the type having arcuate grooves generally re 
Sponding, over half their circumferential extent 
to the circular pitch tracks on the pitch disc 5. 
From the bottoms of these grooves light openings 
extend through the shutter plate to its lower side, 
and arcuate wires operate as actual shutters in 
the arcuate grooves, moving from side to side of 
Said grooves in response to longitudinal incre 
ments of motion applied to the wires. 
The light openings are arranged in series with 

the Several wires simultaneously opening up a 
plurality of them; and series of voicing repre 
Sentations on the voice disc 8 are associated with 
the Several series of openings, all as hereinafter 
more fully described, so that voicing shutters 
Such as the shutter diagrammatically indicated 
at 22 in Figure 2 may be employed for each voice. 
The Several voicing shutters are operated by wire 
elements; and prolongations of these elements, 
as Well as the Wires attached to the arcuate wire 
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shutter elements, are passed through sheaths 
forming Bowden transmissions. Certain of the 
Shutter wire transmissions are indicated at 23 in 
Figures 1, 2 and 3 and certain of the voice shut 
ter transmissions are indicated in Figures 2 and 
3 at 24. It will be understood that in the instru 
ment the shutter wire transmission elements will 
be connected directly or indirectly to respective 
playing keys of one or more manuals and a pedal 
clavier where this is provided, and that the 
transmissions operating the voice shutters 22, 
and indicated at 24, will be connected directly or 
indirectly with stop tabs or other voice selecting 
devices accessible to the performer. As will be 
pointed out hereinafter, more than one voice 
shutter 22 may be associated with the Same. Stop 
tab, Keys and stop tabs, have not been illus 
trated herein but Will be part of an instrument 
Console in which one or more of my generators 
will be installed. 
The shutter plate may be made by machining 

or molding or a combination of the two. A con 
venient mode of manufacture comprises forming 
in one face of the plate, as shown in Figure. 13, 
a plurality of grooves 25. Within which Will lie 
the arcuate shutter wires 26, the grooves being 
Wider than the croSS Sectional dimension of the 
wires So that the wires can move from side to 
Side of the grooves. Deeper, but narrower grooves 
27 are cut or formed downwardly from the bot 
tom of the grooves 25, the said deeper grooves 
being narrower than the cross sectional dimen 
Sion of the shutter wires. Preferably one edge 
of the deeper grooves approaches but does not 
coincide with an edge of the first mentioned 
grooves, so as to leave a shoulder 28 insuring com 
pletion of the cutting off of the light when the 
shutter Wire is in closing position. In the op 
posite Side of the plate I machine or mold a plu 
rality of recesses 29. Which cut across the various 
pitch tracks or a desired group of them, and, 
intersecting the deeper grooves 27, provides the 
light openings which are opened and closed by 
the Shutter wires. Such an arrangement and 
mode of manufacture is that described in the said 
Jordan Patent No. 2,506,599. 

It will be understood that the grooves in which 
the shutter wires lie must correspond substan 
tially with the pitch tracks on the pitch disc 5: 
and these pitch tracks are circular. However, 
the passage of light from the light source to the 
photocell occurs through light openings located 
in Only approximately one-half of the area of the 
shutter plate. As a consequence, the corre 
spondence of the grooves with the pitch tracks 
need occur only in the half of the shutter plate 
So used. Indeed, the remaining half of the shut 
ter plate has its grooved surface cut away or 
lowered, excepting for a rim, so as to provide 
roon for the operating Bowden transmission 
connections to the Several shutter wires. The cut 
away area of the plate is indicated generally at 
30 in Figure 4. In the light of these considera 
tions it has been found possible to devise a way 
of continuously machining the grooves with a 
gang tool. Referring to Figure 6, which is a dia 
grammatic representation, circles 3, 32 and 33 
are concentric with their centers at 34 and are 
representative of pitch tracks. A spiral dashed 
line 35 is representative of a spiral line of cut 
formed by a gang tool moving progressively ra 
dially of a shutter plate blank mounted and ro 
tated by a lathe. By decentering the plate in the 
lathe S0 as to establish a new center 36, the 
Correspondence of the spiral with the concentric 
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circles will be as illustrated; and it will be noted 
that the spiral substantially corresponds with 
the concentric circles over the entire lower half 
of the diagrammatic figure. In actual practice 
the distance of decentering Will be determined 
by the dimensions and spacing of the grooves 
and pitch tracks. 
Dimensions are not a limitation on the present 

invention. However, one of its advantages is 
that I may secure the full tonal range desired for 
a keyboard instrument, plus a large number of 
voices in a generator of Small overall dimensions. 
Thus in practice I space my pitch tracks on a 
pitch disc one-sixteenth inch on centers and 
thus find it possible with a pitch disc of approxi 
mately 13% inches in diameter to provide enough 
pitch tracks to accommodate all of the seventy 
three notes desired for a single manual organ or 
all of the sixty-one notes desired for a given 
manual in a two manual organ plus twelve or 
thirteen others such as may be desired for con 
nection with a pedal manual, plus a number of 
replacement tones which may be required in con 
nection with a division of voicing Shutter means 
as hereinafter explained at length. Also on the 
same pitch disc. I may provide two outer, wider 
tracks, one being for the purpose of speed con 
trol, and the other being for the purpose of pro 
viding vibrato. In connection with such a pitch 
disc I provide a shutter plate in which the 
grooves 25 are .053 inch in width and spaced 
.0625 inch on centers. The narrower and deeper 
grooves 27 are preferably .017 inch in width, and 
the Wire shutter elements 26 have a diameter of 
.028 inch. In the cut away portion 30 of the 
shutter place the shutter wires 26 are preferably 
joined to actuating Wires of Smaller diameter in 
the sheaths aforesaid, forming the Bowden 
transmissions, so as to provide room for these 
transmissions; and the transmissions 23 are pref 
erably carried away from the shutter plate 
through perforations in the rim thereof as illus 
trated in Figures 1, 2 and 3. This provides a 
dust-tight construction, in view of the cans or 
housings 9 and 5, and their associated parts. 
The series of Bowden transmissions 24 for op 
erating the voicing shutters may be similarly 
carried from the shutter plate through holes in 
the rim thereof, or may be kept underneath the 
plate and carried, as illustrated in Figures 2 and 
3, through a recess or recesses formed in a 
grooved configuration on the under side of the 
shutter plate , which configuration accepts an 
edge of the lower can or housing 9, there being a 
dust-tight packing at the juncture of the ele 
ments and around the transmissions. 

Means for coupling 
A shutter plate of the Wire-and-groove type, 

as hereinabove generally described and as set 
forth in the said Jordan Patent No. 2,506,599, 
has the advantage that movement of a single 
shutter wire will open up or close a plurality of 
light apertures about the shutter plate. These 
apertures may be arranged in a plurality of se 
ries associated with various voicing representa 
tions so that there is provision not only for the 
Selection of Voices but also for the additive con 
bination of voices. However, coupling is a de 
sirable feature of a keyboard instrument of the 
organ type for various purposes: It is frequently 
desired that additive voices sound with respect 
to each other not at the same fundamental fre 
quency but at fundamental frequencies which 
are harmonically related to each other. Thus, 
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6. 
a voice may be desired as a 4-ft. voice, another 
additive voice as an 8-ft. voice, a third as a 16-ft. 
voice and SO On. Again, ordinary Octave cou 
pling irrespective of voice may be desired. 

In accordance with my invention I make pro 
vision in my shutter plate for coupling. Ref 
erence is now made to Figure 4 wherein a shutter 
plate f is diagrammatically indicated. For the 
sake of simplicity I have not illustrated the 
grooves but, instead, have illustrated a plurality 
of shutter wires which will be understood as lying 
within the grooves. In this illustration the 
specified letters C demark the confines of groups 
of Wires for the respective half tones of con 
Secutive Octaves of the musical Scale. Seven 
Wires per OctaWe have been shown in the draw 
ing to avoid undue complexity of lines; but it. 
will be understood that the octave of the equi 
tempered musical Scale contains twelve semi 
tones and hence in practice there Would be 
twelve shutter wires per octave. 
One Way of Securing the coupling to which I 

have referred above is accomplished by cutting 
away or recessing the plate so as to interrupt the 
continuity of the grooves over certain areas in 
dicated generally in the figure at 39 and 40. The 
grooves are, of course, concentric and Will be 
understood in the figure as formed on the shutter 
plate in areas generally indicated at 4, 42 and 
43. If any group of shutter wires lying between 
the indicia C on the drawing are followed, it 
Will be seen that they lie in a Series of concentric 
grooves for one octave in the grooved area, 43 and, 
leaving that area, they pass in the ungrooved 
Space 40 to the grooves for the next higher 
Octave in the grooved area 42. Leaving that 
area, they croSS OVer to the grooves for the Second 
higher octave in the ungrooved area 39, and then 
follow the last mentioned arcuate grooves in the 
grooved area, 4. One end of each shutter wire 
is anchored to the shutter plate at the upper 
right, in the figure. 
What has been stated above applies to the 

shutter Wires for all of the Octaves in the in 
strument excepting the highest and the lowest. 
Thus the highest group of shutter wires marked 
44 in the figure traverses in the area, 43 con 
centric grooves for the second highest octave 
provided by the pitch disc, then transfer in the 
ungrooved area, 4 to the groves for the highest 
octave provided by the pitch disc in the grooved 
area, 42. This particular group of wires is 
anchored to the plate at 45. The group of wires 
marked 46 does not traverse any grooves in the 
area 43 but enters the lowermost octave group 
of grooves in the grooved area 42, transferring 
in the ungrooved area, 39 to the next higher 
octave group of grooves in the area 4, the wires 
being anchored at 47. 
The voicing representations on the voicing 

discs will be allocated to series corresponding with 
series of light openings in the shutter plate lying 
in the grooved areas 4f, 42 and 43. In my in 
strument the grooved area, 43 may, in general, 
have light openings arranged in series for what 
may be regarded as 16-ft. tones; the 3-ft. tones 
will generally be allocated to the series of light 
openings in the grooved area. 2; and the 4-ft. 
tones will generally be allocated to series of open 
ings in the grooved area, 4. This is Only a matter 
of convenient terminology Since the actual fre 
quency of a tone produced by light passing 
through any given pitch tract can be determined 
within limits by other factors, as hereinafter 
set forth. But the terminology will serve to illus 
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trates an aspect of octave coupling accomplished 
by this phase of the invention. Thus, following 
a particular shutter wire, say the shutter wire 
48, for a C note, it will first traverse grooves in 
the grooved area 43 in which area, actuation of 
the wire Will open up one or more light openings 
Overlying a pitch track appropriate to C-65. In 
the area 42, however, the same wire will traverse 
a groove and open up One or more light openings 
therein, related to a pitch track for C-131, i.e., 
a C note with a frequency of 131 cycles per second, 
while in the area, if it will traverse a groove and 
open up one or more light openings therein over 
lying a pitch track appropriate for a C note of 
262 cycles per second. 
Where octave coupling is practiced, as herein 

above, described, where the pitch tracks on the 
pitch disc are arranged in accordance with Suc 
cessive Octaves of the musical Scale, and where 
in the ungrooved areas the individual wires must 
skip a distance equal to the radial Span of 12 
pitch tracks on the pitch disc, it is well to have 
them extend tangentially in the ungrooved areas 
of the plate and with this...in mind the ungrooved 
areas are so proportioned that a straight line or 
tangential projection of a shutter wire as it 
leaves one grooved area, will bring it to the proper 
position at the beginning of the next grooved 
area, all as will be appreciated from the diagram 
matic showing of Figure 4, 

I ain, of course, not restricted to octave coul 
pling and where coupling at Sonne. Other harmonic 
relationship is desired, the configuration of the 
plate may be such that the various wires will 
traverse grooves in One grooved portion and then 
skip to other grooves in the next grooved portion 
bearing an harmonic relation to the first grooves 
and their pitch tracks other than an octave re 
lation. 

However, there is another way of securing 
coupling, which is also illustrated diagrammati 
cally in Figure 4. If the wire 49 be followed, it 
will be seen that it traverses in the grooved Sec 
tion i3 a particular arcuate groove, whence in 
the space 4 it skips to the next innermost groove 
on the shutter plate, again skipping in Wardly 
to the second innermost groove in a grooved Sec 
tion of the plate indicated at 50. This will illus 
trate the fact that where the radial distance 
skipped by any particular shutter wire is not 
great in the radial direction, I am by no means 
restricted to a tangential extension of the Shutter 
wire in ungrooved areas of the plate. 

The pitch disc 

The various pitch tracks and the speed con 
trol and vibrato tracks on the pitch disc are 
preferably formed by photographic means; and 
the pitch disc is preferably a transparent men 
ber bearing the photographic representations. 
Glass is the material preferred by me by reason 
of its stiffness and dimensional stability. The 
various pitch tracks, although not Specifically 
illustrated herein, will be understood as compris 
ing series of transparent portions for each track 
in a generally opaque field, the tracks, of course, 
being concentric, and the circumferential widths 
of the transparent portions being limited in ac 
cordance with the fineness of the variations rep 
resenting harmonics in the voice tracks to give 
proper Scanning. 

For the most part, the pitch tracks on the 
preferred form of my pitch disc are arranged to 
provide a series of successive octaves outwardly 
from a center portion of the disc, each octave as 
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indicated above consisting of 12 pitch tracks. En 
such an arrangement the number of light open 
ings in each track must bear a whole number 
relationship to the number of openings in the 
next track Since each track must contain a whole 
number of openings. The exact ratios of the 
frequencies of the adjacent Semi-tones in the 
equi-tempered scale cannot be expressed in Com 
mensurate numbers, as is well known; the ratios 
Will, of course, be approximated more nearly in 
large whole numbers than in Small ones. The 
frequency produced by any given pitch track 
will, of course, depend upon the number of light 
openings in it and the speed of rotation of the 
pitch disc. For accuracy of representation it is 
desired that the numbers of light openings in a 
given track be as Small as possible. Nevertheless 
ith a given and relatively slow speed of rotation 

of the pitch disc, it is quite possible to select a 
whole. number Series of light openings in the 
various pitch tracks which will approximate the 
Semi-tones in 6 or 7 octaves of the equi-tempered 
Scale without having the number of openings 
become too large in the pitch track for the highest 
note of the Series. 

liy invention is not limited to any particular 
series and various series may be employed. How 
ever, With a pitch disc rotating at a speed of 
33.8 R. P. M., I employ a pitch track for the 
lowest. C note of the instrument having 58 open 
ings and this gives me a C note of a frequency of 
33 cycles per second. The number of light open 
ings in the pitch tracks Scales upWardly to 3712 
openings, which at the Speed of rotation of the 
disc gives me a frequency for a high C note re 
sponding to 2093 cycles per second. An example 
of a series for a pitch disc which is entirely Satis 
factory is set forth in the attached schedule, said 
series being generally similar to that disclosed 
by Armand F. Knoblaugh in his co-pending ap 
plication on Serial No. 39,674 entitled Musical 
instruments. Employing Continuously Moving 
Meinbers; and it will be noted that as the fire 
quencies ascend, minor whole number corrections 
have been made in successive octaves to bring 
about still greater accuracy: 

Number 
Of Slots 

Number 
Of Slots Notes Notes 

3712 
3504 
3308 
3124 
2948 
2780 
2624 
2476 
2340 
2208 
2084 
1968 
1856 
1752 
1654 
1562 
1474 
i390 
1312 
1238 

- 70 
04 

1042 
984 
928 
876 
827 
781 
737 
695 
656 
619 
585 
552 
521 
492 
464 

4.38 
414 
390 
368 
348 
328 
30 
292 
276 
260 
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In Figure 5 I have illustrated a portion of the 
pitch disc 5, and diagrammatically represented 
thereon pitch tracks for a consecutive series of 
octaves which are six in number, this being Suit 
able for the uses of most keyboard instruments. 
It will be obvious that by varying the dimensions 
of the pitch tracks or the dimensions of the pitch 
disc a greater or lessel number of Octave Series 
may be placed thereon. Representative di 
mensions for a commercial instrument have been 
given hereinabove. In Figure 5 the six octave 
series are indicated respectively at 5 to 56 in 
clusive. Outwardly beyond the last octave Series 
56 the pitch disc bears a pitch track 37 for Speed 
control purposes and a track 38 for vibrato. The 
circuits used in connection with these tracks are 
described in connection with another application 
noted hereinabove. It is sufficient to note here 
that the track 37 is used in connection with the 
photocell 2 and appropriate circuit elements 
in connection with the eddy current motor 19, 20 
to maintain a constant speed in the pitch disc, 
while the track 38, containing light openings ar 
ranged to pass a given point at a suitable Sub 
audio frequency, is employed to vary the constant 
speed of the pitch disc in a rhythmic manner SO 
as to impart to the reproduced tones a pitch 
tremolo or vibrato. The tracks 37 and 38 are 
ordinarily made much wider than the pitch 
tracks, and with much larger openings in the 
shutter plate so as to take advantage of a larger 
amount of the incident light. 

Inwardly of the innermost octave series of 
pitch tracks 51, there is space on the pitch disc 
for another series of tracks indicated in Figure 5 
at 57. This series may be used for various pur 
poses. For example, in a keyboard instrument 
having a manual and a pedal clavier, the pitch 
tracks of the series 5 to 56 may be connected 
with the keys of the manual, while pitch tracks 
of the series 5 may be employed to Supply notes 
for the pedal clavier. Again, in such an instru 
ment, some only of the octave series 5 to 56 
may be employed for the manual, and the remain 
der for the pedal clavier, but in this instance it 
may be desirable to supplement the range either 
of the manual or of the pedal clavier, in which 
event pitch tracks of the series 57 may be em 
ployed for this purpose. 
But in an instrument where the pitch tracks 

lie very closely together radially and the toler 
ances are small, the division of pitch tracks 
either as respects a single manual, between dif 
ferent manuals, between a manual and a pedal 
clavier, or between different voices (all of such 
divisions involving a division of voice shutters 
as hereinafter more fully taught.) One or more 
pitch tracks may lie at the point of division of 
voice Shutters where neither shutter can be re 
lied upon accurately to cover the particular pitch 
track or tracks. Where this is encountered, the 
effect of one or more pitch tracks may be lost 
as respects a particular pair of voices or group 
of paired voices, and hence in the practice of 
my invention I do not provide light openings at 
these particular points for these particular pitch 
tracks. Where this is encountered it is necessary 
to supply the effectively missing pitch tracks 
elsewhere, and in this event pitch tracks of the 
group 5 are utilized. 

Referring to Figure 4 let it be supposed that 
by reason of any of the divisions mentioned above, 
the groove representing the note B-62 will fall 
at the meeting lines of shutters in the grooved 
area 43, while the corresponding octavely related 
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10 
note B-123 will similarly fall in the area, 42 and 
that there Will be a similar obscurement of the 
pitch track B-247 in the area, 41. Under these 
circumstances I provide in the group 57 in Fig 
ure 5 pitch tracks for B-62, B-123, and B-247 
located inwardly of each other in the Order 
named. The wire 49, previously traced, traverses 
the groove for the inner pitch track, B-62, in 
the area, 43, then the next inward pitch track 
groove in the area, 50 for B-247. If I desire to 
extend certain voicing series to employ a pitch 
track which may not otherwise be used in con 
junction With other voicing series because of 
shutter divisions, the wire 49 may be coupled to 
the Wire SS for the normal B-62 groove as shown 
at 59. 

Voice shutter arrangements 
In Figure 4 there arc certain dotted line repre 

sentations indicative of series of voice tracks on 
a voice disc. These are generally directed So as 
to cut across a plurality of the pitch tracks on 
the pitch disc. Most of them have an extent 
sufficient to cover a plurality of octaves; an 
exemplary arrangement is a group 60 of them 
which are only one octave in extent. Another 
exemplary one S is four octaves in extent. Still 
other's are interrupted at a point intermediate 
their length. For example the voice track group 
62 extends inwardly over a range of notes from 
C-2093 to C-131, while continuation marked 62d 
extends inwardly from the semi-tone next below 
B-123 to C-33, and picks up the semi-tone B-123 
in a pitch track of the group 57 hereinabove 
discussed. The voices produced by the voice 
tracks in the Sections 62 and 62d may be the same 
or different; but in the particular embodiment, 
as will hereinafter be more fully explained, one 
may be desired without the other, or both may 
be desired simultaneously, and hence different 
voice shutters will be required for the sections 
62 and 62d, which shutters may be operated 
simultaneously or independently, Finally, I have 
shown a pair of voice track series 63 and 64 which, 
in the particular embodiment, are located very 
close together, and this gives rise to a particular 
problem in the provision of voicing shutters. 
The series 63, 64, may also be divided interme 
diate their lengths as herein above described. 
I have already indicated the provision of voice 

channels or recesses 29 in the underbase of the 
shutter plate , and the association of voicing 
shutters with these channels. The light passing 
through the pitch disc, the voice disc and the 
shutter element is in parallel beams, for which 
reason the voice shutters need only be relatively 
elongated, pivoted panels which in One position 
do not obstruct the parallel beams passing 
through any given series of voicing representa 
tions, and in another position act to cut them 
off. Warious constructions may be adopted for 
the voice shutter. A simple and convenient one 
is illustrated in Figures 10 to 12 and 14. Here 
a voice shutter 22 is an elongated Strip of metal, 
preferably darkened as to surface so as to be 
non-reflective, and provided along one edge with 
turned up ears 65 perforated as at 66. Three 
posts 6, having similar perforations, are thread 
ed into or otherwise mounted on the underside 
of the shutter plate , as Will be most clearly 
appreciated from Figures 10 and 14. The shut 
ters 22 may conveniently be pivoted on the posts 
by means of a wire pintle 68. Where two or more 
shutters are in alignment for use with a divided 
voicing series, as at 22 and 22ct in Figure 10, the 
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same:pintle 68 may serve for a plurality of shut 
ter'ss. The ends of the shutters; will be properly 
configured to follow the pitch tracks as will be 
evident from Figure 10. 
The 3 wire elements for actuating the voice 

shutters may be pivoted to them at points remote 
from their pivotal connections with the posts: 67 
in any: Suitable way. One inexpensive, simple, 
but positive way is illustrated in Figure 12, where 
the voice shutter: 22 is slotted as at 69, sitted as 
at:9, and indented as at and 72. A wire actu 
atting element 3 having a turned over endi may 
be engaged with the shutter from the opposite 
Side: and then swung over to the position illus 
trated in Figure 12, whereupon a pivotal connee 
tion will be formed. 

It is desired to provide stops for the voice 
shutters in their closed position, and to this 
end...I-attach to the-shutter plate , post-like stop 
members 75: having-felt pads: 6, forming abut 
mehtS-engaging the shutters-22; at one end:when 
they are in closed position, the-pads 76, insuring 
quiet operation of the shutters. 
In Figure 14-I have shown at 29a, a voice chain 

neli of: more-than usual width and designed to 
accommodate-the-closely juxtaposed voicing se 
ries. 63;64, hereinabove described. In providing 
shutters: for these series, I adopts as construction 
shown in Figure-14; Here-there is a shutter 22b 
for the series 63 or parts thereof. This shutter 
Swings toward the: element in approaching 
closed: position. A second voice shutter 22c.for 
the Series 64 or parts thereof, is arranged to swing 
inwardly- or toward-the-main shutter-plate in 
approaching-thes open position. As will be ap 
preciated from the dotted line showing in Fig 
lure 14; the edge-of-the-voice-channel 29a will serve 
as a stop, for the voice shutter 22c in open posis 
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tion. In order to provide a stop for it in closed 
position.I-mounta bracket on the plate? and 
provide an arm-like abutment 78 for the voice 
shutter. The arrangement just described has 
the advantage that both shutters 22b and 22e may 
be operated by wire-like operating elements ext 
teading:in the same direction. - 
The particular arrangement of voice: shutters 

maybe-varied as desired. In the exemplary, in 
Struriaents to which this case relates there is a 
Series. of, voice: shutters 22d-taking care, of the 
Short voicing representations of the series 60. 
The divided voicing series 62 62a will be taken 
Care; of by voices shutters 22e and 22f, and other 
divided Series-will be taken carer of in a similar 
manner. Therjuxtaposed series; 63, 64, will be 
taken care of as hereinabove described by voice 
shutters'22b and 22c; and their counterparts 22g 
and 22h. It will also be noted in Figure 10that 
there:is a ; shutter 79: for an opening: 80 in the 
main : shutter plate , which opening permits 
paSSage:of light through vibrator track 38 on the 
pitch.disc. Another opening 8i, in the main shut. 
ter-plater permits passage of light through the 
Speed control: track; 37; but since speed control 
Wills always: be in operation, no shutter need be 
provided for this opening. The vibrato shutter 
Willy of course, be connected to a suitable stop 
tab, or control knob, on the instrument, the late 
ter-together with the shutter 9; providing means 
for stepless: control of the extent of the vibrato. 

It may be noted that the voicing shutters of the 
Series 22d" are made progressively longer so that 
their Wire operating elements can come a Way 
from them in side by side relationship. This is 
shown in Figure 10. Other modifications may 
be made without departing from the Scope of my 

40 

5 5 

60 

65 

70 

75 

2 
invention) as: to the , shape; arrangement, con 
Struction: and mode of Operation of the voicing 
shutters. 

Voice discs 
In the perferred embodiment of my invention 

the voice disc is a:transparent element having 
a generally opaque coating. The individual voice 
tracks...thereon: are transparent areas following 
the concentric arcuate disc position of the several 
pitch tracks to:which they pertain and varying 
throughout their entirelength either in area, or 
in transparency. So as to impart, variations: to 
the moving beams produced by the transparent 
areas. Of the rotating pitch disc. I prefer to use 
a voice:disc of glass, by reason of its dimensionai 
Stability, and to employ inconnection therewith 
a photographic representative of the opaque areas 
and the transparent areas hereinabove: men 
tioned. The individual voicing representations 
Will usually beta plurality of cycles long, an are 
rangement which is preferred by me for several 
reaSOnS. In the first place: a voicing representa, 
tion several cycles in length permits the use of 
a; plurality of traversing: beams and, hence a 
greater."quantity of light incident on the photos 
cells, 6.5 per note per voice. In the second place, 
the use: of: a plurality of beams: simultaneously 
per: note, per voice diminishes extraneous Snoise 
due to imperfections: in the pitch tracks. 
While there:Will be on any keyboard instrument 

a general, Over-all volume control associated. With 
the: amplifier, it will be understood that...a gen 
eral difference in the sound level of different 
voices may be desired; some voices sounding best 
as: soft" voices while others are: preferably of 
greater Volume. This may be accomplished by 
So forming the voice disc initially as to provide 
greater variation in transparency in the voice 
track representations for loud voices than in those 
for soft voices 
Thei Opaque area surrounding each individual 

voice representation on the voice disc will act 
as a Window therefor, so that "as one moving beam 
enters the voice representation another relieves 
it. Thus the perforations for the passage of light 
in the main shutter plate'? do not need to serve 
as: WindoWS: and hence do not have to be made 
With Sufficient accuracy, for that purpose. 
The general design of the main shutter plate, 

the note shutters, individual or coupled, and the 
Voicing shutters will be appreciated from the de 
Scription above. It will be understood further 
that, in the embodiment shown there will be a 
Series of light openings in the main shutter plate 

for each. Series of voicing representations: on 
thei voice disc, that there will be a voice channel 
on the under surface of the main shutter plate 

for such series, that one or more voice shut 
ters Will be associated with each such series, and 
that, the Series of voicing representations on the 
Voice disc will match up with the series of open 
ings; and shutters, on the main shutter plate: 
The particular arrangement illustrated in the 
figures of this application is a convenient one for 
Cominercial instruments, but is not otherwise 
limiting and may be considerably varied within 
the Space limits of any particular generator. 
The nature, moreover, of the particular voices 
represented on the voice disc is not a limita 
tion on the present invention. The specific voices. 
may be any desired for the uses of a particular 
instrument and, indeed, on any given instrument 
the voices may be changed if desired by substi 
tuting one voice disc for another in the genera 
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tor. Voice discs may be otherwise made; but I 
prefer to make them for my instrument by first 
producing a master record photograhically by 
varying beams of light in accordance With the 
electrical pulsations of a generating apparatus 
in Which I can control the frequency and volume 
of the fundamental and the amplitude and phase 
of a plurality of harmonics which may be varied 
both as to amplitude and phase and as to vol 
ume. In this way the characteristic tones of ex 
isting instruments can be duplicated and other 
tones can readily be created. From the master 
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copy other voice discs can be made by photo 
graphic reproduction. A voice disc in my par 
ticular generator is suported by the main shut 
ter plate and serves to close the grooves there 
in containing the shutter wires 28 for the individ 
ual notes. It has a central perforation which 
fits over the bearing holder 3 (Figure 2), which 
therefore serves to center the voice disc. 
The rotative position of the voice disc may be 

fixed by clamps or other suitable means (not 
shown) engaging its periphery. 
Where a particular pitch track is not usable, 

or "lost,' by the juxtaposition of the edge of 
two Voicing shutters pertaining to the same voic 
ing series, as hereinabove described, the voice 
track of the series for the particular "lost' note 
will simply be omitted or blacked out on the 
voice disc. This makes it unnecessary to provide 
a variation of the shutter structure to take care 
of this situation. 

I have hereinabove indicated that the voicing 
series pertaining to the grooved area, 43 of the 
main shutter plate may, if desired be so-called 
6-foot voicing means divided or not as desired. 
The main voicing Series such as the series 6, 
S2, 63 and 64 in the grooved area, 42 of the main 
shutter plate may be 8-foot series, while the se 
ries of voicing representations 82 in the grooved 
area 4, divided or not, may be so-called 4-foot 
series. In the exemplary embodiment the par 
ticular series designated in Figure 4 at 83, which 
lies in the area, 4 f, is intended for use as a 2-foot 
Series. Also, the short Series designated at 60 
which lie in the grooved area, 42, is used for 4-foot 
and 2-foot voices. It will be noted, however, that 
these particular series are juxtaposed to the same 
pitch tracks which are employed for 8-foot and 
4-foot Voices of the same frequencies as repre 
sented by the occurrence of transparent areas in 
the same pitch tracks. The respective octave 
differences between the 16, 8, and 4-foot voices 
is taken care of by the octave coupling accom 
plished on the main shutter plate as hereinabove 
described. But this is not true of the octave dif 
ferences between 4-foot and 2-foot voices, or the 
double octave differences between 8-foot and 
2-foot Voices in the particular embodiment 
shown. While it is within the scope of my in 
vention to provide additional stages of octave 
coupling as will be readily apparent to the skilled 
Worker in the art in the light of these teachings, 
there is another way of obtaining octave rela 
tionships which I make use of in the exemplary 
enbodiments helrein illustrated. 

It will be understood that in my instrument 
the voicing representations control the funda 
mental frequencies of individual notes as well as 
their harmonic contents. In Figure 7 I have 
shown at 84 a simplified voice representation of 
Sine Wave form having a periodicity or funda 
mental frequency represented by the distance 
between dot-dash lines 85 and 86. But I have 
also illustrated directly therebelow another sim 

l3 

20 

30 

40 

2,576,759 
14 

plified sine wave voice representation 87 having 
a cycle length represented by the distance be 
tween 85 and 88 or 88 and 86. If a light beam 
traverses the voice representation 84 a series 
of light beams spaced apart the distance between 
85 and 86 traverse voice representation 84 at a 
particular Speed and then impinge on a photo 
cell, the light so impinging will be caused to fluc 
tuate at a certain cyclical rate. If however the 
same beams moving at the same speed traverse 
the vioce representation 87 the frequency of the 
Cyclical variations Will be doubled. I have shown 
also a third voice representation 89 in which the 
Variations are half the length of those in 87 and 
One quarter the length of those in 84. The same 
beams traversing the voice representation 89 at 
the same Speed will produce cyclical light varia 
tions having a frequency twice or four times the 
frequency of the previous cases respectively. 
While the voice tracks in Figure 7 have been 

shown as Simple sine Wave tracks, it will be under 
stood that they may incorporate periodic varia 
tions additionally imparting harmonics of se 
lected amplitude and number. In order to pro 
duce a successful result under these circumstances 
it is only necessary that the effective width of the 
transparent areas in the pitch track be narrow 
enough to scan the variations of the voice track 
properly. Thus within certain limits it is quite 
possible to secure 4 foot or 2 foot voices, for ex 
ample, from pitch tracks which would normally 
produce 4 foot or 8 foot voices if they were em 
ployed to scan voice representations having cycli 
cal variations equivalent in length to the distance 
between the transparent areas of the pitch tracks. 
In the particular embodiment of my invention 
I employ these principles in connection With the 
Voicing representations of the series 83 and 60. 
The representations specifically indicated at 

69a are used to extend the series 83 an additional 
(higher) Octave. Since the latter represents a 
2-foot voice in the normally 4-foot sections 4 f, it 
may be composed of “double' wave forms as shown 
at 87 in Figure 7. It will then follow that the 
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group 60d Will be "quadruple' wave forms, such 
as 89, Since they must represent a 2-foot voice in 
the normally 8-foot section 42. It will be obvious 
then that it will be desirable that voice shutters 
corresponding to areas 83 and 80a be actuated by 
the Same stop tab. Their respective actuating 
Wires may be interconnected at the actuating stop 
tab, or in any suitable manner. A preferred 
construction is disclosed in a copending applica 
tion in the name of Merton D. Corwin, entitled 
The Construction of Photoelectric Organs, Serial 
No. 181,630, filed August 26, 1950. In a similar 
manner, other voicing shutters in the group 22d 
Will be operated simultaneously by the stop tabs 
connected to the voicing shutters corresponding 
to the Series 82, so that the 4-foot voices repre 
Sented thereby may be extended an additional 
(higher) octave. The areas 60b-69d, as pointed 
out above, will be double wave forms since they 
relate to 4-foot voices in the normally 8-foot 
area 42. 
The Specific nature of the voices involved does 

not form a limitation on the invention, and may be 
any desired. 

General voice arrangements 

One of the objects of the invention is to pro 
vide a generator assembly which will serve the 
purposes of a variety of keyboard instruments and 
Which, in that function, will be as nearly stand 
ardized as possible. By a variety of keyboard 
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instruments, Iinean those it rangings from Single 
keyboard instruments; (usually. Without any pedal 
clavier; although a pedal.clavier may be added if 
desired) to plural keyboard instruments which 
also include a pedal clavier and which have both 
a large number of voices, and a . Wide Wairiety Cf 
voices. The constructional features hereinabove 
described enable me to accomplish this. . 
A single- manual instrument, especially. One 

without a pedal clavier, will normally have a di 
vided keyboard with provision for Securing the 
Same". O. different voices, in the bass and treble 
sections as well as: the provision of voiceS-indi 
vidual to the two sections, and differing as to 
number. In. Figure-, 5 I have illustrated an ex 
emplary-arrangement for a single manual instru 
ment of the divided keyboard type. ASSunning 
that theinwardsections of any divided Voice Series 
on the illustrated voice disc. area.SSociated with 
shutter. Wires connected to the playing keys in the 
bass section of the manual or keyboard and the 
remaining portions of these Sections plus others 
have their shutter wires connected to the keys 
in the treble. Section, it will be.noted that the part 
ticular arrangement illustrated provides the foll 
lowing: 

One single-octave 16-foot Voice for the bass Sec 
tion, 

Three two-octave 8-foot, voices for the bass sec 
tion, 

Three two-octave 4-foot voices for the bass sec 
tion, 

Two four-octave 16-foot voices for the treble Sec 
tion, 

Four four-Octave: 8-foot voices for the treble Sec 
tion, 

Three four-Octave 4-foot Woices for the treble Sec 
tion, and 

One four-octave 2-foot voice for the treble section. 

Agreater or lesser number of Voices inay be pro 
Wided by increasing or diminishing the number 
of Series of voicing representations and shutter 
nechanisins in the light of the teachings above. 
The point of division between Voices may be varied 
by Varying the respectivelengths of the two voice 
shutter plates, appropriate to any particular 
Voicing Series So as to change either the point of 
division in the keyboard itself for all Voices or the 
points of division of different voices as respects 
the Saine:keyboard: 

The Voice disc arrangement illustrated in Fig 
lure 5 is also appropriate for use in a singie manual 
instrument having a pedal clavier. In such an 
instrument the: extent of the keyboardiis; usually 
leSS. than that of an instrument having no pedal 
clavier. Where a pedal clavier is employed, the 
Shutter Wires and Voice: shutter rechanisas for 
those Voice Series hither to referred to as cons. 
nected to the bass. Section will be connected to the 
pedal clavier, and the shutter wires and voice 
shutters for the remainder of the voice Sections 
Will be connected to the Single manual keyboard. 

In plural manual instruments having also a 
pedal clavier, I prefer to employ two generato's 
One for each mania. Each of these generators 
Will have. What nay be called a, treble Section 
Which Will be connected through the appropriate 
shutter Wires to the playing keys of one of the 
manuals, While the Voicing shutters for the Sarae 
Voicing Series Will be connected to stop tabs ap 
propriate to that manual. What has herein 
above been referred to as the bass Section Voicing 
Series. Will be connected in this instance through 
the-appropriate Shutter Wires to the pedal clavier. 
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6 
In Figure:8;I..havesillustrated diagrammatically. 
a Voice disc; arrangement for the: great organ 
Inahua. Of a tWO manual instrument. The-lines. 
of division between the sections of divided voice 
Series in this instance, have a:different placement 
from the lines of division in the single manual 
arrangement of Figure: 5. It Will be noted that 
the particular arrangerinent of Figure: 8 provides 
for , the five-octaves of the great manual: 

One 2-foot. Voice. 
Four 8-foot 'Voices, 
Three 4-foot voices, and 
One 2-foot. voice. 

There is provided by this voicing dise, for use 
in connection with the pedal clavier: 
Three one-octave 16-foot voices (in area, 42), and 
Three one-octave 8-foot voices (in area, ). 
The arrangement of the voice disc for the SWell 

manual generator is substantially the same and 
is partially illustrated-in: Figure 9. This voice 
disc and the generator in which it is located will 
furnish the same number of voices for the Swell 
manual as that set forth above, together, with 
Voices, for the second octave of the pedal clavier 
(using Voicing: representations of the type. 8 in 
Figure 7). 
Since different specific voices are usually de 

Sired for the great, and SWell manuals of an effec 
tive instrument, the Voicing discs for the two 
generators in a two manual instrument, Will be 
Specifically different. The generators for the 
tWo instruments; however, do not have to differ 
in any other: respect. 

Since the illustrated lines of division in divided 
Voicing series, are different as respects the voice. 
discs for tWomanual and single manual instru 
Inents, this implies a different division of certain 
Of the Voice shutters for the several series, as will 
readily be understood. However, where a plu 
rality, of different kinds of voice shutters are 
kept in stock, they may be mounted by means of 
the-pintle Wires 68 on the same posts or supports 
6, and this matter, taken care of in the assembly 
of the instrument. 
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Where.the-lines of division between parts of 
Voicing series differ the "lost' notes Will likewise 
differ. However, extra pitch tracks, in the group 
57 (of Figure 5) may be provided for all of these 
“lost' notes, and the only other difference will 
lie, in the note. shutter, wires at the inside of the 
main shutter plate i and the manner in which 
these are connected to the Bowden transmissions 
or With other shutter wires. This is also a matter 
Which may be taken care of in assembly. 
Thus, it. Will be seen that I have created a 

Standardized, design of generator in which the 
exception of the voice dises, certain of the voice 
Shutters, and two or three-of the innermost note 
shutter Wires, all parts are standard and invar 
iable; While: this. Standardized mechanism will 
meet the needs of . a. Wide variety of keyboard 
instruments. 

It Will be-understood that as manuals, beyond 
the great and SWell manuals hereinabove referred 
to, are-added to a complex organ, additional gen 
erators of my-standardized design may be added, 
differing from...those described above only in their 
Voice discS, Which may be-altered to provide still 
other Voices. 

It, Will be-apparent also that the standardized 
construction to . Which reference...has been made, 
permits: ag. Wide Variety of modifications to be 
accomplished and Without alteration of the main 
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parts of the structure to adapt any particular in 
Strument to specialized uSeS. 

Modifications may be made in my invention 
Without departing from the Spirit of it. Having 
described my invention in certain exemplary 
embodiments, what I claim as new and desire to 
secure by Letters Patent is: 

1. In a photoelectric musical instruinent a 
shutter plate having in one Surface grooves for 
containing shutter wires and openings extending 
through the plate from the bottom of said grooves, 
shutter wires in said grooves, said Wires being 
capable of moving from side to side in said grOOWeS 
to cover and uncover said openings, and means 
to so move said wires, said grooves being inter 
rupted at intervals and said shutter Wires passing, 
where said grooves are interrupted, from One 
groove to another groove Which is not a prolon 
gation thereof. 

2. The structure clained in claim 1 Wherein 
said groove have an arcuate configuration in said 
plate and in which said wires follow arcuate paths 
in said grooves and substantially rectilinear paths 
where said grooves are interrupted. 

3. The structure claimed in claim 1 wherein 
said grooves have an arcuate configuration in 
said plate and in which said Wires follow arcuate 
paths in said grooves and substantially rectilinear 
paths where said grooves are interrupted, and in 
which said Wires serve to cover and uncover a 
plurality of openings per groove in the uninter 
rupted Sections thereof. 

4. In a photoelectric musical instru?ment a 
shutter plate having arcuate gl'OCves of Substan 
tially concentric arrangement in said plate, 
shutter wires lying in said grooves, Said Wires 
serving to cover and uncover light openings in 
the bottoms of said grooves by moving from Side 
to side in said grooves, and means to So move 
said wires, said grooves being interrupted in Com 
mon substantially radially directed areas So as 
to provide grooved areas and ungrooved areas on 
the surface of said plate, said shutter Wires 
traversing the grooves of a gl'OOved area arcu 
ately, and passing rectilinearly in an ungrooved 
area to meet other grooves of the next grooved 
area, lying in said last mentioned grooves in an 
arcuate fashion. 

5. Che structure claimed in claim 4 wherein 
the grooves are arranged in a plurality of Series 
of 12 concentric grooves each, representing the 
semi-tones of the equi-tempered musical Scale 
and wherein in Said ungrooved areas Said Wires 
pass from a groove for a particular frequency in 
a first grooved area to a groove for an octavely 
related frequency in the next grooved area. 

6. In a photoelectric musical instrument of the 
type having a grooved shutter plate With light 
openings extending therethrough from said 
grooves and Wires lying in Said grooves to COver 
and uncover Said light Openings, coupling means 
comprising an interconnection between wire por 
tions lying in different ones of Said grooves where 
by Said wires are actuated simultaneously. 

7. In a photoelectric musical instrument of a 
type having a rotating pitch disc. With concentric 
pitch tracks thereon and a voice disc. With a plu 
rality of Series of Voice representations respond 
ing to Said pitch tracks in position, a shutter plate 
having a surface provided with grooves respond 
ing to said pitch tracks in position, having series 
of light openings therethrough from the bottoms 
of Said grooves and responding in position to said 
Series of voice representations, and having un 
grooved areas interrupting Said grooves at inter 
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vals, and shutter Wires lying in said grooves re 
Spectively and passing in said ungrooved areas 
from One Set of grooves to another set of grooves 
progressively. 

8. The structure claimed in claim 7 wherein 
Said pitch disc has a plurality of Said pitch tracks 
arranged progressively in the order of the semi 
tones of a plurality of octaves of the equi-tem 
pered musical Scale, and in which said shutter 
Wires paSS from grooves in said first grooved 
area, related to certain of said pitch tracks to 
grooves in a Succeeding grooved area related to 
pitch tracks an octave higher than the first 
mentioned pitch tracks. 

9. The Stucture claimed in claim 7 wherein 
Said pitch disc has a plurality of said pitch tracks 
arranged progressively in the order of the semi 
tones of a plurality of Octaves of the equi-tem 
pered musicai Scale, and in which said shutter 
Wires paSS froin grooves in said first grooved area, 
related to certain of said pitch tracks to grooves 
in a Succeeding grooved area related to pitch 
tracks an octave higher than the first mentioned 
pitch tracks, and in which a plurality of dif 
ferent Shutter wires lie in continuations of the 
Same grooves in different grooved areas of said 
Shutter plate. 

10. The Structure claimed in claim 9 including 
Voicing Shutters on the side of said plate opposite 
Said grooves and acting to cover and uncover the 
Several Series of voicing representations on said 
Voice disc. 

11. The structure claimed in claim 9 including 
Voicing shutters on the side of said plate opposite 
Said grooves and acting to cover and uncover the 
Several Series of voicing representations on said 
Voice disc, and in which the voice shutter for at 
east One of Said Series is interrupted intermediate 
its length to form two separately actuable voice 
Shutter parts. 

12. In a photoelectric musical instrument of 
a type having a rotating pitch disc with concen 
tric pitch tracks and a voice disc bearing several 
Series of voice representations, the series being 
directed transverse the pitch tracks, voicing shut 
ters for Said series divided interimediate their 
ends into a plurality of separately operable por 
tions, the Series of voicing representations pro 
vided with Such shutters being divided into dif 
ferent voices for the different shutter portions. 

13. A shutter plate having a plurality of sub 
Stantially arcuate grooves formed in one face 
thereof, the opposite face of said plate having a 
plurality of recesses traversing said grooves, said 

55 plate having apertures opening from said grooves 
into Said recesses, flexible, strand-like shutter 
elements lying in Said grooves and movable to 
Cover and uncover Said apertures, and other shut 
ter elements associated with said recesses to cover 
and uncover a plurality of apertures associated 
thereWith, One at least of said last mentioned 
Shutter elements being divided transversely into 
a plurality of separately operable portions. 

14. A shutter plate having a plurality of sub 
5 stantially arcuate grooves formed in one face 

thereof, the opposite face of said plate having a 
receSS traversing Said grooves, said plate having 
a plurality of apertures opening from said grooves 
into Said receSS, flexible, strandlike shutter ele 
ments lying in Said grooves and movable to cover 
and uncover Said apertures, and a pair of shutter 
elementS aSSociated with said recess, each inde 
pendently movable to cover and uncover different 
parts of apertures aSSociated with said grooves. 

15. The structure claimed in claim 14 wherein 
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one of said last mentioned pair of shutters ele 
mentS is pivoted at one Side of Said receSS and 
moves from covering to uncovering position a Way 
from Said plate while the other of Said shutter 
elements is pivoted at the other Side of Said 
receSS and moves from COWering to uncovering 
position in a direction toward Said plate. 

16. A shutter plate having a plurality of Sub 
Stantially arcuate grooves formed in One face 
thereof, the opposite face of Said plate having a 
receSS travel'Sing Said grooves, Said plate having 
apertureS Opening from Said grooves into Said 
recess, flexible, strand-like shutter elements lying. 
in Said grooves and movable to cover and uncover 
Said apertures, and a plurality of shutter elements 
aSSOciated With said recess to cover and uncover 
each leSS than the full number of said aroertures. 

17. A pitch disc for use with a voice disc hav 
ing divided series of voicing representations 
thereon and divided voicing shutters, said pitch 
disc having pitch tracks concentrically arranged 
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thereon, Said pitch tracks comprising a first group 
arranged Successively in accordance with the 
Semi-tones of a plurality of octaves of the equi 
tempered musical Scale, and a second group of 
pitch tracks thereon. Some at least of which are 
for the Same frequencies as pitch tracks in the 
first group to Supply notes lost at the points of 
division of Said Series of voicing representations. 

8. A pitch disc for use with a voice disc haWa 
ing divided series of voicing representations 
thereon and divided voicing shutters, said pitch 
disc having pitch tracks concentrically arranged 
thereon, Said pitch tracks comprising a first 
group arranged Successively in accordance with 
the Semi-tones of a plurality of octaves of the 
equi-tempered musical scale, and a second group 
of pitch tracks thereon some at least of which 

25. 
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are for the same frequencies as pitch tracks in 
the first group to Supply notes lost at the points 
of division of said series of voicing representa 
tions, in combination with shutter means of wire 
and groove type, and wherein wire shutter ele 
ments lying in separate grooves for the same fre 
quencies are interconnected for concurrent op 
eration. 

19. A pitch disc for use with a voice disc hav 
ing divided series of voicing representations. 
thereon and divided voicing shutters, said pitch 
disc having pitch tracks concentrically arranged 
thereon, said pitch tracks comprising a first 
group arranged successively in accordance with 
the semi-tones of a plurality of octaves of the 
equi-tempered musical scale, and a Second group 
of pitch tracks thereon some at least of which are 55 - 
first group to supply notes lost at the points of 
for the same frequencies as pitch tracks in the 

division of said series of voicing representations, 
in combination with shutter means of wire-and 
groove type, and wherein the grooves of Said 
shutter means are interrupted in groups, with a 
passage of said shutter wires from grooves of one 
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of division of Said Series of voicing representa 
tions, in combination. With shutter means of wire 
and-groove type, and wherein the grooves of said 
Shutter means are interrupted in groups, with a 
paSSage of Said Shutter wires from grooves of one 
group to different grooves of the next succeeding 
group whereby to effect coupling, and in which 
Certain of the Series of Voicing representations 
are common to less than the full-number of Said 
pitch tracks. 

21. A pitch disc for use with a voice disc hav 
ing divided series of voicing representations 
thereon and divided voicing. Shutters, Said pitch 
disc having pitch tracks concentrically arranged 
thereon, said pitch tracks comprising a first 
group arranged successively in accordance with 
the Semi-tones of a plurality of Octaves of the 
equi-tempered musical scale, and a second group 
of pitch tracks thereon some a least of which 
are for the same frequencies as pitch tracks in 
the first group to Supply notes lost at the points 
of division of Said Series of voicing representa 
tions, in combination with shutter means of 
Wire-and-groove type, and wherein the grooves 
of Said Shutter means are interrupted in groupS, 
with a passage of said shutter wires from grooves 
of one group to different grooves of the next suc 
ceeding group whereby to effect coupling, and in 
which certain of the series of Voicing representa 
tions act to modify moving beams of light pro 
duced by pitch tracks on Said pitch disc to provide 
voices having fundamental frequencies greater 
than the lowest fundamental frequencies de 
rivable from their respectively associated pitch 
tracks. 

22. A pitch disc having pitch tracks thereon. 
divided into two groups, a first group of pitch 
tracks arranged consecutively in the order of the 
Semi-tones of a plurality of octaves of the equi 
tempered musical Scale and a second group of 
pitch tracks not So arranged but including pitch 
tracks duplicating as to fundamental frequency 
certain of the pitch tracks in the first group, in 
which the pitch tracks of the second group lie 
concentrically inside the pitch tracks constituting 
the first group. 

23. A pitch disc having pitch tracks thereon 
divided into two groups, a first group of pitch 
tracks arranged consecutively in the order of the . 
Seni-tones of a plurality of octaves of the equir 
tempered musical scale and a second group of 
pitch tracks not so arranged but including pitch 
tracks duplicating as to fundamental frequency 
certain of the pitch tracks in the first group, in 
which the pitch tracks of the second group lie 
concentrically inside the pitch tracks constituting 
the first group, and in which a pair of additional 
tracks is arranged concentrically outside the first, 
group of tracks, one of said additional pitch 
tracks constituting a speed control track and the 

group to different grooves of the next succeeding 
group whereby to effect coupling. 

20. A pitch disc for use with a voice disc hav 
ing divided series of voicing representations 
thereon and divided voicing shutters, Said pitch 
disc having pitch tracks concentrically arranged 
thereon, said pitch tracks comprising a first 
group arranged successively in accordance with 
the semi-tones of a plurality of octaves of the 
equi-tempered musical Scale, and a Second group. 
of pitch tracks thereon some at least of which 
are for the same frequencies as pitch tracks in 
the first group to supply notes lost at the points 

65 

70. 

75 

other a vibratotrack. - 
24. A voice disc for use with a rotating pitch 

disc having concentric pitch tracks, said voice 
disc having voicing representations thereon re 
sponding to the several pitch tracks and arranged 
in series traversing the said pitch tracks, where 
at least one of the said series of voice representa 
tions is divided intermediate its length into a 
plurality of groups of voice representations for 
different voices. 

25. A voice disc for use with a rotating pitch 
disc having concentric pitch tracks, said voice 
disc having voicing representations thereon re 
sponding to the Several pitch tracks and ar 
ranged in series traversing the said pitch tracks, 
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Where at least One of the Said Series of voice 
representations is divided intermediate its length 
into a plurality of groups of voice representations 
for different voices, and in which certain at least 
of said series traverse less than the full number 
of said pitch tracks. 

26. A voice disc for use with a rotating pitch 
disc having concentric pitch tracks, said voice 
disc having voicing representations thereon re 
sponding to the several pitch tracks and ar 
ranged in series traversing the said pitch tracks, 
where at least One of the said Series of voice re 
presentations is divided intermediate its length 
into a plurality of groups of voice representations 
for different voices, and in which said last men 
tioned series contain voicing representations 
acting to increase the fundamental frequencies of 
cyclical variations produced in light beams trav 
ersing them at given Speeds. 

27. In a photoelectric generator of the type 
having a wire-and-groove shutter arrangement 
including a shutter plate, a voice disc Supported 
by said shutter plate and closing the grooves 
therein, a pitch disc rotatively mounted on said 
Shutter plate and driven with respect thereto, 
Series of voicing representations on the voice disc 
traversing the pitch tracks, and voicing shutters 
acting to select voices, and an interconnection 
between wire portions traversing different ones 
Of Said grooves. 

28. The structure claimed in claim 27 wherein 
certain of the grooves traversed by interconnected 
Wire portions lie opposite pitch tracks for the 
same fundamental frequency on said pitch disc 
and wherein certain at least of the series of voice 
representations are divided into different voices 
intermediate their lengths at the points of oc 
currence of said duplicated frequencies. 

29. The structure claimed in claim 27 in which 
the grooves in Said shutter plate are interrupted 
and in which the interconnected wire portions 
are continuations of the same wire elements, 
said wire elements passing from groove to groove 
in the areas of interruption of said grooves 
whereby to effect coupling. - 

30. In a keyboard instrument having a bass 
Section and a treble Section, a photoelectric gen 
erator of a type having a rotating pitch disc, a 
voice disc and a grooved shutter plate with wire 
elements for covering and uncovering apertures 
therein, the voice disc having voicing representa 
tions, and the voicing representations and the 
apertures of Said shutter plate being arranged in 
corresponding Series traversing the pitch tracks, 
certain at least of Said voicing representation 
Series being divided intermediate their length into 
treble and base portions, the shutter wires tra 
Versing said portions being connected respectively 
to the bass and treble sections of the playing ele 
ments of said instrument. 

31. The Structure claimed in claim 30 wherein 
Said instrument is a single manual instrument 
and wherein the bass and treble portions of the 
playing elements of Said instrument are divided 
portions of Said manual. 

32. The structure claimed in claim 30 wherein 
Said instrument has a manual and a pedal clavier 
and wherein the treble shutter wires are con 
nected to the playing keys of said manual, and 
the Shutter wires of the bass Section are con 
nected to the pedals of Said pedal clavier. 

33. The structure claimed in claim 32 wherein 
the grooves of said shutter plate are interrupted 
intermediate their lengths and in which the 
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Shutter Wires paSS from groove to groove in the 
areas of interruption to provide coupling. 

34. The Structure claimed in claim 32 wherein 
the grooves of said shutter plate are interrupted 
intermediate their lengths and in which the Shut 
ter wires paSS from groove to groove in the areas 
of interruption to provide coupling, and in which 
certain of the series of voicing representations 
are common to less than the full number of Said 
pitch tracks. 

35. The structure claimed in claim 32 wherein 
the grooves of said shutter plate are interrupted 
intermediate their lengths and in which the shut 
ter wires pass from groove to groove in the areas 
of interruption to provide coupling, and in which 
certain at least of the last mentioned series con 
tain voicing representations for producing a 
fundamental frequency higher than the lowest 
frequency obtainable from the pitch tracks with 
which they are associated. 

36. In a photocell musical instrument having 
at least two manuals and a pedal clavier, a pair 
of photoelectric generators each having shutters 
On a stationary shutter plate, and a rotating pitch 
disc with pitch tracks thereon, said shutters 
being divided into two groups, a first group for 
providing the Semi-tones of a plurality of octaves 
of the equi-tempered musical scale for one of 
the manuals, and a second group for providing 
a plurality of notes for the pedal clavier'. 

37. In a photoelectric musical instrument hav 
ing at least two manuals and a pedal clavier, a 
pair of photoelectric generators each having 
Shutters on a Stationary shutter plate, and a 
rotating disc with pitch tracks thereon, said 
shutters being divided into two groups, a first 
group for providing the semi-tones of a plurality 
of octaves of the equi-tempered musical Scale 
for One of the manuals, and a Second group for 
providing a plurality of notes for the pedal 
clavier, said generators also having a voice disc 
With Series of Voicing representations thereon for 
imparting voices, certain at least of said series 
being divided intermediate their lengths to pro 
vide in connection with said pitch tracks voices 
for said manuals and other Voices for said pedal 
clavier and voicing Shutters for said respective 
portions connected respectively with stop tabs 
for Said manuals and Said pedal clavier. 

38. The structure claimed in claim 37 where 
in the shutter plate is provided with grooves 
responding in position to said tracks, wherein 
wire shutter elements lie in said grooves, wherein 
Said grooves are interrupted intermediate their 
lengths, wherein said shutter wires pass from 
groove to groove where said grooves are inter 
rupted, so as to attain coupling, and wherein 
grooves for certain of said pitch tracks are trav 
ersed by different wires in different parts, certain 
of said wires having connection to the playing 
keys of a manual and certain thereof having 
connection with said pedal clavier. 

39. A pitch disc having pitch tracks thereon 
divided into two groups, a first group of pitch 
tracks arranged consecutively in the order of 
the Semi-tones of a plurality of Octaves of the 
equi-tempered scale and a second group of pitch 
tracks not SO arranged but including pitch tracks 
duplicating as to fundamental frequency cer 
tain of the pitch tracks in the first group, in 
which a speed control track is arranged concen 
trically outside the first group of tracks. 

40. A pitch disc having pitch tracks thereon 
arranged consecutively in the order of the semi 
tones of the equi-tempered scale and a speed 
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control track, thereon arranged concentrically 
with said pitch tracks. 

41. In a photoelectric musical instrument. Of 
a type having a rotating pitch disc with concen 
tric pitch-tracks thereon and a voice disc having. 
several Series of voice representations, the Series 
being directed transverse the pitch tracks, voic 
ing shutters for said series, one of Said Series 
being an extension of the voice-of-another series, 
the voicing shutters for said last mentioned. 
series being interconnected for Simultaneous 
actuation. 

42. In a photoelectric musical instrument of a 
type having a rotating pitch. disc with concentric 
pitch tracks thereoni and a voice disc. having 
several series of voice representations, the several 
series being directed transverse the pitch-tracks, 
one of said several series being an extension of 
the voice of another of said several Series, said 
one series having a representation of a Wave 
having substantially the same form but half the 
Wave length of said other Series. 

43. In a photoelectric musical instrument in 
cluding a pitch disc having a plurality of con 
centric circular pitch tracks, a shutter plate 
having a surface provided with arcuate grooves 
Substantially responding to Said pitch tracks in 
position, each of said arcuate grooves being a 
portion of a spiral, Said Spiral having a center 
off-set from the true center of Said shutter plate, 
said shutter plate being receSSed on that Side 
having the grooved Surface SO as to interrupt Said 
spiral, said shutter plate having light openings 
extending therethrough from Said arcuate 
grooves, wires lying in Said arcuate grooves, and 
means to actuate Said WireSSO as to COVer and 
uncover said light openings. 

44. The structure of claim 12 in which a plu 
rality of the said several series of voice repre 
sentations lie in a given Sector of Said disc, the 
series making up said plurality being arranged 
parallel to one another, some of Said parallel 
series being of different lengths whereby the an 
gle defining said sector is smaller than would be 
the case if the said plurality of series were radial- 45 2014,741 
ly disposed of said disc. 
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45. The structure of claim 24 in which a plus 

rality of series of voicing representations lie. in 
a given sector of said disc, the Series making up 
said plurality being arranged parallel to one 
another, some of said parallel series being of 
different lengths whereby the angle defining said 
sector is smaller than would be the case if the 
said plurality of series were radially disposed of 
said disc. 

46. The structure claimed in claim 4 in which 
the rectilinear path assumed by a said shutter 
wire in passing through an ungrooved area, from 
one grooved area to the next grooved area is a 
tangential projection of the shutter wire lying 
in an arcuate groove of the first mentioned 
grooved area. 

47. A pitch disc having pitch tracks thereon 
divided into two groups, a first group of pitch 
tracks arranged consecutively in the order of 
the equi-tempered scale and a second group of 
pitch tracks not so arranged but including pitch 
tracks duplicating as to fundamental frequency 
certain of the pitch tracks in the first group, in 
Which an annular armiature rim is arranged about 

5. the periphery of said pitch disc. 
48. A pitch disc having pitch tracks thereon 

divided into two groups, a first group of pitch 
tracks arranged consecutively in the order of 
the semi-tones of a plurality of octaves of the 
equi-tempered scale and a second group of pitch 
tracks not so arranged but including pitch tracks 
duplicating as to fundamental frequency certain 
of the pitch tracks in the first group, in which 
a tremolo track is arranged concentrically out 
side the first group of tracks. 
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