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This invention relates to musical instruments '

and has for its principal objects the production
of light waves of varying intensities correspond-
ing in vibrations to those of the sound which

5 it is desired to produce, and the conversion of
“the light waves so produced to sound, and the
provision of a mechanism for producing sounds
by such.a process of tonal quality and pitch as
determined by automatic control means or hand

10 cperation. S

Tn one phase it is particularly directed to the
process of and apparatus for producing light
waves of predetermined ‘frequency, intensity and
sequential variation, entirely under ‘the control

15 of the operator, in contrast to apparatus now
in use for reproduction of sound through the
medium of light and photography.

Further objects are to produce such a mech-
anism which may be contained in small space,

90 Which will be simple to construct, maintain and
operate, and by means of which any desired com-
bination or sequence of pitches and tone quali-

~ tles may be obtained.

Tt has for a further object the faithful repro-

o5 duction of a desired sound or tone at any pitch
desired. :

Another object is the method of sound pro-
duction consisting in impressing the vibrations
upon a moving air stream and in varying the

30 movement of this airstream in synchronism with
the vibrations. :

Another object is to provide such an instru-
ment whereby the tonal quality produced may
be easily changed to meet various requirements,

35 and whereby an infinite variety may be obtained

’ by simple substitutions.

Another object is to produce such manufac-
tured sound waves of pure tone quality and pitch
without mechanical noise.

40  With these and other objects in view the in-
véntion comprises the process and apparatus for
the production of light waves of predetermined
‘variation, amplitude, and period and the con-
version of such waves into sound, aill as illus-

45 trated in the accompanying drawings and as will
be finally pointed out in the claims.

With the foregoing and other objects in view,
my invention consists in certain novel features
of construction and arrangement of parts that

50 will hereinafter be more fully described and
claimed and illustrated in the accompanying
drawings, in which:

_ Pig.lis a diagrammatic arrangement of the
snvention for automatic and associated manual

55 production of music or sound.

(1. 84—1) R

Fig. 2 is a more detailed diagrammatic repre-
sentation of this invention,

Fig. 3 is a fragmentary plan view of one of
the light wave producing units.

Fig. 4 is a transverse section through a inodi- .

fied form of the light wave production and con-
version device. )

Fig. 5 is an enlarged fragmentary detail of the
pitch determining disk. . )

Fig. 6 is a fragmentary detail illustration of
the tone determining film.

Fig. 7 illustrates a means of producing the
tone film of Fig. 6. .

Fig. 8 illustrates a means for obtaining & va-
riation in tone effect.

Fig. 9 illustrates a resonant .tonal producing
and amplifying device. o

Fig. 10 is a section on line 10—10 of Fig. 9.

Fig. 11 is a fragmentary section on line {{—I1
of Fig. 3. _

Figs. 12 and 13 illustrate modified forms of
tone-quality control. ) :

Fig. 14 illustrates a modified form of pitch
control. : :

Figs. 15a and 15b represent forms of musical
vibrations.

Figs. 16a and 16D represent sections through
tone fllms. : . .

Figure 17 is an illustration of additional fone
regulating means. .

Referring now to Figs. 1 and 2, which illus-
trate a preferred form of my invention, I pro-
vide an automatic control means 20, a manual
control means 21, a light wave producing means
22, means for converting the light waves formed

[
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by the means 22 to electrical waves comprising

converting means 23, and a sound producing
mechanism 24. .

The automatic means 20 and the manual
means 21 may operate in conjunction, or either
may be operated separately, the means 21 being
{llustrated as an organ keyboard comprising &
series of keys 25 for the control of the pitch of
the sound produced; and which may be arranged
in banks comprising manuals and pedals, as in
the usual organ keyboards. :

For controlling the tone quality and character
o series of stops 26 are provided and each of
these stops is shown.as including a switch 27
interposed between a source of current supply
28 and a tone determining means 29.

Preferably I may provide a series of light wave
producing means 22, as shown in Fig. 1, each of
such wave producing means having associated
therewith a plurality of tone determining means
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2

28 all connected and controlled from & common
source incorporating the /gutomatic control
means 20 and the manual control means 21 so
that I may simultaneously produce through the
operation of the various stops a succession of

sounds of different tone quality or by the oper-’

ation of the various manuals produce simulta-
neously separate melodies or accompaniments
in different or similar tone quality. To such ef-
fect I may, as shown diagrammatically in - Fig,
1, connect one bank of stops 26 to the tone de-
termining means 29 upon one of the means 22
and another bank of stops to the means 29 upon
another light wave producing means 22, and I
may control one of the means 22 from one of
the keyboards and another of the means 22 from
another of the keyboards. . : .

I may also prefer to provide several of the
sound producing units 24 which may be situated
in various parts of an auditorium and to which
I may switch some or all of the sounds. :

The automatic control means is best iltustrated
in Fig. 2, and includes g source of light 30, a series
of light sensitive cells 31, positioned so as to re-
“ceive light energy from the source 30, as through
an opening 32 in the cell covering 31a.

An opaque strip 33 of flexible material, such -

as paper, metal or film, and provided with light
bassages such as transparent portions or open-
ings as at 34 is adapted to pass between the light
source and the cells 31, and as the light openings
34 in the strip 33 pass over the openings 82 rays
from the light are transmitted to the cells 31
generating a current variation therein.

Certain of the cells 3f are connected to relays

shown diagrammatically at 35, and others are
each connected to a relay as 36. It will be under-
stood that each of the cells 31 is connected to a
separate relay, only two of such. relays being
shown in the drawings for the sake of simplicity.

The current variation generated in the cells
31 operates to close either one of the relays 35
or one of the relays 36, depending upon the par-
ticular cells exposed to the light I'ays.

Any of the relays 35 operates to close the cir-
cuit between the source of current supply 28 and
one of the tone determining means 29, producing
the same effect as the stop 26. The relay 36 op-
erates to close the circuit between the source of
current supply 28 and & means 31 for effecting
the pitch control operation. This relay closes
the circuit between the same members- that are

“closed by the operation of
25, there preferably being a relay 3% for eac
stop 26 and a relay 36 for each key 285, ’

" The light wave producing means 22 may com-
prise a source of light energy 38, a semi-con-
fining shield 39 for such light, a series of pitch
shutters 40 movably mounted on guides 408a and
adapted-to be controlled by a series of means 37,
shown diagrammatically as electrically operated
solenolds resisted by tensile springs 31b, and
adapted to close the opening in the shield 39 at
certaln points to prevent the bassage of light
to the conversion means 23. A housing 31q is
provided for means 317. )

A vibration producing device 41 is interposed
between the pitch shutters 40 and the conversion
means 23. A secondary shutter 42 is interposed
between the vibration producing device 41 and a
tone flim 43, also between the light source 238 and
: 23. An opaque shutter 42q

‘may be also provided controlled by one of the
means 31 and an associated stop 26.

.The vibration producing means 41 is fllustrateq

3
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in Figs. 2, 3 and 5, as comprising a disk 44 of
transparent material covered with an emulsion
45 having an opaque portion 46 and a series of
transparent portions 47.

The disks may also be made of any opaque ma-
terial, such as paper, metal, rubber or other com-

- position and the light openings provided by ap-
‘propriately spaced perforations, as at 47’, Fig. 4.

Referring now to Figs. 3 and 5, it will be seen
that these transparent portions 41 form a series
of light openings arranged in conceniric rings
of the disks 44, and the spacing of the openings
in each of such rings being’ equal and the spac-
ing of the openings in each successive ring being
different.

As illustrated, the number of light openings
per ring doubles at each thirteenth ring moving

outwardly from the center, representing g pitch

an octave higher, Intermediate rings are pro-
vided with openings to represent the intermediate
note, that is the twelve rings would represent the
twelve half tones of each octave.

Practical consideration may necessitate group-
ing various ranges on each disk, that is, on any
one disk every third or fourth note may be an
octave higher instead of by steps of twelve, in~
termediate tones appearing on other disks re-
volving at other speeds. This is to secure more
accurate pitch production with a minimum num-
ber of perforations: .

For each ring of openings there is one of the
pitch shutters 40. Thus shutter 49 may extend
entirely around the disk as shown in Figure 3, so
as to control the transmission of light to one of
the light sensitive cells 48 of each of the conver-
sion means 23, or may be a shutter as illustrated

in Fig. 14, at 40’ and control the light energy over -

but one of the cells 48.

As the disks 44 are rotated at predetermined
speeds, light from the source 38 passes through
any of the shutters 48 which are open and in a
series of rays or beams passes through the open-
ings 47 and across the tone film 43 onto the cells
48 producing a series of light vibrations, the fre-
quency of which depends upon the speed of the
disk 44 and the spacing of the light openings 41.
Inasmuch as these light rays pass through the
tone film 43 in their passage across the cells 48,
they are modified by the shading of this tone film
to produce the vibrations desired in the light ray
for the final tone character. -

Obviously I may provide one disk 44 for each
octave or for any number of octaves and provide
a serles of such disks rotated at various speeds to

‘Provide for the range of pitches desired, all of the

disks being identica] in construction and spacing
of light openings,
of manufacture. . .

I also provide means for varying the speed of
rotation of the disk for changing the key or pitch
of the whole range included on that disk. Such
speed changing devices are of numerous kinds and
well known in the various. arts and are therefore
but diagrammatically illustrated.

In Fig. 11 show a variable resistance speed con-
trol 82 on the driving member 8§3. One of the

resulting in greater\ economy .
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motors 53 may be provided for each of the disks |

44 and the motors properly synchronized driving
each disk through appropriate gearing 54; or the
various disks may all be driven from one of the
motors B3 and a single set of gearing 54 and the
various units connected by driving connections,
as at 54a.

It s thus possible with such a 'speed changing

70

device to simply and easily change the pitch of 75
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the whole instrument to that of any other in-
strument played with it at the will of the opera-
tor. Pitch is unaffected by temperature varia-

tions or other natural phenomena, but is entirely .

dependent on speed of rotation of the disks. The
whole compass may, however, be as above de-
scribed raised or lowered at will, :

The stops 26 and asscciated switches are shown
interposed in the circuit supplying current to the
light source 30, and this same circuit controls the
supply to the operating means 56 shown as a sole-
noid 57 connected .to the shutter 42.- For sim-
plicity of illustration, a tension spring 58 is shown
to bring the shutter back to an opaque portion
thereof when the circuit is open. Other stops

may control a resistance 49 in this circuit, where- .

by the shutter action may be controlled to bring
an intermediate portion over the tone film. With
the resistance all out of the circuit, the shutter
will move through its full range to place & trans-
parent portion in the light path. Thus as cer-
tain of the stops 26 each control such a shutter
over a tone film, means is provided for throwing

in or out of action any tone control means 29

desired by manipulation of these stops controlling
both the light source 30 and the shutter 42,
Others of the stops 26 control resistance 49 and
others a resistance 58 controlling the light inten-
sity.

The shutter 42 is preferably in the form of a
shaded disk or segment, as illustrated in Fig. 8,
in which the various portions ‘of the shutter

adapted to be interposed between the light rays

and the conversion means 23 vary in light trans-
mitting quality from a transparent portion to an
opaque portion, so that by varying the resistance
49 various portions of the shutter may be brought
into the path of the light rays to vary their ef-
fect upon the cells 48 and hence upon the final
sounds produced.

Various shadings may be used upon this shutter
to obtain the desired effects, such as by having
the portion overlying the cells corresponding to
the bass notes semi-transparent, while the por-

tion covering the higher note cells fully trans--

parent a dimuendo effect is produced in the bass
notes. ‘Tone films also may be mounted thereon.
Other desired modifications may be introduced
by suitable shadings of this shutter, such as in-

dicated by the shading of the illustration. Simi- .

lar effects may be obtained by providing for the
movement of the light source 38 toward and away

from the means 23 so as to give a greater or less -

intensity of light or the lights may be tilted to
give a graduation effect between the various
pitches, a means for this purpose being diagram-
matically shown in Figure 17. The light source
38a is supported at each end by links 38b. These
links are each attached to an arm of a bell crank
38c¢ pivoted as at 38’ to any stationary portion of
the instrument. Another arm of the bell crank
is connected by links 38d to a lever 38e pivoted at
38f within reach cf the operator. Counter~
weights 38¢g attached to extensions of the bell
crank arms may be used to counterbalance the
_weight of the light source and its connections and
make operation easier.

Such mechanism will produce varlation in the
volume of sound produced from each tone deter-

mining means 29, so that certain parts of the.

music may be prcduced in varying tone volume.

I also provide a volume control means 50 for
controlling the volume of sound produced from
any or all of the sound producing mechanisms

24. Such volume control may comprise a vari-

3

able resistance 5| interposed in the amplification
circuit in the usual manner.

The cell 48 may be any of the types of lxght
sensitive cells whereby changes in intensity of
rays from the light source 38 produce similar
changes in electrical energy transmitted there-
through from a source 5§5. Selenium and chlo-
rine cells are examples.

The current so produced ﬁuctuates electrically
in the same manner as the light rays fluctuate
which have been impressed upon the cell 48 and
these variations are amplified by well known
radioc amplification means illustrated diagram-
matically as transformers 60, A and B batteries 61
and 62 and tubes 63. It will be understood that
any appropriate amplifying circuit may Ye used.

This amplified current “is conducted to the
power unit 64 of a specially constructed loud
speaker 69, illustrated in Figs. 9 and 10. 'This

‘loud speaker comprises the usual electro-magnet

66 and is shown with a diaphragm 67. The arma-~
ture type of speaker may be used in the same
manner. - This diaphragm €3 controls the motion
of two concentric disks 68 and 63 through a bi-

furcated connecting iink 10. ‘The disks 68 and 69 -

are adapted to oscillate upon a shaft Tt at the
entrance to the sound chamber 12 of this speaker.
One prong of the link 10 connects through a pin
13 with one of the disks and the other prong con-

nects with a pin 74 fixed to the disk 69 on the 3
-opposite side of the central axis from the pin 13.

The pin T8 passes through a slot 15 in the disk
68 and allows for relative movement of the disks.
These disks are interposed between a chamber

16, adapted to be continuously supplied with air !

under pressure through a pipe 71, and the cham-
ber 12; and are provided with a serfes of seg-
mental openings so arranged that in the rest po-
sition of the diaphragm €7 the openings of one

disk are closed by the uncut portion of the other
disk.

As the diaphragm 67 is vibrated the disks 68
and 69 oscillate, permitting the openings to over-
lap to a greater or less degree, depending upon
the amplitude of the oscillations and thus effect

a vibratory air flow from the chamber 76 to the.

chamber 12, setting up a dynamic air vibration.
The sound waves produced by the diaphragm or
armature of the speaker are therefore inipressed

. upon a moving air column which in itself is given

a vibratory flow by the opening and closing of the
openings. This flow variation being synchro-
nized with the sound waves provides an amplify-

ing effect and gives a true reproduction of the

music of wind instruments. In place of the disks,
either plain or intermeéshing shutters, or oscillat-
ing ported tubes or cones may be employed in g
like manner.

Connected to the chamber 12 are preferably five
sound pipes 18 of varying lengths, the lengths be-
ing such that resonant effects are produced for
all tones, that is it has been determined that ii
the lengths of these pipes are in the ratio of
eight feet, seven feet seven inches, seven feet
three inches, six feet eleven inches and six feet
seven and one-half inches approximately, that one
of these five will provide resonance for all pitches.

20

te
ot

[
ot

60

An ordinary cone or loud speaker air column -

may, however, be employed where the added vol-
ume or resonant effect is not needed.

Referring again now to the means 22, and the
disk 44 comprising a portion of such means, above
the shutters 40 are placed a series-of radially ex-
tending light chambers, each formed by the light
shield 39 and containing the light 38. Directly

75
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beneath each of these chambers and beneath the
disk 44 is located one of the means 23 compris-
ing a series of light sensitive cells 48, there being
one of these cells for each of the concentric rings
of light openings 41. If, however, it is desired to
play single notes one cell alone adapted to be ex-
posed to the light rays from all rings would be
The cells 48 may be continuously en-
ergized by a battery 55, or other current source.

Other means of the tone control are diagram-
matically illustrated in Figs. 12, 13 and 14.

Referring to Fig. 12, two of the converting
means 23 are shown at 85 and 36 respectively, each
having light sensitive cells 48 and a tone film 43.
In this method of control the keys 25 are inter-
posed within the light sensitive cell circuits.

All of the cells 48 for each pitch are connected
in parallel and the key switch 25 is thus in serles
and controls all of the cells of the pitch which
it represents. The other leads from the cells 48
for each of the means 23 are connected together
and the combined cireuit is led through tone con-
trol stops 26 to the sound producing mechanism
24, diagrammatically represented by the primary

coil 87 of a transformer 88, the secondary of such ’

transformer being connected toc the usual ampli-
fying apparatus, as previously designated. Thus
stop 89 will bring into play the converting means
85 and stop 90 the converting means 86.

~ While only two of the converting means 23 and
associated stops 26 are illustrated it will be un-
derstood that any number may be so connected.
Thus upon pressure of the key 81 the particular
cells 92 and 93 of the converting means 85 and 86
and of similarly situated cells of other converting
means will be connected through the key 81 to
one side of the transformer coil 81. However, in-
asmuch as the stop 80 is open, and the stop 89 is
closed, any light energization of cell 93 will not
affect the transformer 88 while all energization of
the cell 92 will be transmitted directly to the

‘transformer 88 and hence through the amplifica-

tion means to the sound producing mechanism 24,

In Fig. 13 the keys 25 are in circuit between &

source of current supply 94 and the light sources
95, there being one of the light sources for each
of the light sensitive cells 48, thus controlling
the pitch of the note produced by providing a

light source which is energized only upon pres-

sure of the proper key.

The return lines from the light sources pass
through control stops 26 in the same manner as
in Fig. 12, the stops, however, in this case con-
+trolling the banks of light sources rather than the
banks of cells.

In Fig. 7 is illustrated a means of producing
the so-called tone film. Supposing that it is de~
sired to produce a-certain tone effect, such tcne
effect may be originally produced in any pitch and
is received by a microphone shown diagrammati-
cally at 108, which, through a variable resistance
101 varies the intensity of a light source 102 which
receives its energy from a source of current sup-
ply (03. )

The light source 102 is placed within a light
shield 104, within which is placed a rotatable disk
(05 controlled by a motor or other means 106 and
which contains a transparent or slotted portion
187 through which & narrow band of light may
be directed upon a sensitized film 108 also mount-
ed upon a disk 109 which is rotated by means {10,
which may be a motlor or other power driven
apparatus.

The motors 106 and

110 may be synchrohized s0

2,044,228

that desired relative speeds of rotation are ob-

tained.

Additional light shields {11 are provided for re-
stricting the exposed portion of the sensitized
film 108,

Tt will be readily apparent then as the slot is
rotated past the openings in the disk {1 that a
segment of the sensitized film will be exposed
through the slot 107, the speed of rotation being
varied to correspond with the pitch of the note
being reproduced so that one complete period Is
recorded upon the film and this segment is later
developed and removed and a reproduction there-~
of may be used as the tone film 43.

A hand switch 112 may be provided for ciosing
the light circuit when the desired quality of tone

is being sounded.

It is also obvious that other methods may be
used to produce this tone film, in fact meazs may
be used to so'shade the tone films either mechan-
ically or manually that any desired effect can
be produced. .

Tt will be apparent that a tone film so produced
will vary in translucent properties across the seg-
ment and by properly proportioning the disks for
producing this film and the speeds during this
production, in accordance with the spacing of
the light openings on the disk 44, a tone film is
produced which, when in position under the disk
44, will have upon it one complete tone period in
the distsnce between the light openings of the
various rings above it and on the disk 44, That

is, the circumferential distance between the

light openings of any ring will equal the corre-
sponding length of one vibration period on the
tone film segment beneath the particular ring
of openings.

The relation between the relative rotations of
the disks 105 and 108 and the spacing of the con-
centric rings of transparent portions 47 of the
disks 44 may be so related that a period on the

~tone film will exactly correspond to the spacing

of the light openings 47 in the ring, which will
be directly above it when used as a tone film, or
the period may be lengthened or reduced by any
of the well known photographic processes to the
desired . size; likewise by various photographic
processes vibrations may be superimposed or
other variations made. Films may also be used
in combination to produce double effects or com-
pound vibrations.

The principle of the tone film is illustrated in
Figs. 15a, 15b, 16a and 16b. Fig. 15a is a

" disgrammatic showing of a pure tone vibration,
Fig. 15b of an instrumental tone, embodying the

basic pure tone with variations and harmonics.
A sound such as illustrated in Fig. 15a would pro-

15
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duce some such filn emulsion as illustrated by the.

section of Fig. 16a in which the stippling illus-

trates variation in translucence. A sound as sim-"

ilarly shown in Fig. 15b would produce some such
film as shown in the section Fig. 16b.

1t i3 obvious that & light beam passed across
this film would impress upon. a cell beneath vary-
ing light intensity corresponding to light trans-
mitting qualities the various portions of the film,
and that a single ray passing over this ilm would
vary its intensity in its passage in the same se-
quence and proportionate variation as the vibra-

tions of the original sound used to. produce °

the film. Also it will be apparent that the pitch
of the tone produced will entirely depend upon
the number of rays passed over this film per sec-
ond regardless of the pitch used to produce the
original tone film.

\
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Only one complete sound wave record is pref-
erably used, although any number may be used
by suitably spacing the beams traversing the film,
such as by changing the speed of the disk 44 or
by varying the spacing of the light openings of
this disk.

This tone film is an important element of this
invention as it provides for the imposing of any
desired light variation upon the elemental series
of light rays to produce a final tone.of the char-
acter desired. And further the periodicity of the
tone film variation is determined by and must
therefore exactly correspond to that of the spac-
ing and speed of the light beams delivered through
the disks #48. It is given to each of the beams
in turn in exactly the same manner.

In order to provide for the intermittency of the
beams, so that the sound produced will e the re-
sult.of a continuous vibration, the tone film would
be cut, or be made effective the width of the light
beam more than one single complete vibration or
an even multiple thereof. That is, in Fig. 156
the effective portion exposed to the beam -would
be between the lines a and b while a single vibra-
tion would be represented by the distance a to
¢. The distance b to ¢ would be the width of the
light beam. These distances vary, as  before
stated, along the length of the tone film to ac-

commodate the variation of the spacing of the

light openings m the successive circles of the
disks 44.

Thus as one beam is coming onto the tone film
along the portion represented by b to ¢ another
beam is passing off of the film on the same por-
tion of the vibration adjacent a. -If one beam is
one third the way on, the other is one third off,
so that the total light affecting the cell is the
same at all times as if one beam were continu-
ously acting on it through the tone film, and the
vibrations of the cell are contlnuous end with-
out interruption.

Such construction provides for & true pro-
duction of both the pitch and tone quality.

1t will be readily observed that simple changes °

may be made throughout the instrument to pro-
duce an almost inflnite variety of music.
Changes in speed of the disks 44 will change the
pitch range of the entire instrument, changes
in gearing may be made to change the range of
any one or more of the light wave producing
means 22 alone. Insertion of new tone fiims 43
or shutters 42 will change the quality of tone
for the particular stop 26 without aﬁecting any
other part of the instrument.

Corresponding changes on other musical in-
struments involve extensive alteration; such as

on an organ, for instance, in regard to pitch,

every individual pipe must be changed and sepa-
rately tuned. Change of the tone quality pro-
duced by a particular stop necessitates the. re-

- placement of every individual tone producer

65

with associated wind chests and other parts to

suit the new effects installed. Such changes in-

volve great expense. In this invention the same
changes involve merely the adjustment of speed
of the disks 44 for the pitch change and the
insertion of & new tone film 43 of the required
qusality for the stop change.

Tt will be understood that minor changes in

.the size, form and construction of the various

parts of my improved musical instrument may be
made and substituted for those herein shown
and described without departing from the spirit

~-of my invention, the scope of which is set forth
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in the appended claims,

5

I claim as my invention:

1. A musical instrument including a light
source, means for converting light variations into
sound and adapted to receive rays from said
source, means for producing predetermined fre-
qguencies of such rays, means for varying such
rays in accordance with a predetermined tone
quality and means interposed between said light

source and said- converting means for varying -

‘the intensity of the rays to vary the volume of

the scund.

2. A musical instrument including a light
source, means for converting light variations into
sound, a movable member interposed between
said light source and the converting means, said
member being provided with transparent por-
tions and opagque portions, whereby light beams
are intermittently traversed over the convert-
ing means upon movement of the member,
means for effecting & predetermined sequence of
energy variation in the rays during such traverse,
and g second member adapted to be interposed
between the first member and the converting
means for varying the intensity of each beam
during its passage over the converting means.

3. A musiéal instrument including e  light
source, means for converting light variations into
sound, a movable member interposed between
said light source and the converting means, said
merber being provided with transparent por-
tions and opaque portions, whereby light beams
are intermittently traversed over the convert-
ing mesans upon movement of the member, means
for effecting a predetermined sequence of energy
variation in the rays during such traverse, a

second member of variable translucency adapted
to be moved between the light source and the
converting means to vary the intensity of the

10
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light beams, and means for conirolling the 40

movement. of said second member.

4. A musical instrument including a light
source, a plurality of means for converting light
veriations to sound, means for traversing & suc-
cessive series ‘of light beams. of predetermined
frequency across sald converting means, means
for producing predetermined sequences of va-
riation in light energy of such beams during
their passage across said converting means, and

45

means for selectively determining the character 50

of such variation.

5. An automstic musical instrument including
a series of light sensitive cells, means for inter-
mittently exposing certain of sald cells to the
light source, a sound producing device, electrical
connections between the cells and the sound

producing device, whereby exposure of certain

of said celis to the light source will produce cer-

tain frequencies of energy applications to said

sound producing device, and electrical connec-
tions between the celis and the sound producing
device whereby exposure of others of the cells
will cause a variation in such energy applica-
tions to give a definite tone quality to the sound
thus produced.

6. A musical instrument mcluding a means for
genera.ting intermittent light rays, means for
converting light variations to sounds, means for

. selectively varying the frequency of the rays, a
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separate means for creating a pre-determined rq

sequence of variation of the quantity of light
received by the converting means during its ex-
posure to each ray, said variation bearing a fixed
relation to the frequencies of each ray.

7. A musical instrument. including means for

({4



i0

i5

20

25

6

generating intermittent light rays at a plurality
of frequencies, means for converting light va-
riations into sound, and means for seclectively
predetermining the quantity of light energy re-
ceived by the converting means at certain fre-
quencies in one degree and that at certain other
frequencies in another degree.

8. A musical instrument including means for
generating intermittent light rays at a plurality
of frequencies, means for converting light va-
riations into sound, means for selectively pre-
determining the quantity of light received by the
converting means at certain frequencies in one
degree and that at certain other frequencies in
another degree, and means for selectively con~
trolling said last named means.

9. Means for varying the quantity of light in
each of a series of rays of variable frequencies
comprising a member interposed in the path of
such rays, and a light record thereon of a par-
ticular tone quality, each portion of said record
bearing a definite relation tc the frequency of
the rays affected thereby, whereby each ray
passes through the same intensity variations in
time sequence proportionate to its time or ex-

- posure to said record.
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10. A musical instrument including a light
source, a rotatable disk provided with opaque por-
tions and with a plurality of series of circumfer-
entially spaced transparent portions, means for
converting light variations into electrical varia-
tions and exposable to light rays passing through
such transparent portions, and a radial film be-

‘tween said light source and said converting

means having a tone record thereon adapted to

vary the energy of light rays passing through a -

plurality of said clrcumferential series of trans-
parent portions, each portion of said tone record
bearing the same relation to the circumferential
spacing of said transparent portlons affected
thereby. o

11, An automatic mysical instrument compris-
Ing a series of sound generating units, means for
causing such units to produce sound, relays for
controlling the admission of the electricity to
said means, a light source, a lght sensitive cell,
electrical connections between such light sensi-
tive cell and said relays, and means for auto-
matically controlling the admission of light to
said cell.

,12, A musical instrument including a plu-
rality of light sources, a plurality of light sensi-
tive cells adapted to receive light from such
sources, a rotatable disk Interposed between the
light sources and the cells and an operating
shutter controlling the passage of light to the
cells, said shutter being provided with spaced
transparent portions and opaque portions where-
by the light fiow between the light sources and
the cells may be simultaneously controlled.

13. A musical instrument comprising means
for generating intermittent Iight rays, means for

. converting light vibrations into sound vibra-
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tlons and resonators assoclated with the con-
verting means, sald resonators including pipes
of column lengths substantially in the propor-
tions of 192, 1‘82, 174, 166 and 159 adapted to
produce resonance on all
scale,

ing a.series of sound generating units, electri-
cally operated means for controlling the pitch
of the sound produced thereby, electrically op-
erated means for controlling the gquality of the
tone produced thereby, a source of electrical

pitches of the musical’
14, An automatic musical instrument includ-.

2,044,223

energy, a light source, a series of light sensitive
cells, electrical connections between certain of
said ceils and the means for controlling the
pitch, electrical connections between others of
said cells and the quality controlling means and
means for controlling the exposure of said cells
whereby the quality and plitch of the sounds pro-
duced may be simultaneously varied in a pre-
determined manner,

15. A tone film for varying the energy in a
series of light rays including a segmental hody
of variable translucency, the sequence of trans-
lucency variation being constant in ratio along
various circumferential lines,

16. In combination with a source of light and
8 means for converting light to sound in a
musical instrument, an opaque disc having
light openings therein arranged in circumferen-
tial series, the series having different numbers

of openings therein, means for rotating said disc, -

and a stationary member adapted to change the
energy. of the light passing through such open-
ings of a plurality of series in the same sequence
of variation during its exposure thereto.

17, In a musical instrument, a source of en- :

ergy, means for converting energy variations
into sound, a series of means adapted to trans-
Pose constant energy from such source into pul-
sations representing a musical tone and to en~
ergize said converting means therewith, driving
means for said transposing means, connections
between said driving means and said transpos-
ing means of various ratios, whereby similar
transpo§ing means will produce various ranges
of pitch.

18. A musical instrument as. described in claim
1, and including means for selectively control-
ling sald intensity varying means to control the
volume of sound,

19. A musical instrument including a light
source, means for converting light variations
into sound and adapted to receive rays from said
source, means for producing predetermined fre-
quencies of such rays, means for varying such
rays in accordance with. a predetermined tone
quality, and means interposed between said light
source and said converting means for selec-
tively varying the character of said tone quality.

20. A musical instrument including s light
Source, means for converting light variations
into sound and adapted to receive rays from said
source, means for producing predetermined fre-
quencies of such rays, and means. for varying
such rays in accordance with a predetermined
tone quality, said last named means including
a member having a representation of & tone qual-
ity thereon adapted to vary the energy of the
light rays in accordance with such tone quality,

"sald means being movable into and out of posi-

tion affecting such rays. :

21. A musical instrumenp including a light
source, means for converting light variations into
sound, means for generating light rays of a
plurality of predetermined frequencies, a plu-
rality of means each adapted to vary the energy
of rays of a pluralily of frequencies in accord-
ance with a predetermined tone quality prior
to reception by said converting means, and means
for selectively rendering effective any of said
energy varying means.

22, A musical instrument including a light
source, means for converting light variations into
sound, means for generating light rays of
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each adapted to vary the energy of such rays in
accordance with a predetermined tone quality,
means for rendering effective any of said energy
varying. means, and means for simultaneously
controlling the conversion to sound of rays of

predetermined frequencies as affected by &

plurality of said energy varying means.

23. A musical instrument including a light
Source, means for converting light variations
into sound, means for generating light rays of
predetermined frequencies, a plurality of means
each adapted to vary the energy of such rays
in accordance with a predetermined tone quality
prior to reception by said converting means, and

means for rendering independently effective a .

plurality of said energy varying means. N

24. A musical instrument including a light
source, means for converting light variations into
sound and adapted to receive light energy from
said source, means for generating a plurality of
groups of light rays each group of a plurality of
predetermined frequencies, means for varying
the energy of each of such groups of rays in a
manner representative of a predetermined tone
quality, and means for simultaneously control-

, ling the conversion of light energy from a plu-

rality of such groups to sound.

25. A musical instrument including a plural-

ity of light sources, means for converting light
variations to sound and adapted to receive lght
from such sources, a plurality of means for inter-

‘mittently varying the light energy received by

said converting means in a predetermined man-
ner, means for creating a predetermined fre-
quency of such variation, and control means
adapted to simultaneously permit the passage
of light energy from a plurality of such light
sources to the converting means, and means for
selectively controlling the energy varying means
to render effective desired ones thereof.

26. A musical instrument including a plural-
ity of light sources, converting means adapted to
receive light from such sources and to convert
variations therein to sound, a rotatable disc in-
terposed between the light sources and the con-
verting means and having a series of circum-
ferential series of light openings therethrough,
and a shutter including spaced opaque portions
each controlling the passage of light from a
light source to the converting means, whereby
the reception of light by the converting means

.from all sources is simultaneously gontrolled.

JAMES H. NUTTALL.
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