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This invention is a method and machine for
producing sounds. The invention utilizes the
known prineciple of light passing through a photo-
graphic sound track on a film or the like, in mo-

% tion. 'The sound frack, as in the talking motion
picture is of a density, area or contour photo-
graphically modulated for the sound it is to pro-
duce. )

The invention, being concerned only with pro-

1& ducing sounds of the spoken voice, may be termed
a synthetic speech machine, in that by producing
sounds of the letters of the alphabet, vowels, con-
sonants, diphthongs, etc., in proper sequence and
time relationship words may be built up from

3% such elemental sounds. It is of particular value
to the dumb as & means of communication, for
example, in making themselves articulate over
the telephone.

This invention comprises, in its gssentials, a-

p manually operable keyboard, preferably arranged
in a manner of the keys on a typewriter, which
through either mechanical or electrical means, or
both, directively controls 2 beam of light onto
any of a plurality of photographic sound tracks.

95 The beam of light, after passing through the
appropriate sound tracks, in proper sequence as
determined by the operation of the keys on the
keyboard, passes {0 & photoelectric cell, setting
up therein currents having the characteristics ol

30 the corresponding modulation of the sound track,
which currents are electrothermionically ampli-
fied, as is well understood in the art, to produce
sounds from & loud speaker corresponding to the
keys and sound records.

3% One of the important features of the invention
is a record cylinder that may be driven at con-

stant speed, this cylinder being made of suitable:
material and carrying prerecorded sound tracks

corresponding to the various phonetic sounds or
40 letters of the aiphabet
An important feature of the invention is that
these sound tracks are not continuous but on the
contrary have definite starting and stopping
points. This is necessary because any sound, say
48 that of the letter A, for example, has a definite
starting and stopping point and & definite dura-
tion. The duration of the sound is controlled by
making the sound track of the proper length,
considered with respect to its placement in the
80 control member.

Tn one embodiment of the invention, the rotat-
ing conirol member is not & true cylinder, buk
may have & convex or concave surface, so that
its radius varies slightly continually from one end

8% to the other; a section through the rotating con-

that go to make up words. .

{Ch. 214—486)

trol member would be a circle. The rotating
member may be in the form of 2 disk. In any
case rotation is used to produce modulation of a
beam, pencil or slit of light. 1t is well known that
optical reduction printing, or variable speed or &
intensity recording, or geometrical optical means
may be employed to simplify construction and
functioning of such machines. Variable speed of
reproduction is also feasible if desired. The re-
sult of this is that sound tracks at various points 19
along the cylinder would be of different lengths
and accordingly the longer sounds would he on
that part of the cylinder where its diameter is
greatest while the shorter sounds would be ab
that part of the cylinder where the diameter is 18
least with the other sounds arranged in between
according to their length. The rotating member
carrying the sound tracks may also be in the form
of a disk, with the sound tracks concentric about
its center.

In order to scan the different sound tracks, &
light ray is controlled by suitable means, either
glectrical or mechanical, so that it is directed or
reflected onto the sppropriaie sound track, pass-
ing through that seund irack into contact with. &
photo-electric cell, where it sets up currents
which are suitably amplified and delivered to a
1oud spesker which gives off & sound correspond-
ing to a pre-recorded sound track and corre-
sponding key. In one form of the invention
where the control of the light rays is electrical,
light from a suitable source is directed onto a
mirror controlled by a galvanometer which de-
flects the ray according to the strength of the
current pessing through the galvanometer and
in this way the ray is directed through the appro-
priate sound track.

Where the light ray is controlled mechanically,
& mirror may be moved angularly by suitable me-
chanical means through s suitable angle for di-
recting and/or focusing the light ray onto the
proper sound track from whence it passes to the
photo-electric cell as before.

In another aspect of the mechanical control
of the light, a barrel or the like through which
& light ray is passed is moved through a suitable
angle for directing and focusing the light ray onto
the appropriate sound track.

The purpose of both the electrical and mechan-
jeal contrel is simply to direct the light ray angu-
larly onto the appropriate sound track. .

This directional control of the light ray
effected manually from a keyboard where each
key corresponds to a particular sound, or to &
particular sequence of sounes, such as & sound 55
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of g letter of the alphabet, phonetic speech sounds
such as phones, diaphones and bhonemes.
keys of this keyboard are
in the same way as the keys in g standard type-
writer keyboard. Their markings are letters or
phonetic symbols. )

The invention further comprises details of
structure and operation illustrated and described
in connection with the accompanying drawings,
showing, more or less diagrammatica.lly, several
Possible ways of carrying out the invention. In
these drawings:

Fig. 1 is g diagrammatic view, showing the
complete apparatus, where the connection be-
tween the keyboard and the light directing ele-
ments is mechanical;

Fig. 2 is a section on the line 2—2 of Fig. 1;

‘Pig. 3is a diagrammatic view showing another
type of mechanical control of the light directing
means;

Fig. 4 is a diagrammatic view of a modifieq .

detail;

Fig. 4a is an electronic control detail; ..

Fig. 5 is a sectional view through one form of
sound track carrier;

Fig.6isan end view of the same;

Fig. 7 is an enlarged sectional view through the
rotating sound track carrier and associated
parts;

PFig. 8 is g view of a modification;

Fig. 9 is a sectiona] view of the modification
of Fig. 8; .

Fig, 10 js g diagrammatic
complete apparatus where the
trically operated; and )

Fig. 11 is a diagrammatic view showing sev-
eral possible shapes for the rotating carrier for
the sound tracks,

Referring first o Fig. 1, the carrier or the
“cylinder” for carrying the sound track is shown
at 2. is member

view showing g
keyboard is elec-

exterior surface may be convex -as will be de-~
Other shapes for this sound track
carrier are shown in Fig. 11. One shape for the
carrier is as shown in Fig. 5, which may be de-
fined as that of 3, surface of revolution generated
by the seement of & circle rotated about an ex-
terior axis parallel to the chord of the seg-
ment. This member 2 is made of transparent
material such as glass, photographic film, ete.,
and carries on its surface g plurality of sound
tracks or strips of film carrying sound tracks 4,
each sound track 4 being designed . to reproduce
& particularly previously recorded speech sound,
These sound tracks are not
broken as shown at 6 for providing definite star-
ing and stopping points for each soungd, Mem-
ber 2 is reenforced by inner and outer annular
bands 3 and 3 longitudinal stiffening strut 5.

This sound track carrier is rotated at constant
speed by g suitable constant speed motor 8, which
is geared to the shaft 10 of the cylinder 2.

The speed of translation of sound film com-
monly used in the talking motion picture art is
an arbitrary value Tepresenting not the optimum
speed but merely g compromise with the speed
of the picture Sequences which is based upon the

persistence of vision of the human eye.

Therefore, variable Speeds of recording can
be used in a burely sound apparatus making it
Dossible to rotate g record, bearing a blurality
of sound tracks of
speed.

different, radii, at g constant

.22 at a particular angle

continuous but are

2,054,216

"Varying optical reduction printing for indi-
vidual sequences may be resorted to and achieve
& similar result, .

Variable speed control for the motor is an al-
ternate method of accomplishing the motion.

Arranged within, the cylinder and concentrically
with or parallel to its walls is diagrammatical]y
shown a photo-cel] 12, in such

be a number of small cells
The anode 2@ of the cell is sup-
ported by a mica disk i2v,
ode 12b gre substantially concentric with and
curved so as to be parallel to the surface of the
rotating member 2,

A mask (8 glso
of the cylinder 2

‘ticular sound track 4.

A means for directing light from the source
and through g particular
be described. The light
source 22 is mounted in a suitable housing 24
which is pivoted about an axis through the trun-
nions 26. Power i supplied to the light 22 from
the wires 28. :

In one end of the housing there is mounted a
barrel 30 provided with a lens system diagram-
matically shown at 32 and which may comprise
& condenser and objective for producing a pencil
of light, Any suitable optical system may be used
here. Additiona] lenses could, for example, be
mounted in the aperture 20. Interposed between
the light source 22 ang the barrel 30 is a shutter
34, the control of which will be described later.

A mechanical means for moving the housing
24 and barrel 30 about its axis will now be de-
scribed. - . )

A plurality of keys 36 and 36’, arranged as in
a typewriter keyboard, are respectively connected
to levers 38 of the first class or 38’ of the second
class.

track will now

slots providing a lost motion connection between

tI}e bar 44 and the slotted plates. Referring to-

g. 1, when the keys 36 operating the first class

cal positions of the slots in the plates Oor members
When the keys 36’ operating the second
class levers are Dressed, barrel 30 is moved up g
distance depending upon the key Pressed, and de-
bending upon the length of the siot in the corre-
sponding plate 42. In other words, each key 36

tion connections

Anode f2& and cath-

2!

30

35

40

45

50

85

80

65

70



35

40

45

50

53

80

85

70

75

2,054,216

means of control circuits for this purpose will
suggest themselves to one skilied in the art. The
means shown below is fllustrative only, and I do
not wish to be limited to the specific means dis-
closed. 'To prevent this medley, there is provided
s shutter 3% shown diagrammatically in Fig. 2
which is operable so as to move out of the light
path 382, or to intercept it, so as to control the
passage of the light. To ihis end there is pro-
vided a solenoid disgrammatically shown at 46,
which when energized, moves shutter 34 out of
the path of the light ray and aliows it to pass
through the barrel 30 only when a key 36 or 3%’
is depressed. Associated with each key 36, 3¢’

‘are individual switches 4%, which are in parallel,

and in series with solenoid 4§, so that depression
of any key closes a circuit through 46. Suitable
stops 36& for the keys are provided. However,
solenoid 45 is also in series with a coil 48 which
is mounted adiacent one end of the member 2 in
g position such that & magnet 50 on the moving
end plate 52 of member 2 will induce a surge of
current in this circuit. The magnets are so po-
sitioned with relation to the beginnings and ends
in the sound tracks as to give a surge of current
in their circuits just before the beginning and
just at the end of each track and hence control
the light beam for these points. This surge op-
erates solenoid 46 provided a key 36 has been
pressed. From this arrangement it will be seen
that sound repreduction always commences at a
definite point, namely, at the beginning of each
sound track.

In order to stop the sound at its completion, a
second magnet 53 is provided on the moving end
plate 52 of carrier 2, so positioned as to cause &
surge of current in a coil 54 in series with sole-
noid 56, thereby closing the shutter 34.

Referring to Fig. 5, the magnels 5¢ and 33
are preferably mounted on the end plate 52 and
their coils are connected by wires §§ to brushes 57
which bear on & ring 56 insulated from the end

member 52. The magnets are grounded through

end plate 52. Brushes 52’ and 56’ supply cur-
rent respectively to the end member 52 and ring
£§ for continuously energizing the electro-mag-
nets 50 and 83.

The control of the shutter 34 by photo-€lectric
means will now be described. To this end and
referring to Fig. 4, there is provided a photo-
electric cell 59, which is analogous in function {o
the magnet 59; it is placed in & position to receive
light when the sound track 5i which varies in
width. This photo-electric cell 507, which may be
of the photo E. M. F. type, actuates the relay 58,
in the power circuit of which is the solenoid 6.
A second photo-cell 532 is in a position to receive
light through the sound track 51’ of varying width
and is in circuit with the relay 59, in the power
eircuit of which is the solenoid 56. Solenoids 46
and 58 control shutter 38, Fig. 2. The sound
track 5! is so placed on carrier 2 that cell 532
{s energized so as to energize solenoid 46 for open-
ing the light shutter, when the ray of light reaches
the beginning of a sound track, while the sound
track §i’ is so designed and placed as to actuate
cell §3* and magnet 56 to close the shutter after
the desired sound has been produced. Any suit-
able light source is provided for cooperation with
sound tracks 5! and 51’ and their cooperating
photo-cells. -

In place of relays 53 and 59, it will be ap-
parent that electronic relays such as forward
and reverse grid glow discharge, photo-electric,

3

impedance potentiometer circuits could be used.
Also in place of the special tracks shown, these
relays may cperate from any point on a recorded
sound track as shown diagrammatically at Fig.
4a. These circuits for instance may be set to
operate at a maximum or minimum light value,
corresponding to the light transmitted through
the recordings at any particular point along any
photographic sound recording thus actuating the
shutier at that instant. In Fig. 4a, 99 is the
forward circuit and is in series with key switches
55 and solenoid 46; the actuating photo cell is
shown at 50b; 100 is the reverse circuit and is
in series with solenoid 56; the actuating photo cell
is shown &t 53b. These two photo cells are ex-
cited in the same way as cells 50% and 53a.
Another type of & mechanically operated selec-
tion mechanism, that is to say a mechanical
means for directing the light ray onto a particu-

-1ar sound track is shown in Fig. 3. In this form,

light from a source 89, which is controlled by
shutter §1, passes onto a concave or focusing mir-
ror 82 from whence it is reflected through the
opening in a mask §3 through a sound track 4 and
thence to a photo-electric cell §2. The mirror 62
is pivoted on an axis §4 and is retracted by spring
§5. It may be set in any angular position by any
one of a plurality of keys 68 pivoted at 61, the
other end of the key lever having a roller 68.
The depression of a particular key 66 moves the
mirror through a certain angle, individual to that
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key, and also closes a circuit through contacts

§6’ for opening shutter 61, the operation of this
shutter being by a coil 48 and solenoid 46 just
as shutter 34 is operated in Fig. 2. The vertical
movement and hence the angle of the mirror is
determined by the length of extensions §6% which
differ for each key.

Another type of mechanical selector is shown
in Figs. & and 9. In this form, a housing 10 is
freely movable on a vertical axis 78'. A light
source 1! is mounted in the housing, the light
beam passing outwardly through a lens barrel
30’. 'The angular setting of housing 70 and bar-
rel 38’ is effected through a plurality of manually
operated keys 72, each of which is provided with
rack and gear connections 728, 12, Gear wheels
12b are fixed to and control & shaft 73 which car-
ries a gear 132 geared to & wheel 74 which in turn
controls the angular movement of the housing 70.
Esch key 72 cooperates with a stop 75. The
several stops 75 are placed different distances
from their respective keys, so that when a given
key is depressed it travels & particular distance
to its stop. Each key therefore gives & different
angular rotation to the housing 70 and to the
light ray coming from the barrel 30’. The keys
12 are normeily disengaged from their respective
gear wheels 72°. With this form of the invention
& shutter 34’ is used, controlled just as in Fig. 2.

The modification shown in Fig. 10, in which
the keyboard control is electrical, will now be
described. In this form, many of the elements
gre the same as shown in Fig. 2 and have the
corresponding function, and such elements gre
similarly numbered. The member 2 is driven by
a suitable constant speed motor 15. Light from s

source 16 passes through barrel 11 containing

suitable lenses, past a control shutter 18, onto a
galvancmeter mirror 79, from which it is re-
flected through an sperture or slot in mask {8,
into engagement with the appropriate- sound
track ss determined by the angular position of
the mirror 79. One purpose for which this mask
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may be used is to provide
vibrations of the machine or slight wandering of

8reater area than the aperture and thus allow
for these factors. The galvanometer 8o is in
circuit in paralie] through leads gg= and 8¢
with one side of plurality of key switches 81 op-
erated by keys 82. A series of graded resistances
R’, R?, R3 etc,, are in the individual key circuits,
respectively, so that the depression of g particu-
lar key sends a current of particular value
through the galvanometer, turning the mirror 19

Therefore, when a particular key 82 is depressed
and when the magnet basses adjacent coil
84, the shutter 78 is opened. Magnet 83@ is so
positioned with relation to the breaks 6 in the
sound tracks as to open the shutter only when
the light ray from 19 engages with the beginning
of the sound track, thus initiating the broduction
of sound at the proper instant,

The shutter 78 is closed by g solenoid 85 which
is in circuit through leads 85" with another coil

86, mounted in such a position that another mag-

net such as 87, on the rotating carrier, will cre-
ate a surge of current for closing of the shutter,
Magnet 87 is so placed with relation to the sound
tracks to close the shutter after the light ray has
completed its traverse of a particular sound track.

Currents from the photo-electric cell will be
amplified through g suitable amplifier circuit

- indicated generally at 88, the output of which

80

85

70

{1

-to intercept or modulate a beam

Boes to a loud speaker.,
Fig. 11 shows several
transparent rotating

bossible shapes for the
carrier for the sound tracks
of light.
carrier may be cylindrical

have a light source positioned on one side of the

on the other side. With the 1
shown at 93, the light would be on the outside
with the photo-electric cell on the inside, while
in the convex cylinder shown at 94, the reverse
arrangement is used. :
The interspaces between and around the trans-

- lucent sound recordings do not permit the pas-

in any of the shapes of
record bearing mediums illustrated. .

I have illustrated several different means of
directional selection, i

It should be apparent to anyone versed in the
art that electrical selection might be substituted
for optical or mechanical selection and that re-
“istors and filters could be substituted in the elec-

Photo-electric cell or cells

2,054,216

trical network controling the selection mechga-
nism, and thus actuate or effect selection through
the multiple frequency method of alternating
electrical currents to produce sounds,

While the invention has been described in some
detail, it should be understood that such details

ways, as falling within the Scope of the follow-
ing claims.

I claim as my invention:

1. An apparatus for manually producing
sbeech sounds comprising g keyboard, g plurality
of prerecorded photographic sound tracks
mounted on a rotating member, g
means, controlled by the keyboard,
directing the light beam from said

boint in the rotation of any given sound track.
2 A machine for producing speech, comprising

any given sound track,

3. A machine for producing speech, comprising
in combination g continuously rotating member
brovided with phonetic sound tracks thereon, said
sound tracks being provided with definite start-
ing and stopping points, g keyboard, means con-

Y

3(

35

40

trolled by the keyboard fo: selectively directing

means on the rotating member operating jointly
with the keyboard for initiating the production
of sound when the light beam is at the beginning
of a particular sound track.

4. A machine for producing speech, comprising
in combination g3 continuously rotating member
brovided with phonetic sound tracks thereon, said
sound tracks being brovided with definite start-
& keyboard, means con-
for selectively directing

photo-electric pick-up and amplifying means co-
operating with the Several sound tracks and
means on the rotating member operating jointly
with the keyboard for initiating the production
of sound when the light beam is-at the beginning
of a particular sound track and for stopping the
production of sound when the light beam ‘has

- reached the stopping point for that sound track.

5. In o machine for producing speech sounds
synthetically, in combination, g manusally oper-
ated keyboard, a rotating control membey pro-
vided with sound tracks thereon, said sound tracks
having definite starting and stopping points,
means controlled by the keyboard for selectively
directing a beam of light onto said sound tracks
and means, carried by the rotating member and
cooperating with the light-directing means, for
initiating the production of sound from any given
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sound track only froimn the starting point of that
sound track. :

6. Tn a machine for producing speech sounds,
in combination, a manually operated keyboard, &
continuously rotated control member provided
with sound tracks thereon, said tracks being non-
continuous and provided with starting and stop-
ping points, means, controlled by the keyboard,
for selectively and sequentially directing a heam
of light onto the respective sound tracks, photo-
electric pick-up means and cooperating sound
amplifier, means,
poard and by the rotating control member, for
initiating the production of sound from @& par-
ticular sound track only when the beam ‘of light
engages the starting point of that sound irack.

7. Tn & machine for producing speecn syn-
thetically, & manually operated keyboard, a con-
tinuously rotating member, in the shape of a solid
of revolution, the radius of which varies gradually
and continuously along its axis, sound tracks on
said rotating member, said tracks having definite
starting and stopping points, means, controlled
by the keyboard, for selectively directing 2 beam
of light onto the several sound tracks, photo-
electric cell means for picking up the light beam.
after it has passed through a particular souad
track, and ieans, contrclled by the ‘rotating
membper, for allowing the beam of light to reach
the photo cell only when said heam engages &
sound track at the beginning thereof and trav-
erses its length.

8. A method of producing speech sounds syn-
thetically, comprising the steps of manually con-
trolling the angular position of a beam of light,
gor selectively causing it to pass through photo-
graphically recorded, moving sound tracks onto
a light sensitive cell, and controlling the light ray
so that it acts on the light sensitive cell only
when it engages the beginning of the sound track,
and then scans the sound track.

jointly controlled by the key-

9. An apparatus for manually producing speech
sounds comprising a keyboard, a plurality of pre-
recorded photographic sound tracks mounted on
g rotating member, a source of light, means, conl-
trolled by the keyhoard, for selectively directing
the light beam from said source to the several
sound tracks, photo-electric means comprising an
elongated photo-electric cell extending for the
length of said rotating member, an amplifier co-
operating with said cell, and means for initiating
the production of sound when the light beam
reaches a definite point on any given sound {rack.

10, An apparatus for manually producing
speech sounds comprising a keyhoard, 2 plurality
of prerecorded photographic  sound tracks
mounted on 2 rotating member having & curved
surface, a source of light, means, controlled by
the keyboard, for seleciively directing the light
beam from said source to the several sound tracks,
photo-electric means comprising an elongated
photo-electric cell having an ancde and cathode
curved so as to be parallel to the surface of the
rotating membper, and extending lengthwise there-
of, an amplifier cooperating with said cell, and
means on the rotating member for initiating the
production of sound only when the light beam
reaches a definite point on any given sound
track. .

11. In a machine for producing speech sounds,
a continuously rotating carrier having the shape
of a surface of revolution generated by a segment
of a circle rotated about an exterior axis paraliel
to the chord of the segment, a plurality of sound
tracks on said carrier, & keyboard, means con-
trolled by the keyboard for selectively directing
2 beam of light onto the sound tracks, and means
on said carrier operating jointly with the key-
board, for initiating the production of sound at
g definite point in the rotation of the carrier.

WALLACE W. FULLER.
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