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My invention relates to a system for the pro-
duction of electrical oscillations of - sinusoidal
characteristics and their metamorphosis at the
will of a performer into musical sounds of any
desired volume and timbre.

It is the general object of my invention to
provide a musical instrument wherein a plurality
of tone sources is employed for each of the plu-
rality of notes comprising the musical scale.
Each tone source produces a tone of sinusoidal
or undistorted quality, and each note is formed
by combining the tones corresponding to its fun-
damental or first partial and the related har-
monics or upper partial tones in the proper pro-
portion to give a desired timbre or musical qual-
ity. The compounded notes are then reproduced
by loud speakers.

My Patent No. 1,901,985 granted March 21,
1933, has a similar object, but the present inven-
tion attains it in different fashion. Sacrificing
some flexibility, it is much less expensive o con-
struct, requires far less space, and is much bet-
ter adapted to use by & performer unskilled in
the electrical arts than my previous invention.
It is not to be assumed, however, that the present
invention differs from that of my former appli-
cation merely in size and complexity: results are
attained by totally different means, embodying
numerous new and useful features.

A partial object of my invention is to provide
a musical instrument wherein all primary tones
are produced by & single rotating machine of
simple, rugged construction, driven by a single
speed-controlled electric motor. Such a system
is most reliable (since the control sysiem may
reasonably be quite elaborate, and since varia-
tions in pitch between notes are impossible),

cheap to construct, and easy to change in pitch

to meet the requirements of voices or other in-
struments (since the temperament cannot alter).
To accomplish this object, I employ light-sensi-
tive electric cells as my sources of tone energy
and rotating disks as the means of interrupting
this energy sinusoidally.

It is a further object of my inventxon to re-
duce the number of photo-electric cells required
in such an instrument as much as possible by
providing a system wherein one photo-electric
cell can act as the source of & fundamental tone
and of the harmonics of a plurality of other fun-
damental tones at the same time, without inter-
ference between the various composite notes, and
without distortion in the quality of any of them.

Another object of my invention is to provide

a keyboard musical instrument using as its source .

(CL 84—1)

of tone a light-sensitive cell or cells acted upon
by periodically interrupted light beams, wherein -
the amplitude of each note as caused to speak

is dependent on the force with which the per-
former strikes or depresses the corresponding 5
key, in contradistinction to instruments in which
the keys merely trigger the tones, overall volume
being regulated by a pedal or some other means
apart from the keys. This object I achieve by
using shutters to vary the intensity of the light 10
beams corresponding to each fundamental tone
produced by the instrument in accordance with
the keying technique of the performer.

Photo-electrical musical instruments known to
the art prior to my invention employed shutters 15
in similar fashion to key the input to light-sensi-
tive cells, but these shufters were so .arranged
that the quantity of light admitted to each cell,
and thus the volume of tone output of the cell,
was proportional to the depth to which the cor- 20
responding key was depressed. Such a system
is very difficult to operate satisfactorily, as ordi-
nary amateur technique is not equal to regula-
tion of the depth of key depression on each note
to the nicety required. Furthermore, the per- 25
former’s speed in passage work is necessarily re-
stricted, and the wavering audible effect of grad-
ual increase of volume with key depression be-
comes most objectionable upon continued hear-
ing. ) . 30

My invention overcomes this defect by storing
up keying energy during a portion of the manual
keying action. When the key has been depressed
to a predetermined depth it triggers this stored-
up energy, snapping the shutter of the keyed 35
tone at once to the proper position for a pre-
determined volume. Further key depression be-
yond this point will produce a proportionate in-
crease in volume, but must overcome a relatively
large opposing force. 40

A further concern of my invention is to pro-
vide a noiseless system of direct keying for an
electrical musical instrument. Abrupt changes
of current at the key contacts are not possible
in the system described in this specification, and 45
consequently objectionable keying n01ses are pre-
vented.

- Additional objects of my invention are to pro-
vide an electrical musical -instrument wherein
the musical quality or timbre of the entire key- 50
board, or of any desired portion of it, is set by
a simple mechanical or electrical control system
susceptible to control by a single manual opera-
tion such as drawing a stop or tilting a tablet;
and to provide an electrical musical instrument 55
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wherein a conventional and pleasing tremolo may
be applied to any or all tones by a simple elec-
trical means. By a conventional tremolo I mean
a periodic fluctuation of the frequency of the
note being played. A periodic fluctuation of the
intensity of the note will also give a tremalo
effect, but not nearly as pleasing a one as the
conventional tremolo.

To illustrate my attainment of the above men-
tioned objectives, to bring out further advan-
tages of my invention, and to clarify this specifi-
cation in'general, I have included drawings as
follows:

Fig. 1 is a representation of the light-interrupt-
ing disk used in my invention, carrying screen
tracks for twelve photo-electric cells. Fig. la is
a view of the disk of Fig. 1, taken at right angles
to its axis of rotation. Figs. 2a and 2b show al-
ternative forms of screen tracks. Fig. 3 illus-
trates a mechanically operated shutter embody-
ing my principles of operation, and Fig. 4 shows
the same in electrical form. Fig. 5 is a schematic
representation of the optical system and electri-
cal connections for one octave of the instrument.

In Figs. 6a and 6b the keying system is illus-
trated for several notes, Fig. 6a being the eleva-
tion and Fig. 6b the plan view; Fig. 7 depicts a
complete tone producing unit and Fig.-8 illus-
trates the operation of the tremolo.

All the fundamental tones comprising one oc-
tave are obtained from a single disk of the form
shown in Fig. 1. On the face of this disk are
photographed or otherwise inscribed twelve con-
centric paths of constant width, whereon the in-
tensity of shading varies sinusoidally from black
to white periodically around the length of the
path, The variable width method well-known in
the talking picture art may also be applied to the
inscribing of these paths. 'The number of com-
plete cycles of shading contained in a path is a
measure of the frequency of the electric waves
which can be generated by revolving the path at
a given speed between a photo-electric cell and
a source of light, and therefore is also a measure
of the pitch of the audible tone given out by a
loud speaker or electrical reproducer energized
by such an electric wave. Omly a few of the
cycles of shading contained in each path are
shown in Fig. 1.

To make the frequencies generated by the 12
paths equal the 12 semitones of the well-tem-
pered octave, each path would require 27 times

" the number of cycles contained in the path next

lowest in frequency. Since the factor 2+ is not
a whole number it is necessary to compromise
in some manner, and my method of compromise
is to use a large number of cycles N in the lowest
frequency path, and to use the nearest whole
number of equally spaced cycles to the theoreti~
cal values of the other paths. The accuracy of
the frequencies generated will depend upon the
factor N; e.'g., for an accuracy of 0.109 N would
equal 1000, as .1% of 1000 is 1, the smallest unit
divisicn corresponding to a cycle,

The light-chopping paths need not be of the
type shown in Fig. 1. They may consist of
equally spaced fransparent holes in an opaque
background, either circular, as shown in Fig. 2¢,
or sinusoidal in shape, as shown in Fig. 2b. The
form of Fig. 2b corresponds to the variable width
talking picture method mentioned above, and
should be used in cases where an undistorted out-
put is desired. In the following sections, it is
assumed that the disk is according to Fig. 1.

As shown in Fig. 5, the light from a long and
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narrow source (such as an incandescent lamp of
the form shown at 17) passes through a cylindri-
cal lens 16 and then through twelve condenser
lenses 19, mounted in a light baffle 20, so that a
concentrated beam of light is directed on each of
the twelve sound tracks of the chopper disk 15,
and-through these tracks to each of the twelve
photo-electric cells 21. These photo-cells are
mounted in light shields 22, and for greater pro-
tection are enclosed in a box 23.

Between the condenser lenses 19 and the disk
15 is mounted a set of shutters $ and a light stop
24. 'The shutters 9 regulate the amount of light,
input to each photo-cell, and consequently the
intensity of tone derived from each photo-cell,
when suitably amplified and reproduced by a loud
speaker. As mentioned above, when the opening
of the shutter is proportional to the amount of
key depression; i. e., when there is a direct me-
chanical connection between the key and the
shutter, the amplitudes of successive notes are
seldom equal, and there is a monotonous crescen-
do effect as each key is depressed. I overcome
this in my invention as follows:

Referring to Fig. 3, when the key is at rest,

the hell-crank 10 is held against the stop 28 by .

spring 27, latch 7, and spring 6, and the key 1,
due to the action of spring 5, is against the stop
3, which is mounted on the rod 26, passing

through key 1. All these springs are fairly weak,

so that a light touch is sufficient to depress key 1
to stop 2. When this is done, however, spring 5,
due to its great leverage, builds up a great enough
force to overcome the combined forces of springs

6 and 27, so that as key 1 reaches stop 2, the latch :

T releases, and bell-crank 10 flies down, snapping
shutter 9 open to about 25 of its opening for
maximum amplitude. The motion or key 1 has
also brought a catch 29 into position to maxe
contact with the bell-crank 10 in its new posi-
tion in such a fashion that a rigid connection
between key 1 and bell-crank 10 is established
for further depression of the key. Such further
depression controls further increase of volume
in the note being played but must be made against
the heavy compressive resistance of spring 4.
When the shutter is open to its fullest extent,
key 1 strikes stop 25. When key 1 is released
spring 27 pulls shutter, key, and bell-crank back

until key 1.approachies stop 3, whereupon catch :

29 releases and the bell-crank flies back against
stop 28, resetting the latch 7.

Thus when any key in the instrument is struck
or depressed, the appropriate note is reproduced
at a set minimum intensity which it attains at
once, and the performer has at his command an
increase in intensity according to his manual
technique., The minimum intensity of the notes
may also be under the control of the performer,

_to fit the requirements of the musical passage he

desires to interpret—I provide a pedal—operated
potentiometer control on the last stage of the
photocell amplifier, similar to the well-known
volume control used on broadcast radio receiv-
ing sets, for this purpose.

Using the shutter mechanism described above,
I am able to adapt my invention so that its ac-
tion will simulate that of numerous instruments.
A simple dashpot attached to the bell-crank 10,
for instance, giving a slow return to the shutter
after the key has been struck, makes the action
almost exactly that of a piano, Similarly, an
arm and weight such as’'is shown (dotted) at 7§
in Fig. 3 may be attached to bell-crank 10, caus-
ing it to oscillate rapidly about its set position
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of minimum tone intensity and producing an
effect very like that of a vibraphone.

The apparatus shown in Fig. 3 serves well to
jllustrate the principles of light-shutter opera-
tion in my invention, and this form is amply
suitable for simple instruments, but where greater
flexibility is desired I find the electrically oper-
ated shutter of Fig. 4 much simpler, cheaper, and
more reliable. The steps in its operation are
without exception analogous to those in the op-
eration of the mechanical shutter.

Key 1 is shown with one pair of keying con-
tacts 11 and 12. This contact device is of a
special and improved form, and is fully disclosed

- in a co-pending application for Letters Patent.

It consists of a bakelite conducting member 11,
coated with graphite, and a cup 12 containing
a highly conductive liquid such as mercury. The
contact resistance of this device depends on the
amount of surface area of contact 11 which is
immersed in the mercury, and so the amount of
keying current fed to the relay coil 13 rises reg-
ularly and continuously as the key 1 is depressed,
the rate of current rise depending on the rate of
key depression and the shape of member 11. No
sparking or noise is possible at such a contact,
and thus the need of delay circuits or other de-
vices for preventing such noises from becoming
audible is obviated. - )

The key and contacts, however, build up cur-
rent in relay 13 rather gradusally, so that it is
again necessary to make some provision for the
rapid opening of shutter 9. This I have done
by a spring and latch arrangement similar to
that of Fig. 3. Shutter 9 is held against stop 30
by .spring 14 and latch 7 until sufficient mag-
netic force is exerted by relay 13 to trip latch 7.
The shutter 9 then snaps-down to a position
where the force exerted by relay 13 is balanced
by the force exerted by spring 14. It is advisable
that a small degree of sliding friction be de-
veloped between the shutter and its guides, to
prevent oscillation about the position of balance.
The vibraphone effect mentioned above may be
achieved by making the shutter rather heavy
and its guides as nearly frictionless as possible,
thus encouraging oscillations.

-By the addition of an electrical condenser of
high capacity 31 to the circuit of Fig. 4, in series
with a resistance 32 and across the relay coil 13,
I obtain a very satisfactory simulation of the
action of a piano, since the leakage of charge
from condenser 31 through coil 13 continues for
a time after key 1 is released, and returns shutter
9 very slowly to its position of rest.

Thus far only the production of pure tones
has been discussed. While they are valuable as
a musical standard of comparison or for truing
the pitch of singers or the like, they are generally
too colorless for performance use. I have, there-
fore, adapted my invention so that five har-
monics or partials may be added fo the funda-
mental tones at will, and in any desired propor-
tion. The performer is thus enabled to produce
the characteristic tones of almost any string,
brass, or woodwind instrument known to the art,
as well as tones entirely new in quality.

Keys 40, 41, and 42 of Figs. 6a and 6b carry six
contacts of the type illustrated in Fig. 4. The
graphite contact members 43’, 44, 45, 46, 47, and
48 are rigidly fixed to key 40, in similar fashion
to key contact member 11 of Fig. 4, but the fluid-
cup members 33, 34, 35, 36, 37, and 38, instead
of being fixed, are mounted on movable bars 49,
50, 51, 52, 53, and 54. These “harmonic bars”,

3

as I shall designate them, traverse the keyboard
from end to end, each of them carrying one of
the mercury cups belonging to each key.

The six contacts on each key control the shut-
ters for the light tracks producing the funda-
mental tone represented by the key, and its 1st,
2nd, /Brd, 4th, and 5th harmonics. Each har-
monic bar carries the movable portion of all con-
tacts controlling a single order of harmonic. For
instance, bar 53 carries cup 34, controlling the
first harmonic of the fundamental tone of key
490; cup 55, controlling the first harmonic of the
fundamental tone of key 41; and cups 56 and 57,
controlling the first harmonic of the fundamen-
tals of keys 42 and 43 respectively.

With this construction, the percentage of any
given harmonic which enters into any note as
finally reproduced will depend on the height of
the harmonic bar which corresponds to that har-
monic, and thus the performer need only adjust
the harmonic bar heighits to regulate his quality
of tone. A simple and practical way to provide
such adjustments is by means of a rotatable dial
and pointer for each harmonic bar, the dial be-
ing calibrated in percentage shutter aperture,
and operating the bar through- sprockets and
pulleys. My invention is not limited to this ar-
rangement, however, since other methods of con-
trol will readily suggest themselves to those
skilled in the art.

Obviously, most of the shutters in the instru-
ment will be controlled by a plurality of contacts.
A given light track, for instance, may be used
as the source of the fundamental tone of one
key, the 2nd partial tone of another, the 3rd par-
tial tone of still another, and so on. If several
notes are played at once, a single keying relay
may receive current from a plurality of sources,
and be required to open the shutter which it con-
trols in accordance with the sum of these cur-
rents. For this reason it is important that the
aperture opened for the passage of light to a
photo-cell be a linear function of the current
passing through relay 13.. My preferred method
of achieving this is to use carefully designed sole-
noidal coils for the shutter-operating relays.
The same result could be attained, however, by
shaping the apertures in light-stop 20 to conform
with the characteristics of the relay coils.

The machine supplying all the tones for the :

entire instrument is shown in Fig. 7. An electric
motor 58 drives a shaft 59 supported at intervals
by bearings 60. Geared to shaft 59 through re-
ducing worms and worim gears are the driven
shafts 61—68. Each of the driven shafts carries
a disk 15, similar to the one shown in Fig. 1, and
an optical system identical with that shown in
Fig. 5; and each shaft is driven at twice the
speed of the one next below it, and half the
spced of the one next above it. The speeds are
so chosen as to give any desired pitch; for ex-
ample, suppose that it is desired to have the low-
est note produced by shaft assembly 64 be the
note “a” at International Pitch, or 440 c. p. s.
Assuming also that the disk 15 carried on shaft
64 contains 1000 cycles in its shortest circular
light track, the speed of the shaft must be
400X 60
1000 =26.40 R. P. M.

and shaft 65 must turn at 13.2 R, P. M., shaft 63
at 52.8 R. P. M,, and so on. :

The machine of Fig. T will supply 8 full oc-
taves, or 96 tones. The outputs of all the 96
photocells carried by such a machine may be run
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to a single amplifier and loud speaker, as shown
in Fig. 5. When a number of keys are played
simultaneously in such a construction, however,
there is danger that they will modulate each
other, and my invention is thus best suited for
use as a solo instrument. For a more expensive
and more flexible instrument simple amplifiers

and loud speakers could be supplied to the nums-

ber of eight or ten, and the relay system de-
scribed in my Patent No. 1,901,985, applied so
that each note would be ensured of a separate
amplifier and reproducer.

The operation of the tremolo effect in my in-
vention may be understood from a consideration
of Figs. 5 and 8. The cylindrical lens 16 is piv-
oted on two pins 75 and 77, allowing it to turn on
an axis parallel to and at the same height as the
light source 17. Rigidly attached to pin 75 is an
arm 69, which in turn is pinned at 71 to an arm
70, which engages a pin 72 on driving wheel 73.
Arms 69 and 70 are free to rotate about pin 1,
and thus a rotation of wheel 73 produces a rock-
ing motion of the lens 16 about the axis formed
by the pivots 75 and 77. 'This rocking thotion
covers only a fraction of a degree—sufficient to
deflect the light beams L a distance equal to the
length of one cycle of the light paths on the
disk 15.

If now the wheel 73 is driven by the motor 74,
all 12 beams of light impinging on the disk 15
will oscillate back and forth in the direction of
the disk’s motion, and when the instrument is in
operation the relative speed of the light and the
light tracks will vary sinusoidally according to
the speed of motor 74. Thus a periodic fre-
quency fluctuation of the audible tones which
exactly simulates the conventional musical trem-
olo is produced. By a simple rheostat control on
motor 74, the speed of this tremolo may be made
variable at the will of the performer.

What I claim as my invention, and desire to
secure by Letters Patent, is:

1. In an electrical musical instrument, a source
of light, means for directing a beam of light from
said source on each of & plurality of light-sensi-
tive cells, means for ihterrupting each of said
beams in accordance with a musical tone, means

for amplifying and making audible the electrical

output of said light-sensitive cells, a shutter in
the path of each of said beams, and means for
operating said shutter including a key and means
for inhibiting movement of the shutter until the
key reaches a predetermined position whereupon
said audible tone immediately attains a fixed
percentage of its maximum volume and means
whereby further depression of the key causes
further increase in volume.

2. In an electrical musieal instrument having
as its source of tone a light-sensitive cell acted
upon by a pulsating beam of light, a shutter in
the path of said beam, means for supplying a
continually increasing force tending to move said
shutter out of the path of said beam, a detent
for maintaining said shutter in the path of said
beam until said force has reached a predeter-
mined percentage of its maximum value, there-
upon releasing said shutter to be moved under
the influence of said force, and means for restor-
ing said shutter to the path of said beam when
said force is removed.

3. In an electrical musical instrument a light
sensitive cell serving as a source of tone, means
for producing a beam of light directed upon said
cell, a shutter, a latch holding said shutter in the
path of said beam, said shutter being designed to.

1,901,523

be released upon the application of a predeter-
mined force acting thereon, means engageable
with said shutter upon release by said latch to
hold the shutter in a position partially Impeding
the passage of said beam of light, keying means
for applying a gradually increasing force to said
shutter and operative to drop the latch when said
force reaches said predetermined value and means
for restoring said shutter to its original porition
when the force is discontinued.

4. In an instrument as described in claim 3
means for retarding the return of the shutter to
its original position when the displacing force is
discontinued.

5. In an instrument as described in claim 3
means for retarding the return of the shutter to
its original position when the displacing force is
discontinued and means for interrupting the
dying tone produced when said shutter is re-
turned to its original position.

6. In an electrical musical instrument a mov-
able element for controlling a sound producing
electric current operable to cause the current in-
tensity to vary gradually with the position of
the element, keying means for applying a
gradually increasing force tending to move
said element and means for resisting move-
ment of the element until the force exceeds
& predetermined minimum and then sudden-
ly releasing the element to cause it to move
to a predetermined position in response to said
force, said element being movable beyond said
predetermined position upon application of fur-
ther increased force by said keying means.

7. In an electrical musical instrument an elec-
trical circuit, means for controlling the intensity
of current in said circuit variably over a sub-
stantial range including a movable element, key-
ing means for applying a controllable force to
move said element, latch means for resisting
movement of said element until the force app.ied
by the keying means reaches a predetermined
minimum, a stop for limiting the movement of
the element, said stop being movable to permit
further movement of said element upon applica-
tion of greater force through said keying means.

8. In an electrical musical instrument a trem-
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olo producing mechanism comprising a mov-#

able element operable to control and vary the
intensity of a sound producing electrical cur-
rent, keying means for applying a gradually in-
creasing force to move said element toward cur-
rent increasing position, means operable to resist
movement of said element until the increasing
force reaches a predetermined minimum and
means cooperating with said keying means for
causing an oscillatory movement of said element.

9. In an electrical musical instrument a de-
vice for producing a tremolo effect comprising
a light sensitive cell, a source of light, a mov-
ing control screen between the cell and light
source, a lens in the path of the light and means
for giving a rapid vibratory movement to said
lens.

10. In an electrical musical instrument a de-
vice for producing a tremolo effect comprising a
light sensitive cell, a source of light, a moving
control screen between the cell and light source,
and means for focussing a narrow band of light
on said control screen and for giving said band
of light an oscillatory movement in the direction
of movement of said screen.

11. In an instrument as described in claim 3
means for retarding the return of the shutter to
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its original position when the displacing force
is discontinued, and means$ for interrupting the
decaying tone produced when said shutter is re-
turned to its original position.

12. In an electrical music system, a source of
light focussed upon a plurslity of light-sensitive
cells, a rotating screen interrupting the light
input to each of said light-sensitive cells in
accordance with the frequency of the fundamen-
tal tone or a related partial tone of one of the
notes of a musical scale, amplifying means for
amplifying the generated frequencies for repro-

5

ductlon(‘accordin‘g to a predetermined schedule, .

and means for introducing a tremolo effect into
the reproduced tones, comprising a lens whose
optical axis coincides with the path of the light
rays traveling between the sald source, and the
said light-sensitive cells, said lens being so oscil-
lated at the desired tremolo frequency as to
impart a regular wave motion to the sald light
rays in a plane tangent to the rotation of the
sald screen,

RICHARD HOWLAND RANGER.
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