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This invention relates to a new and improved
apperatus and to an improved process. for gener-

ating sound waves.

An object of the invention is to provide a
method and apparatus employing polarized light
for the generation of superaudible, audible or
sub-audible sound waves.

A further object of the invention is to provide
8 simple, efficient, inexpensive and readily man-
ufactured mechanism for' accomplishing the
desired result.

Further objects of the invention are to provide
a method and means for setting up fluctuations:
in the intensity of a beam of light, and more spe-
cifically fAuctuations of a sinusoidal nature; fo
provide a means and method for translating
these fluctuations into sound waves; to provide

~ means in connection with apparatus of the char-

acter described for altering the fundamental

frequencies of the sound waves generated; to :

provide means for the simultaneous production

- of & plurality of sound waves of different funda-

mental frequencies;  to provide means for the
production of 2 sound wave or sound waves of

predetermined fundamental frequency or fre- :

quencies with the natural harmonics thereof; to
provide means for controlling the relative

strengths of the said harmonics or overtones and

the fundamental frequencies; and to provide
means for altering the fundamental frequency of

a sound wave produced.

Still further objects of the invention aré to
provide » plurality of relatively rotatable elé-
ments for mechanically and periodically altering
the infensity of a beam of light; {o provide means
associated therewith for translating said alter-
ations into sound waves; 0 provide means for
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modifying. said periodic alterations without alter- i

ing the relative speed of rotation of said elements;

to provide photoelectric and translating means-

adapted to receive and reproduce the fiuctuations
introduced into & plurality of light beams in sep-

" arate optical systems; and to provide means asso-

ciated with each such optical system for impart-
ing to the beam associated therewith fluctuations
of intensity of a character to reproduce in said
photoelectric and translating means a predeter-
mined tone with or without predetermined nat-
ural harmonics or overtones of a predetermined
relative intensity. -

Still further objects of the invention are-fo
provide means for controlling the relative inten-
sity of any tone or group-of tones produced by
the apparatus, and to provide means for accom-
plishing the said result without alteration in the
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intensity of the light source or sources employed.

Still further objects of the invention are to pro- .
vide, in & device of the character described, a
plurality of relatively rotatable light-polarizing
elements interposed in the path of a beam of
light for effecting fluctuations in the intensity
thereof, and to provide in connection therewith
a plurality of light-transmitting elements, such
for example as doubly refracting elements or
light-polarizing elements, or fractional wave
plates for effecting predetermined desired alter-
ations in seid fluctuations. '

~ Other objects of the invention are to provide &
musical instrument of the character described
adapted to produce any desired tone or combina-
tion of tones of any desired guality and with any
desired combination of natural harmonics; and
to provide a device of the character described for
use in connection, for example, with signaling
devices, such as fog signals and the like, and
adepted to produce & tone or tones of predeter-
mined fundamental frequency and guality.

The invention accordingly comprises the sev-
eral steps and the relation of one or more of such
steps with respect to each of the others, and the
apparatus embedying features of construction,
combination of. elements and arrangement of
parts which are adapted to effect such steps, all
as exemplified in the following detailed disclo-
sure, and the scope of the application of which
will be indicated in the claims.

. PFor & fuller understanding of the nature and
objects of the invention, reference should ke had
to the following detailed description, taken in
connection with the accompanying drawings, in
which:

Figure 1 is a diagremmatic representation of
2 simple apparatus embodying one form of the
invention;

Fig. 2 is a similar view of a modifled form of

"the invention;

Figs. 3-6 are similar representations of addi-
tional modifications of the invention;

. Pig. 7 is & diagrammatic representation of a
modified form of the invention wherein a plural-
ity of different sets of related elements.are
mounted for rotation on a common shaft; and

Fig. 8 is a similar view of a still further modifi-
cation of the invention wherein g plurality of
separate sets of elements are mounted for rota-
tion on separate shafts.

Fig. 9 is a diagrammatic view of a light trans-

_mitting element used with the invention together
with means for movably mounting the element.

Where two light-polarizing elements are inter-




posed in the pa.th of a beam of light and where
one of said elements is rotated and one other held
in fixed position, the variation of the operative
relation of these elements will produce a fluctu-
ation in intensity in the transmitted beam, the
beam fAluctuating from maximum to minimum in-
tensity with twice the frequency of the speed of
rotation of the rotated element, for example, if
the rotated element is rotated at a speed of 220
revolutions per second, the transmitted beam will
fluctuate at a frequency of 440 vibrations per
second. If the fluctuations of the intensity of the
beam are translated into electrical oscillations of
the same frequency without distortion and these
in turn are translated into mechanical vibrations
of a suitable diaphragm in a loud speaker, again
without distortion, a tone will be produced. This
- tone will be a pure tone substantially without
upper harmonics or, overtones of & frequency of
440 vibrations per second, i. e., it will be an audi-
ble tone and will have that pitch produced by
striking A above middle C on a piano. Fig. 1 of
the drawings illustrates a simple form of a de-
vice adapted to produce such a result,

In Fig. 1, element {0 represents any suitable
light source, preferably adjacent a reflector {2,
and elements {4 and 16 represent light-polarizing
elements., Element 16 is represented as station-
ary and fixed in position, and element {4 is
mounted to rotate as in the direction indicated
by arrow 18 about shaft 22, which may be driven
by any suitable source, for example the motor 15,
and at any desired speed. -

A photoelectric cell or similar device 20 is po-
sitioned in the path of a beam of light traversing
elements 14 and 8. Said cell should be such that
the range of wavelengths to which it responds
should include at least a portion of the wave
length range which the polarizing elements are
adapted to polarize. An amplifier 24 is represent-
ed in circuit with the photoelectric cell, and said
amplifler in turn has a translator or loud speaker
2B in circuit therewith. It should be pointed out
that, although a photoelectric cell or tube is pre-
ferred they may alternatively be used any simi-
lar device which is responsive to variations in
intensity or the plane of polarization of incident
lght, for example a thermo-couple. Moreover,
it should be understood that although the inven-
tion is shown and described in connection with
an amplifler and loud speaker, any translating
means, such as that indicated, or any recording
means, such as a moving photographic plate, may
be used, if it is responsive to activation of the
responsive means, and any such combination

_must be deemed within the scope of the invention
and claims herein,

" Buitable light-polarizing elements for use in ap-

paratus embodying the present invention may.

comprise discs or other like elements of any suit-
able light-polarizing material, for example, the
materials made and sold under the trade name
“Polaroid.” If desired, these materials, which
are available in thin sheets of adequate tensile
strength for the purposes of this invention, may
be employed in unmounted or unlaminated form,
or it may be mounted upon or laminated to a
plate or between plates of glass, plastic or other
light-transmitting material. It is not essential
that the polarizing material employed function
to effect complete polarization of the transmitted
beam.

Fluctua.tions in the mtensﬂ:y of the transmitted
beam arise from the relative rotation of the ¢le-
ment 14 with respect to the element {8 and give
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rise to corresponding oscﬂla.tmns in the current
delivered by the photoelectric cell 20. These os-
cillations, afier being amplified as at 24, are
translated into sound waves by the {ranslator 28
and, if the frequency of rotation of the element
14 is such as to give rise to audible frequency
sound waves at the translator device, an audible
tone is produced, Alterations in the speed of ro-
tation of the element i4, which may be accom- .
plished by any confrol at the driving element 5
or in any other desired manner, give rise to cor-
responding alterations in the pifch of the tone
produced at the translator. Conventional power
control means 50 are suitably connected to the
driving element 15 whereby the latter may he
regulated to alter the speed of rotation of the
light-polarizing element 14 as desired. With the de-
vice shown in Fig. i, therefore, it is possible to
produce & variety of different, pure tones of any
desired pitch and of any desired intemsity wxi:hm
ihe physical limits of the apparatus,

It appears desirable in connection with the
production of tones of high pitch in the audible
range and of supersonic sound o einploy a device
such as shown for example in Fig. 2, or obvicus
modifications thereof, so as to avoid excessively
high speeds of rotation, as wiil hereafter he de-
seribed. If is possible with other medifications
of the device to proGuce overfones or hsrmonics
of the basic pure tone without altering the speed
of rotation of the elements ané it is also possible
to control the relative intensity of these over-
tones with respect to the basic fone in sguch man-
ner as even to eliminate the hasic tone as wsll as
undesired overtones, each of which is & tone hav-
ing a frequency which is an integrai multiple of
the hasic rotation freguency, ang to pmduce only
the desired tone. Thus, for example, if the hasie
frequency of rotation is 220 revolutions per sec-
ond, an isolated overtone may readily he produced
having a frequency of 2640 vibrations per second
or even a greater or lesser freguency if desired.
It is thus apparent that even with relatively low.
speeds of rotations, relatively high pitched tones
may be produced. This is particularly desirable
in producing supersonic or superaudible tones as,
for example, for use in beacons or signaling.

In Fig. 2, both of the dises of the polarizer,
here designated as 2i4 and 216, are shown mount-
ed to rotate on shafts 222 geared together by
gears 226 and positioned in the path of the beam
emanating from the light source {8 and imping-
ing upon the photoelectric cell 28, As shown, po-
larizing element 2i4 is adapfed to rotate in a
counterclockwise direction and polarizer 2§8 in
& clockwise direction. This rotation of the two
elements quadruples the freqguency of $he fuctu-
ation set up in the transmitted beam over the

frequency. of rotation of either sheft and thus
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‘permits the production, in the more complicated

forms of the invention employing this arrange-
ment, of very high pitched tones without subject-
ing the elements of the mechanism o ezcessive
speeds of rotation. As in the modification shown
in Fig. 1, the frequency of the fiuctuations in the
mtens1ty of the transmitted beam may be varied
by varying the speed of rotation of the hght-pc-
larizing means. For this purpose use is made
of conventional power control meang 256 which
are designed to permit regulation of the driving =
element 16 and hence the rotative speed of the
light-polarizing elements 214 ang 216.

Another method of accomplishing the same
result, and by the use of rotation elements
mounted on a single shaft, is to add to the device
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. shown in Fig. 1 a second, rotatable, polarizing
. element positioned between fixed polarizer 16 and
the light source {0 and mounted for rotation with
shaft 22 or an extension thereof or, for example,
mounted as shown in Fig. 6 and described here-
inafter. With such an arrangement, and if the
rotating polarizers are positioned each with its
polarizing axis at right angles to the polarizing
axis of the other, the fiuctuations of intensity
created in the transmitted beam have four times
the frequency of rotation of the polarizers. If
"now the phase relation of the two rotatable
polarizing elements is changed, 1. e, if the rela~
tive orientation of their polarizing axes is altered
from that described toward parallelism, there
appears with such alteration a sub-harmonic
tone, and the relative intensity of this sub-har-
monic increases with the change of phase relation
until the polarizing axes of the elements are
parallel, at which position the intensity of the
sub-harmonic is a maximum. This sub-har-
monic has one-half the frequency of the tone
that was produced when the two rotating polariz-
ing elements were set with their polarizing axes
perpendicular and with the fixed polarizer be-
tween them.
. In Fig.’3 there is shown a modlﬁcanon of the
device shown in Fig. 1. This device comprises

two rotatable polarizing elements 3{3 and 3i4.

and two fixed polarizing elements 316 and. 311,
all positioned in the path of a beam emanating
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from a light source {0 and impinging upon photo- -

electric cell 20 in circuit with any suitable am-
plifying and translating device 25. If these
polarizing elements are positioned so that the
polarizing axes of the fixed polarizers are parallel
and the polarizing axes of the rotatable polar-
izers are parallel, the tone produced comprises a
strong component having a frequency twice the
frequency of rotation of the shaft, a somewhat
weaker component having a frequency four times
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monics with varying intensities of upper har-

‘monics with respect to each other and with re-
- spect to the fundamental harmonic.

Any funda- -
mental can be produced by altering the speed of
rotation of the shaft carrying the rotatable mem-
bers. - All such combinations fall within the scope
of the invention. -The addition to the combina-
tion of elements shown in Fig. 3 of additional
fized and rotating elements gives rise to the
creation of tone combinations having additional
upper harmonics or overtones. All such com-
binations are also withm the scope of the in-

" vention.

It is thus’ obvmus that, by a proper selection
of the number of rdtating and fixed polarizers
and by a proper arrangement of the phase or
orientation relationships of successive polarizers
with respect to each other, it is possible to isolate
the highest harmonic of the fundamental tone of
a particular combination and to suppress the
fundamental and all the harmonics except the
highest. Similar modifications of the apparatus
shown in connection with the device illustrated
diagrammatically in Pig. 2 will be obvious, and are
deemed to fall within the scope of the invention.

The apparatus has thus far been described as
one employing fixed and rotatable light-polariz-
ing elements as the means for. causing predeter-
mined fluctuations in the intensity of a trans-
mitted beam. In Figs. 1, 2 and 3 the rotatable
elements are shown mounted on g shaft. It will
be obvious that they may be mounted in other
ways. In Fig. 6, for example, the rotatable ele-
ments 6§4 are shown mounted at each side of
fixed polarizer 646 to rotate on bearings 624, and

‘are shown as being driven by & shaft 622 pro-

vided with gears 626 adapted to engage suitable
gears 628 on the peripheries of the polarizing ele-
ments. Power control means 656, similar to

40 those shown, are suitably connected to the driv-

that of the frequency of rotation of the shaft -

and a still weaker component having a frequency
six times the frequency of rotation of the shaft,
i, e., the tone produced comprises a fundamental
.tone with its second and third harmonics. If
the relative orientations of the polarizing ele-
ments are in any way altered, a change in the
relative intensity of the fundamental and ifs
harmonics is produced. In partlcular if the
orientation of the polarizing axis of the element
314 is 60° from the orientation of the polarizing
axis of the element 3{3 in one sense, i.e., either
+ clockwise or counter-clockwise, and. if the orien-
tation of the polarizing axis of the fixed element
" 817 is 60° from the orientation of -the polarizing
axis of the element 3186 in the opposite sense, then

the fundamental frequency, i. e., first harmonic,

and the second harmonic are substantlally sup+
pressed and the tone produced comprises pri-
marily the third harmonic of the original funda-
mental. Alteration of the speed of rotation of the
shaft which carries the rotatable light-polarizing
elements 313 and 314 will also alter the frequency
of the fluctuations in the intensity of the light
incident on the- photoelectric cell 28. To this
end use is again made of power control means,
indicated by the reference numeral 350 in Fig. 3
for the purpose of regulating the driving element
{5 and altering the rotative speed of the light-
polarizing elements 313 and 314 at will. -
Other combinations of rotatable and fixed ele-
ments in various relative orientations may be em-
ployed to produce a wide variety of combinations
of fundamentals and their respective upper har-
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ing element 16 of Fig. 6 whereby regulation of
the rotative speed of the light-polarizing ele-
ments 6{4 is effected. With such s system the
entire area of the polarizers may be employed to
intercept the transmitted beam. It will be ob-
vious that other methods of mounting and rotat-
ing the rotatable elements and of mounting the
fixed elements may be employed, and that all or
any desired portion of the surface area of any
of the. elements may be employed to intercept
the transmtted beam. In this connection it
might be pointed out that the intensity of the
tone produced may be controlied in part by con-
trolling the quantity of light falling upon the
photosensitive element, i. e, as the intensity ot .
cross-sectional area of the light beam is in-
creased, the intensity of the tone produced by the

_system may be increased. Control means of this

character are shown in Pig. 8 and will be presently
explained. ‘ '

If desired, birefringent elements, and more spe-
cifically and preferably half-wave retardation
elements, may be inserted between the polarizing
element adjacent the light source and the polariz.’
ing element adjacent the photosensitive element,
and these birefringent or half-wave retardation
devices: may be employed as rotating or as fixed,
or as fixed and rotating elements in apparatus '

embodying the invention. All of these elements, .

including the light-polarizing elements and the
birefringent elements are termed herein optically
anisotropic ‘elements. In, for example, the ap- '
paratus shown diagrammatically in Fig. 4, the
two polarizing eleménts 416 are fixed with respect
to each -other, and have between them a half—

A
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wave retardation device 430 mounted for rotation
with shaft 22. The rotation of the half-wave
device will produce variation of the operative
relation of the polarizing elements, and the re-
sulting fluctuations in the light beam traversing
the three elements give rise in the translator to
a tone having a frequency four times the fre-
quency of the speed of rotation of the half-wave
device. So also, if element 616 in Fig. 6 repre-
sents a half-wave device fixedly mounted between
the two rotating elements 6{4, the same result is
obtained. Variations in the fluctuations in the
intensity of the transmitted beam may also be
atta.ned in the device of Fig. 4, by power control
means 450 assoclated with the driving element
{5 for regulating the speed of rotation of the half.
wave retardation means 430.

A further modification is shown in Fig. 5, and
comprises a fixed polarizing element 518, a rotat-
ing polarizing element 54, a fixed half-wave
plate 530 adjacent the rotating polarizer but be-
tween it and the fixed polarizer, and a rotating
half-wave plate 532 mounted on shaft 22 for
rotating with the rotating polarizer and posi-

tioned between the fixed half-wave plate and the .

fixed polarizer. With this arrangement a pure
tone will be produced in translator 25 having a
frequency six times the frequency of the shaft
speed, and other modifications of added half-wave
devices fixed and rotating to give tones of higher
pitch may also be used and will he understood to
fall within the scope of the invention. Power
control means-550 are also employed in the device
of Fig. 5 to the end of regulating the freguency
of the fluctuations in the intensity of the trans-
mitted light by regulating the rotative speed of
the rotatable members 5{4 and §32.

Another arrangement involving the use of half-
wave retardation devices may be produced by
modifying the device shown, for example, in Fig.
2, where two polarizing elements are.employed,
one adjacent the light source, the other adjacent
the photocell, each mounted for rotation on a
separate shaft in a direction opposite the direc-
tion of rotation of the other. If this apparafus
is imodified by mounting with each rotatable
polarizer a half-wave plate, so that the structure

~comprises, successively, and. in -addition to the
~light source, the photocell and the translator, s

polarizing element mounted for clockwise rota- -

tion, 4 half-wave element mounted for counter-
- clockwise rotation, a second half-wave plate
‘mounted” for clockwise rotation, and a second
polarizer mounted for counter-clockwise rotation,
and if the beam impinging upcn the photoelectric
cell traverses all of said rotating elements in the
order mentioned, the tone produced will be &

pure tone having a frequency.twelve times the
frequency of the speed of rotation of the shafts,
and the characteristics of the tone will remain

. unchanged irrespective of changes in the relative

phase relations, i. e., in the orientations of the
polarizers and the half-wave plates. - ‘

If the device shown in Fig. 2 is modified in such
a way that two polarizing elements are mounted
on the same shaft, and if a half-wave plate is
mounted on the other shaft for relative rotation
between the two polarizing elements, so that the
two polarizing elements, while rotatable as a unit,

are fixedly positioned with respect to each other, - K

the resulting tone produced will have a frequency
eight times the frequency of the shaft rotation.

As the number of relatively rotatable half-wave

devices between the polarizers in structures such
as are shown in Fig. 2, 1. e,, where two shafts are
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employed, is increased, the pitch of the fone pro-
duced increases in the manner indicated in con-
nection with the discussion of the two preceding
modifications. Wherever rotating hsif-wave re-
tardation devices are -employed positioned be-
tween relatively rotating polarizing elements
(alternate elements in the ensemble being rotated
in opposite directions), the quality of the tone
produced is independent of the initial orienta-
tions of the polarizing axes of the polarizing
units, or the principal axes of the hsali-wave
plate elements. .
In this connection it should be pointed oul
that, stricfly speaking, a retardation plafte can -
be a so-called half-wave plate only for one wave-

length of light. For neighhoring wavelengths of

20

- tion is 6.69 wavelength at 4000 A. and 0.3% wave=~
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light, it will not be a perfect half-wave plate. If
white light (comprising the usual distribution of
Heght energy in the spectral range from 4000 to
7000 A.) is used, and if the half-wave plate is de-
signed for the wavelength, say 5500 A. where the
sensitivity of the eye is greatest, then its retarda-

length at 7000 A. ~ Hence, in any system in which
a combination of fixed and rofating polarizing
sheets and “half-wave plates” is designed to pro-
duce & pure tone, tie tone will still involve traces -
of harmonics whose relative intensity can be eal-
culated from the spectral distribution of intensity
of the source, the spectral distribution of retarda-
tion of the half-wave plete or plates, and the spec-
tral distribution of resganse of the photoelectric
cell.

This deficieney can easxly be corrected by the
uee of monochromatic light, such as an electric
sodium lamp, whose light energy is concentrated
in two intense yellow lines in the spectrum which
are very close together (5880 and 5886 A and
designing the half-wave plates for this narvow
region of the spectrum. Another methoé in-
volves the use of g commoen mercury vepor lamp,
or a neon lamp whose spectral distribution of
intensity lies almost entirely in the region ke-

- tween 6000 and 7000 A. and designing the half-
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wave plate accordingly.

In order to cut out far red snd infra-red Izght
for which Polarcid film Is less perfect as 2 polar-
izer than elsewhere in the visible spectzmm and
where the sensitivity of a photocell is large, a
suitable filter may be interposed in-the system,-
such as a Zeiss BG-18. It should be pointed out,
however, that this is not es importent & problem
as it seems, for the reason thai it is only the
variation in the polarized radiation which causes
the system to operate.. In other words, it is the
Hght fiuctuations caused by the polarizers which
give rise to the tones produced, aud lght reach~
ing the photocel! without inferception by two or °
more polarizers will be constant and will have no - -
effect thereon except to establish its minimum
jllumination.

Other modifications of shaft and element ar-
rvangements than those previously discussed gre
shown in Figs; 7 and 8. In Fig. 7, for examiile,
three tone-producing units, comprisibg a plo-

- rality of overlapping polarizing elemenis 714 and

716, are shown mounted en the same shaft 122
in combination with a single light source Ti¢ and
a single photoéleciric tube 72¢ ang translator 125,
Light from source T8 is caused to {ravérse the
rotating elements Ti&  and fixed elements 716
of each of the three units by means of mirrors
146 and 742, which act respectively to direct a

- portion of the beam through the predetermined

[{]

elements which comprise each unit, and then to
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direct each of said portions so that it impinges
upon the photo cell. Supplementary directional
mirrors T84 may be employed, if desired, and
shutter means, indicated at. 145, may be employed

"to block any of the beams emanating from light

source Ti0. With such a device a plurality of
separate tones including, if desired, their over-
tones, may be produced with the use of a single
light source and a single rotating shaft. As in
the other modifications of the invention, power
control means 150 are employed in Fig, 7 to reg-
ulate a driving means or element 715 which drives
the shaft 722 whereby to vary at will the rotative
speed of the shaft and the light-polarizing ele-
ments Ti4 carried thereby to the end of prede-
terminedly altering the fluctuations in the in-
tensity of the light transmitted to the photoelec-
tric cell 720. .

In Fig. 8 a modified structure is shown wherein
a plurality of light sources 810 are provided, each
with its own rotating shaft unit 822. This unit
may comprise in any case a predetermined ar-
rangement of fixed and rotatable elements, in-
cluding polarizing elements and half-wave de-

vices. The shafts may, if desired, be separately

driven by separate power means or driving ele-

ments 815, 818’ and 815’’; or they may be so
mounted as to be driven from a. single power
source by means of separate gear trains, not
shown, whereby different shaft speed may be se-
curéd, Varlation in the rotative speeds of the
different shafts 822 may be obtained through in-
dividual power control means 850, 85l and 852
suitably connected to the driving elements 815,

" 815’ and 815’ respectively, The beams traversing

the elements associated with each shaft may be
prought to focus on a photoelectric. cell 820
mounted at the focal point of a parabolic reflec~

tor 812, and the tone may be produced in the

translator and amplifier 825. Here, again, con-
trol of the tone production may be secured by
controlling the energization of the light sources
separately. For this purpose, use is made of sep-
arate control means 860, 861 and 862 of conven-
tional design, each connected to-an individual
light source 810 whereby the intensity of the

" source may be regulated as desired. As previ-

ously intimated, if desired intensity .confrol

. means of this character may be employed with

the light source of the other embodiments of the
invention for controlling the intensity of the ligsht

structure shown in Fig. 8 may readily be modified

by arranging the light sources and their associ--
ated shaft units radially about the photoelectric 5

they may be swung out. of operative relationship
with respect to the other elements. For exaL.-
ple, as shown in Fig. 9, an élement 901 may be
fixed to a rotatable shaft 800 for rotation there-
with. Element 901 may be a light-polarizing de-
vice or fractional wave retardation means. Itis
shown in operating position in the path 802 of a
light beam adapted to be transmitted onto a pho-

toelectric cell of any of the embodiments of the

invention. By rotating shaft 900 in the coun-
terclockwise direction of the arrow at the left end
of the shaft, element 801 may be swung out of
the path 902 of the beam. Counterclockwise rota-
tion of the shaft will then return element 8061 to
its operating position shown in Fig. 9. All such
methods of controlling the pitch or tone qualities
of the sound produced by devices embodying the
present invention are to be deemed within the
scope thereof. It may also be pointed out that
by the use of a number of the above described
units, suitably mounted and arranged and pro-
vided with appropriate controls, a musical in-

strument may be produced which will have the .
general characteristics of an organ. Similarly, =

it is possible by suitable control of overtones and
harmonics to reproduce the tones of virtually any

" conventional musical instrument.

30

1t should be understood that it is also practica-
ble to arrange the various polarizing and half-
wave elements so that-certain thereof intercept
only a portion of the light beam, Thus, a por-
tion of the beam may be intercepted at one fre-
quency and the remainder at another frequency,

which will give rise to a still more complex com- .

bination of overtones. In a still further modi-
fication, elements rotating in the same direction
may be caused, as by suitable gearing, to rotate
at different relative speeds, thus making it pos-
sible, for example, to secure extremely low fre-
quencies with a minimum of gearing and at any

desired shaft speed.
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- emitted by them. It will be obvious that the .

-1
e

cell, and that the number of such light sources .

and_ shaft units may vary to any desired degre-=.
Other modifications of the invention, other
shaft arrangements and assemblies, will be obvi-

. ous: . Inany of the modifications of the invention

it will be understood that means may be provided
‘to bring predetermined - elements into engage-
ment with other elements or similarly to remove
them from such operative engagement. For ex-

ample, the half-wave retardation devices mount-

TRIGONOMETRIC EXPLANATION OF THE INVENTION

It is believed that the present invention will be

understood more easily if it be explained- also
with respeet to certain mathematical formulae
involved. If it is assumed that the emergent
beam from a sheet of polarizing material is com-
pletely polarized and if k is the coeficient of
transmissivity of a sheet of unit thickness, then
for the light which is transmitted from an inci-
dent, nonpolarized beam of intensity I,.a umit

sheet has an emergent beam of intensity ¥I. If

the incident beam is polarized and impinges on
the sheet with its direction of vibration parallel
to the polarizing axis of the sheet, then the emer-
gent beam intensity is 2kI. In the following, it

- will . be assumed either that the light used is

i)

ed between the polarizing elements in certain of

the modifications of the invention described, or
certain of the polarizing elements in other modi-
fications of the invention described, may be
mounted to be swung into and out of operative
relation to the rest of the polarizing or birefring-

ént elements, whereby the tone produced may be . -

altered in pitch or.in quality, or in both ways.
This may be accomplished-by mounting ‘separate
elements-indt_apendently on pivoted arms, so that

75

monochromatic or that k is the same for all
wave-lengths and that the polarizer completely
polarizes the transmitted beam.

- Combinations including fixed and rotating
' polarizers '

© “If g beam of ‘non-polarized light of intensity Io
- passes successively through two sheets of polar-

izing material, the polarizing axes of which are
at an angle ¢, the emergent intensity I is

I=KkIy (2K cos? o)./ @
or the relative intensity J, i. e., the ratio I/To, is
N - J=2k2 cos? o ' @

or, since
o 124 cos 20=cos? ¢ 3)
J=2k3 (164 cos 26) . (C))]
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If the sheet which the light beam first strikes
is fixed, ang the second rotates so that its polar-
izing axis rotates about the beam, then the ‘direc-
tion of the electric force in the emergent beam is
always parallel to the rotating polarizing axis.
The intensity of the emergent light is propor-
tional to the square of the electric force, and the
Intensity varies, in accordance with (4), with the
cosine of twice the angle 8. When ¢ is 90°, the
polarizers are crossed and the transmitted in-
tensity is of course equal to zero. For each com-
Dlete revolution of the second sheet, the intensity
fluctuates through two complete cycles, each from
maximum to minimum. It is to be noted, in ac-
cordance: with (4), that. the ﬂuctuation is of
a sinusoidal nature. :

If a fixed, third polarizing sheet is positioned

to intercept the heam after it has passed through
the second rotating sheet and is positioned with
its polarizing axis parallel to that of the fixed,
first sheet, the beam incident on the third sheet

is plane-polarized, the plane of polarization ro-’

tating with and parallel to the polarizing axis of
the rotating, second sheet. As just mentioned, its
relative intensity J varies. When the plane of
polarization of the beam incident on the third
sheet is parallel with the polarizing axis of the
third sheet, a maximum of the beam passes
through the third sheet but, as that plane ro-
tates, the amount of light transmitted is further
diminished by the third sheet until said plane
is perpendicular to the polarizing axis of the

third sheet. The intensity of light leaving the

third sheet is
K=J 2k cos? ¢ (8
or substituting (2), ’
—=2k? cos2 8 2k cos? § ®
=4k3 cost ¢ 7}
or substituting (3},
K—4k3 (33-}-1% cos 26--14 cos 46) 8)

Thus, the final intensity may be considered as
comprising two vibrations, each fluctuating as a
simple trigonometric function, one with a fre-
quency equal to twice the frequency of rotation
of the shaft of the second sheet, the other with a
frequency equal to four times said shaft fre-
quency.

Should the fixed, third sheet have a polarizing
axis at an angle of /2 or 90° with the polarizing
axis of {he fixed, first sheet then Equation 6
becomes

K=2k3 cos? # 2k cos? (8-}»/2) 9y
=4K3 (15— cOs 46) ae

The fluctuating component is made up entirely
. of a component which fluctuates with a frequency
which is four times that of the rotating shaff. |
Similarly, when there are four polarizing sheets,
the first and third fixed and the second and
fourth having the same angular velocity about
the light beam as an axis and all at certain iden-
tical times having their polarizing axes parallel;
the ratio L; of the inténsity of the final emergent
beamtotheorlginalincidentbeam is given by

. L=8Kk* cos® ¢ an

whlch by sxmﬂar trigonanetric substitution be-
comes

L=8Kk* (54113 cos 20} co8 40+3‘g cos 60)

Considering the fixed third sheet to have a direc-
tion of polarization at an angle of —2x/3 radians,

a2
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or —120° to the direction of poiamzatlon of the
fixed first sheet, and considering the rotating
second sheet to start from a position such that
its direction of polarization is then parallel to
the first sheet and considering the rotating fourth
sheet to start from a position such that its direc-
tion of polarization then makes an angle of
—2r/3 radians or —120°, with the direction of .
polarization of the first -sheet, the value of L
after the rotating sheets have gone through an
angle ¢ is

| Li=8k* cos? 6 cos? (§-+-2r/3) cos? (4—2r/3)  (13)
which becomes ,
L=8k* (3443 cos 66) 14

20

28
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The general rule, which includes Equations 4.
10 and 14, for determining the relative orienta-
tion of the various sheets whereby all partial
tones, except a certain predetermined highest
partial tone, are suppressed, is as follows:

Given a system of » Polaroid discs in which
alternate elements are respectively stationary
and rotating, the relative intensity of light trans-
mitted by this system is

=1 (2k)™ cos? (64-e1) cos? _
{64ew .. .cos? (9+en-1) (15)

where the quantities ei, ez, en—1 are representative
of the initial orientations of the polarizing axes
of the successive Polaroid discs in the ensemble
in a way that will presently be made clear.

This function J will, in gensral, .be a com-
posite of vibrations of a sinusoidal character
whose frequencies are given by the harmonic
series 2f, 47, 6f . . . 2(n—1)f where f is the fre-
guency of rotation of the shaft. The relative
intensities of the several components in this
series will depend upon the values of the quan-
tities e1, e3, e, ete.

In particular, however, all the harmonic com-
ponents of this series, excep’ the one of highest
frequency, may be made to vanish by a suitable
choice of the values of e, ez, es, etc., in which

z:ig €4=3a
es=3u ) Sn1=(n—2)

and in which

=2r/n~1 in radian measure
=360/n—1 in degrees

The expression for the relative intensity of the
light is then
4 )
i) -

=-§-(2k) # ¢os? 9 cos? (8—}- n2jl> eos? (01'- g
2xr(n—2)
cos? (0+ 'n—_l‘“) 16
and this by a suitable sequence of trigonometric
substitutions reduces to one in which a term in
cos?(n—1) ¢ is the only fluctuating component.
In order to determine the initial orientations
of the polarizing axes of successive Polaroid
discs in the assembly, insert the condition =0 in
the above equation for J. Assume that the odd-
numbered elements in the assembly are station-
ary and that the even-numbered elements are
mounted 80 as 1o be capable of a rotation in an
arbitrarily chosen positive sense. It follows that
the first two Polaroid discs must be so set that

thelr polarizing axes are initially parallel. Since
theaeeondPohrolddhcisrotaﬂngpositively
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the polarizing axis of the third Polaroid disc must
be set at an angle

’ — 2

. n—1

from the initial orientation of the polarizing axis
of the second Polaroid disc. The third Polaroid
disc is stationary. The polarizing axis of the
fourth Polaroid d1sc must then be set inmally
at an angle

n—1
to the orientation of the polarizing axis of the

third Polaroid dise, and this procedure may be :

continued for any given number of discs.
Equation 4 defines the intensity of a beam
which has traversed a. fixed and rotating sheet
when, after a given time, the direction of po-
larization of the latter has reached an angle ¢

with the direction of polarization of the former.

If both had been rotating at the same rate but
in opposite directions, the angles between the
directions of polarization would have increased
twice as fast and, after the same time, the last-
mentioned angle would have been equal to 2.
"In which case . )
» ' J=2K3 cos? 26 X an
=2K3(Y—Y2cos 49> = (18)

Similarly, if certain intensity components are
present with respective frequencies of fluctua-
tion in a beam which has passed through fixed
- polarizing sheets and sheets rotating in one di-

10

20

Azzcos20lysin2e 23

The symbol = is here used to signify “is pro-

portional to.” The intensity J is, of course, pro-
portional to the square of the amplitude A. On
making the appropriate substitutions and sim-
pliﬂcatxons there is obtained:

= Yy (1—cos d)cos 86434 —Ysc0s d (24)
or, for a half-wave plate, where cos d=—1,
J = Yocos 8641 - (@25)
If the polarizing sheets, instead of having

-parallel polarizing axes as in the preceding case,

have axes which are at an angle of 90°, a simi-
lar mathematical treatment gives

J=1sin? Yad(1—cos 86) (26)

‘Again the resulting frequency of fluctuation of
the intensity of the light emerging from the de-
vice is eight times the frequency of rotation of
either the shaft which carries the plate or of
the shaft which carries the polarizers.

Cmnbmatzons mcludmg half-wave retardatzon
plates ’

A half-wave plate rotates the. plane of polan-

- zation of incident plane-polarized light. If such

30

rection, then if the fixed sheets are given an °

equal speed of rotation but in the opposite di-
rection, those .intensity components have twice
as great frequencies of fluctuation.

~ Combinations including retardation plates

In the case of two polarizing sheets, with par-
allel polarizing axes and rotating with the same
angular velocity, with an interposed retardation
plate having an equal angular speed and oppo-
site angular velocity, the polarized light received
from the first sheet by the plate is resolved in

the plate into two components which emerge.

. from the plate differing in-phase by an angle d

and each having its direction of. vibration at
- right angles to that of the other. The geo-
metric reference systems have to be taken with
axes along these directions. If a is the ampli-

tude of the intensity of the light leaving the first

sheet, then, at any instant at which the direc-

tion of polarization of the light incident on the .

“retardation plate is inclined at the angle « to

‘the z axis in the retardation plate, the ampli-

tudes of the two components, = -and y, leaving
the plate would be

r=a cos mt ¢cos « BENET )
. y=a cos{(mt+d)sin « 20)
where m is equal to 2» times the frequency of

the light.
If the first sheet and the plate rotate in op-
posite directions, when each has turned through

an angle 6, then « will be equal to 20 in the pre-

vious equation, and

r=a cos. 26 cos mi (2__1)
y=a sin 26 cos (mt4-d) - (22)

The above values of the amplitude z and v

must now be resolved along the polarizing axis

of the second rotating sheet. The resultant am- .

plitude is the sum of their- contributions I A
is the resultant amplitude, then

40

a plate is interposed between, and has ‘an angu-

‘lar velocity equal in magnitude-and opposite in

direction to two polarizing sheets, and if the po-
larizing axis of the first sheet ma‘.kes an angle
to the positive side of either of the principeal axes
of the half-wave plate, then the plane of polari-
zation of the light emerging from the half-wave
plate makes an angle © with the same principal .
axis of the half-wave plate toward the negative
side. " Hence, the angular disparity between the

_polarizing agis of the first polarizing sheet and.

of the plane of polarization of the light emerging
from the half-wave plate is 2u. When the first
polarizing sheet has rotated positively through an

- angle ¢ and (in the meantime) the half-wave

50

plate has rotated negatively through an angle 6,
the angle between their axes is 29. Consequent-
1y, the plane of polarization of the light emerging
from the half-wave plate must have turned
through an angle 4¢ from where it was original-
ly. 'This rotation is negative, but both the first
and second polarizing sheets have turned through
the positive angle ¢-in the same time. Hence, the
angle between the plane of polarization of the
light emerging from the half-wave plate and the

" . polarizing axis of the second polarizing sheet is

4. Neglecting any absorption of light by the
half -wave plate,
—=2k2cos? 46 o (27)
=2k3(Y24Y2cos 80) . (28)

' Hence, the frequency of the fluctuation of the

60

intensity of the light emerging from the second
polarizing sheet is eight tlmes the frequency of -

" rotation of either shaft.

70

. (compare Equations 26 and 28).

s

If a light beam passes through a polarizing
sheet, two half-wave plates and a second polariz-
ing sheet, all rotating at the same rate but- with -
alternate elements rotating in opposite direc-
tions, the intensity of the finally emergent beam

J=3k3cos? 66 1))
=2k3 (164 Yocos 120) (30)

For each additional half-wave plate inserted the
argument of the cosine term is increased by 46 :

The foregoing formulae represent the resul

<

‘ obtained in an ideal system. They may be closd =
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ly approximated in actual practice in many ways.
For example, where Polaroid film is employed as
the polarizing elements, it 1s necessary only to re-
strict the wavelengths of light emanating from
the source to those values or regions in the spec-

trum for which the degree of polarization of light

produced by Polarcid film is substantially unity.
Standard Polarcld film gives & degree of polari-
zation equal to or greater than .999 for light in
the middle third of the visible spectrum, with, at
the same time, relatively high transmission prop-
erties.

‘Where the light source employed is either a so-
dium vapor are, or a mercury vapor arc in combi-
nation with a suitable filter to isolate the green
line in the spectrum, or an incandescent source
with a suitahle filter to restrict the light employed
to 2 wavelength band approximately in the middle
of the visihle spectrum, and where Polaroid film is
employed as the polarizing elements, the results
achieved are approximately those expressed
mathematically in the above formulse. In such
systems the use of half-wave devices comprising
sheets,forenmple of half-wave Cellophane will
impart no distortion to, or appreciable departure
from, the results expressed by said formulae,

In the event that it may be desired to employ
. circularly polarized light in the practice of the
present invention, it is necessary to employ, in
addition to the circular polarizer nndﬂxean—
alyzer, a partial wave retardation device, mount-
ed between the two polarizing elements for rela-
tive rotation with respect to the one adjacent the
light source.

It should be barne in mind that in dewces em-~
Pploying the invention, the polarizing and wave re-

10
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sald means including means for sltering prede-
terminedly and periodically the position of the
axis of at least one of said anisotropic elements
with respect to the others. of said elements.

2. In combination with & source of light, means
sensitive to variations in incident light positioned
in the path of light emanating from said source
and translating means associated with said sensi-
tive means and responsive to activation thereof,
a light-polarizing element positioned between
said source and said sensitive means, a second

‘light-polarizing element positioned in the path

of light traversing said first-named polarizing
element, means compnsing birefringent material
positioned between said polarizingelements, and
means for varying the relation between the po-
larizing axis of at least one of said polarizing ele-
ments and the principal axes, of said birefringent
material.

3. In combination with a source of hght means
sensitive to variations in incident light positioned
in the path of light emanatihg frém said source
and translating means associated with said sensi-
tive means and responsive o activation there-
of, a plurality of light-polarizing elements posi-

tioned between said source and said sensitive

means, ab least one element comprising birefrin-
gent material positioned betwesn said polarizing

“elements, and means for totating af lzast one of

30

tardation eclemenis employed are preferably -

mounted in such a way that alternate elements
are adapted for rotation, one with respect to an-
other.

It should also be understood that the forego-
ing formulse and the descriptions of various
maodifications of the invention are intended mere-
ly as genenally illustrative of devices embodying
the invention, and are given in the belief that
from them a wide variety of devices and other
modifications will be readily apparent to those
skilled in the art to which the invention apper-
tains.

Since certain changes in carrving out the above
process and in the constructions set forth which
embody the invention may be made without de-
parting from its scope, it is intended that a1l mat.
ter contained in the above description or shown

in the accompanying drawings shall be inter- 5:

preted as illustrative and not in a limiting sense.
It is also to be understood that the following

claims are intended to cover all the generic and

. specific features of ‘the invention herein de-
scribed, and all statements of the scope of the
invention which, as 8 matter of language, might
be said to fall therebetween,

Having described our invention, what we claim.
as new and desire to secure by Letters Patent is:

1. In combination with a light source, means
mmmmhﬂdmt.ightmdtrms
Iating means associsted with said sensitive means
and respomsive fo activation thereof, a plurality

40
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said polarizing and birefringent elements with
respect {o at least one other thereof.

4. In combination with a source of light, means
sensitive to variations in Incident light positioned
in the path of light emanating from said source
and transiating means associated with said sensi-
iive means and responsive to activation thereotf,
a plurality of lighl-polarizing elements posi-
tioned between said source and said sensitive
means, and means comprising a plurality of ele-
ments of birefringent material positioned be-
tween said polarizing elements, aliernate ele-
ments in said assembly being mounted for rota-
tion relatively to the remainder of said elements.

5. In combination, a source of light, a plurality
of groups of light-polarizing elements positioned
in _the path of light emanating from said source
in predetermined directions, alternate elements
in said groups being mounied for rotation rela-
tively to the remainder of said elements, and
means sensitive fo variations in incident light po-
sitioned in the path of ligh{ traversing said polar-
izing elements.

. 6. Tn combination with a source of light; means
sensitive to variations in incident light and trans-
lating means associated with said sensitive means
and responsive to activation thereocf, a plurality
of light-polarizing elements arranged in over-
lapping relation, alternate elements in said plu-

- rality being mounted for robation relatively to

B0

the remainder of said elements, and means for
directing beams of light emansating from said
source through predeiermined groups of said po-
larizing elements and for causing the resulting

- polarized beams o impinge upon said sensitive

tween said ssuroe and sald serisitive means to in- -

tercept Nght esmanating from said source and in-
cident an said semgitive ¥heans, means to alter
the intensily of Eght incident on said sensitive
 means snd treversing sald anisotropic elements,

15

means.

7. In combination with a source of light; means
sensitive to variations in incident light and trans-
lating means associated with said sensitive means
and responsive to activation thereof, a plurality
of light-polarizing elerpenis arranged in over-
lapping relation, alternate polarizing elements in
said plurality being movnted for rotation rela-
tively to the remainder of said elements, and
mirror means positioned to direct beams of light
emanating from said source through predeter-
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. mined groups of said polarizing elements and

to cause the resuiting polarized beams to impinge

upon said sensitive means.
8. In a tone producing device having a scurce

of light, photo-sensitive means positioned in the 8

path of light emanating from: said source and
speaker means associated with said photo-sensi-
tive means and responsive to activation thereof,
in combination, a plurality of light-polarizing ele-
ments positioned in the path of the light emanat-
ing from said source and located between said
source and said photo-sensitive means, alternate
elements in said plurality being mounted for rota-
tion relatively to the remainder of said elements,
and mezans for causing said rotatively mounted
elements to rotate.

9. In a tone producing device'ha.ving a source:

of light, photo-sensitive means positioned in the
path of light emanating from said source and
speaker means associated with said photo-sensi-
tive means and responsive to activation thereof,
in combination, a plurality of light-polarizing ele-
ments positioned in said light path between said
source and said photo-sensitive means, alternate
elements in said plurality being mounted for
rotetion relatively to the remainder of said ele-
ments, means for causing said rotatively mounted
elements to rotate, and means for regulating the
frequency of rotation of said elements such that
a superaudible sound is produced in said speaker
means. - L

10..In a tone producing device having a source

of light, photo-sensitive means positioned in the =
path of light emanating from' said source and -

spesker means associated with said photo-sensi-
tive means and responsive to aciivation thereof,

in combination, a plurality of light-polarizing ele-

ment : positioned in said light path between said
source and said photo-sensitive means, alternate
elements in said plurality being mounted for rota-
tion relative to the remainder of said elements,
means for causing sald rotatively mounted ele-
ments to rotate, and means for regulating the
frequency of roiation of said elements such that
a sub-audible sound is produced in said speaker
means, : S S
11, In a tone producing device having a source

of lght, photo-sensitive means positioned in the -

path of light emanating from said source and
speaker means asseciated with said photo-sensi-
tive means and responsive to activation thereof,
in combination, a plurality of light-polarizing ele-

ments positioned in the path of light emanating
from said source, and located between the source

and said photo-sensitive means, at least one half-
wave retardstion device positioned between said
polarizing elements, at least one of the elements
in the assembly being mounted for rotation rela-
tively to the remainder of said elements, and

means for rotating said rotatgbly mounted ele-

ment. . ~ )

12. In'a musical instrument having at least one
licht source, photo-sensitive means receiving
light emanating from said light source and loud
spesker means associated with said photo-sensi-
tive means and responsive to activation thereof,
in combination, a plurality of groups of optically
anisolropic elements, each said group comiprising

at least two lght-polarizing elements, each said -

group being positioned in the path of light
emanating from said source and incident on said
photo-sensitive means, predetermined elements
in each said group being mounted for rotation
relatively to the remaining elements therein, and

43
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means for rotating sald rotatably mounted ele-
ments at predetermined speeds. :

13. In & musical instrument having at least one
light source, photo-sensitive means receiving
Hght emanafing from said source and loud
speaker means associated with said photo-sensi-
tive means and responsive to activiation thereof,
in combination, a plurality of groups .of light-
polarizing elements traversed by light emanating

18 from said source and incident on said loud

speaker means, predetermined pairs of polarizing
. elements in predetermined ones of said groups
having half-wave retardation means positioned
therebetween, alternate elements in each of said

15 groups being mounted for rotation relatively to

the remainder of the elements therein, and
means for rotating said rotatively mounted ele-
ments at predetermined speeds.

14, In a musical instrument having at least one

20 source of light, photo-sensitive means positioned

in the path of light emanating from said source
and speaker means associated with said photo-
sensitive means and responsive to variations in
the output thereof, in combination, means for

25 causing the light from sald source incident on said
"~ photo-gensitive means to fluctuate at a prede-

termined frequency, said means coniprising a
plurality of light-polarizing elements- positioned .
between sald light source and said photo-sensi-

30 tive means, means for causing predetermined ele-

ments of said light-fluctuating means to rotate
relatively to the remainder of said elements and
means for predeterminedly altering the frequency
of such variations. .
15. In a musical instrument having at least one
source of light, photo-sensitive means positioned
- in the path of light emanating from said source .
and speaker means associated with said photo-
sensitive means and respongive to variations in

St

it the output thereof, in combination, means fot

causing the light from said source incident on
said photo-sensitive means to fluctuate at a pre-’
determined frequency, said means comprising a
‘Plurality of light-polarizing elements positioned

between said light source and said photo-senti-

tive means, means for causing predetermined ele-

ments of said lght-fluctuating means to rotate
relatively to the remainder of said elements, and .
means for predeterminedly altering the frequency
of such variations, said means comprising means
for moving predetermined elements in said light-
fluctuating means into and out of the path of .
light from sald source incident on said phote- -

sensitive means, - .

16. In a musical instrument having at least one

- source of light, photo-sensitive means. positioned.
in the path of light emanating from said source
- and speaker means associated with said photo-
sensitive means and responsive to variations in

80 the output thereof, in combination, means for

causing the light from said source incident on
said photo-sensitive means o fluctuate at a pre—
determined frequency, said means comprising a
plurality of optical anisotropic elements and in-

83 cluding at least two light-polarizing elements

positioned between said. light sourece and. said
- photo-sensitive means, means for causing prede- .

termined elements of said light-fluctuating means

to rotate relatively to the remainder of said ele-
the frequency of such variations, .

17. In a musical instrument having photo-elec-

tric means sensitive to variations in.incident light,

. Speaker means associated with said sensitive

7¢ ments, and means for predeterminedly altering

78 means and responsive to activation thereof and

t - .
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means for projecting s plurality of beams of light
onto the sald sensiftive means, in combination
means for selectively interrupting one or more of
said beams at a predetermined frequency, said
means comprising g plurality of optically aniso-
tropic elements and including at least two light-
polarizing elements positioned in the path of each
of said beams, and means for causing predeter-
mined elements in any of said pluralities to ro-
tate relatively to the other said elements therein.

18, In a musical instrument having photo-elec-
tric means sensitive to variation in the intensity
of incident light, means for projecting a plurality
of beams of light onto said sensitive means and
speaker means associated with said sensitive
means and responsive to activation thereof, in
combination, a plurality of optical systems each
comprising a plurality of optically anisotropic ele-
ments including at least two light-polarizing ele-
ments positioned in the path of each of said
beams, predetermined elements in each of said
systems being mounted for rotation relatively to

the other said elements therein, and means for

selectively causing the rotatable elements in any
of said systems to rotate at predetermined fre-
quencies.

19. Means for creating a sinusoidal fluctua-
tion in the intensity of a beam of light compris-
ing a plurality of light-polarizing elements posi-
tioned to intercept said beam, and means for
causing relative rotation of the transmission axes
of said polarizing elements with respect to each
other.

20. In combination, a light source, means for
effecting a stnusoidal fluctuation in the intensity
of light emanating from said source and com-

prising a plurality of light-polarizing elements,

means o position said elements so that a portion
at least of each of said elements intercepts the

same predetermined portion of the light emanat--

ing from said source, and means to cause relative
rotation of the transmission axes of said polariz-
ing elements with respect to each other.

21. In combination, a light source, means for
effecting a sinusoidal fluctuation in the intensity
of light emanating from sald source-and compris-
ing - a plurality of light-polarizing ‘elements,
means to position said elements so that a por-
tion at least of each of .said elements intercepts
the same predetermined portion of the light ema-
nating from sald source, means to cause relative
rotation of the transmission axes of said polariz-
ing elements with respect to each other, and
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means for altering the frequency of the said :

fluctuation in intensity of said beam. L
22. In combination, a light source, means asso-
ciated therewith for substantially collimating a

beam of light emanating from said source, a plu- .

- rality of light-polarizing elements positioned to
intercept - said cbllimated beam, and means for
rotating at least one of said elements with re-
spect to another of said elements to effect g sinu-

soidal fluctuation in the inbensity of light trans- .

mitted by said elements.

23. In combination, a light source, means as-
sociated therewith for substantially collimating
a8 beam of light emanating from said source, a
plurality of light-polarizing elements positioned
to intercept said collimated beam, means for ro-
tating at least one of said elements with respect
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to another of said elements to effect a sinusoidal -

fluctuation in the lntensity of light transmitted
by 'said elements, and means for altering the
~ speed of rotation of said rotating element to effect
a change in frequency in said ﬂuctuation

2,878,402

24, In combination, a light source, means asso-
ciated therewith for substantially collimating a
beam of light emanating from said source, & plu-
rality of light-polarizing elements positioned to
intercept said collimated heam, means for rotat-
ing at least one of said elements with respect to
another of said elements to effect a sinusoidal
fluctuation in the intensity of light transmitted
by said elements, and means for effecting a
change in the frequency of said fluctuation.

25. In combination, a light source, means as-
sociated therewith for substantially collimating a
beam of light emanating from said source, and
means for effecting a sinusoidal fluctuation in the
intensity of said light beam, said Iast named .
means comprising, in combination, a multiplicity
of light-polarizing elements positioned to inter-
cept said beam, alternate elements in said mul-
tiplicity being mounted for rotation relatively to
the remainder thereof, and means for rotatmg
said rotatably mounted elements.

26. In combination, a light source, means asso-
ciated therewith for substantially collimating a
beam of light emanating from said source, and
means for effecting a sinusoidal fluctuation in the
intensity of said light beam, said last named
means comprising, in combination, a multiplicity

of light-polarizing elements positioned to inter-

¢ept said beam, alternate elements in said multi-
plicity being stationary and the remainder of
said elements being mounted for rotation rela-
tively to said stationary elements, and means for
rotating said rotatably mounted elements.

27. In combination, & light source, means as-
sociated therewith for substantially collimating a
beam of light emanating from said source, and
means for effecting a sinusoidal fluctuation in the
intensity of said light beam, said last named
means -comprising, in combination, g multiplicity
of light-polarizing elements. positioned to inter-
cept said beam, alternate elements in said mul-
tiplicity being mounted for rotation in one direc-
tion and the remainder of said elements being
mounted for rotation in the opposite direction,
and means for rota.ting said rotatably mounted
elements.

28. In combination, a light source, means asso-
ciated therewith for substantially collimating a
beam of light emanating from said source, and
means for effecting a sinusoidal fluctuation in the
intensity of said light beam, said last named
means comprising, in combination, a plurality of
light~polarizing elements positioned to intercept
said beam, a fractional wave retardation device
positioned between said polarizing elements, at .
least one of said elements being mounted for ro-
tation with respect to the remainder {-ereof, and
means for rotating saild rotatably mcimnted ele-
ments,

29. In combinktion, a light source, means asso-
ciated therewith for substantially collimating a
beam of light emanating from said source, and
means for affecting g sinusoidal fiuctuation in the

intensity of said light beam, said last named

means comprising, in combination, a plurality of
light-polarizing elements positioned to intercept
said beam, at least one half wave retardation de-
vice positioned between said polarizing elements,
at least one of said elements being mounted for
rotation relatively to the remainder thereof, and
means for rotating said rotatably mounted ele-
ments. ]

30. Apparatus for generating varying electrical

- 'waves comprising a source of light of substan-

tially constant intensity, photcelectric means, a



polarization of light passing therethirough in ac-

- cordance: with the continuous rofation'of sald -

polarizing means, and means for rotat!ng ab least-
one of said polerizing means.

- 81. Apparatus in sccordance with claim 30 and
wherein sald polariging means are rotated in the
same direcﬁon aml at dlt!erlng speeds
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pmranty of light pelarizinc means positloned ad-
jacent each. to the other adapted to change the

32. Apparstus in accordsnce with cla.im 30
wherein at least a palr of said 'polarizing means
. are rotated in opposite directions.

33. Apparatus in accordance with claim 3¢ - -
wherem means are px'ovided to modulate the

K ught souree.
: EDWIN H. LAND
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