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This invention relates to a new and improved 
apparatt.S and to an improved process for gener 
atting Sound waves. 
An object of the invention is to provide a 

Frethod 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 

a simple, efficient, inexpensive and readily man 
ufactured Emechanism 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 fluctuations of a sinusoidal nature; to 
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 Saeans for the simultaneous production 
of a plurality of sound waves of different funda 
mental frequencies; to provide means for the 
production of a 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 
Eneans for altering the fundamental frequency of 
a solind wave produced. 

Still further objects of the invention are to 
Provide a plurality of relatively rotatable ele 
ments for mechanically and periodically altering 
the intensity of a beam of light; to provide means 
asSociated therewith for translating said alter 
ations into Sound waves; to provide means for 
modifying said periodic alterations without alter 
ing the relative speed of rotation of said elements; 
to provide photoelectric and translating means. 
adapted to receive and reproduce the fluctuations 
introduced into a 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 to 
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 a 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 eleinents, or fractional Wave 
plates for effecting predetermined desired alter 
ations in Said fluctuations. 
Other objects of the invention are to provide a 

musical instrument of the character described 
adapted to produce any desired tone or combina 
tion of tones of any desired quality 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 
adapted to produce a tone or tones of predetero 
nined fundarinenta frequency and quality. 
The invention accordingly comprises the sev 

eral steps and the relation of one or Shore of such 
Steps with respect to each of the others, and the 
apparatts erodying features of construction, 
combination of, eleEnents and arrangement of 
parts which are adapted to effect Such steps, all 
as exemplified in the following detailed disclo 
Sure, 2nd the Scope of the application of Which 
Will be indicated in the claim.S. 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to the following detailed description, taken in 
connection with the accompanying drawings, in 
which: 

Figure is a diagrammatic representation of 
a simple apparatus ebodying one form of the 
iVention; 

Fig. 2 is a six nilar view of a modified form of 
the invention: 

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

Fig. 7 is a 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 modif 
cation of the invention wherein a 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 path 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 fluctuating 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 loudspeaker, again 
without distortion, a tone will be produced. This 
tone will be a pure tone substantially without 
upper harmonics or, overtones of a 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 ?o represents any suitable 
light source, preferably adjacent a reflector 2, 
and elements f4 and 6 represent light-polarizing 
elements. Element 6 is represented as station 
ary and fixed in position, and element 4 is 
mounted to rotate as in the direction indicated 
by arrow 8 about shaft 22, which may be driven 
by any suitable source, for example the motor 5, 
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 f4 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 
amplifier in turn has a translator or loudspeaker 
25 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 
light, for example a thermo-couple. Moreover, 
it should be understood that although the inven 
tion is shown and described in connection with 
an amplifier 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. 

Suitable 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 tense 
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 
bean. 

Fluctuations in the intensity of the transmitted 
beam arise from the relative rotation of the ele 
ment 4 with respect to the element and give 
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rise to corresponding oscillations in the current 
delivered by the photoelectric cell. 20. These OS 
cillations, after being amplified as at 24, are 
translated into sound waves by the translator 25 
and, if the frequency of rotation of the element 
4 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 4, which may be accom 
plished by any control at the driving element, 5 
or in any other desired manner, give rise to cor 
responding alterations in the pitch of the tone 
produced at the translator. Conventional power 
control means 50 are suitably connected to the 
driving element 5 whereby the atter may he 
regulated to alter the speed of rotation of the 
light-polarizing element 4 as desired. With the de 
vice shown in Fig. 1, therefore, it is possible to 
produce a variety of different, pure Ones of any 
desired pitch and of any desired intensity within 
the physical limits of the apparatus. 

it appears desirable in connection Nith the 
production of tones of high pitch in the adie 
range and of SuperSonic Sound to estigioy a device 
Such as shown for example in Fig. 2, or obvious 
nodifications thereof, so as to avoid excessively 
high speeds of rotation, as will hereafter he de 
Scribed. It is possible with other todifications 
of the device to produce overtones of herronics 
of the basic pure tone without altering the speed 
of rotation of the elements and it is aiso possible 
to control the relative intensity of these over 
tOnes with respect to the basic ore it such as:- 
Ener as ever to eliminate the basic One as We as 
undesired overtones, each of which is a one &Y. 
ing a frequency which is an integra. Eittiple of 
the basic rotation frequency, aid to prodice' only 
the desired tone. Thus, for example, if the asic 
frequency of rotation is 220 revolutions ger sec 
ond, an isolated overtone may readiyeproduced 
having a frequency of 2649 viorations per second 
or even a greater or lesser frequency is desired. 
It is thus apparent that even with relatively ow. 
Speeds of rotations, relatively high pitched ones 
may be produced. This is particularly desirabie 
in producing SuperSonic or speratidile tones as, 
for example, for use in beacons or signaling. 

in Rig. 2, both of the discs of the polarizer, 
here designated as 2 is and 2fe, are shown noun 
ed to rotate on shafts 222 geared together ly 
gears 226 and positioned in the path of the eart 
erianating from the light source and imping 
irig upon the photoelectric cell 20. As shown, po 
larizing element 24 is adapted to rotate in a 
counterclockwise direction and polarizer 26 is 
& clockwise direction. This rotation of the two 
eleinents quadrupies the frequency of the fluctu 
ation set up in the transmitted bean over the 
frequency. of rotation of either shaft and thus 
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permits the production, in the more complicated 
forms of the invention employing this arrange 
inent, of very high pitched tones without subject 
ing the elements of the mechanism to excessive 
Speeds of rotation. As in the modification shown 
in Fig. , the frequency of the fiuctuations in the 
intensity of the transmitted beam may be varied 
by varying the speed of rotation of the light-po 
larizing means. For this purpose use is made 
of conventionai power contro means 256 which 
are designed to permit regulation of the driving 
element 5 and hence the rotative speed of the 
light-polarizing elements 24 and 2. 
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 



2,876,493 . 
shown in Fig. 1 a second, rotatable, polarizing 
element positioned between fixed polarizer 6 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 fluctuations 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, i.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-hair 
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 modification of the 
device shown in Fig. 1. This device comprises 
two rotatable polarizing elements 33 and 34. 
and two fixed polarizing elements 3 6 and 3, 
all positioned in the path of a beam emanating 
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from a light source ?o 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 
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 its 
harmonics is produced. In particular, if the 
orientation of the polarizing axis of the element 
3 & is 60 from the orientation of the polarizing 
axis of the element 33 in One sense, i.e., either 
clockwise or counter-clockwise, and if the orien 
tation of the polarizing axis of the fixed element 
3 is 60° from the orientation of the polarizing 
axis of the element 36 in the opposite Sense, then 
the fundamental frequency, i. e., first harmonic, 
and the second harmonic are substantially 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 20. 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 33 and 34 at will. 
Other combinations of rotatable and fixed ele 

ments in various relative Orientations may be emi 
ployed to produce a wide variety of combinations 
of fundamentals and their respective upper har 
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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 
fixed and rotating elements gives rise to the 
creation of tone combinations having additional 
upper harmonics or overtOnes. All Such con 
binations are also within the scope of the in 
vention. 

It is thus obvious that, by a proper selection 
of the number of rotating and fixed polarizers 
and by a proper arrangement of the phase O' 
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 Fig. 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. , 2 and 3 the rotatable 
elements' are shown mounted on a shaft. It will 
be obvious that they may be mounted in other 
ways. In Fig. 6, for example, the rotatable ele 
ments S4 are shown mounted at each side of 
fixed polarizer 66 to rotate on bearings' 62, and 
are shown as being driven by a shaft 622 pro 
vided with gears 626 adapted to engage Suitable 
gears 628 on the peripheries of the polarizing ele 
ments. Power control means 650, similar to 

40 those shown, are suitably connected to the driv 
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ing element 5 of Fig. 6 whereby regulation of 
the rotative speed of the light-polarizing ele 
ments 64 is effected. With such a 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 transmitted beam. In this connection it 
might be pointed out that the intensity of the 
tone produced may be controlled in part by cons 
trolling the quantity of light falling upon the 
photosensitive element, i. e., as the intensity or . 
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 Fig. 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 elements 416 are fixed with respect 
to each other, and have between them a half 
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4. 
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 66 in Fig. 6 repre 
sents a half-wave device fixedly mounted between 
the two rotating elements 64, the same result is 
obtained. Wariations in the fluctuations in the 
intensity of the transmitted beam may also be 
attained in the device of Fig. 4, by power control 
means 450 associated with the driving element 
A5 for regulating the speed of rotation of the half 
wave retardation means 430. 
A further modification is shown in Fig. 5, an 

comprises a fixed polarizing element 5 f6, 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 be 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 frequency 
of the fluctuations in the intensity of the trans 
mitted light by regulating the rotative speed of 
the rotatable members 54 and 532. 
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 apparatus 
is modified 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, a 
polarizing element mounted for clockwise rota- - 
tion, a 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 bear inpinging upon the photoelectric 
cell traverses all of said rotating elements in the 
order mentioned, the tone produced will be a 
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, . 
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, i.e., where two shafts are 
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employed, is increased, the pitch of the tone pro 
duced increases in the nanner indicated in con 
nection with the discESSion of the two preceding 
modifications. Wherever rotating half-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 half-wave 
plate elements. 

In this connection it should be pointed out 
that, strictly speaking, a retardation plate can 
be a so-called half-wave plate only for one wave 
length of light. For neighboring wavelengths of 
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light, it will not be a perfect alf-Wave piate. 
white Eight (comprising the usual distribution of 
Eight 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 retardia 

length at 7000 A. Hence, in any system in which 
a combination of fixed and rotating polarizing 
sheets and “half-wave plates' is designed to pro 
duce a, pare tone, tile tone willisti: involve traces 
of narmenics whose relative intensity can be cal 
cated from the spectra distribution of intensity 
of the source, the spectrali distribution of retarda 
tion of the half-wave E8te or pates, and the spec 
tral distribation of response of the photoelectric 
ce. 
This deficiency can easily be corrected by ii.2 

Ese of Enochronatic light, Szch as a cecaric 
sodiuri airp, whose Eight energy is concentrated 
in two intense yellow lies in the spect.I.E. which 
are very close together (5890 and 53.98 A.) and 
designing the half-Wave pates for this aroy 
region of the Spectrin. Another ethod in 
Wolves the use of a common Tercury V8-por anp, 
or a neon lamp whose Spectral distribution of 
intensity lies almost entirely in the region a 
tween 6000 and 2000 A. and designing the half 
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wave late accordingly. 
order to cut out far Fed 8.3d infra-red light, 

for which Foiaroid flyi is less perfect as a polar 
ize that elsewhere is the Wisie Sects in a 
where the Sensitivity of a protoce is age, a 
Stitable filter may be interposed in the systein, 
Such as a Zeiss BG-8. It should be pointed out, 
however, that this is not as importeit & problein 
as it seems, for the reason that it is only he 
variation in the polarized radiation which cases 
the system to operate. In other words, it is tie 
light fictuations eased by the polarizers which 
give rise to the tones produced, and light reach 
ing the photocet without interception by two or 
more polarizers will be constant and will have no . 
effect thereon except to establish its minimum 
illumination. 
Other modifications of shaft, and element are 

rangements than those previously discussed are 
shown in Figs. 7 and 8. In Fig. 7, for example, 
three tone-producing units, comprising a glue 
rality of overlapping polarizing elements 4 and 
T f6, are shown mounted on the same shaft. 122 
in combination with a single light source and 
a single photoelectric tube T20 and translator 725. 
Light from source C is caused to traverse the 
rotating elements 74 and fixed elements 6 
of each of the three units by means of mirrors 
740 and 742, which act respectively to direct a portion of the beam through the predetermined 

s 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 744 may be employed, if desired, and 
shutter means, indicated at 745, may be employed 
to block any of the beams emanating from light 
source 70. 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 50 are employed in Fig. 7 to reg 
ulate a driving means or element 75 which drives 
the shaft 722 whereby to vary at will the rotative 
speed of the shaft and the light-polarizing ele 
ments 74 carried thereby to the end of prede 
terminedly altering the fluctuations in the in 
tensity of the light transmitted to the photoelec 
tric cell 20. 

In Fig. 8 a modified structure is shown wherein 
a plurality of light sources 8 fo 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 85, 85’ and 8.5'; 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 
cured. Variation in the rotative speeds of the 
different shafts 822 may be obtained through in 
dividual power control means 850, 85 f and 852 
suitably connected to the driving elements 8 5, 
85' and 85’ respectively. The beams traversing 
the elements associated with each shaft may be 
brought to focus on a photoelectric cell 820 
mounted at the focal point of a parabolic reflec 
tor 82, 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, 86 and 862 of conven 
tional design, each connected to an individual 
light source 80 whereby the intensity of the 
source may be regulated as desired. As previ 
ously intimated, if desired intensity control 
means of this character may be employed with 
the light source of the other embodiments of the 
invention for controlling the intensity of the light 

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 
cell, and that the number of such light sources 
and shaft units may vary to any desired degre2. 
Other modifications of the invention, other 

shaft arrangements and assemblies, will be obvi 
ous. In any 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 
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they may be swung out of operative relationship 
With respect to the other elements. For exa, 
ple, as shown in Fig. 9, an element 90 may be 
fixed to a rotatable shaft 900 for rotation there 
With. Element 90 may be a light-polarizing de 
vice or fractional Wave retardation means. It is 
shown in operating position in the path 902 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 90 may be swung out of 
the path 902 of the beam. Counterclockwise rota 
tion of the shaft will then return element 90 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. 
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It 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. 

emitted by them. It will be obvious that the 

TRIGONoMETRICExPLANATION of THE INVENTION 
It is believed that the present invention will be 

understood more easily if it be explained also 
with respect 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 coefficient 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 unit 
sheet has an emergent beam of intensity cI. 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 2k. In the following, it 
will be assumed either that the light used is 

6) 

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 
ent 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 independently 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 fiaced and rotating 
polariaers 

If a 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 0, the emergent intensity I is 

I=kle (2k cos 0), (1) 
or the relative intensity J, i. e., the ratio IAIo, is 

J-2k cos? 9 (2) 
Or, since 

%+% cos 20=cos 0. (3) 
J=2k (4--a cos 29). (4) 
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If the sheet which the light beam first strikes 

is fixed, and 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 8 is 90°, the 
polarizers are crossed and the transmitted in 
tensity is of course equal to zero. For each com 
plete 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.g. with (4), that... the fluctuation is of 
a sinusoidal nature. 

If a fixed, third polarizing sheet is positioned 
to intercept the beam 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 justmentioned, 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 naximum of the bean passes 
through the third sheet but, as that plane ro 
tates, the amount of light transmitted is further 
dinnished by the third sheet until Said plane 
is perpendicular to the polarizing axis of the 
third sheet. The intensity of 
third sheet is 

- 2c cost 9 (5) 
or substituting (2), 

K-2k:2 cost a 2k cost 9 (6) 
=43 cost 9 (g) 

or substituting (3), 
K=4k (%-2 cos 20-- COS 48) (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 the fixed, first sheet, then Equation 6 
becomes 

K-2 cose 2 cos (9-r/2) (9) 
=4k (- COS 40) (10) 

The fluctuating component is made up entirely 
of a component which fluctuates with a frequency 
which is four times that of the rotating shaft. 

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 , of the intensity of the final emergent 
beam to the original incident beam is given by 

L-8, cose () 

which by similar trigonometric substitution be 
Cotes 

I-8t (5+ cos 2-- cos 40--s cos 6V) (12) 
considering the fixed third sheet to have a direc 
tion of polariation at an angle of -2/5 radians, 
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or -120°, to the direction of polarization 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 
-2/3 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 8 is 

L=8k cos' ecos (0+2/3) cos (0-2/3) (13) 
5 

2. 

25 

30 

light leaving the 

36 

50 

55 

80 

65 

70 

S 

which becomes 
L=8k (si +'s cos 60) (14) 

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 n Polaroid discs in which 

alternate elements are respectively stationary 
and rotating, the relative intensity of light trans 
mitted by this System is 

Jas A. (2k) cos? (9--ea) cos2 
(8--e.g) . . . COs (8--en-1) (15) 

where the quantities e1, e2, 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 inade clear. 
This function will, in general, be a con 

posite of vibrations of a sinusoidal character 
whose frequencies are given by the harmonic 
series 2.f, 4f, 6f . . . 2(n-1) f where f is the fre 
quency of rotation of the shaft. he relative 
intensities of the several components in this 
series will depend upon the values of the quan 
tities e1, e2, e3, etc. 

In particular, however, all the harmonic corn 
ponents of this series, except the one of highest 
frequency, may be made to vanish, by a suitable 
choice of the values of e1, e2, e3, etc., in which 

and in which 

=2r/a2-i in radian measure 
=360/2-1 in degrees 

The expression for the relative intensity of the 
light is then 

=(2k)" coso cos' (0+, cos (0+, 
cos? (+2-2) ) (16) 22. 

and this by a suitable sequence of trigonometric 
Substitutions reduces to one in which a term in 
cos(n-1) 0 is the only fluctuating component. 

in order to determine the initia orientations 
of the polarizing axes of successive Polaroid 
discs in the assembly, insert the condition 9-0 in 
the above equation for J. Assume that the odd 
numbered elements in the assembly are station 
alry and that the even-numbered elements are 
mounted so as to be capable of a rotation in an 
arbitrarily chosen positive sense. It follows that 
the first two Polaroid discs must be so set that 
their polarizing axes are initially parallel. Since 
the second Polaroid disc is rotating positively. 
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the polarizing axis of the third Polaroid disc must 
be set at an angle 

-2r 
n 

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 disc must then be set initially 
at an angle 

47r 
n-1 

to the orientation of the polarizing axis of the 
third Polaroid disc, 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 6 
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 29. 
In which case 

'J-2k cos? 29 (17) 
=2k(%-% cos 40) (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 
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As a cos 20-y sin 20 (23) 

The symbol e 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 sin 
plifications, there is obtained: 

Je 4(1-cos d) coS 80-4-4cos d (24) 
or, for a half-wave plate, where cos d= -1, 

Jeyacos 80+1 (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 sini 
lar mathematical treatment gives 

J= %sin 4d (1-cos 80) (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. 
Combinations including half-wave retardation 

plates 
A half-wave plate rotates the plane of polari 

zation of incident plane-polarized light. If such 
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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 
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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 or to 
the ac axis in the retardation plate, the ampli 
tudes of the two components, ac and y, leaving 
the plate would be 

ac=a. COS mi COS a (19) 
gy=a cos(m.t--d) sin or (20) 

where m is equal to 2r 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 0, then a will 
vious equation, and 

at=a cos 26 COS met 
y=a sin 29 cos (m.t--d) 

(21) 
(22) 

The above values of the amplitude c and y 
must now be resolved along the polarizing axis 
of the second rotating sheet. The resultant am 
plitude is the sum of their contributions. If A 
is the resultant amplitude, then 

be equal to 20 in the pre 
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a plate is interposed between, and has an angul 
lar velocity equal in magnitude- and opposite in 
direction to two polarizing sheets, and if the po 
larizing axis of the first sheet makes an angle at 
to the positive side of either of the principal axes 
of the half-wave plate, then the plane of polari 
zation of the light emerging from the half-wave 
plate makes an angle u with the same principal 
axis of the half-wave plate toward the negative 
side. ...Hence, the angular disparity between the 
polarizing axis of the first polarizing sheet and 
of the plane of polarization of the light emerging 
from the half-wave plate is 2i. When the first 
polarizing sheet has rotated positively through an 
angle 8 and (in the meantime) - the half-wave 
plate has rotated negatively through an angle 6, 
the angle between their axes is 20. Consequent 
ly, the plane of polarization of the light emerging 
from the half-wave plate must have turned 
through an angle 40 from where it was original 
ly. This rotation is negative, but both the first 
and second polarizing sheets have turned through 
the positive angle-8 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 
40. Neglecting any absorption of light by the 
half-wave plate, 

=2k'cos 40 (27) 
=2k(%+%cos. 86) (28) 

Hence, the frequency of the fluctuation of the 
intensity of the light emerging from the second 
polarizing sheet is eight times the frequency of 
rotation of either shaft. . 

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 
is 

J-2Xccos 60 (29) 
=2k(A -- Acos 120) (30) 

For each additional half-wave plate inserted, the 
argument of the cosine term is increased by 40 compare equations 26 and 28). 
The foregoing formulae represent the results: 

obtained in an ideal system. They may be close - 
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ly approximated in actual practice in many ways. 
or example, where Polaroid film is employed as 

the polarizing elements, it is necessary only to re 
strict the wavelengths of light emanating from 
the source to those values or regions in the spec 
trun for which the degree of polarization of light 
produced by Polaroid film is substantially unity. 
Standard Polaroid fin gives a degree of polari 
cation 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 suitable filter torestrict the light employed 
to a wavelength band approximately in the middle 
of the visible spectrum, and where Polaroid film is 
employed as the polarizing elements, the results 
achieved are approximately those expressed 
nathernatically in the above formulae. In such 

systems the use of half-wave devices comprising 
sheets, for earnple, of half-wave Cellophane will 
impart no distortion to, or appreciable departure 
from the results expressed by said formulae. 

in the event that it nay be desired to employ 
circularly polaried light in the practice of the 
present invention, it is necessary to employ, in 
addition to the circular polarizer and the an 
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 soutree. 

It should be borne in mind that in devices en 
ploying the invention, the polarizing and wave re 
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said means including means for altering 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 a 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 comprising birefringent material 
positioned between said polarizing elements, 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 light, means 
sensitive to variations in incident light positioned 
in the path of light emanating fron said source 
and translating means associated with said sensi 
tive means and responsive to activation there 
of, a plurality of light-polarizing elements posi 
tioned between said source and said sensitive 
means, at least one element comprising birefrin 
gent material positioned between said polarizing 
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3. 5 

tardation elecnents 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 forme and the descriptions of various 
modifications of the invention are intended mere 
ly as generally illustrative of devices embodying 
the invention and are given in the belief that 4. 
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 carrying out the aboye 
process and in the constructions set forth which 
era body the invention may be made without de 
parting fron its scope, tisintended that all mat 
ter contained in the above description or shown 
in the accompanying drawings shal be inter 
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 a statements of the scope of the 
invention which as a matter of language, might 
be said to fathere between 
Baving decred our invention, what we claim. 

as new and destretosecure by Letters Patentis: 
1. in combination with a light source, means 

sensitine to radations incidentight and trans 

and respondie to activation thereof, a phurality 
of optically anotropic elements including at 
east two st-pering elements positioned be 
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elements, and means for rotating at least one of 
said polarizing and birefringent elements with 
respect to at least one other thereof. 

4. In combination with a Source of light, means 
sensitive to variations in incident light gositioned 
in the path of light emanating from said source 

5 and translating means aSSociated with said sensi 
tive means and responsiye to activation thereof, 
a plurality of light-polarizing elements posi 
tioned between Saif Source, and Said Sensitive 
means, and means comprising a plurality of ele 
ments of birefringent material positioned be 
tween said polarizing elements, alternate ele 
ments in said assembly being mourated 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 eraanating from Said Source 
in predetermined directions, alternate elements 
in Said groups being mounted for rotation rela 
tively to the remainder of Said eleraents, and 
means sensitive to variations in incident light po 
sitioned in the path of light traversing. Said polar 
izing elements. 

6. In combination with a Source of light, means 

5 5 
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 elements arranged in over 
lapping relation, alternate elementS. in Said plu 
rality being mounted for rotation relatively to 

6) the remainder of Said elements, and means for 
directing beams of light enanating from Said 
source through predetermined groups of Said po 
larizing elements and for causing the resulting 
polarized beams to impinge upon said sensitive 

tween and suice and said sensitive means to in- - 
tercept items from said source and in 
cident on sm seative faeans, means to alter 
the intensity of it incident on said sensitive 
means and true an aid anotropic elements, 75 

e8. S. 
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 elements arranged in over 
lapping relation, alternate polarizing elements in 
said plurality being mounted for rotation rela 
tively to the remainder of Said elements, and 
mirror means positioned to direct beams of light 
amanating from said source through predeter 
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inned groups of said polarizing elements and 
to cause the resulting polarized beams to impinge 
upor said sensitive means. 

8. In a tone producing device having a source 
of light, photo-sensitive means positioned in the is 
path of light emanating from said source and 
speaker neans associated with Said photo-Sens 
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 means for causing said rotatively mounted 
elements to rotate. 

9. In a tone producing device having a source 
of light, photo-sensitive means positioned in the 
path of light emanating from said source and 
Speaker means associated with said photo-sensie 
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 
rotation 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. w- --- 

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 
Speaker means associated with said photo-sensi 
tive Eneans and responsive to activation 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 said rotatively mounted ele 
ments to rotate, and means for regulating the 
frequency of rotation of said elements such that 
a sub-audible sound is produced in said speaker 

e83, 
... in a tone producing device having 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 the path of light emanating 
from said source, and located between the source 
and said photo-sensitive means, at least one half 
Wave retardation 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 
eas for rotating said rotatably mounted ele 

ment. . . - . 
2. In a musical instrument having at least one 

light source, photo-sensitive , means receiving 
light emanating from said light source and loud 
speaker means associated with said photo-sensi 
tive means and responsive to activation thereof, 
in combination, a plurality of groups of optically 
anisotropic elements, each said group comprising 
at least two light-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 
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means for rotating said rotatably mounted ele 
ments at predetermined speeds, 

13. In a musical instrument having at least one 
light source, photo-sensitive means receiving 
light emanating 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 
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 
groups being mounted for rotation relatively to 
the remainder of the elements therein, and 
means for rotating said rotatively mounted ee 
ments at predetermined speeds. 

14. 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 
the output thereof, in combination, means for 
causing the light from said source incident on said 
photo-sensitive means to fluctuate at a prede 
termined frequency, said means comprising a 
plurality of light-polarizing elements-positioned 
between said light source and said photo-sensi 
tive means, means for causing predetermined ele 
finerats of said light-fluctuating means to rotate 
relatively to the remainder of said elements. and 
means for predeterminedly altering the frequency 
of such variations. 

5. In a musical instrument having at least one 
Source of light, photo-sensitive means positioned 
in the path of light emanating from said source 

t 

and speaker means associated with said photo 
sensitive means and responsive to variations in 
the output thereof, in combination, means for 
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 light-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 said source incident on said photo 
Sensitive means, 

16. In a musical instrument having at least one 
source of light, photo-sensitive meanspositioned 
in the path of light emanating from said source 

- and speaker means associated with said photo 
O 
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sensitive means and responsive to variations in 
the output thereof, in combination, means for 
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 optical anisotropic elements and in 
cluding at least two light-polarizing elements 
positioned between said. light source 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 
ments, and means for predeterminedly altering 
the frequency of such variations. 
1. In a musical instrument having photo-elec 

tric means sensitive to variations in incident light, 
speaker means associated with said sensitive 
means and responsive to activation thereof and 
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means for projecting a plurality of beams of light 
onto the said sensitive means, in combination 
means for selectively interrupting one or more of 
said beams at a predetermined frequency, said 
means comprising a 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 sinusoidal fluctuation in the intensity 
of light emanating from said source and com 
prising a plurality of light-polarizing elements, 
means to 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, ari 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 enanating from said 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 said 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. u 

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 collinated beam, and means for 
rotating at least one of said elements with re 
spect to another of said elements to effect a sinu 
soidal fluctuation in the intensity of light trans- . 
mitted by said elements. ' 

23. In combination, a light source, means as 
sociated therewith for substantially collimating 
a 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 

(5) 

to another of said elements to effect a sinusoidal 
fluctuation in the intensity 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. 

2,373,393 
24. in combination, a light, source, means asso 

ciated therewith ior substantially collinnating a 
beam of light emanating from said source, a plu 
rality of light-polarizing elements positioned to 
intercept said collimated beam, 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 last 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 rotating 
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 
cept 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, 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 last named 
means comprising, in combination, a multiplicity 
of light-polarizing elements positioned to inter 
cept said beam, alternate elements in said mull 
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 rotating 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 rereof, and 
means for rotating said rotatably n inted ele 
ments. 

29. In combination, a light source, means asso 
ciated therewith for substantially collimating a 
beam of light emanating from Said source, and 
means for affecting 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, 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, photoelectric means, a 
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plurality of light polarising means positioned ad 
jacent each to the other adapted to change the 
polarization of light passing therethrough in ac 
cordance with the continuous rotation of said 
polarizing naeans, and means for rotating at least 
one of said polarising means. . . . 
3. Apparatt's in sccordance with claim 30 and 

wherein said polarising means are rotated in the 
same direction and at differing speeds. 

11. 
32. Apparatus. in accordance with claim 30 

wherein at least a pair of said polarizing means 
are rotated in opposite directions. 

33. Apparatus in accordance with claim 30 . 
wherein means are provided to modulate the 
light source. - 
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