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This invention relates to an optical system and 
method for recording or portraying motion, in 
which either the object or the image projected 
therefrom is held in a stationary location while 
the conjugate is moving constantly; and more 
specifically the invention relates to motion pic 
ture projectors or cameras using a constantly 
moving film, or other apparatus embodying opt 
cal rectifiers. The object of the invention is to 
produce a practical method and means of divert 
ing the light rays passing between an object and 
an image, the system being of the type employ 
ing planar refracting means to cause the rectifi 
cation. It is characteristic of the invention that 

Fig. i0 is a front elevation of the shutter blade 
of the projector of Fig. 9. 

It has heretofore been known to attempt pro 
jection of a motion picture fibn Inoving con 

5 stantly, i. e., non-intermittently, and rectifying 
for this continuous movement of the film by us 
ing a plane parallel plate or refracting prisms to 
refract the light to give the necessary optical dis 
placement to follow the film movement; but such 

10 efforts have revealed defects in the resulting 
screen images and methods of producing them 
which Entil the present invention have been in 
curable. According to the present invention, a 
plurality of such plates, "optical flats" or planar 

a plurality of planar refracting media are em- 15 refracting media are employed in such a manner 
ployed together so as to compensate for the sine 
ratio characteristics of the light displacement 
for each separate medium, giving a net displace 
ment of the rays which is linear in relation to 
the rotation thereof and in synchronism with 20 
the uniform movement of the moving object or 
image. 

In the drawings: 
Fig. is a geometric diagram of the refraction 

of a ray by a planar refracting medium such as 
can be used in the present invention; 

Fig. 2 is a similar geometric diagram illustrat 
ing the parallel but displaced condition of the ray 
as it leaves the refracting medium; 

Fig. 3 is a sheet of graphs illustrating the sine 
ratio character of the displacement of a light ray 
caused by rotation of a planar refracting medium, 
and the compensating effect produced by the pres 
ent invention to make the rectification linear; 

Figs. 4 to are a series of diagrams showing 
the rotation of two planar'refracting media oper 
ated in accordance with the present invention to 
illustrate the principle of compensated displace 
ment of a ray as used in a motion picture Ema 
chine Fig. 4 showing the displacement at 30' of 
rotation from the vertical position of the first re 
fracting medium; Fig. 5, the displacement at 60' 
of rotation; Fig. 6, the displacement at 120' of 
rotation; and Fig. 7, at 150 of rotation; 

Fig. 8 is a diagrammatic view in side elevation 
of the essential parts of a motion picture pro 
jector made in accordance with this invention; 

Fig. 9 is a view similar to Fig. 8, of a preferred 
form of motion picture projector made in accord 
ance with the present invention; while 

and location as to produce the necessary linear 
motion concurrently with the fin movement by 
a compensating action which avoidis the defects 
of the prior art. 
Owing to the fact that the speed of light rays 

varies according to the medium through which 
they pass, when a light ray strikes the surface of 
another medium at an angle other than normal to 
that surface, it is refracted as shown in Fig. 1. 

25 in this figure the light ray is shown entering 
a planar refracting medium M, namely, glass, at 
an ange from the normal N, N, and the glass 
being denser than air, the ray is refracted or 
bent toward the normal so that its angle r from 

30 the normal is less than the angle of incidence i. 
The angles i and r are known as the angles of 
incidence and refraction, respectively, and the 
ratio of their sines is constant and is called the 
index of refraction. The ratio of the sines of 
air and any other medium gives the constant 
which is the index of refraction for that other 
medium. It is well known that in an "optical 
fat" or other glass having two parallel surfaces, 
the refracted ray R will be bent away from the 
normal on entering the glass and towards the 
normal on emerging, to amounts such that the 
emerging beam will be parallel to the incident 
beam . However, while the emerging beam will 

45 be parallel to the original beam, there is a lateral 
displacement D, as shown in Fig. 2. Starting 
from this geometric premise, using glass with the 
preferred index of refraction of 160483 and the 
thickness of the planar refracting medium as 1 

50 inch, the displacement of the beam varies with 



2 
the incident angle it in accordance with the fol 
lowing table: 

Displacement 

0.0 
08846 

..10097 
3704 
1752. 
2605 
2601. 
30764 
36004 

. 41688 

.4787.) 
5453 

... 61710 
69264 
77087 

... 84984 
1.00000 

Incident angle 

As can be seen in Fig. 3 of the drawings or 
demonstrated by geometry, the displacement D 
of each refracting medium will follow a complex 
curve so that with uniform angular turning of 
a planar refracting medium, the displacement of 
the emerging beam is not a uniform or constantly 
linear movement. Optical rectifiers using planar 
refracting media heretofore have sought to rely 
on the turning of the planar refracting medium 
to follow or synchronize with the linear move 
ment of the object or image, according to whether 
the machine is a projector or a "stop motion' 
device, on the one hand, or a camera, on the 
other; but it has not proved practical to vary 
the rate of angular turning of the planar refract 
ing medium in accordance with the displacement 
curve to keep the rate of rectification of the pro 
jected light rays constant. 
As will now be described in an optical system 

according to the present invention, it has been 
found possible to compensate for the displace 
ment curve variation in the rate of rectification 
of the light beams so as to produce a linear or 
constant rate of displacement of the light beams 
while rotating the planar refracting media at a 
uniform angular spud. Thus, although the dis 
placement in the prior art is not a linear function 
of the degrees of rotation of the refracting me 
dium and therefore the projected picture of a 
film frame moving at uniform rate has been 
"jumpy,' it has been found possible by using 
the present invention to reach the ideal, wherein 
the refracting medium turning with uniform an 
gular rotation operates in a concurrent or syn 
chronous relation with the film moving at a con 
stant speed across the aperture of the light of 
the projector. The principle employed will be 
described with particular reference to Figs. 4, 5, 
6 and 7, which show the application of the prin 
ciple to a motion picture camera. Thus these 
figures show a ray of an image being diverted 
for presentation to the moving film. By revers 
ing the direction of the light ray, the figures 
would be applicable to a motion picture projector. 
A multiplicity of planar refracting media are 

employed ir such a way that they compensate 
and offset the non-linear fortions of each other 
with the result that linear dispuiacement, accu 
rate well within practical limits, is obtained from 
uniform angular rotation of the refracting media. 
Basically it is necessary to have only two such 
media or plates, and the same have been ident 
fled in Figs. 4 to 7 incl. as plates A and B, re 
spectively. Each plate rotates on its own indi 
vidual axis, which lies in a direction normal to 
the rays. Both plates rotate in the same direc 
tion, and in these figures it appears as cooter 
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2,352,214 
clockwise rotation. The angle of incidence for 
each position of the plate is indicated beside each 
figure, identified as iA and B for the plates. A 
and B, respectively, and there is also indicated 
the degree of rotation from the position in which 
plate A was vertical. When plate A is vertical, 
plate B is horizontal, for plate B is always in a 
position 90° behind plate A, with the same angular 
90° relation maintained at all times. While 90' 
is the most effective compensating angle, and the 
construction and calculations in the examples 
given are based on this angle, it should be under 
stood that compensation can be obtained from 
angles which differ somewhat from 90. In other 
words, lines normal to the planes of the two 
plates are always at right angles to each other, 
with the second plate through which the rays 
pass always lagging. It will be noted in Figs. 4 
and 7 that the sur of the angles of incidence 
equals 90° and that this is true for all positions 
of applicant's device. In order that Figs. 4 to 7 
may be properly considered with relation to the 
chart comprising Fig. 3, it is noted that plate A 
starts at 0° rotation at the midpoint on the left 
side of the sheet, which is the vertical position 
of that plate, and at that time plate B is 90' 
rotated from that position. As shown in Figs. 
4 to 7; the light beam coming from the other 
elements in the optical System passes through 
first the left plate and then the right plate before 
going to the other main elements of the optical 
system. The result of this successive passing 
through these two planar refracting media in 
succession gives the desired compensatory effect. 
By compensation broadly is meant that the dis 
placement D caused by one plate always is in 
the opposite direction from the displacement D 
caused by the other plate. It is the particular 
net displacement from my apparatus which is 
used to synchronize or cause concurrent move 
ment of the film and the projector. To explain 
this in more detail, a table is given here showing 
by plus or minus signs whether the displacement 
of each plate is above or below the original or 
incident ray at the various angles of the two 
plates, as the rays, plates and displacements 
appear in Figs, 4 to 7. 

Degrees rotation analgebraic displacement 
Slign 

Incident angle 
displace- Plate B Displace 

Plate A Sin ment sign 

0 ------------ 90 ------------ 
10 -- 100 
20 -- 10 - 
30 -- 20 - 
40 -- 130 - 
50 -- 40 
60 -- 150 
70 -- 60 - 
80 -- 170 
90 ------------ 180 ------------ 
100 w O 
110 w O H 
120 - 30 -- 
130 - 40 -- 
40 - 50 -- 
150 - 60 -- 
160 - 70 -- 
170 -- -- 

Actually it is found that the net displacement, 
taking cognizance of these algebraic plus and 
minus signs, approaches so closely to a straight 
line (as shown in Fig. 3) as to be well within 
the limits of tolerance of motion picture projec 
tion. (It might be noted that in passing through 
a cycle of 180° of rotation of the two plates, two 
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complete sweepS of displacement from top to bot 
ton are made.) To illustrate with numerical 
figures the compensatory effect of this partial 
offsetting or combining of displacements, a table 
is given below showing the combined displacement 
at various angles of rotation, where the thickness 
of each planar refracting medium is one inch, 

3 
42%, can be obtained. A shutter can be used to 

the ideal linear displacement and the extremely 
Small deviation from the ideal caused by this 
compensatory method. 

Unif Deyation form O 
incident angle orange Ed linear uniform 

of rotation E. displaces linear 
ment displace 

net 

ul-100000 1.00000 ------------ 
- 66990 66666 -0032A 
-55560 55555 -- 00005 
- 4.4.89 .44444 --.00255 
-. 32948 33333 --00385 
-2859 22222 --.00363 
-- 092 111 -- 0087 

O O 
--.10924 11 - 0087 
--.2859 22222 - 00363 
-. 32948 33333 -00385 
--. 44189 44444 - OO255 
--.55560 55555 -- 00005 
--, 66990 66666 -.00324 
--.00000 00000 ------------ 

In the above table it will be noted that for a 
complete cycle of 90 rotation the theoretical 
displacement. D is two inches. It will be noted 
that the displacements vary from minus 1 to 
plus 1 or twice the thickness of one of the refract 
ing media. This condition holds irrespective of 
the index of refraction of the media. For the 
purposes of mathematical calculation and scale 
of the charts, this is purposely made larger than 
is necessary in a practical machine. Obviously 
the amount of deviation from linear displace 
ment will be proportionately reduced with any 
reduction of the displacement. For example, let 
us consider a 16 mm. projector in which the film 
is advanced one picture frame for each 90° rota 
tion of the plates. In such a projector each pic 
ture frame is .30 inch high, and the displacement 
D will therefore be .30 inch for each cycle. In 
line 5 of the table given above, the deviation from 
true linear displacement by the use of the smaller 
plates will have as its maximum .00056 inch. 
Assuming that the picture is magnified sixty 
times. On the screen, this would introduce a pos 
sible picture jump of about of an inch. This 
is well within the limits necessary for a steady 
picture. 
With further reference to the refraction of 

the horizontal pencils of light by the plates as 
shown in Figs. 4 to 7, it should be noted that the 
effective angles through which the combined 
plates may be rotated are limited by several fac 
tors including (a) the aperture of the objective 
lens; (b) the size of the picture frame; and (c) the 
movement of the film. Furthermore the effective 
angle of rotation is limited by the size of the 
plates and the obvious fact that as the plane of a 
plate approaches the direction of the incident 
beam, its refractive effectiveness is limited as it 
changes over to receiving the rays on its other 
face. In this connection it should be noted that 
when the angles of the plates are plus or minus 
45° from the vertical, i. e., 45° from normal to 
the rays, the net image displacement is 0. It 
has been found that in a practical design of 16 
mm. projector under these various limitations, 
an angle of 38% out of each 90% is available for 
use, i. e., a light transmitting time efficiency of 
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stop the light when it is not desired and also to 
introduce a sufficient number of alternate periods 
of light and dark to reduce the apparent "ficker.' 
The embodiment of my invention in the motion 

picture projector shown in Fig. 8 will now be 
described. The central feature of the machine 
is the refracting or rectifying means, which in 
this case comprise two "optical flats' and 2. 
It should be understood that while prefer to use 
planar refracting media, such as optical flats, 
any refracting media, which by uniform rotation 
will provide displacement and compensate for 
each other so as to provide constant Or true linear 
displacement, can be used. These refracting 
media will hereafter be referred to as "plates.' 
I prefer to mount them in the machine without 
the intermediary of optical means such as con 
verging or diverging lenses between them. Each 
plate rotates about its own axis 3, 4, which 
axis is normal to the direction of the rays, the 
axes themselves preferably lying at right angles 
to the direction of movement of the film. The 
plates have rotation relatively to each other, the 
rotation being maintained so that the plates or 
their planar normals are 90' apart at all times. 
The film 5 in Fig. 8 moves downwardly and the 
two refracting plates , 2 therefore revolve in 
a counter-clockwise direction, as indicated by the 
Small arrows. The plates are each mounted ex 
tending laterally from a gear wheel 6, 7, re 
spectively, and are driven in synchronism with 
the movement of the film by means of a large 
gear wheel 8, a small gear wheel 9, a worm 20 
and the film motor 2. The film 5 is given con 
tinuous linear movement by a sprocket wheel 22 
mounted on the same shaft with the gear wheels 
8 and 9 and revolving in synchronism there 

with, the film being led past the plates , 2 on . 
the side of an aperture plate 23 away from the 
plates and passing over the guide rollers 24, 25 
as it approaches and leaves the aperture plate. 
It will thus be seen that the speed of movement 
of the film 5 is accurately synchronized with the 
rotation of the refracting plates , 2 and the 
parts are made of such dimensions and so ar 
ranged that in the case of a 16 mm. projector, 
as the film moves down the distance of one pic 
ture frame of .30 inch, the refracting plates , 
2 revolve 90° in a counter-clockwise direction. 
The thickness of those plates is such that for 
each 90° of rotation the total translation or dis 
placement of the image corresponds to the move 
ment of one picture frame, i. e., the opening in 
the aperture plate 23 is wide enough to follow 
the picture from a position half a picture above 
the middle position to one half a picture below. 
A Source of light 26 is indicated at the left of 

the figure, the diverging rays from this source 
of light passing through a converging or con 
denser lens 27 which efficiently transmits the 
light through the optical system. This lens brings 
the rays into a concentrated relation which is 
maintained preferably until after the rays have 
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left the refracting platest, 2. After the rays 
have left the refracting plates , 2, they pass 
through the objective lens 28 which focuses the 
light on a screen 29. . . . 
In the construction shown in this figure, there 

is a shutter located between the condenser lens 
2 and the aperture plate 23 for the purpose of 
cutting off the light rays when either of the 
refracting plates is in a change-over position. 
In the construction shown it has been found 
that this results in having the light for about 

  



4. 
42% of the time. The shutter comprises a pair 
of plates 30 projecting laterally from the side of 
a gear 8, the two plates being arranged parallel 
to each other a distance apart slightly greater 
than the opening of the aperture plate 23. The 
gear 3 is driven by the gear 6 of the adjacent 
refracting plate ff, and the widths of the plates 
30 are such as to cover the aperture and cut off 
the light for the desired period of time. 
From the description just given it will be obvi 

ous that in the projector of Fig. 8, as the plate 
revolves from the vertical position the net 

displacement of the two plates will move down, 
synchronized with the movement of the film. 
For each 90 of rotation, the film advances one 
frame and the compensated net displacement 
rectifles the picture frame to a stationary image 
On the projection screen. An aperture plate 36 
may also be provided between the objective lens 
2 and screen 29, if desired, to cut off any rays 
outside the central picture. 
A preferred form of shutter is shown in Figs. 9 

and 10. In this construction there is a single 
shutter plate 35 lying in a plane perpendicular 
to the rays of light which originate at the lamp 
and are projected by the condenser lens. This 
shutter 35 can be mounted on a shaft 32 which 
is an extension of the shaft carrying the main 
drive worn gear 20 so that its rotation can be 
accurately Synchronized with the rotation of the 
refracting plates. As can be seen in Fig. 10, the 
peripheral portion of the shutter, which is the 
portion lying in the path of the light, consists of 
spaced blades 83, 84, there being four small blades 

spaced apart a distance equal to their width, 
and a very much wider blade 4 spaced from the 
four narrow blades a greater distance. In the 
construction shown in Fig. 9, I prefer to revolve 
this shutter 35 once for each movement of the 
picture frame. This means that the shutter re 
volves four times for each complete revolution 
of the refracting plates , 2. Since there are 
five blades 33, 34 altogether and a corresponding 
number of spaces between them, it follows that 
the light is interrupted with a frequency of five 
times per frame movement, so that if the film 
moves at the rate of 24 frames per second past a 
given point, these shutter blades interrupt the 
light 120 times a second. I find that this ar 
rangement of blades produces the minimum 
amount of "flicker.' It may be pointed out that 
the large blade 34 on the periphery of the shutter 
is interrupting the light while one or the other 
of the refracting plates is revolving through any 
non-operating position or change-over, while the 
four small blades 38 are merely to balance up or 
equalize the intensity of the light during the time 
that the image appears on the screen with rela 
tion to the dark period to minimize the 'flicker." 

If the invention is to be embodied in a camera 
for taking motion pictures, the object rays of 
light are displaced by means of the revolving 
refracting plates to conform with the moving film, 
and there is no necessity for balancing up the in 
tensity of the light by the small blades 3. The 
shutter arranges for the exposure of the film in 
regular timed succession and in proper relation 
to the operative and non-operative positions of 
the refracting plates. The principle of image dis 
placement by optical refraction utilizing the in 
vention above described can, as above intinated, 
be used not only in motion picture projectors and 
motion picture cameras of standard or high speed 

2,352,214 
persistence of vision is used to show the motion 
of a constantly moving object, whether such ob 
ject be shown directly or through a series of in 
ages in a film, on the one hand, or on the other, 
in the case of the moving picture camera the pro 
jecting of the image on the moving film. 
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construction, but also in film editing machines, 
or television projectors. It is applicable wherever 75 

claim: 
1. In an optical system, means maintaining 

light rays in a concentrated relation, in combina 
tion with two effective rotating planar refract 
ing media adapted successively to cause displace 
ment of the rays from the projecting means, and 
means rotating the media, at uniform angular 
speed but at 90° lag in angular relation to each 
other, whereby uniform linear displacement of 
the rays is obtained. 

2. In an optical rectifier system, the combina 
tion of a plurality of refracting media each adapt 
ed to displace a ray of light in the same manner, 
Said two media being adapted to rotate each about 
its own axis but at such relative angles that their 
displacements of the ray are in compensating 
phase, and obturating means Synchronized to cut 
of the rays when either of the media, is at an 
inoperative angle to the ray. 

3. In an optical rectifier system transmitting a 
series of images of an objects, or vice versa, where 
one is at a stationary location and the other at 
constantly changing location, the combination of 
two planar refracting media and means rotating 
them in the same direction with uniform angular 
speed, with the planes of one medium at a 90 
angle to the other, whereby the displacement of 
light rays by one medium is compensated for by 
the other and uniform linear displacement results. 

4. In an optical system for obtaining a sta 
tionary image from a moving one, or vice versa, 
the combination of two planar refracting media 
with means rotating them in the same direction 
and with uniform angular speed but with a 90 
lag in the normals to their axes, whereby uniform 
linear displacement of the image received or pro 
jected is obtained. 

5. In an optical system wherein uniform linear 
displacement of image is desired at one end of 
the system, the provision of two planar refracting 
media mounted in successive relation to the light 
path, in combination with means rotating them 
in the same direction about separate axes and 
with uniform angular speed but with a 90° lag in 
the normal axes of the media, and a shutter to 
obturate the light rays intermittently. 

6. In a method of operating an optical re 
fracting system, the rotation of two planar re 
fracting media each about its own axis but in the 
Same direction and with constant angular speed, 
holding their planar normals 90 apart, whereby 
the linear displacement of rays passing through 
the two media is made uniform. 

7. In a method of operating an optical re 
fracting system containing rotating planar re 
fracting means, the steps of presenting rays to a 
planar refracting medium while rotating same 
with constant angular speed and subsequently 
presenting the refracted rays to a planar re 
fracting medium at an angle 90' removed from 
the angle of the first incident ray, whereby the 
net linear displacement. of the double passage of 
the rays is made uniform. 

8. In a motion picture projector, means ad 
Wancing a film in non-intermittent or constant 
Speed manner and two planar refracting media 
located Successively in the path of the image rays, 
in combination with means giving uniform angu 
lar rotation in the same direction to the media 



2,862,214. 
with a 90° lag between the normal ages of the 
two media, whereby unifornia liea, displaces ineEy. 
of image synchronized with the film movement, is 
obtained. 

9. In an optical rectifies systein, the CCrbis' 2. 
tion of two optical flats withose indices of refrace 
tion are ii) the Order of 1,605 and Which 22'e 
located successively in the pati of the light rays, 
and means rotating their at a uniforni Speed is 
the same angular direction but with their plan2. 
normals 90° apart, whereby the says Will be di 
verted from positios having a lifori' linear disa 
placement to a statigEary iocation, or Vice VerS2. 

G. in air optical rectifier Systern laving 2, 
film and relying on persistence of vision, the coin 
bination of two optical flats located successively 
in the path of the light rays, 3.2d Imeans to give 
the normals of Said fiats unifolia a.sagua, rotatio). 
Synchronized with he film Zinove2: Eent, Wiii. 
maintaining the normals in 90° relatiox. to each. 
other, and a shutter to obturate the rays of light, 
during charge-Cver 20sition. 

1. In an optics rectifier Syste: 'elying Ox 
persistence of vision, a lens adapted to raisitSix. 
rays in concertrated relation, aid tÇo optical 
fiats of about, 3.633 it dices of refractio2. SSE3,329.e. 
to receive the rays successively from the i32.8, ii.2. 
combination with years rotatig the sets 3.t, Ani 
form angular seed a rout, their S333)ate axes klit, 
with the planar orials (22.js 26&ies agout, Sá 
apart in contgensating relatio) &S $C size Fatic 
displacemeii, carves, where y &i.e. iiies. Sisy &ce 
ment of the rays eizei"giag fro: (2 tie seco; c. 38& 
will be unifox 23. 

12. Es as Gpica; recis' systeiz. 3Sixg of 
persistence of visio, two optical Siaks of aizout, 
.605 indices of 3facio; a 'gas ges, A Fe3eye the 
rays successively from the eras, as SEGS,2S re 
tating the fiats at Eiforin 22 guila, sees; 8,302, 
their separate axes it, with their pia.Y.23° 20'E.222s. 
maintained about 96 apart is cer peEl Satiyag reia, 
tion as to size ratic cus've characteristics of 
linear displace: 2nt of tie '978, wheeey the 
linear disgisce:Regat of the rays ei Serging froE 
the seco; fat, Yi} x Niforgia, i.). COE.bizatio2 
with a sat attei offiliating 8:2y 'sys passag virie 
one of the sists is a 33 refective as ge. 

2 

3. 

3. 

4. 

3. In an optical rectifier syster relying on the 
persistence of Vision, two refracting plates having 
similar light displace; set (28ities and whose 
total cycle displace ent, equals the surn of the 
thickness of the two plates, in conbination with 
nea.Is gotiating the plates on axes normal to the 
path of the light, rays at uniforni) angular ugli 
directional rotation with a 90° lag in angular 
relation Fetween the piates, whereby niforn. 
liyea displacernest of the rays is obtaia edi. 

34. In an optical rectifier system, two refracting 
plates having similar light displacement quali 
ties, in coin bination. With Eneans rotating he 
plates of 2.326s norinal to the path of the iigi & 
ray and Witki, the plates at Sich relative ages 
that the surns of tine aigies of incidence of tie 
light; rays at the two plates aquals 90, wherefoy 
the tota: cycie displace eat of the light, rays is 
independe it, Ci the igade: of "efraction of the 
ps2.feS. 

i5. i. 32 optical rectifier System, two refracting 
plates having similar light displacement, qualities, 
it. coiniation. With eas rotating the pates 
oE axes 20228.: to the path of the light rays and 
With the plates & Such 'eative angles that the 
Suins of tie angles of incidience of the light, rays 
at tine Wo piates equials 99. Whereby tie total 
cycle disps, ce:Alexit of the light, 'ays is depeicie, 
o: the thic :ess cf the plates and independent, of 
the ice: Ci refraction of the lates. 

iö. ii. 22 Octical recisier Systern,-(Wo refracting 
pates 12.Wig sixhilar light displaceae, ai 
ties and Whose total cycle displacene, scais W. 

the sun of the tinickness of the two plates, and 2, 
photogragilic fini, iii contiatios. With Eleans 
rotating the plates on axes parallel to the place 
of the filia at uniforn, angular unidirections. 
speed, the relative aingles of the two plates eig 
Such that the Suins of the &gles of incide: ice 
equal 90, and the glass in the plates having an 
index of refraction of about 1.605, whereby the 
intra-cycle displacernet, caused by S&id plates is 
In Scie uShiiorally linea; and the cycle displace; hent, 
of the rays is equal to the cyclic noverient of the 
fi. 

AW) R. E. 

  


