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UNITED STATES PATENT of FICE. 

HARRY F. ROACH, OF ST. LOUIS, MIssou RI. 
METHOD OF FROJECTIONG MULTIPLE LAGES. 

Criginal application filed October 20, 
4, 1825. 

This invention relates to a novel raethod 
Qi projecting multiple inages upon a screen 
for the purpose of investigating minute 
movements, due to any cause, or for deduc 

5 ing stresses incident to distortion of a nem 
ber produced by the presence of a load, and 
is a division of my application Serial No. 
74.643, filed October goth, 1924. 
The broad idea of the invention consists 

1924. Serial No. 744,643. Divided and this application filed April 
Serial Ro... 20,59. 

if more than one is projected for the pur 
pose of conparison with the normal image, 
the scale of one axis is preferably the same 
as that on the same axis of the upper nor 
'mal image, while the scale-on another axis is relatively magnified. , 

While I have referred to the anamorphous 
projection of en image, in actual practice, 
the image is usually a fine line placed on the 

in the projection of a normal and an anal object. For example, in the case of a rail, ------, w - morpious image of the object upõna sijingle 
Streen, and preferably superimposed rela 
tive to each other on the same vertical axis, 
with the normal image preferably located 

13 at the upper portion of the screen, whereby 
the records of the time, place, scale of image 
with reference to the object, the image of 
which is projected, may be readily recog 
nized &nd conveniently used when appearing 

20 (11 the image, the great relative magnifica 

i on the same axis, comparison between the 

tion which is produced in the anamorphous 
image throwing mich of this record of of 
the screen. By this method, the couplete 
data of premise will appear upon the screen. 

2 Furthermore, by projecting the normal and 
anamorphous images on the same screen and 
normal image and the magnified image is 
facilitated, the location of the zone of mag 
nification more readily determined, and the 

??? iriage, each being on the same axis of selec 

cause of deformation, or minute movement 
or displacement, revealed. If desired, the 

objee 

45 

method may be extended by introducing two 
GI. töI e aria morplious projections of the 

tiori, batina different plane. 
2. 

of the s 
ü ??3 

In this way, 
á. Tie structure, or of differert struc 

S Gr bodies, subjected to the salie load, 
may be piced upon the screen for purposes 
of coiniarison with the normal inaire of the 

to or structure, thereby producing a 
convenient and usable exhibit affording in 
formation as to cause and effect. For ex 
ample, the normal image may be that of a 
wheel passilig over a track at the point 
wifre tie abutting ends of two rails are 
connected by a joint. The anamorphous 
projection may be that of the head of the 
rail, or one anamorphous projection may be 
of the head of the rail and another of the 
well, or cite anamorphous projection may be 
of the lead and another of the connecting 
joint. In the case of the lower anamor 
pl, Gusin) &ge, or of each anamorphous image 

4. 

ious projections of different parts 

the iline would be piaced along one side of 
the iead of the rail, and, owing to the great 
relative magnification which ensues in the 
practice of my invention, it is only a line 
which appears upon the screen. For this 
purpose, I may employ lines called, in me 
chanics, "elastic curve lines”, or “strain 
lines', or even "points', or any other datum 
means for indicating relative displaccment 
or govement in the object subjected to the 
load, phenomena, or the like. 

In the accompanying drawing, illustrat 
ing, diagrammatically, an arrangement of 
apparatus for practicing my method:- 

Figure 1 is a diagranmatic plan view of 
a proferred arrangement of apparatus; 

Figure 2 is a diagraminatic view it! eleva 
tion of the same apparatus; and 

Figure 3 is a view in elevation of a screen 
showing, at the upper part of the screen, 
a normal photograph of the wheel of a loco 
motive passing over two rails at the point 
of their consection; at the contral portion 
of the screen, an an amorpio as projection, 
on the verticii axis of a line j}ced along 

i ti: e rail: and at the jovi tr part 
of the screei, an 2:2: Jeorj (ius projection of 
a lze placed ElGig tise uppe: edge -f Gie 
of the oints. 

in order that niy improved nnsthod ni ay 
be understood. I will first descrile the air 
rangement of apparatus shown diagrahi 
matically in tie drawings, Figures 1 and 2, ... 
The numerals 1, 2 aid 3 indicate, respec 

tively, three metal bases which, in practice, 
would be approximately seventeen feet in 
length, on which are mounted the respetitive 
elements rereirafter referred to. Of these 
bases, the base 2 is fixed, while bases 1 and 3 
are vertically adjustable relative to base 2 
at the election of the operator. '"he extent 
of th.-se adjustments ranges fra nº zero to 
twenty-four inches. Moited on each of the 
bases and 3 is app:::::fus for projecting an 
anamorphous in: age, sounted oil the base ??? ?? ?? ?? ? 
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2 is apparatus for projecting a normal 
image. Near one end (the left as shown in 
the drawings), each of the bases 1, 2 and 3 
is provided with a source of high candie 
power light, indicated by the nuneral 4, the 
rays of which pass in one direction through 
a lens 5, and in the other direction through 
a cooling clement 6, whence they inpinge 
upon a reflector 7 and are reflected back 
through the lens 5. From the lens 5, the 
rays pass through openings 8, 8, in a pair 
of diaphragms 9,9, the openings S, 8, being 
in the form of slits which are perpendicular 
to each other. 

and they are also adjustable around the 
optical axis 10 through the angle of 360°. 
After passing through the openings in the 

: diaphragms 9, 9, the rays pass through a 
second cooling element 11, and then enter a . 
moving picture projection apparatus 12, 
which is equipped with moving picture films, 
each apparatus being provided with a dia 
phragm 13. Each moving picture appara 
tus is adjustably mounted, so that each of 
the films may be so positioned with refer-, i. 
ence to the optical axis as that any portion 

which a belt 15 passes to a pulley 16 mount 

of an exposure from top to bottom may 
appear on the optical axis of the beam of 
parallel rays. In case cinematographic ef 
fects are not desired, the moving picture pro 
jection apparatus may be removed, at the 
election of the operator, and in their place 
may be substituted glass negative carriers 
with diaphragms. The speed of the films in 
the three apparatus 12 is the same, and the 
position of the same image or images on the 
three films is alike as to the optical axis. 
This is accomplished through the medium 
of a motor 14 mounted on the base 2, fron 
ed on the shaft 17 of the apparatus 12, 
mounted on base 2. A belt 18 passes from 

use the instrument devised by Paul 

(5 

erating the app 
adjustible belit-tightening pulley 22 is pro 
vided for adjusting the tension on the belts 

:45 pulley 16 to a pulley 19 on a shaft operating 
the apparatus 12 on base 3, and a belt 2?) 
passes from pulley 16 to a pulley 21 for op 

aratus 12 on base 1. Ári 

g to the adjustment which may be accordin 
effected of the bases 1 and 3. . . ?? 

... founted in front of each of the apparatus 
i2 on the bases 1 and 3 is an anamorphote 
23, each of which is horizontally movable on 
a base 24 and rotatably mounted to revolve 
around the optical axis through an angle of 
360. The anamorphote 23 is that known 
to the art for producing an anamorphous 
image such as is defined hereinafter. For 
observation in the field, I would prefer to udolph, 
and described and illustrated in British 
Patent No. 3512 of December 5th, 1898, for 
improvements in anamorphotic lens systems. 

tience through a lens 27, the 

The diaphragms 9, 9", are 
separately adjustable vertically and horizon 
tally through a range, say, of five inches, 

- and the 

for this purpose are optical and are 

For work in the laboratory, I would prefer 
to use the dioptric anamorphote shown and 
described in my Patent No. 1,552,453, dated 
September 8th, 1925, combined, of course, 
with a suitable lens system. From each 
anamorphote 23, the rays pass through con. 
trast light ray filters 25, thence through dia 
phragms 26, similar to the diaphragms 9, 9, 

position of 
which is the reverse of that of lens 5, thence through a pair of symmetrical projection 
lenses 28, 29, supplied with an adjustable 

s 

diaphragm 30. From the lenses 29 the rays 
pass onto reflecting prisms 31, 32, respec 
tively, each of which has a reflecting ele S:) 

ment of an angle of 45°. From the prism . . . 
31, the rays pass to a similar reflecting 
prism 33, where they are reflected onto a 
Screen 34. Fron) the prism 32, the rays are 
refected oIto a prism 35, whence they are 
reflected onto the screen 34. 
and 33 are adjustable relative to each other, 
relative to each other. The prisins 33 and 
35 are also independently adjustable in the 
vertical plane. 

prisins 32 and 35 are adjustable 

S. 5 

The prisms 3l 

Referring to the apparatus on base 2, ... 
from the moving picture projecting appara 
tus 12, the rays pass through contras light 
ray filter's 36, diaphragms 37, lens 38, sym 
metrical projection lenses 39, and adjustable 
diaphragm i 40, and from the last ens 39, 
the rays are projected directly upon the 
screen 34. 

Referring more in detail to certain fea 
tures of the apparatus, each of the reflectors 
7 is ground and optically polished on one 
side to provide a surface of revolution of a 
radius described arol.ud the virtuai point, 
of light 4. It is reognized that the refrac 
tion of the light rays by reason of passing: 
through the respective mediums of the con 
tainer and its contents will slightly alter 
vir hich the refector is described in order to 
produce the effect of 

00 

the geofretric position of the point iron 
11G 

position of the re 
fiegted rays as though the reflector were de 

roved. On these surfaces of revolution, the 
whitest silver is placed for afiording the re 
fecting surfaces. Back of this silver is to 
be placed a medium for protecting the sur 
face against any mechanical injury, or in- . 
jury incident to the atmosphere. The other . 
side of the lenses are ground and optically 
polished fat, and mounted on the elements 6 
with the best Canadian baisan. The cle 

stribed from light 4 with the container re 
} is 

ments 6 and 11 are, as stated for the pur. 
pose of renoving the radiant heat from the 
rays of light passing through them. To 
this end, they are filed with distilled water, 
and where the light passes through these 
members, the glasses covering the openings 

ground 
and polished to optical accuracy. Suitable 

20 
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pipes. 41,42, respectively, are provided for 
the circulation of cold distilled water from 
a refrigerating apparatus. The lenses 5 
each has on one side a flat optical surface, 

5 and on the other a surface of the form of 
a paraboloid of revolution, of such focal 
length as to produce beams of parallel rays 
from the light source 4 to the similar, but 
reversely positioned, lenses 27 and 3S. The 

| 10 laiter, of course, act to converge the par 
allel rays. These lenses are longitudinally 
adjustably mounted when properly posi 

, tioned. 
... As to the moving picture projecting ap 

. . . 15 paratus 12, it should be stated that no pro 
jecting lenses are used on these cameras, as 
the ray's emanating from the sources of light 

. . . . . 4 are transformed by the lenses 5 into beams 
. . . . of parallel rays and pass through the inage 

' ayS. V 

The symmetrical projection lenses 28, 29 
and 39 are of a very large aperture and cor 
rected, in design, completely for astigma 

“. . tism, coma and spherical aberration. They 
... are also so designed as to completely satisfy 

the Abbe Sine llaw. 

... scribed, to cover a 4'x5' negative. Each 
30 pair of these lenses is provided with an ad 

justable diaphragm, as stated, and they are 
adustably nounted on the metal base. In 
other words, these lenses are of conventional 
form and design and highly corrected. 

8. The screen 34 is of ground glass, and in 
the apparatus described, is about four feet 

…" Square, and is mounted in a frame which is 
.. adapted to be supported in a substantial 

- manner on the foor where the apparatus is 
to be used, independent of the bases 1, 2 
and 3, - 

he optical edges of all of the diaphragnus 
- except those used in connection with the 
... Jenses 2S, 29 and 39 are formed by dense, red 

glass, in order to minimize diffraction. 
in older that the invention may be clearly 

understood, I will define the terms “nor 
nia, and “anamorphous’ as used herein 

. . . with 'espect to the different characters of 
: 0 in ages produced. • 1 

ån innige having a normal proportional - 
the apparatus shown, all of the images on scale is one in which the unit. of dimension 

. . . . . on all axes is the same. - - - - - 

portional scale is one in which the unit of 
dimension on two axes of selection are of 
different value. ' ' - 

It is the purpose of this method to ? 
uce on a screen an image of an object hav 
ng normal proportional scale, and one or 
indire images of the object appearing in 

: the normal image of anamorphous scale or 
proportion. It is immaterial as to the or 

ci' (if :oduction of these images. A nor 
is proportional image may be taken of the 

20 on the film in the cameras 12 as parallel. 

They are of sufficient 
- diaineter, as employed in the apparatus de 

morpligus image - 
or a photograph thereof. The alternative 

: An image having an anamorphous pro- - 

object, and one or more positives made from 
the negative. The negative and two posi 
tives may then le placea in the apparatus 
and one be thrown on the screen as a nor 
mal proportional image, while the others are 
thrown on the screen with the use of the 
anamorphotes 23 to produce an inhage of 
anai)orphosis of predetermined relative 
magnification as to the value of the unit of 
dimension on the respective selected axes. 
A second method may consist in the use in 

the apparatus of a normal image and one or 
Blore anamorphous images of the normal, 
preferably taken directly fren the object at 
the same time as the nörmal image is pro duced, the normal image being projected 
onto the Screen as such, and he anamor 
phous images passing through the anamor 
photes onto the screen with a still higher 
degree of anamorphosis. 

Still another method may consist in pro ducing a negative of normal proportions and 
one or rinore anamorpious" negatives of a 
high degree of anamorphosis, then placing 
these negatives in the apparatus and tirow 
ing onto the screen directly therefrom the 
inages that they will produce, without the 

7) 

so 

:). 

insertion of the anamorphote in the path of . 
the rsys of light from any of the negatives. 
This method may be illustrated by assun 
ing the screen of Figure 3 to be a negative. 
The views on this negative would then be 
thrown directly upon: the screen by the pro 
jecting apparatus. The different figures 
could, of course, be on differt slides or 
negatives, and, of course, would be on a 
much smaller scale than they appear on the 
SC2, 

It will be understood, of course, that in 
producing an anamorphous image, it is with 
in the scope of the invention to first produce 
a normal image and then produce an ana 

rom the normal image, 
course would be to use the anamorpious 

- image that was nade directly from the oh 
ject, as hereinkefore describcd, so that the 
iiisg.e. magnified on an aris of selectici, 
wii e iiirown by the cainera directly upon 
the sensitized lite or upon the screen. 
In the use of my method according to 

the films in the respective moving pictuie 
projection apparatus will be normal, and 
anamorphosis is produced by causing the 
rays passing through the cameras' 12 to pass 
through tine anamorphotes 23. 

it will be understood, of course, that a 
large number, perhaps several thousand, images cf the object will appear upon the 
films in the apparatus 12. The films in these 
apparatus may be turned slowly by the use 
of a hand crank until it is determined the 

0. 

it. 

i 5. 

2 

field or nortion of the film or films which 
show the maximum of displacement or 

U. 

30 
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change in the object photographed while be 
ing subjected to the load or strain. Such 
selected anamorphous inhages may then be 
used for purposes of comparison with the 
Inornal image of the object. These images 
can, of course, be plotographed for pur 
poses of record by being projected onto a 
sensitized plate, and photographs produced 
from these plates in the usual way. There 

3 is. of course, theoretically, no limit to the 
Irumber of anamherplious images of the ob 
ject that may be thrown upon the screen for 
purposes of coin parison with the normal 
image, subject only to the provision that all 
of the images, including the normal, shall be 
on the same axis of selection. Thus, in de 
termining the stresses in various parts of a 
bridge produced when a train is running 
thereover, lines may be drawn on different 
parts of the structure, and these lines be 
magnified by using the appropriate number 
ef apparatus, and tihe dispiacement or 
change in the various structures or parts 
to be investigated will appear from the an 

i amorphous projection of these lines on the 
screen in superimposed or other defined re 
lation. v 

In the drawing, Figure 3, I have shown 
a normal image of a locomotive wheel pass 

.30 

3 5 

40 

45 

in the vertical axis of the anamorphous im 
. . . set my liarid. 

From these deformations, may, by engi 

ing over a track at the point of connection 
of two rails, and an anamorphous image of 
a line on the rail, and another of a line 
on the rail joint, all the images, of course, 
being on the same vertical axis. 

in this view, the numeral 43 indicates the 
vieel, and 44 and 45, two abutting rails con 
nected by a rail joint 46. The letter a in 
dicates a fine line placed on the side of the 
heads of the rajis 44 and 45, and the letter 
l, a similar line placed on the side of the 
rail joint 46 near the upper edge thereof. 
The first anamorphous image shows the rela 
tive magnification of the line a in the zone 
of the abutting ends of the rails, and the 
second anamorous image shows the rela 
tive magnification of a portion of the line it 
age a. 

1,599,719 

neering formulae, be deduced stresses in the 50 
respective members. Also, there may be de 
termined phenomena from these observa 
tions. . . 

I claim: 
1. The method of making observations of 55 

minute movements in an object subject to a 
load or phenomena, which consists in taking 
two or more sets of normal images of the ob 
ject on moving films, and then projecting 
light rays through said films onto a screen 60 
in a manner to cause the respective inages 
to be superimposed thereo, with the median 
lines of the inhages coinciding with a selected 
axis of the screen. and sinntitaneously pro- i 
ducing relative magnification on a selected C5 
axis of one or more sets of said images, an 
leaving another set normal, whereby displace. 
Ilient or changes in the object caused by the 
load or phenomena as shown by the ana 
nor;holis insiges may be observed aid con- 70 
parison gif such displacement or changes 
made with the object as shown by the set of . 
normal images. . . . . . . . . . . . . 

2. The herein described neihod, which consists in simultaneously projecting upon 75 
B SCPeel i HO"3 i insge and a? an inor 
phots image of an object subject to a load. . . 
or phenomena which consists in taking two 
or more sets of normal images of the ob-. 
ject on sensitized transparent members and so ... 
then projecting light rays through said de 
veloped. Inembers onto a screen in a nanner 
to cause the fespective images to be super- . 
imposed thereon with the median lines of 
the images coinciding with a selected sixis 85 
of the screen, and Sü??taneous??? producing. 
relative magnification on a selected axis 
of one or Inore sets of said inhages, and leav 
ing another set normal, whereby displace 
rent or changes in the object caused by the 90 
load or phenonena as shown by he anamor 
phous images may be observed and compar 
ison of such displacement or changes made 
with the object as shown by the set of nor 
nal images. . 

È in º estiniony whereof, I have hereunfo 
95 

HARRY F. ROACH, . 

  


