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- PATENT ’ SPECIFICATION

Application Date, Aug. 15, 1918. No. 13,270/18
Complete Accepted, Aug. 18, 1919, ‘

COMPLETE SPLECIFICATION.

Imbrovements in or relating to Optical Systems for the Production:
of Complemental Images. -

We, Daxter ¥Frost Comstock, Scientist, residing in Brookline, County of
Norfolk, State of Massachusetts, United States of America, and TECHNICOLOR
Motion PicTure CORPORATION, a corporation organised and existing under the
laws of the State of Maine, and whose business address is 50, Congress Street,
Boston, Massachusetts, do hereby declare the nature of this invention and in
what manner the same is.to be performed, to be particularly described and
ascertained in and by the following statement:— '

This invention relaies to the production- of undistorted multiple images, and
more particularly the invention relates to a compound lens system of a motion-
picture camera for simultaneously forming, accurately in the same plane, two
or more substantially perfect complemental images of a scene, the imiages being
complemental in that they represent the same scene in different color aspects
such that when the complemental images are properly superposed they effect
an accurate reproduction of the scene in colors.

In color motion-picture projection it has hereiofore been the commercial
practice 1o project successively through color-screens, film pictures taken succes-
sively through color-screens. The results obtained by this method have been
open to two serious objectious; first, the displacements in successive pictures of
the moving objects cause those parts of the moving objects, which do not coin-
cide in the successive pictures, to appear in the colors of the several color-screens
rather than in the natural colors which wouldl result from the blending or fusion
ci the several colors ; secondly, the eye is fatigued by the alternate bombardment
of light of different colors. The first difficulty causes what are called
‘“ fringes > and is especially bad when rapidly moving ohjects are photo-
graphed. The second difficulty causes a feeling of eye strain which is distinetly
objectionable. _ _

To overcome this, it is desirable to project simultaneously through different
‘dolor-screens two or more photographs, taken through color-screems, of the
same scene from accurately the same point of view at the same time. This
involves the problem of obtaining on a film or films two or more photographs
from accurately the same point of view, of the same scene at the same time.

In the production of complemental pictures for color motion-piclure projec-
tion it is not only essential to free each individual picture from aberrations
owing to the high degree of magnification elnployeﬂ in ihe projection of the
picture upon a screen but it iz of equally great importance to correct each
picture in the same manner and to the same degree; otherwis?, when the com-
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plemental pictures are projected upon a sereen, either simultaneously or succes-
sively, the respective images will not coincide and decidedly objectionable
blurring and equally objectionable fringing of colors results. oo

"Tthe problem_of obtaining two or more color images of the same scene from
the same point of view at the same time through the same lens system fov the 5
motion picture film, is compligiied by numerous practical difticulties. In
general, it involves dividing theclight into two or ynore similar but separate
beams, and reflecting the. divided: beams upon the film in the film-gate or other
film positioning -means, and co!reflecting the: light throughout the system,
that clear images appear in the plane of the film. The more obvious ways of 10
doing this ave, for various reasons, unsuitable for the motion picture field.

For example, an ordinary photographic objective may constitute the entive
lens system, and some form.of-polished metallic grid, with'reflectors of similar
type, may be used to divide and to reflect the beams so that clear images fall
in the plane of the film. Such a‘system dis' markedly. unsatisfactory for twe 15
reasons. In the first place, the surface of the metal grid and reflectors easil
becomes oxidized, tarnished, mechanically injured, or covered with a deposit
of dust or other foreign substance which cannot readily be removed without
mechanically injuring the surface; and even when such mirrors are not visibly
damaged -by any of the above means, they may still have their coeflicients of 20
reflection markedly changed through the lapse of even short spaces of time.

., The deterioration of metallic reflecting surfaces may seem a trivial difficulty,
_but. it has been found impossible in- practice to use such refiectors successively
for camera work. g : o e : : .

If the metallic surface-is protected by a plate of glass, it is clear that the 25
front surface of the glass will also reflect light, and so-called ¢ ghosts ”’ will
make their appearance on the film. | On the other hand, if thin layers of lacquer,
or similar substance, are used to proiect surfaces, their protecting influence is
found to be less than might be imagined, as they are all more or less porous
or permeable and consequently do .not protect the surface adequately. Such 30
substances are-illikewice soft and  ecasily abraded. Again, if such metsllic
mirrors are used, it will in general be found that the mounting of thém and the
means necessary for adjustment will” require a considerable increuase.in the
.length of path above the length which would appear necessary ou..a simple
geometric diagram. , ' , S S

The second objection to the use of such a system is based upon the fact that.
it is highly advisable, for reasons of perspective, size of picture, depth  of
focus, etc., that whatever lens system is used in motion-picture work should
in general have a relatively short equivalent focal length ; and this means, of
course, that if an ordinary photographic objective constitutes the entire -lens 40
system, it must be at a relatively short:distance measured along the light rays
from the film. It will be found in general that short focal lengths are pro-
hibited when such a metallic system 1s used, because of the space required in

- getting the light divided and reflected io form separate images.

35

" 'There rémains the possibility of using right-angle prisms. with silvered or 45
totally réflectiiig surfaces, simply mounting one of these wherever the light is
to be reflected. The difficulty here encountered is that each of the surfaces
where the light enters and leaves the prisms reflects light, and, aécording to
the partieular structure used, the stray light falling on the image due to such
reflections, ‘will be more or less pronounced. - The difficulty of mounting and 50
adjusting also applies to this case. -’ —_— : .

-~ The ébject of this invention therefore, is to provide a method of and apparatus
for simultaneously producing, accurately of the samec size- and preferably in
the same plane, a plurality of complemental images of an object field, taken
simultaneously from- the same point of view; and for producing the comple- 55
niental images in.such manner that they are substantially identical .and- sub-
stagtially free from astigmatism, spherical and chromatic aberrations, whereby
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the-images, when- projected. in supor posed relation upon & screen - may be
ucmuately Tegistered. throughout, - . - -

:Ini the face of the above difficulties the pxeqent mventlon follows mdrkedlv
radical lines.. It abandons polished metal anirrors, and ahandons the mdmary-
photographic objective as constituting its lens .system.: It: involves :illing the
entire dividing and reflecting system with a transparent medinm as optically
dense -as. practicable. Such a light dixviding, reflecting and refracting medium
comprises a lens component and is helenmjtel referred to as the composite
component. But, like any other uncorrected component, it renders imperfect
any perfect image transmitted through it. . Through shapiug the surfaces where
the light enters and leaves the compos1te cmnponent it- 1s possible to reduce the
aberrations -in such a transmitled 11m1ge but in general they will not in -this
way be completlely. removable. -

In order to obtain real images and have them leaqonably pelie(,t a specmlly
deugned positive lens.component must be combined with® the composite’ com=:
ponent. This positive componont must be so plopmtmned that the resultant
oplical system as a whole is-a relatively perfect positive system with-ifs- rear
nodal point at a proper distarice -from the film. Indeed, it can be ‘showi- that
the rear nodal point intour improved system’ is nearer the image plane than’the
forward surface of the ‘composite element, i.e., that the rear nodal point of- the
system ‘is within thé composite -element.- ’Ihewfore, since as-far as the, image
i¢ cohcerned,. the résultant lens system. ig- vutually situated at ity rear -nodal
peint,- the” equualent focal 1ength of "t Svsteni 18 malkedly shorfer than the
shortest focal léngth which can be used if the 1eﬂe(*tmg d1v1dmg Ien 1018 not
filled with 1lie optically dense imediumi. & 7.

Our composits lens system satisfac tonly meets the dlfﬁcultles*above entmer-~
ated. Such metal surfaces as are necessary ave coated on’a-syrface of “glass,
wlhich’ surface; since it-is simply -the boundary of the dénsé meditm? rself,
involves no ghosts anid -serves as an adequate. protection for thé metal’ ﬁlm
itself..-. Moréover, the possibility of having the rear nodal point of thé ertire
letis- system thlun the c0u1p051te element 1tself 1emoves Ialgely or entuely the
fengih-of-path "difficulty.

11 has heretofore been proposed to -arrange an ob]ecnve lens -or leuses a.nd @
prism set in optical alinement so-as to produce a plurality of images approxi-
mately alike, as disclosed e.g. in the Patent to-Moriier 6565 of 1913.- 1t has
alzo been pmposed to inake the paths in glass of différéunt lehgth to compensate
for the différenceé in the-tolal length of the paths of the Iespechve inage beams,
as shown e. -9 in’'the Patents to Beck 94 159 of 1912 and V\fmkman 13 042
of 1915. :

The present invention marks a distinet adwance over, the p1101 systems of’ the'
character referred {o in the’ p1eced1ng“'parag1aph iri that it consibis in coordinai~
ing the lens or lenses and the prism set ior sets so that the optu,al system-as a
whole is spherically, chromatlcally and’ anashgmatu,a.lly correct. In the pre-
ferred embodiments of the presént invention .the lengthi of the respective puths
are equal, in which case there is obviously no necessity for makmg the paths-of
the d1v1ded beains unequal-in the gldss of the prisms as in svstemq such a8
disclosed in the aforesaid -patents to'Beclk and Workman.-

In the accompanying drawingsi— oo

Bxgute 1 is one embodiment of the- 1nvent10n showing one combmatlon of
positive and composite components of the lens system; - .

BN igure "9 ig another embodiment of the invéntion showing a dlﬁerent type of:
posfave lens in combination with thé composite component; and.

Fi igure 3 18 another’ mOdlﬁCdtl()n of ‘the combmatmn compmsmg a- further'
type, of posxtlve component. '

In each of the ﬁgures the posltwe component of the lens system is de igrated
as PC and the composite component is designated as CC. Tle positive com-
Ponent is :somewhat similar'to the.ordinary camera objective but-is des:xgned

s
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in such manner as to adapt it to form in combination with the composity com-
ponent, a spherically, ¢hromatically, and astigmatically corrected lens system.
In each embodiment the light from the object field enters the lens system from
" {he left, is formed into an image-bearing beam the size of which is controlled
by the diaphragm d, and thence passes to the composite component where it is
divided into a plurality of similar image-bearing beams which -are proj.ecte(i
'i_n]f;(_)' the image plane I, preferably in spaced relationship with respect to each
other.
" The composite component CC comprises a plurality of glass prisms P, P,, P,
and P,, cemented together as shown, the prisms P, and P, consisting of 45°
rhombs, P, consisting of a 45° triangular prism, and P, consisting of a plane-
parallel block. Between the prisms P, and P, is arranged a light-dividing
means which preferably comprises a grid designed according to the invention
disclosed in our prior Letters Patent No. 127,308 which, in two-color apparatus
such as illustrated in the drawings, is adapted respectively to transmil and to
meflect one-half of the image-bearing beam. The faces R;, R, and Ry of the
prisms P, and P’; are arranged to function, respectively, as total reflecling
surfaces for the reflected and transmitted portions of the image-bearing heam.
Color screens which, for example, ‘may comprise a red screen RS and a green
screen GS, are placed in the paths of the respective image-bearing beams
between the rear faces of the prisms and the image plane 1 for transmitting
only the components of the light which have the desired dominant hues.
Dams D of black balsam are preferably placed at the proper positions to cut off
sirap reflections and thereby avoid the formation of ‘“ ghosts > on the filin.

As will be hereinafter more fully explained, an important feature of the cora-
posite component consists in making the paths of the complemental image-bear-
ing beams therein of substantially the same length, the lengih of the paths
being measured along the ray passing through the center of the positive com-
ponent, along the axis of the positive component, and along the central rays
of the separate beams which pass through the center of the respective comple-
mental images ; that is, making the distances along the dot and dash lines from
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the grid G, where the main image-bearing beam i§ divided, to the rear faces -

of the prisms P; and P,, substantially equal.

. In accordance with the principal object of the invention, the lens system
comprising the, two elements of the character described is very carefully cor-
rected for the following aberrations, namely, primary curvature of field,
secondary curvature of field, spherical aberration, axial chromatic aberration,
oblique chromatic aberration, coma, ete. In color motion-picture photography
for which the lens system is particularly adapted, it is desirable that these
aberrations be either wholly eliminated or at least that they be reduced to such
an extent that no blur is produced which has a diameter greater than "1/800
of an inch at the center of the image or which has a diameter greater than 1/400
of an inch.at a point one-half inch from the center of the image. Each modi-
fication of, the invention herein disclosed will produce images having aberra-
tions, if any, which are within these limits, ' h

. The aberrations may be partially corrected by providing the prisms wilh
convex or concave- surfaces in the paths of the image-bearing beams, or by
making the paths of the complemental image-bearing beams of. slightly different
lengths ; or, the correction of the aberrations of the entire system may be made
wholly in the positive element, that is, the positive element may be designed in
such a-way that when used in combination with the composite element, the
aberrations of the entire system will be corrected without curving the faces of
the prisms and without making the paths through the prisms of uneqyal length.
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~ One system of the type in which the positive component is specially designed

to correct_the aberrations of the entire lens system, comprises the positive coin-
ponent PC and the composite component CC, illustrated in Fig. 1. The posi-

tive component is of 'thg general typja having four single lenses arranged in vt-v_vi? -

b >
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- groups, the two groups being separated by the diaphragm. The two elements
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- of one group are separated by an air space while the two elements of the other

group are cemented together. . The panr of facing surfaces have a negative
power while the pair of cemented surfaces have a collective effect. This results
in the positive component having a comparatively small number of lenses,
thereby reducing reflections, affording a relatively large aperture and affording
-a relatively large area of anastigmatic flatness of field. Of the four lenses of
the composite component PC the lenses- L, and I, are positive and the lenses L,
and L, are negative. The group I,, T, is separated from the group L, L,
by a diaphragm d. The lenses 1., 1., are separated by an air space bounde:d
by facing surfaces which have a dispersive effect and the lenses Lj, I, are

- joined by a cemented surface having a collective effect. The data for the lens

system comprising the components PC and CC are as follows:—
Positrve CoOMPONENT.

r,= +0.836 ' R :

' ' t, = 0.168 2, = 1.6120 ng, = 1.6263 C—F = 0.01045

Ty = + 00 ) v -
' d, = 0.350

-1'3 = - ]340

t, = 0.047 np = 1.6128 ng; = 1.6347 C—F = 0.01657
7, = 4 0.701 ~ - -

d, = 0.185
d, — 0.043
:’i‘& = 4+ 11.34 ’ '
-. t, = 0.035 ny, = 1.6267 ng, = 1.563956 C—F = 0.01002
7'6: +0-689
£, = 0,161 n,=1.6185 mg,—1.6274 C—F=0.01100

7, = — 1.205 _ ' -
T Focal length—3.06. - Aperture ratio=1:3.9
[ g p

Composrie CoOMPONENT.

l,=2.70 -
[,=2.70 ny =1.6730 n ,=1.6857 C—-F =0.00995

In the above table of data as well as in the two tables hereinafter set forth,
all dimensions are in inches and the various characters have the following
gignificance; ry, 7,, etc. refer to the radii of curvature of the various lens
surfaces; t;, t,, etc. represent the thicknesses of the lenses; d,, d,, etc. repre-
sent the distances between the adjacent surfaces of the lenses and between the
lenses and diaphragms; I, and [, vepresent the lengths of the paths of the
component beams in the prisms; n;,, ng, represent the refractive indices of
the glasses used for D-light and G'-light, réspectively; and C—I is the dispes-
sive values of the lenses for the range of light between the C and F lines of the
spectrum. Although data are given for only one fecal length “in connection

. with each embodiment of the invention, it is to be understood that data for
" systems for other focal lengths may be derived by making proportional changes -

for all dimensions involved. ¥urthermore, the data are based upon systers:
in which the dense medium comprising the composite component has an index
of refraction for D-light of 1.578 and a dispersive value of .00995 for C—F
light, although the data are substantially accurate for a considerable range
of optical media. . _ o o ' - .

In the embodiment of the invention shown in Fig. 2 the posiiive com-
ponent PC! is distinctly different from the positive component P’C, illustrated
in Fig. 1. This component comprises two groups of lenses, the forward group
of which comprises a positive lens L, and a negative lens I, and the rearward
group of which comprises a negative lens Ly, a positive lens Ly, and a positive:
lens L, Each of the positive lenses L and Lg is composed of highly refrac-
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twe baryt—cwwu gla.ss and the nepatu‘c lenbeq L, ig and L,. are colmposed of glass
havmg a low. refractive power, the two groups of lenses being separated by an
" air space of positive meniséus form. The respective. surfaces of each of the
two ‘negative lenses Lg and I, preferably have different degrees of curvature,
and the lenses are pr efer ably. so arranged with respect to the diaphragm that
the surface of the negative lens of the front group which has the gredte‘ degree
of curvature fdres the dlaphlawm, and so that the surface of the negative fens
of the rear group having.the Tesser degree of curvature faces the dld_ph]dnqn
-Tt_is also preferable that the forward group of lenses should have 1 focal length
greater than the focal length of the reat group, but that the focal lenhth 3
the forward group should not exceed approximately twice the focal lenvth of

the; rear gmun The positive lens I, preferably has a focal length- substan- .

tlal]y three fimes the-foeal length of .the entire positive component PC'. The
lens may be planoconve:\ ar mdeed the surface facing the mmposue- com-
ponent CC! may even be we.xlxl_y positive,  but preferably the lens is of positive
meniscus form having a surface of negative curvature- facing the.composite
component. The: llens Jiyis -made;of glass having a low dispersive power, for

example, a ghqe wﬁh a refractive mde\ “for D-light of ‘1. 5116 and whose mean,

dispersive power is /..

Fig. 2 also illustrates means whereby the sepm ate d1v1ded beams may each
be further corrected ‘individually. This comprises making the faces of the
prisms in the paths of the qepamte beams concave and convex, respectively, the
iace of the prism P, which is in the path of the beam mtended to form the red
image being made convex while the face ot the prism P wluch s in the path
of the beam intended to form the green image is made concave.  These curva-
. tures may or may -not be-employed and, when. .they are employed, tliey serve as

means for further ecorrecling the obllque chromatic aberration of the lens
system. In the partlculm embodiment of the mventmn, llustrated. in’ l'lg 2,

the curvature of thé suifdices of the meet,tlve prisms should” difier by approxi-

mately 1.25 diopters, and while each surface is illustrated as baving a’curvature
of half this amount, the surfacé of prism. Py having a positive” “Survature of
0.625 diopters and the sarface of . prism I, havmﬂ a negative carvature of
0.625 diopters, it is to be understood that the difference of curvature of -1.25
diopters might be divided in any other desired manner; and indeed, the entire
curvature might.be applied to one prism leaving the JEame of ‘the othe1 Prism
flat. When the faces of the prism.are curved for the purpose of further
correctmg the oblique chromatlc aberration, the prisms must be fixed. in posi-
tion with respect to the image plane, whereas this condition is.not essential

whien the faces of the prisms are not curved, as in Fig. 1. "In either event, as’

well as in the embodiment illustrated in Fw 3, the positive component need
not be maintained in any particular fixed 1elat10n.>h1p with respeci. {o. the
composite component of the system.

The data for the SPGCIﬁb embodiment of the lnventmn 1llust1ated in. l‘lg 2

are as follows )

- : , POSITIVE COMPONENT.
'rs_ +l .090 ' B - - -
t;=0.1656 n, =1 6]4] nGI~_1 6280. C—F'=0.01090 = . ‘
"'9"- +4. 058 . . :
d4_0 071 N
: =0: 063'nD= 1.5G89 ng,=1.5864 C—F=0. 01335
7'11__ = 1 485 R i A
ooy de=0.122 00 T TR S
y L dy =009t . .. .. o7 . R LA
'1'12—-—2492 S

< "3
y T2

A =0.063 np = 15482 =1 5636 C-F=b04188 - .

.-,o‘
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rg= — 1.381 , SRR
d,=0.071 - S
"'14— +2.094
tg=0.142 np = 1.6141 ng,=:1.6280 C—F =0.01090 - ‘
= +1. 405 : _ >
Ti6= +3.022 :
t,=0.076 np =1. allG ng,=1. 5225 C—F=0. 00839
rp= —-12.09

Focal length=2.77". Aperture ratio=1:3.5

CO\[PObl.LE (/tmrm\lm T
0, =2.70 ;
0, =2.70 np=1.5730 ng =1. 5857 C—— T =0.00995 \
= +32 Qe o
.’]9_ - 32 o1y
In the third eml)odnnent of the inv entmn illustrated in, Flg 3 the. posnhve

Nlens component PCU comprises a group of fmu lenses L., L, Li: L. , arranged
132 147 0

152

with respect to éach other and with respect to the. diaphragm d in a menner
gsimilar to that shown in Fig. 1, these lenses differing, however, in specific
dimensions. and spacing- distances as shown by the .table of data below. . In
addition to these four lenses the positive component -PCY" comprises a fmward

group of lenses Iy, Tu;, and Lys:- The lenses 1., : Ly, form a cemented. doublet

having a focal length which is practically infinite ;and the lens I, ~omprises a
flat plate of glass of uniform thickness which serves imer ely as a protsction for
the lens L, the latter being of such character as to require a profective cover-
ing. Thé lenses Ly, 1s,, comprising thé doublet are preferably -composed of
glisses whose indices differ by at least 0.09. A -characteristic of this par ticular
embodiment of the invention is that for D-light the focal lengths oi the two

elements of the doublet are substantiially equal and the internal nodal . points

lie close together, thus making a_substantially nm\-mmgnﬂ’ymg lens’ ‘elemént.

In order fo corfect thé axial chromafic aberration of the system to a Some-
what higher degree than is. otherwise attainable, the length of paths”of the
divided image-bearing beams may be made hlwhtly different. Thus, as illus-
traied in Fig. 3, the path of the reflected beam of Jight’ passing  throvgh
prlsms P,.and P, and being projected. through- a green color scréen to’ form
the gilleon image l_s .004 of an.inch longer than the path of.the. ‘beam .of light
which is transmifted through. the grid Gr -passing ‘1thr ough prisms’ ]’2 a.nd I’3
and thence through a'red color screen to form’ the red image. ) R
", The specific data of the lens system: shown in Flg 3 are as follnws — T

' 1’0 SITLVE COMI’ON _ENT .
- b v - em

A tyo=0.075 ng=1.5_] 16 1&(}1::‘1._5)225‘ C—F =0.00839
Ty = £ 00 . T )
: tn,HO 200 nD 1 6797-15912'] 7030 C—F=0.01787 - "~
_1‘22__ +2. 100 B
t,0=0. 165 n.D=1 5366 '"-(;1—1 5499 C—F .0,01049 ‘
= —. 82 . B '
dg=1.05. - . - -
’z4r+0574 S , . -
tu— 088 np=1.6118 ng;=1.6246 C-—3"==0.01045
.?%i + -t A o _— .
N - (lg=.05l . ] o _' R
rog= - 978 - S
: . tu_..O 29 'nI,=1 6046 nG 1_1 6295 C—F 0. ()1365 S ) -
1'27_.—0555 .. . .

d10=0080 L . e e - ._ _‘-‘-._. . - . .'.-_._‘. .
d;, =0.080 L AR BT i
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728: —2-970 ) ’ . ,
=027 np=1.5211 n g,=1.5340 C—F = 0.00994

ra= +0.673 S |
tg==.080 n, =1.6113 n¢ =—1.6251 C—F=0.01100

Focal length=2.67. Aperture ratio:=1:5.5

ComrosiTe COMPONENT.

'Y =2.704 - _f ,

np=1.5730 #g,=1.5857 C—F —0.00995
I, =2.700 - .

. _As will_be understood from the foregoing description the positive component
of the lens system is so constructed in relation to the composite component;
that 'the entire system is substantially free from the usual aberrations, wiz.,
primary curvature of field, secondary curvature of field, spherical aberration;
axial chromatic aberration, oblique chromatic aberration, coma, etc. It will
also be understood that while certain of the faces of the composite component m,ay
‘be curved as shown in Fig. 2 to assist in correcting the oblique chromatic aberra-
tion and while one of the divided paths may be made slightly longer as shown in
Fig. 3 to assist in correcting the axial chromatic aberrations, these features are
‘minor refinements which are by no means essential when the positive component is
properly constructed relatively to the composite component as’shown in Fig. 1
for example. ’ : . :

. Having now particularly described and ascertained the nature of our said
invention and in what manner the same is to be performed, we declare ibat
what we claim is:— : ' o ) o

1.” A lens system for forming a plurality of complemental images of the same
object field, comprising a positive lens component adapted to form an image-
bearing beam of light containing substantial aberrations, means for dividing

the image-bearing beam of light into a plurality of separate but similar image--

bearing beams, and an optically dense refracting medium filling the light-
dividing region and forming a continuous path in the dense medium for each
separate beam throughout the light-dividing region, the optically dense refract-
ing medium forming a composite component which,” in combination with the
positive component, comprises a spherically and chromatically corrected lens
system. - . : . _ -
y2. A lens systein for forming a plurality of complemental images of the same
object field from the same point of view, comprising a positive lens component
adapted to form an image-bearing beam of light containing substantial aberra-
tions, means for dividing the image-hearing beam of light into a plurality of
separate but similar image-bearings beams, reflectors in the paths of the separate
beams to project the several images upon the same image plane, and an optically
dense refracting medium filling the light-dividing and reflecting region .and
forming 2 continuous path for each separate beam throughout the light-divid-
ing and reflecting region, the opiically dense refra~ting medium forming a
composite lens component which, ‘in combination with the positive comporent
comprises a spherically and chromatically corrected lens system. _ )

3. A lens system for forming a plurality of complemental images of an object
field from a single point of view comprising’ a positive lens component adagted
to form an image-bearing beam of light, a grid for dividing the image-bearing
beam of light into a plurality of separate but similay image-bearing beams, and
a -composite component comprising juxtaposed glass prisms filling the major
portion of the epace between the positive component and the image plane, the
glass prisms wholly surrounding said grid and haviug reflecting syrfaces in
the paths of the separate beams for projecting the several images upon the
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same image plane, the positive lens component being corrected in such manner
‘as to form, in combination with the composite component, spherically,
chromatically, and astigmatically corrected lens system. '

4. A lens system for forming a pluralily of complemental images of an object
field from- a single point of view comprising a positive lens component adapted
to form an image-bearing beam of light containing substantial akerrations, a
reflecting-transmitting grid for dividing the image-bearing beam of light into
a plurality of geparate but similar image-bearing beams, and a composite
component comprising an optically dense refracting medium filling the major
portion of the space between the positive component and the image plane, the
optically dense refracting medium wholly swrrounding said grid and having
reflecting surfaces in the paths of the separate beams for projecting the several
images upon the same image plane, the positive lens component being con-
structed in. such manner as to form, in combination with the composite com-
ponent, a spherically, chromatically and astigmatically corrected lens system,
the rear nddal point of the system lying within the composite component whereby
‘the back focal length of the system is less than the thickness of the composite
‘eomponent. o : '

5. A lens system for forming a plurality of complemeéntal images of an object
field from a single point of view comprising a positive lens component adapted
to form an image-bearing beam of light containing substantial aberrations, a
reflecting-transmitting grid for dividing the image-bearing heam of light into
.a  plurality of separate but similar image-bearing beams, a composite com-
ponent comprising juxtaposed glass prisms filling the major portion of the
space between the positive component and the image plane, the glass priems
wholly surrounding said.grid and having refleciing surfaces in the paths of
‘the divided beams for projecting the several images upon the same image piane,
the positive lens component being constructed in such manner as to form, in
combination: with the composite componenti, a spherically, chromatically and
astigmatically corrected léns system, the back faces of the prisms being curved
different degrees in the respective paths of the complemental image-bearing
‘beams for correcting oblique chromatic aberration, and color screens positioned
in the respective paths of the complemental image-bearing beams.

: 6. Alene system for forming a plurality of complemental images of an object
field from a single point of view comprising a positive lens component adapted
to form an image-bearing beam of light, means to divide. the image-bearing
beam of light into .a plurality of image-bearing beams, and a composite com-
ponent .comprising an optically dense refracting medium filling the major
portion of the space between the positive component and the image plane and
forming a continuous path of substantially equal length for the plurality of
image-bearing beams, the positive lens component being constructed to fcim,
in combipation with the composite component, an astigmatically, spherically
and chromatically corrected lens system adapted to form the coniplemental

- images in such manner that they are each of the same size and similarly

corrected. - - 4 .

7. A lens system for forming a. plui‘a'lity of complemental images of an object
field from a single point of view comprising a positive lens component adnpted

‘to form an image-bearing beam of light, the positive lens component compris-

“ing four lenses separated by a diaphragm into two groups of two lenses each,
one of said groups having a pair of facing surfaces of negative power and the
other of said groups having a cemented surface of positive power, an.d a com-
posite component comprising an optically dense-refracting medium including
meane for dividing said image-bearing beam into a plurality of image-bearing
beams adapted to form the complemental images, the positive lens component
being corrected to form, in combination with the composite component, a
spherically, chromatically and astigmatically corrected lens system. .
8. A lens system for forming a plurality of complemental images of an object
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field from a single point of view comprising a positive lens coroponent for
forming an “image-bearing beam of light, and a_ composite compénent, the-
latier comprising an optically demse refracting medium including means for
dividing said image-bearing beam into a pluwrality of image-bearing beams
,adapted to form the complemental images, the positive lens component’ b'eing
under-corrected in such manner and to such extent as to form, in combination
with the comiposite component, a spherically, chromatically and astigmaticafly
corrected lens systein. S T ' S
9. - A Tens system for forniing a plurality of complemental images of an object
field from a single point of view, comprising a positive lens component for form-
ing an image-bearing beam of light, means for dividing the image-hearing beam
into a plurality of similar image-bearing beams, und a composite compobent
for transmitting the plurality of similar image-hearing beams from the beam-
dividing means to the respective image regions, the composite element com-
prising an optically dense transmitting medium filling the major portion of
the paths of the plurality of similar image-bearing beams,. the positive element
being constructed and arranged alone to_foim an image-bearing beam of light
containing substantial aberrations but being constructed and arranged in com-
bination with the composite component to form a plurality_of image-bearing
beams of light containing substantially no aberrations. - T

10. The method of simultaneously producing a plurality of cqmp‘lémentﬂ

images of an object field from a single point of view comprising, forming an
image-bearing beam of light containing substantial aberrations, dividing the
image-bearing beam into a.plurality of similar image-bearing heams, passing
the similar image-bearing beams through an optically dense medium, reflecting
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the similar image-bearing beams within the dense medium in such ‘manner that -

they form complemental images substantially in a single pline, and introduc-
ing. into the image-bearing beams by the passage through the demse medium
aberrations adapted to counteract the aberrations in the original image-bearing
beam, whereby the complemental images are spherically, chromatically #nd
astigmatically corrected. _ _
~ 11. The method of simultaneously producing a plurality of spherically,
chromatically and astigmatically corrected complemental images of an object
field from a single point of view comprising, forming an image-bearing beam
of light by means introducing aberrations thereintn, dividing' the image-Lear:
ing -beam into a plurality of similar’ image-bearing beams, passing the similar
image-bearing beams through an optically dense medium to thereby. increase
the disfance between the image-forming means and the image plane and teo
thereby introduce into the image-bearing heams aberrations of such nature and
of such extent as to counteract the aberrations introduced into the original
image-bearing beams. : . : - L
12. The method of producing a plurality of complemental images of an object
field coinprising, producing an image-bearing heam of light having substantial
aberrations and dividing the image-bearing beam into a plurality of similar
image-hearing beams in such manner as to introduce aberrations opposed to the
former nberrations, thereby forming a plurality of spherically, chromatically

and astigmatically - corrected complemental images.

Dated the 15th day of August, 1918. : -
o T - W. BROOKES & SON, .

55/56, Chancery Lane,” London, W.C. 2, -
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