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2,244,687 
space into a number of regions substantially 
equal to the objects to be depicted. 

i Moreover, where soft or diffused images of ob 
jects in a particular region are desired for special 
effects, the sensitive surface, may be deliberately 
exposed to actinic rays emanating from objects 
that are so positioned that image rays emanat 
ing therefrom are not converged to points or 
circles of confusion of small diameter at the plane 
of the sensitive surface, and the "softness' of 
the image may be accentuated by the use of a 
plate displacing the convergence points far from 
the sensitive surface. Other component parts of 
the picture may thus be brought into sharp con 
trast with a "soft' part of the picture regardless 
of the relative positions of the objects with re 
spect to the objective. For instance, images of 
objects in the foreground and background may 

- both be sharp and the image of objects in the 
middle ground as "soft' as desired in the same 
picture taken by a single exposure. In short, our 
methods permit bringing objects in any Or all 
portions of the object space into focus in the re 
sulting picture, and permits softening or throw 
ing out of focus at Will any Or all objects in the 
object space and to any desired extent; both ef 
fects being obtainable and controllable within one 
and the Same picture. 

In order that light emanating from objects at 
widely spaced distances from the objective shall 
form sharp images in substantially the same 
plane, it is important that 

(a) Light emanating from each region in the 
object space have an identifying characteristic; 

(b) There be passed to the image plane of 
the objective only such of the rays as emanate 
from a region conjugate with the image plane 
or made conjugate therewith by axial displace 
ment of rays from the region to be photographed 
or televised; 

(c) When rays from different regions are per 
mitted to pass through the objective in regular 
or irregular sequence, and not concurrently, the 
groups of rays that have emanated from differ 
ent regions and have been converged be shifted 
sequentially parallel to themselves and to the 
optical axis so that their convergence points all 
lie in a single plane regardless of the regions 
from which they originated; 

(d) When a plurality of regions are concur 
rently iluminated by groups of rays having dif 
ferent vibration characteristics, the rays unde 
sired at any given instant be eclipsed by a suit 
able selector to exclude undesired rays from the 
image. plane. 

. It will thus be seen that for producing uni 
formly sharp pictures our invention involves 
means for discriminating between and selectively 
passing light from different regions to an objec-, 
tive; an objective for converging the rays to con 
vergence points; and means for shifting the con 
Vergence points of all the rays to the same plane 
regardless of the region of origin thereof. 
The means for discriminating between and 

selectively passing the light from different re 
gions to the objective may involve the control 
of the frequency or time of occurrence or time 
variation of the intensity of illumination in the 
several regions when the rate and plane of vi 
bration in the several zones is the same, or may 
involve the control of the passage sequentially 
or simultaneously of rays of a particular fre 
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involve a combination of the control of any 
combination of these characteristics. 
The control of the frequency of occurrence 

or of time-variation of intensity of illumination 
in the different regions may be conveniently ef 
fected by the interruption or variation of an 
electric current, or by occulting mechanism, or, 
by a light beam "sweeping' mechanism, or by 
any combination thereof which will effect a de 
sired sequential illumination of the several re 
gions. 
The control of the rate of vibration or plane 

of vibration of the rays passing to the sensitized 
surface may be conveniently effected by color 
filters, or by "chromatizers” (as later defined), 
or by polarizers and analysers. 
The means for shifting the convergence points 

of rays passing to the sensitized surface may be 
afocal plates proportioned to the desired dis 
placement of the convergence points, or reflect 
ing or refracting elements of different optical 
power, or "chromatizers.' Systems effecting dis 
crimination by means of the periodicity of illu 
mination, and effecting the shift of the con 
vergence points by a focal elements, are optically 
as efficient as ordinary photography during the 
exposure period for each specific region of the 
object space and are uSeable for both black-and 
White and color photography, and hence are gen 
erally preferable. 

All of the systems permit the positioning on 
the sensitized surface of the convergence points 
of rays emanating from any region by focusing 
the objective in the usual way and by shifting 
the converging rays parallel to themselves and 
the optical axis and controlling the characteris 
tics of the illumination of the particular region 
simultaneously. All of the systems permit bring 
ing spotlight-illuminated areas, e. g., the center 
of interest, into or out of focus at will by con 
trol of the character of the spotlight illumination 
and its relationship to the ray-selecting and ray 
shifting means. 
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Notwithstanding the novel features and re 
sults of our systems, the lighting of an object 
space may be made visually substantially indis 
tinguishable from conventional illumination 
thereof. 
In a preferred exemplification, illumination is 

furnished by a series of intermittently flashing 
lamps, such, for instance, as gas or vapor dis 
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quency of vibration or plane of vibration when 
the rays enanating from the different zones dif 
fer in their rates and planes of vibration, or may 5 

charge type lamps (e. g., neon-filled or mercury 
vapor filled lamps) operating On a suitable volt 
age, which may be supplied, through a suitable 
timing mechanism, with brief impulses of uni 
directional current or short periods of high-fre 
quency current causing brief and intense flashes 
from the lamp. The primary source of power 
may, if desired, be connected directly with the 
timing mechanism, but it is generally preferable 
to handle at the timing mechanism only low 
voltage and amperages and to utilize the timing 
mechanism for controlling a trigger device, such 
as a commutator, vacuum tube amplifier, thyra 
tron, or grid glow tube control, through which 
the lamp operating current is ultimately con 

i trolled. 
By our improvements we are enabled to form 

a sharp composite image from image points con 
verged from two or more groups of image rays 
each of which emanates from an object region 
spaced differently from the objective than the 
other object region and each of which groups is 
appurtenant to and identifiable with a particu 
lar object distance or region from the objective. 



4. 
The coincidence of the points in a single plane 
is secured by the axial displacement of the plane 
of convergence points of one or more of the 
groups, such displacement being along the opti 
cal aXis and the convergence points of such 
group retaining substantially the same radial 
relationship to one another and to the optical 
axis which the points would have had if undis 
placed. By such axial displacement of one ray 
group, the axial spacing is varied between the 
normal plane of convergence of its points and 
the plane of convergence points of another group 
or groups of image forming rays originating at 
a distance from the objective different from the 
displaced group. 
This shifting of the rays of one group moves 

the image points of such group axially relatively 
to the plane in which rays emanating from an 
other object are converged by the objective, and 
by admitting to the sensitized surface only rays 
from regions conjugate with the image plane or 
made conjugate thereto by axial displacement of 
rays, and by excluding all other rays, a uniformly 
sharp image may be produced regardless of the 
dist3nces of individual objects from the lens. 

Briefly summarized, our objects may be at 
tained by Systems characterized 

(d) By periodic or intermittent regional illu 
mination of the object space and an axial shift 
of the rays from one or more regions as they are 
respectively caused to impinge upon the sensi 
tive Surface or ground glass, such shift being 
preferably effected by a rotatable “diffo' having 
One or more afocal plates moved across the op 
tical axis and the image-forming light bundles : 
of rays, or by a stationary diffo composed of a 
plurality of afocal plates of different power to 
Which light from the respective regions is ad 
mitted through a shutter Synchronized with the 
illumination periods and with the respective 
*diffo'' plates. 

(b) By occulting or sweeping beams of light 
which light up the several regions one after an 
other and by having a movable diffo or a station 
alry diffo and movable shutter coordinated there 
with so as to effect appropriate displacement of 
one or more groups of rays, depending on the re 
gion illuminated. 

(c) By illuminating concurrently different re 
gions of the object space by groups of rays having 
different planes of vibration, and effecting the 
axial displacement of the rays of any group nec 
essary to converge its points on the sensitized 
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Surface, such displacement being effected by a 
fixed or movable “diffo' having one or more : 
afocal plates, and the rays admitted to any such 
plate being determined by a fixed or movable 
Selecter Synchronized With the diffo. 

(d) By illuminating concurrently different re 
gions of the object space by groups of rays hav 
ing different rates of vibration and effecting the 
axial displacement of the rays of any group nec 
essary to converge its points on the sensitized 
surface. Such displacement may be effected 

1. By a fixed or movable "diffo' having one 
or more afocal plates and the rays admitted to 
any such plate being determined by a fixed or 
movable selector synchronized with the “diffo,' or 

2. By a fixed “diffo' consisting of a "chroma 
tizer' which automatically and simultaneously 
bends the rays of differently colored light con 
currently admitted thereto; the color of the 
lighting of the several regions being so arranged 
that the angle of bend of that colored ray by 
the chromatizer compensates for the difference 
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2,244,687 
in distances of the regions and brings all the rays 
to convergence points in one plane. In this sys 
tem, the angular relationships naturally prevail 
ing between converging rays of different colors 
are varied by the chromatizer so that the effect 
of maintaining a constant radial relationship be 
tween the convergence points is secured not 
withstanding the variations effected in the an 
gularity of the rays themselves relative to the 
optical axis. 
The characteristic features and advantages of 

our improvements will further appear from the 
following description and the accompanying 
drawings in illustration thereof. 

In the drawings, 
Fig. 1 is a diagrammatic view illustrating the 

layout of a stage or “set” having thereOn ob 
jects in regions differently spaced from the cam 
era and adapted to be photographed by a camera 
in accordance with our invention; 

Fig. 1A is a diagrammatic view illustrating the 
effect on the size of the circles of confusion of 
focusing the camera on objects in the various 
regions of the set in accordance with previous 
practices; 

Fig. 1B is a diagrammatic illustration of the 
effect on the size of the circles of confusion in 
images of objects throughout the set when the 
pictures are taken in accordance with our inven 
tion; 

Fig. 2 is a diagrammatic view illustrating 
graphically a layout and apparatus for the prac 
tice of our invention by a system characterized 
by periodic regional illumination; 

Fig. 3 is a diagrammatic front elevation show 
ing the arrangement of the objective, diffo, and 
film exposure aperture of the camera shown in 
Fig. 1, the camera casing being removed; 

Fig. 4 is a view of a further developed and mod 
ified form of camera and lighting mechanism for 
practicing our invention by a system character 
ized by periodic regional illumination; 

Fig. 5 is a transverse sectional view of the light 
ing control mechanism shown in Fig. 4; 

Fig. 6 is a front elevation, with parts broken 
away, of the camera shown in Fig. 4; 

Figs. 7 to 12, inclusive, illustrate diagrammat 
tically a set having objects thereon in different 
regions, the images which are individually made 
in sequence by such objects, and the composite 
picture of such objects made in accordance with 
our invention when using a system characterized 
by periodic regional illumination; 

Fig. 13 is a perspective diagrammatic view 
illustrating the practice of our invention with a 
set illuminated by occulted or SWeeping rays; 

Fig. 14 is a longitudinal sectional view of a 
lamp and lamp mounting suitable for use in var 
ious illuminating systems involved in the prac 
tice of our invention; 

Fig. 15 is a transverSe Sectional view taken om 
the line 5-5 of Fig. 14; 

Fig. 16 is a diagrammatic view illustrating the 
practice of. our invention with a lighting system 
illuminating different regiºnns by individually oc 
culted or sweeping lamps; 

Fig. 17 is a diagrammatic view illustrating the 
practice of our invention by a lighting system 
having a single source of illumination and sweep 
ing the rays over the set by a movable reflector; 

Fig. 18 is a front elevation of a modified form 
? diffo adapted for use in practicing our inven 
On; 
Fig. 19 is a Sectional view of the diffo shown 

in Fig. 18 taken on the line 9-9 of Fig. 18. 
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described, the timer may be mounted as an in 
tegral part of the camera structure, and the film 
feeding mechanism, the diffo mechanism and the 
flash controlling mechanism driven by the same 
motor, as illustrated in Figs. 4, 5 and 6. 
As shown in these figures, a motion picture 

camera has an objective 3 mounted in a usual 
form of turret by which any One of a Series 

5 

of objectives 3 may be brought into alignment 
with the aperture a (Fig. 6). A usual camera 
drive shaft b has fixed thereto, in lieu of the 
usual shutter for controlling the aperture a, 
the diffo disk 32 containing the afocal plates 
28, 29, 30' and 3' which are moved sequentially 
past the aperture a behind the objective 3. 
The shaft b acts through suitable gearing 

upon the film sprocket 40 to feed the film 4 
step by step past the film gate 42 so that the 
film is stationary during the passage of the 
plates 28, 29, 30' and 3' past the aperture a. 
A bracket 43 is fixed to the camera casing 

and supports an electric motor 44 and a flash 
timer 45 having a shaft 46 coupled to the motor 
shaft and to the camera shaft b. 
The shaft 46 has mounted thereon a series 

of insulated cams 47 (Fig. 5), each of which is 
adapted to engage and rock one of a series 
of contact vibrators 48 mounted on insulating 
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shoes 9 which are adjustable around yokes 
50 to vary the time of occurrence of contact be 
tween the cams 47 and the contact vibrators 
complementary thereto. A source of low volt 
age current, such as a battery 5, (Fig. 4) has 
one of its poles connected by suitable conductors 
with terminals 48a, 48b, 48c and 48d of the re 
spective vibrators 48. The complementary ter 
minals 48a, 48b', 48c' and 48d' are respectively 
connected with low tension windings of ignition 
coils 52a, 52b, 52c and 52d, which also have con 
nected therewith spark gap condensers connect 
ed with the battery 5. The high tension 
windings of the ignition coils 52a, 52b, 52c and 
52d are connected through suitable conductors 
with the vapor lamps 0, 1, 2 and 3, which 
have suitable condensers and bleeder resistances 
53 in parallel and grounded surge resistances 
54 connected thereWith.' 
The foregoing timing mechanism closes tickler 

circuits of the lamps 0, t, 2 and So as to 
cause flashing of the lamps by current supplied 
from a high voltage source, such as a central 
station, from which alternating current flows 
through the conductors 55 and 56 through the 
plate transformers 57 and filament transformers 
68 of suitably grounded rectifier tubes to provide 
the high voltage DC current through the con 
ductors 59a, 59b, 59c and 59d to charge the 
condensers which operate the vapor lamps ef 
ciently in flashes. , 
The number of vibrator contacts and circuits 

controlled thereby will of course be varied to 
conform with the number of the regions into 
which the object space of the objective is to 
be divided, and the blocks 49 will be so ad 
justed angularly that the flash of each lamp will 
occur during the transit of the complementary 
afocal plate across the optical axis. A group of 
rays emanating from each region will therefore 
pass in sequence through, and be converged by, 
the objective 8, and the planes of the con 
vergence points of the respective groups of rays 
will be shifted axially along the Optical axis 
so as to bring them into coincidence with the 
sensitized surface 2 of the film . Since no 
region has a depth greater than that which the 
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objective 3 is capable of phtographing without 
the formation of circles of confusion of objec 
tionable size, the composite picture formed by 
Ithe rays emanating in sequence from the several 
regions will be formed entirely by the action of 
rays converged to points or at least converged 
within the circles of confusion of unobjection 
able size. 
The difference in the relative sizes of the cir 

cles of confusion in images of object points in 
the object space when the rays from all such 
objects are simultaneously converged by an ob 
jective and the relative sizes of the circles of 
confusion, where the images of the object points 
in the object space are made in accordance with 
our invention, is diagrammatically and graph 
ically illustrated in Figs. 1A and 1B. 

If it be assumed that the objective 3, at a 
certain working speed or relative aperture, be 
focused in Fig. 1 so that the sensitized surface 
of the film is in a plane conjugate to a plane 60 
in the foreground region 5, and that the object 
space is constantly, and uniformly illuminated, 
then the graph 6, (the curved shape of which 
resembles a skewed parabola) indicates the in 
creasing size of the circles of confusion formed 
by rays emanating from objects in front of or be 
hind the plane 60. The objects in the plane 60 
will form circles of confusion of minimum diam 
eter, corresponding, presumably, to a sharply de 
fined image, and which min?mum diameter may 
be deemed to correspond to the distance between 
the nadir 62 and the point 63. As the distance 
of the object from the plane 60 increases or 
diminishes, the diameters of the corresponding 
circles of confusion increase toward an arbitrarily 
selected maximum, which should preferably not 
exceed .002 inch for images on motion picture 
film, and which may be indicated by the distances 
62-64. The distance between the upper ends 65 
and 66 of the legs of the parabolic-shaped graph 
at the height of the point 64 is indicative of the 
region or working range of the lens 3 within 
which objects will generate images containing 
circles of confusion within the permissible limit. 
Objects beyond the working range of the lens. 

will be too 'soft,' or out of focus, to be tolerable. 
If the objective be focused on objects in the 

plane To in the middle foreground region 6, then 
the distance between the upper ends 7 and 72 of 
the parabolic graph 73 will be indicative of the 
region or working range of the lens when so 
focused and within which working range objects 
will generate images containing circles of confu 
sion within the permissible limit. In this case the 
objects that are in exact focus will form images 
having circles of confusion of minimum diameter 
slightly smaller than is the case with objects in 
the plane 60 when the objective is focused on the 
plane 60. 

If the objective be focused on objects in the 
plane 80 in the middle background 7, the distance 
between the upper ends B and 82 of the parabolic 
graph 83 will be indicative of the region or work 
ing range of the lens when so focused, and within 
such range objects will generate images contain 
ing circles of confusion within the permissible 
limit and the smallest circles of confusion gen 
erated will be smaller than any circles of con 
fusion generated when the lens is focused on 
either the plane Be or the plane T0. 

If the objective 3 be focused on the plane 90 in 
the background, the distance between the for 
ward upper end 9 of the parabolic graph III 
and the projection of this graph beyond the 
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afocal plates of the "diffo' by the Synchronous 
motor f3a. 
In the foregoing instances, we have assumed 

progression of the illumination from front to rear 
in Order to simplify the illustration and descrip 
tion of illustrative types of optical systems of the 
increased Working range utilizing progressive 
periodic illumination of regions in the object 
Space to permit the identification at the objective 
3 of light coming from each region, and descrip 
tion of the complementary differential displace 
ment of convergence point planes. It should, 
however, be understood that any desired sequence 
of lighting of the regions of the object space falls 
within the scope of our invention, and the differ 
ential displacement of the planes of the ray con 
Vergence points will generally be correspondingly 
modified so that all of the ray convergence points 
are brought to substantially the same image 
plane. 
In SOme cases where internittent illumination 

Of the different regions is used as the method of 
ray-group identification, it is desirable to reduce 
Spill-over effects due to illumination from one 
region partially entering another region adjacent 
thereto by changing the sequence so that certain 
adjacent regions are not consecutively illumi 
nated. For instance, the sequence of illumina 
tion may be foreground, middle background, 
middle foreground and background; or fore 
ground, background, middle foreground and mid 
dle background. By increasing the number of 
regions to five or more and increasing the number 
of complementary diffo elements correspondingly, 
the Sequence may be made Such that no two adja 
cent regions are consecutively lighted. For in 
stance, the sequence may be foreground, middle 
ground, background, middle foreground, middle 
background, and repeat. 

It should further be understood that while we 
prefer the use of a diffo comprised of a focal plate 
elements for effecting progressive coincidence of 
convergence-point-planes, conjugate to the re 
Spective regions, with the Sensitized surface, such 
coincidence may be secured by the movement of 
a lens element to vary the focal length of the lens, 
or by means for shifting the sensitized surface 
toward and from the lens, or by means for reflect 
ing the converging rays so as to vary the length of 
the paths thereof, but all Such motion. Or dis 
placement of beams must be Synchronized with 
the regional illumination. So as to exclude from 
the sensitized surface any effective actinic rays 
emanating from objects whose image rays do not 
converge at the sensitized surface in circles of 
confusion within the permissible maximum diam 
eter, and furthermore such means should effect 
the displacement of the convergence points of 
rays from the different regions along the Optical 
axis without materially changing the positions of 
the convergence-points radially to the optical 
axis. 
The periodic photographic illumination, to 

which we have hereinbefore referred, and which 
must, of course, occur while the camera shutter 
is open, should not be confused with mere non 
photographic visual illumination which may be 
provided concurrently with or alternately to the 
photographic illumination to eliminate or mini 
mize the tiring of the eyes by possible flicker. 
For instance, there may be used sensitized Sur 
faces which are photosensitive to rays beyond the 
visible spectrum. The photo-illumination, by in 
visible rays, of one region after another, may 
be effected concurrently with the visual illumina 

10 

5 

, 20 

30 

35 

40 

5. 5 

2,244,687 
tion of the entire object space by rays within the 
visible spectrum, which are excluded from the 
Sensitized surface by means of Suitable filters. 
Or the object Space as a whole may be continu 
ously illuminated by rays within the visible spec 
trum to an extent which is too weak or of such 
color that it does not materially activate the 
Sensitized surface during the brief exposure 
thereof necessary for the making of an image of 
the particular objects within the zone of intense 
photographic illumination. Or the set may be 
illuminated by the same or complementary flash 
ing or occulting lamps during the period when 
the shutter is closed, as well as during the period 
when the shutter is open, and the periods of 
darkness unilluminated by flashes are rendered 
so brief as to be visually imperceptible. In such 
cases the flashes during the closed shutter period 
preferably occur at the beginning of this period 
and are of gradually decreasing amplitude. Or 
the light flashes when the shutter is open may 
be so timed as to occur immediately upon the 
opening of the shutter and immediately before 
it is closed, with a time interval between flashes 
corresponding roughly to the time interval 
when the shutter is closed. Numerous arrange 
ments of timed illumination within the photo 
graphing period, and outside that period respec 
tively, may be selected and fall within the spirit 
of our invention, 

Modified forms of “diffo' 
When Sweeping or scanning beams moving over 

or from the set are employed, so that there is 
no abrupt change of photographic illumination 
from one region to another, it may be desirable 
to correspondingly modify the diffo action. As 
illustrated in Figs. 18, 19 and 20, this may be 
effected by forming the diffo elements of com 
plementary transparent plates 28a, 28b, 29a, 29b, 
30a, 30b, 3a, 3b. The plate may be of wedge 
shape cross-section throughout or may have flat 
plane parallel thickest portions of widths equal 
to the beam width and taper therefrom to zero 
thicknesses. The plates of each complementary 
pair are mounted in registration with apertures 
in oppositely turning rotors 32a, 32b. The op 
posed and oppositely moving transparent wedge 
Sections of such plates are (to a close degree of 
approximation for slightly separated wedges) the 
optical equivalent of a transparent afocal plate 
of continuously varying thickness between zero 
and twice the thickness of either wedge. 
The rotors 32a and 32b are rotated by Syn 

chronous motors (not shown) in Synchronous 
relation to the flash controlling motor 8 and 
the camera motor 8a of Figs. 1 and 2 and are so 
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timed that the thin portions of a pair of wedges 
overlap when image rays from objects at a short 
distance are passing therethrough and the grad 
ually increasing thicker portions gradually over 
lap as image rays from gradually increasing ob 
ject distances pass therethrough to the objective. 
At any instant the combined wedge thickness has 
a displacement power, upon the convergence 
points of image rays passing therethrough from 
the several regions 5, 6, 7 and 8, commensurate 
with the displacement required to bring such . 
points into coincidence with the sensitized sur 
face. 

Stationary diffo elements 
As illustrated in FigS. 21 to 23, the diffo ele 

ments of varying thickness may be arranged as 
a series of sets of alternating segments in a disk 
32C and the passage of light therethrough con 
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trolled by a complementary sequentially aper 
tured shutter 2c'. For instance, four segmental 
diffo plates 28c, four segmental diffo plates 2c, 
four segmental diffo plates 0c, and four , seg 
mental diffo plates c, all of similar size and 
shape, are arranged in alternation with their 
apices at a common center in the Optical axis 
of the objective 3. The shutter disk 2c' prefer 
ably contains four equi-distant segmental open 
ings 32c' and is mounted in a rotor 32d with its 
center in the optical axis of the objective . The 
rotor is provided with bearing surfaces 32e which 
rotate in the circular seat 32f. The periphery of 
the rotor is provided with teeth which mesh with 
a pinion 32g which may be driven by a motor in 
synchronism with the motors and Ba and in 
timed relation with the periodicity of the regional 
illumination. The shutter apertures are coordi 
nated so that they will register with the diffo 
plates 28c to permit the passage of rays emanat 
ing from the foreground region 5 when it is illu 
minated; so that such apertures will register with 
the diffo plates 29c to permit the passage of rays 
emanating, from the region 6 when such region 
is photographically illuminated; so that such 
apertures will register with the diffo plates Sc 
to permit the passage of rays emanating from 
the region when such region is photographical 
ly illuminated; and so that the shutter apertures 
will register with the diffo plates 3 c to permit 
the passage of rays emanating from the region 8 
when such region is photographically illumi 
nated. 

Use of diffo Dith unidentifiable illumination 
While difos composed of afocal elements of 

different thicknesses are primarily designed for 
use in conjunction with identifiable illumination 
to differentially shift the convergence point 
planes of several groups of rays from different 
regions, such difos are capable of use independ 
ently of ray-group identification to provide for 
the statistical averaging of a multiplicity of 
images of objects concurrently illuminated by 
rays lighting the entire object space of an ob 
jective without the light rays being identifiable 
as groups attributable to different regions. Pic 
tures thus obtained are not really sharp any 
where. That is, the entire picture is rather 
"soft" but such general softness eliminates any 
basis of comparison between 'in focus' and "out 
of focus' portions and this use of the diffo to 
promote an average of general softness makes 
possible certain desired effects. 

For such use of the diffo, as well as for use 
thereof in conjunction with identifiable groups of 
light rays, we may so construct the diffo as to 
permit of the passage of different amounts of 
light through the different afocal plates therein 
of varying thickness, as illustrated, for example, 
in Figs. 24 and 25. 
As illustrated in Fig. 24, and difo disk 32h 

has set therein the diffo plates 2h, 29h and Bh 
of increasing thicknesses so as to offset the con vergence point planes of converging image rays 
passing through the respective afocal plates. 
The plates 28h, 29h and Oh are made of pro 
gressively greater angular width so that the 
afocal plate 29th takes a shorter time passing a 
camera opening a than does the plate 2h, and 
the plate 30h takes a shorter time passing the 
camera opening a than does the plate 29th. 
When the diffo is used independently of identi 
flable ray-groups, three afocal plates will ordi 
narily suffice, but when the diffo of this type is 
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used with identifiable ray-groups emanating from 
different regions, the number of afocal plates 
will, of course, be made to correspond to the 
number of regions. 
Where the background objects are of less in 

portance than the middle and foreground objects 
and it is desired to preserve greater sharpness in 
images of the foreground than that of the middle 
ground and background, the diffo will be rotated 
in the direction of the arrow so that the time 
during which the film will be exposed to a pic 
ture in which the foreground is to be in sharp 
focus will be greater than the time for the middle 
ground, which in turn will be greater than the 
time for the background. If the background ob 
jects are of greater importance, the widths of the 
Successive sectors should be increased sequential 
ly instead of diminished. . 

Fig. 25 illustrates a further form of diffo Which 
accomplishes substantially the same result as 
the diffo shown in Fig. 24 and is suitable for use 
in either our increased range system or for use 
without identifiable ray-groups. As illustrated 
in Fig. 25, the sectors 28i, 29 and 30i (which cor 
respond respectively to the foreground, middle 
ground and background) are of substantially 
equal angular width and of increasing thick 
nesses. They differ, however, among themselves 
in light transmissibility. For instance, the fore 
ground sector 28i may be quite transparent; the 
middle ground sector may be slightly absorbent 
of light (due to making it of grey, glass or to 
putting a neutral density plate in front of it); 
and the background sector may be similarly made 
still more absorbent of light. In this manner the 
light reaching the film will be caused to pro 
gressively decrease as the convergence point 
planes are shifted farther and farther back due 
to the sequential passage of the afocal plates 28i, 
29i and 30i past the opening fa. If, however, it is 
desired to transmit the least light when the con 
vergence point plane is least shifted, the afocal 
plate 28i will be made most absorptive and the 
plates 29i and 30i will be made progressively less 
absorptive of light. 
Our diffo may also be used in conjunction with 

an objective of variable focal length focused on 
an object space illuminated uniformly so that the 
ray-groups emanating from different regions are 
not identifiable. By suitable coordination of the 
lens adjustment and the diffo, it is possible to 
produce sequential photographs one of which has 
a sharp foreground and soft background, and the 
other of which has a soft foreground and sharp 
background, the images of the same object being 
of substantially the same size in both pictures. 
For Such uses but two afocal plates at the most 
are required. 
Differential regional illumination by rays having 
different planes of vibration-Rotating difo 
and analyzer 
To carry out our method of photography by 

photographically illuminating the different re 
gions of an object space by rays having different 
planes of vibration, we may utilize the apparatus 
illustrated diagrammatically in Figs. 26 to 29. 
For such purpose the respective regions S, B, T 

and 8 may be continuously illuminated by suit 
able sources of light, such as lamps Oa', fla', 2a" 
and 3a' with their housings stationary and so 
positioned angularly that the light from each 
lamp is thrown upon the region to which it apper 
tains. In addition to, or in lieu of the condensing 
lens, the shields 6 support light polarizers O, 



12 
i tij, 2j and 3j, such as the material polaroid, 
by which the planes of polarization of the light 
emitted by the lamps through the polarizing 
plates may be controlled so that the light vibrates 
in different planes in the different regions 5, 6, 
and 8. For instance, the polarizer Oi may 

polarize the light emitted from the lamp Oa' to 
a vertical plane as viewed from the objective 3; 
the polarizer i may polarize the light emitted 
from the lamp la' to a plane inclined 30° to the 
vertical; the polarizer 2i may polarize the light 
emitted from the lamp 2a" to a plane inclined 
60° to the vertical; and the polarizer 3j may 
polarize the light emitted from the lamp fa’ to 
a horizontai plane. All of the foregoing planes 
are considered as being viewed from the objec 
tive 3 along the incident light rays (Fig. 26). De 
pending on the nature of the surfaces of the ob 
jects in the object space and the angle of inci 
dence of light thereon, the plane of polarization 
of the thereon incident light will be maintained 
by the reflected light emanating from such ob 
jects. 
With Such a system of illumination there may 

be mounted on the camera shaft b between the 
film and the objective 3 a diffo disk 32 having set 
therein four transparent afocal plates of different 
thickness and segmental shape. There are also 
mounted on the shaft a Series of similar disks 
40, each containing a set of similar polarizing 

analyzers 40a, 40b, f40c and 40d complemen 
tary to the respective afocal plates of the diffo 
32i. The analyzers foa are such that they pri 
marily and predominantly permit the passage of 
light having a vertical plane of vibration emanat 
ing from the region 5, and the convergence points 
of such rays are displaced by the first afocal plate 
of the diffo 32j into coincidence with the sensi 
tized Surface 2. The analyzers l 40b pass pri 
marily light having a plane of polarity 30 from 
the vertical emanating from region 6. When the 
analyzers 40b are moved into the optical axis 
they primarily pass light emanating from region 
5 and the convergence points of such rays are 
shifted by the second afocal plate of the diffo 32. 
a distance Sufficient to bring them into coinci 
dence with the sensitized surface 2. The ana 
lyzers 40c primarily pass light having a plane of 
vibration 60° from the vertical, and when these 
analyzers are in the optical axis there pass there 
through. Only rays emanating from the region , 
and the convergence points of such rays are 
shifted by the third afocal plate of the diffo. 32.j 
into coincidence with the sensitive surface 2, 
The analyzers 40d primarily pass rays having a 
horizontal plane of vibration, and when such 
analyzers are in the optical axis they primarily 
paSS the rays emanating from the region 8 and 
the Convergence points of such rays are shifted 
by the fourth afocal plate of the diffo. 32i into co 
incidence with the sensitized surface 2. 
The analyzers are preferably placed close in 

front of the objective to reduce glare from unde 
sired light and depolarization by reflection. The 
multiplicity of identical analyzers placed one 
behind the other is preferably used to increase 
the discrimination of the analyzers against light 
from undesired regions; that is, to more effective 
ly exclude light which does not have the selected 
plane of polarization. In the event polarization 
of the media is imperfect at the ends of the visible 
spectrum, the selectivity may be increased by 
photographing through a filter absorbing the 
ends of the spectrum to an appropriate extent, 
e.g. a greenish-yellow filter, or by placing similar 
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filters in front of the lights illuminating the re 
gions. 
We have found that in some cases the analyzers 

may all be cut from a single piece of polarizing 
material without patching. 

If it is desired to supplement the generan ill 
lumination of the object space of Fig. 26 by spe 
cial illumination of a center of interest, a spot 
light similar to O' may be provided with a rotat 
able polarizer having segments which may be so 
positioned that the plane of polarization of the 
emitted light corresponds to the illumination of 
that region in which the center of interest is mo 
mentarily located. As the center of interest 
noves from region to region the polarizer is ro 
tated manually or automatically to bring into 
action a polarizing segment which polarizes the 
emitted light to correspond with the polarity of 
light in the region occupied by the center of in 
terest. 
While our improvements are primarily designed 

for studio work, it is possible to throw light po 
larized at right angles to the sky-light on a near 
by Center-of-interest out of doors and to admit 
or exclude such booster light by means of our 
diffo plates to achieve novel and useful effects in 
increasing the optical working range of the 
photographic System. 
The use of polarized light as a means of effect 

ing identification is particularly desirable when 
background projection on the screen at the rear 
of the object space is utilized. Such rear pro 
jection may be through a screen of polarizing 
material, such as polaroid. In such case the 
light passing through will be polarized in a plane 
determined by the orientation of the polaroid 
Screen. If the back of the screen is coated with 
a diffusing material, as is necessary for trans 
lucent projection, it is possible nevertheless to 
polarize the light thereafter passing through the 
screen and thus to supply properly polarized light 
for effecting the differential desired. Should a 
mirror-like or specular screen be used at the 
rear of the set and a scene be projected there 
on from the front, the reflected light may re 
tain its polarity if the necessary optical condi 
tions are met. The plane of polarization may be 
maintained throughout a wide range of positions 
for the camera by using suitably constructed re 
flective screens, such as described in the 'Funk 
technische Monatshafte” for July, 1936, Supple 
ment, pages 53 and 54. 

Non-rotating diffo and analyzer 
In lieu of using a rotating diffo and set of ro 

tating analyzers to photograph an object space 
having regions respectively illuminated, as shown 
in Fig. 26, by a polarized light of different polari 
ty, we may use a stationary diffo and a group 
of stationary segmental analyzers in close juxta 
position and between the objective 3 and sens 
tized surface 2, as diagrammatically illustrated 
in Figs. 30, 31 and 32. As indicated in these 
figures, the diffo 2k is composed of segmental 
afocal plates 28, 29k, 30k and Sk, having apices 
meeting at a common center which is preferably 
in the optical axis of the objective 3. The plates 
2k are of a suitable thickness for displacing the 
Convergence point plane of rays emanating from 
the region 5 into coincidence with the surface 2; 
the plates 29k are of suitable thickness for dis 
placing the convergence point plane of rays en 
anating from the region into coincidence with 
the surface 2; the plates 80c are of suitable 
thickness for displacing the convergence point 
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plane of rays emanating from the region into 
coincidence with the surface 2, and the plates it 
are of suitable thickness for displacing the con 
vergence point plane of rays emanating from 
the region 8 into coincidence with the surface 2. 
An analyzer disk 4 is mounted in close juxta 
position axially to the difo disk 82t and is com 
posed of alternating segments of polarity-analyz 
ing material, such as polaroid. The segments 
4 fa are suitable for passing only rays having 
the polarity of the region and register with 
the segments 28t. The segments b are suit 
able for passing only rays having the polarity of 
the region 6 and register with the segments 29t. 
The segments fle are suitable for passing only 
rays having the polarity of the region and 
register with the segments 80c. The segments 
4d are suitable for passing only rays having 
the polarity of the region 8 and register with the 
segments le. 
When such stationary analyzer and diffo are 

used in conjunction with and in close juxtaposi 
tion to the objective 3, the polarized light from 
the region 5 will pass primarily through the seg 
ments 4a and the convergence points of such 
rays will be shifted by the complementary thin 
plate 28k of the difo to a plane coincident with 
that of the sensitized surface. Similarly, the rays 
emanating from the region 6 will pass primarily 
through the analyzer segments 4 b and the con 
vergence points of such rays will be further dis 
placed by the next thicker afocal plate 29c of the 
diffo so as to bring such points into coincidence 
with the plane of the sensitized surface. Similar 
ly, the rays emanating from the region will pass 
primarily through the sectors lc and the con 
vergence points of such rays will be displaced still 
further by the next thicker afocal plate 30k of 
the diffo so as to bring such points into coinci 
dence with the plane of the sensitized surface. 
And the polarized rays emanating from the re 
gion 8 will pass primarily through the analyzer 
sectors 4d and the convergence points of such 
rays will be still further displaced by the thickest 
afocal plate 3k of the diffo until they are in sub 
stantial coincidence with the sensitized surface. 
Should the use of Such segments reduce the 

size of the illuminated portion of the field on 
the lens or on the film, a more symmetrical and 
more nearly uniform distribution of the light 
may be secured by the arrangements shown in 
Figs. 33 and 34. In this arrangement the an 
alyzer 42 is composed of a series of strips 42a, 
42b, 42c, 142d having parallel edges, and the 
afocal plates 28m, 29m, 30m and 3 m of the 
diffo 2m are composed of complementary trans 
parent strips. The respective strips are of such 
thicknesses that they displace the convergence 
point planes of each group of rays the distances 
necessary to bring all the points into coincidence 
with the sensitized surface. 
The planes of vibration of the rays which will 

be passed by the sectors or strips are indicated 
by the directions of the arrows thereon. 
Differential regional illumination by rays having 

different rates of vibration 
To carry out our method of photography by 

photographically illuminating the different re 
gions of an object space by rays having different 
rates of vibration, (that is, different colors 
whether visible or invisible) we may use appara 
tus such as illustrated diagrammatically in Figs. 
35 to 38. 

For such purposes the respective regions 5, 6, 7 
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and 8 may be continuously illuminated by suitable 
sources of light such as the lamps fa', la', 2a' 
and a' which are similar to the lamp assembly 
containing the lamp fla with their housing sta 
tionary and so positioned angularly that the light 
from each lamp is thrown upon the region to 
which it appertains only. In addition to or in 
lieu of the condensing lenses, the shields sup 
port light filters On, if n, 2n and fin, such as 
violet, green, yellow and red glasses, by which 
the rate of vibration of the light reaching the 
respective regions is varied. 

. When such a system of illumination is used 
in conjunction with a diffo, such as the diffo 27 
having the afocal plates 287, 297, 97 and 7. 
of progressively increasing thicknesses, there is 
mounted on the shaft b, in front of the objec 
tive 8, a disk 5 containing a set of color filters 
Sla, Sb, 50c and 50d complementary to the 

respective afocal plates 287, 2974, 307 and 72. 
The filter 50a permits the passage of substan 
tially no light other than that having the rate 
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coincidence with the sensitized surface 2. 

of vibration of the violet light illuminating the 
region S, and when the filter 50a is in registra 
tion with the objective 3 the convergence...points 
of the rays passing through the objective are dis 
placed by the afocal plate 28m into coincidence 
with the sensitive surface 2. The filter 50b 
passes only light having the rate of vibration 
of the green light illuminating the region 6, and 
when this fillter is in registration with the ob 
jective 3, the convergence points of the rays 
passing through the objective are displaced by 
the afocal plate 297 a distance sufficient to 
bring the plane of such points into coincidence 
with the sensitized surface 2. The filter 50c 
passes only light having the rate of vibration 
of the yellow light illuminating the region , and, 
when such fillter is in registration with the ob 
jective 3, the convergence points of the rays 
passing therethrough are shifted by the afocal 
plate 307 a distance sufficient to bring then into 

e 
filter 50d permits the passage of substantially 

5 no light other than that having the rate of vibra 
tion of the red light illuminating the region 8, 
and when this filter is in registration with the 
objective 3 the convergence points of the rays 
passing therethrough are displaced by the afocal 
plate 3 in a distance sufficient to bring the con 
Vergence points into registration with the sen 
sitized surface 2. 

In lieu of the movable diffo and color filters, 
there may be used stationary diffos and color 
filters of construction and placement similar to 
the showing of Figs. 30 to 34, except for the 
Substitution of, color filters for polarity analyzers. 

Systems characterized by chromatiaers 
It is well known that light rays having a high 

frequency of vibration, or rays from the violet 
end of the visual spectrum, are optically con 
verged by a lens at a sharper angle than light 
rays having a lower frequency of vibration, viz., 
rays from the red end of the visual spectrum 
emanating from the same source. Image rays 
from a more distant point are optically con 
verged by a lens at a sharper angle than image 
rays from a less distant point. By proper co 
ordination of these phenomena and appropriate 
lighting of the various regions of an object space 
We are enabled, in accordance with our inven 
tion, to bring into coincidence the convergence 
point planes of the several regions. 
By lighting the regions of the object space by 
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groups of rays each having a different rate of 
vibration or color as indicated in Fig. 35 and 
coordinating therewith a suitable chromatizer 
back of the objective, the sharpness of the angles 
of Convergence of image rays from a more dis 
tant object may be wholly or partly offset if 
such image rays are of red light by the lesser 
angle of convergence of such light, and the 
Smaller angle of convergence of image rays from 
a close object may be Wholly or partly offset 
or neutralized if such image rays are of violet 
light by the sharper angle of convergence of 
Such light having a high frequency of vibra 
tion. 
The principles involved in this embodiment of 

our invention are illustrated diagrammatically 
in Figs. 39 to 43 of the drawings considered in 
conjunction with an object space illuminated as 
shown in Fig. 35. 

Fig. 39 illustrates diagrammatically and to a 
greatly exaggerated degree the effect of the pas 
Sage of parallel rays of light to and through a 
lens 3a, which is not corrected for chromatic 
aberration. In the bundle of light travelling in 
the direction of the arrow, the red rays travel 
ling parallel to the optical axis are indicated by 
the lines 60, which by their passage through 
the lens 3a are converged to the point 60a. 
The rays of violet light travelling parallel to the 
optical axis are indicated by the lines S and 
by their passage through the lens 3d. they are 
converged to the point 6 a. The remaining 
visual rays travelling parallel to the optical axis 
will be converged by their passage through the 
lens 3d. to points along the optical axis between 
the points 500, and 8 a. 

Fig. 40 illustrates diagrammatically and to a 
greatly exaggerated degree the effect of the pas 
sage through a chromatically corrected lens 3b 
of image rays emanating from points at different 
distances from the lens aiong the optical axis. 
As shown in this figure, a bundle of image rays 
emanating from the close-by object, point 70 
diverges as indicated by the lines ' toward 
the collective face of the lens 3b, and by their 
paSSage through Such lens are converged to the 
remote point 700. Rays emanating from a 
more distant object point 7 diverge as indi 
cated by the lines f' toward the collective face 
of the lens 3b and by their passage through such 
lens are converged to the image point 7 fa, which 
is closer to the lens than the image point Oa. 
Similarly rays emanating from other object 
points and passing through the lens will be con 
Verged to image points at different distances from 
the lens. 

In Fig. 41 there is indicated diagrammatically 
and to an exaggerated degree how the phe 
nomena illustrated by Figs. 39 and 40 may be 
coordinated. As indicated in this figure, the 
point TOac is illuminated solely or primarily by 
violet light, which diverges from such point as 
indicated by the lines Tac' toward the collec 
tive face of a lens C, which has chromatic aber 
ration. The passage through the lens 3c of 
violet light emanating from a close-by source 
70a results in the convergence of these rays to 

a point 70ac’’. If simultaneously the point 7 ac 
be illuminated solely or primarily by red rays, 
the rays emanating therefrom will diverge as 
indicated by the lines flac' toward the collec 
tive face of the lens 3c. Since the rays emanat 
ing from the point fac are red rays they are 
bent by their passage through the lens at a 
lesser angle than would be bent violet rays ema 
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nating from the point Tac, and the red rays 
actually emanating from such point are con 
verged to a point 7 iac” substantially coincident 
With the point 70ac'. Thus by properly choos 
ing and suitable inter-relating the wave lengths 
of the colored lights, the focal length of the 
lens, the amount of chomatic aberration of the 
lens, and the distances of the points of origin 
of the variously colored light rays, there may 
be brought to a common plane the convergence 
points of rays emanating from different regions. 
By thus bringing light coming from objects at 
different distances from an objective to the same 
back focus, black and white photography on a 
pan-chromatic Sensitized surface in such conver 
gence-point-plane may be effected. 

For practical purposes it is deemed advantage 
Ous in the utilization of this optical system for 
increasing the working range to use for pho 
tography, as shown in Fig. 42, a standardized 
corrected lens 3 in the camera and to place 
in front of or behind such objective a supple 
mental optical element or system which will in 
troduce the desired amount of chromatic aber 
ration into the assembly and for brevity We shall 
designate such chromatic-aberration-producing 
elements 'chromatizers.' 
As illustrated in Fig. 43, a chromatizer may be 

formed by the combination of a convex or posi 
tive lens 80 and a concave or negative lens . 
made of different sorts of glass having different 
indices of refraction. The lens dimensions are 
so selected that little or no focai action is pro 
duced by the assembly, but considerable control 
lable dispersion is produced, the actioni being 
Somewhat Similar to that of the so-called 'direct 
Vision prism' for Spectroscopic work. 
The red rays of the beam of light indicated 

by the lines 60', after passing through the chro 
matiser, travel along parallel or nearly parallel 
lines 60'. The violet rays of the beam, indi 
cated by the dash lines 6', after passing through 
the chromatiser travel along parallel or nearly 
parallel lines 6', which are considerably sep 
arated from the lines indicating the red rays. 
It will thus be seen that the action of the chro 
matiser is essentially to separate light rays of 
different color by chromatic aberration without 
introducing any substantial amount of focusing 
acticn, and the focusing of the rays to form 
image points is effected by means of the lens 
3 which converges the rays to convergence points 
in substantially the same plane. 
The chromatisers may be designed to suit dif 

ferent conditions and those having the largest 
amounts of chromatic aberration will be suit 
able for the production of an increased works 
ing range in a system where very near and 
extremely far objects must both be kept in ac 
ceptable focus. Chromatisers having less chros 
matic aberration will provide a lesser Working 
range and would, therefore, be more suitable for 
use in front of the objective on relatively shals 
low sets where the nearest and more distant 
objects to be photographed in acceptablr focus 
are not widely separated. w 
To secure the best photographic results, the 

color of all stationary objects on the set should 
be either grey or a color complementary to the 
color of the corresponding regional illumination. 
Mobile objects which pass from region to region 
should preferably be as nearly grey as possible. 
Where local and variable lighting is required, 

as, for instance, the concentration of a beam 
from a more or less broadly focused spot light, 
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the color of the spot or concentrated light should 
be changed so that it shall at all times be the 
color of the light of the region in which the per 
son or object to be "spotted' is located. If a 
person is in the region where the illumination is 
green in color, the spot light thrown. On such 
person should also be green, and the movement 
of such person into a region where the illuno 
nation is red should result in the change of the 
spot light to red to keep such person in equally 
sharp focus. Such change in the color of the 
spot light may be produced by the motion of 
the spot light or the focusing thereof for differ 
ent distances of throw, such motion or focus 
ling ordinarily changing the color of the filter 
through which the light from the spot light 
passes. 

By illuminating certain regions of the object 
space in accordance with the chromatic chara 
acteristics of the chromatiser and illuminating 
other regions of the object space with light of 
a color compatible with the action of the chro 
natiser, a variety of effects may be produced. 
For instance, it is possible to have the fore 
ground and background of the set in sharp focus 
and to have the intervening regions relatively 

... soft in focus by changing, to a desired extent, 
the color of the light falling. On the intervening 
region. 
In the operation of systems including a chros 

matiser it is noted that 
1. The nearer the spectral bands of color which 

are each used to illuminate a given plane or 
region of the object are spaced, the better will 
be the action of the entire system. 

2. The more numerous the colored bands which 
are selected and the closer the planes or regions 
illuminated by then, the better will be the Opera 
ation of the system. 

3. The less the "spill-over' of lights of the 
various colors from One region into another, the 
better the operation of the system. vn 

4. The distances of the various color-illumi 
nated planes or regions from the objective lens 
will depend upon the selection of the colors used. 
In general, the greater the differences in wave 
length between colors illuminating adjacent 
planes, the greater the corresponding separation 
of such planes. ? 

5. The chromatisers may be either entirely 
afocal or may have a small focal action if de 
sired. They constitute what is known as a “hy 
perchromatic system.' 

6. There may be provided for each standard 
objective of a given focal length, a set of chro 
natisers each of which may be marked with the 
distances of the nearest and farthest objects 
Within the Working range of the system when 
properly set up. 

7. Alternatively, sets of lenses of a given focal 
length but having different chromatic aberra 
tions (and therefore different working ranges) 
could be provided. 

8. The method is only applicable to standard 
photography in black-and-white and is not avall 
able in its present form for color photography. 

9. To a limited extent the system may be used 
outdoors under, ceftain conditions provided that 
reversed chromatic aberration is designedly 
placed in the system. That is, if the system is 
arranged so that violet light is brought to a focus 
further from the objective than red light (by 
suitable change of the lens components, or de 
sign of the chromatisers), a limited action out 
doors is obtainable, as follows: The more distant 

s 
objects are the blue sky and the violet haze cow 
ering distant hills. The objects in the middle 
ground are generally green trees, green grass, and 
the like. The foreground actors or objects (pref 
erably with a maximum amount of red in cloth 
ing or the objects themselves) may be placed rel 

O 

atively in the shade (so far as natural illumina 
tion is concerned) and may then be brightly ll 
luminated artificially by red light (from a "boost 
er” instalation). 

There may be thus produced a sequence of co 
ored objects at different distances crudely corre 
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sponding to the requirements for increased work 
ing range; and it is therefore possible to get an 
increased working range even for Outdoor subjects 
of suitable types, photographed for black-and 
white pictures, by the method described. If no 
foreground colored illumination or coloration of 
foreground objects is used, it is even possible to 
take natural color photographs by this method. 

Use of multiple layer film 
Instead of bringing to a common plane, the 

convergence points of image rays from different 
regions, as above described, we may augment the 
differences between the planes of the conver 
gence points of rays emanating from different 
regions by illuminating such regions by colored 
lights in the reverse order from that above de 
scribed in connection with Figs, 35, 39-43. That 
is to say, as diagrammatically indicated in Fig. 44, 
the objects in the foreground is may be illumi 
nated by red rays, the objects in the middle fore 
ground may be illuminated by yellow rays, the 
objects in the middle background may be ill 
luminated by green rays, and the objects in the 
background may be illuminated by violet rays. 
When the object space is so illuminated the 

closeness of the region 6 and the slowness of the 
rate of vibration of the red rays coact to make 
more gradual the convergence angle indicated by 
the lines 95, 96 of rays indicated by lines 85, 
89 emanating from the region 5 and converged 
by the objective 3. Conversely, the distance of 
the region 8 and the rapidity of vibration of the 
violet rays coact to make sharper the conver 
gence angles indicated by lines 92, 99 of rays 
indicated by the lines 2, 86 emanating from 
the region 8 and converged by the objective . 
The rays emanating from the regions as indicated 
by the lines 84, 88 and 83, 87 will be similarly 
affected as indicated by the lines 94, 9 and 
93, 98. 
This increase in the distance between the con 

vergence point planes of the rays from the differ 
ent regions makes it possible to use films con-f 
posed of superimposed layers having surfaces 
sensitized respectively , to particular colors of 
the spectrum. For simplicity there is preferably 
used a multiple layer film having surfaces coated 
with emulsion sensitive to three different colors. 
For instance, the front surface 200 may be coat 
ed with an emulsion sensitive to violet-blue rays; 
an intermediate surface 20 may be coated with 
an emulsion which is sensitive to green-yellow 
rays; and the rear surface 202 may be coated 
with an emulsion which is sensitive to red rays. 
Such films are now available on the market un 
der such names as "Kodachrome" or "Gaspar 
color'. m 

By the spacing of the convergence point planes 
proportionately to the spacing of the color selec 
tive sensitized surfaces, the objects in the fore 
ground will be sharply photographed on the sen 
sitized surface 202, the objects in the middle 
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emanating from another of said objects, selec 
tively eclipsing the passage of rays from each of 
said objects toward the medium during con 
vergence of rays from the other of the said ob 
jects, and receiving said converged rays from dif 
ferent objects on said medium selectively. 

5. In the art of image formation by means of 
an Optical objective having an optical center, the 
steps which include providing occulting illumi 
nation of objects in the object space of said ob 
jective and eclipsing one of said objects at a pre 
determined distance axially from said center 
when another of said objects at a different pre 
determined distance axially from said center is 
illuminated to create image forming rays ema 
nating therefrom and identifiable with the dis 
tance thereof from the objective and vice versa, 
dioptrically forming an image exclusively from 
the image rays identifiable with one object dis 
tance and dioptrically forming an image exclu 
sively from image rays identifiable with another 
object distance by converging the image rays 
emanating from the respective objects and chang 
ing the back focal distance of one image by 
axially shifting converging rays from one object 
when illuminated to form convergence points in 
a plane substantially coincident with the plane 
in which rays from the other object when illu 
minated will converge to image points. 

6. In the art of image formation by means of 
an optical object having an optical center, the 
steps which include intermittently illuminating 
each of a plurality of objects in the object space 
of the objective by rays respectively identifiable 
with the respective differences of the respective 
objects from said center, segregating image rays 
enanating from the respective objects and sep 
arately converging the rays identifiabie with each 
distance respectively and axially shifting con 
verging rays emanating from at least one of 
Said objects to converge such rays to points in 
a plane displaced axially from the natural plane 
of convergence to points of such converging rays 
and thereby changing the naturai interval be 
tween the image planes resulting from the axial 
interval between such objects, and maintaining 
after the displacement of said rays substantially 
the same radial relationship thereof to one an 
other and to the optical axis which such points 
would have had if not axially displaced. 

7. In the art of image formation by an optical 
objective having an optical center, the steps 
which include illuminating objects in the ob 
ject space of the objective and respectively at 
different distances axially from said center by 
rays including groups of rays each having 
vibratory characteristics differing from the other 
and each identifiable with the respective axial 
distances of one of the respective objects, segre 
gating the respective groups of rays and di 
optrically converging the rays identifiable with 
One distance separately from rays identifiable 
with another distance and vice versa while vary 
ing unequally the rear focal distances of the 
planes of images formed by the respective groups 
by displacing axially converging rays having one 
vibration characteristic to convergence points in 
a plane coincident with the convergence points 
of rays having different vibration characteristics. 

8. In the art of image formation by an optical 
objective having an optical center, the steps 
which include illuminating objects in the object 
space of the objective and respectively at dif 
ferent distances axially from said center by 
groups of rays each having vibratory charac 
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7 
teristics different from one another and identifi 
able respectively with the axial distance of one 
of the respective. objects, segregating the rays 
of respective groups and dioptrically converging 
the rays identifiable with one distance sepa 
rately from rays identifiable with another 
distance and vice versa, while varying unequally 
the rear focal distances of the images formed 
by the respective groups by displacing axially 
converging rays having one vibration charac 
teristic to convergence points in a plane coinci 
dent with the convergence points of rays having 
different vibration characteristics, and eclipsing 
rays having one vibration characteristic and 
passing through the optical center at one angle 
during convergence of rays having another vi 
bration, characteristic and passing through the 
optical center at a different angle due to the 
axial interval between the objects. 

9. In the art of image formation by means 
of an optical objective having an optical center, 
the steps which include illuminating objects in 
the object space of the objective and respec 
tively at different distances axially from said 
center by rays including groups of rays having. 
different rates of vibration, each such group 
being identifiable with the respective distances 
of the respective objects, and converging to 
image points the respective groups of rays while 
changing the rear focal distance of the plane 
of the image formed by one group relative to the 
rear focal distance of the plane of the image 
formed by the other group by shifting axially 
Coilverging rays having one rate of vibration to 
for in convergence points in a plane substantially 
coincident with the plane of convergence to 
points of rays having a different rate of vibra 
tion. 

10. In the art of image formation by means 
of an Optical objective having an optical center, 
the steps which include illuminating objects in 
the object space of the objective and respec 
tively at different distances axially from said 
center by groups of rays having different rates 
of Vibration to form image ray groups emanating 
from such objects and each, identifiable with the 
distance of one of said objects dioptrically con 
verging the respective groups toward rear focal 
planes having an axial interval between them, 
Shifting axially converging rays having one rate 
of vibration to shift their convergence points 
into a plane substantially coincident with the 
plane of convergence to points of rays having a 
different rate of vibration, and eclipsing rays 
having one rate of vibration during the con 
Vergence of rays having a different rate of 
vibration. 

11. In the art of image formation by means of 
an Optical objective, having an optical center, 
the steps which include illuminating objects in 
the object space of the objective and respectively 
at different axial distances from said center by 
rays including groups of rays each having a 
different; plane of vibration, each such group 
being identifiable with the axial distance of one 
of said objects, segregating rays from the re 
Spective objects and dioptrically converging the 
rays from the respective objects toward axially 
spaced image planes and shifting axially con 
verging rays having one plane of vibration to 
form convergence points in a plane Substantially 
coincident with the plane of convergence to 
points of rays having a different plane of vi 
bration. 

12. In the art of image formation by means 
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of an optical objective having an optical center, 
the steps which include illuminating objects in 
the object space of the objective and respectively 
at different distances axially from said center 
including groups of rays each having a different 
plane of vibration, each such group being iden 
tifiable with the distance of one of said objects, 
dioptrically converging the respective groups of 
rays toward image planes axially spaced from 
one another, shifting sixially converging rays 
having one plane of vibration to form con 
vergence points in a plane substantially co 
incident with the plane of convergence to points 
of rays having a different plane of vibration, 
and eclipsing rays having one plane of vibration 
during the convergence of rays having a different 
plane of vibration. 

13. In the art of image formation by means 
of an optical objective having an optical center, 
the steps which include illuminating a plurality 
of objects in the object space of the objective 
and respectively at different distances axially 
from said center by rays including groups of 
rays each having an identifiable characteristic, 
each of said groups of rays being identifiable 
with a particular object, dioptrically and con 
currently converging rays emanating from said 
objects toward convergence points, and axially 
shifting converging rays identifiable by one 
characteristic with an object at one distance to 
form convergence points in a plane substantially 
coincident with convergence points of rays 
identifiable by another characteristic of an ob 
ject at a different distance, the radial relation 
ship of the convergence points of the shifted 
rays being substantially unaffected by the axial 
shift thereof. 

14. In a system for the formation of images, 
the combination with an image-receiving 
medium and an optical objective cooperatively 
related thereto and having an optical center, of 
means for illuminating objects in the object 
space of the objective and at different axial 
distances from said center, such illumination in 
cluding segregatable groups of rays identifiable 
with the respective axial distances of the re 
spective objects illuminated thereby, said ob 
jective converging a group of rays from one of 
Said objects toward convergence points in a 
plane and converging a group of rays from al 
other of said objects toward points in a second 
plane Spaced from the first named plane, and 
means for shifting, the convergence-point plane 
of rays of one of said groups and no others. 
identifiable with one object distance relative to 
the convergence plane of rays of another of said: 
groups identifiable with a different object diis 
tance to diminish the axial interval between suci 
planes. 

15. In a system for the formation of images, 
the combination with an image-receiving me 
dium and an optical objective having an optical 
center, of means for illuminating objects in the 
object space of the objective at different axial 
distances from said center, such illumination in 
cluding groups of rays identifiable with the re 
spective axial distances of the respective objects 
illuminated thereby, said objective converging a 
group of rays from one of said objects toward 
convergence points in a plane and converging a 
group of rays from another of said objects to 
ward points in a second plane spaced from the 
first named plane, means for shifting the con 
Vergence point plane of rays of one of said 
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of rays of another of said groups to diminish 
the axial interval between such planes, and means 
for eclipsing the rays of one of said groups dur 
ing passage to the medium of rays from the 
other of Said groups. 

16. In a system for the formation of images, 
the combination with an optical objective having. 
an optical center and a medium for receiving an 
image therefrom, of means for occultingly illumi 
nating and ecliping objects in the object space 
of the objective and at different axial distances 
from said center, the illumination of each object 
having predetermined characteristics identify 
ing it with the distance of the object which it 
illuminates, and means for shifting axially con 
verging rays emanating from one of said ob 
jects and identifiable with its distance only with 
out materially altering the radial relationships of 
convergence points formed thereby toward the 
plane of convergence points formed by rays 
emanating from another of said objects during 
the eclipse of image rays from Said last named 
object. 

7. In a system for forming images, the com 
bination with an objective having an optical cen 
ter and a medium for receiving an image from 
the objective, of means for intermittently illumi 
nating and eclipsing objects in the object space 
of the objective and respectively at different dis 
tances from said center, such means including 
structure rendering groups of rays identifiable 
with the respective axial distances of Said ob 
jects respectively, the illumination of one of said 
objects being eclipsed during the illumination 
of another thereof, said objective converging 
image rays from the respective objects toward 
image planes having an axial interval between 
them proportioned to the axial interval between 
said objects, and means for axially shifting image 
rays identifiable with one object distance ex 
clusively during the convergence of such rays by 
the oljective so as to form convergence points 
from said rays in a plane substantially coinci 
dent with the plane of convergence Of points 
of rays emanating from another of said objects 
and during the eclipse of image rays from said 
last named object. 

3. In a system for forming images, the combi 
ration with an objective having an optical center 
and an image-receiving medium cooperative 
therewith, of means for illuminating and eclips 
ing objects in the object space of the objective 
and at unequal axial distances from said center 
by rays, including groups of rays each having a 
different vibration characteristic and each iden 
tifiable with the distance of one of said objects, 
said objective converging image rays from the re 
spective objects toward image planes having an 
axial interval proportional to the axial interval 
between Said objects, and means for axially shift 
ing, independently of other rays, rays having one 
vibration characteristic to form convergence 
points in a plane substantially coincident with 
the plane of Cohvergence of points of rays hav 
ing different vibration characteristics during the 
eclipse of Said last named rays. 

19. In a System for forming images, the com 
bination with an objective having an optical cen 
ter and an image-receiving medium cooperative 
therewith, of means for illuminating objects in 
the object Space of the objective and at different 
axial distances from Said center by rays includ 
ing groups of rays each having a different wi 
bration characteristic and each identifiabie with 
the distance of one of said objects, said objective 
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converging image rays from the respective ob 
jects toward image planes axially spaced by rea 
son of the axial interval between said objects, 
means for axially shifting rays having one vibra 
tion characteristic identifiable with one of said 
objects and exclusively of rays from objects at 
different distances to form convergence points 
in a plane substantially coincident with the plane 
of convergence of points of rays having different 
vibration characteristics and identifiable with 
the other of said objects, and means for eclipsing 
the passage to the medium of rays having one Wi 
bration characteristic during the passage there 
to of rays having another vibration characteris 
tic. 

20. In a system for forming images, the Com 
bination with an objective having an optical cen 
ter, and an image receiving medium cooperative 
therewith, of means for illuminating and eclips 
ing objects in the object space of the objective 
and at different axial distances from said center 
by rays, including groups of rays having different 
rates of vibration, each of said groups being iden 
tifiable with the distance of one of said objects, 
said objective converging image rays from said 
objects toward image planes spaced axially from 
One another, means for segregating the identi 
fiable rays from the respective objects, and means 
for axially shifting converging rays of a group 
having one rate of vibration exclusively of the 
rays from objects at different distances so as to 
form convergence points of such shifted rays in 
a plane substantially coincident with the plane 
Of Convergence to points of rays of a group hav 
ing a different rate of vibration during the eclipse 
of said last named group. 

21. In a system for forming images, the com 
bination with an objective having an optical 
center and an image receiving medium cooper 
ative therewith, of means for illuminating and 
eclipsing objects in the object space of the ob 
jective at different axial distances from said cen 
ter by rays, including groups of rays having dif 
ferent rates of vibration, each of said groups be 
ing identifiable with the distance of one of said 
objects, said objective converging the respective 
groups of rays toward planes axially spaced from 
one another, means for shifting the back focal 
distance of an image formed by converging rays 
of a group having one rate of vibration, and ex 
clusively of rays from objects at different dis 
tances, relatively to the plane of an image formed 
by the convergence to points of rays of a group 
having a different rate of vibration, said means 
eclipsing the passage to the medium of a group 
of rays from an object at one distance from said 
center during the passage thereto of a group of 
rays from an object at a different distance from 
Said center. 

22. In a system for forming images, the com 
bination with an objective having an optical 
center and an image receiving medium coopera 
tive therewith, of means for illuminating and 
eclipsing objects in the object space of the ob 
jective and at different axial distances from said 
center by rays, including groups of rays having 
different rates of vibration, each of said groups 
being identifiable with the distance of one of said 
objects, and meals registering with said objective 
On the illumination of an object remote from 
said center for axially shifting converging rays 
identifiable with the distance of the rerote ob 
ject only so as to form convergence points of 
such rays in a plane substantially coincident with 
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the plane of convergence-to-points of rays ema 
nating from an object nearer said center during 
the eclipse of said last named rays. 

23. In a system for forming images, the con 
bination with an objective and an image receiv 
ing medium cooperative therewith, of means for 
illuminating and eclipsing objects in the object 
Space of the objective and at different distances 
therefron by rays, including groups of rays hav 
ing different rates of Vibration, each of said 
groups being identifiable with the distance of 
one of Said objects, said objective converging 
image rays from the respective objects toward 
image planes axially Spaced from one another, 
means for changing the rear focal distance of an 
inage formed by converging rays of one group 
only relatively to the rear focal distance of an 
image formed by the convergence to points of 
rays of another group, and means for eclipsing 
passage to the medium of rays of each group 
during passage thereto of rays Of the other 
grOp. 

24. In a system for forming images, the com 
bination with an objective having an optical 
center and an image-receiving medium coopera 
tive therewith, of means for illuminating and 
eclipsing objects in the object space of the ob 
jective at different distances from said center by 
rays, including groups of rays having different 
planes of vibration, each of said groups being 
identifiable with the distance of one of said ob 
jects, said objective converging rays from said 
objects toward planes conjugate to the respective 
objects and axially spaced from one another, and 
means for changing the rear focal distance of an 
image formed by converging rays of one group 
relatively to the plane of an image formed by 
convergence to points of rays of another group 
during the eclipse of the latter. 

25. In a system for forming images, the com 
bination with an objective and an image-receiv 
ing medium for receiving images therefron, of 
means for illuminating objects in the object space 
of the objective at different axial distances there 
from by groups of rays having different planes of 
Vibration, said means including structure effect 
ing identification of each of the respective groups 
With the distance of one of said objects, said 
objective converging the rays of the respective 
groups toward axially. Spaced image planes, 
means including transparent members of unequal 
thickness and including further structure coordi 
nating the members and illumination so that the 
thicker member registers with the objective dur 
ing the illumination of an object remote from the 
objective for axially shifting converging rays from 
such remote object to form convergence points of 
such rays in a plane substantially coincident 
with the plane of convergence to points of rays 
from an object nearer said objective, and said 
second named structure eclipsing passage 
through the members to the medium of rays of 
each group during passage therethrough of rays 
of the other group. 

26. In the art of photography through an ob 
jective, the steps which include illuminating ob 
jects unequally spaced from the objective by light 
including groups of rays each having a distin 
guishing characteristic appurtenant to and 
identifiable with the distances of the respective 
objects, converging light rays passing from one 
object through the objective to convergence 
points in a plane, and converging light rays from 
a diferently spaced object through the objective, 
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spacing of the objects, and axially shifting con 
verging rays from One object when illuminated 
to form convergence points in a plane axially 
displaced from the plane in which rays from such 
object when illuminated would be converged to 
image points by the objective alone. 

35. In the art of dioptric image formation 
from a scene having a plurality of objects in re 
gions at different distances axially from an opti 
cal center, the steps which include illuminating 
selected regions of the scene by segregatable light 
rays of predetermined characteristics identi 
flable with the axial distances of the respective 
regions, collecting image rays from the objects 
in the respective regions, and dioptrically con 
Verging them toward rear focal planes spaced 
from the optical center and having an axial in 
terval between them, selectively segregating the 
beans from the respective regions, and selectively 
increasing the rear focal distance of the plane 
of an image formed by segregated rays from one 
region independently of and relatively to the rear 
focal distance of an image formed by segregated 
rays from another region to provide a composite 
controllably sharp scene image of the objects in 
both regions. 

36. In the art of - dioptric image formation 
from a scene having a plurality of objects in re 
gions at different distances along an optical axis 
from an optical center, the steps which include 
illuminating the respective regions to form segre 
gatable image rays identifiable selectively with 
the distances of objects in the respective regions 
by their characteristics included in the group, 
viz., time of occurrence, rate of vibration and 
plane of vibration, collecting and segregating 
image rays from objects in the respective regions 
during their passage toward image planes, di 
optrically forming an image by converging said 
rays toward rear focal planes having an axial 
interval between them proportionate to the axial 
interval between the objects in the respective 
regions, and increasing the rear focal distance 
of the image formed by the segregated rays from 
one of said regions independently of and rela 
tively to the rear focal distance of the image 
formed by the segregated rays from the other 
of said regions to form a composite image in 
which the sharpnesses of the depictions of ob 
jects in both regions are unaffected by the axial 
interva between the objects 

37. In the art of image formation, the steps 
which comprise placing in cooperating relation 
a converging Optical system and a photo-sensi 
tive surface, establishing within the object space 
of the said optical system a multiplicity of spa 
cal regions the dimensions of which parallel to 
the optical axis of the system in any vicinity are 
systematically related to the depth of field of 
the system in the corresponding vicinity, light 
ing each of the said regions with a distinctive 
illumination identifiable with such region only, 
the identifiable characteristic of the lumination 
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being a characteristic of the group, viz., time of 
Occurrence, rate of ray vibration and plane of 
ray vibration, interposing in the path of the 
image forning rays reaching the above optical 
system a multiplicity of light selectors each of 
which permits by dependence on and utilization 
Of the above-mentioned identifiable characteris 
tic the passage of light from a single region only, 
said Optical system including differential focus 
means for systematically and controllably alter 
ing the back focal length of the optical system 
for light emanating from each of the said regions 
and thus shifting the corresponding image loca 
tion, and forming on the photo-sensitive surface 
a composite picture of the regions of the object 
space with each region thereof in the corre 
sponding sharpness of focus. h 

38. The combination with a photo-unit having 
an objective and means for positioning a photo 
sensitive surface in the image space of the ob 
jective, said unit including means comprising a 
plurality of transparent plates of different thick 
aesses and a complementary opaque member to 
gether providing 6 cycle including a photo-period 
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and a photo-interval at the sensitive surface . 
positioned by said first means, and means in 
cluding a series of lamps and timer mechanism 
connected therewith for forming light flashes 
illuminating regions in the object space of said 
objective one after another during the photo 
period and only one at a time, said timer mech 
anism and lamps cooperating to provide photo 
periods of similar duration, to provide photo-in 
tervals of similar duration and to provide photo 
periods of similar intensities at rates of occur 
rence obviating flicker; light flashes formed by 
said means during the photo-period of said cycle 
being of photo-intensity, the regions illuminated 
one after another being at different distances 
axially from the objective, and said positioning 
means holding & sensitive surface stationary 
relative to the axis of the objective throughout 
a sequence of illuminations of all said regions. 

39. In the art of dioptric image formation 
from a scene having objects in a plurality of re 
gions at different distances from an optical ob 
jective in the direction of the optical axis of such 
objective, the steps which include illuminating 
said scene by a series of light flashes haying a 
frequency and balance obviatins visually per 
ceptible flicker, said light flashes lighting said 
regions to photo-intensity one at a time, dioptri 
cally converging toward an image plane image 
rays from the respective regions as they are illu 
minated to photo-intensity one at a time, and 
shifting the back focal length of image rays con 
Verged from one of said regions relatively to the 
back focal length of image rays converged from 
another of said regions. 
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