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ART OF IMAGE FORMATION AND APPARA 
TUS FOR FORMING IMAGES 
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York, William Mayer, Larciunont, and Fritz 
Kastiian, New York, N. Y., assignors to LB 
System, Inc., New York, N. Y., a corporation of 
New York 
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Our invention relates to the art of image for 
motion by means of an optical objective and 
intermittent photo-illumination of the object 
space of such objective, particularly where the 
photo-illumination illuminates one after another 
regions of an object space spaced different dis 
tances from the optical center of the objective 
along its optical axis. 
Our invention is particularly applicable to in 

creased range systems in the art of image for 
mation set forth in an application for Letters 
Patent of the United States Serial No. 149,078, 
filed June 19, 1937, wherein regions in the ob 
iect space of an objective lens and at axially dif 
ferent distances therefrom are illuminated to 
photographic or television intensity one by one, 
and the rays emanating from the respective re 
gions, as illuminated and converged by the ob 
jective lens, have their convergence points 
shifted by an assembly of transparent plates 
of different thicknesses, (or equivalent optical 
devices). Such plates having parallel surfaces 
or forming afocal lenses we have designated 
“difl’os," and they are moved across the optical 
axis in synchronous relation with the illumina 

' tion to photo intensity of the respective regions. 
We shall use herein the terms photo-illumina 

tion or illumination to photo-intensity to indi 
cate rays having an intensity and character that 
will form an image, as distinguished from 
shadows, on suitable media, such as the photo 
chemically sensitive surface of motion picture 
?lm, the photo-electrically sensitive mosaic of a 
television iconoscope, a ground glass, or the like, 
and to differentiate from visual rays capable 
merely of stimulating the optic nerve or form 
ing an image on the retina. 
Such photo-illumination may be of photo 

graphic intensity or of television intensity. To 
be of photographic intensity the light rays must 
be of an intensity and character su?lcient to 
c?ect the reduction of the salt of the emulsion 
on‘ the ?lm during an exposure of one-sixteenth 
of a second or less. To be of television intensity 
the light rays must be of an intensity and char 
acter sumcient to form an image on the tele 
vision pickup device of adequate luminosity to 
produce an electrical output capable of accu 
rate transmission and reproduction of the picture 
substantially free from objectionable back 
ground interference in the picture due to foreign 
electrical disturbances in the circuits, tubes and 
photo-electric devices. In practice television in 
tensity is generally from one to ten or more 
times the light intensity required for photog- 1 
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raphy on fast emulsions, under similar conditions. 
In accordance with the present invention, im 

ages are made in cycles each of which is deemed 
to consist of (a) a photo period and (b) a photo 
interval. 
The photo period as used herein is to be un 

derstood as designating the period during which 
a photo-sensitive surface is subjected to the ac 
tion of photo-chemically or photo-electrically 
effective rays, as, for instance, the open shutter. 
period of a camera having an intermittently 
moving film, or during the period when the image 
forming rays are deflected but little or not at 
all from the optical axis by the optical recti?er 
of a camera having a continuously moving ?lm, _ 
or the period when the scanning beam is not 
scanning the object or scene to be imaged in 
television, and sometimes called the frame return 
line period. 
The photointerval as used herein is to be un 

derstood as defining the period when the photo 
sensitive surface is subjected to no, or negli 
gible, action of photo-chemically or photo-elec 
trically effective actinic rays, as, for instance, 
during the closed shutter period of a camera 
having an intermittently moving ?lm, the period 
when the image rays are bent sharply from the 
optical axis by the optical rectifier of a camera 
having a continuously moving ?lm, and the time 
other than the period designated the frame re 
turn-line period when the scanning ray is re 
turning from theyterminus to the start of its 
path in television. 
The term “regional ?ash," as used herein, is 

to be understood as meaning the photo illumi 
nation respectively identi?able with one of the 
several regions of an object space. The com 
plementary action of a regional flash from each 
region is utilized in producing one composite 
image unit of the entire object space. 
The term “visual illumination,” as used herein, 

is to be understood as designating rays which 
are capable of acting as stimuli to the optic 
nerves but which are deemed sub-photo rays‘ 
either because of their character or lack of in 
tensity or their occurrence during a photo in 
terval of a particular photo-sensitive surface. 
By our present invention, deleterious effects of 

regional flashes on the eyes are minimized by 
providing 

(a) Groups of regional flashes near the begin 
ning and near the end of the photo period: 

(b) Visual illumination during the photo in 
terval. . 

The regional flashes at the beginning and end 



of a photo period may emanate from the same 
light source or may emanate from different light 
sources, one of which may provide regional illum 
ination from a di?erent angle or intensity or 
wave characteristic than that provided by the 
other sources. 
The illumination occurring during the photo 

interval may be of photo intensity and charac 
ter to activate an additional sensitive surface or 
surfaces, or may be of an intensity and character 
to stimulate only the optic nerves. In the latter 
case, the visual illumination may be equal in 
duration to the photo interval, or may be of mo 
mentary duration midway of the photo interval, 
or may be a series of ?ashes at intervals, during 
the photo interval. For instance, a series of 
?ashes of decreasing intensity may be arranged 
at the beginning of the photo interval. 
When the illumination during the photo inter 

val is solely for the purpose of reducing the dele 
terious eifect of ?icker on the eyes, such illumina 
tion is preferably concentrated in the regions oc 
cupied by persons, and is preferably, although 
not necessarily, of sub-photo intensity. Such 
concentration can be conveniently effected by 
means of properly timed spot lights having lamps 
or color ?lters providing an illumination of the 
same general color as the photographic illumina 
tion and properly coordinated therewith. 
When the illumination during the photo inter 

val of one photo apparatus is of photo intensity, 
our invention contemplateabut does not require, 
the utilization of a plurality of cameras so coordi“ 
nated in operation that the photo period of each 
camera will coincide with the photo interval of 
the other camera or cameras. If, for instance. 
two cameras are used, the photo period of one 
camera will coincide with the photo interval of 
the other camera, and vice versa. If three cam 
eras are used, the photo period of the ?rst cam 
era may coincide with the last half of the photo 
interval of the second camera and with the ?rst 
half of the photo interval of the third camera; 
the photo period of the second camera may co 
incide with the second half of the photo inter 
val of the third camera and the ?rst half of the 
photo interval of the ?rst camera; and the photo 
period of the third camera may coincide with 
the last half of the photo interval of the ?rst 
camera and with the ?rst half of the photo in» ‘ 
terval of the second camera. 
For special effects. the duration of the photo 

periods of the several cameras may be varied rel 
atively to one another and the photo intervals 
of the respective cameras proportioned accord- . 
ingly, even though this may involve some slight 
overlapping of photo illuminations. 
Regardless of the number of cameras, our in 

vention contemplates the provision of a lighting 
system complementary to each camera and the 
illumination by such systems of regions of the set 
one after another in any desired order. Our in 
vention further contemplates, in its preferred 
form, the shifting of convergence points of the 
rays emanating from each region, along the op 
tical axis of the camera complementary to the 
lighting system in action, by the diffo or afocal 
plates of the particular camera complementary 
to the several regions. 
The illumination provided by the different 

lighting systems may differ in intensity, concen 
tration, diifusion, angularity and distribution of 
light and a given source of light may be connected 
with a ?ashing timer of one or more cameras 
so that the same lamp may be caused to flash 
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at such times as corresponds to the proper re 
gional focusing of the different cameras. 
By having the photo period of one camera in 

terspersed with the photo periods of one or more 
other cameras, the regional ?ashes requisite dur 
ing the photo period of one camera may be so 
coordinated with the regional ?ashes requisite 
during the photo period of another camera or 
cameras as to provide ?ashes of such rapidity and 
constancy that visually perceptible ?icker is elim 
inated and eye strain minimized when the ?ashes 

_ are all of photo intensity. 

By our invention, the scene on a set may be very 
rapidly given different appearances by the rapid 
variation or alternation of the types of illumina 
tion illuminating the several regions, and several 
cinematographic films of a given scene or action 
illuminated by the different types of illumination 
may be taken so as to give different photographic 
effects, although the performers are going 
through but a single performance or action. 
For instance, a black and white motion picture 

?lm may be taken by a series of light ?ashes of 
an intensity suitable to the corresponding emul 
sion, a colored motion picture ?lm may be taken 
by a series of light ?ashes of greater intensity 
suitable to the sensitivity of emulsions of the 
color film, and a stereoscopic picture may be 
taken by light ?ashes of a type and intensity more 
appropriate for this type of photography. 
The groups of light ?ashes used in making the 

three types of pictures follow one another so 
that no one of the ?lms is injured by the series 
of ?ashes not intended therefor, and the groups 
of ?ashes follow one another with such rapidity 
as to eliminate perceptible ?icker and hence have 
no effect upon the performers or their acting. 
Several types of pictures of a given scene or action 
may be taken from substantially the same view 
point, or the cameras may be so arranged that 
several pictures are taken from different view 
points, or several pictures of the same general 
type may be taken from different viewpoints, with 
lenses of different focal lengths, angle of view, 
location, ?eld of view, etc. 
By our improvements the performers are re 

lieved from the effects of ?icker and are given 
perfect freedom of action on the set, with conse 
quent minimizing the acting effort, economy of 
studio time, and reduction in expense. The pro 
duction of several different types of pictures, or 
pictures made under different lighting conditions. 
of the same scene and action permits the editing 
and coordination of the several negatives into a 
?lm for projection having a desirable variety of 
photographic effects and a maximum of artistic 
merit and popular appeal. 
While our ?ashing system of illumination for 

multiple photography under rapidly varying 
light conditions may be carried out with standard 
types of cameras sharply focused on a particular 
region, its principal advantages and usefulness 
are found in conjunction with our method of 
image formation wherein a composite picture of 
the whole object space of the objective lens is 
made up mosaically by rays emanating from the 
different regions of the object space at different 
times and whose convergence points are dis 
placed from the plane or planes normally func 
tionally resulting from the focal length of the ob 
jective lens and the respective distances of the 
several regions therefrom. 
Our present invention relates therefore pri- 

marily to embodiments of our increased range 
systems in which the regions are illuminated by 
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?ashing lamps having timed relationships to di?o 
plates and to the shutter or recti'?er of a camera 
or the appropriate portion of a scanning cycle 
of a television pick-up, and a leading object of 
the present invention is to obviate or minimize 
the deleterious ocular e?'ects of ?icker, and to 
utilize more eil'ectively all or a large proportion 

' of the ?ashes produced by forming, upon di?er 
ent photo-chemical or photo-electrical sensitive 
surfaces, a variety of images of the scene within 
the object space. Another of the primary objects 
is to enable multiple photography or television 
pick-up simultaneously, and with identical or 
di?erent illuminations therefor. 
In the utilization of our improvements in con 

- junction with cinematographic cameras in which 
?lm is advanced step by step, the periodical illu 
minations to photo intensity must. of course, oc 
cur while the camera shutter is open to expose 
the photo-sensitive surface. This illumination to 
photo intensity should not be confused with non 
photographic, visual or ocular illumination 
which may be provided concurrently with or alter 
nately to the photo illumination to minimize the 
tiring of the eyes by ?icker. 
In accordance with one form of the present in 

vention, the set or object space or regions oi the 
object space are illuminated by the same or com 
plementary ?ashing 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 ?ashes, are 
rendered so brief and nearly equal as to be visual 
ly imperceptible. _ 
We have found that the periods of darkness 

(between ?ashes of illumination) should pref 
erably be as nearly equal as possible, and that the 
integrated illuminations therebetween should also 
be as nearly equal as possible. The ?icker pro 
duced on a surface intermittently illuminated 

(a) Increases as the brightness of illumina 
tion is increased under otherwise identical condi 
tions, 

(b) Or (to use an approximately equivalent 
description) , increases as the contrast is increased 
between the brightness of the illuminated periods 
and brightness during the relatively dim periods 
(which latter may be periods of total darkness), 

(0) Diminishes when the periods of darkness 
are diminished in length, 

(d) Diminishes when the lengths of the pe 
riods of darkness are made nearly or altogether 
alike, 

(e) Diminishes when the lengths of the pe 
riods of illumination are made nearly or alto 
gether alike, ' I 

(I) And diminishes when the successive in 
tensitles of illumination are made nearly or al 
together alike. 
We prefer to describe the flashing and inter 

mittent illumination as “balanced" when condi 
tions d, e and I are ful?lled. Accordingly, we 
propose to reduce ?icker in such intermittent 
illumination systems by observing conditions a, 
b and c and also “balancing" the illumination as 
described. ' 

10 

15 

20 

30 

40 

45 

50 

55 

60 

When it is desired merely to reduce ?icker, in ' 
practicing the increased range system of the 
foregoing application, or indeed in the practice 
of any system utilizing intermittent illumination 
of the object space, the timer for the ?ashing 
lamps may be so coordinated with the dim) plates 
‘or shutter openings and the intermittent ?lm 
feeding mechanism that- _ 

(a) Two or more groups of lamp ?ashes are 

70 

75 

3 
utilized during each period of rest of the ?lm 
and the groups of ?ashes are occasioned as near 
the extremities of the ?lm rest period or open 
shutter period as possible, thereby shortening the 
time between successive groups of ?ashes; 

(b) The intermittent ?ashes occurring during 
the ?lm rest period or open shutter period are 
completely or partially duplicated during the ?lm 
movement or closed shutter period, to render 
more nearly uniform the intervals between the 
spacing of the intermittent groups of ?ashes. 
The ?ashes occurring during the ?lm movement 
or closed shutter periods may be made as dim as 
is feasible consistently with the desired reduc 
tion of ?icker. 

(c) During the intervals between the ?lm rests 
or open shutter periods, the portions of the object 
space occupied by actors who may notice ?icker 
may be illuminated 

I. By a steady light of non-photo intensity 
and emanating from a colored source or having a 
color ?lter providing rays giving a color generally 
similar to the color of the ?ashing lights. Such 
illumination should be so arranged and directed 
that the actors will receive visually a suitable 
amount of light from the separate illumination 
during the negative or non-photographic or closed 
shutter portions of the exposure cycle to pre 
vent the impression of ?icker; the minimum in 
tensity of illumination requisite for this purpose 
being employed. 

2. The separate illumination may be turned 
on and off in timed relation with the camera shut 
ter so that no illumination from the separate 
source reaches the set during the active or open 
shutter portion of the exposure cycle, while the 
set is being photographed. - 
The duration of the illumination during the 

non-photo period of the cycle may be quite widely 
varied. For instance, a lamp may be turned on 
at the beginning and turned oil‘ at the end of the 
non-photo portion of the cycle, or may be turned 
on and’ oil! repeatedly during the non-photo por 
tion of the cycle, or may be caused to ?ash re 
peatedly but with decreasing intensity during a 
portion (preferably the early portion) of the 
non-photo period of the cycle. The required or 
desired groups of‘ ?ashes may be all produced 
from a single group of lamps or from different 
groups of lamps caused to ?ash in desired se 
quence by suitable timer mechanisms, such as de 
scribed in application Serial No. 149,078, such 
timers being properly initially coordinated and 
being maintained in coordination by suitable syn 
chronous motors or other appropriate means. 
By suitable coordination of the timer con 

tacts, the rate of ?ashing during the photo period 
of the cycle may be caused to exceed the number 
of ?ashes during the non-photo period of the 
cycle without giving an impression of ?icker, if 
the ?ashes occur at a su?iciently rapid rate. 
For instance, (for each region in the object 
space) there may be forty-eight ?ashes per 
second during the photo periods of the cycle and 
twenty-four ?ashes per second during the non 
photo periods of the cycle. Since the cycle itself 
ordinarily consumes but one-twenty-fourth (11s) 
of a second or less the intervals between any of 
the ?ashes are too small for visual perception. 
Similarly, the intensity of the ?ashes occurring 
during the photo period of the cycle may exceed 
the intensity of the ?ashes occurring during the 
non-photo period of the cycle. 
In addition to their elimination of ?icker, the 

?ashes occurring during the non-photo intervals 



4 
of one camera or image-forming unit may he 
suitably timed and made of sufficient intensity 
to provide photo illumination for one or more 
additional photo-chemically or photo-electrically 
sensitive surfaces of supplementary image-form» 
ing units, such as cameras or television pick-ups 
having a mosaic scanned by a moving electron 
beam. . 

In such cases, the timing of the ?ashes for 
illuminating the different regions is so coordi— 
nated with the movements of the diifo plates and 
photo intervals of the several units that one set 
of ?ashes activates the sensitive surface of the 
?lm of one unit and another set of ?ashes acti 
vates the sensitized surface or ?lm of a second 
unit, and so on for as many different image 
forming units as may be desired. The cameras 
are so interconnected, either mechanically or 
electrically, as, for example, by synchronized 
motor operation, that the photo period of one 
unit occurs wholly or primarily during the non— 
photo period of the other unit or units. The 
operation and focus of the two units may be en 
tirely independent excepting for the relationship 
of the timing of the photo periods to the ?ashes, 
and hence one unit may be used to take a close=~ 
up, and another unit may be used to take a me 
dium or long shot, or a picture may be taken from 
some particular desired angle and with any de 

,sired distribution of illumination in the object 
space in each instance. Such distribution may, 
in practice, be different and suited to the cor 
rect lighting of the corresponding view. Of 
course, the several units may be combined in a 
single casing to form a composite camera or com 
bined camera and television mechanism, or each 
photographic unit may be separately encased. 

It will be noted that by our improvements it is 
possible to photograph simultaneously a given 
scene in action from a multiplicity of different 
viewpoints and focal lengths, and such effectively 
simultaneous photography of a given scene or 
action may be taken with diiferent types of 
illumination since the ?ashes illuminating one 
photo-sensitive surface are entirely or substan 

‘tially excluded from the other photo-sensitive 
surfaces and may differ materially from the 
flashes which actuate such other photo-sensitive 
surfaces. 

All of the pictures may be made in sharp focus 
from front to rear of the set, or portions of the 
set may be photographed “soft" by properly pro 
portioning optical constants, e. g., the thickness 
of the diifo plates controlling the illumination 
from a particular region, as set out in our afore 
said application. Not only may one set of pie 
tures be black and white, another set be photo 
graphed in color, and a third set be stereoscopic 
pictures, but one set of pictures may be made by 
nearly uniform ?ood lighting giving a “low-key” 
picture, while another set may be made by 
markedly non-uniform lighting giving contrast 
ing or “harsh” effects, all as desired. Since the 
pictures of each set alternate with the pictures 
of the other set or sets, they may be interpolated 
therein in printing without detriment to the con 
tinuity. Further, sound which is recorded during 
such multiple photography is in synchronism 
with each set of pictures, and thus ?lm cutting 
and editing is facilitated. 
By our increased range system, the freedom of 

the movements of actors on a set without going 
out of focus is greatly increased, in fact, there 
is practically no limitation on freedom of move 
ment. The simultaneous production of multiple 
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sets of pictures in identical time-coordination 
with one another and with the action and sound 
recording, but taken under different lighting con 
ditions, renders it possible to modify the com 
posite effect on the screen by suitable selection 
of pictures from each set in the printing, cutting, 
or reviewing room. 
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 top plan view of a 

set which comprises a number of regions inde 
pendently illuminated by sets of ?ashing lamps 
suitably disposed for desired types of lighting in 
each instance and coordinated with a plurality of 
image-forming units, each having objectives and 
diffos comprising sets of afccal plates or plates 
with parallel surfaces and of different thick 
nesses through which light from the respective 
regions is transmitted to photo-chemical or 

~photo-electrical surfaces to form composite pic 
tures of the set which forms the object space of 
each objective; 

Fig. 2 is a perspective view illustrating dia 
grammatically the sequence of objective, diifo, 
and photo-sensitive surface utilized when the im 
age-forming units are photographic cameras; 

Fig. 3 is a diagrammatic view illustrating the 
relationship of the ?ashes illuminating the sev 
eral regions to the exposed and unexposed light 
sensitive surfaces of the respective units, illus 
trating diagrammatically the co-ordination of 
the ?ashes with the photo periods and photo in 
tervals of the photo units; 

Fig. 4 illustrates diagrammatically a set hav 
ing a plurality of regions each of which may be 
illuminated in turn by light of different intensity, 
wave length, angle, concentration or diffusion, 
the light sources being connected in timed rela 
tion with photo units viewing the set from differ 
ent positions at different angles and through ob 
jectives of different focal lengths; 

Fig. 5 illustrates diagrammatically the co-or 
dination of the ?ashes of the different sets of 
lamps of Fig. 1i with respective photo units dur 
ing the exposure and non-exposure of the sensi 
tive surfaces of such units; 

Fig. 6 illustrates diagrammatically a set hav 
ing regions each of which is illuminated in se 
quence from different light; sources to permit 
the sequential photographing of all of the re 
gions comprised in the object space of each of 
the photo units having objectives trained on the 
principal center of interest of the set; 

Fig. 7 is a diagrammatic view illustrating one 
method of co-ordinating the flashes illuminating 
the respective regions with the several photo 
units; 

Fig. 8 is a diagrammatic view illustrating a sec 
ond method of co-ordinating the light ?ashes i1 
luminating the respective regions with the sev 
eral photo units so that the sensitive surface of a 
unit receives two distinct activations from each 
region of its object space during a single ex 
posure of the sensitive surface of such unit; 

Figs. 9 to 15 illustrate diagrammatically var 
ious suitable arrangements of ?ashing to mini 
mize ?icker when only a single photo unit is in 
action; 

Figs. 16 and 17 illustrate diagrammatically the 
adaptation of our invention to a camera having 
a continuously moving film, and 

Figs. 18 to 2G illustrate diagrammatically the 



adaptation of our invention to a photo unit hav 
ing the mosaic of a television iconoscope as the 
light sensitive surface to which light is passed 
from the various regions of a set through an ob 
jective and diffo. 
As illustrated in Figs. 1 to 3 of the drawings, 

a studio stage or set I is provided with a set of 
sequentially ?ashing lamps 2, 2, 4 and i which 
may be provided with suitable re?ectors (not 
shown) to con?ne the light directed downwardly 
from the respective lamps substantially to the 
foreground region 2, middle foreground region ‘I, 
middle background region 2, and background 
region I of the set, these regions extending trans 
versely across the set and following one another 
in sequence from the front to the rear of the set. 
The set is provided with a second set of se 

quentially ?ashing lamps 2a, 2a, la, and 2a hav 
ing suitable re?ectors (not shown) for con?ning 
the light directed downwardly from these lamps 
substantially to regions extending diagonally of 
the set and comprising the diagonal foreground 
‘is, diagonal middle foreground ‘Ia, diagonal mid 
dle background to and diagonal background 9a. 
A plurality of concurrently acting lamps, in 

stead of a single lamp, may be provided for any 
or all of the regions as illustrated, for instance 
for the illumination of the diagonal background 
region 20. 
The ?ashing lamps may be of known type, as, 

forlinstance, lamps havinggas ?lled bulbs of 
, considerable length through which a high voltage 
current is discharged controllably at speci?ed 
times so as to produce a number of ?ashes per 
second, each ?ash being, in general, of but a few 
tens of micro-seconds duration but of high lumen 
output per ?ash. It is generally preferable to use 
lamps capable of making at least forty-eight 
?ashes per second and of very high luminous out 
put per ?ash. 
The current for illuminating the lamps 2, 2, 4 

and i is supplied from high voltage sources such 
as power-charged condensers III, II, I2 and I! 
connected with the terminals of the lamps but 
requiring an inciter or tickler current to initiate 
the ?ash. The timing of the dashing of the 
lamps 2, 2, l and I is controlled by the supply 
of inciter or tickler high voltage surges. These 
surges are transmitted from the secondaries of 
high tension ignition coils in the transformer 
assembly it through the respective conductors 
II, II, II and I2 to the respective electrodes is. 
22, 2i and 22 contacting with the lamp tubes in 
termediate the ends thereof. The surges in the 
secondaries of the coils may be induced by mak 
ing and breaking primary circuits 22, 24, 25 and 
22, each containing a battery source and each 
connected with make and break contacts of a 
timer 2!. The timer is'operated to make and 
break the cincuits 22, 24, 25 and 26 in desired 
sequence by a synchronous motor 12 which 
drives the main shaft 22 of a cinematographic 
camera 22 for advancing the sensitized ?lm 2| 
thereof step by step in synchronism with the ro 
tation of the diffo 22 which may supplant the 
ordinary camera shutter or be coordinated 
therewith. The diifo 22 has an opaque segment 
22 which shuts off any light from the film 2| 
during the intermittent movement of such ?lm, 
and a segment containing the transparent plates 
24, 2|, 22 and 21 which pass in front of the ?lm 
gate while a section of the ?lm 2i is stationary 
in smh gate. The plates 24, 25, 22 and 21 are 
of different thicknesses and may have parallel 
surfaces or may be afocal lenses having no im 
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age-forming capacity but which are capable of 
shifting in a direction approximately parallel to 
themselves and to the optical axis groups of im 
age rays converged toward the plane of the ?lm 
2| by the objective 22, or may be any substan 
tially equivalent optical system. Tins objective 
has as its object space all of the set lying within 
its ?eld of view indicated by the lines extending 
from the objective to the points 29 and 42. 
The di?o 22 and timer 21 are operated by the 

synchronous motor 22 so that the di?o plate 24 
is in the optical axis of the objective 2! when 
the lamp 2 is ?ashed. The diifo plate 22 is in 
the optical axis of the objective 22 when the 
lamp 2 is ?ashed. The di?o plate 26 is in the 
optical axis of the objective 22 when the lamp 
4 is ?ashed, and the di?o plate 21 is in the op 
tical axis of the objective 22 when the lamp 5 
is ?ashed. 

It is obvious that the convergence points of 
rays emanating from the regions 8, ‘I, I and 9 
during the illumination thereof by the ?ashes of 
the respective lamps 2, 2, l and 5 would ordi 
narily lie in di?erent planes after passing 
through the objective 22, since each such region 
would have its complementary image. plane. 
But by the interposition of the di?o plates the 
convergence points are shifted by displacing the ‘ 
converging rays parallel to themselves and to 
the optical axis of the objective proportionately 
to the distances between the image planes 
naturally conjugate to the respective regions, 
the diifo plates having thicknesses proportionate 

, to the requisite displacements necessary. 
35 

40 

00 

75 

1 The current for illuminating the lamps 2a, 2a, 
4a and is is similarly supplied from high volt 
age sources, such as power-charged condensers 
Ila, Ila, Ho and I2a connected with the ter 
minals of the lamps, the ?ash of the lamps being 
initiated by high voltage inciter or tickler cur 
rent transmitted ‘from the secondary of high 
tension ignition coils in the transformer assem 
bly Ila ‘through the respective conductors Iia, 
lia, I'la and Ila. These conductors have elec 
trodes Isa, 22a, Ma and 22a ?xed on the ends 
thereof and contacting with the lamp tubes of 
the lamps intermediate of the ends of such tubes. 
The surges may be induced in the secondaries 

of the coils in the transformer assembly Ila by 
making and breaking primary circuits 22a, 24a, 
25a and 22a, such circuits including ‘the pri 
maries of the coils, a battery source and make 
and break contacts of a timer 21a. This timer 
is operated to make and break the circuits 22a, 
24a, 2la and 26a in desired sequence by a syn-. 
chronous motor 22a supplied from the same 
source of alternating current as the synchro 
nous motor 22. The synchronous motor 280 drives 
‘the main shaft 22a of a camera 20a having a 
di?'o 22a operated in synchronism with the 
Geneva movement (not shown) for moving the 
?lm 2Ia step by step. The camera 20a has an 
objective 22a by which rays emanating from the 
regions la, ‘la, la and 2a are focused. 
The diifo 22a is provided with di?o pla'tes , 
similar to the di?'o plates of the di?'o 22 
and of suitable relative thicknesses to shift the 
convergence points of rays emanating from the 
respective regions 6a, ‘la, la and 9a parallel to 
themselves and to the optical axis of the objec 
tive so that the planm of the convergence points 
of rays emanating from the respective regions 
are brought into accurate registration with the 
light sensitive emulsion on the ?lm 2Ia as the 
di?'o plates are moved into the optical axis of the 



objective one after another. 

6 
The contacts of 

the timer 21a are correlated to the positions oi 
the respective diifo plates so as to cause a ?ash 
of the lamp 20 when the thinnest di?'o plate is 
in the optical axis, to cause a flash of the lamp 
311 when the next thicker di?‘o plate is in the 
optical axis, to cause a ?ash of the lamp 4a when 
the next thicker di?'o plate is in the optical axis. 
and to cause a ?ash of the lamp 5a when the 
thickest di?o plate is in the optical axis. 
The synchronous motors 28 and 28a and their 

connected parts are initially so positioned that 
the ?ashes produced by the action of the timer 
21 alternate as a group with the ?ashes pro 
duced by the action of the timer 21a and the 
di?’o plates of the diffo 32 register with the opti 
cal axis of the objective 38 when the opaque 
portion of the di?'o 32a registers with the opti 
cal axis of the objective 38a, and vice versa. The 
synchronous motors maintain the initially estab- _ 
lished relation of the parts. Hence, as indicated 
diagrammatically in Fig. 3, during the ?ash pro 
duced by the lamp 2 the diffo plate 34 passes 
image rays emanating from the region 6 and 
converged by the objective 38 to the plane of 
the ?lm 3|; during the ?ash produced by the 
lamp 3 the di?’o plate 35 passes image rays ema 
nating from the region ‘I and converged by the 
objective 38 to the plane of the ?lm 3|; during 
the ?ash produced by the lamp 4 the di?'o plate 
35 passes image rays emanating from the re 
gion 8 and converged by the objective 38 to the 
plane of the ?lm 3|; and during the ?ash pro 
duced by the lamp 5 the diffo plate 31 passes im 
age rays emanating from the region 9 and con 
verged by the objective 38 to the plane of the 
?lm 3|. During all this period the opaque por 
tion 33a of the diffo 32a prevents the passage 
of any light to the ?lm 3|a and the lamps 2a, 3a, 
4a and 5a are not lighted. 
After the lamp 5 has ?ashed, the opaque por 

tion 33 of the diff-o 32 shuts off the passage of 
light to the ?lm 3|. Thereupon, the action of 
the timer 21a causes a ?ash from the lamp 2a 
which illuminates the diagonal foreground re 
gion 6a and the rays emanating therefrom are 
converged by the objective 38a, and are dis 
placed parallel to themselves by the thin di?‘o 
plate so that the plane of their convergence 
point coincides with the sensitive emulsion on ’ 
the ?lm 3|a. Thereafter, the action of the timer 
21a causes a ?ash of the lamp 3a which illumi 
nates the diagonal middleforeground ‘la and 
the rays therefrom passing through the objec 
tive 38a are converged towards image points and 
in passing through the diffo plate are displaced 
so that the plane of their convergence point co~ 
incides with the emulsion on the ?lm 3|a. 
Thereafter the action of the timer 21a causes 
a ?ash of the lamp 4a to illuminate the diagonal 
middle background region 8a, and the rays 
therefrom passing through the objective 38a are 
converged towards image points and are dis 
placed by the diifo plate so that the plane of their 
convergence point coincides with the sensitive 
emulsion on the ?lm 3| a; thereafter the action 
of the timer 21a causes a ?ash of the lamps 5a 
to illuminate the diagonal background region 8a, 
and the rays therefrom passing through the ob 
jective ‘38a are converged toward image points 
and displaced by the di?o plate so that the 
plane of their convergence point coincides with 
the emulsion on the ?lm 3|a. 

It will be understood that the respective 
lamps provide illumination of photo intensity 
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only for the respective regions to which they 
are appurtenant so that each region is indi 
vidually and sharply photographed on the ?lm 
and the photographs of all of the regions of one 
group or series are photographed upon a film 
section from a single frame or picture unit in 
the photo period of one camera to form amosaic 
picture of the whole set which is in sharp focus 
throughout. Thereafter, during the photo inter 
val of the ?rst camera, the second camera simi 
larly photographs on a film section equal to a 
single frame or picture unit a sharp image of 
each diagonal region one at a time so that dur 
ing the photo period of the second camera a 
mosaic picture of the entire object space is 
made which is sharp throughout. 
The photo period of each camera should not 

exceed one-sixteenth (11;) of a second in dura 
tion and ordinarily will not exceed one-twenty 
fourth (1%) of a second in duration and the 
multiple ?ashes during each photo period are 
consequently so rapid as to be visually indis 
tinguishable from one another. The photo pe 
riod of one camera coincides with the photo in 
terval of the other camera and hence there is a 
substantially continuous ?ashing at a rate so 
rapid as to be substantially indistinguishable 
visually, particularly where the ?ashes of each 
group are balanced and the groups of ?ashes are 
balanced. 
A conventional photographic sound recorder 

comprising a microphone I00 near the set and 
connected with a recorder |02 provides for the 
recording of sound from the set in synchronism 
with each set of pictures produced by the cam 
eras 30 and 30A. 
In Figs. 4 and 5, we have illustrated diagram 

matically a set-up of three cameras 40, 4| and 
42. The camera 40 has an appurtenant set of 
?ashing lamps 40a, 40b, 40c and 40d; the cam 
era 4| has an appurtenant set of lamps 4|a, 4|b, 
4|c and Md; and the camera 42 has an appur 
tenant set of lamps 42a, 42b, 42c and 42d. The 
lamps 40a, Ho and 42a each illuminate to photo 

- intensity the foreground 6, the lamps 40b, 4|b 
and 42b each illuminate to photo intensity the 
middle foreground -'|, the lamps 400, He and 
420 each illuminate to photo intensity the mid 
dle background 8, and the lamps 40d, 4|d and 
42¢ each illuminate to photo intensity the back 
ground 9. The groups of lamps appurtenant to 
the respective cameras may illuminate the sev 
eral regions from different angles to different 
intensity and with different colors so that each 
camera may not only view the set from a di?er 
ent angle and distance and through a lens of 
different focal length, but also views the set 
under di?erent lighting conditions. 
Each camera, of course, is provided with an 

objective, di?o, intermittent ?lm mechanism, 
motor, and timer, such as above described. The 
di?o and timer of the camera 48 are so arranged 
that the respective ?ashes of the lamps appur 
tenant to this camera occur when the proper 
plates of its diifo are in registration with its 
objective and while the opaque portions of the 
diffos of the cameras 4| and 42 are in registra 
tion with their objectives respectively. The di?o 
and timer of the camera 4| are so arranged that 
the respective ?ashes of its appurtenant lamps 
4|a, 4|b, 4|c and 4|d occur while the appropri 
ate plates of its diifo are respectively in regis 
tration with its objective and while the opaque 
portions of the diifo of the cameras 4| and 42 
are in registration with their respective objec 



a,a44,oaa end "closed" and indlcated‘the ?ashes of the 
tives. The di?o and timer of the camera 42 
are so arranged that the respective ?ashes of 
the lamps 42a, 42b, 42c and 42d appurtenant to 
this camera occur while its appropriate‘ di?o 
plates are in registration with its objective and 
while the opaque portions of the di?o plates II 
and ti are respectively in registration with the 
objectives of these cameras. 

In Figs. 6, 7 and 8 we have illustrated diagram- . 
maticaliy an arrangement of four cameras II, ll, 
52 and it each focused from a different ‘posi 
tion upon a set having a center of interest at the 
point 54. ,Each of the cameras is provided with 
an objective, di?o, ?lm mechanism, synchronous 
motor and timer, such as above described, and 
has appurtenant thereto a set of ?ashing lamps 
arranged to illuminate one after another the re 
spective regions of the object spaces of the ob 
jectives of the respective cameras, the center of 
interest lying at a point common to all such ob 
ject spaces. ~ 
The timer, contacts and di?'os of the respec 

tive cameras may be arranged as indicated in 
Fig. 7 in which the ?ashes of all ?ve of the lamps 
Ila, Iilb, 60c, 50d, and tile appurtenant to the 
camera it occur one after another while the ap 
propriate di?o-plates of the ?ve-plate diffo of the 
camera 50 register sequentially with its objective 
and the opaque portions of the di?os of the cam 
eras ii, 52 and 53 register with the respective ob 
jectives of these cameras. Similarly each of the 
?ve lamps iiia, Bib, iilc. Sid and 5ie, appurtenant 
to the camera 6i, ?ash one after another while 
the appropriate di?o plates of this camera regis 
ter one after another with the objective of the 
camera 5i and the opaque portions of the di?o 
plates of the remaining cameras 50, 52 and 53 
register with the respective objectives thereof. 
Similarly the ?ve ?ashing lamps 52a, 52b, 52c‘, 
52d, ‘2e appurtenant to the camera 52 ?ash one 
after another while the appropriate di?o plates 
of the camera‘ 52 register one after another with 
its objective and the opaque portions of the diffo 
plates of the remaining cameras 56, 5i and 53 
register with their respective objectives. Simi 
larly the ?ve ?ashing lamps 53a, 53b, 53c, 53d 
and 53s appurtenant the camera 53 ?ash one 
after another while the appropriate diffo plates 
of this camera register one after another with its 
objective and the opaque portions of the diffo 
plates of the remaining cameras 50, 5i and 52 
register with their respective objectives. ) 

If desired, the number of contacts in each timer 
and the speed thereof may be increased so that 
two complete sets of ?ashes of each set of lamps 
occur during the photo period of each camera 
so that each frame is subjected to a double im 
pression of every region before the ?lm is moved 
to bring a new frame into place, as shown in 
Fig. 8. 

It is not of course necessary that each camera 
should take pictures of wall of the regions in its 
object space, nor is it necessary that all of the 
cameras should be in action, for the lamps ordi 
narily appurtenant-to some of the cameras may 
be utilized to provide ?ashes merely for the pur 
pose of reducing ?icker. Or all the cameras but 
one may be omitted entirely and any number of 
timers and lamp equipments appurtenant there 
to may be synchronized with one or more cameras 
in action to produce a wide variety of sequence 
of ?ashes, such as are illustrated in Figs. 9 to 15, 
inclusive. In these ?gures we have indicated the 
photo period of the camera by the legend “open” 
and the photo interval of the camera by the leg 
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lamps by vertical lines. When but a single cam 
era is in action, it is desirable that only the 
?ashes occurring during the photo period be of 
photo intensity. The ?ashes during the photo 
interval may be of sub-photo intensity, via, 
merely visual and may be of considerable dura 
tion midway of the photographic interval, as 
illustrated in Fig. 9; or be ?ashed midway of the 
photographic interval, as indicated in Fig. 10; or 
may consist of two or more ?ashes during the 
photographic interval as indicated in Figs. 10, 
ll, 12 and 13; or may be segregated at the be 
ginning of the non-photo interval and of decreas 
ing intensity, as indicated in Fig. 14, or may be 
entirely omitted during the photo interval and 
arranged in groups at the beginning and end of 
the photo period, as indicated in Fig. 15. 

It is not necessary that the ?lm should be 
moved intermittently as our invention is applica 
ble to motion picture cameras having a continu 
ously moving ?lm, as for instance, cameras of the 
type shown in Patent No. 2,055,492 and Patent 
No. 2,056,966. In such cameras the maximum of 
light is transmitted to the ?lm when parallel 
faces of the recti?er 60 are parallel with the 
continuously moving ?lm 6i passing through the 
?lm gate 62, which is preferably twice the height 
of a single frame. ‘In such case a diffo 63 is in 
terposed between the copying lens 64 and the 
?lm, and the regions forming the object space 
of the camera's objective 65 are ?ashed one after 
another while the center of the picture is travel 
ing from substantially the point B to substan 
tially the point D or any lesser distance center 
ing on C and physical illumination to prevent 
?icker is ?ashed while the center of the picture 
is moving from the point C to the point E, or 
any lesser distance centering on D, as indicated 
in Fig. 17. 

In lieu of converging the image formed by an 
objective of a camera on a sensitized ?lm, as in 
dicated in Figs. 1 to 1'7, inclusive, an image may 
be focused by an objective ‘Ill upon the mosaic 
ll of a television iconoscope ‘I2, the image form 
ing rays converged by the objective ‘Ill being dis 
placed parallel to themselves and to the optical 
axis by a di?o 13 having plates of different thick 
nesses which respectively register with the ob 
jective 10 in synchronism with the ?ashing of 
lights illuminating the different regions of the set 
forming the object space of the objective 10. A 
stream of electrons projected from an electron 
gun 14 and controlled by two pairs of de?ection 
plates 15, ‘I6, 16' and 11 scans the mosaic of a line 
at a time, as indicated in Fig. 19, and the output 
of the iconoscope is withdrawn and passes from 
the conductor 18 into the television transmitter 
which it controls. The scanning of the mosaic 
may be considered as starting at the upper left 
hand corner of the picture, as indicated in Fig. 
19, and sweeps across the picture one line after 
another from left to right, the electron stream 
being blanked out or rendered inactive during 
the return from the right to the left hand side 
of the picture. When the scanning stream has 
reached the lower right hand edge of the picture, 
the electron stream is again blanked out during 
the period necessary for its return to the upper 
right hand edge of the picture. This interval be 
tween the end of one scanning operation and the 
beginning of another scanning operation is 
kown as the frame return line or blanking period. 
In accordance with our invention, the regions of 
an object space of the objective ‘iii are photo 
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illuminated one after another during the blank 
ing period by ?ashes of‘ television intensity, as 
indicated in Fig. 20, so as to provide onv the 
mosaic ‘ll during this frame return line period 
a composite and electrically stored picture of all 
the regions of the object space one after another 
and all in sharp focus. During the following 
scanning period, the object space, or so much 
thereof as is occupied by performers is illumi 
nated by ?ashes of visual intensity (preferably 
photo-electrically inactive) so as to eliminate the 
elect of ?icker on the eyes of the performers. 
Having described our invention. we claim: 

- 1. In the art of dioptric image formation from 
a scene having objects in a plurality of regions 
at different distances from each of a plurality of 
objectives in the direction of the respective op 
tical axes thereof, the steps which include illu 
minating the scene to photo-intensity regionally 
and one region at a time in regions substantially 
normal to the optical axis of one objective and 
then illuminating the scene to photo-intensity 
regionally and one region at a time in regions 
substantially normal to the optical axes of the 
other'objective, dioptrically converging toward 
an image plane and one after another image rays 
from the group of regions ?rst illuminated and 
then dioptrically converging toward a second 
image plane transverse ‘to the ?rst imge plane 
andone after another image rays from the group 
of regions secondly illuminated, image rays from 
the ?rst group of regions forming a composite 
pictorial image of all the regions of the scene 
and image rays from the second group of regions 
forming a composite pictorial image of all the 
regions of the scene but from a di?erent angle. 

2. In the art of dioptric image formation from 
a scene containing a plurality of objects in the 
object space of each of a pluraltiy of objectives 
having optical axes intersecting one another with 
in the scene,’the steps which include illuminat 
ing said scene regionally and one region at a 
time by a plurality of groups of light ?ashes, said 
light ?ashes together providing photo-periods of 
similar duration and intensities and photo-in 
tervals of similar duration and at rates obviat 
ing visually perceptible ?icker, dioptrically con 
verging toward an image plane normal to one 
of said optical axes image rays resulting from 
said illumination by one group of ?ashes, and 
dioptrically converging toward an image plane 
normal to another of said optical axes image rays 
resulting from said illumination by a second 
group of ?ashes, the passage of image rays to 
each of said planes being interrupted during the 
passage of image rays to the other of said planes, 
and varying the normal back focal length of 
the image rays converged from one region rela 
tively to the back focal length of the image rays 
converged from another region toward each of 
said planes. 

3. The combination with a set, of means for 
photo-illuminating one after another and only 
one at :a time parallel regions extending across 
said set, means for photo-illuminating one after 
another and only one at a time parallel regions 
extending diagonally of said set at an angle to 
the regions ?rst named, the illuminations of the 
?rst named regions alternating with the illumi 
nations of the second named regions, a photo 
unit having an objective with an object space in 
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eluding ‘said ?rst named regions and means for 
varying the back focal distances of the respective 
images formed upon the illumination of the re 
spective regions first named, in a predetermined 
relation to the distances of the respective regions 
from the objective of the ?rst photo-unit, a sec 
ond photo unit having an objective with an object 
space including said second named regions, means 
for varying the back focal distances of the re 
spective images formed upon the illumination of 
the respective regions second named in a prede 
termined relation to the distances of the respec 
tive regions from the objective of the second 
photo-unit, and means for alternately interrupt 
ing the passage of illumination from the first 
named means to the image plane of the objec 
tive of the second photo-unit and for interrupt 

‘ ing the passage of illumination from the second 
named illuminating means to the image plane of 
the objective of the ?rst named photo-unit. 

4. The combination with a plurality of photo 
units each including an objective, each unit also 
including means for systematically axially dis 
placing images formed by its objecitve, and each 
unit also including means for supporting a sensi 
tive surface to receive images formed by its ob 
jective, of groups of light ?ashers illuminating. 
respectively regions spaced along the optical axis 

‘ of the respective objectives, and means for syn 
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chronizing the position of one image displacing 
means with the ?ashes of one group and the 
positon of the other image displacing means with 
the ?ashes of the other group, said ?ashes illu 
minating only one of said regions at a time to 
photo intensity the image displacement power of 
each image displacing means in its severai'posi-r 
tions being functionally related to the distances 
of the respective regions illuminated by the 
?ashes synchronized therewith and compensat 
ing for the differences in the locations of the re 
gions that are so illuminated. 

5. The combination with a photo unit having 
an objective, an electro photo-sensitive surface 
and scanning means, means for operating said 
unit in a cycle providing a photo period and a 
photo interval, light ?ashing means, timing mech 
anism for ?ashing said means during said photo 
period and during said photo interval, and a se 
ries of transparent plates of different thicknesses 
movable sequentially between said surface and 
light ?ashing means in complementary timed 
relation to the ?ashes occurring during each 
photo-period. 

6. The combination with a camera having an 
objective, means for moving a ?lm continuously 
and a piano-parallel rotating block through 
which image forming rays from said objective 
are transmitted to said film, of a “set" in the 
object space of said objective and means coordi-t 
nated with the rotation of said block to provide 
photo-illumination of the “set" in said object 
space of said objective while surfaces of said 
block aresubstantially parallel with said film 
and to provide decreased illumination of said 
;set" when an angle of said block is nearest said 
1m. 
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