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UNITED STATES PATENT OFFICE 
METHOD AND APPARATUS FoR TELEVISION 
Peter C. Goldmark, New York, N. Y., assignor to 
Columbia Broadcasting System, Inc., New York, 
N.Y., a corporation of New York 
Application May 28, 1938, serial No. 210,607 

(C. 18-2) 9 Claims. 

This invention relates to television, scanning 
systems, particularly to film-scanning Systems 
used in television transmitters. 
especially relates to a method and apparatus for 
the scanning of a plurality of spaced areas lying 
in the path of travel of a film during its paSSage 
through the scanning apparatus. The invention 
particularly contemplates the scanning of a con 
tinuously moving film in which a single film 
frame is Scanned a plurality of times. 
In the present state of the art, the televising 

of program material recorded on film is of COn 
siderable practical importance. This is true not 

The invention 

5 

O 

only because of the possible extensive use of the 
so-called intermediate film process, but also be 
cause it is contemplated that, at least in the 
early stages of television broadcasting, and prob 
ably later on also, a considerable portion of the 
program material will be obtained from ordinary 
sound-motion-picture film, or from Sound no 
tion pictures especially recorded for television 
purposes. 
The present television standards adopted in the 

United States require the transmission of images 
at the rate of 30 pictures per second, interlaced. 
Thus, the component scansions are produced at 
the rate of 60 scansions per second, two scansions 
for each picture transmitted. In motion picture 
practice, however, sound films are recorded and 
projected at the rate of 24 pictures per second. 
Thus, if standard sound motion pictures are em 
ployed in television, these two different standards 
must be coordinated, and since the periodicity of 
the scanning is not an integral multiple of the 
rate of movement of the film in frames per sec 
Ond, a special scanning scheme is required. Such 
coordination is highly desirable, since it renders 
the great libraries of ordinary Sound-motion 
picture film available for television purposes. Of 
course, the standards may be changed from 
time to time, but it appears likely that the rate 
of component scansions in television will be dif 
ferent from the rate at which sound motion pic 
tures are recorded and projected. 
Apparatus employed in televising motion pic 
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ture material recorded on film may be classified 
into two general types. In one type the film is 
moved intermittently in a manner analogous to 
that employed in ordinary motion picture prac 
tice. In the other type the film is moved with 
continuous uniform motion. 
Apparatus of the first type has been suggested, 

utilizing a tube of the iconoscope type. The film 
frame, while stationary, is projected onto the 
mosaic of the iconoscope, the projection light 55 

tice. 

cut off, and the image on the mosaic scanned. 
Successive frames are scanned alternately 2 and 3 
times at the rate of 60 scansions per Second. 
In the frames which are scanned three times, 
the third scansion is a duplicate of one of the 
other two. Thus, 24 frames of the film are 
transmitted in a second, but 60 scansions are 
employed for doing so, thereby coordinating the 
motion picture and television standards. To ac 
complish this, however, it is necessary to move 
the film intermittently at the alternate rates of 
30 frames per second and 20 frames per second, 
instead of moving the film intermittently at a 
uniform rate as in ordinary motion picture prac 

Thus, the intermittent-feed mechanism is 
additionally complicated over that employed in 
ordinary, motion picture projectors. Further 
more, owing to the very short period of exposure 
(of the order of /1000 of a second), an intense 
source of light must be used. 
Apparatus of the second type above mentioned, 

in which the film is fed. With continuous uniform 
motion, and in which film-frames are transmit 
ted at the rate of 24 pictures per Second but with 
60 scansions per second, have been disclosed in 
my prior copending United States applications, 
Serial Numbers 72,009 and 115,113. In the em 
bodiments there shown, the Scanning pattern of 
the scanning cathode-ray tube is displaced for 
successive scansions in such a manner that the 
film-frames rare scanned alternately two and 
three times, thus Scanning 24 film-frames with 
60 scansions. This procedure gives the desired 
coordination between the motion picture, and 
television standards. 
The present invention is particularly concerned 

With apparatus of the Second type in which the 
film is moved continuously. It differs from the 
Systems in my prior applications above men 
tioned, however, in that the relatively large dis 
placement of the Scanning pattern of the scan 
ning device is avoided, and the necessary dis 
placement produced by optical means, the scan 
ning pattern itself remaining stationary. This 
procedure has certain advantages as regards sim 
plicity of equipment, reliability of operation, and 
quality of the reproduced pictures. A further 
difference is that in the apparatus described here 
in the images on the film are optically projected 
to the scanning device, instead of optically pro 
jecting a Scanning spot of light to the film. Thus 
an adequate amount of light, which is important 
in television scanning, may be secured, and this 
light may be used efficiently. Furthermore, this 
procedure renders possible the use of electronic 
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sector' type. Also, excellent contrast and deta 
may be obtained. 
The invention is particularly advantageous in 

connection with present day electronic Scanning 
tubes. 
image-dissector type, for which the invention is 
particularly adapted, it is found that the deflect 
ing fields in different parts of the tubes are not 
absolutely uniforn. With pictures of the high 
definition now employed (441 lines per picture is 
the present standard), if two interlaced scansions 
of a single film-frame are produced in different 
parts of the scanning tube, such non-uniformity 
of the deflecting field in the two respective parts 
of the tube will prevent the precise interlacing of 
the two scansions, and hence will adversely affect 
the quality of the television image. Also, if two 
scansions of a single film-frame were each com 
plete, rather than interlaced, the two images 
would not be identical, and hence would impair 
the received image. Still further, it is possible 
that in the development of the art it may become 
desirable to scan fewer pictures per second than 
are recorded on the film, so that individual film 
frames would be scanned only once, but at differ 
ent points in their path of travel. In such case, 
if successive film-frames Were Scanned in differ 
ent parts of the scanning tube, non-uniformity 
of the deflecting field in the two respective parts 
would adversely affect the quality of the trans 
mission since usually successive film-frames differ 
only slightly from each other. 
By not displacing the scanning pattern, the 

present invention avoids the above difficulties. 
Furthermore, the required working area of the 
scanning tube is Smaller than that required when 
the scanning pattern is displaced, for a given 
magnification between film-frames and scanning 
device. Even when it is desired to employ a me 
chanical rather than an electronic scanning de 
vice, for example, an apertured disc, using the 
scanning scheme described hereinbefore, the in 
vention permits of the use of a simpler scanning 
device than would otherwise be the case. 
In accordance with the invention, portions of 

a film lying at different separated areas in the 
path of travel of the film are successively pro 
jected and rendered in scanning relation with a 
substantially stationary Scanning pattern pro 
duced by a suitable scanning device. More spe 
cifically, portions of a film lying at different Sep 
arated fixed areas in the path of travel of the 
film are projected to Substantially the Same area. 
of a Selected image Surface, usually a plane, and 
a scanning device is positioned With respect to 
the plane so as to Scan the projected images of 
those portions of the film lying at the separated 
areas as they are projected to the same area of 
the selected plane. w 

Several forms of apparatus have been devised 
to carry out the above procedure, and will be de 
scribed hereinafter. Although each of these 
forms is adapted to carry out the method of the 
invention, in general different forms possess 
somewhat different advantages from a practical 
standpoint, and therefore the particular form 
selected will be chosen in view of the particular 
conditions surrounding the application. 
In general, a projection system is employed in 

cluding optical means successively operative to 
project different relatively spaced areas in the 
path of travel of the film to the scanning device. 
For example, a plurality of successively operative 

In such tubes, for example, in tubes of the . 
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scanning tubes such as those of the "image-dis light-diverting elements, such as lenses or 
mirrors, may be employed. 
One embodiment described hereinafter employs 

a plurality of projection lenses spaced apart in 
the direction of travel of the film. This embodi 
ment is comparatively simple in design. The 
lenses will be ordinarily rather small, but should 
preferably be rather highly corrected. Further 
more, the several lenses should have the same 
focal length, unless Some compensating means is 
employed. If desired, portions of highly cor 
rected Systems may be employed. 
Embodiments employing a single projection 

lens, which may be of standard design, have also 
been devised. In general, these embodiments 
employ one or more light-diverting elements, for 
example, mirrors, for producing the relative dis 
placement at the film. In one such design, a 
single mirror is employed, with a mechanism for 
intermittently changing the orientation of the 
mirror through a plurality of different orienta 
tions, thereby making efficient use of the light 
passing through the projection lens. 
With relatively high frame frequencies, it may 

be difficult and expensive to construct apparatus 
to change the orientation of the mirror with the 
desired rapidity and precision. For such a case, 
apparatus has been devised employing a plurality 
of fixed mirros whose orientations are such as to 
produce the desired separation of the areas of the 
film. In such a system the mirrors are relatively 
inexpensive and permit of a comparatively wide 
latitude of adjustment. - 
In the systems hereinafter more fully described, 

in which images on a continuously moving film 
are optically projected to the scanning device, it 
is contemplated that a single film-frame, ordi 
narily, will be successively projected a plurality of 
times and Scanned each time. In view of present 
standards, the apparatus is designed to scan each 
film-framie a plurality of times, successive frame 
areas being scanned two and three times. If the 
standards are changed, or if for any other reason 
it is desired not to scan each film-frame a plu 
rality of times, the apparatus of the invention 
may be changed accordingly. 
Generally, the film-frame will be in a different 

position in its path of travel at the beginning of 
each scansion period. Also, since the film is 
moving during each projection, the image at the 
Scanning device will be moving. In accordance 
With the method of the invention, at correspond 
ing instants in the respective scansion periods the 
projected images of a given film-frame occupy 
Substantially the same area of the scanning de 
vice. Thus, the projected images of a given ele 
ment of the film-frame occupy substantially the 
same elemental area of the scanning device each 
time that particular element is scanned. 

For convenience, it may be considered that 
at Corresponding instants in the respective scan 
sion periods the projected images of the same 
film-frame coincide at the scanning device. It 
will be understood that the images are not there 
at the same instant, but are there during their 
respective scansion periods. 

Ordinarily, successive frames of a film will 
have the same dimensions and will bear images 
Only slightly differing from each other. There 
fore, at corresponding instants in the respective 
Scansion periods, not only the several images of 
the same film-frame but also the images of suc 
cessive film-frames are projected to the same 
area of the scanning device. Thus the scanning 
pattern may remain unchanged for successive 
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scansions of both the same 
frames. 
The invention may be more readily under 

stood by a consideration of the specific embodi 
ments shown in the drawings, and the following 
discussion thereof. 
*In the accompanying drawings: 

and successive film 

3 
separated points a', b', c', d and e' in the path 
of travel of film ff pass through the respective 
projection lenses and are superposed at point 23 
of the cathode of the image-dissector tube, as 
suming for the moment that all the projection 
lenses are in operation at the same time. If the 

Fig. 1 is a diagrammatic view, partly in Sec 
tion, of transmitting film-scanning apparatus em 
ploying a plurality of projecting lenses; O 

Fig. 1a is a front view of the projection lamp 
of Fig. 1; 

Fig. 1b is a front view of the projection lenses 
of Fig.1; m 

Fig. 2 is a front view of the shutter employed 
in Fig. 1; w". 

Fig. 3 is a diagram illustrating the Operation 
of the apparatus of Fig. 1, and also the general 

5 

principles of operation of the apparatus shown 
in the remaining figures of the drawings; 20 

Fig. 4 is a diagrammatic view, partly in Sec 
tion, of film-scanning apparatus employing an 
oscillating mirror; 

Fig. 5 is a diagrammatic view, partly in sec 
tion, showing film-scanning apparatus employ 
ing a plurality of fixed mirrors; 

Fig. 5a is a front view of the plurality of mir 
rors of Fig. 5; 

Fig. 6 illustrates a 
the mirrors of Fig. 5; 

Fig. 7 is a diagrammatic view of a modified ap 
paratus employing fixed mirrors; 

Fig. 8 is a diagram illustrating the operation 
of the apparatus of Fig. 7; 

Figs. 9 and 10 are diagrammatic side and top 
views, respectively, of a further modification of 
apparatus-employing fixed mirrors: 

Fig. 11 is an end view of the pair of mirrors 
p, q of Figs. 9 and 10; 

Fig. 12 is a diagrammatic view, partly in Sec 
tion, of a modified form of apparatus similar to 
that of Fig. 5; and 

Figs. 13 and 14 are a diagrammatic view and 
explanatory diagram illustrating an embodiment 
similar to Fig. 1; 

Fig. 15 is a diagrammatic view of an embodi 
ment including the plurality of projection lenses 
of Fig. 1, the auxiliary deflecting means of Fig. 
4, and the additional projection means of Fig. 12. 

pattern useful in orienting 

Referring now to Fig. 1, film f is fed with 
continuous uniform motion by a film-feeding 
mechanism including sprockets 2, 3 driven by 
motor 4. Additional mechanism may be en 
ployed, if desired, to insure absolute unifornity 
of motion. The film is illuminated by a suitable 
projection lamp 5 and condenser lens 6. The 
projection lamp may be a multiple coil tungsten 
projection lamp, such as illustrated, or other 
suitable projection source, such as an arc lamp. 
A front view of the lamp is shown in Fig. 1d. 
A plurality of fixed projection lenses, generally 

25 

film i? were considered to be stationary, the 
spaced points a, b, c', d', e' could be considered 
as being spaced points of the film itself. But 
since the film is continuously moving, the points 
of the film which lie at points at . . . e' will be 
continuously changing, and therefore the points 
on the film which are superposed at point 23 will 
be continuously changing. However, the points 
of the film which are superposed for one position 
of the film remain superposed as the film moves, 
the point on cathode 24 at which they are super 
posed changing with the film movement. 

Actually, in the operation of the apparatus, 
only one projection lens is operative at a time, 
and the lenses are made successively operative 
in the proper sequence by means of a continuous 
ly rotating shutter. 25 driven by motor f4. Since 
motor 4 drives both the film-feeding sprocket 
3 and shutter 25, the shutter may readily be 
properly synchronized with the film movement. 
A front view of shutter 25 is shown in Fig. 2. A 
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designated as f, are interposed between the 
film and a suitable television scanning device 
8, here shown as a tube of the so-called "image 

dissector' type. The image-dissector tube is pro 
vided with suitable longitudinal and transverse 
defiecting coils 9 and 2 f, respectively. 

Projection lenses 7, here shown as five in 
number, designated a, b, c, d and e, respectively, 
are spaced apart longitudinally of the path in 
which film is moved. Light rays 22 are drawn 
from the film through respective projection 
lenses to the same point 23 of cathode 24 of the 
image-dissector tube. From these rays it will be 

65 

70 

plurality of arcuate slots a ', b', c', d' and e' 
are cut in an opaque disk 25 of suitable material. 
The arcuate slots are so spaced from the axis 26 
of the disk as to uncover the respective lenses 
a, b, c, d and e. The order in which the slots 
are arranged around the disk, and hence the 
order in which the respective lenses are uncov-. 
ered, is determined by the order in which it is 
desired to Scan respective areas of the film . 
In general, Successive slots are operative during 
successive scansion periods. 
If desired, the shutter may be rotated inter 

mittently, instead of continuously, to expose the 
lenses in proper sequence, thereby permitting the 
use of a smaller disc with shorter slots. Or, other 
suitable means, such as light valves, may be em 
ployed. 

Each projection lens fla ... . e. projects an 
area lying in the path of travel of the film to a 
corresponding conjugate area of the cathode 24 
of the image-dissector tube, rather than merely 
a point. Thus, if arrow 2 be considered to be 
an image recorded on film ff, a corresponding 
image 2. Will be formed on the cathode 24 by 
projection lens b. The image-dissector tube may 
be skewed just enough so that all rays from the 

- lenses pass by the scanning finger 28, thereby 
avoiding producing a shadow of the finger on the 
cathode. Of course, if the finger is placed at the 
side of the tube, or is located on the opposite 
side of the cathode, the skewing may be dis 
pensed with. 

In general, the image projected onto cathode 
24 by a single lens will correspond to a film 
frame of film , but since in Fig. 1 the film is 
continuously moving during scanning, the height 
of the projected area, may be less than the height 
of a film-frame if the direction of the longitu 
dinal scanning in the image-dissector tube is 
against the motion of the projected image. This 
Will be more fully described hereinafter. The 
ratio of the distance from film to projection lens, 
and the distance from projection lens to cathode, 
may advantageously be chosen so as to produce 
an image on the cathode which is enlarged sev 
eral times. W . 
The image 2 causes the emission of photo 

seen that light from the fixed longitudinally 75 electrons from cathode 24 which are focused by 
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focusing coll 29 and form an electron image in 
the plane of the scanning finger 28. This elec 
tron image is deflected past the scanning finger 
by means of coils 9 and 2, and respective as 
sociated saw-tooth oscillators 3 and 32. The 
operation of the image dissector is well-known, 
and therefore need not be further described 
herein. The saw-tooth oscillator 32 and deflect 
ing coil 2 scan the projected film image in a di 
rection transverse of the film, at line-scanning 
frequency. The oscillator 3 f and deflecting coil 
9 deflects the electron image, longitudinally of 

the film at frame-scanning frequency. The mag 
nitude of the longitudinal deflection is such as to 

O 

complete a scanning traversal of the moving- lis 
image 27 on the cathode during the proper 
interval. - 

The specific apparatus shown in Fig. 1 is par 
ticularly designed for scanning a film moving at . 
the rate of 24 frames per second by the inter 
laced method with component scansions occur 
ring at the rate of 60 scansions per second. For 
a more complete understanding of the operation 
of the apparatus reference may be had to Fig. 3. 

In Fig. 3 a fragment of film is illustrated 
in the positions which it occupies at the begin 
ning of successive scansion periods. With a film 
movement of 24 frames per second and a scan 
sion rate of 60 scansions per second, it will be 
understood that two film-frames move past a 
given point in the path of travel of the film in 
the length of time it takes for five scansions. 
Therefore, the film moves a distance correspond 
ing to 2/5H, where H is the distance between suc 
cess film-frames, during a single scansion period. 
For this reason the film-frames 33 and 34 are 
shown successively displaced a distance of */5H, 
at the beginning of corresponding scansion pe 
riods I, II, III, IV and W, respectively. The scan 
sion periods are 1/60 second in length, not taking 
into account the fact that the film-frames may 
not be quite contiguous to each other. 
During scansion period I, the lower film-frame 

33 is projected through projection lens a (Fig. 
1) and scanned, the Scansion beginning at the 
lower edge of the film-frame at point 35 and 
progressing upwards until it reaches point 36 at 
the end of the scansion period. Since the film 
frame moves downward a distance of 2% H during 
the scansion pediod, the Scansion area need be 
only 3% H in height in order to completely trav 
erse the film-frame. It Will be understood that 
although the Scanning pattern is actually pro 
duced in the scanning tube, in Fig. 3 the dotted 
scanning pattern is represented as being at the 
plane of the film. Each scanning area at the 
film is fixed in space and the several scanning 
areas are scanned by a stationary Scanning pat 
tern at the scanning tube. - 

During scansion period II, the lower film 
frame 33 is scanned a second time, by projecting 
it through lens b (Fig. 1) to the image-dissector 
tube. This is accomplished by means of shutter 
25 which shuts off light through lens a at the 
end of the first scansion period, and renders 
lens b operative during the second scansion pe 

, riod. The scansion begins again at the lower 
edge of the film-frame at point 37 and pro 
gresses upwards until it reaches point 38 at the 
end of the scansion period. This is the Same aS 
in the first scansion period. For the selected 
film speed and scanning periods, shutter 25 will 
rotate at 720 R. P. M. t - 

It is contemplated, at the present time, that 
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2,287,033 
in scansion periods I and II will be intellaced 
scansions, each scansion producing approximate 
ly half the number of lines desired in the com 
plete image. The interlacing may be accom 
plished in known manner by appropriate cons 
trol of the saw-tooth oscillators. Or, the posi 
tion of the lenses may be slightly altered to pro 
duce the desired interlacing. For example, lens 
to may be spaced from lens a So that the pro 
jected images of film-frame 33 occupy not quite 
the same area of cathode 24 at corresponding in 
stants of scansion periods I and II, but are rela 
tively displaced just enough to produce the de 
sired interlacing. These different methods of 
interlacing may also be employed in the en 
bodiments hereinafter described. 

If desired, each scansion may be performed 
SO as to produce the full number of lines desired 
in the final image. 

During scansion period III the lower film 
frame 33 is again rescanned, lens c being opera 
tive during this period. With interlaced scan 
Sion, the component scansion produced during 
period III may be a duplicate of the scansion 
produced in either of the preceding Scansion pe 
riods. 

During scansion periods IV and V, the upper . 
film-frame 34 is scanned in the same manner as 
previously described for film-frame 33, lenses 
d and e being Successively operative during these 
periods. The scansion begins at the lower edge 
of the film-frame during each scansion period, 
and progresses upward until it reaches the upper 
edge of the film-frame, the two scansions being 
interlaced if desired. The lower film-frame is 
scanned three times, whereas the upper film 
frame is Scanned only twice. Therefore, since 
a scansion period lasts 60 second, two film frames 
are scanned in is of a second, thereby scanning 
the film-frames at the average rate of 24 per 
Second. 
After the completion of the cycle of Scansions 

shown in periods I . . . W, the cycle is repeated 
to scan the two film-frames next above 33 and 34, 
and the repetition continues until the desired 
length of film is transmitted. 
From the positions of the film-frames and 

corresponding scanning areas shown in Fig. 3, 
it will be seen that the Scanning area at the 
film is successively displaced longitudinally of 
the film for successive scansion periods. The 
longitudinal length of the scanning areas and 
the relative displacement thereof are shown at 
a', b', c', d' and e’. Each area is % H. 
in length, and areas a ', b' and c' are Suc 
cessively displaced by 2% H. This corresponds to 
the displacement of the film at the beginning of 
the successive scanning periods. Scanning area, 
d' is displaced downwards from a' by % H, 
since this is the position of the upper film-frame 
34 at the beginning of scansion period IV. Scan 
ning area e' is displaced downward from d’’’ 
by 2% H, to allow for the film movement. It 
will be understood that the scanning areas 

65 
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the scansions of lower film-frame 33 performed 75 

a' . . . . e' are all in the plane of the film 
and are here shown as spaced apart from left to 
right for clearness only. The Scanning areas 
are spaced apart longitudinally of the film move 
ment, it beging understood that the spaced areas 
Overlap for the scanning procedure illustrated, 
and are not completely exclusive. 
As previously stated, in order that the posi 

tion of the scanning pattern produced by the 
image-dissector tube may remain unchanged 
for Successive scansion periods, despite the 
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change in position of the scanning area at the 
film, the projection lenses a, b, c, d and e are so 
positioned with respect to the film that Scanning 
areas a' . . . e' will be conjugate to the same 
area 39 of the cathode 24 of the image-dissector 
tube. The correct positioning is shown in Fig. 3 
by drawing lines from the extremes of each Scan 
ning area a' . . . e' to the corresponding ex 
tremes of area 39. The projection lens corre 
sponding to a given scanning area will be placed 
at the intersection of the lines drawn from that 
scanning area. 
From geometrical considerations it will be seen 

that if the distance from the film to the pro 
jection lenses is ac, and the distance. from the 
projection lenses to the cathode 24 is y, and it is 
desired to superpose on cathode 24 area which 
are spaced from each other by a distance y H. 
in the plane of film it, as is the case here, suc 
cessivelenses should be spaced longitudinally 
from each other by a distance L, whose length 
is determined by the following equation: 

Thus, the lenses are slightly closer together 
than the corresponding areas in the path of 
travel of film f which it is desired to Super 
pose at the scanning tube. 
Although the heighth of the Scanning area 

need only be 3% H, and therefore the heighth of 
the scanning pattern produced by the image 
dissector tube need only be 3% H multiplied by 
the magnification, it will be understood that 
due to the motion of the film during the Scansion 
period the entire height H will be Scanned. 
Therefore the size of the elemental Scanning 
area, which will be the size of the aperture of 
finger 28 in the case of an image-dissector tube, 
will be determined on the basis of an image of 
height H, rather than % H, in order that the 
entire area of the film-frame may be covered 
either by a single non-interlaced scansion, or 
by two interlaced scansions as is described 
herein. 
From Fig. 3, as well as from 

will be seen that the projection lenses are 
quite small. In the illustrated embodiment, 
using standard motion picture film, they would 
be of the order of a few millimeters in width. 
To increase their light gathering power they may 
be made rather long, as shown in Fig. 1b. The 
lenses could conveniently be obtained by cutting 
central vertical slices from a corresponding 
number of standard lenses. 
At the point where the -operation is being 

transferred from one lens to another, the first 
lens will be gradually closed off and the Sec 
ond lens gradually opened by the respective slots 
of shutter 25. Therefore during this period the 
projected images will not have their full lumi 
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nosity. This period may advantageously be used 
for blanking, so as to permit the electron bean 
in the scanning tube to retrace its path to the 
starting position, and to permit the transmission 
of frame-synchronizing signals. In practice, 
film-frames are often not quite contiguous to 
each other, and since this period comes between 
scansions of the same and successive film 
frames, the complete, or very nearly the com 
plete, height of the film-frames may be trans 
mitted. 
For simplicity, the space between film-frames 

has been usually disregarded in the explanations 

65 

5 
given herein, since Such details will be under 
stood by those skilled in the art. 
The specific embodiment shown in Fig. 1 em 

ploys five projection lenses for the scanning 
of motion picture film at the rate of 24 frames 
per second with scansion periods recurring at 
the rate of 60 scansions per second. So as to co 
ordinate present motion picture and television 
standards. The spacing of the lenses and se 
quence of operation illustrated in Fig. 3 is 
thought desirable since it permits equal spacing 
of the lenses and the repeated Scansions of a 
single film-frame are completed before the scan 
sions of the next film-frame are begun. How 
ever, other spacings of the lenses and sequences 
of operation may be employed if desired. 
Although the invention is especially concerned 

with coordinating existing motion picture and 
television standards, if it is desired to move the 
film at a rate other than the above, or to employ 
scansion periods other than the above, the ap 
paratus can be modified accordingly. For ex 
ample, the apparatus can be modified to trans 
mit film-frames at the rate of 25 pictures per 
second, interlaced, as is customary in England, 
in which case only two lenses need be employed 
since each film-frame is Scanned twice and the 
individual scansions recur at the rate of 50 scan 
Sions per Second. In Such case the film would 
move 4, H. during a scansion period, so that a 
single Scanning area at the film need be only 
A H in height. - 
Another example which might be mentioned is 

that of scanning film at the rate of 20 pictures 
per second with scansion periods of 60 of a sec 
ond. For this case 3 projection lenses would 
suffice, the film would move 4 H in a scansion 
period, and a single scanning area at the film 
would be 2% Hin height. Each film frame would 
be scanned 3 times either by double interlacing 
with duplication of one Scansion, or by triple 
interlacing. 
With different film and scansion rates, includ 

ing those just mentioned, the spacing of the 
lenses will be selected accordingly. When the 
successive scansion periods are equal and alike, 
the spacing of the lenses and the sequence of 
their use will in general be such that corre 
sponding parts of the same and Successive pro 
jected film-frames will coincide at the plane 
of the cathode of the image-dissector at corre 
sponding instants in the respective scansion 
periods. Thus, at the beginning of any scan 
sion period, the image of the film-frame being 
projected in that period should occupy the same 
area as that occupied by previous film-frame 
images at the beginning of their respective scan 
sion periods. Stated Somewhat differently, the 
spacing and Sequence of use of the lenses should 
be selected So that corresponding elemental areas 
of the same and Successive film-frames occupy 
substantially the same elemental area of the 
image-dissector cathode when they are scanned. 
For 25 pictures per Second and 50 scansions per 
second, a spacing of the areas at the film of A. H. 
may be employed. For the example mentioned 
in which 20 pictures per second are scanned with 
60 scansions per Second, a Spacing of the areas 
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at the film of 4 H may be employed. w 
It is believed that the above discussion of sev 

eral Scanning procedures and rates will suffice 
to indicate how the apparatus can be designed 
for any particular set of Conditions. 
As previously stated, the projection lenses 7 

of Fig. 1 are quite Small. Various optical ex 
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pedients may be employed in order to increase 
the spacing between the lenses, and hence per 
mit the use of larger lenses. Also, a single aux 
iliary lens could be used for correction, if de 
sired. However, it is advantageous to be able 
to use only a single projection lens, whose size 
can be increased as desired to collect a Sufi 
ciently large cone of light. Fig. 4 shows such 
a system. The system can be so designed that 
a standard highly corrected projection lens can 
be employed. 

Referring now to Fig. 4, an embodiment of 
the invention is illustrated employing a single 
projection lens and an intermittently moving 
mirror, instead of the five projection lenses 
shown in Fig. 1. Film f is moved with Con 
tinuous uniform motion by sprockets 2, 3 and 
motor 4, as in Fig.1. Projection lamp 5 and 
lenses 4 and 42 illuminate the desired film area. 
Projection lens 43, oscillating mirror 44 and the 
stationary mirror 45 project an image of film 

f to the cathode 24 of the image-dissector tube 
8, the intermittently moving and stationary mir 
rors being between the projection, lens and the 
image-dissector tube, in an optical sense. The 
image-dissector tube is provided with focusing 
coil 29, defecting coils 9 and 2, and associated 
saw-tooth oscillators 3 and 32, as in Fig. 1. 
The tube is also provided with auxiliary coils 
and associated mechanism, described hereinafter. 
The dissector tube is skewed with respect to the 
beam of light coming from mirror 45, SO that 
the beam is not intercepted by the finger 28 of 
the tube. 

Mirror 44 is preferably plane-faced, although 
it could be provided with a small Curavture, if 
desired, and is successively oriented in a plural 
ity of different angular positions so as to calise 
different areas in the path of travel of film 
to be successively projected onto the Same area. 
of the cathode 24. To accomplish this, the mir 
ror 44 is mounted on lever arm 45 which is 
pivoted at the mirror by pin 50. The angular 
position of mirror 44 is determined by cam 46, 
driven by motor f4. Cam 46 is provided with 
cam surfaces f, g, h, i and i, upon which pin 4, 
mounted on lever arm 45, rides. Each cam Sur 
face, is an arc of a circle, the radii of the circles 
being selected in accordance with the desired 
Scanning Scheme. 

If the scanning scheme is to be the same as 
... that shown in Fig. 3, the radii would be selected 
so that mirror 44 successively assumes Orien 
tations such that rays from points f, g, h, i' and 
d' (corresponding to points a' . . . e' in Fig. 1) 
are caused to impinge successively on the same 
point 23 of the cathode of the image-dissector 
tube. Of course, for each position of mirror 44, 
an area of the film ff, rather than a mere point 
thereof, will be projected onto the cathode of 
the image-dissector tube. For this scanning 
scheme the motor A will cause the cam to make 
one revolution during the interval in which two 
film-frames move past a given point in the film 
feeding mechanism. For a film speed of 24 
frames per Second, the cam will rotate 12 revo 
lutions per Second. 
Cam 46 rotates counterclockwise, as indicated. 

Thus pin 47 must be pushed outwards in pass 
ing from Cam Surface i, to Surface f, and also 
when passing from cam surface h to i. Project 
ing arms 48 and 49, mounted on the same shaft 
as the cam 46, but axially displaced therefrom, 
are provided for this purpose. These arms en 
gage the pin 5, which is affixed to the lever 
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arm 45, and push the lever arm Outwards at 
the proper times. Thus arm 48 engages pin 5 
just before pin 47 reaches the junction -point 
between can surfaces d and f. The length of 
pin 5, its distance from the pivot point of lever 
45, and the length of arm 48 should be so pro 
portioned as to push the lever arm 45 outwards 
in a comparatively short period of time. For 
example, a length of time corresponding to about 
is of a scanning od or less, is suitable, since 
this interval is commonly used for blanking. 
purposes between scansions anyway. Arm 49 
engages pin is in a similar manner in order to 
move pin 47 outwards in passing from cam sur 
face to . 
The dimensions of the cam and the lever arm 

45 have been greatly exaggerated in order to 
illustrate clearly the principles involved. It will 
be understood that the angles through which 
the mirror 44 is turned will ordinarily be quite 
Small, of the Order of one or two degrees. The 
exact angles to which the mirror must be turned 
will be determined by the dimensions of the ap 
paratus and the spacing of the points f' . . . h.' 
which it is desired to superpose at the image 
dissector tube. 
The lever and can arrangement shown in 

Fig. - 4 is one way in which the desired move 
ment of mirror 44 may be obtained. Other means 
for Oscillating the mirror may of course be em 
ployed, if desired. For example, electromagnetic 
means or piezo-electric means may be employed 
With more or less success. 
The apparatus of Fig. 4 may of course be 

adapted for Scanning schemes other than the 
One described, for example, those mentioned in 
connection with Fig. 1. In such case the use 
of two or three different orientations of mirror. 
44, instead of the five shown, would correspond 
to the use of two or three projection lenses in 
Fig. 1. 
The purpose and operation of the auxiliary 

deflecting coils 52, 53, and their associated mech 
anism will now be described. It will be appre 
ciated that the orientation of mirror 44 in each 
of its several positions must be quite precise in 
Order to Secure proper scanning of the film. 
This necessitates accurately designed and con 
structed cams and cam followers to produce the 
required motion. If other means for changing 
the Orientation of the mirror are employed, they 
also must be quite precise. In practice, due to 
the difficulty or expense involved in making a 
very accurate can, or due to wearing of the 
Surfaces during use, the orientation of mirror 44 
in each of its positions may not be precisely 
correct. 
By slightly altering the position of the electron 

image with respect to the finger 28, in the image 
dissector tube, any inaccuracies in the orienta 
stion of mirror 44 may be compensated for. 
Auxiliary coils 52, 53 permit of a comparatively 
quick and accurate adjustment of the position of 
the Scanning pattern produced in the image 
dissector tube during the scansion periods. 
The auxiliary coils are energized with a 

periodically varying electric wave by means of 
commutators 54 and 55, respectively, driven by 
motor 4. Each commutator has five segments, 
One for each Scansion period. The segments of 
commutator 54 are connected to conducting rings 
56, 57, 58, 59 and 60, respectively, and each of 
the conducting rings is adjustably connected to 
a potentiometer 6f energized by battery 62. For 
a fuller description of the construction of the 
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commutator, reference may be had to my prior 
application Serial No. 115,113, filed December 
10, 1936. . . . . . . 
One end of coil 52 is connected to the poten 

tiometer 6, and the other end is connected to 

7 
in the path of the ys through projectionlens 
43 and near the lens, and are spaced apart longi 

brush 63 which rides on the commutator seg 
ments. It will thus be seen that the coil 52 may 
be successively energized with a succession of 
Constant voltages obtained from the segments of 
Commutator 58, each voltage lasting throughout 
a scansion period, and thus periodically deflect 
the scanning bean. The amount of deflection of 
the electron image during a given scanning 
period may be adjusted by adjusting the corre 
sponding tap on potentiometer 6l. The taps on 
potentiometer 6 should be arranged so that they 
imay pass each other, so as to obtain any desired 
sequence of voltages for successive Scanning 
periods. 
Auxiliary deflecting coil 53 and its associated 

commutator 55 are constructed and operate in 
the same manner as coil 52 and commutator 54. 

It will, therefore, be seen that if the projected 
image produced by mirror 44 in one of its posi 
tions should be slightly displaced from its cor 
rect position in a longitudinal direction, this dis 
placement can be corrected by displacing the 
electron image corresponding to that area the 
proper amount in the opposite direction by ad 
justing the corresponding tap on potentiometer 
6. 
image in a direction at right angles to the film 
movement may be corrected by adjusting the 
corresponding tap on potentiometer 64. 
Instead of using additional coils for the pur 

pose just described, the several constant deflect 
ing voltages might be applied to the regular de 
flecting coils, although the separate coils shown 
are preferred in order to prevent the auxiliary 
currents from affecting the regular deflecting 
currents. If a scanning tube were used which 
employed electrostatic deflection, the apparatus 
could be appropriately rinodified. Also, means 
other than commutators might be used to gener 
ate the required auxiliary voltages. . 
The arrangement of auxiliary coils and com 

mutators shown in Fig. 4 may, of course, be ap 
plied to the apparatus shown in Fig. 1 to correct 
slight inaccuracies in the positioning of projec 
tion lenses a, b, c, d and e, and also to the em 
bodiments shown in the other figures of the 
drawings. If it is desired to Correct displacement 
in one direction only, only one auxiliary coil and 
one commutator need be employed. 

Fig. 5 illustrates Scanning apparatus which has 
been found to give good results. This System is 
similar to that of Fig. 4 in that only a single pro 
jection lens is employed, but differs in that in 
stead of employing an oscillating mirror which is 
cyclically shifted through a plurality of different 
orientations, a corresponding plurality of fixed 
mirrors, whose orientations correspond to the 
several positions of the oscillating mirror, are em 
ployed. By this means, difficulties encountered 
in rapidly yet accurately changing the orienta 
tion of a single mirror, particularly in modern 
high-definition systems, are avoided. Other ad 
vantages, which in part will be obvious and in 
part will be pointed out hereinafter, are also 
present. w 

The various parts of the system, with the ex 
ception of the fixed mirrors and the shutter, have 
been described in connection with Fig. 4 and 
hence the description will not be repeated. 

Plane mirrors, k, l, m, n and o are positioned 

2 

tudinally with respect to the path of travel of 
film di. The mirrors could be spaced apart 
laterally of the film, but this is not preferred for 
reasons given in connection with Figs. 7-11. 
Light rays inpinging on these mirrors are re 
flected to the plane mirror 45 and thence to the 
cathode 24 of the image-dissector tube f8. The 
Orientations of mirrors k . . . o. are such that 
corresponding points k", l, m, -n and o' in the 
path of travel of film are caused to impinge 
on the same point 23 of the cathode of the 
image-dissector tube. Mirror 45 is advantage 
ously positioned so that the light paths from the 
film to the image-dissector tube are the same for 
each mirror. Each mirror k . . . o reflects rays 
not only from the corresponding point in the 
path of the film, but rays from a corresponding . 
area, in the path of the travel of the film. The 
shutter 25 is similar to that shown in Fig. 2, and 
exposes the mirrors k . . . O in the proper Se 
quence. The shutter is driven by motor 4 which 

2. 

3C) 
Similarly, a displacement of a projected . 

also drives the film-feeding mechanism, and 
hence proper synchronization can be obtained. 
The functioning of the apparatus is similar to 

that of Fig. 1, described more fully in connection 
with Fig. 3. Since, however, the projection of 
different spaced areas in the path of travel of the 
film to the same area of the image-dissector tube 
is accomplished by the use of a single projection 
lsens with associated mirrors k to o, rather than 
a plurality of individual projection lenses, the 
positioning of the mirrors k to o is not as re 
stricted as that of the projection lenses of Fig. 1. 
The mirrors may be adjustably mounted so that 
they can be precisely orientated to give the 
proper placement of the images in the image 
dissector tube. 

Usually, the orientation of the fixed mirrors 
in Fig. 5 will be such, as in the case of the pre 
viously described figures, that at corresponding 
instants in respective scansion periods the same 
portion of a given film-frame, or corresponding 
portions of different film-frames, will be scanned. 
Ordinarily, when each film-frame is scanned in 
transverse lines beginning at the bottom of the 
frame, the selected area of cathode 24 will be 
rendered successively conjugate to different 
longitudinally spaced areas whose separation is 

. Such that at the beginning of any scansion period 
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the bottom of a frame is in position to be 
scanned. If the same film-frame is scanned a 
plurality of times, the separation of the corre 
Sponding Scanning areas at the film will be the 
distance the film moves from the beginning of 
one scansion period to the beginning of the next. 
When two different film-frames are scanned, the 
corresponding Scanning areas at the film will be 
separated by the distance between the film 
frames as modified by the movement of the film 
between the corresponding scansion periods. In 
the embodiments describedhereinbefore, the or 
der of rescanning the same film-frame and of 
Scanning adjacent film-frames has been chosen 
so that the separations between adjacent scan 
ning areas at the film are all equal. Although 
this is advantageous, a scanning scheme might 
be selected in which this is not true, and the 
apparatus designed accordingly. Y 
The proper orientation is facilitated by-placing 

in the plane of the film, a glass plate which 
has lines of the desired spacing ruled thereon. 

75 Such a glass plate is shown in Fig. 6. The 
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space between lines is % H to correspond to the 
distance between the scanning areas a', d', 
b', e', c' (in the order given) of Fig. 3. 
The mirrors can conveniently be adjusted by ro 
tating shutter 25 so that half of mirror k and 5 
half of mirror Z are exposed, and then adjusting 
one or both mirrors so that the projeced images 
of the corresponding lines k' and 2' of the glass 
plate are superposed at the cathode 24 of the 
image-dissector tube, and are located at the 10 
proper place on the cathode. Then the shutter 
is rotated to expose half of mirrors l and m, 
and mirror m adjusted so that the image of its 
line m' is superposed on that of l'. Then mir 
rors n and o are successively adjusted in similar 15 
ae, 
A front view of mirrors k to o is shown in Fig. 

5a, The dimensions of the mirrors may be 
chosen in accordance with the other elements of 
the system. Mirrors 3% mm. in width and 10 20 
mm. in height have been found satisfactory. In 
order that the projected image formed by each 
mirror may be of the same illumination, it may 
be necessary to slightly decrease the effective 
area of one or more of the mirrors. This may be 25 
conveniently done by masking off a portion of 
the lower part of the mirrors, as indicated in 
the case of mirrors in and O. 

In order to secure efficient and even illumina 
tion over the entire area of a single image, it is 30 
advantageous to image the projection lamp is at 
the projection lens 43, or approximately at the 
plane of the mirrors, or at some plane in be 
tween. This may be accomplished by Suitably 
designing and positioning the lenses 4 and 42.35 
The image should of course cover all the mirrors. 
It is also advantageous to place the axes of the 
coils of the projection lamp 5 longitudinal with 
respect to the film f, so that each of the mirrors 
k too will receive light from each coil. Further- 40 
more, it is advantageous to Orient the mirrors so 
that the upper mirror corresponds to the lower 
area at the film, and the lower mirror corre 
sponds to the upper area at the film, as is the 
case in Fig. 5. 
The image-dissector tube may be skewed as in 

Fig. 1, to permit the light rays to pass the finger 
28. If the finger 28 were behind the cathode, 
this skewing could be dispensed with, unless it 
should be desirable in order to equalize the light 50 
paths to various parts of the cathode, or for any 
other reason. 
The operation of the apparatus of Fig. 5 will 

be understood from the description previously 
given for FigS. 1 to 4. Mirrors k . . . o are 
rendered Successively operative by shutter 23, 
and during the period a single mirror is opera 
tive the projected film-frame is scanned by the 
image-dissector tube. The lines of the scansion 
are transverse of the film, and the frame Scan 
sion begins at the bottom of the film-frame and 
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proceeds toward the top at a rate which will 
scan the frame in the required time. Since the 
film is moving % H during the scansion period, 
the height of the scanning pattern need be only 65 
% H as magnified. This procedure will be un 
derstood by reference to Fig. 3 and the descrip 
tion of that figure. 
The System of Fig. 5 can be adapted to scan 

ning schemes other than that illustrated, as dis- 0 
cussed in connection. With FigS. 1 and 4. The 
number of mirrors employed, their orientation, 
and the order in which they are exposed will be 
selected in accordance with the selected scanning 
Scheme, 5 

The auxiliary deflecting coils 52 and 53 shown 
in Fig. 4, and their associated commutators, 
might also be used in the apparatus of Fig. 5, if 
desired, It will be appreciated that the accurate 
and precise adjustment of the orientation of the 
mirrors k to o. is a rather delicate operation. 
Thus, if it should be discovered just prior to the 
broadcasting of a program that one or more of 
the mirrors is slightly out of adjustment, or, if 
by Some accident during the course of broad 
casting one or more mirrors is displaced, it might 
be difficult to readjust the mirrors in the short 
time available and without shutting down the 
apparatus. By slightly altering the position of 
the electron image with respect to the finger 2, 
by adjusting the proper taps on the potentiome 
ters, any inaccuracies in the orientation of the 
mirrors may be compensated for. Of course, if 
desired, the auxiliary coils could be used to sup 
ply a more or less permanent correction for in 
accuracies in mirror orientation. 

Referring now to Fig. 7, apparatus is shown 
which is especially adapted for the scanning of 
film at the rate of 30 pictures per second, inter 
laced, with component scansions occurring at the 
rate of 60 per second. As in the previously de 
scribed embodiments, a film f is fed with con 
tinuous uniform motion by means of sprockets 
2, 3 and motor f4. In this figure, the pro 

jection lamp system comprises a projection lamp 
5, a reflector 65 positioned behind the projec 

tion lamp, and a pair of lenses 66, 67. This sys 
tem is so designed as to uniformly illuminate the 
desired area of film . 

In the previous embodiments a scanning tube 
of the image-dissector type has been illustrated. 
Fig. 7 illustrates the use of a mechanical scanner 
comprising a scanning disk if, a lens 72 and a 
photoelectric cell 3. Images of spaced areas in 
the path of travel of film i? are projected to the 
Sane, or substantially the same, area in the 
plane of the scanning disk 7, by means of the 
projection lens 43, and the differently oriented 
mirrors p, q, and their respectively associated 
mirrors 68 and 69 positioned between the pro 
jection lens and the scanning disc, in an optical 
Sense. This mechanical scanner can be em 
ployed in the other embodiments of the applica 
tion, if desired, or other suitable scanning de 
vices may be employed. However, it is preferred 
at the present time to employ a scanning tube of 
the image-dissector type. 
The scanning disk 7 is provided with a suit 

able spiral of holes to repeatedly scan images 
projected to the plane of the disk. Light pass 
ing through the Scanning holes is converged by 
lens 72 to the photoelectric cell 73, to produce 
corresponding electric signal waves. 

In Fig. 5, the plurality of mirrors k . . . o were 
Spaced apart longitudinally of the film, and rays 
from each of these mirrors were diverted to the 
image-dissector tube by means of a single mirror 
5. In Fig. 7, the mirrors p and q are separated 

transversely of the film, and are oriented so that 
mirror p reflects rays from the projection lens 
upwards to mirror 68, and the latter reflects the 
rays to the plane of the scanning disc T. Simi 
larly, mirror q reflects rays from the projection 
lens downwards to mirror 69, which in turn re 
flects the rays to the scanning disc. Mirrors p 
and 68 are so oriented with respect to mirrors g 
and 69 that the images of the corresponding lon. 
gitudinally separated areas p’ and q in the path 
of travel of the film, are caused to Coincide at 
the same area 74 of the plane of the Scanning 
disc. Shutter 75 is provided for alternately ex 



posing mirrors p and q. This shutter may be 
similar to that shown in Fig. 2, but will be pro 
vided with two slots (or, an even number of slots) 
instead of five. w 
The operation of the apparatus of Fig. 7 can 

be explained by means of a diagram such as that 
of Fig. 3. However, since the apparatus is soline 
what simpler than that shown in the previous 
figures, it is feasible to illustrate the operation 
as shown in Fig. 8. Referring to Fig. 8, a single 
film-frame 76 is shown in the positions which it 
occupies at the beginning of two successive scan 
sion periods. Since the film moves a half frame 
during a scansion period, the two positions are 
separated by A. H. The scansion begins at the 
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rated in the direction transverse thereof. Of 

O 

bottom of the frame and progresses upwards. 
Due to the film motion, the scanning area at the 
film need be only 4 Hin heighth, as shown by 
the shaded area of the film-frame. At the begin 
ning of the first scansion period the film-frame 
at position A is projected by mirrors q and 69 
to the position A' at the plane of the Scanning 
disc. During this scansion period the area in 
the plane of the disc represented by the shaded 
area of A' is scanned. Since the image of the 
film-frame at A' is moving upwards, the scan 
ning begins at the top of the shaded area and 
progresses downwards. 
At the beginning of the second scansion pe 

riod the film-frame 6 is at position B, and is 
projected by means of mirrors p, and 68 to the 
area in the plane of the scanning disc shown at 
B'. During this scansion period the shaded area. 
is again scanned by the scanning disc, the Scan 
sion beginning at the top of the shaded area and 
progressing downwards. 

It will be clearly seen from the diagram that 
although the shaded areas at A and B, repre 
senting the areas in the path of travel of the 
film which are actually Scanned, are longitudi 
nally displaced, the shaded areas at A' and B'. 
representing the areas in the plane of the scan 
ning disc scanned during the respective scansion 
periods coincide at the scanning disc. Thus, the 
recurrent scanning pattern of the Scanning disc 
is stationary. Successive film-frames are scanned 
in the same manner as film-frame 76. 

Figs. 9 to 12 illustrate a further embodiment of 
the invention especially adapted, like that of Fig. 
7, for the Scansion of film for moving at the rate 
of 30 frames per second with component Scan 
sions recurrent at the rate of 60 per second. The 
apparatus of Figs. 9 to 11, however, possesses 
certain advantages over that of Fig. 7. In Fig. 7 
it is found that the projected images are rather 
unevenly illuminated from left to right of the 
images, and that the relatively bright portions of 
the images formed by mirrors p and q are on op 
posite sides of the respective images. This gives 
rise to a rather objectionable flicker from left to 
right of the images, unless aditional means are 
employed for eliminating the flicker. The un 
evenness of illumination. Over the area of a single 
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image is probably due to the fact that the mir 
rors are spaced somewhat from the projection 
lens, and therefore a single mirror p, for example, 
does not receive the same amount of light from 
each point in the corresponding area, p' at the 
film. 

In Fig. 9 the mirrors p and, q extend trans 
versely of the film, and are separated longitudi 
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nally thereof. Thus the centers of the utilized 
areas of the mirrors are separated in the direct 
tion of motion at the mirrors of the rays forming 
the film images, but are not substantially sepa 75 

course, no images of the film are formed at the 
mirrors, but the rays forming the film images at 
the dissector tube may be considered as moving 
at the mirrors. 

In this case also, there is some unevenness of 
illumination of the projected images, but the 
images are evenly illuminated from left to right 
thereof and unevenly illuminated longitudinally 
thereof. Due to the fact that film-frames are 
usually wider than they are high, and further 
more, due to the fact that the height of the . 
scanning area at the cathode is only a fraction 
of the heighth of the projected film-frame, the 
scanning area at the cathode 24 may be illumi 
nated more evenly. For this reason, an objec 
tionable flicker is not produced. 
As shown in Fig. 10, mirrors p and q are 

oriented so that the rays from the projection lens 
43 are deflected transversely to a single mirror 
T, and mirror 7 in turn reflects the rays to the 
plane of the cathode 24 of the image-dissector 
tube. As seen from the end view of the mirrors 
(Fig. 11), mirror p is tilted so as to slightly de 
flect the rays from the lens downward, and mir 
ror q is oriented so as to slightly deflect the rays 
upward. This causes two separated areas in the 
path of film to coincide at the plane of the 
cathode 24. 
Due to the fact that mirrors p and q are side 

by side in approximately a plane, and both reflect 
to the same mirror 77, the light paths from the 
film to the plane of cathode 24 may readily be 
made equal for the two mirrors. Also, Consid 
erably more latitude in the axial positioning of 
the scanning device is allowed since the beams 
from the two mirrors come to the Scanning de 
vice from very nearly the same direction, rather 
than intersecting at a considerable angle as in 
Fig. 7. These are further advantages of this 
embodiment over that of Fig. 7. 
The operation of the apparatus of Figs. 9 to 11 

is the same as that of Fig. and hence Will not 
be described again. It will be understood that 
suitable deflecting coils and circuits are provided 
for tube 8, as in previous figures, these being 
omitted here for simplicity. 

Fig. 12 shows apparatus similar to that of Fig. 
5, in which a plurality of fixed mirrors are posi 
tioned between the projection lens and the scan 
ning tube, in an optical sense. --Tn this modifica 
tion, however, the projected images formed by 
the projection lens (33 and mirrors k, l, m, n and 
o are formed in the plane 8. The formation of 
an image of l' in the plane of the film, at 23' in 
the plane 8, is illustrated by light rays 9. As 
shown, the light rays 9 are converged by pro 
jection lens 43, and the converging rays are re 
fiected by mirror l to 23, at which point the rays 
meet and form the image. Each of the other 
mirrors k, m, n and o form images of points k", 
m’, n' and o', respectively, at points 23 in plane 
78. Thus, the images formed in plane 78 cor 
respond to those formed on the cathode 26 of 
the image-dissector tube in Fig. 5. 
The images in plane 8 are projected by means 

of projection lens 80 onto the cathode 24 of the 
image-dissector tube 8, an image of point 23 
being formed at point 23 on the cathode. The 
image-dissector tube may be skewed so that all 
rays from lens 80 pass the Scanning finger 28. 
The mirrors k to o are rendered successively 

operative in proper sequence by shutter 25, as in 
Fig. 5, and the corresponding moving images of 
the film formed on cathode of the image-dis 
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sector tube. are scanned by means of deflecting 
coils 9 and 2, and their associated oscillators 
3 and 32. 
The embodiment of Fig. 12 has the advantage 

Over that of Fig. 5 in that the cone of light pass 
ing the finger 28, for a given size image on cath 
Ode 24, is narrower. If desired, the additional 
lens 80 can also be employed in the other em 
bodiments described hereinbefore, in which case 
the images formed by the plurality of projection 
lenses, the OScillating mirror, or the plurality of 
fixed mirrors, as the case may be, will be formed 
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in a plane, such as plane 78, and then projected 
by the additional lens to the scanning device. 

Referring now to Figs. 13 and 14, apparatus is 
shown similar to that of Fig. 1 in employing a 
plurality of Small lenses r, s, t, u, , but also emi 
ploying an additional positive lens 82 which acts 
in conjunction with each of the small lenses to 
form images of corresponding spaced fixed areas 
in path of travel of film at the same area of 
the Scanning device, here shown as a tube 8 
of the image-dissector type. The advantages of 
using this type of optical system in film-scanning 
apparatus of the kind herein disclosed are that 
the System can be designed so that the separa 
tion between adjacent lenses r . . . ) is greater 
than that of Fig. 1, and indeed, greater than the 
separation between successive areas at the film 
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which are to coincide at the image plane of the 30 
Scanning device, and also that the adjustments 
necessary to focus the film images sharply at the 
Scanning device and to make the images corre 
Sponding to the Several small lenses of precisely 
the same size are to a large extent separated. 
The great separation is desirable in order to 

35 

avoid the necessity for using very small lenses, 
or lens segments, which may be difficult to con 
Struct with Suitable correction and which of 
Course restrict the amount of illumination which 
can be utilized from a given source. The sepa 

0 

rate adjustability of focus and relative image size 
is also advantageous. In Fig. 1, any change in 
the positioning of one of the lenses to secure 
good focus at the same time changes the size 
of the image. Unless the lenses are precisely 
of the same focal length this may be serious, and 
in practice it is difficult and expensive to ob 
tain corrected lenses of precisely the same focal 
length. 
In Fig. 13, a mirror 65 is employed to collect 

light from the projection source, here shown as 
a filament projection lamp 5, from as large a 
Solid angle as practicable. Lenses 83 are de 
signed to collect light from the projection source 
and form an image of the source between lenses 
83 and the field lens 84. Although any other 
Suitable projection light system may be employed, 
if desired, this type is advantageous since the 
Source f5 itself is removed from the vicinity of 
the film, thereby avoiding undue heating of the 
film, but the image of the source is close to the 
film, thereby securing efficient illumination. 
This image may in turn be focused at a suit 
able plane in the system, it being found advan 
tageous to focus it between lens 82 and the small 
lenses, at a short distance from the latter. 

Broadly stated, the projection system of Fig. 
13 has means for forming an enlarged image of 
the film, and means for successively project 
ing images lying at spaced areas of the plane of 
the enlarged image to substantially the same 
area of a selected image plane at, which the pro 
jected images are scanned. Although different 
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Optical designs may be employed for forming the 
enlarged image, and for projecting different 
Spaced areas thereof to the scanning device, the 
system shown is at the same time relatively sim 
ple, efficient and compact. 

Calculations indicate that so long as the im 
age which is utilized as an object by the lens 
segments is an enlarged image, the separation 
of the lens segments for a given over-all magni 
fication of the film images will be greater than 
in the case of Fig. 1. In general, the greater 
the enlargement of the image used as object 
by the lens Segments, the greater will be the 
Separation. 

Projection lens 82 is of such focal length and 
SO positioned from film that the film is in 
side the principal focus of the lens, so that an 
enlarged virtual image of the film is formed be 
hind the film, for example at plane 85 of Fig. 
14. Thus areas a ', d', b’, e’’, c''' (Fig. 3) 
which are spaced apart, in the Order given, a 
distance of 46 H at the film, are spaced apart 
at the image plane 85 (Fig. 14) by a distance 4; 
M. X Mag., where Mag. is the magnification be 
tween the film and the plane of the virtual im 
age. The corresponding areas in Fig. 14 are in 
dicated as r", u', S', ', t, respectively. 
The virtual images of the portions of the film 

at r . . . ) serve as objects for the respective 
lenses . . . . The latter lenses have such focal 
length and are so spaced longitudinally of the 
film movement that the images at the respec 
tive areas of plane 85 are projected to substan 
tially the same area 39 of the cathode 24 of the 
tube 8. If another type of scanning device is 
employed, it will be SO positioned as to Scan the 
imageS projected to area 39 of image plane. 24. 
By suitably selecting the focal length and posi 

tion of lens 82, the separation of the areas 
r' . . . )' at the virtual image plane 85 may be. 
made large enough so that with suitably selected 
focal lengths and axial positions of lenses r . . . , 
the separation of the latter lenses longitudinally 
of the fin movement may be greater than those 
in Fig. 1. Also, With Suitable design it is found 
that the focusing of the film images at plane 24 
may be primarily adjusted by moving lens 82 
alone in the axial direction, while movement of 
lenses r. . . ) in the axial direction changes the 
focusing of the images to a much Smaller extent 
than an equal movement Of lens 82. However, 
movement of lenses r . . . ) in the axial direc 
tion will permit adjusting the relative sizes of 

s 
their respective images. Thus the several pro 
jected images may be readily made of equal size, 
all in good focus. The size of the images can 
of course be simultaneously adjusted by moving 
lens 82, with appropriate change in the position 
of the Scanning device if necessary. 
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It Will of course be understood that in Fig. 13, 
as in Fig. 1, the lenses r . . . v are successively 
operated by the shutter 25, and suitable scan 
ning coils and circuits are provided for the tube 
8, as in previous figures. Also, the apparatus 
can be adapted for other scanning procedures as 
previously pointed out. 3 
As a further aid to the ready practice of the 

invention, the following details of a specific ap 
paratus constructed in accordance with the fore 
going description are given, it being understood 
that the specific details are given by way of ex 
ample only, and that the invention is in no way 
limited thereto, since some or all of the details. 
of the design may be changed by those skilled in 
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the art to meet the requirements of a particular 
situation, or as they deem advisable. 
Lens 32 f= 4.2 in. 
enses . . . ) f- 7.62 in. 

= 2.3 in. 
= 2.94 in. 

Virtual image - 
.ivia.g. of Film image = 2.28 

g = 8.03 i. 
=7.9 in. 

Separation between 
areas at film (% :) - 0.5 i. 

Separation betweera 
adjacent lenses : . . . ) = 0.196 in. 

Inage at 24 Mag. of - 3. 
kin image 

SLenses . . . . ) may be inade about is in. 
Wide and A in long in order to gather a COA 
paratively large amount of light. Achromatic 
doublets may be used for these lenses, if desired. 
Lens 32 is preferably a rather highly corrected 
lens. 
The embodiment of Fig. 13 has been found to 

have considerable advantages over that of Fig. 5 
in ease and precision of adjustment, and also 
in ease of maintenance. Furthermore, the 
congruency of the several images at plane 24 is 
found to be more exact with the apparatus of 
Fig. 13, and loss of light is considerably reduced. 

Fig. 15 is an embodiment of the invention in 
cluding the projection lenses of Fig. , the aux 
iliary deflecting coils and commutators shown in 
Fig. 4, and the additional projection lenses 36 
of Fig. 12. The operation of the apparatus will 
be clear from the discussion given hereinbefore, 
and therefore need not be described in detail 
here. The projection lenses 8: Operate in the 
manner described in connection with Fig. ex 
cept that the successively superimposed images 
formed by lenses are formed at plane 8, 
rather than at the cathode 26 of the scanning 
tube 3. The images at plane 8 are then pro 
jected to the cathode 28 by the additional pro 
jection lens 86, as described in connection with 
Fig. 2. The auxiliary deflecting coils 52 and 
53, and their associated commutators 54 and 55 
driven by the same motor which drives the 
shutter 25 and the film moving mechanism 3, 
operate in the manner described in connection 
with Fig. 4. By the use of the auxiliary coils 
and commutators slight changes in the position - 
of the Scanning pattern during different Scan 
sion periods may be quickly and accurately made 
so as to compensate for slight inaccuracies in 
the positions of lenses . 

It will now be apparent that this invention 
provides a method of scanning film which is 
particularly valuable in the Scanning of a COn 
tinuously moving film, and especially adapted 
for coordinating present day Sound-motion-pic 
ture and television standards, and several forms 
of apparatus whereby this methou can be carried 
out. In general it might be said that the Sev 
eral embodiments of the invention described 
herein each possess certain advantages over the 
otherS. 
depend Somewhat upon the conditions under 
which the apparatus is to be used, and also upon 
individual judgment. - 

It will be apparent that many changes may be 
made in the details of the embodiments de 
scribed herein without departing from the spirit 

The particular embodiment selected will. 
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and scope of the invention. Also, features of 
several embodiments may be combined, if de 
sired. i 

claim: 
1. Television film-scanning apparatus which 

comprises a film-feeding mechanism, a Source of 
projection light positioned to illuminate a film in 
said film-feeding mechanism, a projection sys 
tem comprising a plurality of fixed projection 
lenses spaced apart in the direction in which 
said film is moved, said projection System being 
positioned and adapted to project film images 
lying in a plurality of areas separated in the di 
rection in which the film is moved to . Substan 
tially the same area of a selected image surface, 
the spacing of said lenses being selected So that 
said plurality of areas are sepaated by distances 
substantially different froin the separation of 
film-frame areas of the flin, a Scanning device 
positioned and adapted to scan a projected in 
age lying in said area of the selected image Sur 
face, and means for rendering said projection 
lenses operative successively one at a time. 

2. In television transmission Systems, appa 
ratus for scanning a continuously moving film 
bearing motion picture film-frame images which 
comprises a film-feeding mechanism constructed 
and adapted to feed a film longitudinally with 
continuous motion, a source of projection light 
positioned to illuminate a film in said film-feed 
ing mechanism, a plurality of fixed projection 
lenses spaced apart in the direction in which 
said film is moved, said lenses being positioned 
and adapted to project film images lying in a 
corresponding plurality of longitudinally sepa 
rated areas in the path of travel of said film to 
substantially the same area of a selected image 
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plane, means for rendering said projection lenses 
operative successively one at a time, and a Scan 
ning device positioned and adapted to Scan mov 
ing images of said film lying in said selected in 
age plane; the rate of feeding the film, the Spac 
ing of said lenses, the means for rendering said 
lenses operative, and the period of the Scanning 
device being correlated so that corresponding 
parts of the projected film-frame images are 
scanned at substantially the same part of the 
said selected image plane. 

3. In television transmission systems, appa 
ratus for scanning a continuously moving film 
bearing motion picture film-frame images, in 
which a film-frame, is Scanned a plurality of 
times, which comprises a film-feeding mecha 
nism constructed and adapted to feed a film lon 
gitudinally with continuous uniform motion, a 
source of projection light positioned to illumi 
nate a film in said film-feeding mechanism, a 
plurality of fixed projection lenses spaced apart 
in the direction in which said film is moved, 
said lenses being positioned and adapted to pro 
ject film images lying in a corresponding plu 
rality of longitudinally separated areas in the 
path of travel of said film to substantially the 
same area of a selected image plane, the spacing 
of said lenses being selected so that Said plural 
ity of areas are separated by distances Substan 
tially different from the separation of film 
frame areas of the film, means for rendering 
said projection lenses operative successively one 
at a time in a selected Sequence, and a Scanning 
device positioned and adapted to periodically Scan 
moving images of Said film lying in Said area 
of the selected image plane and develop signals 
therefrom, the scanning of said area, by Said 
scanning device extending both longitudinally 
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and transversely of the projected images, the . 
spacing of the lenses being correlated with the 
film speed and the longitudinal Scanning period 
so that, when said lenses are operated in said 
selected Sequence, longitudinally corresponding 
parts of the same and successive projected film 
frame images substantially coincide at the said 
Selected image plane when said parts are 
scanned in their respective scansion periods. 

4. In television transmission systems, appara 
tus for scanning a continuously moving film 
bearing motion picture film-frame images, in 
which a film-frame is Scanned a plurality of 
times, which comprises a film-feeding mecha 
nism constructed and adapted to feed a film lon 
gitudinally with continuous uniform motion, a 
source of projection light positioned to illumi 
nate a film in said film-feeding mechanism, a 
plurality of fixed projection lenses spaced apart 
in the direction in which Said film is moved, said 
lenses being positioned and adapted to project 
film images lying in a corresponding plurality of 
longitudinally separated areas in the path of 
travel of Said film to Substantially the same area 
of a Selected image plane, a shutter positioned 
and adapted to render Said projection lenses 
operative successively one at a time in a selected 
sequence, and a scanning device of the image 
dissector type positioned and adapted to pe 
riodically scan moving images of said film pro 
jected to Said area of the selected image plane 
and develop signals therefrom, said scanning de 
vice being provided with deflecting means for 
Scanning Said area, both longitudinally and trans 
versely of the projected images in lines extend 
ing transversely thereof, the shutter and the 
longitudinal Scanning period being correlated so 
that the lenses are successively operative during 
respective successive longitudinal scanning pe 
riods, and the spacing of the lenses being corre 
lated with the rate of film feed and the longitu 
dinal Scanning period. So that, when said lenses 
operate in said selected sequence, longitudinally 
corresponding parts of the same and successive 
projected film-frame images substantially coin 
cide at the said selected image plane at correspond 
ing instants in their respective longitudinal 
scanning periods. 

5. Television film-scanning apparatus for 
Scanning a uniformly moving film having film 
frames recorded thereon, in which the pe 
riodicity of Scanning said film-frames is not an 
integral multiple of the rate of movement in 
frames per Second, which comprises a film-feed 
ing mechanism constructed and adapted to feed 
a film longitudinally with continuous uniform 
motion at a selected number of frames per sec 
Ond, a projection light source positioned to ill 
luminate a film in said film-feeding mechanism, 
a plurality of fixed projection lenses spaced apart 
in the direction in which said film is moved, said 
lenses being positioned and adapted to project 
film images lying in a corresponding plurality 
of longitudinally separated fixed areas in the 
path of travel of said film to substantially the 
same area of a selected image plane, the spacing 
of Said lenses being selected so that said plurality 
of areas are separated by distances substantially 
different from the separation of film-frame areas 
of the film, a scanning device positioned and 
adapted to periodically scan moving images of 
Said film projected to said area of the selected 
image plane both longitudinally and transversely 
of the projected images in lines extending trans 
versely thereof, the periodicity of the longitu 
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dinal scanning being not an integral multiple of 
said selected number of frames per second, and 
means for rendering said projection lenses oper 
ative successively one at a time in a selected 
sequence, said means and the longitudinal-scan 
ning period being correlated so that the lenses 
are successively operative during respective suc 
cessive longitudinal scanning periods, and the . 
number and spacing of said lenses and their se 
quence of operation being selected with respect 
to the rate of film feed and the periodicity of 
longitudinal scanning so that longitudinally cor 
responding parts of the film-frame images pro 
jected to said image plane occupy substantially 
the same part of said plane at corresponding in 
stants in their respective longitudinal scanning 
periods. 

6. Television film-scanning apparatus which 
comprises a film-feeding mechanism, a projec 
tion system optically arranged and adapted to. 
render a plurality of relatively separated se 
lected areas in the path of travel of a film in 
said film-feeding mechanism successively con 
jugate to substantially the same area of a se 
lected Surface, an electronic scanning device pro 
vided with means for deflecting an electron beam 
in said device to develop a scanning pattern, 
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said electronic scanning device being positioned 
with respect to said selected surface so as to 
Scan the portions of the film lying at the said 
Selected areas in the path of travel of the film 
when those areas are rendered conjugate to the 
said area of the selected surface, and means for 
periodically deflecting said electron beam through 
a plurality of deflections each of which is sub 
stantially constant throughout the scansion of 
at least one of said areas rendered conjugate to . 
said selected plane, the magnitudes of said plu 
rality of deflections being adapted to compen 
sate for lack of coincidence at said selected plane 
of the Selected areas successively rendered con 
jugate thereto. 

7. Television film-scanning apparatus which 
comprises a film-feeding mechanism constructed 
and adapted to feed a film longitudinally with 
continuous motion, a projection system includ 
ing optical means successively operative to ren 
der a plurality of relatively separated selected 
areas in the path of travel of a film in said film 
feeding mechanism successively conjugate to 
Substantially the same area of a selected plane, 
an electronic scanning device positioned with 
respect to said selected plane so as to scan the 
portions of the film lying at the said selected 
areas in the path of travel of the film when those 
areas are rendered conjugate to the said area 
of the selected plane, said electronic scanning 
device being provided with means for deflecting 
an electron beam therein to develop a recurring 
Scanning pattern to repeatedly scan said area of 
the selected plane, and means correlated with 
the successive operation of said optical means 
for periodically deflecting said electron beam 
through a plurality of deflections each of which 
is substantially constant throughout the scan 
son of at least one of said areas rendered con 
jugate to said selected plane, the magnitude of 
said plurality of deflections being adapted to 
compensate for lack of coincidence at said se 
lected plane of the selected areas successively 
rendered conjugate thereto. 

8. Television film-scanning apparatus for 
scanning film-frame areas of a film which CO 
prises a film-feeding mechanism constructed 
and adapted to feed a film longitudinally with 
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continuous uniform motion, a projection system 
including optical means successively operative to 
render a plurality of longitudinally separated 
fixed areas in the path of travel of a film in said 
film-feeding mechanism successively conjugate 
to substantially the same area of a selected 
plane, an electronic scanning device positioned 
with respect to said selected plane so as to Scan 
the portions of the moving film lying at the said 
fixed areas when those areas are rendered con 
jugate to the said area of the selected plane, said 
electronic scanning device being provided with 
means for deflecting an electron beam therein 
to develop a periodically recurring scanning pat 
tern to repeatedly traverse said area of the se 
lected plane both longitudinally and transversely 
of the film images rendered conjugate thereto in 
lines extending transversely thereof, the sepa 
ration of said longitudinally separated areas be 
ing selected with respect to the rate of film feed 
and the longitudinal scanning period so that 
corresponding transverse line elements of re 
spective film-frame areas are conjugate to sub 
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ing electric wave, and means for applying said 
electric Wave to deflect the electron beam in the 
said electronic scanning device, said source being 
correlated with the successive operation of said 
optical means and adapted to provide an elec 
tric wave which periodically deflects said elec 
tron beam through a plurality of deflections each 
of which is substantially constant throughout 
the scansion of at least One of said areas ren 
dered conjugate to said selected image surface, 
the magnitudes of said plurality of deflections 
being adapted to provide said compensating. 

10. Television film-scanning apparatus which 
comprises a film-feeding mechanism, a projec 
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stantially the same elementary area of the Se 
lected plane when the respective line elements 
are scanned, and means for compensating for 
lack of desired coincidence of the said corre 
sponding line elements at said selected plane 
when they are scanned including a Source of a 
periodically varying electric wave, and means 
for applying said electric wave to deflect the said 
electron beam in the scanning, device, said Source 
being correlated with the successive operation of 
said optical means and adapted to provide an 
electric wave which periodically deflects said 
electron beam through a plurality of deflections 
each of which is substantially constant through 
out the scansion of at least one of said areas 
rendered conjugate to said selected plane. 

9. Television film-scanning apparatus for 
scanning a film having film-frame images re 
corded thereon which comprises a film-feeding 
mechanism constructed and adapted to feed a 
film longitudinally with continuous uniform no 
tion, a projection light source positioned to illu 
minate a film in said film-feeding mechanism, a projection system including optical means suc 
cessively operative to render a plurality of Spaced 
substantially fixed areas in the path of travel of 
a film in said film-feeding mechanism succes 
sively conjugate to substantially the same area 
of a selected image surface, whereby images of 
the portions of said film lying at said fixed areas 
may be successively projected to said image Sur 
face, an electronic scanning device positioned 
and adapted to periodically scan moving images 
of said film projected to said area of the selected 
image surface both longitudinally and trans 
versely of the projected images in lines extend 
ing transversely thereof, the longitudinal scan 
ning period being correlated with the successive 
operation of said optical means so that images 
successively projected from different fixed areas 
are scanned during respective different longi 
tudinal scanning periods, the separation of said 
fixed areas being correlated with the longitudinal 
scanning period and the rate of film feed so that 
corresponding transverse line elements of respec 
tive film-frames successively projected to said 
image surface substantially coincide at said sur 
face at corresponding instants in their respec 
tive scanning periods, and means for compen 
sating for lack of desired coincidence of said 
line elements at said image surface at said in 
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tion system optically arranged and adapted to 
successively project images lying in a plurality 
of different areas in the path of travel of a film 
in said film-feeding mechanism to substantially 
the same area of a selected image surface, sec 
Ond projection means optically arranged to pro 
ject images lying at said area of the selected 
image Surface to a second selected image sur 
face, and scanning means having a restricted ap 
erture positioned and adapted to receive and 
Scan the images projected to said second selected 
image surface, said second projection means 
providing a smaller cone of light impinging on 
said second image surface than on the first-men 
tioned image surface, whereby the cone of light 
can enter said aperture more effectively. 

11. Television film-scanning apparatus which 
comprises a film-feeding mechanism constructed 
and adapted to feed a film longitudinally, a pro 
jection System optically arranged and adapted to 
successively project images lying in a plurality 
of longitudinally separated substantially fixed 
areas in the path of travel of a film in said film 
feeding mechanism to substantially the same 
area of a selected image plane, second projection 
means optically arranged to project images ly 
ing at said area of the selected image plane to 
a Second Selected image plane, and a scanning 
device of the image-dissector type positioned and 
adapted to receive and scan the images projected 

50 

55 

60 

65 

70 

to said second selected image plane. 
12. Television film-scanning apparatus which 

comprises a film-feeding mechanism, a source 
of projection light positioned to illuminate a film 
in said film-feeding mechanism, a projection 
System comprising means for forming an en 
larged image of said film at a selected image sur 
face and means including a plurality of pro 
jection lenses optically arranged to project im 
ages lying at a corresponding plurality of spaced 
areas of Said Selected image surface to substan 
tially the same area of a second selected image 
Surface, a Scanning device positioned and 
adapted to Scan a projected image lying in said 
area of Said second selected image surface, and 
means for rendering said projection lenses oper 
ative Successively one at a time. 

13. In television transmission systems, appa 
ratus for Scanning a continuously moving film 
bearing motion picture film-frame images which 
comprises a film-feeding mechanism constructed 
and adapted to feed a film Fongitudinally with 
continuous motion, a source of projection light 
positioned to illuminate a film in said film-feed 
ing mechanism, a projection system comprising 
Optical means for forming an enlarged image of 
Said film at a selected image plane and means 
including a plurality of fixed projection lenses 
having their optical axes spaced apart longitu 
dinally of the film images at said image plane 

stants including a source of periodically vary- 75 and optically arranged to project images lying 
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at a corresponding plurality of longitudinally 
separated areas of said image plane to substan 
tially the same area of a Second Selected image 
plane, means for rendering said projection lenses 
operative successively one at a time, and a scan 
ning device positioned and adapted to Scan mov 
ing images of said film lying in Said area of the 
second selected image plane. 

14. In television transmission Systems, appa 
ratus for scanning a continuously moving film 
bearing motion picture film-frame images, in 
which a film-frame is scanned a plurality of 
times, which comprises. a film-feeding mechas 
nism constructed and adapted to feed a film 
longitudinally with continuous uniform motion, 
a Source of projection light positioned to illu 
minate a film in Said film-feeding mechanism, a 
projection system comprising a positive lens op 
tically arranged to form an enlarged virtual im 
age of said film at a selected image plane and a 
plurality of fixed projection, lenses spaced apart 
in a direction longitudinal of the film images at 
said image plane and optically arranged to pro 
ject flin images lying at a corresponding plurals 
ity of longitudinally separated areas of said im 
age plane to Substantially the same area of a 
Second Selected image plane, means for rendering 
Said projection lenses operative successively one 
at a time in a selected Sequence, and a scanning 
device positioned and adapted to periodically 
Scan moving images of Said film lying at said 

... area of the Second Selected plane and develop 
signals therefrom, the scanning of said area by 
Said Scanning device extending both longitue 
dinally and transversely of the images projected 
thereto, the Spacing of Said plurality of projec 
tion lenses being correlated with the film speed 
and the longitudinal scanning period so that, 
when Said lenses are operated in said selected 
Sequence, longitudinally corresponding parts of 
the same and successive projected film-frame 
images Substantially coincide at the said second 
image plane when said parts are scanned in their 
respective Scansion periods. 

15. Television film-scanning apparatus which 
comprises a film-feeding mechanism, a source 
of projection light positioned to illuminate a film 
in Said film-feeding mechanism, a projection 
system optically arranged and adapted to succes 
sively project images lying in a plurality of dif 
ferent areas--in the path of travel of a film in 
said film-feeding mechanism to substantially the 
same area of a selected image surface, said pro 
jection System comprising a plurality of projec 
tion lenses spaced apart in the direction in which 
Said film is moved, second projection means ope 
tically arranged to project images lying at said 
area of the Selected image surface to a second 
selected image surface, an electronic scanning 
device provided with means for deflecting an 
electron beam in said device to develop a scan 
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Said selected plane of the selected areas succes 
sively rendered conjugate thereto. 

16. Television film-scanning apparatus which 
comprises a film-feeding mechanism constructed 
and adapted to feed a film longitudinally with 
continuous motion and selected film-frame fre 
quency, a source of projection light positioned 
to illuminate a film in said film-feeding mecha 
nism, a projection system comprising a plurality 
of fixed projection lenses spaced apart in the di 
rection in which said film is moved, said pro 
jection System being positioned and adapted to 
project film images lying in a plurality of fixed 
areas separated in the direction in which the film 
is moved to substantially the same area of a 
Selected image surface, the spacing of said lenses 
being Selected So that said plurality of areas are 
Separated by distances substantially different 
from the separation of film-frame areas of the 
film, a Scanning device positioned and adapted 
to Scan projected images lying in said area of the 
selected image surface at a field-scanning fre 
quency different from said film-frame frequency, 
and means for rendering said projection lenses 
Operative successively One at a time, 

7. Television film-scanning apparatus which 
comprises a film-feeding mechanism, a scanning 
device, a projection system between the film 
feeding mechanism and the scanning device com 
prising a plurality of longitudinally spaced pro 
jection lenses, said projection system being po 
sitioned and adapted to render a plurality of 
longitudinally separated areas in the path of 
travel of the film conjugate to substantially the 
Sane area at said scanning device, the spacing 
of Said lenses being selected so that said plu 
rality of areas are separated by distances sub 
stantially different from the separation of film 
frame areas of the film, and means for rendering 
Said lenses operative successively one at a time 
So that the portions of the film lying at said 
longitudinally separated areas are scanned suc 
cessively. 

18. Television film-scanning apparatus which 
comprises a film-feeding mechanism for feeding 
a film longitudinally with continuous uniform 
motion and selected film-frame frequency, a 
Scanning device adapted to provide a two-di 
mensional scanning pattern offield-scanning fre 
quency different from said film-frame frequency, 
a projection system between the film-feeding 

ning pattern, said electronic scanning device be 
ing positioned with respect to said second se 
lected Surface so as to scan the portions of the 
film lying at the said selected areas in the path 
of travel of the film when those areas are ren 
dered conjugate to the said second selected sur 
face, and means for periodically deflecting said 
electron beam through a plurality of deflections 
each of which is substantially constant through 
out the Scansion of at least one of said areas ren 
dered conjugate to said selected plane, the mag 
nitudes of Said plurality of deflections being 
adapted to compensate for lack of coincidence at 
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mechanism and the scanning device comprising 
a plurality of longitudinally spaced fixed pro 
jection lenses, said projection system being posi 
tioned and adapted to render a plurality of longi 
tudinally separated fixed areas in the path of 
travel of the film conjugate to substantially the 
same area at said scanning device, and means 
for rendering said lenses operative successively 
one at a time in selected sequence, the spacing 
of said lenses being selected so that said plurality 
of areas are separated by distances substantially 
different from the separation of film-frame areas 
and correlated with the film feeding and field 
frequency so that longitudinally corresponding 
parts of the film-frame areas occupy substan 
tially the same part of the area at said scanning 
device at corresponding instants in their respec 
tive field-scanning periods. 

O 

s 

19. Television film-scanning apparatus which 
comprises a film-feeding mechanism for feeding 
a film longitudinally with continuous uniforn 
motion and selected film-frame frequency, a 
Scanning device adapted to provide a two-dimen 
sional scanning pattern of field-scanning fre 
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quency different from said film-frame frequency, 
a projection system between the film-feeding . 
mechanism and the Scanning device comprising 
optical means for forming an enlarged image 
of the film at a selected plane and a plurality of 
longitudinally . Spaced fixed projection lenses 
Optically arranged to render a plurality of longi 
tudinally separated fixed areas of said plane 
conjugate to substantially the same area at 
said Scanning device, and means for rendering 10 
said lenses operative successively in selected 
sequence, the longitudinal spacing of Said lenses 
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being selected so that the plurality of longi 
tudinal fixed areas in the path of travel of the 
film which are conjugate to the said fixed areas 
of said plane are separated by distances sub 
stantially different from the separation of film 
frame areas and correlated with the film feeding 
and field frequency so that longitudinally corre 
sponding parts of the film-frame areas Occupy 
substantially the same part of the area at Said 
scanning device at corresponding instants in 
their respective field-scanning periods. 
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