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1

My invention relates in general to the field of
facsimile transmission and more specifically to a
novel method and means for transmitting and
recording pictures in natural color. In general,
in facsimile transmission, a signal is generated
which corresponds to the variations in the lights
and shades of the picture which is transmitted.

This signal is transmitted in any convenient
manner to g remote recorder and impressed upon
a variable light source to selectively control the
exposure of a photographic film.

The transmission of pictures in natural color
has heretofore generally been limited to a three-
color separation process, that is, the color image
to bhe transmitted was scanned three times
through filters of the primary colors and three
distinet color separation recordings were made
at the receiver. After development, the individ-
ual photographic films were properly dyed and
superimposed to form a finished color image.

This type of color transmission process was
necessarily lengthy and required, because of the
triple transmission, extreme mechanical accuracy
within the facsimile apparatus and precise syn-
chronization, so that the three-color separation
negatives could be superimposed properly.

My invention contemplates the utilization of
natural color film such as “Kodachrome” or
“Kodacolor” for the direct recording of a trans-
mitted color image.

In accordance with my invention, a color pic-
ture to be transmitted is suitably supported upon
a scanning mechanism at the transmitter and is
scanned by a novel color mechanism so arranged
that each element of the picture is scanned for
a range of color covering substantially the en-
tire color spectrum. Thus, instead of a three-
color analysis of a picture to be transmitted
which has in many cases been found to be in-
sufficient for faithful reproduction upon “Koda-
chrome” film, I utilize a prism for dispersing a
beam of white light into a complete color spec-
trum, and sean the color picture with a mul-
tiplicity of color bands obtained from this spec-
trum. For example, the scanning mechanism
carrying the color picture to be transmitted has
each line of the image scanned approximately
eight times, each scanning operation utilizing a
different color for the scanning spot. The par-

ticular color utilized during any single scanning
of a line of the image to be transmitted is con-
tinuously selected from the color spectrum above
mentioned.

A photo-electric cell responive to light impulses
over the complete visible spectrum picks up the &
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light reflected from the image, and accordingly
develops an electrical signal which at each in-
stant is proportional to the intensity of a par-
ticular color of the spectrum at a given point in
the picture.

At the recorder, the received signal is impressed
upon a mechanism for governing the passage of
light therethrough. This light valve controls
the intensity of a beam of light dispersed by a
prism in a manner similar to that described for
the transmitter. The prism is continuously ad-
justed so that the color of light impressed upon
the light valve is the same as the color of light
impressed upon the image at the transmitter.
Light passing through the light valve is im-
pressed upon a “Kodachrome” film mounted
upon the receiving-scanning apparatus, and ac-
cordingly the colered light variation will record
directly so that when the recording film is de-
veloped, a true “Kodachrome” reproduction of
the image transmitted is obtained.

It is therefore an cbject of my invention to
provide means for transmitting pictures in
natural color.

A further object of my invention is to. provide
transmitting and recording facsimile apparatus
for producing a “Kodachrome” reproduction of
a colored image.

A further object of my invention is to pro-
vide means for scanning a color image with lights
of varying colors as obtained from a spectrum
covering the entire visible range.

A still further object of my invention is to
provide g facsimile color recorder utilizing
“Kodachrome” film which utilizes a prism as a
source of light of varicus required colors.

These and other objects of my invention will
become apparent from the following specification
taken in conneection with the accompanying
drawings in which: :

Figure 1 is a diagrammatic representation of
my novel color transmitter, and

Figure 2 is a diagrammatic representation of
a color facsimile recorder, and

Figure 3-is an enlarged view of a slight modi-
fication of the cam member of Figures 1 and 2.

Referring now to Figure 1, there is shown a
racsimile color transmitter which generates elec-
trical signals that are at all times representative
of the color of a particular point of an image.
Motor 21 drives a scenning drum 22 through a
gear-ratio box 23 and extensible square shaft
23”. 'The drum 22 is suitably supported upon a
stationary serew 2§ which, as will later be de-
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scribed, causes lateral displacement of the drum
during the rotation of drum 22.

The image 2€, which is to be transmitted and
which is in natural color, is suitably supported
upon drum 22 by a mounting bar 25. The imags
23 is scanned by a coler scanning mechanism 27
which is fixed to the frame of the facsimile ap-
paratus. Thus contintous scanning is obtained
by fixing the scanning apparatus 27 angd causing
lateral displacement of the drum during its ro-
tation.

The color scanning apparatus 27 comprises es-
sentially a lamp-house 31 enclosing a powerful
white light bulb 22. The bulb 32 is preferably
& high pressure, high intensity lamp which de-
velops a balanced white light, such that
“Kodachrome” when exposed to this light will
vhotograph white.

A vertical slit 83 at the front of the lamp-

house 31 is focused by cylindrical lens 34 upon the ¢

suriace 35’ of a triangular prism 35.

As illustrated, the angle of incidence of the
focused light rays is such that the prism 35 will
cause the dispersion thereof into g uniform visible
light spectrum 36 covering the complete visible
range from deep red to deep violet.

In the path of the dispersed beam of light 36 is
a metallic plate 37 having a small ocpening 41
which is preferably square, the width of whieh is
approximately 3 the width of the visible spec-
trum 3§ at the point of incidence with plate 37.

The rectangular perforation 4! is sharply
focused by optical system 42 at a spot 43 upon
the surface of the color image 26 to be trans-
mitted.

Light reflected from the focused spot 43 upon
the color picture 26 impinges on photo-electric
cell 45 enclosed in light-housing 44 by means of
a suitable optical system 46. Photo-electric cell
45 is preferably one which has a uniform sen-
sitivity to light throughout the visible spectrum.

The output of photo-electric cell 45 is trans-
ferred through wires 47 to a suitable amplifier
which raises the energy level of the signal gener-
ated to that suitable for transmission to a remote
recorder.

The prism 35 is preferably of glass having a
comparatively high dispersion and low absorption,
in order to produce a spectrum 36 of maximum

width and of great intensity when measured

along the plate 31. The prism 35 is rotatably
supported by vertical shafts such as 5i cemented
to the upper and lower surfaces thereof. These
shafts are held in suitable fixed bearings which
have been omitted from this diagram for clarity.

Also cemented to the lower surface of prism
35 is a link 52 of the shape shown. A spring 53
attached to link 52 and fixed to the frame at the
opposite ends thereof is utilized to bias the edge
54 of the link 52 into engagement with the ac-
tive surface of a cam 55.

As illustrated in this modification of the trans-
mitter, the cam 55 is so shaped that upon rota-
tion thereof, the edge 54 of the link 52 will be dis-
placed outwardly from the cam center at a uni-
form speed until the edge 61 of the cam is reached,
rotation being in the direction of the arrow in-
dicated upon the surface of the cam,

Upon reaching the edge 61, the cam follower

edge 54 will, under the influence of spring 53, 7

swing back to its original position and begin its
uniform outward motion once again.

The depth of the cut 64 in the cam 55 and the
size and position of link 52 are so arranged that
the prism 35 rotates through a comparatively
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small angle. This small angle of prism rotation
however is sufficient to cause the spectrum of
color 38 to sweep across the square perforation
41 in the fixed plate 31. Accordingly, for a single
rotation of the cam 55, the spot 43 will continu-
ously change cclor from deep red to deep violet
as determined by the position of cam 55. Rota-
tion of cam 55 is obtained through gear-ratio box
Tl which comprises essentially a pair of bevel
gears to transfer the rotation of horizontal shaft
12 to vertical shaft 73, to which the cam 55 is se-
cured.

Rotation of shaft 72 is in turn secured from
gear-ratio box T4 driven by shaft 15 which is
connected to gear box 23.

The driving mechanism, as will later be de-
scribed, for the drum 22 is arranged so that ro-
tation of drum 22 about its axis takes place for
preferably eight revolutions before the drum 22
is displaced laterally for the thickness of a single
scanning line as determined by the width of the
square perforation 4{. Thus, in the transmission
of a color picture, the image 26 is mounted upon
drum 22 and each circular line about the image
is scanned eight times during which time the
driving mechanism for cam 55 causes one com-
plete revolution thereof,

It will therefore be evident that during the
eight scanning cycles for each line of the image
that the scanning color of the spot 43 projected
upon the image 24 is continuously varied from
deep red to deep violet by rotation of prism 35.
Accordingly, since the visible spectrum 3% is
divided into a multiplicity of color bands, each
scanning cvcle of the drum is covered substan-
tially by a different color of the spectrum 36.
The light refiected from the spot 43 at any in-
stant is proporticnal to the component of the
instantaneous color projected thereupon, and
therefore the output of photo-electric cell 45 is at
all times representative of the proportion of the
intensity of a particular color of the visible spec-
trum as the spot 4%, since for a complete revolu-
tion of cam 53 all colors of the visible spectrum
are covered.

The summation cf the photo-electric cell out-
put for a given point on the scanning line is equal
to the true color for that particular point. The
output of photo-electric cell 45 is transmitted
to a remote receiver which, as illustrated in
Figure 2, is in most respects similar to the trans-
mitter of Figure 1.

As is well known in the facsimile art, it is es-
sential to drive the facsimile transmitter and
recorder in synchronism with each other as re-
gards both speed and space. Various methods,
such as the use of synchronous motors or the
sending of synchronizing impulses once during
each revolution of the transmitting drum, are
well known in the art of synchronization, and
accordingly will not e described here.

it is assumed however that the transmitter
and receiver of the particular system described
herein are operated in synchronism.

At the recorder (Figure 2), the motor 1di
through gear-box 102, extensible square shaft
i61" and clutch 102’ (which may be used in a
well-known manner for synchronizing purposes)
drives the rotatable drum 103 in the manner de-
seribed for the rotatable drum at the transmitter;
the rotation of drum i0$ along stationary serew
124 resuits in longitudinal movement of the drum
as it rotates. Similaily, the shaft 104 connected
to motor (6{ through the gear-ratio box 102

drives the cam {35 at a speed corresponding to
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an. exact fraction of the speed of the drum 103,
The gear-ratio boxes (62, 106 and 107 are identi-
cal to. the gear-ratio boxes 23, 14 and T1 re-
spectively at the transmitter; and accordingly,
the speed of cam 185 is identical to the speed of
cam §% at the transmitter. )

A lamp-hiouse (11 houses a powerful bulb 12
which 'is ¢olor-balanced so that when “Koda-
chrome” is exposed under the influence of this
light, the correct color gradations are obtained.

At .the recording apparatus, a slit 13 is focused
by cylindrical lens 114 upon a prism {15 operably
connected to the cam (85 by a link | (6.

‘A fixed metaliic plate 117 has a rectangular
perforation £i8 therein which by optical system
{21 is focused upon a light valve {22, This light
valve 12% is an eleciro-mechanical means for
varying the intensity of the light transmitted
therethrough and may assume various forms as is
well known in the art. Thus an electro-mag-
netically operated shutter or other well known
means may be utilized at this point.

. Light emanating from light valve {22 is sharply
focused at spot 128 on the surface of the drum.
As illustrated.in Figure 2, the drum {63 by mount-
ing bar 184 supports a sheet of “Kodachrome” or
“pgfa-color” or “Kodacolor” 132 or other color
responsive photo-sensitive sheet which upon ex-
posure to colored light may be developed to
produce a colored image.

The received picture signals are suitably am-
plified by conventional amplifiers (not shown)
and are impressed by wires 133 upon the light
valve 122. Therefore, the light valve 122 is re-
sponsive to the received picture signals to con-
trol the intensity of the focused spot 123.

In actual operation of my novel natural color
facsimile process illustrated, the image 26 to be
transmitted is scanned as previously described.
The identical scanning procedure at the recorder
produces a picture which at all points represents
the true color of the image transmitted. Thus,
at the transmitter, each circular scanning line
about the drum 22 is scanned by spot 43 pref-
erably for eight complete revolutions. During
this continuous scanning of a single circular line
about the drumm, as previously described, the color
of the scanning spots 43 progressively varies from
deep red to deep violet throughout the visible
spectrum, and accordingly the response of photo-
electric cell 45 is proportional to the intensity of
the particular color of light reflected at each
instance.

At the recorder, Figure 2, the multiple scanning
of each circular line of the “Kodachrome” or
other color film 132 is again accomplished by a
spot 123 which is varying in color in accordance
with the color variations of the spot 43 at the
transmitter, while simultaneously varying in in-
tensity through the agency of light valve 122, in
accordance with the intensity of the particular
reflection of that color at the transmitter.

At the termination of the scanning of a single
circular line about a “Kodachrome” image 32,
the cam 1085 will have completed a single revolu~
tion and the prism {15 will be instantaneously
re-set to scan the following circular line with the
complete color spectrum produced thereby.

It is evident that the multiple scanning at the
receiver will provide each circular line with all
the color components required to reproduce
exactly a color image. Of course, the number

of scanning cycies of the drums 22 and 182 may
be varied dependent upon the desired quality of
transmission. Thus the cams 55 and 105 may he
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adjusted by means of gear-ratio boxes 106 and
{07 to provide a single revolution, that is, a single
sweep of the spectrum produced by the prism in
a fewer or greater number than the previously
mentioned eighth eycle of the drum.

If a lower ratio between the number of revo-
lutions of the drum, for a single revolution of
the cam, is desired, it is preferable to vary the
shape of the cams {85 and 55 to that shown in
Figure 3.

In this modification, since the cam 41 is ma-
chined to have a series of circular edges, such
as (41’ and 141’ all concentric and all cut at
evenly stepped radii, the direction of rotation of
the cam {41 is indicated by the arrow 42, and
the cam follower edge is schematically shown at
143, It will be understood that the cam follower
{43 is the extension of the link 52 or !{6 con~
nected to the prism 35 and (15 respectively.

The corners, such as 144 hetween the succes-
sive steps of the cams &1’ and 141’’, have been
rounded so that the cam follower 143 may move
smoothly along the cam edge. Since the surfaces
{41’ and 141’’ are circular, it is evident that as
long as the cam follower (43 rides along one
of these surfaces, the prisms 35 and {5 respec-
tively will remain stationary. As the follower
{45 crosses a corner such as 144, the prism will
turn through a small definite angle and again
remain. stationary until the next corner is

reached. When the edge 145 is reached, the

prism instantaneously re-sets itself under the
influence of its springs 53 to its initial position.
Therefore, with the use of such a cam, the image
surfaces at transmitter and receiver are scanned
by colors which remain unvarying throughout
the fraction of the scanning cycle represented by
the portion of a complete circumference which
cach of the surfaces {41’ and 41’" cover. Thus,
if the number of scanning cycles for a given eir-
cular line about the transmitting and recording
drum- is reduced and the cam {4i utilized, the
image surface will be scanned by a succession of
fixed colors.

It is important to ncte that when this modi-
fication is utilized, that the number of drum ro-
tations corresponding to a single revolution of
the cam is equal to the number of sectors into
which the-cam 141 is divided.

For finer color reproductions, it is, of course,
evident that the number of revolutions of the
drum corresponding to a single circular scanning
line may be increased. However, such a pro-
cedure lengthens the transmission time and I
have found that a suitable compromise between
excellent reproduction and rapid transmission
time is eight complete revolutions of the drum
for each circular line. Evidently, various modi-
fications of this color scanning system may be
devised.

For example, the prisms 35 and 115 may be
oscillated by various electro-mechanical means
rather than the cam mechanism described.

The light valve 122 at the receiver, Figure 2,
may of course be disposed in the position indi-
cated or hetween the vertical slit 113 and the
cylindrically ground lens (15. The light valve
122 must also be chosen, such that it does not
affect the color transmission characteristic of
the scanning optical system illustrated in these
figures.

The cam may be modified in any suitable way;
thus, for instance, it may have three steps ar-
ranged for the red, yellow and blue portions of

the spectrum, in which case each line need be
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scanned only three times; it may have more than
eight steps or an infinite number as shown in
Figures 1 and 2. And the drum may be caused
to rotate three revolutions per helical line, eight
revolutions or any other number. The slight
overlapping of the lines as the drum moves longi-
tudinally avoids sharp striations on the film.

Also, it will be obvious that the transmitter
and receiver may be combined in a single unit
with means for shifting the light valve out of po-
sition and locking the clutch when the device is
used as g transmitter,

Various mechanisms may of course be utilized
to scan the drum at transmitter and receiver in
the manner described. Of course, helical scan-
ning of the recording and transmitting drum
may be utilized instead of the intermittent type
of circular scanning. If helical scanning is used,
then the various colors used at transmitter and
receiver for scanning the image surfaces may
overlap from line to line, but this of course will
not affect color rendition, but will slightly affect
the detail of the reproduced picture.

Accordingly, various modifications of this type
of color facsimile system will be evident to those
skilled in the art. I do not wish to be bound by
the above specification and drawings, but only
by the appended claims.

I claim:

1. In g facsimile transmitter, a scanning de-
vice, comprising a drum upon which a picture
is mounted, and a motor mechanism for rotat-
ing said drum in a predetermined manner; means
for inducing longitudinal motion of said drum,
a white light source, a prism, means for focus-
ing light from said source on said prism, said
prism separating the light into a spectrum, means
for focusing said portion on an element of said
picture, means comprising a lens system and
photo cell for converting light reflected from said
bicture into electric currents; and means com-
prising mechanical linkages operably connected
to said motor mechanism for oscillating said
prism to present each portion of said spectrum
to said means for selecting g said portion of said
spectrum in a predetermined manner, said drum
being arranged to rotate and translate axially
in such a manner that each said portion of said
spectrum scans each element of said picture once.

2. In a facsimile receiver, a scanning device
comprising a drum upon which a sheet of color
selective light sensitive paper is mounted, and
a motor mechanism for rotating said drum in
a predetermined manner and means for inducing
axial translation of said drum: a white light
source, a prism, means for focusing light from
said source on said prism, said prism separat-

10

15

20

25

30

35

40

50

55

8

ing the light into a spectrum, means for select-
ing a portion of said spectrum, means for focus-
ing said portion on an element of said sensitive
paper, means comprising a light valve for con-
trolling the intensity of said portion in accord-
ance with an electric current; and means com-
brising mechanical linkages operably connected
to said motor mechanism for oscillating said
brism to present each portion of said spectrum
to said selecting means in a predetermined man-
ner in synchronism with rotative movement of
said drum; said drum being arranged to rotate
and translate axially in such a manner that each
said portion of said spectrum, controlled in in-
tensity by said light valve, scans each element
of said sensitive paper once.

3. In a facsimile system, a transmitter com-
prising means for separating a picture into a
series of elements, means for selecting each said
element in turn according to a predetermined
plan, means for separating each of said elements
into its various colors, means for generating elec-
tric currents in accordance with the intensity of
each of said colors, and a receiver comprising a
source of white light, means for separating said
light into a spectrum, means for selecting a por-
tion of said spectrum, means for exposing the
elements of a sheet of light sensitive paper to
said portion of said spectrum, means for con-
trolling the intensity of said portion in accord-
ance with electric currents generated by said
transmitter, means for exposing each element of
sald sensitive paper to said portion of said spec-
trum in turn according to a predetermined plan,
means for coupling said transmitter to said re-
ceiver, and means for synchronizing said trans-
mitter with said receiver so that corresponding
elements of said sensitized paper and said pic-
ture are juxtaposed to their respective light
sources at all times and corresponding portions
of said spectra are presented to their said select-
ing means at all times.

WILLIAM G. H. FINCH.
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