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The present invention relates to cathode ray
camera tube devices and systems for utilizing
such devices for the production of video signals
representing a subject in an orderly sequence
useful for multicolor telev1s10n operations. -

It has been customary in the transmission of
colored images by the so-called sequential system
of color television transmission to utilize a. ro-
tating disk, or an appropriate movable filter de-
vice, in connection with the camera or. pickup
tube.
sets of three filter sectors. corresponding respec-
tively to the three composite colors in a tri-
color system. Consequently, when the scene to be
transmitted is illiminated by white light, the
scanning operation of the camera tube produces
an output consisting of three trains of television
signals each of which represents one of the com-
posite colors. At the receiver or monitor, appara~
tus is provided for sequentlally convertmg each
of these trains of signals‘into-a light image hav-
ing a color corresponding to that of the filter
sector in front of the camera tube lens during
that particular time interval. The three in-
dividual and differently colored images:thus re-
produced in rapid succession create the illusion
of a multicolored image to an observer. )

Systems of the above nature, of course, re-
quire the rotating color filter disk or assembly
at the transmitter so that each color filter sector
of this disk may be successively inteérposed in
the optical light path of the camera tube. The
means for driving this disk usually includes a
motor operated in synchronism with the scan-
ning operation at the television camera. :Addi=
tionally, some sort of synchronizing mechanism
is desirable so that the motor which rotates a
corresponding color filter disk atthe receiver
or monitor may be maintained in- synchronism
and  in proper phase with the transmitter filter
assembly. Such a mechanical system has &
number of undesirable features, and it is diffi-
cult to obtain in one field a complete neutraliza~
tion of color changes in the pickup. tube where
the same photo-sensitive surface elements must
respond to different colors in successive fields.

In a patent to Alfred N. Goldsmith, No.
2,343,971, issued March 14; 1944, there is de~

scribed a method and apparatus  particularly
suited for the studio lighting -of scenes to be
transmitted in color.-
patent, the illumination: of the set or scene to
be televised is performed by :-sequentially flash=
ing lamyps which give a selective radiation of an

appropriately colored light corresponding :to the:

In -the system -of .this’

(CL 178—5.4)
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desired color components employed in trans-
mission. This illumination or flashing of lamps
takes place during the blanking portion of each
field-scanning cyele, and a cyclic repetition of,
say, red, green and blue flashes from respective
lamps may be made in any desired or established
order. Thus, during the field retrace time, a high
intensity of red light (for example) may be
projected onto the scene to be transmitted, and,
since the duration of this flash of light is short,
the target electrode of the camera tube will be
charged with an electrically stored image. The
target electrode is subsequently scanned to pro-
duce a train of output signals corresponding to
a red image. At the end of the scanning in-
terval, a green flash of high intensity light takes
place during the field return period, and the
target electrode is then scanned to produce a
train of signals corresponding to a green image.
Following this, a high intensity flash of blue
illumination is provided, again during the field
retrace time, and the subsequent field-scanning
period produces a train of signals corresponding
to a blue image. The cycle is then repeated.

., Inasmuch as the scene is illuminated for each

field by only one color component at any particu-
lar time, a filter disk in front of the camera
is not required, since the light source itself pro-
vides suitably color-filtered illumination. The
problem of discharging completely the target
electrode in each field, however, still remains a
sericus difficulty.

By means of the present invention, the neces~
sity for illuminating the scene to be televised by
lamps corresponding to the various component
¢olors is eliminatéd and the complete discharge
of elements is no longer required. In a preferred
embodiment, the light responsive electrode of the
cdfiers tube is provided with a plurality of color
filter strips extending thereacross at right angles
to the ‘difection of lihe scanning. The width of
these color filter strips should preferably be about
equal to, or less than, one-third the length of one
picture element as defined by the electrical chan-
nel, but larger than the diameter of the electron
scanning beam, so that in effect each of the
normal image element areas of the electrode is
divided into separate sub-element areas corre-
sponding to the various component colors, which
way, for example, be red, green, and blue.

" A system ‘according to the above causes the
optical image focused and projected into the
pickup tube to produce on each normal image
element of -the light responsive electrode three
separate electrostatic charges corresponding to
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the amounts of red, green, and blue light reach-
ing such normal image element area from the
optical image. When the electron beam scans
each line of the target electrode, the red, green,
and blue sub-element areas produce successive
signals in the usual manner which, if-not properly
separated, are so close together in the tube out-
put as to produce the usual black-and-white, or
monochrome, effect. Accordingly, in order to
obtain a color image at the receiver, it is neces-
sary that in one complete field the signals from
one group of color areas be so modified with
respect to signals from the other color areas
that they can be separated. One fleld scansion

might, for example, give signals from the red

areas increased in amplitude by a constant
amount over the signals from the green and
blue areas. Then in the next field scansion the
green signals would be transmitted at a level
exceeding the signal amplitudes from the red
and blue areas. Finally, the third field scansion
would transmlt blue signals at a raised level.
By the use of suitable chpning means in the out-
put of the camera tube; the s1gna1 for each suc-
" cessive ﬁeld scansion that has been raised by a
constant “amount’ could “be" separated from the
other two signals.

A preferred manner of producing outbut sig-
nals from the camera tube having one separable
color component characteristic is by biasing the
image charees on the target electrode by red,
green. and blue light proiected sequentially onto
the light responsive electrode during successive
fleld retrace periods. Such sucecessive flashes of
red, green, and blue light for biasing the light
responsive electrode may be obtained by suc-
cessively illuminating three gas or fluorescent
lamus giving. resvectively red, green, and blue
light outputs. These lamps may. be energized. for
example. by pulses produced during the field re-
trace intervals and synchronized with the op-
eration of the field-scanning generator. It will
thus be seen that in accordance with the pres-
ent invention a sequential color television trans-

mission system i provided which is.of the all-

electronic type and which, therefore,. utilizes no
mechanical moving parts snch as motors or ro-
tating filter disks. -Furthermore, by means of
the present invention color carry-over by charge
retention in the pickup tube is completely elimi~
nated.

One object of the present mventlon therefore,
is to provide an imvroved type.of color televi-
sion transmission system of the so-called se~
quential type. .

A further object of the mventmn is to provide
a sequential color television transmitting. system
in which no moving mechanical parts are utilized.

A still further object of the invention is to pro=
duce output signals. by electronic means in a
pickup or camera tube from which video signals
sequentially representing suitable individual com-
ponent colors such as red, green, and blue of a
tri-color additive system, are discernible,

An additional object of the invention is to pro-
vide a television pickup or camera tube with
means for simultaneously forming  interleaved
electrical charges on the normal image element
areas of a light responsive surface, these inter-
leaved charges being formed simultaneously by
the red, green, and blue light energy projected
thereon from an object to be televised with defi-
nite sections of elemental areas assigned to one
color on}y so-that residual charges cannot cause
color mixing, and then producing signals during
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successive field-scanning intervals representing
each one of these colors in proper sequence.
A still further object of the invention is to pro-

‘vide a television camera or pickup tube with

means for separating the light from an object to
be televised which reaches each of the normal
image element areas into red, green, and blue sub-
element areas, and to provide further means for
biasing all the sub-element sections of the sur-
face responsive to one color sequentially by pro-
jecting thereon light of a single one of these
colors, thus raising the charges on all sub-ele-
ment area sections representing this one particu-
lar color by a constant amount above those
charges representmg the remaining colors.

Other objects and advantages of the invention

will appear from the following description, refer-
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ence being-had to the drawing, in which:

Fig. 1 illustrates in a partly schematic manner
a preferred form of color television transmitting
system in accordance with the present invention;

“Tig. 2is'an ‘enlarged section of a portion of the
light responsive” elecbrode incliuded in a camera
tube of one form that may be incor’ porated 1n the
system shown in Fig, 1

Fig. 3 shows a series of voltage waveforms use-
ful in explalmng the ‘operation of the circuit of
Fig. 1; and.

Fig. 4 illustrates a modiﬁed form of the system
of Fig. 1.

- While the. present mventlon is not limited to
any particular form of camera ftube, it will be
assumed. for the purpose of illustration that #
camers or. pickup tube.of the Orthicon typs is

5 employed, _A tube of this nature is fully de-

scribed in a patent to Albert Rose No. 2,213,176,
issued August 27, 1940, and hence its details will
not be set forth in the present specification.
However, it may be said that the tube includes in
general an envelope | having af electron gun 2
positioned at one end thereof. At thie other end
of tube [ is located a target, or mosaic electrods
T, which is of the semi-transparent type préfer-
ably consisting of ‘a thin sheet of mica (shown
in more-detail in Fig. 2). This target T has one
surface 3 su1tab1y sensitized in order to produce
electrostatic charges through a loss of photo-
eleetrons resulting from the impingement of light
rays L on the target T from an object 4 the tele-
vising: of -which is desired. The surface of the
mosaic T opposite. to the sensitized surface 3 is
provided. with a transparent metal éeatirig 5. -

_.Any. suitable type of focusing and défiecting
means may be used in connection witlk the
camera tube of Figure 1, such, for example, &8s
the -electro-magnetic focusing coil 6 and the line
and .field deflection coil unit 1.  This unit 7 is
energizéd by suitable line and fleld deflecting cur-
rents of sawtooth waveform from a line-scanning
generator (ot shown) and from g field-scanning
generator illustrated schematically in the draw-
ing at Ta. Tube | may also include the usual wall
coating electrode 8, a decelerating ring 9, and a
multiplier structure 10. For a full deseription of
these tube elements, reference is made to the
U. S. patent of Paul K. Weimer, No. 2,433,941,
issued January 6, 1948, and hence the detailed
description of these elements is not believed to be
necessary herein,

: To-separate the light rays L from the object 4
being televised into their component colors such
as red, green, and blue, a plurality of color filter
strips or goatings designated as r, g, and b, re-
spectively, extend across the mosaic T and are
laid upon or-ungder the surface of the metal coat-
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ing 5. These color filter strips extend at right
angles to the direction of line scanning which is
indicated in Fig. 2 by the arrow (1. The strips
r, ¢, and b should be very narrow so that they
effectively - divide each normal image - element
area of the sensitized surface or mosaic 3 into red,
green; and blue sub-element areas. -In order
that this may be accomplished, the width of each
color filter strip is made smaller than the picture
element, but the diameter of the electron scan-
ning beam B of the camera tupe { is much smaller
so that it can adequately resolve .signals from
the red, green, or blue sub-element areas.

. As a result of the use of such a series of (30101
filter strips, the optical! image focused on the
target T from the object 4 produces on each nor-
mal image element area of the sensitive surface
& separate charges corresponding to the respec-
tive amounts of red, green, and blue light reach=
ing such normaj image e¢.ement area.
electron scanning beam B scans a line of the
target, the red, green, and blue sub-element areas
produce successive output signals in the usual
manner. If not properly separated, however,
these signals are all within one normal pictuie
element time in the tube output and produce
therefore, in the normal channel, a monochrome,
or black-and-white, image at the receiver. In
order that the system of the -present invention

be sultable for the production of color images, :

it is necessary that the target T be scanned for
one complete field with the signals representing
one color raised by a constant level or amount
over the signals representing the remaining
colors. Then, in the next field scansion, ‘the
signals from one of the remaining colors Qhou d
be raised, and so on. By the use of suitable
chppmg means forming part of the amplifier 12,
signals representing the one color that have been
raised. in level above the signals representing the
other colors durlng any particular field-scanning
period may be separated from the remaining
colors.

Accordingly, red, green, and blue light for bias-
ing the mosaic of the camera tube | is obtained
from a plurality of gas or fluorescent type lamps

14, and 15, the lamp 13 giving a red. color,

the lamp 14 giving a green color, and the lamp.

{5 giving a blue color. These lamps are adapted
to. project licht onto the mosaic T, and are en-
erg;zed by pulses generated during the field re-~

trace time by the pulse generators 15, 11, and {8
respectively. . The latter in turn are synchromzed:
with the scanning operation of tube 1 by the reg-

ulating voltage pulse f{a produced by the field-
scanning generator Ta as a function of the pro-
duction of the sawtooth deflecting current #ib
supplied to the field deflection coil portion of the
deflecting unit 7. Pulse generators such as shown
hy .the block diagrams {8, {7, and 18 are well
known in the telegraph and televxs on fields, and,
therefore neéd not be described in detail. How-
ever, they may consist of thyratrons regulated by
the voltage pulses {la.

The operation of the above-described system
will now be set forth. As the electron beam B
of tube ! scans the sensitized surface 3, it neu-
tralizes the charge on each sub-elemental area of
the 1mosaic produced by the orevious 1mpmgerrenf
thereon of light rays L from the object 4. This
charge is in turn proportional to the quantum of
red, green, and blue light from the object which
reaches such sub-elemental area.

Assume now that the scanning beam B is af
the bottom of the target and is about to be mioved

When the ¢
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_scriped in detail.

to the top of the target during the field retrace
period. During this retrace period, a pulse is
formed by the pulse generator 6 in the circuit
of the red lamp i3, and the red light reaching
the sensitive surface 3 of the target produces a
bias charge on the sub-elemental sections of the
picture elemental ‘areas opposite the red filter
strips r. However, there is no. hias on the sub-
elemental area sections opposite the green and
blue filter strips ¢ and b, because the red light
from the lamp {3 does not .pass through these
filter strips. - At or before the time that the
beam reaches the top of the target in prepara-
tien for another field seansion, the pulse from
the generator {6 subsides, and the scanning beam
B finds the charges produced by the red image
rays from the object 4 “boosted” by the charges
from the red rays-of the biasing lamp 13. How-~
ever,. the scanning beam B finds the green and
blue areas with charges produced solely by the
image light alone. Consequently; as the beam
B scans-the red, green, and blue sections of the
elemental areas along each line of the mosaie, it
will transmit to the amplifier {2 signals r for the

3 “red” sections raised by a constant bias level

(graph A, Fig. 3) and signals g and b for the
“green” and “blue” sections, respectively which
are not biased above the black level. This rela-
tion. of signal output for the.three colors will
continue for the scansion and discharge of all
areas in one complete -field.. While the beam B
is making the next retrace from the bottom to the
top of the mosaic; biasing green light (for ex-
ample) is projected onto the entire mosaic by
a pulse formed in the generator {7 which en-
ergizes the green lamp (4. As indicated by the
graph B of Fig. 3, the green charges will now be
“boosted” . above the red and blue cha arges
throughout the whole field interval, and the
signals transmitted to the amplifier {2 will have
raised green sighals throughout this particular
fleld-scanning period. In the same manner, the
pulse generator 18 will energize the blue lamp 15
during the retrace interval at the end of. this
field-scanning period so as. to -bias the blue
charges on the target. Thus the -electron heam
B will scan the mosaic to produce raised blue
signals durmg thig entire scanning interval, as
indicated in Fig. 3 by the graph €. The ahove
operation is repeated cyclically, so that each color
is raised in level over the others in successive
field scansions.

The clipping means in the amplifier {2 may
be of any well-known type and need not be de-
It permits only the signals in
the upper level above a cut-off line such as shown
at 18 (Fig. 3)-to be utilized, so that the red,
green, and blue signals are properly separated in
successive fields. These signals, of course, are
propoxtmnal to the red, green and rlue. colors,
respectively, in the obJect 4 which is bemg tele~
vised.

Instead of formlng the color ﬁltnl stri ips on t‘
target T as best shown in Fig. 2, the red, green,
and blue color filters may be placed outside the -
tube envelope 1, as illustrated in Fig. 4. In this
modification, the transparent target T is molded
or formed so as to have a plurality of very small
cylindrical lenses 21 covering the transparent
metal coating 5. The axis of each of these lenses
21 is perpendicular fo the direction of line scan-
sion.- -The object to-be televised is focused on the
target T through an optical assembly 22 having .
red; green, and blue filter sections 23; 24, and 25;
respectively. The eylindrical lenses 21 may, for
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example, produce results: similar” to those pro-
duced by the so-called “Kodacolor” film used in
color photography. "The same red, green, and
blue biasing light arrangement which is shown
at (3 through 18 in Fig. 1 biases these three sub-
elemental color: filter images successively by illu-
minating the optical assembly 22 from the front
during the field retrace periods, and the beam B
then scans the target T .to produce red, green,
and blue signals in successive scansions as pre-
viously described for the embodiment. of Fig. 1.

It should be understood that the present in-
vention, in general, covers an improved color
television transmitting system of the sequential
type, and it is not dependent upon any particular
apparatus for receiving and reproducing the
color images. Many different types of receiving
and reproducing systems are known in the art,
and it is within the scope of the present inven-
tion to employ any known device which is capable
of utilizing successive trains of color-component
signals developed in the manner above described.

While the present invention has been set forth
in connection with a camera or pickup tube of the
Orthicon type, it is equally applicable for use
with the so-called image Orthicon which pre-
duces charges on its target electrode through the
release of secondary electrons under the impact
of photo-electrons in turn released from a sepa-
rate photo-cathode, as: described in the above-
mentioned patent of Paul XK. Weimer. In this
case, of course, the red, green, and blue bias light,
as well as the image light'rays, would fall upon
the separate photo-cathode instead of on the
target T directly.

One main advantage of the present mventlor-
is the fact that an incomplete discharge of any
of the target areas does not cause color carry-
over since any sub-elemental section will never
receive any other color or light except that as~
signed to it. The invention, therefore, produces

a result in one tube and photo-surface as if three.

completely separate mosaics were used.

While I have described a particular embodi-
ment for carrying out the principles of the in-
vention, it will be apparent that various other
forms may be used within the scope of the ap-
pended claims.

I claim:

1. In a television system of the type in which
an optical image is focused upon the photosen-
sitive surface in a camera tube to thereby pro-
duce a corresponding electrostatic charge image
on a target electrode, the combination of means
for separating the light rays from the optical
image which reach each normal image element
" area of the said photosensitive surface into a plu-
rality of color components so that a portion of
each image element area will be charged by light
of one component color only, means for increas-
ing the charge by a substantially constant amount
during regularly recurring intervals on that por-
tion only of each image élement area that is
associated with light of a particular component
color, means for causing said charge increasing
means to act sequentially on the different color-
component area portions of said photosensitive
surface, means for scanning the target electrode
by an electron beam in said camera tube to there-
by derive output signals representative of the
charges on each group of different -color-com-
ponent area portions, and means-for separating
from said output signals a particular signal rep-
resentative of that group of color-component area
portions acted upon by the said charge-increas-
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ing means durlng the 1mmed1ate1y precedmg iri-
terval. =~

2. A television system according to claim 1,’in
which said light-ray-separating means comprises
a plurality of color filter elements affixed o the
said target electrode.

3. A television system according to claim 2, in
which said color filter elements are arranged in
the form of strips extending substantially at right
angles to the line-scanning direction of said elec-
tron beam.

4. A television system according to claim 1, in
which said charge-increasing means comprises &
plurality of light sources selectively energized as
3 function of the scanning operation of said elec-
tron beam and adapted to illuminate the said
photosensitive electrode.

5. In a television system of the type in which
light from an optical image is directed through
a lens assembly toward the photosensitive surface
of a target electrode in a camera tube to thereby
set up on said target electrode a corresponding
image in stored electrostatic charge, means
formed as a unit with the said lens assembly
for separating the light from the optical image
which reaches each normal image element area
of the said photosensitive surface into a plu~
rality of color components so that a portion of
each such image element area will be charged
by light of one component color only, means for
increasing the charge by a constant amount dur-
ing regularly recurring intervals on that portion
only of each image element area associated with
light of the same component color, means for
causing said charge-increasing means to act se-
quentially on the different color-component area
portions of said photosensitive surface, means for
scanning said target electrode by an electron
beam in said camera tube to thereby derive out-
put signals representative of the charges on each
group of different color-component area portions,
and means for separating from said output sig-
nals a particular signal representative of that
group of color-component area portions acted
upon by the charge-increasing means during the
immediately preceding interval.

6. A television system according to claim 5, in
which the surface of the said target electrode
opposite to the photosensitive surface is formed
with a plurality of cylindrical lenses each of
which is approximately of a diameter equal to or
less ‘than the diameter of -each normal image
element area of the said photosensitive surface.

7. A television system according to claim 5, in
which said charge-increasing means comprises a
plurality of light sources selectively energized as
a, function of the scanning operation of said
camera tube and adapted to direct light through
said lens assembly toward said target electrode.

8. In a system including a cathode ray beam
pickup tube having a sensitized target electrode
therein, the combination of a plurality of station-
ary color filters, means for imaging an object on
said target electrode by light passing through
all of said color filters simultaneously, means for
scanning said target electrode by line and field
operations of the cathode ray beam of said tube,.
and means for illuminating said target electrode
directly and simultaneously through all of said
color filters only between each field-scanning
operation, the light produced by said last-men-
tioned means being of colors produced sequen-
tially one for each fie'd and corresponding to the
colors passed by said filters.

9. The combination of claim 8, in which the:
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said filters are respectively colored red, green,
and blue.

10. In a television system of the type in which
an optical image is focused upon the photosen-
sitive surface in a camera tube to thereby pro-
duce a corresponding electrostatic charge image
on a target electrode, the combination of means
for separating the light rays from the optical
image which reach each normal image element
area of the said photosensitive surface .into a
plurality of color components so that a portion of
each image element area will be charged by light
of one component color only, means for increas-
ing the charge by a substantially constant amount
-during regularly recurring intervals on that por-
tion only of each image element area that is
associated with light of a particular component
color, means for causing said charge increasing
means to act sequentially on the different color-
component area portions of said photosensitive
surface, means for scanning the target electrode
by an electron beam in said camera tube to
thereby derive output signals representative of
the charges on each group of different color-com-
ponent area portions, means for separating from
said output signals a particular signal repre-
sentative of that group of color-component area
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portions acted upon by the said charge-increas- -
ing means during the immediately preceding in-
terval, said charge-increasing means comprising
a plurality of light sources selectively energized
as a function of the scanning operation of said
electron beam and adapted to illuminate the said
photosensitive electrode, and wherein said light
sources are ion discharge lamps designed to re-
spectively emit light of each of the said com-
ponent colors.
OTTO H. SCHADE.
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