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The present invention is directed to television 
systems and particularly to a form of television 
System wherein the effect of increased Sensi 
tivity of an electronic Scanning tube may be at 
tained. 
In the prior art it has been known to use 

scanning tubes of the so-called “Iconoscope,' 
“Image Iconoscope” or the “Orthicon” type, all 
of which have been described from time to time 
in literature. In such tubes there is included a 
mosaic electrode which consists of a conducting 
signal plate and a layer of dielectric material 
Supported thereupon. Upon the dielectric ma 
terial is an arrangement of photo-electric par 
ticles or globules which consists of a very sub 
stantial number of tiny particles of photo-elec 
tric material which are each mutually insulated 
one from the other. Accordingly, when the 
particles are subjected to the light of an image, 
photo-electrons are released and the change in 
status of the mosaic particle potential relative 
to the signal plate causes an electrostatic charge 
to be developed across the insulator where the 
magnitude of the individual charges is propor 
tional to the brilliance of the optical image. 

However, under many circumstances, with 
high detail of scanning, Such as, for instance, 
the 525 line Scanning presently used in tele 
vision systems and the relatively high repetition 
rate of the order of 60 picture fields or 30 frames 
of double interlace picture per second, it is ap 
parent that the time within which charges may 
be accumulated for release to an external cir 
cuit by the scanning action of a cathode ray 
beam Scanning the mosaic is relatively short, 
and consequently the sensitivity of the scanning 
tubes is not as great as is often to be desired. 
If, however, provision is made for ways and 
means by which the time period between scan 
nings may be lengthened out, then it is apparent 
that the effective sensitivity of any given ele 
mentary area of the mosaic Would be increased, 
for it is substantially the effect that Would be 
achieved by decreasing the field frequency with 
out the resultant loss in the picture due to ob 
jectionable flicker, unless the picture reproduc 
ing device should have extremely long persistence. 

Accordingly, the present invention comprises 
the System wherein it is an object to provide 
for increasing the effective sensitivity of scan 
nin? tubes of the cathode ray-type. 
Other objects of the invention are to provide 
system wherein increased sensitivity may be . 

obtained without unduly increasing the com 
plexity \ of the system, nor yet the number 
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of its component parts, other than to increase 
the number of individual scanning tubes. 
Other objects of the invention are those of 

overcoming one or more defects known in the 
prior art, whereby the loss of sensitivity, due to 
high repetition rates of Scanning at the receiver, 
is not material at the transmitter. 
Other objects and advantages of the inven 

tion will become apparent from a consideration 
of the following specification in connection with 
the accompanying drawings, wherein the figures 
thereof schematically represent ways by which 
the invention may be practiced. 

In the drawings, Fig. 1 represents one form of 
system for using the invention, while in Fig. 2 
a slight modification, using electronic switch 
ing, has been illustrated. 

Referring now to the drawings, and first to 
Fig. 1 thereof, there has been shown two scan 
ning tubes i and 12 which are each of the 
cathode ray type, and, for convenience of illus 
tration. Only, those types of tubes known in the 
art as the 'Iconoscope,' which have been de 
scribed at numerous places in the literature so 
that further identification of a detailed nature 
is considered now to be unnecessary. It is, of 
course, to be understood that the "Iconoscope,' 
being a well known form of scanning tube, has 
been shown in Fig. 1 merely as an exemplifica 
tion of one form of Suitable Scanning tube, and, 
accordingly, any of the forms of Scanning tubes 
hereinabove mentioned may be substituted. In 
many instances it is desirable to use the so 
called "Orthicon' type of tube as a replacement 
for the “Iconoscope” or the “Image Iconoscope.” 
The “Orthicon” is shown particularly in con 
junction with the system of Fig. 2, although it 
is to be understood that the System is to be in 
no way limited to any particular form of scan 
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ning tube. As an example of the use of the 
"Orthicon' tube, further reference to it has been . 
made in the publications, for instance that en 
titled "The Orthicon, and television pick-up 
tube' by Rose and Iams, which appeared in the 
"RCA Review'', vol. IV, No. 2, on pages 186 to 199, 
for October, 1939, and also the same type of tube 
has been described in an article entitled "Tele 
vision pick-up tubes using low velocity electron 
beam scanning', published by Rose and Iams in 
the "Proceedings of the I. R. E.'', vol. 27, No. 9, 
for September, 1939, including pages 547, et. seq. 
For purposes of illustration, the scanning tubes 

f f and 2 comprise an evacuated envelope in 
which is included mosaic electrodes 3 and 4 
which, as above stated, comprise signal plates 
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scanning tube 2, and also to energize the supply 
line 53 for supplying anode voltage to the pre 
amplifier 22. VA 
So as to provide the connection of the source 

49 to the conductors 50 and 52 alternately, the 
contact points. 54, and 55 are adapted to alter 
nately bear upon the armature 56 of a relay unit 
57 which is energized under the control of an 
energizing coil 58. When the relay is de-ener 
gized by lack of any current flowing through the 
relay winding 58, the relay is biased by a Spring 
59, or the like, so as to press the armature 56 
against the lower contact 55 and energize the 
electron gun. 24 of the scanning tube f2 and the 
pre-amplifier. However, during time periods 
when the winding 58 is supplied with energy, the 
relay armature 56 is carried against the upper. 
contact point:54 and energy from the source 49 
is supplied to the anode of the electron gun 23 
of the scanning tube' i?, and also to the pre 
amplifier 2 associated therewith. 

. In order to provide for alternately energizing 
and de-energizing the relay element 57, there is 
included a suitable prime mover 60 which is ar 
ranged to drive and rotate a commutating ele 
ment 6 driven by way of the connecting shaft 
or link 62. The prime mover is preferably adapt 
ed to rotate at a rate coinciding with the frame 
frequency to be developed which, for a 2 to 1 in 
terlace condition and with 60 fields of trans 
mission per second, will amount to a rotational 
speed of 30 revolutions per second, or, where de 
sired, the prime mover may be so geared as to 
rotate the commutator at this speed through 
either step-down or step-up gearing. In any 
event, to control the speed of the prime mover 
and to maintain it in synchronism with the cath 
ode ray beams 29 and 30 within the scanning 
tubes, the connection is made by way of the con 
ductor 63. to the output, from the horizontal and 
vertical deflection control circuit unit 4t, so that 
the same energy that is supplied to deflect the 
cathode ray beams in the transmitter scanner 
tubes may also serve to control the speed of rota 
tion of the prime mover in order that exact syn 
chronism be maintained with the rate of beam 
deflection. • V- 

The prime mover, in its rotation of the com 
mutator 6, so provides that the source of volt 
age 49 may energize the relay winding 58 for a 
period corresponding to 180° of rotation of each . 
turn of the commutator. This is provided by rea 
son of the provision of the inner slip ring mem 

3 
against its lower contact 55, and the scanning 
tube 2 and pre-amplifier 22 are energized. 

In this way it is apparent that alternate ener 
gization of two independent scanning tubes takes 
place and the time cycle of operation is such that 
the period permitted for charging of the mosaic 
elements, under the influence of the energizing 
light, is substantially increased, whereby the ef 
fective signal output, as supplied to the pre 
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40 plied, with energy from a source fl. 

amplifiers 2 and 22 is materially increased for 
any given light value. The result is that the 
objectionable noise is reduced substantially and 
the picture quality improved. 
Now, making reference to the showing of Fig. 

2, a modification of the system has been disclosed 
wherein the so-called "Orthicon" type of tubes 
ff and 2 have been substituted for the "Icono 
scope' tubes and 2 of Fig. 1. The "Orthicon' 
tubes herein illustrated have been shown merely 
in diagrammatic form and include the mosaic 
structures 3 and f 4 positioned at the end of 
the tube and upon which the light of the image 
is directed by means of the optical systems such 
as those shown at 5 and 6. 
As in the arrangement of Fig. 1, the mosaic 

structures 3 and 4 of the "Orthicon' tube 
comprise, generally speaking, the signal plate, 
the insulating member and the light Sensitive 
particles supported upon the insulator, as is well 
known. The light of the image projected through 
the optical systems 5 and 6 is projected upon 
the mosaic electrode of the "Orthicon' and elec 
trostatic charges are built up which are Scanned, 
but in this case, the scanning is by a low velocity 
electron beam, as explained in the publications 
cited. 

For purposes of illustration, the focusing coils 
f5 and 6 have been shown as surrounding the 

complete length of the "Orthicon' tube and sup 
The de 

flecting coil for deflecting the electron beam 
within the tube in a vertical direction is repre- . 
sented schematically by the coils if 9 and 20 
surrounding the end of the "Orthicon' in the 
region between the deflecting plate pair 2 and 
22 to which the horizontal deflection voltages 

50 

ber 65 and the outer Segmental commutator Sec--- 
tions 67 and 68, of which it will be assumed that 
the latter section connects to the slip ring mem 
ber by way of the connection.69 and is insulated 
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from the section 67 by means of the insulator 
element 70. Thus, by virtue of the connection of 
the brush 7 to the outer commutating ring sec 
tion and the brush 2 to the inner slip ring men 
ber, it will be seen that a circuit is closed alter 
nately through the source 49, the armature or 
winding 58, the brush 7?, the commutator sec 
tion 68, the conductor 69, the slip ring 65, the 
brush 72 and conductor 73 to ground 74, and, un 
der such conditions, the scanning tube i Will 
serve to supply energy to the pre-amplifier 2, 
whereas after the commutator. rotates to the po 
sition, as shown, whereby the brush bears 
against the commutator segment 6, it is appar 
ent that there is an open circuit as far as passing 
energy through the armature or winding 58 is 
concerned, so that the relay armature 56 rests 
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are applied. The vertical deflecting coils are sup 
plied with energy from the vertical deflecting 
control unit 44 which is to be understood as con 
stituting a part of the vertical and horizontal de 
flection control unit shown in Fig. 1 as the unit. . 
4. Similarly, the horizontal deflection control 
unit 42 constituting another part of the unit 
shown as 4 in Fig. 1 supplies its energy to the 
deflecting plate pairs 2 and 22, as indicated. 

In order to develop the electron beam within 
the "Orthicon' tube for Scanning the mosaic. 
electrodes.f3 and 4, provision is made for an 
electron gun element 23 and 24 which com 
prises the usual electron emitter accelerating 
anode and a suitable control anode. The accel 
erating anodes are supplied with energy from any 
suitable source of positive voltage, such as that 
represented schematically by the potential source 
25 which feeds its energy by way of the con 
ductors 27 and 28 to the anode member of the 
electron gun. The cathode member is suitably 
connected to ground in well known manner, as 
indicated. Likewise, for convenience of illustra 
tion, one end of the deflecting coils, the focusing . . 
coils and the deflecting plate pairs is shown as 
connected to ground. 
To control and modulate the intensity of the 

electron beam developed within the electron gun 
- 23, as for instance to provide for return line 



4. 
blanking, there is provided the usual control or 
grid electrode formed as one element of the gun 
structure. The grid or control electrode of the 
gun 23 may be connected by way, of a conductor 
29 and 30 to an electron switch 3. Similarly, 
the control electrode or grid of the gun element 
24 connects by way of the conductors 32 and 
33 to the electronic switch 3. There is also a 
connection from the electronic switch 31, by 
way of the conductors 30 and 34, to a pre 
amplifier unit 2, and by Way of the conductors 
33 and 35 to a second pre-amplifier unit 22. 
The pre-amplifier units 2 and 22 are connected 
with the signal plates of the mosaic electrodes 

3 and 4 of the two separate "Orthicon' tubes 
fff and 2 and serve in the same connection as 

... didthe pre-amplifiers 24 and 22 explained in con 
nection with Fig. 1 to amplify the Output signals 
from the scanning tubes. The output of the pre 
amplifiers 2 and 22 is supplied by way of the 
output conductors 33 and 36 to the combining 
amplifier unit 36, all as explained in conjunction 
with the showing of Fig. 1. 
The conductors 34 and 35 which feed en 

ergy from the electronic switch will be assumed 
herein to supply cut-off biasing Voltages on the 
amplifiers 2 and 22 at predetermined points 
in the operational cycle of the device. Similarly, 
the conductors 29 and 32, which derive energy 
from the electronic switch 3, will also be as 
sumed to provide negative or cut-off biasing volt 
ages to the control or grid electrode of the elec 
tron guns 23 and 24 of the tubes f and 2. 

If now, it be assumed that a suitable source of 
biasing voltage 39 is provided and arranged to 
feed its output energy into the electronic switch 
unit 3, it can be understood readily that if the 
electronic switch is adapted alternately to con 
nect the source 39 with the pre-amplifier 2 
and the control electrode of the gun 23 on the 
one hand, and the pre-amplifier 22 and the con 
trol electrode of the gun 24 on the other hand, 
that each of these units may, when energized by 
the bias voltage 39 through the electronic 
switch, be carried to a cut-off state. 
The electronic switch herein is shown merely 

in diagrammatic form although it is to be under 
stood that such Switches are well known in the 
art and have been described, for instance, in the 
patents granted to Roys et al., No. 2,089,430, , 
granted August 10, 1937, and to Shumard, No. 
2,146,862, granted February 14, 1939. 
As was explained in the aforesaid patents, the 

electronic switch units, such as that now con 
ventionally represented as 3, are adapted to be 
triggered by some suitable source of energy 
which, in the arrangement of Fig. 2, is connected 
to the electronic switch by way of the conductor 
l, and since it is desired, from what has been 
abò , to provide a system wherein the 
tubes if and 2 are alternately functioning, it 
is apparent that the electronic switch unit 3 
can readily be controlled from the vertical de 
flection control unit 44, which is done by way of 
the connection established through the conduc 
tor 4 il between the vertical defection control 
unit 44 and the electronic switch 3. Accord 
ingly, the electronic switch f3 serves, following 
the receipt of one signal showing the completion 
of one vertical traversal of the mosaic electrodes 
of the scanning tubes, to switch the bias voltage 
source-to-one pre-amplifier and its associated 
electron gun to render it inoperative to produce 
signal output, and then immediately when the 
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... from the pre-amplifier units. 
apparent that provision is made for controlling 
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of each of the "Orthicon' tubes. 
prevent any possibility of reaction between the 
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ative is to be carried to an operative state, the 
bias is removed from the associated pre-ampli 
fier and electron gun and applied to the pre 
amplifier and electron gun of the tube which is 
to be rendered in a negative state, so that by al 
ternately switching the control from one "Orthi 
con' to another, it is apparent that the Same ef 
fects secured by the switching unit 67, as driven 
from the unit 6, are achieved in a purely elec 
tronic manner by the apparatus conventionally 
illustrated in Fig. 2. 

Similarly, in the arrangirement of Fig. 1, hori 
zontal and vertical blanking is applied to the 
“Orthicon' units and f2 by way of the 
conductor 43, shown as Supplying energy from 
the horizontal and vertical blanking unit 45 into 
the control electrode element of the electron gun 

In order to 

electron switch 3 and the horizontal and ver 
tical blanking unit 45, it is frequently desirable 
to include a buffer amplifier (not shown) in the 
lead 3 between the horizontal and vertical 
blanking unit and the electron guns of the tubes, 
all as is cubtomarily practiced in the art. 
For the purpose of supplying the line, field and 

frame sync signal output to be combined with 
the output of the preamplifiers 2 and 22 as such 
outputs are fed by way of the conductors 33 and 
34 to the combining amplifier, 36, provision is made 
by way of the conductor 48 for mixing this line, 
field and frame sync signal output in the output 
of the combining amplifier 36 in the conductor 
3. This combined signal output is then fed to 
the usual mixers, modulators and transmission 
channels in well known manner. 

In order to Supply the biasing cut-off voltages 
to the pre-amplifier units 2 and 22, such units 
may frequently consist of one or more tubes of 
the tetrode type, so that the signal output from 
the mixer elements of the “Orthicon' tubes may 
be fed to the #1 control grid of the amplifier 
tube in the preamplifier unit and the biasing of 
the cut-off voltage to be fed to the #2 grid of 
such tubes, and under conditions which the #2 
grid is maintained at a negative state, it is ap 
parent that no output. voltage will be derived 

In this way it is 

the control grid voltage in the electron gun and 
pre-amplifiers, rather than by way of a control 
of the high voltage supply of the pre-amplifier 
and electron gun as shown in Fig. 2. 

It is understood, however, that both systems 
are generally equivalent and have been illus 
trated to show the wide variance in selection of 
circuit arrangements. It is to be understood fur 
ther that any, and all types of electronic switch 
elements may be utilized, and that for the pur 
pose of these considerations the electronic switch 
and the mechanical switch are deemed to be the . 
equivalent of one another, as are the variqus 

85 

types of scanning tubes illustrated. 
Furthermore, it is to be understood that the 

arrangementS herein shown have all been 
Schematically represented and therefore the par 

70 

ticular illustrations do not necessarily depict the 
exact arrangement utilized in practice. . 
Havin? described my invention, what I claim 

in a television scanning system, a pair of 
image scanning tubes each adapted to receive a 
substantially like light image, each of said image 
scanning tubes having a mosaic electrode upon 

tube which has been previously rendered inoper- 76 which electrostatic charges representative of the 
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impressed images are adapted to be accumulated 
upon the projection of an image thereon, means 
included in each of the scanning tubes for de 
veloping an electron beam, a source of beam de 
flection energy for deflecting the developed elec 
tron beams to cause said beams to scan the mo 
saic electrodes to produce signal energy output, 
a pre-amplifier connected with each of the mo 
saic electrode elements of the tubes to receive 
the output energy therefrom for amplification, a 
combining amplifier to receive the output en 
ergy from the separate pre-amplifiers, and 
switching means for alternately rendering the 
independent scanning tubes and the associated 
pre-amplifiers operative and inoperative. 

2. In a television scanning system, a pair of 
image scanning tubes each adapted to receive a 
substantially like light image, each of said image 
scanning tubes having a mosaic electrode upon 
which electrostatic charges representative Of the 
impressed images are adapted to be accumulated 
upon the projection of an image thereon, means 
included in each of the scanning tubes for de 
veloping an electron beam, a source of beam de 
flection energy for deflecting the developed elec 
tron beams to cause said beams to Scan the mo 
saic electrodes to produce signal energy output, 
a pre-amplifier connected with each of the no 

5 
flection energy source for alternately rendering 

O 

the independent scanning tubes operative and in 
operative and simultaneously render the asso 
ciated pre-amplifier operative and inoperative. 

3. In a television, Scanning system, a pair of 
image Scanning tubes each adapted to receive a 
substantially like light image, each of said in 
age scanning tubes having a mosaic electrode 
upon which electroStatic charges representative 
of the impressed images are adapted to be ac 

.. cumulated upon the projection of an optical im 
age thereon, means included in each of the scan 
ning tubes for developing an electron beam, a 
source of beam deflection energy for deflecting 
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saic electrode elements of the tubes to receive 
the output energy therefrom for amplification, a 
combining amplifier to receive the combined out 
put energy from the separate pre-amplifiers, and 
switching means synchronized by Said beam de 

O 

the developed electron beams to cause said beams 
to scan the mosaic electrodes to produce signal 
energy output, a pre-amplifier connected with 
each of the mosaic electrode elements of the 
tubes to receive the Output energy therefrom for 
amplification, a combining amplifier to receive the 
output energy from each of the separate pre 
amplifiers, a source of bias voltage adapted when 
applied to render the scanning tubes inopera 
tive to produce a scanning beam and the pre 
amplifiers inoperative to amplify signal energy 
output, and switching means for alternately ap 
plying the biasing voltages to the individual 
scanning tubes and associated pre-amplifiers so 
that signal energy output representative of the 
impressed light image appears in the combining 
amplifier alternately from each of the independ 
ent scanning tubes. 

ROBERT. E. SHELBY. 

  


