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UNITED STATES PATENT OFFICE 
TELEVISION SYSTEM 

Ray D. Kell, Princeton, N.J., assignor to Radio 
Corporation of America, a corporation of Dela 
Ware 

Application August 10, 1946, serial No. 689,655 
(C1, 315-31) 9 Claims. 

This invention relates to power supplies for 
television systems and more particularly to reg 
ulation of the operating voltage for kinescopes 
and the like. 
In the reproduction of images in television 

systems, it is usually customary to generate and 
(deflect an electron beam in a cathode ray tube 
in a predetermined scanning, pattern across a 
luminescent target to trace a scanning raster. 
The electron beam is normally generated by an 
electron gun which includes a cathode, usually 
indirectly heated, oxide-coated, and having a 
unipotential surface. The cathode serves as a 
Source of electrons. A control electrode is 
placed adjacent to the cathode to regulate the 
number of electrons drawn out, and thereby per 
mits the modulation of the intensity of the elec 
tron beam. A cathode region or first cross-over 
forming lens including the first anode and con 
trol grid concentrates the electron beam into 
a Small diameter at a first cross-over. The 
electrons emerging from this first cross-over are 
collected and refocused to a small spot on the 
tube fluorescent Screen by another focusing lens 
Which includes the second anode and the first 
anode. The focal length of an electron lens is 
governed by the relative potential applied to its 
electrodes. 

It follows that the focusing of the electron 
beam depends to a large extent upon the po 
tential applied to the second anode. If the op 
erating potential applied to the second anode. 
is not properly regulated and tends to vary, not 
only with the variations of the source of po 
tential, but with the load placed upon it, a de 
focusing of the electron beam will result. . . 
There is, however, another form of image dis 

tortion resulting from a variation of the operat 
ing potential which becomes particularly objec 
tionable in the reproduction 
natural color. m 

The amount an electron beam is deflected 
with a given deflection voltage is dependent upon 
the velocity of the electrons in the electron beam. 
The Velocity of the electrons, in the electron 
beam is dependent upon the operating voltage. 

of images in their 

It therefore follows that... the amount an elec 
tron beam is deflected with a given deflection 
voltage will vary with any change in operating 
Voltage. 

In the reproduction of images in their natural 
Color, it is common practice to provide a sequen 
tial Scanning. operation wherein each of the 
principal component colors of the subject are 
transmitted sequentially. It will be seen that 
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any change in image size resulting because of 
deviation from the proper deflection of the elec 
tron beam will cause serious distortion in the 
reproduction of images in their natural color 

.. by reason of the fact that the combination of 
the principal color images will not properly 
Coincide, 

Furthermore, Sequential Scanning of the same 
inage element will not register at the same point 
on the Screen if there is a change in operating 
potential. 
The power Supply that Operates the electron 

gun in the 'cathode ray tube consists of two 
Sources-the first source is generally alternat 
ing current Voltage to heat the thermionic emit 
ter or Cathode from which the electrons to form 
the electron beam are obtained. This voltage 
is normally Supplied by a transformer connected 
to the commercial power supply source. The 
other source, however, is a direct current volt 
age that applies the necessary potential differ 
ence between the cathode and control electrode, 
the Screen grid, the first anode, and the second 
anode. It is customary to have a single source 
of direct current voltage which may be used for 
all these electrodes, and the different voltage 
levels required may be obtained from a voltage 
divider, 
The high Voltage or operating voltage re 

quired for the Second anode may be obtained di 
rectly from the commercial source through a 
transformer, rectifier and filter circuit. It may 
be obtained by providing an auxiliary oscillator 
With appropriate rectifier, or it may be provided 
by deriving from the synchronizing pulse or de 
flection voltage a direct current voltage by rec 
tification and filter action. By whatever means 
the Operating voltage is obtained, it is impor 
tant, however, that the regulation be such that 
the Operating voltage will remain constant. 
The Second anode current changes with 

changes in picture brightness. The variations 
of the Operating voltage resulting from poor 
regulation of the power supply will result in 
defocusing of the electron beam and misregis 
tration in a sequential color system, as outlined 
above. 

It has been proposed to provide a voltage reg 
ulation System for kinescope tubes wherein the 
voltage applied to the second anode is main 
tained Substantially constant by direct regula 
tion of the voltage applied to the second anode. 
Such a System operates quite satisfactorily, how 
ever, it has been discovered that the principal 
cause for a variation in the power consumed by 
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the second anode has been the changing image 
brightness. Other changes in operating Voltage 
resulting from changes in Source Voltage are 
compensated for by reason of similar changes 
being applied to other elements of the circuit. 
It is therefore desirable that the regulation of 
the operating voltage applied to the Second an 
ode be controlled in accordance with the chang 
ing image brightneSS. 

According to this invention, the operating 
voltage applied to the second anode of an elec 
tron gun of a cathode ray tube is controlled ifi 
accordance with the changing image brightness 
or the direct current and low frequency con 
ponents of the video signal. 
A primary object of this invention is to pro 

vide an improved television receiving system. 
Another object of this invention is to improve 

image detail in kinescope tubes and the like. 
Still another object of this invention is to pro vide improved regulation of high voltage power 

supplies for kinescope tubes and the like. 
A further object of this invention is to over 

come the defocusing of the scanning Spot of a 
kinescope with changing image brightness. 
A still further object of this invention is to 

overcome image distortion resulting from lack 
of registration of sequential scanning patterns 
in the reproduction of natural color images. 
other and incidental objects of the invention 

will be apparent to those skilled in the art from a 
reading of the following specification and an in 
spection of the accompanying drawing in which 

Figure 1 shows a circuit diagram of one pre 
ferred form of this invention, employing an 
auxiliary oscillator for producing a regulated 
operating voltage for a kinescope or the like; 

Figure 2 shows by circuit diagram another 
preferred form of this invention as applied to an 
operating potential power source, wherein the 
operating voltage is derived from a deflection 
voltage; 

Figure 3 shows by circuit diagram still an 
other preferred form of this invention wherein 
the operating voltage is derived from the Syn 
chronizing pulses; and 

Figure 4 shows another form of this invention, 
as applied to the regulation of an operating 
voltage wherein the operating voltage is derived 
from the synchronizing pulses. 
Turning now in more detail to Figure i, there 

is shown a radio-frequency operated high-volt 
age supply of the type shown and described by 
O. H. Schade in an article entitled "Radio Fre 
quency Operated High-Voltage Supplies for 
Cathode-Ray Tubes,” beginning on page 158 of 
the “Proceedings of the Institute of Radio En 
gineers' for April 1943. The radio-frequency 
operated high-voltage supply may be employed 
to furnish the operating voltage for cathode ray 
tubeS. 
An oscillator tube contains a control elec 

trode 3 and an auxiliary control electrode 5. 
The oscillator circuit includes a primary coil 7 
and a coil 9 to provide the necessary feed-back 
to cause tube to oscillate. 

Coil 9 has associated therewith a coil which, 
in effect, steps up the voltage generated in coil 
7 and applies it to a rectifier tube f3. An aux 
iliary coil 5, also coupled to coil 7, supplies the 
filament voltage for rectifier tube f3. A second 
rectifier tube 7 is connected to coil . Recti 
fier tube 7 is connected to a focusing control 9 
which adjusts the relative value of the output 
yoitages E1 and E2. An appropriate resistance 
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4. 
condenser combination in resistance 21 and con 
densers 23 provides filter action for output po 
tential E2, and resistance 25 and condensers 27 
provide appropriate filter action for output po 
tential E1. 

Regulation control of the output potentials E1 
and E2 is obtained by applying a video signal 
containing the D. C. and low frequency com 
ponents to the auxiliary control electrode 5 of the 
oscillator tube . This is accomplished by apply 
ing a video signal in which blanking and syn 
Chronizing is in a positive direction to the con 
trol electrode 29 of tube 3f. The peaks of the 
synchronizing pulses cause the tube to draw grid 
current charging the condenser 33 to a value 
corresponding to the D. C. component of the 
image. The theory and operation of D. C. re 
insertion is explained in more detail beginning 
on page 367 of the book entitled “Principles of 
Television Engineering,' by Donald G. Fink, and 
published in 1940. 
The resistance capacity combination including 

condenser X and resistance R has a time con 
Stant SO chosen in relation to the output filter 
circuit including resistor 2 and condenser 23 
and also resistor 25 and condensers 27 to pro 
vide a smooth transition in regulation control 
from the filter condensers on the power supply 
output circuit to the control obtained from the 
D. C. component and very low frequency video 
components. 

For the purpose of explanation, the terms 
“condenser X and “resistor R' will be used in 
other figures where their function is analogous 
to that of condenser X and resistor R, of Fig 
Lire 1, 

In Figure 2, there is shown a kinescope 4 
which contains a second anode 43 and deflecting 
coils 45. 
In view of the fact that a normal scanning 

pattern dor raster is produced by a sawtooth 
wave, the sudden collapse of current in the de 
flecting coils 45 at the time of the return trace 
provides an extremely high voltage which can 
be rectified in rectifier 47 and applied as an oper 
ating voltage to second anode 43, after being sub 
mitted to appropriate filter action by the com 
bination of resistor 48 and condensers 49 and 5t. 
The electron discharge device 53 and induction 

coil 55 are part of a deflection generator which 
may take any of the well known forms and 
may, for example, be similar to that shown and 
described in the U.S. Patent to W. A. Tolson 
et al., No. 2,101,520, December 7, 1937. A control of the operating voltage applied to 
the second and de 43 is accomplished by providing 
an electron discharge device 57 connected in 
series with a resistor. 59, which is in turn con nected across the operating voltage applied to 
second anode 43. The impedance of electron 
discharge device 57 is controlled in accordance 
with the D. C. and low frequency components of 
the video signal by applying the video signal to 
control electrode 6 through an integrating cir 
cuit including capacity 63, and resistor 65, as 
shown, for instance, by P. W. Williams in U. S. 
Patent No. 2,252,746, granted August 19, 1941. 
The phasing of the circuit is adjusted such 

that the impedance of electron discharge device 
57 increases upon an increase in brightness of 
the image. It will be seen that such action will 
compensate for an increased current flow at 
anode 43 caused by increased image brightness. 
A portion of the video input signal is applied 

to amplifier tube 66. The output of amplifier 
  



5. 
signal 66 is applied 
kinescope 4. . . . . 

As is well-known to the art the video signal 
applied to the control electrode of the image 
reproducing tube must include the direct cur 
rent component in order to faithfully reproduce 
the image. The D. C. reinsertion, as it is Some 
times called, is accomplished in diode 68 which 
acts in accordance with D. C. reinsertion theory 
to properly establish the direct current level 
during each blanking pulse. . . 

It is not the intention here to relate the theory 
of D. C. reinsertion, but this arrangement is in 
cluded, by way of example, in order to illustrate 
how the video signal input may be applied to 
the control electrode of a circuit arrangement, 
as illustrated in Fig. 2. . - 
A detailed description of such a D. C. reinser 

tion may be found on page 367 of the book en 
titled “Principles of Television Engineering” by 
Donald G. Fink, first edition, 1940. 
Turning now to Figure 3, there is shown still 

another form of this invention, wherein the 
operating voltage is derived from the Synchro 
nizing pulses. Kinescope 7 contains a second 
anode 73 and deflecting coils 75. The deflection 
voltage for coil 15 is obtained from sawtooth. 
wave generator TT. The sawtooth wave voltage 
is amplified in electron discharge device 19. 
Rectifier8 is provided for damping the sawtooth 
wave deflection voltage in the conventional man 
le. 
Electron discharge device 83 operates as a hori 

zontal and vertical synchronizing signal Sep 
arator. Because of the higher frequency of the 
horizontal Synchronizing Signal, it is preferred 
that the horizontal synchronizing signal be em 
ployed to provide a Source for the desired oper 
ating voltage. 
The operation of electron discharge devices 77, 

79, 8, and 83 is conventional and may, for ex 
ample, take the form of the circuit shown and 
described beginning on page 470 in the book en 
titled "Principles of Television Engineering' by 
Donald G. Fink, published by McGraw-Hill Book 
Co., Inc., in 1940 and referred to above. 
The operating voltage is derived by applying 

the synchronizing pulse signal to control elec 
trode 85 of tube 87. The output circuit of tube 
87 includes an auto-transformer 89 for deriving 
from the amplified Synchronizing pulse an ex 
tremely high peak voltage, which is in turn rec 
tified in rectifier 9, and after appropriate filter 
ing, is applied to the Second anode 3 of kine 
scope 7. 
A control of the operating voltage is provided 

in a manner Similar to that shown in Figure 
2 by connecting a tube 93 in series with a resistor 
95. The tube 93 and resistor 95 are connected 
to provide a variable impedance across the source 
of operating voltage. The impedance of tube 
93 is governed by applying a video signal to con 
trol electrode 97 of tube 93 through an integrat 
ing circuit including capacity 99 and resistor 
f0. 
There is shown in Figure 4 another form of 

control circuit in accordance with one form of 
this invention, wherein the amplifying tube if 
contains a control electrode 3 to which is ap 
plied the incoming synchronizing pulses. Tube 
fill also contains an auxiliary electrode 5 
which effectively controls the amplification fac 
tor of tube it. The output circuit of tube 
is connected to an auto-transformer f7, which 
produces an extremely high voltage in a manner 

to control electrode 67 of 
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similar to that produced by auto-transformer 
89 of the circuit shown in Figure 3, . 

Rectifier 9 produces a direct current voltage 
which, after passing through the filter circuit 
including resistor 2 and condensers 23, pro 
vides the necessary operating voltage. 
The control of the operating voltage is accom 

plished by applying a video signal to the control 
electrode 25 of tube 21. The video signal is 
passed through an integrating circuit containing 
condenser 29 and resistor f3f. The anode 33 
of tube (27 is connected to the auxiliary con 
trol electrode 5 of tube in Such a manner 
that the amplification factor of tube will 
increase upon the application of an increased 
video signal. It therefore follows that the op 
erating voltage produced will be controlled by 
the video signal voltage, and therefore the op 
erating voltage will, in effect, be controlled in 
accordance with the video signal or changing 
image brightness. 
Although not shown by circuit diagram, this 

invention in another of its preferred forms may 
be applied to the conventional high voltage Sup 
ply consisting of an iron core step-up trans 
former energized from the 60-cycle power line, 
and employing a rectifier circuit With appropriate 
smoothing filter. In such a form of power sup 
ply, regulation in accordance. With this inven 
tion may be provided by the use of a tube whose 
impedance is connected in the operating volt 
age circuit and Whose impedance is controlled in 
accordance with the video signal. 
Having thus described my invention, what is 

claimed is: s 

1. In a cathode ray tube apparatus, a cathode 
ray tube having a control electrode adapted to 
receive an image detail signal voltage and an 
electrode adapted to receive an operating volt 
age, means for integrating said signal voltage, 
and means for controlling said operating volt 
age with said integrated signal voltage. 

2. In a cathode ray tube apparatus, a cathode 
ray tube having deflecting coils, a ray intensity 
control electrode adapted to receive a control 
voltage, means for developing a control voltage 
and an electrode adapted to receive an operat 
ing voltage, means for producing an operating 
Voltage, and means for controlling said operat 
ing voltage in accordance with the average am 
plitude of said control voltage. 

3. In a television system of the type employing 
an image tube requiring an operating voltage for 
the reproduction of images from video signals, 
a control circuit for said operating voltage com 
prising in combination a source for said operat 
ing voltage, a signal integrating circuit adapted 
to receive said video signals, an electron dis 
charge device having an input and output cir 
cuit, said input, circuit connected to said inte 
grating circuit, and a connection between said 
Source of Operating voltage and said output cir 
cuit of said electron discharge device to effectively 
control said operating voltage. 

4. In a television system of the type employ 
ing an image tube requiring an operating volt 
age for the reproduction of images from video 
signals, a control circuit for said operating volt 
age comprising in combination a source of al 
ternating current voltage, a rectifier for said 
alternating current voltage, a filter circuit con 
nected to said rectifier, a signal filter circuit 
adapted to receive said video signals, an elec 
tron discharge device having a control electrode 
and an anode, Said control electrode connected 
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to said signal filter circuit, and a connection be-, 
tween said source of alternating current volt 
age and said anode of said electron discharge 
device to control said operating voltage. s 

5. In a television system of the type employ 
ing an image tube requiring an operating volt 
age for the reproduction of images from Video 
signals, a control circuit for said operating volt 
age comprising in combination a filter circuit 
adapted to receive Said video signals, an elec 
tron discharge device having an input and out 
put circuit, said output circuit connected in par 
allel with said operating voltage, said input cir 
cuit connected to said filter circuit. 

6. In a television system of the type employ 
ing an image tube requiring an operating voltage 
for the reproduction of images from video sig 
nals, a control circuit for said operating volt 
age comprising in combination a beam defec 
tion signal generator for said image tube, a rec 
tifier connected to said beam deflection signal 
generator to derive therefrom said operating 
voltage, a signal integrating circuit adapted to 
receive Said Video Signals, an electron discharge 
device having an input and output circuit, Said 
input circuit connected to said integrating cir 
cuit, and a connection between said rectifier and 
Said output circuit of Said electron discharge de 
vice to control said operating voltage. 

7. In a television System of the type employing 
an image tube requiring an operating voltage for 
the reproduction of images from video signals, 
a control circuit for said operating voltage com 
prising in combination a source of beam deflec 
tion signals, for Said image tube, a circuit con 
nected to. Said source of beam deflection signals 
to derive therefrom said operating voltage, a 
Signal integrating circuit adapted to receive said 
video signals, an electron discharge device hav 
ing an input and Output circuit, said input cir 
cuit connected to said integrating circuit, and a 
connection between Said circuit connected to 
said Source of beam deflection signals. and said 
output circuit of said electron discharge device 
to control said operating voltage. 

8. In a cathode ray tube apparatus. for employ 
ment in the reproduction of images by a series of 
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scanning lines, a cathode ray tube having a 
control electrode adapted to receive a control 
voltage and an electrode adapted to receive an 
operating Woltage, a control circuit for said op 
erating voltage comprising in combination a sig 
nal filter circuit having resistance and capacity 
included in a circuit arrangement whose resist 
ance capacity time constant is at least as great 
as the time interval occupied by one of said scan 
ning lines adapted to receive said control volt 
age, an electron discharge device having an in 
put and output circuit, Said input circuit con 
nected to said integrating circuit, and a connec 
tion between said source of operating voltage 
and said output circuit of said electron discharge 
device to control said operating voltage. 

9. In a cathode ray tube apparatus, a cathode 
ray tube having a control electrode adapted to 
receive a control voltage and an electrode 
adapted to receive an operating voltage, a con 
trol circuit for said operating voltage compris 
ing in combination a signal integrating circuit 
adapted to receive said control voltage, an elec 
tron discharge device having an input and out 
put circuit, said input circuit connected to said 
integrating circuit, an oscillation generator in 
cluding a second electron discharge device hav 
ing a control electrode, a rectifier connected to 
said oscillation generator, a filter circuit con 
nected to said rectifier to provide said operat 
ing voltage, and a connection between said filter 
circuit and said control electrode of said second 
electron discharge device to control said operat 
ing voltage. 

RAY D. K.E. 
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