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This invention relates to systems for controlling the 
electron beams of cathode ray tubes. It pertains partic 
ularly to the control of a plurality of electron beam com 
ponents used in a cathode ray tube so as to effect con 
vergence of said components at all points of a raster 
scanned in a predetermined plane. 
The problem of controlling the convergence of a plu 

rality of electron beam components as they are deflected 
to scan a raster at a target electrode, for example, one 
lying in a predetermined plane is one which is frequently 
encountered in present-day practice. In television sys 
tems, for example, the trend is toward the use of kine 
scopes having target electrodes in the form of luminescent 
screens which are flatter and of greater area than hereto 
fore used. Also, the overall length of such tubes tends 
to become shorter. The problem of deflecting an electron 
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beam, or a plurality of electron beam components, in 
tubes of this character requires the use of techniques for 
effecting convergence of the electron beam components 
at all points in the raster plane which heretofore have not 
been required. 

Aparticular example of such a cathode ray tube, which 
will be referred to herein for illustrative rather than 
restrictive purposes, is a multi-color kinescope for use 
in color television systems. A representative multi-color 
kinecope forms the subject matter of a United States 
Patent No. 2,595,548 of Alfred C. Schroeder, granted 
May 6, 1952. This tube has a luminescent Screen con 
sisting of a multiplicity of phosphor areas of sub-elemental 
dimensions. The different phosphor areas, are capable of 
producing a light of different colors when excited by 
electron beam energy. The different screen areas are 
scanned by a plurality of electron beams, from separate 
guns, which approach the screen from different angles 
through an apertured masking electrode. Color selection 
is effected by the angle of electron beam approach to the 
SCICCI. 
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Another multi-color kinescope of the type adapted to 
employ the present invention forms the subject matter of 
a copending United States application of Russell R. Law, 
Serial No. 165,552, filed June 1, 1950, and titled "Color 
Television.” In most respects, the tube of the type pro 
posed by Law is essentially similar to the tube proposed 
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proved beam control system for a multi-color 

2 
In order to successively operate a multi-color kinescope 

of the type referred to, it is necessary that the plurality 
of electron beam components be made to converge sub 
stantially in the plane of the masking electrode at all 
points in the scanned raster. Since the different points 
of the raster scanned in the plane of the target electrode 
are at different distances from the point of electron beam 
deflection, it is seen that it is necessary to provide a 
dynamic convergence control of the electron beam com. 
ponents in order that they may be made to converge in 
the desired manner. 
One such electron beam control system forms the sub 

ject matter of a copending United States application of 
Albert W. Friend, Serial No. 164,444, filed May 26, 1950, 
and titled "Electron Beam Controlling System." 
In the Friend application, there is provided an electron optical system which is variably energized as fi of 

both the horizontal and vertical deflection frequencies 
which the electron beam components are deflected. As 
demonstrated in the Friend application, it is seen that th 
dynamic convergence control, both at horizontal a 
tical deflection frequencies, should vary s 
a parabolic function. This fact follows 
that, without convergence control, the electronbeams 

'erge at points having a locus which 
r rabolic inform. . . . . . ." 

It has been found in practice that the development 
a parabolic wave form, particularly at the 
deflection frequency, for dynamic convergence 
rality of electron beam components, requires 
relatively complex and expensive apparatus. This results 
from the character of the wave and the requirements...of 
the system. The magnitude of the wave used for effect 
ing convergence must increase with increases in the angle 
of deflection from the central axis of the tube. Accord 

of 
al 

ingly, at the corners and edges of the scanned raster, the 

Accordingly, it is an object of the present invention to 
provide an improved electron beam control system by 
which to effect convergence of a plurality of electron 
beam components substantially at all points in the plan 
of a target electrode without the necessity of generating 
complex wave forms. . . . . - . . . . . . . . . ...? - 
Another object of the invention is to provide an im 

w, . . . . . for a multi-color kinescope in which convergence of a plurality of electron beam 
components is effected under the control of energy having substantially a sinusoidal wave form. 

Still another object of the invention is to provide an improved electron beam convergence control systemi 
which substantially sinusoidal control wave forms are 
simply developed from energy derived from the hori. 
Zontal deflection wave generators. . . . . . . 

further object of the invention is to provide, in a system for controlling the operation of a cathode ray tube, 
by Schroeder; the chief difference is that the Law type of tube employs a single electron gun to produce the 
plurality of electron beam components. This is effected 
by imparting a spinning type of movement to the 
so that it is caused to rotate about the central or lo 
tudinal axis of the tube. In rotating about the tube 
it occupies, at successive intervals, substantially the 
positions as those occupied by the separate electr 
of the Schroeder tube. 
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all points of a target electrode of the type-em 

The expresion “electron beam components," as used 
in this specification and claims, is intended to cover the 
type of phosphor-exciting electronic energy produced by 
a single or a plurality of electron guns. This energy may 
from the scope of the invention. 

70 
be continuous or pulsating as required without departing - 

an improved generator of electrical control waves. 
The invention is employed in conjunction with an electron-optical system for effecting convergence of 

plurality of electron beam components substantia 
multi-color kinescopes. The cathode ray tube is « .. : 
with a field-producing means located adjacent to the paths 
of the electronbeam components. The field-producing 
means is energized, first, as a parabolic function, at the 
vertical beam deflection frequency, and, second, as a 
sinusoidal function at the horizontal beam deflection frequency. - 
More specifically, in accordance with an embodiment 

of the invention in conjunction with a multi-color kine. 
scope wherein the electron beam components are respectively, from different electron guns, the field-pro. 

  

  



3 
ducing means includes anodes of the kinescope. The para 
bolic wave at vertical beam deflection frequency is pro 
duced by integrating a saw-tooth wave derived from the 
vertical deflection wave generator. The substantially 
sinusoidal convergence control wave at horizontal deflec 
tion frequency is produced by exciting a parallel tuned 
circuit, resonant at the horizontal deflection frequency, by 
means of a parabolic wave at this frequency derived from 
a point in the horizontal deflection wave generator. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention itself, however, both as 
to its organization and method of operation, as well as 
additional objects and advantages thereof, will best be 
understood from the following description when read in 
connection with the accompanying drawings. 

In the drawings: 
Figure 1 is a block diagram of a television receiver 

embodying the present invention; 
Figure 2 is a graphical representation of the manner 

in which the system embodying the invention operates; 
Figure 3 is a fragmentary schematic diagram of an illus 

trative form of a horizontal convergence control wave 
generator in accordance with the invention; and, 

Figure 4 is another fragmentary schematic diagram of 
anillustrative embodiment of a vertical convergence con 
trol wave, generator in accordance with this invention. 

Reference first will be made to Figure 1 for a descrip 
tion of the general form of a television receiver in which 
the present invention may be embodied. The receiver in 
cludes an antenna 11 to which is coupled a conventional 
television signal receiver 12. It will be understood that 
the receiver 12 may include such conventional apparatus 
as carrier wave amplifiers, a frequency converter and a 
carrier wave demodulator or signal detector. Accord 
ingly, the video and synchronizing signals will be under 
stood to be derived from the receiver 12. The video sig 
nals are impressed upon a video signal channel 13 and 
the synchronizing signals are impressed upon a synchro 
nizing signal separator 14. The video signal channel 13 
is coupled to the electron beam control apparatus of an 
image-reproducing device, such as a kinescope 15. 
In the present instance, it is assumed that the invention 

is embodied in a color television system. In this case, the 
kinescope 15 may be of either of the types disclosed in 
the Schroeder patent and Law application previously re 
ferred to. For illustrative purposes, it is assumed that the 
kinescope 15 is of the general type disclosed in the Schroe 
der patent. The luminescent screen 16 of the kinescope 
15 consists of a transparent flat plate which is mounted 
in back of, and somewhat spaced from, the end wall 17 
of the tube. The luminescent portion of the screen, which 
is on the side of the transparent plate remote from the 
end wall 17, consists of a multiplicity of groups of phos 
phor elements, each element being of such size that a 
group of them is of elemental image dimensions. For 
example, one such group of phosphor elements or dots 
consist of the red, green, and blue light-producing dots 18, 
19 and 20, respectively. The groups of phosphor dots 
may be arranged in any desired pattern, such as clusters 
of circular, triangular, hexangular or other configurations, 
or even in linear strips extending from one side of the 
screen to the other. 
: For use in conjunction with a luminescent screen of 
the character described, the tube 15 also is provided with 
an apertured masking electrode 21. This electrode is 
mounted in back of, and in spaced relation to, the screen 
16... It also is provided with apertures conforming in 
shape substantially to the configurations of the groups of 
phosphor dots. For example, in the case of substantially 
circular groups of phosphor dots, the apertures such as 
22 will be substantially circular. One aperture is provided 
in this electrode for each group of phosphor dots. The 
apertures of the masking electrode 21 also are arranged 
with respect to the associated groups of phosphor dots 
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so that proper selective excitation of the phosphor areas 
may be effected to produce the desired component colors 
of the image. 
The multi-color kinescope 15, also in accordance with 

the disclosure of the Schroeder patent referred to above, 
is provided with three electron guns 23, 24 and 25, which 
will be referred to hereinafter as the red, green and blue 
guns, respectively. These designations are made because 
the electron guns are effective to excite the red, green and 
blue light-producing phosphor areas of the screen 16. 
Also, as part of the electron-optical system of the tube, 
there are provided with, or as part of the electron guns, 
second anodes 26, 27 and 28. These anodes serve to 
focus the electron beams produced respectively by the 
guns 23, 24 and 25 into the target area which includes the 
screen 16 and the masking electrode 21. Such electron 
optical apparatus will be understood to be conventional 
in substantially any cathode ray tube. 
The kinescope 15, however, in the present instance, in 

cludes an additional electrode 29 having a substantially 
cylindrical form for use in effecting convergence of the 
three electron beams in the plane of the masking electrode 
21. This is indicated schematically in this figure of the 
drawing. For example, in order to excite the red, green 
and blue light-producing phosphor dots 18, 19 and 20, re 
spectively, the electron beams indicated at 31, 32 and 33 
converge in the aperture 22 of the masking electrode 21 
substantially as shown. Travel of the electron beams be 
yond the masking electrode causes impingement with the 
proper phosphor dots or luminescent screen. - 
The individual electron beam-focusing electrodes 26, 27 

and 28 function by reason of having impressed thereon 
a potential of the order of 3,000 volts which is of positive 
polarity relative to the cathodes of the electron guns 23, 
24 and 25. The convergence anode 29 functions in con 
junction with the conventional electrode structure of the 
kinescope 15 to produce a field by which to effect the 
desired convergence of the electron beam. This field is 
produced by impressing a potential upon the convergence 
anode 29 of the order of 6,000 to 7,000 volts relative to 
the focusing anodes 26, 27 and 28. 
The manner in which these potentials are applied to 

the electron-optical system of the kinescope 15 as de 
scribed, is indicated diagrammatically. A source of uni 
directional voltage, such as indicated by a battery 34, 
has connected to the terminals thereof, a voltage dividing 
resistor 35. The negative terminal of the power supply 
34 is grounded and it is assumed that the cathodes of the 
electron guns 23, 24 and 25 are operated substantially at 
ground potential. The focusing anodes 26, 27 and 28 are 
shown connected to a relatively low positive voltage point 
on the voltage divider 35. In a similar manner, the con 
vergence electrode 29 is shown connected to a more posi 
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tive point on the voltage divider 35 by a circuit which 
includes a relatively high impedance resistor 36. For 
further information regarding the operation of beam con 
vergence apparatus with which the present invention may 
be employed, reference may be had to a publication dated 
April 1950 by Radio Corporation of America and titled 
"General Description of Receivers for the RCA Color . 
Television System Which Employ the RCA Direct-View. 
Tri-Color Kinescope.' - . . . . . 

The kinescope 15 also is provided with a beam-deflect 
ing system which, in the present case, includes an electro 
magnetic yoke 37. The deflecting yoke is mounted in 
the usual manner around the outside of the neck portion 
of the kinescope adjacent to the conical section thereof. 
It also is energized in a conventional manner, which will 
be referred to subsequently. 
The synchronizing signal separator 14 is coupled to hor 

izontal and vertical deflection wave generators 38 and 39, 
respectively. These generators may be entirely conven 
tional. Accordingly, it will be understood that a substan 

75 
tially saw-tooth-wave, such as 41 at the line scanning fre 
quency, is derived from the horizontal defection wave 

  



5 
generator 38 and is impressed upon the yoke 37. Simi 
larly, a substantially saw-tooth wave, such as 42 at the 
field scanning frequency, is derived from the vertical de 
flection wave generator. 39, and also is impressed upon 
the yoke, 37. 
The system, in accordance with the present invention, 

also includes horizontal and vertical convergence control 
wave generators 43 and 44, respectively. The input circuits 
of these generators are coupled to the horizontal and ver 
tical deflection wave generators 38 and 39, respectively. 
The output circuits of the convergence control wave gen 
erators are combined with one another and are coupled 
by a capacitor 45 to the convergence electrode 29 of the 
kinescope 15. By such an arrangement, there is impressed 
upon the convergence electrode 29, a dynamic control 
wave, in addition to the steady energization thereof previ 
ously described. The junction point between the output 
circuits of the generators 43 and 44 is by-passed to ground 
by a capacitor 46. This capacitor provides a by-pass for 
the horizontal control wave and, at the same time, pro 
vides a high impedance for the vertical control wave. 

In this form of the invention the horizontal conver 
gence control wave generator 43 has its input circuit con 
nected to a point in the circuit of the horizontal deflection 
wave generator 39 from which there may be derived a 
wave such as 47 having a substantially parabolic form and 
a frequency corresponding to the line scanning frequency. 
One convenient point in the horizontal defection wave 
generator 38, from which the parabolic wave 47 may be 
derived, is the damper-booster apparatus. A typical 
damper-booster of the type referred to is disclosed in an 
article by Albert W. Friend titled "Television deflection cir 
cuits,” published at page 98 of the March 1947 RCA Re 
view, volume VIII, No. 1. A representative form of such 
a damper-booster is shown in Figure 19 of the article. 
Another convenient source of a horizontal frequency 

parabolic wave is the cathode of the horizontal deflection 
tube. The cathode circuit of such a tube usually includes 
a network which functions to integrate the current of saw 
tooth form traversing it so as to produce a parabolic wave 
suitable for use in the practice of this invention. 
The horizontal convergence control wave generator 43 

functions in a manner to be described in greater detail sub 
sequently to convert the parabolic wave 47 into a sub 
stantially sinusoidal wave, such as 48. 
The vertical convergence control wave generator. 44 

may have its input circuit coupled directly to the output 
circuit of the vertical deflection generator 39. By this 
means, a substantially saw-tooth wave, such as 42, is im 
pressed upon the convergence control wave generator 44. 
This apparatus functions in a manner to be described pres 
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ently to convert the saw-tooth wave 42 into a substantially 
parabolic wave, such as 49. 
The inter-coupling of the output circuits.of the horizon 

tal and vertical convergence control wave generators 43 
and 44 serves to combine the sinusoidal and parabolic 
waves.48. and 49 for impression upon the convergence con 
trol electrode 29. The dynamic energization of this elec 
trode by means of these waves effects convergence of the 
electron beams 31, 32 and 33 substantially in the plane of 
the masking electrode 21 for all points in the raster 
scanned by deflecting these beams in a conventional 
ac. 

Before considering in more detail the apparatus em 
bodying the present invention, reference will be made to 
Figure 2. The purpose of this figure is to illustrate graph 
ically, the general manner in which a sinusoidal wave may 
be used to effect dynamic convergence at the line scan 
ning frequency with substantially the same effectiveness 
as a parabolic wave. In this figure, a portion of a repre 
sentative composite television signal wave is shown by 
the curve 51. The portion 52 represents the video signal 
in one horizontal line of the image. The wave portions 
53 represent the horizontal blanking pulses and the por 
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6 
tions 54 represent the horizontal synchronizing pulses. 
The horizontal blanking periods are indicated as extend 
ing from the leading to the trailing edges of the pulses 53. 
Also, the horizontal line period is indicated as extending 
between the trailing edges of successive horizontal syn 
chromizing pulses 54. The picture period of each hori 
Zontal line is indicated as extending between the trailing 
edge of one of the horizontal blanking pulses 53 to the 
leading edge of the succeeding horizontal blanking pulse. 

It will be understood that, since the luminescent screen 
of the kinescope is not energized by electron beam energy 
during the blanking periods, attention need only be given 
to convergence of the beam component during the pic 
ture periods. It has been determined that, with a mini 
mum dynamic energization of the convergence electrode 
when the electron beams of the kinescope are directed to 
ward the central point of the scanned raster, a maximum 
energization of this electrode is required when the electron 
beans are deflected toward the vertical edges of the 
scanned raster. The variation of this voltage should foi 
low substantially a parabolic function. 

Accordingly, in Figure 2, the broken line curve 55 rep 
resents a voltage having a substantially parabolic form 
and a frequency equal to the horizontal scanning fre 
quency. It is seen that the positive, or upwardly extend 
ing, peaks of this wave coincide with the midpoints of the 
blanking periods between horizontal lines. Also, it is seen 
that the negative peaks of the wave 55 occurs substantially 
at the center of the horizontal lines. As graphically illus 
trated, a voltage variation represented by "e" is required 
to effect the desired dynamic beam convergence control 
in a horizontal sense. However, in order to develop a 
voltage having a substantially parabolic wave form for use 
in a system of this character, it is necessary to develop a 
parabolic voltage wave having peak-to-peak amplitude rep 
resented by "E.' It is seen that a substantial portion of 
the total available amplitude of such a wave is not re 
quired in a system of this character. Approximately that 
portion of the voltage represented by "E," which exceeds 
the required voltage indicated by "e,” is not needed. 

Furthermore, in order to develop a parabolic voltage 
of the proper phase required, it is necessary to employ an 
output transformer having the capability of passing har 
monics of the third order and higher with negligible phase 
distortion. Such a transformer nceessarily is an expen 
sive component. It is seen, therefore, that an output tube 
having a higher power handling capability than is needed 
for the energization of the convergence electrode is re 
quired when parabolic voltage, waves are employed and 
also an excessively expensive output transformer must be Supplied. 

By reference to Figure 2, it will be seen that a sinusoidal 
voltage wave such as represented by the curve 56 may 
be employed in accordance with this invention with sub 
stantially the same success as the theoretically required 
parabolic voltage ways. It may be seen from an inspec 
tion of the curves 55 and 56 that, during most of the pic 
ture period, the two waves closely coincide. The depar 
ture of the sinusoidal wave 56 from coincidence with the 
parabolic wave 55, occurs substantially entirely within 
the blanking periods between horizontal picture lines. 
Furthermore, it may be seen that the peak-to-peak ampli 
tude of the sinusoidal wave 56 is substantially equal to 
that required for the dynamic energization of the con 
vergence electrode as indicated by “e.” 

it will be understood by those skilled in the art that 
the use of a sinusoidal voltage wave for horizontal dy 
namic convergence control enables a material simplifi 
cation in the design of the apparatus. Compared with 
the problems of generating a parabolic wave at the hori 
Zontal deflection frequency the generation of a sinusoidal 
wave of the same frequency is quite simple. The power 
requirements are substantially less and also more eco 
nomical components may be used. 
By referring now to Figure 3 of the drawings, there 
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will be described apparatus embodying an illustrative 
form of the invention for derivation of the horizontal 
convergence control wave having a sinusoidal form. The 
apparatus includes an electron tube 57 which, in the ilius 
trated case, is a pentode, such as an RCA type 5763. 
The suppressor and screen grids of the tube are con 
ventionally connected respectively to ground and to a 
source of positive potential relative to the cathode. The 
control grid of the tube 57 is connected to a potentiometer 
58, upon the terminals of which is impressed a parabolic 
wave such as 47 by means of a capacitor 59 coupled to 
the horizontal deflection wave generator 38 as indicated. 
The capacitor 59 may be coupled to the cathode of the 

- output tube of a conventional horizontal deflection wave. 
It is customary to include in the cathode cir generator. 

cuit of such a tube a network of resistance and capacitance 
of a character serving to integrate the substantially saw 
tooth current traversing the cathode circuit in a manner 
to develop a substantially parabolic voltage wave at the 
cathode. 
The cathode of the tube 57 is connected to ground, or 

other point of fixed potential, by a resistor 61 which is 
by-passed for alternating currents by a capacitor 62. 
The anode of the tube 57 is connected to a source of posi 
tive voltage indicated at --B through an inductance de 
vice such as a coil 63. Briefly, this coil should be of a 
character to permit a variation of its inductance for a pur 
pose to be described presently. Accordingly, it may be 
provided with a movable core if desired. The anode of 
the-tube 57 is coupled by a capacitor 64 to the primary 
winding 65 of an output transformer 66. The trans 
former also is provided with a secondary winding 67 which 
is connected as indicated between the vertical convergence 
control wave generator 44 and the convergence anode 
29 of the kinescope 15. 
By means of the coil 63 in conjunction with the pri 

mary transformer winding 65 and the capacitor 64, the 
output circuit of the tube 57 is tuned substantially to the 
horizontal deflection frequency of 15,750 cycles per sec 
ond. By this means, there is provided a sinusoidal wave 
output developed at the secondary transformer winding 
67 of sufficient magnitude to effect the desired horizontal 
dynamic convergence control of the electron beam energy 
in the manner previously described. Phase control of the 
generated sinusoidal wave also may be effected by tuning 
of the coil 63. In this way the wave may be made to con 
form to the picture and blanking periods as described in 
conjunction with Figure 2. 
The parabolic dynamic convergence control voltage at 

the field scanning frequency may be developed in accord 
ance with the present invention by means of apparatus 
such as that shown by Figure 4 to which reference now will 
be made. This apparatus includes electron tubes 71 and 
72 which may be triodes as illustrated. It will be under 
stood that the two electron discharge paths may be com 
bined within a single envelope in a double triode, such as 
an RCA type 12AU7. There is derived from the vertical 
deflection wave generator 39, a substantially saw-tooth 
voltage wave 42. This is impressed upon a network in 
cluding a series resistor 73 and a shunt capacitor 74. By 
means of this network the voltage indicated at 42 is par 
tially integrated and attenuated. Such a voltage then is 
impressed by a coupling capacitor 75 and resistor 76 upon 
the grid of the tube 71. The anode of the tube is con 
nected to a source of positive voltage indicated at --B 
by load resistors 77 and 78. Accordingly, there is de 
veloped at the anode of the tube 71, an amplified wave 
similar to the input wave 42 but of opposite phase. A 
similar voltage is developed at the junction point between 
the resistors 77 and 78. s 
The cathode of the tube 71 is connected to ground, 

or other point of fixed potential, by serially connected re 
sistors 79 and 80. It will be noted that these resistors 
are unby-passed for alternating currents. Accordingly, 
there is developed by the resistors 79 and 80 a substan 

O 

. . The parabolic voltage wave 88 is developed across the 
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8 
tially saw-tooth voltage of the same phase as the voltage 
wave 42. The saw-tooth waves of opposite phase de 
veloped in the anode and cathode circuits of the tube 71 
are combined with one another and also with a para 
bolic wave in a manner to be described for impression 
upon the tube 72. - - 
There is coupled to the anode of the tube 71 an inte 

grating network 81. This network consists of a series 
connection of resistors 82, 83 and 84 and a plurality of 
shunt capacitors 85, 86 and 87. By means of this net 
work, the saw-tooth voltage developed at the tube 71 is 
integrated to provide a voltage such as indicated at 88 
having a parabolic wave shape. 

resistance portion of a potentiometer 89. The movable 
element of the potentiometer is connected by a coupling 
capacitor 91, and a leak resistor 92, therefor, to the con 
trol grid of the tube 72. The cathode of this tube is 
connected to ground through a resistor 73 which is by 
passed for alternating currents by a capacitor 94. Space 
current for the tube 72 is derived from the power supply 
indicated at --B through a load resistor 95. 
The other terminal of the resistor element of the po 

tentiometer 89 is connected to the movable contact of 
another potentiometer 96. One terminal of the resist 
ance portion of the potentiometer 96 is coupled by a 
capacitor 97 and a resistor 98 to the junction joint be 
tween the cathode-connected resistors 79 and 80 asso 
ciated with the tube 71. The other terminal of the po 
tentiometer 96 is coupled by a capacitor 99 to the junction 
point between the load resistors 77 and 78 associated with 
the anode of the tube 71. It is seen that, by means of 
these connections of the potentiometer 96, saw-tooth 
voltages of opposite phase are impressed upon the ter 
minals of the potentiometer so that it may be used in a 
manner to be described presently. 
The anode of the tube 72 is coupled by a capacitor 101 

to the primary winding 102 of an output transformer 103. 

40 
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By such means the transformer is shunt fed from the load 
resistor 95 and direct current saturation thereof is pre 
vented. This transformer also has a secondary winding 
104 which is coupled to the horizontal convergence con 
trol wave generator 43 as indicated and as shown spe 
cifically in Figure 1. 
The manner in which the vertical convergence control 

wave generator of Figure 4 operates is substantially as 
follows. As previously stated, the integrating network 
81 functions to convert the saw-tooth voltage wave 42 
into a parabolic wave 88. The magnitude of that portion 
of the parabolic voltage wave 88 which is impressed upon 
the grid of the tube is controlled by the adjustment of 
the potentiometer 89. The connection of this potenti 
ometer to the potentiometer 96 permits the addition of a 
saw-tooth voltage with the parabolic voltage. 
By suitably adjusting the potentiometers 89 and 96 the 

wave form of the output parabolic wave 49 may be con 
trolled. A symmetrical parabolic wave 49 is generated 
by adjusting the potentiometer 89 so that a maximum 
amplitude ofthe parabolic wave 88 is impressed upon the 
control grid of the tube 72. If it is desired to make the 
output parabolic wave 49 unsymmetrical, the potenti 
ometer 89 is adjusted to impress a minimum amplitude 
of the parabolic wave 88 upon the tube 72. At the same 
time, an adjustment of the potentiometer 96 to one side 
or the other of its central position will distort the para 
bolic wave 49 in opposite senses depending upon the ad 
justment of the potentiometer 96. 
For example, with the arm of the potentiometer 96 

moved toward that end of the resistor portion coupled 
to the cathode of the tube 71, the output voltage wave 
has a form substantially as indicated at 49a. This is pro 
duced by the addition of a saw-tooth voltage of the phase 
developed at the cathode of the tube 71. An adjustment 
of the arm of the potentiometer 96 toward the end of the 
resistor portion coupled to the anode of the tube 71 pro 
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duces an opposite distortion of the parabolic output wave 
as indicated at 49b. It is seen, therefore, that suitable 
manipulation of the potentic meters 89 and 96 renders 
the apparatus susceptible of operating to control the 
amplitude of the parabolic output wave 49 and also to 
control its shape suitably to enable the convergence elec 
trode 29 of the kinescope 15 to maintain beam con 
vergence vertically throughout substantially the entire 
raster scanned by the beams. 

It may be seen from the foregoing disclosure of an 
illustrative embodiment of the invention that there is 
provided an improved system for effecting convergence 
of a plurality of electron beam components substantially 
at all points in the plane of a target electrode without 
the necessity of generating complex wave forms. It is 
seen, from the demonstration made herein, that a sinus 
oidal wave so closely approximates the theoretically ideal 
parabolic wave during the horizontal picture periods 
that a satisfactory resultis obtained. 

Furthermore, such a sinusoidal wave has about the 
proper peak-to-peak amplitude to effect the desired con 
vergence control. A sinusoidal wave is much easier to 
generate than a parabolic wave. The apparatus used for 
Such purpose, therefore, may be quite simple and in 
expensive. Moreover, it is not necessary to generate a 
wave having a peak-to-peak amplitude which is greater 
than that necessary to accomplish the desired result. In 
many cases, the peak-to-peak amplitude of a parabolic 
wave is approximately 72% greater than that of a sinus 
oidal wave to accomplish substantially the same results. 
In addition, in order to develop a parabolic voltage wave 
of proper phase for use in a system of the character de 
scribed, an output transformer is required which is capable 
of passing, in addition to the fundamental frequency, 
harmonics of the third and higher orders with negligible 
phase distortion. Such a transformer is a relatively ex 
pensive component. Also, an output tube having a 
greater power handling capability is required when a 
parabolic voltage wave is used as compared with the tube 
necessary for use when a sinusoidal wave is employed. 

Furthermore, it is seen that the illustrative forms of 
the convergence control wave generators disclosed herein 
provide facilities for easily changing the phase of the 
control waves so as to obtain an optimum adjustment. 
Also, facilities are provided for suitably altering the 
shapes of some of the voltage waves in order to better 
adapt them for use in a system of the character described. 
The nature of the invention may be determined from 

the foregoing disclosure of an illustrative embodiment 
thereof. The scope of the invention is set forth in the 
following claims. 
What is claimed is: 
1. In a cathode ray tube image-reproducing system 

wherein electron beam energy is angularly deflected both 
horizontally and vertically relative to the longitudinal 
axis of the tube to scan a raster at a target electrode, 
means for effecting said beam deflections under the con 
trol of waves having substantially sawtooth forms, a 
dynamic electron beam controlling system comprising, 
field-producing means disposed adjacent to the undeflected 
path of said electron beam energy, and means to produce 
a wave varying as a sinusoidal function of one of said 
beam deflections and having the same frequency as said 
one beam deflection for energizing said field-producing 
eaS 

2. In a cathode ray tube image-reproducing system 
wherein a plurality of electron beam components, effec 
tively traversing paths spaced, respectively, about a lon 
gitudinal axis of the tube, are angularly deflected both 
horizontally and vertically to scan a raster at a target 
electrode, means for effecting said beam deflections under 
the control of waves having substantially sawtooth forms, 
a dynamic convergence system to effect substantial con 
vergence of said beam components at all points in said 
raster comprising, field-producing means disposed ad 
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jacent to the paths of said beam components, and means 
to produce a wave varying as a sinusoidal function-of-one 
of said beam deflections and having the same frequency 
as said one beam deflection for energizing said field 
producing means. 

3. In a cathode ray tube image-reproducing system, 
the combination as defined in claim 2 wherein, said wave 
producing means includes a circuit resonant at substan 
tially the same frequency as said one beam deflection, 
and means to vary the tuning of said resonant circuit to 
effect phase control of said produced wave. 

4. In a cathode ray tube image-reproducing system 
wherein a plurality of electron beam components, effec 
tively traversing paths spaced, respectively, about a lon 
gitudinal axis of the tube, are angularly deflected both 
horizontally and vertically to scan a raster at a target 
electrode, means for effecting said beam deflections 
under the control of waves having substantially sawtooth 
forms, a dynamic convergence system to effect substan 
tial convergence of said beam components at all points 
in said raster comprising, field-producing means disposed 
adjacent to the paths of said beam components, and 
means to produce a wave varying as a sinusoidal function 
of said horizontal beam deflection, and having said hori 
zontal beam deflection frequency for energizing said 
field-producing means. 

5. In a cathode ray tube image-reproducing system. 
wherein a plurality of electron beam components, effective 
ly traversing paths spaced, respectively, about a longitudi 
nal axis of the tube, are angularly deflected both hori 
zontally and vertically to scan a raster at a target electrode, 
means for effecting said beam deflections under the 
control of waves having substantially sawtooth forms, 
a dynamic convergence system to effect substantial 
convergence of said beam components at all points in said 
raster comprising, field-producing means disposed ad 
jacent to the paths of said beam components, and means 
for energizing said field-producing means concurrently...as 
functions of said vertical and horizontal beam deflections, 
at least one of said functions being sinusoidal, and said 
sinusoidal energization being at one of said beam deflection frequencies. 

6. In a cathode ray tube image-reproducing system 
wherein a plurality of electronbeam components, effective 
ly traversing paths spaced, respectively, about a longitudi 
nal axis of the tube, are angularly deflected both hori 
zontally and vertically to scan a raster at a target electrode, 
means for effecting said beam deflections under the control 
of waves having substantially sawtooth forms, a dynamic 
convergence system to effect substantial convergence of 
said beam components at all points in said raster-com 
prising, field-producing means disposed adjacent to the 
paths of said beam components, means to produce a 
wave varying-as a parabolic function of one of said beam 
deflections for energizing said field-producing means, and 
means to produce a wave varying as a sinusoidal function 
of the other of said beam-deflections for additionally ener 
gizing saidfield-producing means. 

7. In a cathode ray tube image-reproducing system 
wherein a plurality of electron beam components, effec 
tively traversing paths spaced, respectively, about a longi 
tudinal-axis of the tube, are angularly deflected both hori 
zontally and vertically to scan a raster at a target electrode, 
means for effecting said beam deflections under the control 
of waves having substantially sawtooth forms, a dynamic 
convergence system to effect substantial convergence of 
said beam components at all points in said raster com 
prising, field-producing means disposed adjacent to the 
paths of said beam components, means varying as a para 
bolic function of said vertical beam deflection for ener 
gizing said field-producing means, and means to produce 
a wave varying as a sinusoidal function of said horizontal 
beam deflection for additionally energizing said field 
producing means. 

8. In a cathode ray tube image-reproducing system, the 




