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This invention relates to systems for control 
ling the electron beams of cathode ray tubes. 
It pertains particularly to the control of a plu 
rality of electron beam components used in tele 
vision kinescopes so as to effect substantial con 
Vergence of the components at all points of a 
raster scanned in a predetermined plane. 
One type of cathode ray tube in which there 

is encountered the problem of maintaining Sub 
stantial convergence of a plurality of bearin Com 
ponents in the plane of a target electrode is a 
Color kinescope Such as that disclosed in a paper 
by H. B. Law titled 'A Three-Gun Shadow-Mask 
Color Kinescope' published in the Proceedings 
of the IRE, vol. 39, No. 10, October 1951, at page 
1186. Such a tube has a luminescent Screen 
consisting of a multiplicity of phosphor areas of 
sub-elemental dimensions. Different ones of the 
phosphor areas are capable of producing light of 
the component image colors when excited by 
electron beam energy. In this tube, the different 
light-producing phosphor areas are eXcited re 
spectively by a plurality of electron beams, or by 
a plurality of components of a single beam, 
approaching the screen from different angles 
through an apertured masking electrode. Color 
Selection is secured by the angle at Which the 
electron beam components approach the Screen. 
A tube of the kind described forms the Subject 
matter of a copending U. S. application of Alfred 
C. Schroeder, Serial No. 730,637, filed February 
24, 1947, and titled “Picture Reproducing Appa 
ratus,” now Patent No. 2,595,548, granted May 6, 
1952. 
The expression 'electron bean components' as 

used in this specification and claims Will be un 
derstood to denote the phosphor exciting elec 
tronic energy produced either by a single or by a 
plurality of electron guns. This energy may be 
continuous or pulsating as reruired without de 
parting from the scope of the invention. An 
example of color kinescope in which different 
components of a single electron beam are used 
to excite a phosphor screen of the kind described 
is disclosed in a paper by R. R. Law titled "A 
One-Gun Shadow-Mask Color Kinescope' pub 
lished in the Proceedings of the IRE, vol. 39, No. 
10, October 1951, at page 1194. Such a tube 
forms the subiect matter of a copending U. S. 
application of Russell R. Taw, Serial No. 165552. 
filed June 1, 1950, and titled “Color Television.' 
The successful operation of a multi-color kine 

scope of the type referred to renuires that the 
plurality of electron beam components be made 
to converge substantially in the plane of the 
masking electrode at all points in the Scanned 
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raster. In view of the fact that the different 
points of the target electrode are at different dis 
tances from the point or region of the electron 
bean deflection, it is necessary to provide a field 
producing means which is variably energized to 
produce the desired dynamic con Vergence con 
trol. One such electron beam control System is 
disclosed in a paper by Albert W. Friend titled 
“Defiection and Convergence in Color Kine 
scopes” published in the Proceedings of the IRE, 
vol. 39, No. 10, October 1951, at page 1249. Such 
a system forms the subject matter of a copend 
ing U. S. application of Albert W. Friend, Serial 
No. 164,444, filed May 26, 1950, and titled “Elec 
trOn. Beam. Contro System.' In the Friend SyS 
ten, electron-optical apparatus is energized both 
statically and dynamically to produce the desired 
result. By means including the static energiza 
tion of the optical apparatus, the Friend system 
effects initial convergence of the electron bean. 
components Substantially at the center of the 
raster to be scanned. The dynamic energization. 
of the electron-Optical apparatus is effected as 
functions of both the horizontal and vertical 
bean defection. Essentially these functions are 
parabolic. In the Friend and other systems pre 
viously employed, comparatively complicated ap 
paratus has been required to effect the desired 
results. 

It is an object of the present invention to pro 
vide an improved and Simplified electron beam 
control System for multi-beam kinescopes. 
Another object of the invention is to provide 

an improved electron beam convergence system, 
whereby to effect accurate registration of Sub 
stantially all parts of a plurality of images pro 
duced by the beams. 
A further object of the invention is to provide 

novel electromagnetic apparatus which may be 
energized in a uninue manner to effect Substan 
tial convergence of a plurality of electron beam 
components in all parts of a raster Scanned 
thereby. 
The electron beam convergence System, in ac 

cordance with the present invention, is primarily 
for use in connection with a Cathode ray image 
reproducing tibe wherein a plurality of electron 
beam components, which traverse predeflection 
paths that are spaced respectively about the lon 
gitudinal axis of the tube, are angularly deflected 
both horizontally and vertically to scan a raster 
in a predetermined plane. The bean conver 
gence Swstem comprises a double magnetic lens 
and individual field-producing means respec 
tivelv functioning to influence the electrón 
beams. The lens is located adjacent to the pre 
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deflection paths of the beams. Also, there is 
provided means controllable to selectively vary 
the individual beam-influencing fields produced 
by the magnetic lens so as to direct the beans 
relative to one another and to the longitudirial 
axis of the kinescope that there is effected Sub 
stantial convergence of the beans at all points 
of the scanned raster. The means by Which the 
individual beam-influencing fields are selectively 
varied may be either mechanical or electrical. In 
the case of the mechanical control means the 
different beam-influencing fields are Shaped and 
maintained substantially constant for all angles 
of deflection of the electron beans. In the case 
of the electrical control means, a dynamic varia 
tion may be effected for different angular deflec 
tions of the beams. Furthermore, in the elec 
trical form of control means, a unidirectional 
excitation of substantially constant magnitude 
may be employed to effect a predetermined orien 
tation of the beams relative to one another and 
to the longitudinal tube axis, which orientation 
is maintained substantially constant for all an 
gular deflections of beans. 
In accordance with another form of the in 

vention, the predeflection orientation of the 
beams relative to one another and to the longi 
tudinal tube axis is effected by a bean alignment 
magnetic structure which preferably is electrical 
ly controlled and is located adjacent to the elec 
tron beam paths ahead of the region in Which 
they are subjected to the convergence control. 

En accordance with another feature of the in 
vention, the energy for the excitation of the dy 
namic beam convergence apparatus is derived 
directly from the horizontal and vertical de 
flection waves impressed upon the electroinag 
netic yoke by which the angular defection of 
the beams is effected. The energy So derived 
is shaped suitably by comparatively Sinapie ap 
paratus and impressed upon the electromagnetic 
bean convergence apparatuS. 
The novel features that are considered chara,c- 

teriStic Of this invention are Set forth With par 
ticularity in the appended claims. The invention 
itself, however, both as to its organization and 
method of operation, as well as additional ob 
jects and advantages thereof will best be under 
stood from the following description when read 
in connection with the accompanying dra WingS. 

In the dra WingS: 
Figure.1 is a view showing the general arrange 

ment of image-reproducing apparatus embody 
ing one form of an electron beam convergence 
system in accordance with this invention; 
:Figure 2 is a circuit diagram showing one form 

of control apparatus which may be employed 
for the energization of the beam Convergence 
system shown in Figure i: 

Figure 3 is another circuit diagram showing 
the structural arrangement of One of the COm 
ponents of the beam alignment apparatus used 
in one form of the beam convergence Systern in 
accordance with the present invention. Such as 
that shown in Figure 1, 

Figures 4, 5, and 6 are diagrams showing dif 
ferent typical results of the operation of the 
beam convergence System Of Figure 1; 
Figure i7 shows a representative form of a hori 

Zontal wave-shaping network; 
Figure 8 shows a representative form of verti 

cal wave-shaping netWork; 
EFigure 9 illustrates an alternative type of hori 

ZOntal Wave-Shaping metWOrk; 
Figure 10 shows an arrangement of electro 
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and a focussing electrode. 

4. 
magnetic field-producing apparatus which may 
be energized both statically and dynamically in 
such a manner as to produce bean alignment 
and dynamic bean convergence; 

Figures 11 and 12 illustrate the structural ar 
rangement of a beam convergence apparatus in 
which the field-shaping is effected by mechanical 
means, Figure 12 being a sectional view taken om 
the line 2-2 of Figure 11; and, 

Figures 13, 14 and 15 are diagrams showing 
typical operations of the apparatus of Figures 
1 and 12. 

Reference first will be made to Figure 1. Of the 
drawings for a brief description of a representa 
tive form of image-reproducing apparatus in 
Which the electron beam convergence System in 
accordance With this invention may be embodied. 
The system includes a tri-color kineScope 2 
which may be of the same general type as that 
disclosed in the H. B. Law paper previously re 
ferred to. It will be understood, however, that 
the kinescope alternatively may be of other types 
Such as that shown in the R. R. La W paper. In 
either case, however, the kinescope preferably 
has a substantially flat luminescent screen 22 
provided with a multiplicity of Small phosphor 
areas arranged in groups and capable respectively 
of producing light of the different primary Colors 
in which the image is to be reproduced When 
excited by an electron beam. In back of, and 
spaced from the screen 22 there is an apertured 
masking electrode 23 having an aperture for and 
in alignment with each group Of phosphor area.S 
of the Screen 22. In the particular tube illus 
trated, the kinescope also has a plurality of elec 
tron guns, equal in number to the number of 
primary colors in which the image is to be re 
produced. Each of these guns may be con Ven 
tional, consisting of a cathode, a control grid 

Since the three-guns 
are identical, the different parts thereof Will be 
referred to collectively as the cathodes 24, the 
control grids 25, and the focussing electodes 
26. The three electron guns produce beams 
represented at 27, 28 and 29 by which to energize, 
respectively, the green, red and blue phosphor 
areas of the screen 22. When these electron 
beams are properly converged in the plane of the 
masking electrode 23 they pa,SS'through the aper 
tures thereof from different directions and in 
pinge upon different phosphor areas of the Wari 
ous groups so as to produce green, red and blue 
light. It is to be noted that the size of the phoS 
phor areas, the angles between the beams and 
the spacing of the mask 23 from the Screen 22 
as compared with the length of the tube are 
exaggerated for better illustration of the opera 
tion of the kineScope. 
The electron-optical apparatus of the kineScope 

2 also includes a bean-accelerating electrode 
consisting, in the present instance, of a conduc 
tive Wall coating 30 formed on the inner Surface 
of the tubular glass neck 3 of the kinescope ex 
tending from the region adjacent to the outer 
end of the focussing electrodes 26 to the conical 
section 32 of the tube Which in this case is ne 
tallic. Suitable, electrical connection is made at 
the junction of the wall, coating with the metal 
cone, 32. Preferably, the target electrode strug 
ture, including the masking electrode 23 and the. 
luminescent Screen 22 which for this purpose 
may be metallized, is electrically connected to 
the metal cone 32 by Suitable means (not shown). 
Metallization of a luminescent Screen of the 
character described may be, effected in the-man 
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rer disclosed in a paper by D. W. Epstein and 
L. Pensak titled “Improved Cathode-Ray Tubes 
with Metal-Backed Luminescent Screens' pub 
lished in the RCA Review, vol. VII, March 1946, 
at pages 5 to 10. 
The described electrode structure of the kihe 

Scope may be energized in a conventional man 
ner Such as that illustrated. The Source Of 
energy is represented by a battery 33 across the 
terminals of which there is connected a voltage 
di Wider 34. The Cathodes 24 are connected to 
the grounded point of the voltage divider and 
the control grids 25 are connected to a point 
which is somewhat negative relative to ground. 
Similarly, the focussing electrodes 26 are con 
nected to a point on the voltage divider which 
may conventionally be at a potential of approxi 
mately 3000 volts positive relative to the grounded 
Cathodes. Also the beam-accelerating anode, 
including the Wall coating 30 and the metal cone : 
32, is connected to the voltage divider 34 at a 
point which may conventionally be approximate 
ly 18,000 volts positive relative to the grounded 
CathodeS. 
The electron beans represented at 27, 28 and 

29 are nodulated suitably in intensity under 
the control of color-representative video signals 
derived from a Source 35. It will be understood 
that the video signal Source is represented herein 
entirely diagrammatically since it does not form 
an essential part of the present invention. The 
signal source 35 usually will be part of a signal 
receiver and may be understood to include a 
signal detector, or equivalent device, together 
With One or more stages of video signal amplifi 
cation. Alternatively, the video signal source 
may be a color television camera, in the event 
that the kinescope 2 is employed as a monitor, 
for example. Also it will be understood that the 
illustrated connection of the video signal source 
35 to the electron guns of the kinescope 2 is 
merely diagrammatic and accordingly these con 
nections may or may not be made directly to 
the cathodes 24. Instead, it will be understood 
that they may be made to the grids 25 or, in 
accordance with Some modes of Operation of 
color image-reproducing apparatus, the video 
Signal Source may be connected both to the cath 
odes and to the control grids of the electron 
guns. 
Also associated with the color kinescope 2 is 

a deflection yoke 36 which may be entirely con 
ventional including two pairs of suitably placed 
coils electrically connected together in such a 
manner that, when properly energized, electro 
magnetic fields are produced whereby to effect 
both horizontal and vertical angular deflections 
of the electron beams so as to scan the usual rec 
tangular raster. Energization of the deflection 
coils comprising the yoke 36 may be effected by 
Conventional vertical and horizontal defection 
wave generators 3 and 38, respectively. It will 
be understood that this apparatus which may be 
the same as or similar to that disclosed in a 
paper by Antony Wright titled “Television Re 
ceivers' plblished in the RCA Review of March 
1947 at page 7. Such apparatus will be under 
stånd to function suitably to profume substan 
tially sawtooth energy at both horizontal and 
vertical deflection frecuencies so that the fields 
produced by the yoke 36 are varied in a substan 
tially sawtooth manner. 
... The present invention which is employed with 
apparatus of the character described in its pres 
ent form includes a double magnetic lens 39 

10 

6 
mounted around the neck 3 of the kinescope 2 f 
in the region between the focussing electrodes 
26 arid the deflection yoke 36. The structure of 
One form of double magnetic lens in accordance 
With this invention will be described subsequent 
ly. For present purposes, however, it will be 
understood that the lens 39 is a structure having 
three Salient pole pieces located respectively ad 
jacent to the paths followed by the electron beams 
emanating from the respective focussing elec 
trodes 26. In such a case, each of the beams is 
Subject to individual control by the salient pole 
pieces of the lens 39 which is adjacent there 
to. Means also to be described are provided for 
Selectively energizing the different salient pole 
pieces whereby to selectively influence the differ 
ent beams. 
The selective energization of the pole pieces 

of the lens 39 is effected by dynamic convergence 
control apparatus 4, a representative form of 
which will be described subsequently. In gen 
eral, the dynamic convergence control apparatus 
derives energy from either the horizontal deflec 
tion circuit or from both the horizontal and ver 

5 tical deflection circuits as indicated to produce 
three substantially independent waves to ener 
gize respectively salient pole pieces of the lens 39. 

It is to be understood that lens 39 is of the 
double magnetic type and is arranged so that 
the two elements thereof produce fields tending 
to affect the electron beams in opposite senses. A 
magnetic field, by reason of the axial character 
thereof, produces a spiral movement of elec 
trons generally in the same longitudinal direc 
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5 tion as the field. In the present instance, the 
effect of a single magnetic lens upon the three 
axially Spaced electron beams is to rotate the 
beams about the longitudinal axis of the tube. 
Since the color selection is dependent upon the 
particular angle of approach of an electron beam 
to the luminescent screen, it will be seen that 
the rotation of the beams about the tube axis 
changes this angle of approach and, therefore, 
is likely to produce incorrect colors. Hence, the 
lens 39 is provided with another element of a 
Substantially identical character as the first ele 
ment So as to produce a rotational effect upon 
the beams which is equal and opposite to that 
produced by the first element. Hence, so far 
as the rotational effect produced by the double 
magnetic lens 39 upon the electron beams is con 
Cerned, One lens element counteracts the other 
thereby producing a net beam rotational effect 
of Zero. 
In the form of the invention illustrated in 

Figure 1, the apparatus also includes a beam 
alignment magnet 42. The structure of this ap 
paratus component will be described in greater 
detail subsequently. Briefly, it functions to pro 
duce in the vicinity of each of the electron beams 
a magnetic field extending longitudinally of the 
tube and of Such a character that the individual 
beams may be oriented relative to one another 
and to the axis of the tube suitably so that, so 
far as the deflection apparatus is concerned, they 
appear to originate at points symmetrically dis 
posed relative to the tube axis. The beam align 
ment magnet 42 consists of individual electro 
magnets v°hich may be selectively energized to 
move their associated beams relative to one an 
other and to the tube axis to effect the desired 
alignment thereof. The beam alignment magnet 
42 may be energized by unidirectional energy 
derived from a beam alignment control. 43. This 
apparatus may consist essentially of a power sup 
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ply of unidirectional energy together with: Suit 
able individual control apparatus by means of 
which the individual parts of the bean alignment. 
magnet 42 may be variably energized. A repre 
sentative form of beam alignment control agga." 
ratus will be described subsequently. 
Reference now Will be made to Figure. 2 of the 

drawings for a description of one form of dynamic 
bean convergence control apparatus. The double 
magnetic lens 39 which is mounted around the 
neck 3 of the kinescope, comprises three. Salient 
pole pieces. 44, 45, and 45 disposed respectively 
adjacent to the paths traversed by the electron 
beams. 27, 28 and 29. Ehe pole, pieces 44, 45 and 
46 are provided respectively with windings: 37, 48 
and 49. It will be understood that these, Winds. 
ings are placed around the central legs, of the 
double magnetic lens corestructure. As a result, 
the corestructure is energized in Sugh a manner 
that as viewed in Eigure 1, the central legs 5 of 2i. 
each of the pole pieces have one magnetic polarity 
such as that corresponding to a South pole, for 
example, while the outer, legs. 52 and 53 have 
opposite polarity such as north poles. 

Reverting now- to- Figure 2, the magnetie lenS: :: 
windings are energized individually as functions: 
of either the horizontal deflection frequency oi'. 
the horizontal and vertical deflection frequen2ies 
combined. Energy at the horizontal deflection 
frequency is derived as shown in Figure 1 from 
the circuits leading to the:horizontal coils of the 
defection yoke. 3S, Since this energy is essen 
tially current having a Substaatially Sawtoot 
Waveformand voltagehaving a Substantialiyrec-. 
tangular. Waveform, it is impressed upon a, hori 
Zontal wave-shaping network 54 for conversion 
into a waveform Stitable to control the converg 
ence, apparatus: AS previously inicated, Sugh a 
waveform is Substantially parabolic. Accord 
ingly, it will be understood that the wave-slap 
irag network:54, representative examples of 77hich 
will be referred to subsequently, functions to per 
form the desired Wave-shaping, the substan 
tially parabolically-shaped wave derived from the 
network. 54 is ingressed, by a couping circuit 
including a: Capacitor- i 55, por the contro grid 
of an electron tube. 56. This tube performs some 
degreer of anaplification of the parabolically 
saaped wave, but serves primarily as an imped 
ance- in Werter: 
Ia the output, circuit of the tube S3 is the gri 

anary. Winding 5 of a transfoirner which also 
includes a ferrite core 58 and three secondary 
windings 6, 62 and G3. The primary winding 
5-1, for example, may consist of 40G turns of 
No. 41 wire and each of the secondary windings 
naay... consist of 200 turns of No. 38 Wire. The 
prinary winding '5E also is turned by a shunt 
capacitor: 64, for resonance Substantially at the 
horizontal, defection frequency, 
The terminals of the secondary windings , 62 

and 63,5are connected respectively to the resistire 
elements of control potentiometers 65; 38.and G. 
The windings 47, 48 and 49 of the double mag 
netic lens 39; are connected respectively between 
the sliding contacts of potentiometers 65, 66 and 
67 and the center taps of the associated Second 
alry windings 6, 62 and 63. By this: neans, the 
magnitude and polarity of the fields produced 
by, the different pole pieces 48, 45 and 46 of the 
double magnetic les may be Varie indeperd 
ently, of one another. 

If it is also desired to vary the fields: produced 
by the double magnetic lens 3S, as functions of 
the Wertical: electron-beam defection, there also 

8. 
may be included a vertical wave-shaping network 
68, representative details of one: form of which 
will be disclosed subsequently. It is connected 
to the vertical deflection circuit and functions to 
convert the vertical deflection energy to a Sub 
stantially parabolic form. The parabolic verti 
cal energy derived from the network 68 is in 
pressed by a coupling including a capacitor 69. 
and a grid resistor. upon the control grid of 
an electron tube. 12. This tube also functions 
as an amplifier as well as an impedance inverter. 
The primary winding 3 of an output transformer 
is is coupled in the anode: circuit of the tube 72. 
This transformer may be somewhat conventional, 
as, for example, a commercially available Com 
ponent identified as, UTC-A18. The primary 
winding 73 may be tuned for resonance Substan 
tially at the: vertical defecting frequency by a 
shunt connected capacitor 5. he Secondary 
Winding 75 of the vertical output transformer 
has a grounded center tap and the terminals 
connected to the resistive element of a potent 
tionetter T. The adjustable contact of this 
potentiometer is coupled as shown to the control 
grid circuit of tube. 56 previously referred to: 
By the described means, a component of the 

vertical parabolically shaped energy derived from 
the potentioneter is combined in the: input. Ciri 
cuit of the tube- 56. With the horizontal parabolic; 
Wave ensergy. It has been found in practice: that, 
in most cases, only a comparatively Small con 
ponent of the vertical energy is required, and in: 
many cases, may be entirely omitted without 
noticeabiy affecting the performance of the appa 
ratuS. It wªyiil also be noted that the reSiStive 
portion of the potentionetter Serves as a grid 
resistor for the tube. 56. It Will be understood 
that, in cases. Where. no, energy, is to be supplied 
for dynamic electron bearin convergence control 
at the vertical defection frequency the apparatus: 
just described: Enay be. Onitted, in which case a 
suitable grid, resistor for the tube. 56 may be: 
Suippied to replace. the potentiometer: i. 

Reference now: will be made to Figure 32 of the 
drawings for a description of the type. of beam 
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alignitient. Inagnet 42 used in the illustrative en 
bodiment of the invention shown in Figure 1. It 
includes ay, plurality of substantially. U-shaped. 
pole-pieces disposed in the general manner indi. 
cated in Figure 1. So that the two legs thereof are 
Spaced longitudinally along the axis of the kine 
Scope. AS. in the case of the double magnetic 
lens 39, there preferably" are provided as many 
pole-pieces as there are electron beams. Accord. 
ingly, in the present illustrative embodiment of 
the: invention utilizing three electron beams, 
there are provided three beam alignment pole 
pieces S, 82; and 83, disposed about the neck 3 
of the kinescope so as to be respectively adjacent 
the electron beans 27, 28 and 29: The pole 
pieces may be mechanically Supported in any 
Suitable manner such as being mounted in a com 
non retaining ring 8 which preferably is made 
of a non-magnetic material. Also, in a conven 
ient place Such as on One of the legs of the pole 
pieces 8, 82 and 83 there are mounted energizing 
coils' 85, 86 and 8 respectively. Each of these 
coils is provided with two end terminals" and a 
center tap. 
The coils 85, 86 and 87 are connected respec 

tively to control potentiometers 88, 89 and, 9 O. 
AS indicated, the terminals of each of the coils 
are connected to the respective terminals of the 
resistive elements of the potentiometers and the 
Center taps of the coils are connected to the mov. 
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able contacts of the associated potentiometers. 
The terminals of the potentiometers are con 
nected to the respective terminals of a source of 
unidirectional energy such as indicated by the 
battery 92. 

It may be seen that, by means of the described 
apparatus there may be produced in the vicinity 
of each of the electron beams 2, 28 and 29 mag 
netic fields of such character that the individual 
beams may be positioned relative to one an 
other and to the longitudinal axis of the tube Sub 
stantially in any desired Way. The Strength of 
the magnetic fields as Well as the polarity thereof 
may be controlled by Suitable adjustment of the 
Control potentiometers. 

It has been found advantageous, in the opera 
tion of apparatus embodying the present inven 
tion, to initially align the beans by means Of 
apparatus such as that shown in Figure 3 so that 
beam convergence is effected at the cornerS Of 
the raster instead of at the center thereof as 
usually practiced heretofore. The advantage of 
such a procedure is that the corner convergence 
is effected by unidirectional energy So that the 
dynamic energization of the bean COInvergence 
apparatus needs to be sufficient only to modify 
the relative beam positions as they are deflected 
back toward the center of the raster. In effect, 
this is accomplished by applying the dynamic 
energization in opposition to the unidirectional ? 
energization. The result of this method of oper 
ation is that, Where bean convergence is the most 
difficult, it is produced by unidirectional energiza 
tion of the apparatus which ordinarily is main 
tained Static or constant in magnitude, Whereas 
in prior art modes of operation this additional 
energization had to be Supplied dynamically. 

Figure 4 represents the usually desired align 
nent of the electron beans, if it is considered 
that the center of the concentric circles shown in 
this figure coincides with the longitudinal axis 
of the kinescope. It is seen that the three elec 
tron beans are synnetrically disposed relative 
to the tube axis, both angularly and radially. 

Figure 5 represents a condition where the 
beams 28 and 29 are positioned angularly as de 
sired, but the bean 2, is radially displaced from 
the desired position. Its angular relationship to 
the other two beans is a SSurned to be correct. 
Accordingly, in the control of the bean alignment 
apparatus of Figure 3, the potentiometer 88 will 
need to be adjusted suitably to energize the coil 
85 so that the magnetic field produced by the 
pole piece f is of a character to move the beam 
2 radially away from the longitudinal axis of 
the kinescope. 

Similarly, in Figure 6, which is representative of 
another possible arrangement of the electron 
beams 27, 28 and 29 as they emerge from the ap 
paratus producing then, it is assumed in this 
instance that the beam 2 is positioned as desired, 
It is further assumed that all three of the beams 
are angularly positioned relative to one another 
in the desired manner. However, the beam 28 
is located closer to the axis than the beam 27 
and the beam 29 is located even closer to the 
kinescope axis. Accordingly, the winding 86 is 
required to be energized by a suitable adjustment 
of the associated potentionetter 89 So that the 
magnetic field produced by the pole piece 82 is 
of a suitable polarity and strength to move the 
beam 28 away from the kinescope axis So that 
its radial displacement therefrom is equal to that 
of the beam 27. Similarly the potentiometer 90 
needs to be adjusted so that the energization of 
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the coil 87 is suitable to effect the production by 
the pole piece 83 of a magnetic field having Sub 
stantially the same polarity as that produced by 
the pole piece 82. However, in this case, the 
strength of the field produced by the pole piece 
83 is required to be substantially twice that of 
the field produced by the pole piece 82. By Such 
adjustment of the apparatus shown in Figure 3, 
the electron beans 27, 28 and 29 may be aligned 
Substantially in any desired manliner. 
A brief reference now will be made to Figures 7, 

8 and 9 for a consideration of representative types 
of wave-shaping networks suitable for use as the 
networks A and S8 of Figure 2. Typical Waves 
of the components are indicated and with Which 
the netWorks have been successfully operated. 
Figure 7 discloses an LC type of Wave-shaping 
network which has been found Suitable for use 
as the horizontal wave-shaping network 54. Fig 
ure 8 illustrates an RC type of Wave-Shaping net 
Work which has been found Suitable for USe as 
the vertical wave-shaping network 68. It is to be 
understood that the present invention is not nec 
essarily limited to any particular types of wave 
shaping networks. Those skilled in the art are 
familiar with various other forms of netWorks 
which may be employed at both the horizontal 
and Vertica deflection frequencies for the con 
version of Substantially rectangular Wave energy 
to waves having approximately parabolic forms. 
Figure 9, for example, shows an RC type of wave 
shaping network which may be used as a hori 
zontal wave shaping network 54 as an alternative 
to that shown in Figure 7. 
As previously indicated it is not essential in 

all cases to effect beam alignment and dynamic 
beam convergence by Separate devices. Refer 
ence will now be made to Figure 10 of the draw 
ings for a description of a single apparatus which 
may be operated in such a manner as to effect, 
both beam alignment and dynamic beam con 
vergence. The apparatus includes an electro 
magnetic yoke 93 which, in the case of a three 
electron beam kinescope, has three salient pole 
pieces 34, 95 and 36 positioned respectively ad 
jacent to the electron beams 2, 28 and 29. The 
pole pieces 94, 95 and 9 are provided respective 
ly with energizing windings 9, 98 and 99. Each 
of these windings is center-tapped and grounde 
at these points as indicated. 

in order to effect both bean alignment and 
dynamic beam convergence by this apparatus 
the windings are energized both by unidirectional 
and dynamic components. The unidirectional 
energization of these windings is effected by co 
troi apparatus connected to a source of unidi 
rectional energy Such as represented by a battery 
G. For this control of the Windings 9, 98 

and 99, the terminals of the energy source i0i 
are connected respectively to the terminals of 
the resistive elements of potentiometers 2, 103 
and 4. The mid-points of these resistive ele 
ments are grounded as shown. The novable 
contacts of the control potentionetters 2, 3 
and 4 are connected through parallel resonant 
EC networks 05, is and 7 respectively to 
one terminal Of each of the Windings 37, 98 and 
39 respectively. The parallel resonant circuits 
are tuned to prevent the feedback of energy from 
the electromagnet windings at the horizontal 
defection frequency. 
The dynamic energization of the electromagnet 

windings may be effected by apparatus includ 
ing a, transformer 58 which may be the same as 
...that shown and described in connection with 
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Figure 2. The primary winding 5 is coupled 
by the described neans to the defection circuits. 
The individual secondary windings 6, 2 and 
63 are center tapped and provided respectively 
iwith control potentionineters 65, 66 and E as 
in the previously described embodinent of the 
in Vention. In this case as in the apparatus of 
iFigure 2, the center taps of the Secondary Wirad 
ings 6, 62 and 63 are connected respectively 
to one terminal of the windings 9, 33 and 9. 
The adjustable contacts of the potentionetters 
'65, 66 and 5 are coupied respectively by ca 
pacitors fo8, 69 and it to the other terminals 
of the windings 9, 38 and SS respactively. 
These capacitors serve as blocking capacitors to 
preyent the unidirectional energy derived fron 
the source i from mixing with the dynamic 
energy derived from the transfOrNSr 5. 

the Operation of this unitary apparatus is 
Substantially the Same as the independent opera 
tions of the separate devices previously described. 
The unidirectional components of eacergy Slap 
pied to the windings in accordance with the 
adjustinents of the potentioneters f92, H33 and 

4 produce fields by which the individual elec 
trora beans 27, 28 and 29 are separately in 
fluenced for positioning then Suitably With re 
'spect to one another and to the longitudiya 
axis of the kinescope in the desired naanner. As 
in the previously described apparatus, the polarity 
and naagnitude of each of the fields produced 
by the unidirectional energizing apparatus ray 
be independentiy adjusted to produce the de 
sired beam alignment, either at the center of the 
raster or at the corners thereof as reviously 
-described. The dynamic energization of the 
windings 9, 98 and 99 is substantially similar 
to that described in connection. With Figure . 

Reference now will be made to Figures 1 and 
2 of the drawings for a description of a type 

of beam convergence apparatus in which the 
necessary field-shaping is effected by mechanical 
means. Such apparattus may be employed -ad 
vantageously in cases Where dynamic beam con 
-vergence is unnecessary or not desired. This 
apparatus also comprises a tiouble nagnetic ens. 
As in the electromagnetic form of double mag 
netic lens previously described, this apparatuS 
has two like pole pieces on the outer sides and 
a pole piece of the other poiarity located inter 
mediate thereof. 

The double magnetic lens includes a center 
pole piece 2 Which has a generally annular 
fange portion 3 and an in Wardly extending rib 
portion 4. The rib portion extends only part 
'way toward the center of the device and forms 
'one of the poie pieces which in the present 
instance will be assumed to be a south pole. 
One end of the device is formed of a plate 5 
having a configuration which is generally disc- {5} 

?? like and an inwardly extending hub portion f : 
forning One of the Outer pole pieces which in 
the assumed case is a north pole. The plate 

5 is Substantially unioroken throughout the 
entire 360° thereof. The other end plate of the 
double magnetic lens is formed Of three seg 
ments fi, 8 and f. In this instance the 
segments are approximately 20 in extent being 
separated fron one another as Shown in Figuate 
11 sufficiently to provide for the creation of three 
independently adjustable portions of the field 
produced by the device. The segmented plates 

7, 8 and 9 are also provided with re 
spective in Wardly extending hub portions Such 
as f2 - on the segment ºf 7 and 22 on the seg 

2 

12 
ment file. Each of these segmented hubs forms 
another north pole of the double ragetic leinS. 
The outer plates it 5, 7, d3 and 3 are at 
tached to the annular pole piece 33 by Stitable 
means such as a plurality of ScreWS 23. 
A plurality of adjustable field-Varying elle 

‚mens Sich as screws 24 are threaded into the 
hub portions of the two router pole pieces di 5, 
if, if 8 and d9. Briefly, these screws are of 
soft iron so that the introduction thereof into 
the gap produced between the pole pieces effects 
a distortion of the field produced in this gap. 
Tae magnetic structure formed Substantially 

in the manner described may be either of the 
permanent magnet or of the electronagnet type. 
In the latter case, a coil 125 may be mounted 
in the spaces provided between the outer and 
inner pole pieces Substantially as indicated in 
Figure 12. In this case, the pole pieces prefer 
abiy are formed of soft iron naterials. In the 
kcase of a permanent raagnetic device, the pole 
pieces themseyes vill be the permanent magnetS. 
By adjusting the screws 24 so that they ex 

tend to suitable points in the magnetic field pro 
5 duced by the outer and inner pole pieces, the 
siaape of the resultant field may be controlled 
in Such a manner as to effect the desired Oriel 
station of the electron beans of the kineSCOpe. 
the apparatus of Eigures 1i and 12 is made in 
such form that it envelopes the neck portion. Of 
the kinescope so that the electron beams are Sub 
jected to the influence of the field produced by 
'the apparatus. 

Reference is made to Figures 13, 14 and 15 for 
typical examples of the manner in which the 
apparatus of Figures 11 and 12 operates, in 
Sigtire 13, for exainple, where the electron beans 
22, 28 and 29 are in the positions shown, the 
angular relationship between then is as desired. 
Also the radial positions of the beans 23 and 28 
are satisfactory. The radial position of the bean 
29, however, is closer to the axis of the kinescope 
than desired. Accordingly, the adjustment of 
the screws is of the apparatus. Of Figures 1 
and 12 should be such as to alter the field in the 
vicinity of the bearn 23 suitably from that in the 
vicinity of beams 2 and 28 to effect a movement 
tof the bear 29 radially outwated to the Sane 
distance as that at which the beams R and 28 
are located from the center. 

In Figure 14 the positions of the beans 27, 
88 and 29 are such that the beans 28 and 29 
are at Suitable radial distances frn the axis of 
the tape but the beam 27, however, is not suffi 
(ciently spaced froin the axis of the tube. If it 
is assumed that the beam 27 is correctly posi 
tioned angularly, the beams 28 and 29 are im 

... properly positioned in this respect. Accordingly, 
the adjustinent of the field-shaping screws 24 is 
Tegire to e Stich that the eam 2 will be 
Eieved outwardly fro; the axis of the tube. The 
fields produced by to adjacent pole pieces of 
the apparatus is required to be such that both 
Cf thern influence the beam 28 suitably to rotate 
it about he central axis stifficiently to place it in 
proper angular relationship to the beam 27. 
Similarly, the field produced by two other ad 
jacent segmented pole pieces is required to be 
Such that conponents of each influence the beam 
29 to rotate it so that it occupies the desired 
alagular relationship to the other two beans. 

Figue 5 to which reference now will be inade 
shows another aspect of the relationship of the 
'electioia geains to onia another and to the cen 

I trak axis Of the-tube under other. coraditions. Pf 

- 
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it be assumed that the three electron beams 27, 
28 and 29 are symmetrically located with respect 
to one another and to the axis of the tube, either 
as they issue from their respective electron guns 
or as a result of a suitable control of the mag 
netic lens apparatus such as that shown in Fig 
ures 11 and 12, for example, in which the ad 
justing screws 24 are manipulated to produce 
the described positioning of the beams, then Fig 
ure 15 illustrates the arrangement of the beans 
27, 28 and 29 under strong magnetic lens in 
fluence. If this influence be uniformly decreased 
as, for example, by reducing the exciting cur 
rent in the coil 25, then the electron beans Will 
assume positions such as indicated at 27, 28 
and 29'. Similarly, a further decrease of the 
magnetic lens effect will result in the further 
movement of the beams away from the central 
axis of the tube so that they take positions Such 
as indicated at 27’’, 28' and 29'. 

It may be seen from the foregoing description 
of a number of illustrative embodiments of this 
invention that there is provided an improved 
and considerably simplified system for effecting 
the desired electron beam control for multi-bean 
kinescopes whereby there is effected substantial 
convergence of the beams. In cases where the 
required beam convergence is to be effected Sub 
stantially at all points of a target electrode in 
a raster of moderate dimensions, the beam COn 
trol apparatus may provide SatisfactCry per 
formance without any dynamic energization 
thereof. In such cases the initial beain con 
vergence may be effected by Suitable control of 
the different portions of a magnetic field to which 
the beams are subjected, either by the introduc 
tion of field-distorting elements or by adjust 
ment of the electromagnetic apparatus by which 
the fields are produced. 
The invention further provides a control ap 

paratus by which the beam-controlling fields may 
be varied as functions of the bean defections. 
In accordance with the apparatus embodying the 
present invention, this dynamic control of the 
magnetic lens is effected by energy derived di 
rectly from the circuits energizing the defiection 
yoke coils and utilized with a minimum of shap 
ing or other control, thereby requiring a mini 
mum of additional apparatus. 
Furthermore, in accordance with this inven 

tion, there is provided apparatus by means of 
which a suitabie control of the electron bean 
components may be effected whereby to initially 
position the bean components relative to one 
another and also to the central axis of the kine 
scope to produce the desired effects, such as color 
selection in a color kinescope, and subsequently 
to produce the desired beam convergence, not 
only at a predetermined point in the scanned 
raster, but at substantially all points therein by 
suitable dynamic control of the beam com 
ponents. 

In accordance with a further feature of the 
invention, the control of the electron beam com 
ponents, whereby substantial convergence thereof 
in all points of a raster Scanned in a plane of a 
target electrode, is effected in a simpler manner 
than heretofore by first producing beam con 
vergence at a non-central point of the raster, 
such as at one corner thereof, and then Subject 
ing the beams to a dynamic convergence control 
for all other points in the Scanned raster as func 
tions of the beam deflection. Still another fea 
ture of this invention is the provision of a unitary 
apparatus forming a magnetic lens which may 
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be energized both statically and dynamically to 
effect both the functions of initial beam align 
ment and also the convergence of the beam com 
ponents for all other deflected positions thereof. 
It will be appreciated that, by reason of prO 
vision of one or more of the features of the pres 
ent invention, beam convergence both static and 
dynamic in a multi-beam kinescope is effected 
in a more efficient and more effective manner 
than heretofore. 
The nature of the invention is set forth in the 

foregoing description of a number of illustrative 
embodiments thereof. The Scope of the inven 
tion is set forth in the appended claims. 
What is claimed is: 
1. In a cathode ray tube in age-reproducing 

system wherein a plurality of electron beams, 
which traverse pre-deflection paths that are 
spaced respectively about the longitudinal axis 
of the tube, are angularly deflected both hori 
zontally and vertically to scan a raster in a 
predetermined plane, an electron beam con 
vergence System. Comprising, a double magnetic 
lens having individual field-producing means re 
spectively influencing said electron beams, said 
lens being located adjacent said pre-deflection 
paths of Said beams, and means controllable to 
Selectively vary the individual beam-influencing 
fields produced by Said magnetic lens to direct 
said beans relative to One another and to said 
longitudinal tube axis so as to effect substantial 
convergence of Said beams at all points of the 
Scanned raster. 

2. In a cathode ray tube image-reproducing 
system wherein a plurality of electron beams, 
which traverse pre-deflection paths that are 
spaced respectively about the longitudinal axis 
of the tube, are angularly deflected both hori 
ZOntally and vertically to Scan a raster in a pre 
determined plane, an electron beam convergence 
System comprising, a double magnetic lens hav 
ing individual field-producing pole pieces re 
Spectively positioned radially to influence said 
electron beans, said lens being located adjacent 

5 said pre-deflection paths of said beams, and 
means associated respectively with said pole 
pieces and controllable to Selectively vary the 
individual bean-influencing fields produced by 
said magnetic lens to direct said beams relative 
to one another and to said longitudinal tube axis 
So as to effect Substantial convergence of Said 
beams at all points of the scanned raster. 

3. An electron beam convergence system as de 
fined in claim 1 wherein, said magnetic lens com 
prises electromagnetic field-producing means. 

4. An electron beam convergence System as de 
fined in claim 1 wherein, said magnetic lens 
comprises electro - magnetic field - producing 
ineans, and includes additionally individual pole 
pieces having movable elements by which to pro 
vide individual fields shaped Suitably to effect 
the desired direction of Said beams. 

5. An electron beam convergence system as de 
fined in claim 4 wherein, said field-shaping ele 
nents are threaded members adapted to be moved 
into and out of the respective air gaps of Said 
double inagnetic lens. 

6. An electron beam convergence system as de 
fined in claim 1 wherein, Said magnetic lens 
comprises a plurality of individual electromag 
hetic field-producing means including individual 
pole pieces having energizing windings located 
respectively thereon and energizable individually 
to provide individual fields shaped suitably to 
effect the desired direction of Said beams. 
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7. An electron beam convergence System as des 
fined in claim 6 wherein, Said coils, are. Variably 
energized as a function of Said angular beam 
defection. 

8. An electron bear convergence System aS, de 
fined in clain it, and including additionally 
neans including a Source of uni-directional en 
ergy to excite magnetic lens coils individually 
to effect a predetermined orientation of Said 
beams relative to one another and to Said longi 
tudinal tube axis. 

9. In a cathode ray tube image-reproducing 
System wherein a plurality of electron beans, 
which traverse predeflection paths that are 
spaced respectively about the longitudinal axis 
of the tube, are angularly defected both hori 
zontally and vertically to Scan a raster in a 
predetermited plane, an electror bean con 
Wergence Systein comprising, an initial bean 
aligninaeat coil array having individual field 
producing elements located respectively adjacent 
to sources of Said election beans, Said individual 
elements being separately controllable to effect 
a predetermined orientation of Said beans rela 
tive to one another and to said longitudinal tube 
axis, a double magnetic lens having individual 
field-producing means for influencing each of 
said electron beans, said lens being located ad 
jacent the paths of Said beans before entering 
the defection region, and means controllable to 
Selectively valry aS a function. Of Said ang Ular 
bean defection the individual beam-influencing 
fialdis produced by Said magnetic lens to direct 
said beams relative to one another and to Said 
longitudinal tube axis So as to effect Substantial 
convergence of said beans at all points of the 
Scanned raster. 

10. In a cathode ray tube image-reproducing 
system wherein a plurality of electron beams, 
which traverse pre-defection paths that are 
spaced resgectively about the longitudinal axis 
of the tube, are angularly deflected both hori 
zontally and vertically to Scan a raster in a 
predietermained plane, an electron bean converg 
ence System comprising, means energizable to 
effect a predetermined orientation of Said beams 
relative to one another and to said longitudinal 
the axis, whereby to produce initial Static Con 
vergence of Said beans, means including a Source 
Gi unidirectional energy to energize Said bean 
orienting means in a manner to effect Said initial 
bean convergence at an eccentric point of Said 
rasier, and means dynamically energizable to 
influence said beams. So as to effect. Substantial 
convergence of said beams at all points of Said 
}'a:Stea". 

11. An electron beam convergence System as 
defined in claim 10 wherein, Said Said uni-di 
rectional energization of said bean-orienting 
naeans is of such a character to effect said initial 
beam convergence in a corner of Said raster. 

12. An electron beam convergence System as 
defined in claim 10 wherein, said beam-Orienting 
neans and Said beam convergence means in 
clude a common electromagnetic device located 
adjacent to said pre-defection bean paths. 

13. An electron bean convergence System as 
defined in claim 12 wherein, said common elec 
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tromagnetic device is provided With individual 
field-producing pole pieces respectively posi 
tioned to influence individual Ones of Said beans. 

4. An electron bean convergence systein as 
defined in claim 10, wherein, said beam-orienting 
eans and Said bear convergencerneans include 

respective electromagnetic devices located at 
points Spaced along the longitudinal tube axis 
adjacent to said pre-deflection beam paths. 

15. An electron bean convergence Systern as 
defined in clain 4 wherein, both of Said electro 
aagnetic devices are provided with individual 

field-producing pole pieces respectively positioned 
to influence individual ones of Said beams, and 
all of Said pole pieces being independently ene 
Sgizabe. 

36. In an image-reproducing System embodying 
a color kinescope having a liminescent. Screen in 
Cluding a Ultiplicity Of grOps Of p?OSph Or area:S 
Capable respectively of producing differently 
colored light when electronically excited, a mask 
ing electrode located in a plane Spaced fron Said 

ninescent. Screen, and having an aperture for 
each of Said groups of phoSphi area.S and in 
Yöyhich means are provided for developing and di 
recting electron bean components toward saidul 
ninescent Screen through Successive apertures of 
said masking electrode to selectively excite said 
different color producing phosphor areas, an elec 
tron bearía convergence System comprising, defec 
tion apparatas energizable to angularly deillect 
Said bearn conmponents bot in Orizontally and vec 
tically to Scan a predetermined raster at Said 
masking electrode, electromagnetic means lo 
Cated adiacent to Said electron bean-developing 
eans and having individual field-producing pole 

pieces respectively positioned and energizable to 
effect a predetermined Orientation of Said bean 
coronents relative to Oile another and to Said 
longitudinal tube axis, means including a source 
of unidirectional energy to energize said beam 
Olienting means in a Canner to effect initial 
Static convergence of Said bean components at 
a predetermined point of said aster, a double 
magnetic lens having individual field-producing 
pode pieces respectively positioned radially to in 
fillence Said electron beam components, said lens 
being located between said electron bearin-devel 
oping mean S and Said deflection apparatis, and 
means including windings for each of said pole 
pieces coupled to said deflection apparatus for 
energization and controllable to selectively vary 
the individual baan-influencing fields to effect 
dynamic convergence of said beans at all points 
Of Said Scanned raster. 

JOHN E. EVANS. 
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