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1. 
This invention relates to systems for control 

ling the electron beam energy of cathode ray 
tubes. It pertains particularly to the control 
of a plurality of electron beam components used 
in television kinescopes so as to effect substantial 
convergence of the components at all points of 
a fra Ster Scanned in a predetermined plane. 
One type of cathode ray tube in which there is 

encountered the problem of maintaining substan 
tial convergence of a plurality of beam compo 
inents in the plaine of a target electrode is a color 
kineScope such as that disclosed in a paper by H. 
B. a.W titled “A Three-Gun ShadoW-MaSki CollOr 
KineScope' published in the Proceedings of the 
RE, Wol. 39, No. 10, October 1951 at page 1186. 
Such a tube has a luminescent Screen consisting 
of a multiplicity of phosphor areas of sub-ele 
mental dimensions. Different ones of the phos 
phor areas are capable of producing light of the 
Coimponent image colors when excited by elec 
tron bean 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, ap 
proaching the screen from different angles 
through an apertured electrode. Color Selection, 
is secured by the angle at which the electron 
bean components approach the Screen. A tube 
of the kind described forms the subject matter 
of U. S. Patent 2,595,548 granted May 6, 1952 to 
Alfred C. Schroeder for “Picture Reproducing 
Apparatus.’ 
The expression “electron beam components' 

as used in this specification and claims will be 
understood to denote the phosphor-exciting elec 
Tonic energy produced either by a single, or by 
a plurality of, electron guns. This energy may 
be continuous or pulsating as required without 
departing from the Scope of the invention. An 
example of a 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 
Cine-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 subject matter of a copending U. S. appli 
cation of Russell R. Law, Serial No. 165,552, filed 
June 1, 1950 and titled “Color Television.' 
The Successful operation of a multi-color kine 

Scope of the type referred to requires that the 
plurality of electron bean components be made 
to converge Substantially in the plane of the aper.-- 
ture electrode at all points in the Scanned raster. 
in view of the fact that the different points of 
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Such a target electrode are at different distances 
from the point or region of the electron beam 
deflection, it is necessary to provide a field-pro 
dUcing means which is variably energized to pro 
duce the desired dynamic convergence control. 
One Such electron beam control system is dis 
closed in a paper by Albert W. Friend titled “De 
flection and Convergence in Color Kinescopes' 
published in the Proceedings of the IRE, Vol. 39, 
No. 10, October 1951 at page 1249, Such a sys 
tem forms the Subject matter of a copending U. 
S. application of Albert W. Friend, Serial No. 
164,444, filed May 26, 1950 and titled “Electron 
Beam Controlling System.’ In the system pro 
posed by Friend, electron-optical apparatus is 
energized both statically and dynamically to pro 
duce the desired result. By means including the 
Static energization of the electron-optical appa 
ratUS, the Friend. System effects initial conver 
gence of the electron beam components substan 
tially at the Center of the raster to be scanned. 
The dynamic energization of the electron-opti 
cal apparatus is effected as functions of both the 
horizontal and vertical beam deflection. Essen 
tially these functions are parabolic. In the 
Friend and other systems previously employed, 
SOneWhat complicated apparatus has been re 
quired to produce the desired energizing wave 
forms, particularly at the vertical deflection fre 
??enCy. 

Therefore, it is an object of this invention to 
provide improved and simplified apparatus by 
which to develop waveforms for the dynamic en 
ergization of an electron beam-controlling sys 
tem for a multi-beam kinescope. 
Another object of the invention is to provide 

improved apparatus by Which to develop, directly 
from the deflection apparatus, Waveforms for 
effecting dynamic convergence of the electron 
bean components of a multi-beam kinescope. 

In accordance With this invention there is pro 
Wided Wave-generating apparatus having an in 
put circuit which may be coupled directly to the 
deflection apparatus and which requires no ad 
ditional amplification so that it may be coupled 
to the field-producing electron-optical apparatus 
by means of which beam convergence is to be 
effected. The apparatus embodying the inven 
tion comprises a convergence wave output trans 
former having its primary winding coupled to 
the anode of an election tube serving as the out 
put stage for one of the electron beam deflection 
Waves by lineans of which the electron beams are 
deflected to Scan the usual rectangular raster at 
a target electrode. The secondary winding of 
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the convergence transformer is coupled to the 
field-producing, or electron-optical, apparatuS 
for the energization thereof, whereby to effect 
the desired electron beam convergence. The pri 
mary transformer Winding has a capacitor con 
nected thereto So as to effect an integration of 
the sawtooth wave deflection energy and thereby 
to produce a Substantially parabolic wave. This 
parabolic Wave has an amplitude which is a de 
quate Without further amplification to effect the 
desired energization of the electron-optical beam 
Convergence apparatus. 
The novel features that are considered charac 

teristic of this invention are Set forth with par 
ticularity in the appended claims. The inven 
tion itself, however, both as to its organization. 
and method of Operation, as well as additional 
objects and advantages thereof, will best be un 
derstood from the following description. When read 
in conjunction with the accompanying draw. 
ings, in which: 

Figure 1 is a circuit diagram, mostly in block 
form except for the illustrated details of the ap 
paratus embodying the present invention, for de 
veloping a beam convergence wave for use With 
electron-optical beam-converging apparatus of 
an electrostatic type; 

Figure 2 is a fragmentary circuit diagram of 
that portion of the dynamic convergence Wave 
producing apparatus embodying this invention 
showing apparatus for impressing the developed 
Wave upon an electromagnetic type of electron 
Optical beam convergence apparatus; and, 

Figure 3 is another fragmentary circuit dia 
gram showing the use of apparatus embodying 
this invention in another type of defection Wave 
output circuit. 

Reference first will be made to Figure 1 of the 
dra Wings for a description of an illustrative emi 
bodiment of the invention. The television re 
ceiver represented in this figure is generally con 
ventional and includes an antenna, to which 
is coupled a conventional television signal re 
ceiver 2. It will be understood that the receiver 
2 may include Such usual apparatus as carrier 
Wave amplifiers at both radio and intermediate 
frequencies, a frequency converter and a carrier 
Wave demodulator Or Signal detector. Accord 
ingly, it will be understood that there are derived 
from the receiver 2 the video and synchronizing 
signals. The video signals derived from the re 
ceiver 2 are impressed upon a video signal chan 
nel 3 and the Synchronizing signals are im 
preSSed upon a Sync signal Separator 4. The 
video signal channel is coupled to the usual elec 
trom beann control apparatus, customairily re 
ferred to as electron gun apparatus, of an image 
reproducing device Such as a kinescope 5. 
In the ilustrative embodiment of the inven 

tion, it is aSSumed that the invention is used in 
a color television System. In this case, the kine 
Scope is of the same general type disclosed in 
the H. B. Law paper previously referred to. It 
Will be understood, however, that the kinescope 
alternatively may be of Other types Such as that 
shown in the aforementioned R. R. Law paper. 
In either case, however, the kineScope has a Sub 
Stantially fdat luminescent screen 6 which is pro 
vided 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 electron beam energy. In back of, 
and Spaced from the Screen 6, there is an aper 
tured masking electrode 7 having an aperture 
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4. 
for, and in alignment with, each group of phos 
phor areas of the screen 6. In the particular 
tube illustrated, the kinescope also has a plurality 
of electron guns 8, 9 and 20, equal in number 
to the number of primary colors in which the 
image is to be reproduced. As previously indi 
cated, these three electron guns are coupled to 
the video signal channel 13 for respective con 
trol by video signals representing the three pri 
nary colors in Which the image is to be repro 
duced. It will be understood that each of these 
guns may be COInVentional Consisting of a cath 
Ode, a control grid, and a first anode, or beam 
forming electrode. Also aSSociated with the three 
electron guns are corresponding individual beam 
focusing anodes 22, 23 and 24. The three elec 
tron guns 8, 9 and 20, together with their 
asSociated focusing electrodes 22, 23 and 24 re 
Spectively, function to develop respective elec 
tron beams 25, 26 and 27 which are caused to 
approach the target electrode structure, includ 
ing the luminescent screen 6 and the masking 
electrode , from three different angles which, 
for convenience, have been shown greatly exag 
gerated in the drawing. By means of the diffel'- 
ent angles of approach these beams are caused 
to excite the different colored light-producing 
phosphors. 
The color kinescope 5 additionally is provided 

With an electrostatic type of beam-converging ap 
paratuS Which includes a convergence anode 23 
located adjacent the paths followed by the elec 
tron beams in the predeflection region. The 
kineScope also includes the usual final, or beam 
accelerating, anode 29 generally in the form of a 
wall coating substantially as shown and extend 
ing from the predeflection region adjacent to the 
convergence anode 28 to the vicinity of the tar 
get electrode structure including the screen S. 
The different static potentials Which are im 

preSSed upon the Various kinescope electrodes are 
derived from a power supply 3, across the ter 
minals of which is connected a voltage divider 
resistor 32. The various electrode potentials are 
derived by making suitable connections to the 
Woltage divider resistor generally in the manner 
ShoWn. The individual beam-focusing electrodes 
22, 23 and 24 are connected together with and 
to a relatively low positive potential point on the 
voltage divider resistor 32. The convergence 
anode 28 is coupled to a somewhat higher posi 
tive potential point of the resistor 32 so that, 
as a result of the potential difference between it 
and the individual beam focusing anodes 22, 23 
and 24, there are produced electrostatic elec 
tron-optical lenses by which individual beam fo 
cusing is effected. In a like manner, the final 
anode 29 is connected to a relatively high posi 
tive potential point on the voltage divider re 
sistor 32 so as to Create another electron-optical 
lens with the convergence anode 28. The pur 
pose of this latter electron-optical device is to 
produce the desired convergence of the individual 
electron beams Substantially in the plane of the 
apertured electrode 7. 
The color kinescope 5 also is provided with 

apparatus by which to deflect the plurality of 
electron beam components both vertically and 
horizontally to scan the usual raster at the lumi 
neScent Screen 6. In this embodiment of the 
invention the deflection apparatus includes a yoke 
33 Which in general is of a conventional type. It 
consists of a pair of interconnected coils forming 
a horizontal deflection Winding and another pair 
of coils forming a vertical deflection winding. 
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The yoke is mounted around the neck of the 
kinescope in the region adjacent to the point 
at which the neck joins the conical section of 
the tube. The horizontal and vertical windings 
of the yoke 33 are energized by Substantially con 
ventional apparatus. The Sync signal Separator 
4, which separates the Sync signals from the video 

signals and from one another, produces horizontal 
and vertical frequency sync signals respectively 
in its output circuits 'H' and “W.' The hori 
zontal output circuit “H” is coupled to a horizon 
tall SWeep oscillator 34, the output of which, in . 
turn, is coupled to the input circuit of a hori 
zontal sweep output apparatus 35. Both of these 
horizontal Sweep components may be entirely con 
ventional. The output circuit of the horizontal 
Sweep output apparatus 35 is coupled to the hori 
Zontal deflection winding of the yoke 33 in the 
customary manner. 
The vertical sync separator output, circuit. 'W' 

is coupled to a vertical sweep oscillator 3S which 
produces in its output circuit a substantially saw 
tooth Wave such as 3 at the vertical deflection 
frequency. The output of the vertical Sweep 
oscillator is coupled to the input circuit of a 
vertical sweep output stage including an elec 
tron tube 38. ihis tube may be a pentode, Such 
as a 6K6-GT, or a beam power tetrode, such as 
a GU6 or its miniature equivalent a 6AQ5, or 
other similar tube types which are extensively 
used in conventional vertical Sweep output appa 
ratus. The anode of the vertical output tube 38 
is coupled to the primary winding 39 of a ver 
tical defection w?ave output transformer 40, also 
as is customary in such systems. The Seconday 
winding 4 of the vertical output transformer 
is connected to the vertical deflection Winding of 
the yoke 33. A bypassed variable cathode resistor 
A2 serves as a linearity control of the vertical 
deflection Wave. 
As a feature of the present invention, the 

screen grid 43 of the vertical output tube 38, 
instead of being connected directly to the ainode 
of the tube or to a source of positive potential, 
is connected to one terminal of the primary 
winding 44 of a vertical convergence step-up 
output transformer 45. The other terininal of 
the primary winding 44 is connected to the anode 
of the vertical output tube 38. The Secondary 
winding As of the vertical convergence output 
transformer 45 is coupled by a capacitor 4 to 
the convergence anode 23 of the color kinescope 
(5. The other terminal of the secondary Wind 
ing 46 is connected to ground through an 
amplitude-controlling potentiometer, or variable 
resistor 49. A bleeder resistor 49 is coupled acroSS 
the secondary winding 48 of the vertical con 
vergence output transformer, and a point on this 
resistor is coupled by a capacitor 5 to the indi 
vidual beam-focusing anodes 22, 23 and 2. 
As another feature of the present invention, 

the primary winding A4 of the vertical output, 
transformer 45 has connected in shunt therewith, 
an integrating capacitor 52 and, if desired, a 
variable wave-shaping resistor 53. The capacitor 
52 functions in a manner to be described, in con 
junction with other components of the circuit, 
to convert the substantially sawtooth current 
wave 3 flowing through the vertical output tube 
38 into a substantially parabolic voltage wave 

is in the secondary winding 36 of the vertical 
convergence transformer A5. The time coinstant 
of the capacitor 52 and the resistance reflected 
to the primary winding 44 should be of the same 
order of magnitude as a vertical deflection 
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6 
period. The variable resistor 53 may be included 
to effect Some additional shaping of the parabolic 
WaWe 54. 
The beam convergence controlling system en 

bodying this invention also includes a horizontal 
convergence control wave generator 55. This 
apparatus may be substantially in accordance 
with that disclosed in the Friend paper previously 
referred to. Accordingly, it will be understood 
that this generator functions to produce a sub 
Stantially parabolic wave 56 at the horizontal 
deflection frequency for impression by means 
Such as a coupling capacitor 57 upon the con 
vergence anode 28 of the color kinescope 5. 
The manner in which the vertical convergence 

control Wave-generating apparatus functions is 
Substantially as follows: The flow of the substan 
tially Sawtooth plate current wave 37 through 
the capacitor 52 results in an integration thereof, 
producing the Substantially parabolic voltage 
Wave 54 in the secondary winding 46. The turns 
ratio of the primary and secondary windings 44 
and 38, respectively, of the vertical convergence 
output transformer A5 is such that the load which 
is reflected from the secondary to the primary 
winding is essentially resistive, having a value 
which is several times that of the reactance of 
the integrating capacitor 52 at the vertical defec 
tion frequency. Accordingly, this loading does 
not appreciably alter the waveform produced 
across the integrating capacitor 52. Thus, since 
the load upon the secondary winding 46 also is 
predominantly resistive, the convergence voltage 
wave 54 is substantially parabolic. 
At the Same time, it will be understood that 

the current wave produced in the secondary wind 
ing if of the vertical deflection output, transforn 
er 4 is not appreciably affected by the parabolic 
Wave-forming apparatus described and, therefore, 
has essentially a sawtooth form 58. The voltage 
at the anode of the tube 38 has very little infiu 
ence upon the anode and the screen grid currents. 
Therefore, the presence of the parabolic wave 
in the primary transformer winding A4 does not 
noticeably affect the linearity of vertical beam 
defection. 
In the Operation of the apparatus, it functions 

to produce the parabolic voltage wave 54 when 
the shaping resistor 53 has a substantially zero 
value. An increase in the value of the resistor 
33 effects the introduction of a sawtooth com 
ponent into the otherwise parabolic wave 54 for 
the purpose of compensating for slight dissym 
metries in the beam convergence requirements. 
The variable resistor 48 may be adjusted to ef 
fect a control of the peak-to-peak amplitude of 
the Substantially parabolic wave 54. 
The Substantially parabolic wave 54, developed 

in the manner described, may be impressed, not, 
Only upon the convergence anode 28, but also in 
suitable magnitude upon the individual beam 
focusing anodes 22, 23 and 24 as described. The 
purpose of Such an arrangement is to prevent a 
defocusing of the individual electron beams which 
tends to occur when the potentials impressed 
upon the individual beam-focusing anodes is 
maintained constant and the potential of the 
convergence anode is varied. This provision, 
however, is not part of the present invention, in 
stead, it forms the subject matter of a copend 
ing U. S. application of L. R. Kirkwood, Serial 
No. 198,313 filed November 30, 1950 and titled 
"Dynamic Electron Beam Control Systems.' 
The present invention inay also be utilized for 

dynamic bean convergence systems in which the 
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electron-optical beam-converging apparatus is 
of the electromagnetic type. Figure 2, to which 
reference now will be made, shows an illustrative 
Way of coupling the beam convergence control 
ling Wave-generating apparatus in accordance 
With this invention to such a convergence system. 
It Will be understood that the Wave-generating 
apparatus may be of the same character as that 
described with reference to Figure 1. In this 
CaSe, the kinescope il 5 is provided with a mag 
netic convergence coil 59 in place of, and in Sub 
stantially the same predeflection region occupied 
by, the convergence anode 28 of Figure 1. The 
convergence coil 59 is connected to the secondary 
Winding of the vertical convergence output trans 
former 45 through the amplitude-controlling re 
Sistor 48. Suitable provision also may be made, in 
this case, if desired, to connect the individual 
beam-focusing anodes 22, 23, and 24 to the out 
put circuit including the secondary winding 46. 
Apparatus in accordance with the present in 

vention also may be used in other types of de 
flection wave output circuits, such as the one 
shown in Figure 3 to which reference now will be 
made. The principal difference between this out 
put circuit and the one shown in Figure 1 is that 
the screen grid of the vertical sweep output tube 
38, instead of being connected through the pri 
mary winding 39 of the vertical output trans 
former 40 for the impression thereon of a posi 
tive potential, is connected directly to a Source 
of positive potential. In the Case of the appara 
tus of Figure 3, it is seen that the current flowing 
in the circuit of the Screen grid 43 does not trav 
erse the primary winding of the output trans 
former as it does in the case of the apparatus of 
Figure 1. 

it may be seen from a consideration of the 
foregoing description of the illustrative embodi 
ments of the invention that there is provided an 
improved and considerably simplified apparatus 
by which to develop the waveforms, particularly 
at vertical deflecting frequencies, for the dynamic 
energization of the electron beam-controlling 
apparatus of a multi-beam kinescope. A large 
measure of the simplicity of the apparatus emi 
bodying the invention is achieved by reason of the 
ability of the apparatus to operate directly from 
the raster-scanning deflection apparatus without 
requiring any additional amplification. Also, 
this invention lends itself to use, not only with 
beam tetrodes as described which previously have 
been connected as triodies for Conventional verti 
cal deflection of the electron beams, but also with 
vertical output tube connections of the character 
in which only the plate current flows through the 
deflection output transformer. The Only differ 
ence is that in one case, such as the One described 
With reference to Figure 1, the screen grid current 
flows through the deflection transformer primary 
Winding 39, together with the anode current of 
the tube 38, whereas in the other case, Such as the 
One described With reference to Figure 3, only the 
anode current of the output tube flows in the out 
put transformer Winding. 
The nature of the invention may be ascertained 

from the foregoing description of a number of 
illustrative embodiments thereof. Its scope is 
pointed out in the appended claims. 
What is claimed is: 
1. In a cathode ray image-reproducing System 

wherein a plurality of electron beam components, 
Which traverse predeflection paths that are 
spaced respectively about the longitudinal axis 
of a tube, are angularly deflected both horizon 
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8 
tally and vertically to scan a raster in a prede 
termined plane and having field-producing means 
adjacent to said predeflection paths and energiz 
able to effect substantial convergence of said 
beam components at all points of said raster, a 
System to energize said field-producing means 
comprising, a raster-scanning substantially saw 
tooth deflection wave generator comprising an 
output circuit including an electron tube having 
an anode coupled to said deflection wave output 
circuit, a convergence wave output transformer 
having primary and secondary windings, a pre 
dominantly resistive convergence wave output cir 
cuit coupling said secondary winding to said field 
producing means, means coupling said primary 
winding to said electron tube anode, and an in 
tegrating capacitor connected to said primary 
Winding to convert some of the energy of said 
Sawtooth Wave to a substantially parabolic wave 
in Said Secondary Winding. 

2. In a cathode ray image-reproducing system 
Wherein a plurality of electron beam components, 
Which traverse predeflection paths that are 
Spaced respectively about the longitudinal axis of 
a tube, are angularly deflected both horizontally 
and Vertically to scan a raster in a, predetermined 
plane and having field-producing means adja 
cent to said predeflection paths and energizable 
to effect Substantial convergence of said beam 
components at all points of said raster, a system 
to energize Said field-producing means compris 
ing, a raster-scanning substantially sawtooth de 
flection wave generator comprising an output cir 
cuit including an electron tube having an anode 
COUpled to Said deflection wave output circuit, a 
convergence Wave output transformer having pri 
mary and secondary windings, a predominantly 
resistive convergence wave output circuit includ 
ing a variable amplitude-adjusting resistor and 
Coupling Said secondary winding to said field 
producing means, means coupling said primary 
winding to said electron tube anode, and an in 
tegrating capacitor connected in shunt with said 
primary winding to convert some of the energy 
of Said Sawtooth wave to a substantially parabolic 
wave in Said Secondary winding. 

3. In a cathode ray image-reproducing system 
Wherein a plurality of electron beam components, 
which traverse predeflection paths that are spaced 
respectively about the longitudinal axis of a tube, 
are angularly deflected both horizontally and 
vertically to Scan a raster in a predetermined 
plane and having field-producing means adjacent 
to Said predeflection paths and energizable to 
effect Substantial convergence of said beam com 
ponents at all points of said raster, a system to 
energize said field-producing means comprising, 
a raster-Scanning substantially sawtooth deflec 
tion Wave generator comprising an output circuit 
including an electron tube having an anode 
coupled to said deflection wave output circuit, a 
convergence wave output transformer having 
primary and secondary windings, a predomi 
nantly resistive convergence wave output circuit 
including a series-connected variable amplitude 
adjusting resistor and coupling said secondary 
Winding to Said field-producing means, means 
coupling Said primary winding to said electron 
tube anode, and a series connection of an inte 
grating capacitor and a variable wave-shaping 
resistor connected in shunt with said primary 
Winding to convert Some of the energy of said 
Sawtooth wave to a wave in said secondary wind 
ing having a Substantially parabolic shape modi 
fied by a Sawtooth component of a magnitude 




