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27 Claims. '(ci. 1-7s--s.4) 

This invention relates to television and particularly to 
the registration of a plurality of images produced on 
substantially the same area of a cathode-ray tube by 
electron beams travelling toward the reproducing screen 
from different directions. The invention is particularly 
applicable to the reproduction of color television pictures 
by so-called tri-color cathode-ray tubes. 

States Patent 0 
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At the present time there have been a number of- pro 
posals for tri-color cathode-ray tubes in which pictures 
are reproduced in three primary colors on substantially 
the same area of‘ the viewing screen. In some tubes of 
this type a perforated mask is placed in the path of the 
electron stream to the viewing screen and in another 
type a pair of intermeshed Wire grids is arranged in the 
path of the electron stream. In the mask type of tube, 
three electron guns are commonly employed so that the 
three electron beams passthru a given aperture in the 
mask at different angles to impinge on three separate 
elemental areas of the viewing screen, and the three 
elemental areas ?uoresce in three primary colors, re 
spectively. A single gun version has also been proposed 

25 

30 

35 
in which a de?ecting ?eld is employed to cause the .. 
electron beam to pass thru the mask at- three different 
angles successively, thereby impinging on the three ele 
mental areas of different color. 

In the case of the grid type of tube, one electron gun 
has been suggested and the two sets of grid Wires ener 
gized so that the electron beam is focused and de?ected 
to elemental screen areas of diiferent primary color.- In 
this case also, a three-gun version has been proposed in 
which the directions of the electron beams determine 
which color phosphors are energized, and the grid is 
employed to focus the several beams. 

In the three-gun versions of tubes of this general type, 
a problem of registering the different primary color vim 
ages arises. If the several electron guns are parallel and 
common deflecting ?elds are employed,» the corresponding 
three scanning rasters will be displaced at the viewing 
screen unless additional means are employed to produce 
registration. One expedient which has been employed 
is to produce so-called convergence ?elds by an electro 
static or electromagnetic lens system so that correspond 
ing points in the three-color images will coincide on the 
viewing‘ screen. In general the amount of convergence 
required varies with the position of the picture points 
and dynamic convergence signals are required which can 
be quite complex. Any errors in convergence can. pro 
duce serious misregistration in the color picture. In the 
single-gun versions wherein a de?ecting ?eld ‘is applied 
to cause the electron beam to impinge on the viewing 
screen successively from diiferent directions, a similar 
problem of registration arises. 

Several different color scanning methods have been 
proposed in the past, and can be employed with one or 
more of the tubes described above. The scanning, meth 
ods can be divided broadly into simultaneous and vse 
quential categories, depending upon whether the several 
primary colors are reproduced simultaneously or ‘suc 
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essively. The sequential category can be sub-divided 

into ?eld, line, and dot sequentiai arrangements, wherein 
the several primary colors‘ alternate at ?eld, line or dot 
frequency, respectively. Other speci?c scanning methods 
have been proposed but the above suffices for explaining 
the-present invention. 

In simultaneous scanning . systems several electron 
beams corresponding in number to the primary colors 
coexist and are simultaneously de?ected over the repro 
ducing screen inv horizontal and vertical directions by 
the same scanning ?elds. Consequently any convergent 
signals employed to effect registration are applied simul 
taneously to all three beams. Since the three beams will 
in general not occupy the same region. in the convergence 
?eld, it is di?‘icult to obtain precise registration. ‘ 

In the sequential systems the scanning beams corre 
sponding to diiferent colors exist sequentially, and con 
sequently the scanning ?elds affect only one scanning 
beam at. a time. It is thus possible to use somewhat dif 
ferent convergence signals for scanning, beams corre— 
sponding, to different colors in order to obtain more per 
foot registration, although the necessary circuitry may 
become quite complicated. ‘ 

In accordance ‘with the present invention the relative 
phase of the video signal waves and corresponding de?ec 
tion waves are changed from color to color in order to 
effect the desired registration. In the case of simul 
taneous systems where common de?ecting ?elds ars em 
ployed for the several beams, the video signal Waves 
corresponding to the di?’erent colors are delayed by dif 
ferent amounts. In the case of sequential systems the 
change in relative phase can be produced in‘ the same 
manner, that is by appropriate delay of the video signals. 
However, in the case of line and ?eld sequential systems, 
change in phase can also be produced by delaying the 
deflection waves rather than the video waves. 
‘Usually common de?ection means such as a single set 

of de?ecting coils or plates are employed. for the several 
beams even in sequential type systems. Inasmuch as- the 
several beams are not likely to traverse exactly the same 
portions of the de?ecting ?elds during their de?ection, 
the scanning rasters may not be identical, In accordance 
with the present invention such distortion can often be 
reduced or eliminated by the use of variable delay to 
produce a variable change in phase during the reproduc 
tion of one or more primary colors. 
The invention will be more fully understood by a 

consideration of the following detailed description thereof 
taken in conjunction with drawings in which: 

Fig. 1 illustrates a three-gun mask-type tri-color tube 
with which the invention may be employed; ~ 

Fig. 1(a) is a detail illustrating a single gun with 
’ de?ection to produce three axially-separated beams; 

Fig. 1(b) is a block diagram of a general receiver 
arrangement for the tube of Fig. 1; i 

Fig. 2 is a detail further explaining the construction 
of the tubes of Figs. 1 and 1(a); 

Fig. 3 illustrates details of a tube in 
are triangularly arranged , 

Fig. 4 illustrates the use of delay to register images 
whose centers of de?ection are on a line; ‘ 

Fig. 5 is an explanatory diagram similar to Fig. 4 but 
in which the centers of de?ection are triangularly ar 
ranged; 1 

Fig. 6 is a diagram showing how the relative phase may 
be changed by delaying either video or de?ection waves; 

Fig. 7 illustrates a simple circuit for producing di?ier 
ent delays‘ of a video signal; ' , " 

Fig. 8 is a circuit for the delay of synchronizing sig 

which the guns 

0 nals; 
Fig. 8(a) illustrates gating Waveforms used in Fig. 8; 
Figs. 9(a) and 9(b) illustrate a type of distortion often 



‘placed positions of beam 23 thus correspond to the 
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observed in tubes such as shown in Fig. 1 and the cor 
rection thereof; 

Fig. 10 is a circuit diagram for producing variable 
delay to reduce the type of distortion shown in Fig. 9(a); 

Figs. 10(a), (b) and (c) are details showing certain 
waveforms of the circuit of Fig. 10; and 

Fig. 11 is a block diagram illustrating a general ar 
rangement for delaying de?ection waves. 

Referring now to Fig. 1 a tri-color cathode-ray tube 
is shown comprising an evacuated envelope 12, of glass 
or metal, with an appropriate base 13. In the neck of 
the tube are mounted three electron guns 14G, 14B and 
14R which generate electron beams for reproducing dif 
ferent colors, here assumed to be green, blue and red 
aspects of the picture, respectively. At the other end of 
the tube is a reproducing screen 15 of the ?uorescent 
type with an interposed apertured mask 16. Reproduc 
ing screen 15 contains a large number of minute areas in 
different color phosphors in a desired geometric pattern. 
The apertures in mask 16 are arranged in a cooperating 
geometric pattern. 

Vertical de?ecting coils 17 are arranged about the 
neck of the tube, along with horizontal de?ecting coils 
18. The cathode-ray beam 19 issuing from gun 14B is 
de?ected by the de?ecting coils about a center of de?ec 
tion designated 21B. Similarly, cathode-ray beams is 
suing from guns 14G and 14R are de?ected about cen 
ters of de?ection 21G and 21R. It is of course under 
stood that the actual de?ection takes place thru an are 
rather than at a single point, but the idealized point con 
cept suf?ces for understanding the present invention. 

Referring to Fig. 1(a), a single electron gun 22 is illus 
trated which replaces the three electron guns of Fig. l 
and would ordinarily be located on the axis of the tube. 
By suitable de?ecting coils or plates, the cathode-ray 
beam 23 is caused to assume in succession the three posi 
tions designated 24G, 24B and 24R. The successive dis 

sep 

arately generated beams of the tube shown in Fig. 1. In 
the discussion hereinafter, and in the claims, it will be 
understood that the term “cathode-ray beams” refers not 
only to separately generated beams such as illustrated in 
Fig. 1, but also to the displaced beams of Fig. 1(a), even 
though the latter originate from a single gun. It will be 
understood that the three beams MIG-24R of Fig. 1(a) 
may be de?ected about spaced centers of de?ection such 
as shown at 21G-2IR of Fig. 1. 

Fig. 1(b) shows the tube of Fig. 1 in a typical re 
ceiver arrangement. Here the composite television sig 
nal including color video signals with associated line and 
?eld synchronizing signals is picked up by antenna 1 and 
fed to receiver circuits 2 which may include, for ex 
ample, R.-F., converter, I.-F. and detector stages. 
color video signals are ampli?ed in video channel 3 and 
the di?erent color signals fed to the respective electron 
guns 14G-14R to control the modulation of the elec' 
tron beams. The video signals ordinarily are fed to 
either the cathodes or control grids of the electron guns. 
The composite signal is also commonly fed to a de 

?ection channel 4 wherein the synchronizing signals are 
separated from the video and employed to synchronize 
line and ?eld sawtooth de?ection wave generators whose 
outputs are supplied to de?ection coils 18 and 17 respec 
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tively. Ordinarily the line and ?eld synchronizing pulses ' ' 
are separated and fed to separate line and ?eld de?ection. 
wave generating channels which are here included within 
the broad phrase “de?ection channel.” 
The composite video signal may also include distinc 

tive color synchronizing signals associated with video 
signals of one color which are utilized to insure that a 
given color signal will be reproduced in that color. 

Details of the utilization of the several synchronizing 
signals depend on the particular application and are well 
known in the art. Hence further detail is WIIEWSSQIY 
here. 
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Referring now to Fig. 2, points 216, 21B and 21R 

illustrate the horizontally aligned centers of de?ection of 
the three cathode-ray beams produced as described in 
connection with either Fig. 1 or Fig. 1(a). The aper 
tured mask and ?uorescent screen are shown as fragments 
rotated about horizontal axes into the plane of the paper 
for convenience of illustration. The apertured mask 16 
‘is here shown as a mask 16’ having elementary vertical 
slots 25 which are vertically and horizontally aligned. 
The cathode-ray beams are shown as passing through one 
slot 25’ and impinging on a ?uorescent screen 15’ com 
posed of narrow vertical strips of green, blue and red 
phosphors alternating in sequence. In general the width 
of the strips will be less than the diameter of the scan 
ning beam and the actual dimension will depend upon the 
amount of detail desired and the diameter of the screen. 

Referring now to Fig. 3, an alternative arrangement 
of the tube of Fig. 1 is depicted in which the three guns 
14G’, 14B’ and 14R’ are arranged at the corners of a 
triangle, the guns being parallel to each other. An end 
on view of the guns is shown in Fig. 3(a). In this case 
the apertured mask 16" has apertures 26 (Fig. 3(b)) ar 
ranged so that a trefoil of phosphor dots can be arranged 
behind each aperture. The phosphor dots are shown in 
Fig. 3(c) at 27G, 27B, and 27R, respectively. Each 
trefoil is located behind one of the apertures 26 of Fig. 
3(b) and the location of apertures 26 are shown in dotted 
lines in Fig. 3 (c). 

It will be understood that the geometrical arrange 
ment of apertures and phosphors in Figs. 1—3 is subject 
to wide variation, and the order of the colors can be 
selected as desired. The speci?c arrangements here 
shown are illustrative only. Generally speaking, the 
geometry of the systems are such that electrons appear 
ing to pass through one center (such as 21R) strike only 
the red phosphor elements, those appearing to pass 
through another center (such as 213) strike only the 
blue phosphor elements, and those appearing to pass 
through a third center (such as 216) strike only the green 
phosphor elements. 

Referring now to Fig. 4, the manner in which delay 
may be employed to register the color images of tubes 
such as shown in Figs. 1, 1(a) and 2 is illustrated. Points 
21G, 21B, and 21R again represent the centers of de 
?ection of the electron beams corresponding to di?erent 
colors, and are spaced apart in the line-de?ection direc 
tion. With the three guns of Fig. 1 these electron beams 
may exist simultaneously or sequentially depending upon 
the scanning method employed. With the arrangement 
of Fig. 1(a), they will exist sequentially. 

If the cathode-ray beams are acted upon by the same 
de?ecting ?elds either simultaneously or successively, the 
lateral displacement of the centers of de?ection will re» 
sult in three horizontally-displaced scanning rasters or 
areas being formed at the ?uorescent screen as shown at 
31R, 31B and 316 of Fig. 4(b). These rasters will be 
substantially overlapping and will occupy approximately 
coextensive areas except for lack of registry. In the 
ideal case, the three scanning rasters will be identical 
except for the lateral displacement. The corresponding 
primary color images will also be laterally displaced as 
shown by the images of a circle denoted 32R, 32B and 
32G. ‘ 

Fig. 4(c) illustrates obtaining registration by delay of 
the video waves with respect to the corresponding hori 
zontal de?ection waves. Since only relative delay is im 
portant, it is assumed that the green video signal is 
reproduced as in the case of Fig. 4(b). Consequently 
the circle 33 representing the reproduced circle in all 
three colors occupies the same position with respect to 
scanning raster 316 that it did in Fig. 4(b). However, 
the video signal corresponding to blue has been delayed 
with respect to its scanning raster 3113 by a fraction of. 
a line period to superpose the blue image on the green 
image. The actual amount of delay will of course de 
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pend upon'the initial amount of misregistration, the size 
of the picture and the speed of- horizontal sweep. The 
video signal corresponding to red is delayed by approxi 
mately twice the amount of the blue signal so as to 
superpose the red image likewise on the green image, 
so that all three colors then occupy the position shown 
by circle 33. 
The delay of the video illustrated in Fig. 4(c) is ap 

plicable to any type of scanning system, whether simul— 
taneous or sequential. In the case of ?eld and line 
sequential systems it is also possible to delay the de?ec 
tion waves rather than the video waves. Referring to 
Fig. 4(d), the relative phase of'the red video signal and 
its corresponding de?ection Wave are the same as in Fig. 
4(b), so that circle 33' occupies the same relative posi 
tion with respect to its scanning raster 31R. However, 
scanning raster 31B is delayed with respect to the video 
by a small fraction of a line period to cause the blue 
image to coincide with the red ‘image. The actual posi 
tion of the scanning raster 31B on the face of- the cathode 
ray tube will remain the same as in Fig. 4(b) since the 
magnitude of the de?ection current or voltage is'assumed 
to be the same. However, since the de?ection wave 
has been delayed, thereby changing the relative phase of 
the video and de?ection waves, the blue video signal 
will occur earlier in the de?ection cycle and hence the 
blue image will be displaced to the left (de?ection being 
assumed to proceed from left to right as in conventional 
practice). The de?ection wave for the green signal is 
delayed by approximately twice the amount for the blue 
so that the green image will also coincide with circle 
33'. 
The time sequence of the video and de?ection signals 

described in connection with Fig. 4 will be more clearly 
understood by reference to Fig. 6. Here horizontal (line) 
sawtooth de?ection waves 34R, 34B, 34G are shown in 
Fig. 6(a) for red, blue and green signals. Likewise, red, 
blue and green video signals 35R, 35B, 35G for a given 
line are shown in Fig. 6(b). 

Fig. 6(0) corresponds to Fig. 4(a), both illustrating 
effecting registration by delay of the video. In this 
?gure the green video signal 35G has the same phase 
relative to the de?ection wave 346 that it did before. 
However, the blue video signal 35B’ has been delayed so 
that it occurs later relative to scanning wave 34B. Con 
sequently the corresponding line will be shifted to the 
right in the picture, as was explained in connection with 
Fig. 4(c). The red video signal wave 35R’ is delayed 
by approximately twice the delay of the blue signal, and 
occurs still later in the course of its de?ection wave 34R. 
Consequently the corresponding red line is shifted still 
farther to the right in the picture as was explained in 
Fig. 4(c). 

Other lines of the pictures Will be shifted in the manner 
just described so that the entire area of the red and 
blue images are shifted into coincidence or registry with 
the green image. 
For ?eld and line sequential systems the de?ection and 

video Waves will occur successively. For dot sequential 
systems the video waves 35R-35G will be interlaced 
and de?ection waves Mill-34G will be one and the same 
wave. For simultaneous systems the de?ection waves 
342-346 will also be one and the same wave. Thus it 
is apparent that the delay of the video can be employed 
to obtain registration with any of these systems. 

Fig. 6(d) illustrates delay of the de?ection waves, and 
corresponds to Fig. 4(d). Here de?ection wave 34R 
remains unchanged, and occurs in the same relative 
phase with respect to the video signal 35R that it did 
originally. De?ection wave 343’ is delayed with respect 
to its original position 34B so that the video signal 35B 
occurs earlier on the trace. De?ection wave 34G’ is 
still further delayed with respect to its original position 
34G, so that the corresponding video signal 35G occurs 
still earlier on the trace. Thus the blue aspect of the 
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image is displaced toward the» left of the picture by a 
given amount, and the green aspect of the image dis 
placed to the left by approximately twice that amount, 
so that all three color aspects are superposed as shown 
at 33' in Fig. 4(a'). ' 

It will be observed from Fig‘. 6 that the change in 
relative phase of the video signal waves and the cor 
responding de?ection waves may be accomplished by 
delaying either the video signal or the de?ection wave, 
the choice depending upon the particular application. 

Referring now to Fig. 5, there is depicted the use of 
delay to register images produced by triangularly ar 
ranged electron beams, produced either by three separate 
guns or by one gun with successive de?ection to- three 
different triangularly arranged positions. In the absence 
of convergence signals the scanning rasters on the face 
of the tube will occupy the positionsshown inFig. 5 (b) 
at 31R’, 31B’ and 316’. Respective color aspects of a 
circular image will occupy the position shown at 32R’, 
32B’ and 32G’. Since these images also bear a trian 
gular relationship, it is necessary to alter the location of 
one or more of the images both horizontally and verti 
cally in order to obtain registration. In accordance with 
the present invention the relative phase of the video and 
de?ection waves is altered by fractions of a line so as 
to align the three color images horizontally, and delay 
corresponding to several lines is employed to align the 
images in the vertical direction. 

Fig. 5(c) represents delay of the video signal. Scan 
ning is assumed to proceed from top to bottom and from 
left to right in the conventional manner. Since circle 
326' in Fig. 5(b) is farthest to the right (that is, farthest 
in the direction of horizontal line scanning), the video 
signals corresponding to the blue and redaspects are 
delayed by intervals corresponding to small fractions of 
the line period so as to align them in the horizontal direc 
tion. These delays will bring the centers of the red and 
blue circles to the vertical line 36. The red and green 
video signals are also delayed by the necessary number 
of lines (a fraction of the vertical or ?eld scanning 
period) to displace their centers in a vertical direction 
into coincidence with that of the blue circle. The result 
is shown by the circle 37. ' 

If the displacement of the unregistered images were 
inverted from that shown in Fig. 5 (b), with circle 32B’ 
at the top of the triangle, the same horizontal delays 
would be employed but in this case only the blue signal 
would be delayed by the necessary number of line periods 
to bring it into coincidence with the others. The numeri 
cal values ‘of the delays will depend upon the factors dis 
cussed in connection with Fig. 4. 

Fig. 5 (d) illustrates obtaining registration of the images 
of Fig. 5(b) by the use of delay in the de?ection circuits. 
Here the de?ection wave corresponding to the blue aspect 
will be delayed by a fraction of a line period to bring 

blue image into horizontal alignment with the red 
image, so that the centers will lie on line 38. The de?ec 
tion wave corresponding to the green image will be 
delayed approximately twice as much so that its center 
also will lie on line 38. The de?ection wave for the 
blue signal is additionally delayed by a number of line 
periods so that all three images are superposed as shown 
at 37’ in Fig. 5(d). 

it will be observed that although the use of delay in 
accordance with the present invention registers the re 
produced primary color images, the corresponding scan 
ning rasters do not coincide. Suitable masking may be 
employed so that the outer portions of the scanning rasters 
are concealed from view. It will of course be under 
stood that the displacements of the scanning rasters shown 
in Figs. 4 and 5 have been exaggerated for clarity of 
illustration and that only a small percentage of the. over 
all picture area need be masked. 
The displacement of the scanning rasters may be re. 

duced by an initial inward pointing (toward the'center 
line of the tube) of the cathode-ray beams. For example, 
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with three guns their axes may converge somewhat.in~ 
.stead of being parallel. This also reduces the delay time 
[required for registration. However, the inward pointing 
usually results in distortion of the scanning rasters which 
impairs perfect registration, so this expedient should be 
used with discretion. 
As a speci?c example, in ‘one tube having de?ection 

centers lying on a horizontal line, the separation between 
adjacent color centers on the ?uorescent screen was ap 
proximately 0.2 inch for a 9 by 12 inch picture. Allow 
‘ing for the horizontal blanking interval, the delays re 
quired calculate to be approximately 0.0131-1 and 0.027H, 
where H is the horizontal line period. With the presently 
established FCC color standards of 405 lines and 144 
?elds per second double-interlaced, H is approximately 
34.3 microseconds and the required delays are approxi 
mately 0.46 and 0.92 microsecond. For different sepa 
rations of color centers, different size screens, and dif 
ferent line. periods, appropriate calculations can readily 
be made. ‘ 

In the case of vertical displacements, assume that the 
.vertical spacing of adjacent color centers is 0.2 inch and 
the other conditions as above. This spacing corresponds 
to approximately four lines of a single ?eld, with double 
interlacing, and the delay is accordingly 4H. 

Referring now to Fig. 7, a simple circuit is shown for 
delaying the video signals in tubes of the type employing 
three separate electron guns. Here 41 represents the 
.video output tube of the television receiver and 42 rep 
resents the DC. reinserter. These circuits may be con 
ventional and need not be shown in detail. In the output 
of tube 41 is disposed a delay network comprising sec 
tions 42, 43, and 44 with a suitable terminating imped 
ance 45. The delay network is shown as a simple L-C 
delay line but of course may be elaborated if desired. 
The design and construction of delay lines is well known 
in the art and need not be described in detail. 
The circuit of Fig. 7 may be used to produce regis 

tration as explained in connection with Fig. 4(c). As 
there explained, the green signal is undelayed and cor 
responds to the output connection 46 from the input 
point of the delay line. The blue signal is delayed by a 
given amount and may be obtained through output con 
nection 47 from an intermediate point of the delay line, 
it being understood that the delay produced in network 
42 is selected to cause the blue image to register with 
the green image. The red signal is delayed still more 
and may be obtained from output connection 48. The 
output signals at terminals 46—48 may be applied to 
the grids or cathodes ‘of the respective electron guns in 
conventional manner. 
The circuit of Fig. 7 may also be designed to produce 

the delays described in connection with Fig. 5(a). In 
this event however, since all signals are delayed to some 
extent, an additional delay section will be interposed be 
tween output tube 41 and delay section 42. The smallest 
delay is that of the blue signal and corresponds to a small 
fraction of a line AH so that the blue output signal would 
then be taken from terminal 46. The green signal is 
delayed by a predetermined number of lines so that ?lter 
section 42 would be designed to delay the signal by the 
given number of lines minus the delay of the previous 
?lter section and would be taken from output terminal 47. 
The red signal is delayed by the same number of lines plus 
twice AH. Thus section 43 of the delay line will be 
designed to produce 2AH delay and the green signal 
would be taken from terminal 48. 

It will be understood that the circuit shown in Fig. 7 
is adapted for use with sequential scanning systems where 
in separate gating signals are applied to the guns of the 
‘cathode-ray tube to turn on the beams in sequence. Thus 
the video channel provides three signal paths to the tube 
which are gated to operate successively for different 
colors. In the case of simultaneous systems the video 
signals corresponding to di?erent colors are commonly 
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8 
separated in the receiver and fed to respective electron 
guns through separate channels. In this case a delay cir 
cuit may be interposed in each channel to produce the 
required delay as explained in connection with Figs. 4-6. 
The delay of the de?ection waves can be produced by 

delaying the synchronizing signals which initiate or con 
trol the de?ections, or by introducing suitable control 
signals elsewhere in the de?ection channels. Fig. 8 
illustrates a suitable circuit for delaying synchronizing 
signals in a ?eld sequential system. It will be particu 
larly described to effect registration in the manner shown 
in Fig. ,4(d). 

Gate generator 51 is'synchronized with the ?eld signals 
and adapted to generate gates of the type shown in Fig. 
8(a). Suitable generators are known in the art and need 
not be described in detail. A red gate signal has passing 
pulses 52R occurring with each red ?eld scansion, and 
cut-oil? portions 53R therebetween. Similar passing and 
cut-off pulses are generated for the blue and green gates. 
Horizontal synchronizing pulses are applied at 54 to a 
delay line generally designated as 55. Gated electron 
tubes 56R, 56B and 566 have their respective control 
grids connected to spaced points on the delay line. The 
gating signals from generator 51 are also applied to these 
tubes. Any suitable ampli?er tubes may be employed and 
the gating signals may be applied thereto in any con 
venient manner known in the art. It is usually desirable 
to apply the gating signals to other than the control grids 
and in the case of triodes they may conveniently be 
applied to the cathodes. If pentodes are used the gating 
signals may be applied to the cathodes, screen grids or 
suppressor grids. The polarity of the gating signals de 
pend upon the electrodes to which they are applied as 
will be understood. 
As indicated in the discussion of Fig. 4(d), the de 

?ection Waves corresponding to the red signal are un 
delayed. Accordingly the control grid of tube 56R is 
connected to the input of the delay line and horizontal 
synchronizing pulses appearing in the common output 
line 57 will be u'ndelayed. During the red ?eld scansion 
tube 56R is on, and tubes 56B and 566 are off. During 
the blue ?eld scansion, tube 56B is on and the other tubes 
o?. Consequently the horizontal synchronizing signals 
corresponding to the blue scansions will be delayed by the 

._ ?rst portion of delay line 55 by the amount necessary to 
register the blue image with the red image. As explained 
before this is a small fraction of a line period in the 
embodiment shown in Fig. 4(d). During the green ?eld 
scansion, tube 566 is on and the others 0E, so that the 
horizontal synchronizing signals corresponding to the 
green scansion are delayed by both sections of delay 
line 55. Variable taps on the delay line may be employed 
for precise adjustment of registration if desired. The out 
put from line 57 is fed to the line de?ection wave gen 

> erator to control the synchronization thereof. 
The arrangement of Fig. 8 may readily be adapted to 

scanning methods of the line sequential type by gating 
the tubes 56R-56G at line frequency rather than at ?eld 
frequency. 

In the arrangement depicted in Fig. 5 (d), delay of 
the de?ection waves in both horizontal and vertical 
channels is required. In this event, the circuit of Fig. 
8 may be employed to delay the horizontal synchronizing 
signals in the manner just described. A similar circuit 
may be arranged in the vertical synchronizing channel to 
delay the vertical signals by the necessary amounts. 

If desired, instead of employing delay lines, other 
devices such as multivibrators may be used to produce 
delayed synchronizing pulses. This may be particularly 
advantageous where delay of the vertical synchronizing 
signals is required. 

It is also possible to use the circuit of Fig. 8 to delay 
the video signal by the required amounts, the video being 
supplied to input 54._ Such an arrangement is advan 
tageous in a sequential system employing a single gun 
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tricolor tube, since gating is associated with the delay 
circuit and the common output lead 57 can be connected 
to the single electron gun to provide sequential video sig 
nals with each color properly delayed. For a three-gun 
tube, tubes 56R—56G can be provided with separate out 
put circuits leading to respective guns of the tricolor 
tube. In such case the gating in the delay circuit insures 
supplying each gun with the proper color video signal 
without gating at the guns themselves. In either of these 
cases it will be apparent that three signal paths are pro 
vided in the video channel which are gated to operate 
successively for video signals of different color respec 
tively. 

With spaced centers of de?ection of the electron beams 
in a single cathode-ray tube, and common focusing and 
de?ection coils or electrodes, the scanning rasters corre 
sponding to the several centers of de?ection may not be 
exactly the same. With the centers of de?ection arranged 
along a single line, as described in connection with Figs. 1 
and 1(a), the scanning raster corresponding to the middle 
center of de?ection can be made approximately rectangu 
lar. This has been assumed to be the blue scanning 
raster and is shown at 61B in Fig. 9(a). The sides of 
the other two scanning rasters are often distorted in the 
manner shown by the scanning rasters 616 and 61R. It 
will be noted that the distortion of the green raster is the 
reverse of that of the red raster since the two guns are on 
opposite sides of the middle gun. 
The picture of a square object will yield color images 

62R, 62B and 62G wherein images 62R and 628 have the 
same type of distortion as that of the scanning rasters, in 
addition to the misregistration previously discussed. 

Considering the red image 62R, if the upper and lower 
lines are moved to the left with respect to the middle line 
of the image, the distortion can be corrected. This can 
be accomplished by delaying the red de?ection waves 
for the top and bottom of the picture more than for the 
center of the picture. This will cause top and bottom 
lines to be reproduced earlier in the respective horizontal 
de?ection cycles and hence will move them to the left 
‘of the picture. The result will be a straightening of the 
lateral sides of the red image as shown at 62R’ in Fig. 
9(b). Similarly, the sides of the green image 62G can 
be straightened by delaying the de?ection waves for the 
middle of the picture more than for the top and bottom 
of the picture. The result is shown at 626'. Then the 
images can be registered by the use of delay in the man 
ner described in connection with Fig. 4(d). 

In the case most often met with in practice, the dis 
tortion of the sides of the scanning pattern and of repro 
duced images is generally parabolic in shape. Conse 
quently a variable delay of the red and green synchro 
nizing pulses which follows the parabolic law will sui?ce. 
In the usual television receiver employing a self-biased 
vertical de?ection output tube, a wave exists at the oath 
ode which is' roughly parabolic in shape. This has been 
found to be quite satisfactory to correct the type of dis 
tortion illustrated in Fig. 9. In case other types of dis 
tortion are present, suitable waves may be found in the 
television receiver or may be specially generated for the 
purposes of correction. > 

Referring now to Fig. 10, a correcting waveform 65, 
here assumed to be parabolic, is applied at 66 to a gain 
control 67. This wave is ampli?ed by tubes 68 and 69 
Whose circuit connections may follow conventional prac 
tice and need not be described in detail. The parabolic 
waveform is depicted at several points in the circuit to 
indicate polarity. Tube 71 is supplied with the ampli?ed 
parabolic wave and is connected as a conventional phase 

The parabolic wave taken 
from the cathode through lead 72 has the original polarity 
as shown at 65'. The wave taken from the anode through 
lead 73 is of similar shape but inverted as shown at 655’. 

Control tubes 81R, 81B and 816 are supplied. with 
positive grid bias from B+ through voltage dividers com 
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prising resistors 83R, 84R, 83B, 84B, 836, 84G, respec 
tively. Series resistors 85R, 856 are connected in the 
grid circuits of tubes 81R and 81G to permit the applica 
tion of the parabolic control signals to their control grids 
through coupling capacitors 86R and 86G to which leads 
73 and 72 are respectively connected. The anodes are 
connected to a common B+ line 82. No series grid re 
sistor need be provided for tube 81B since its potential is 
not varied in the speci?c embodiment illustrated; 

Output voltages are taken from the cathode circuits 
of respective tubes across cathode resistors 87R, 87B and 
87G, respectively. Tubes SIR-81G thus function as 
cathode followers and, since the respective control grids 
are positively biased, the cathode potentials are positive 
to ground and yield output signals having a positiveD.-C. 
component. These output signals are connected to the 
screen grids of pentode tubes 92R, 92B and 926 through 
respective leads 83R, 88B and 886. The latter tubes 
are gated in sequence by suitable negative gating signals 
93R, 93B and 93G applied to the suppressor grids there 
of. The cathodes are grounded as shown, and the anodes 
connected to a common output circuit 94 having a com 
mon anode load 90 leading to B+. 

Horizontal synchronizing signals of negative polarity are 
supplied to the control grid of tube 92R through a cou 
pling capacitor 915 and resistor 96. The signals are like 
wise applied to the control grid of tube 92B through an 
integrating circuit comprising resistor WB, variabie re 
sistor 93B and capacitor 993. The signals are applied 
to the control grid of tube 926 through a similar inte 
grating circuit comprising elements 97G, 98G and 99G. 

Overall operation of the circuit of Fig. 10 will now be 
described. 
The parabolic wave 65" of positive polarity is applied 

to the grid of tube 81R and a wave of similar polarity 
(with a positive D.-C. component) is supplied from the 
cathode of that tube to the screen grid of tube 92R. 
Hence, the ampli?cation of tube 92R at the middle of 
the vertical sweep is greater than that at the beginning 
and end of the vertical sweep. In consequence the input 
horizontal synchronizing pulses for the red ?eld scansion 
are ampli?ed to a greater extent for the middle lines than 
for the top and bottom lines. 

Fig. 10(a) shows at 101 an applied horizontal syn 
chronizing pulse on an enlarged and somewhat exagger 
ated scale. Due to bandwidth limitations in conventional 
television receivers these pulses are not strictly rectangular 
but have curved leading and trailing edges. If the slope 
of the leading edge is not su?icient for the purpose, it can 
readily be made so by an integrating circuit as will be de 
scribed in connection with tubes 92B and 92G. 

Fig. 10(1)) represents the output synchronizing pulse 
101 of tube 92R under conditions of relatively low ampli 
?cation such as occurs for the top and bottom lines of 
the picture. The synchronization of the horizontal de?ec 
tion wave generator ordinarily depends upon a predeter 
mined difference in potential Vs, such as illustrated by 
the line 102. The triggering of a blocking oscillator by 
a synchronizing signal applied to its grid circuit is an 
example and will here be assumed. 

Fig. 10(c) illustrates an output pulse of tube 92R with 
greater ampli?cation due to a higher screen voltage such 
as would occur during the middle lines of the picture. 
Line 103 denotes the voltage Vs required to synchronize 
the horizontal oscillator and is the same as inFig. 10( b). 
Due to the greater ampli?cation, the time n required 

for the leading edge of the pulse to reach the potential Vs 
in Fig. 10(0) is less than time is in Fig. 10(1)). Conse 
quently the synchronization of the line de?ection wave 
generator is delayed for the top and bottom b lines of the 
picture with respect to the middle lines. The delay fol 
lows the parabolic law approximately and is in the proper 
direction "to correct for the distortion of the red image 
as illustrated in Figs. 9(a) and 9(b). 
The invert-ed parabolic waveform 65’ is supplied through 
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lead 72to control tube 816, and thence to the screen 
grid of tube 926. The ampli?cation of tube 926 is thus 
greater at the top and bottom of the picture than at the 
middle. This results in delaying the horizontal synchro 
nizing pulses for the middle of the picture more than for 
the top and bottom, which is in the proper direction to 
correct for the distortion of the green image as shown 
in Figs. 9(a) and 9(1)). 

The operation of the circuit of Fig. 10 as explained thus 
far would result in three substantially undistorted overlap~ 
ping color images as shown in Fig. 9 (b), but the images 
are still not in registry. The necessary delay of the hori 
zontal synchronizing pulses corresponding to the blue 
image is accomplished withthe aid of the integrating cir 
cuit in the input to tube 9213. The values of elements 
9713-9913 are selected so that the leading edge of the 
synchronizing pulse supplied to ‘923 has a greater rise 
time than that for tube 92R. This is shown by leading 
edge 104 in Fig. 10(11). An output pulse of similar 
shape but inverted polarity will be produced by tube 92B 
and its leading edge is represented at 164’ in Fig. 1012. 
It will be understood that the amplitude of the pulse need 
not be the same as that appearing in the output of tube 
92R under minimum ampli?cation conditions, but may 
be selected as desired. 

It will be observed that due to the greater rise time 
of leading edge 104’, the time ta taken to reach the 
synchronizing potential V5 is longer than tz for the red 
signal. By appropriate selection of the ampli?cation of 
tube 923 and adjustment of the grid circuit by variable 
resistor 983, a delay of the synchronizing pulses for the 
blue signal su?icient to register the blue image with 
the red image may be obtained. Since the blue image 
was assumed to be initially undistorted, no variable 
screen voltage need be applied to this stage. 
The integrating circuit 97G—99G at the input to tube 

926 may be selected to give a still greater rise time in the 
leading edge of the horizontal synchronizing pulses ap 
plied to that tube, as shown at 105 in Fig. 10(a). The 
corresponding output pulse will have a leading edge such 
as represented at 105’ in Fig 10(1)), and the correspond 
ing time for the leading edge to reach the level V5 is it. 
Accordingly, the synchronizing pulses for the green signal 
are delayed more than for the blue signals and brings the 
green image into registry with the red and blue images. 
The correction of distortion in the red image may in 

volve a slight delay of all portions of the red image, the 
minimum delay at the center of the picture being repre 
sented as n in Fig. 10(c). With su?icient ampli?cation 
and suf?ciently low value of Vs this time interval may be t 
negligible. If not negligible, it can of course be taken 
into account by slightly increasing the delay of the blue 
and red synchronizing pulses. Furthermore, even though 
the delay of the green synchronizing pulses is varied 
from top to bottom of the picture, the average delay pro 
duced by the effect of the input integrating circuit may 
be adjusted by resistor 98G so that overall superposition 
is obtained. 

Fig. 10 has been specifically described in connection 
with a field sequential scanning procedure. It may how 
ever be readily adapted to line sequential systems, as 
will be understood by those skilled in the art. In this 
case the tubes 921 -92G will be gated at line frequency 
rather than at ?eld frequency. 
The delay of the de?ection waves has been described 

in connection with Figs. 8 and 10 as being obtained by a 
delay of the synchronizing pulses. In many cases it is 
possible to apply control voltages elsewhere in the de?ec 
tion signal generator so as to change the phase of the de 
?ection waves for different color signals, the choice de 
pending upon the judgment of the designer. 

Fig. 11 is a block diagram illustrating the general phase 
control of deflection waves. Here a color gate generator 
111 is synchronized with the color signals and generates 
red, blue and green gates. In ?eld sequential systems 

26 

65 

75 

12 
the gates may be at ?eld frequency and in line sequential 
systems at line frequency. These gates are applied to 
red, blue and green phase control stages 112R, 112B 
and 112G. These stages may be designed in any desired 
manner to yield output control waves which are different 
for the diiferent color signals‘. The outputs may then be 
combined and fed to a suitable point in the horizontal 
de?ection wave generator to control the phase of the 
de?ection waves with respect to the initial horizontal syn 
chronizing signals. Where variable delay for a given 
color image is desired, dynamic control waves may be 
applied through connection 114i to the phase control tubes 
112R—112B in any suitable manner. 

In the foregoing the invention has been described in 
connection with a number of speci?c embodiments. 
Many elaborations and embodiments may be devised 
within the spirit and scope of the invention as will be 
understood by those skilled in the art. Also in a given ap 
plication only portions of the invention may be used and 
other portions omitted, depending on the particular ap 
plication. 

I claim: 
1. In a color television receiver employing a multi-color 

tube in which a plurality of cathode-ray beams are de 
?ected at spaced centers of de?ection by de?ection means 
and impinge on a reproducing screen to yield respective 
color images, apparatus which comprises a color video 
signal channel connected to said tube for modulating said 
cathode-ray beams with respective color video signal 
waves representing different colors, a de?ection channel 
for generating de?ection waves synchronized with said 
video waves and connected to said deflection means to 
de?ect said beams over substantially overlapping scan 
ning areas of said reproducing screen, and a phase 
control circuit associated wtih one of said channels for 
changing the phase of waves therein corresponding to 
one color with respect to waves corresponding to another 
color, whereby the relative phase of video and de?ection 
waves corresponding to said one color may be changed 
with respect to similar waves corresponding to said other 
color to shift the reproduced images of respective color 
toward registry. 

2. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams 
are de?ected at spaced centers of de?ection by de?ection 
means and impinge on a reproducing screen to yield 
respective color images, apparatus which comprises a 
color video signal channel connected to said tube for 
modulating said cathode-ray beams with respective color 
video signal waves representing different colors, at de?ec 
tion channel for generating de?ection waves synchro 
nized with said video waves and connected to said de 
?ection means to deflect said beams over substantially 
overlapping scanning areas of said reproducing screen, 
and delay circuit means in one of said channels for delay 
ing waves therein corresponding to one color with re 
spect to waves corresponding to another color to thereby 
shift the reproduced images of respective color toward 
registry. 

3. In a color television receiver employing a multi-color 
tube in which a plurality of cathode-ray beams are de 
?ected horizontally and vertically at spaced centers of 
de?ection by common de?ection means and impinge on 
a reproducing screen to yield respective color images, 
apparatus for registering said images which comprises a 
color video signal channel connected to said tube for 
modulating said cathode-ray'beams with respective color 
video signal waves representing di?erent primary colors, 
at de?ection channel for generating line and ?eld de?ection 
waves synchronized with said video waves and connected 
to said common de?ection means to de?ect said beams 
over approximately coextensive scanning areas of said 
reproducing screen, and delay circuit means in one of said 
channels for delaying waves therein corresponding to one 
color With respect to similar waves corresponding to an 
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other color by predetermined amounts to shift the repro 
duced images of respective colors toward registry. 

4. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected at spaced centers of de?ection by de?ection 
means and impinge on a reproducing screen to yield 
respective color images, apparatus which comprises a 
color video signal channel connected in said tube for 
modulating said cathode-ray beams with respective color 
video signal waves representing di?erent primary colors, 
a de?ection channel for generating de?ection waves syn 
chronized with said video waves and connected to said 
de?ection means to de?ect said beams over substantially 
overlapping scannin‘7 areas of said reproducing screen, 
and delay circuit means in one of said channels for 
changing the relative phase of video and de?ection waves 
corresponding to one color with respect to the relative 
phase of said waves corresponding to another color to 
shift the reproduced images of respective colors toward 
registry. 

5. In a color television receiver employing a multi-color 
tube in which a plurality of cathode-ray beams are de 
?ected horizontally and vertically at spaced centers of 
de?ection by common de?ection means and impinge on 
a reproducing screen to yield respective color images, 
apparatus for registering said images which comprises 
a. color video signal channel connected to said tube for 
modulating said cathode-ray beams with respective color 
video signal waves representing di?erent primary colors, 
a de?ection channel for generating line and ?eld de?ec 
tion waves synchronized with said video waves and con 
nected to said common de?ection means to de?ect said 
beams over substantially overlapping scanning areas of 
said reproducing screen, and delay circuit means in one 
of said channels for changing the relative phase of said 
video and line de?ection waves corresponding to one 
color with respect to the relative phase of said waves cor 
responding to another color to shift the reproduced lines 
of respective color images toward horizontal registry. 

6. In a color television receiver for multi-color video 
signals having synchronizing signals associated therewith 
and employing a multi-color tube in which a plurality of 
cathode-ray beams are de?ected at spaced centers of de 
?ection by de?ection means and impinge on a reproduction 
screen to yield respective color images, apparatus which 
comprises a color video signal channel connected to said 
tube for modulating said cathode-ray beams with respec 
tive color video signals of different color, a de?ection 
channel supplied with said synchronizing signals for gen 
erating de?ection waves synchronized with said video 
signals and connected to said de?ection means to de?ect 
said beams over substantially overlapping scanning areas 
of said reproducing screen, and a delay circuit in one of 
said channels supplied with signals therein corresponding 
to one color to delay said signals with respect to similar 
signals corresponding to another color, whereby the rela 
tive phase of video signal and de?ection waves corre 
sponding to one color may be altered with respect to 
another color to shift the reproduced images of respec 
tive color toward registry. 

7. In a color television receiver for multi-color video 
signals having synchronizing signals associated therewith 
and employing a multi-color tube in which a plurality of 
cathode-ray beams are de?ected at spaced centers of de 
?ection by line and ?eld de?ection means and impinge on 
a reproduction screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respective color video signal waves repre 
senting di?ferent primary colors, a de?ection channel sup 
plied With said synchronizing signals for generating de?ec 
tion waves synchronized with said video signals and con 
nected to said de?ection means to de?ect said beams over 
substantially overlapping scanning areas of said reproduc 
ing screen, and a delay line in one of said channels for 
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delaying waves in said channel corresponding to one color 
by a small fraction of a line period with respect to similar 
waves corresponding to, another color,v whereby the rela 
tive phase of video and de?ection waves corresponding to 
said one color may be changed with respect to similar 
waves corresponding to said other color to shift the 
reproduced images of respective color toward registry. 

8. In a color television receiver for sequential multi 
color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in' 
which a plurality of cathode-ray beams are de?ected at 
spaced centers of de?ection by de?ection means and im 
pinge on a reproducing screen to yield respective color 
images, apparatus which comprises a color video signal 

" channel connected to said tube for modulating said cath 
ode-ray beams with respective color video signal waves 
representing di?erent primary colors, 2. de?ection channel 
supplied with said synchronizing signals for generating 
de?ection Waves synchronized with said video waves and 
connected to said de?ection means to de?ect said beams 
over substantially overlapping scanning areas of said 
reproducing screen, a delay circuit in one of said chan 
nels for delaying waves therein, and gating means for 
said delay circuit synchronized with waves of one color 
whereby said waves are delayed with respect to corre 
sponding waves of another color, whereby the relative 
phase of video and de?ection‘ waves corresponding to said 
one color may be changed with respect to similar Waves 
corresponding to said other color to shift the reproduced 
images of respective color toward registry. 

9. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected by common line and ?eld de?ection means about 
centers of de?ection having spacing therebetween in line 
and ?eld scanning directions and impinge on a reproduc 
ing, screen to yield respective color images, apparatus 
which comprises a color video signal channel connected 
to said tube for modulating said cathode-ray beams with 
respective color video signal waves representing different 
primary colors, a de?ection channel for generating line 
and ?eld de?ection waves synchronized with said video 
waves and connected to said common de?ection means 
to de?ect said beams over substantially overlapping scan 
ning areas of said reproducing screen, delay circuit means 
in one of said channels for changing the relative phase 
of video and line de?ection waves corresponding to one 
color by a small fraction of a line period with respect to 
the relative phase of waves corresponding to another 
color to shift the reproduced images of respective color 
toward horizontal registry, and delay circuit means in 
one of said channels for changing the relative phase or" 
video and ?eld de?ection waves corresponding to one 
color by a number of line periods with respect to Waves 
corresponding to another color to shift the reproduced 
images of respective color toward vertical registry. 

10. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected at spaced centers of de?ection by de?ection 
means and impinge on a reproducing screen to yield re 
spective color images, apparatus which comprises a color 
video signal channel connected to said tube for modulat 
ing said cathode-ray beams with respective color video 
signal waves representing different colors, a de?ection 
channel for generating de?ection waves synchronized 
with said video waves and connected to said de?ection 
means to de?ect said beams over substantially overlap 
ping scanning areas of said reproducing screen, and a de 
lay circuit associated with said video channel for delay 
ing video waves therein corresponding to one color with 
respect to video waves corresponding to another color to 
thereby shift the reproduced images of respective colors 
toward registry. 

11. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected at spaced centers of de?ection by de?ection 
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means and impinge on a reproducing screen to yield 
respective color images, apparatus which comprises a 
color video signal channel having a plurality of output 
circuits connected to said tube for modulating said plu 
rality of cathode-ray beams with video signal waves of 
respectively different color, a de?ection channel for gen 
erating de?ection waves synchronized with said video 
waves and connected to said de?ection means to de?ect 
said beams over substantially overlapping scanning areas 
of said reproducing screen, and a delay circuit in at least 
one of said output circuits to delay the corresponding 
color video signal therein by a predetermined amount 
with respect to another color video signal to thereby 
shift the reproduced images of respective color toward 
registry. 

12. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected horizontally and vertically at spaced centers of 
de?ection by common line and ?eld de?ection means and 
impinge on a reproducing screen to yield respective color 
images, apparatus for registering said images which com 
prises a color video signal channel connected to said tube 
for modulating said cathode-ray beams with respective 
color video signal waves representing different colors, a 
de?ection channel for generating line and ?eld de?ection 
waves synchronized with said video waves and connected 
to said common de?ection means to de?ect said beams 
over substantially overlapping scanning areas of said re 
producing screen which are relatively displaced in the 
line-scanning direction, and a delay circuit in the path 
of the video signal of one color predetermined to delay 
said signal by a small fraction of a line period with re 
spect to the video signal of another color to thereby shift 
the reproduced images of respective colors toward regis 
try. 

13. In a color television receiver employing a multi 
color tube in which a plurality of cathode-ray beams are 
de?ected horizontally and vertically at spaced centers 
of de?ection by common line and ?eld de?ection means 
and impinge on a reproducing screen to yield respective 
color images, apparatus for registering said images which 
comprises a color video signal channel connected to said 
tube for modulating said cathode-ray beams with respec 
tive color video signal waves representing different pri~ 
mary colors, a de?ection channel for generating line and 
?eld de?ection waves synchronized with said video waves 
and connected to said common de?ection means to de?ect 
said beams over substantially overlapping scanning areas 
of said reproducing screen which are relatively displaced 
in the line-scanning direction, and a delay circuit in the 
path of the video signal of one color predetermined to 
change the relative phase of said video signal and the 
corresponding line de?ection wave by a small fraction of 
a line period with respect to the relative phase of video 
and line de?ection waves corresponding to another color 
to thereby shift the reproduced images of respective color 
toward registry. 

14. In a color television receiver for sequential militi 
color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in 
which a plurality of cathode-ray beams are de?ected at 
spaced centers of de?ection by de?ection means and im 
pinge on a reproducing screen to yield respective color 
images, apparatus which comprises a color video signal 
channel connected to said tube for modulating said cath 
ode-ray beams with respective color video signal waves 
representing different primary colors, said video channel 
having a plurality of signal paths gated to operate suc 
cessively for video signals of different color respectively, 
a de?ection channel supplied with said synchronizing sig 
nals for generating de?ection waves synchronized with 
said video waves and connected to said de?ecting means 
to de?ect said beams over substantially overlapping scan 
ning areas of said reproducing screen, and a’ delay circuit 
in one of said signal paths predetermined to delay video 
signals of corresponding color with respect to video sig 

l0 

15 

20 

25 

30 

35 

40 

55 

60 

65 

70 

75 

id 
nals of different color in another of said signal paths to 
thereby shift the reproduced images of respective color 
toward registry. 

15. In a color television receiver for tri-color sequential 
video signals employing a tri-color tube in which three 
cathode ray beams are de?ected by common line and ?eld 
de?ection means about centers of de?ection having spac 
ing therebetween in the line-de?ection direction and im 
pinge on a reproducing screen to yield respective color 
images, apparatus for registering said images which com 
prises a de?ection channel for generating line and ?eld 
de?ection waves synchronized with said video signals and 
connected to said common de?ection means to de?ect said 
beams over substantially overlapping scanning areas of 
said reproducing screen which are relatively displaced in 
the line-scanning direction, a color video signal channel 
supplied with said tri-color video signals and having a 
video delay line associated therewith, connections from 
different points on said delay line to said tube to modu 
late said cathode-ray beams with respective color video 
signals of different delay, said connections being prede 
termined to delay the reproduction of at least two colors 
by small fractions of a line period to thereby shift the 
reproduced images of said two colors into horizontal reg 
istry with the third color image. 

16. In a color television receiver for sequential multi 
color video signals having synchronizing signals associ 
ated therewith and employing a multi-color tube in which 
a plurality of cathode-ray beams are de?ected at spaced 
centers of de?ection by de?ection means and impinge 
on a reproducing screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respective color video signal waves represent 
ing different colors, a de?ection channel supplied with 
said synchronizing signals for generating de?ection waves 
synchronized with said video waves and connected to said 
de?ection means to de?ect said beams over substantially 
overlapping scanning areas of said reproducing screen, 
and delay circuit means associated with said de?ection 
channel for delaying de?ection waves corresponding to 
one color with respect to de?ection waves corresponding 
to another color to thereby shift the reproduced images 
of respective colors toward registry. 

17. In a color television receiver for sequential multi 
color video signals having synchronizing signals associ 
ated therewith and employing a multi-color tube in which 
a plurality of cathode-ray beams are de?ected at spaced 
centers of de?ection by de?ection means and impinge on 
a reproducing screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respective color video signal waves represent 
ing different colors, a de?ection channel supplied with 
said synchronizing signals for generating de?ection waves 
synchronized with said video waves and connected to said 
de?ection means to de?ect said beams over substantially 
overlapping scanning areas of said reproducing screen, 
and a phase control circuit associated with said de?ec 
tion channel synchronized with said video signals to alter 
the phase of de?ection Waves corresponding to one color 
with respect to de?ection waves corresponding to another 
color to thereby shift the reproduced images of respective 
color toward registry. 

18. In a color television receiver for sequential multi 
color video signals having synchronizing signals associ 
ated therewith and employing a multi-color tube in which 
a plurality of cathode-ray beams are de?ected at spaced 
centers of de?ection by de?ection means and impinge 
on a reproducing screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respective color video signal waves represent 
ing different colors, de?ection wave generating means 
connected to said de?ection means to de?ect said beams 
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over substantially overlapping scanning areas of said re 
producing sc'r'een, delay circuit means supplied with said 
synchronizing signals ‘for delaying synchronizing signals 
corresponding to one color with respect to synchronizing 
signals corresponding to another color, and connections 
from said delay circuit means to synchronize said de 
?ection wave generating means, whereby the reproduced 
images of said colors may be shifted toward registry. 

19. In a color television receiver for sequential multi 
color video signals having synchronizing signals associ 
ated therewith and employing a multi-color tube in which 
a plurality of cathode-ray beams are de?ected at spaced 
centers of de?ection by de?ection means and impinge 
on a reproducing screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respectivecolor video signal waves represent 
ing different primary colors, de?ection wave generating 
means connected to said de?ection means to de?ect said 
beams over substantially overlapping scanning areas of 
said reproducing screen, delay circuit means supplied 
with said synchronizing signals for delaying the synchro 
nizing signals corresponding to one color relative to the 
respective color video signals to change the relative phase 
thereof with respect to the relative phase of synchronzing 
and video signals of another-color, and ‘connections sup 
plying the delayed synchronizing signals to said'de?ection 
wave generating means to thereby shift the reproduced 
images of said colors toward registry. 

20. In a color television receiver for sequential multi 
color video signals having synchronizing signals associ 
ated therewith and employing a multi-color tube in which 
a plurality of cathode-ray beams are de?ected at spaced 
centers of de?ection _by de?ection means and impinge 
on a reproducing screen to yield respective color images, 
apparatus which comprises a color video signal channel 
connected to said tube for modulating said cathode-ray 
beams with respective color video signal waves represent 
ing different primary colors, de?ection wave generating 
means connected to said de?ection means to de?ect said 
beams over substantially overlapping scanning areas of 
said reproducing screen, a delay line supplied with said 
synchronizing signals, and connections to said de?ection 
wave generating means from different points on said delay 
line yielding synchronizing signals of di?erent delay rela 
tive to the corresponding color video signals, whereby the 
reproduced images of said colors may be shifted toward 
registry. ' 

21. In a color television receiver for sequential multi 
color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in 
which a plurality of cathode-ray beams are de?ected at 
spaced centers of de?ection by de?ection means and im 
pinge on a reproducing screen to yield respective color 
images, apparatus which comprises a color video signal 
channel connected to said tube for modulating said cath 
ode-ray beams with respective color video signal waves 
representing different primary colors, de?ection wave gen 
erating means connected to said de?ection means to de 
?ect said beams over substantially overlapping scanning 
areas of said reproducing screen, a delay line supplied 
with said synchronizing signals, a plurality of gated tubes 
synchronized with said color video signals and connected 
to respectively different points on said delay line to yield 
control synchronizing signals whose phase with respective 
color video signals is different for different colors, and 
connections supplying said control synchronizing signals 
to said de?ection wave generating means to control the 
synchronization thereof and thereby shift the reproduced 
images of said different colors toward registry. 
22. In a color television receiver for sequential multi 

color video signals having line and ?eld synchronizing 
signals associated therewith and employing a multi-color 
tube in which a plurality of cathode-ray beams are de 
i?ected by common line and ?eld de?ection means about 
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respective centers of de?ection having spacing therebe 
tween in the line-de?ection direction and impinge on a 
reproducing screen to yield respective color images, ap 
paratus for registering said images which comprises a 
color video signal channel connected to said tube for 
modulating said cathode-ray beams with respective color 
video signals representing different colors, line and ?eld 
de?ection wave generators connected to respective de 
?ection means to de?ect said beams over substantially 
overlapping scanning areas of said reproducing screen 
which are relatively displaced in the line-scanning di 
rection, a delay line supplied with said line synchroniza 
ing signals, a plurality of gated electronic tubes syn 
chronized with said color video signals having a com 
mon output circuit and respective input circuits connected 
to different points on said delay line to yield output con 
trol synchronizing signals whose phase with respective 
color video signals is different for different colors, and 
a connection from said output circuit to said line de?ec 
tion generator to control synchronization thereof and 
thereby shift the reproduced images of said different col 
ors into horizontal registry. 

23. In a color television receiver for sequential multi 
color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in 
which a plurality of cathode~ray beams are de?ected at 
spaced centers of de?ection by common de?ection means 
and impinge on a reproducing screen to yield respective 
color images, apparatus which comprises a color video 
signal channel connected to said tube for modulating 
said cathode-ray beams with respective color video sig— 
nal waves representing different primary colors, de?ec 
tion wave generating means connected to said common 
de?ection means to de?ect said beams over substantially 
overlapping scanning areas of said reproducing screen, 
a plurality of electronic tubes supplied with synchroniz 
ing pulses and gated to operate successively during the 
reproduction of respective successively different colors, 
connections supplying the output synchronizing pulses 
of said tubes to said de?ection wave generating means 
to control the synchronization thereof, and a circuit as 
sociated with at least one of said tubes to increase the 
rise time of the output pulses from said tube whereby 
the corresponding de?ection waves are delayed to shift 
reproduced images of corresponding color toward reg 
istry with images of another color. 

24. In a color television receiver for sequential multi 
color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in 
which a plurality of cathode-ray beams are de?ected at 
centers of de?ection having lateral spacing therebetween 
by common vertical and horizontal de?ection means and 
impinge on a reproducing screen to yield respective color 
images, apparatus which comprises a color video signal 
channel connected to said tube for modulating said cath 
ode-ray beams in sequence with color video signal waves 
of respectively different primary color, vertical and hori 
zontal de?ection channels for generating respective ?eld 
and line de?ection waves synchronized by said synchro 
nizing signals and connected to'respective de?ection means 
to de?ect said beams over substantially overlapping scan 
ning areas of said reproducing screen, the sides of the scan 
ning area corresponding to one color being distorted with 
respect to another, a phase control circuit connected in said 
horizontal de?ection channel operable to change the 
phase of de?ection waves corresponding to one color 
relative to the video signal of like color, a source of a 
control wave whose magnitude varies during a ?eld 
scanning period, and connections supplying said con 
trol wave to said phase control circuit to change the 
relative phase of the video signal and de?ection waves 
of one color by an amount varying over a ?eld scansion 
to thereby at least partially correct distortion of images 
in said distorted scanning area. 

25. In a color television receiver for sequential multi 
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color video signals having synchronizing signals asso 
ciated therewith and employing a multi-color tube in 
which a plurality of cathode-ray beams are de?ected at 
centers of de?ection having lateral spacing therebetween 
by common vertical and horizontal de?ection means and 
impinge on a reproducing screen to yield respective color 
images, apparatus which comprises a color video signal 
channel connected to said tube for modulating said cath 
ode-ray beams in sequence with color video signal Waves 
of respectively different primary color, vertical and hori 
zontal de?ection channels for generating respective field 
and line de?ection waves synchronized by said synchro 
nizing signals and connected to respective de?ection 
means to de?ect said beams over substantially overlap 
ping scanning areas of said reproducing screen which 
are relatively displaced in the line-scanning direction, the 
sides of the scanning area corresponding to one color 
being distorted with respect to another, a phase control 
circuit connected in said horizontal de?ection channel 
operable to change the relative phase of the video sig 
nal and de?ection waves corresponding to one color 
with respect to the relative phase of said waves corre 
sponding to another color to horizontally register images 
of the respective colors, a source of a control wave whose 
magnitude varies during a ?eld-scanning period, and 
connections supplying said control Wave to said phase 
control circuit to change the relative phase of the video 
signal .and de?ection waves of one color by an amount 
varying over a ?eld scansion to thereby at‘least partially 
correct distortion of images in said distorted scanning 
area. 

26. In a color television receiver for sequential multi 
color video signals having line and ?eld synchronizing 
signals associated therewith and employing a multi-color 
tube in which a plurality of cathode-ray beams are de 
?ected by common line and ?eld de?ection means about 
respective centers of de?ection having spacing therebe 
tween in the line-de?ection direction and impinge on a 
reproducing screen to yield respective color images, ap 
paratus for registering said images which comprises a 
color video signal channel connected to said tube for 
modulating said cathode-ray beams with respective color 
video signals representing di?erent colors, line and ?eld 
de?ection wave generators connected to respective de 
?ection means to de?ect said beams over substantially 
overlapping ‘scanning areas of said reproducing screen 
which are relatively displaced in the line-scanning di 
rection, the sides of the scanning area corresponding to 
one color being distorted with respect to another, a 
plurality of electronic tubes supplied with line syn 
chronizing pulses of di?erent rise times respectively and 
gated to operate successively during the reproduction of 
respective successively di?'erent colors, at least one of 
saidtubes being of variable gain, a source of a control 
wave whose magnitude varies over a ?eld-scanning 
period and connections supplying said control Wave to 
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said one tube to control the gain thereof, and connections 
supplying the outputs of said tubes to the line. de?ection 
wave generator to thereby delay the de?ection waves cor 
responding to one color with respect to another and to 
vary the delay of de?ection waves corresponding to one 
color over a ?eld-scanning period. ' 

27. In a color television receiver for sequential multi 
color video signals having line and ?eld synchronizing 
signals associated therewith and employing a multi-color 
tube in which a plurality of cathode-ray beams are de 
?ected by common line and ?eld de?ection means about 
respective centers of de?ection having spacing therebe~ 
tween in the line-de?ection direction and impinge on a 
reproducing screen to yield respective color images, ap 
paratus for registering said images which comprises a 
color video signal channel connected to said tube for 
modulating said cathode-ray beams with respective color 
video signals representing different colors, line and ?eld 
de?ection Wave generators connected to respective de 
?ection means to de?ect said beams over substantially 
overlapping scanning areas of said reproducing screen 
which are relatively displaced in the line-scanning direc 
tion, the sides of the scanning area corresponding to one 
color being distorted With'respect to another, a plurality 
of electronic tubes having respective input circuits sup 
plied with line synchronizing pulses and a common out 
put circuit connected to said line-de?ection wave gener 
ator to control the synchronization thereof, said tubes 
being gated to operate successively during the reproduc 
tion of successively different colors and at least one tube 
being of variable gain, an integrating circuit in the in 
put circuit of at least one of said tubes to increase the 
rise time of the synchronizing pulses applied thereto and 
thereby delay the de?ection Waves corresponding to at 
least one color and shift the corresponding reproduced 
color image toward registry with another, a source of 
a control wave whose magnitude varies over a ?eld-scan 
ning period and connections supplying said control wave 
to said variable gain tube to vary the gain thereof and 
thereby vary the delay of the de?ection waves corre 
sponding to one color to at least partially correct dis 
tortion of images produced by said distorted scanning 
area. 
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