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The present invention relates to image-multi 
plier camera, tube apparatus of the type used in 
television transmitting systems, and more partic 
ularly to a method and means for improving the 
resolution of Such tubes and hence the quality of 
the reproduced image. 

Television pickup or camera, tubes which op 
erate upon the image-multiplication principle 
generally include a photocathode electrode upon 
which an optical image to be transmitted is fo 
cused by means of a lens system. Light, falling 
upon the photocathode, causes electrons to be 
released from the inner surface thereof in the 
form of an electron image. The density of the 
electrons at any point in this electron image cor 
responds to the brilliance of the homologously 
located point on the optical image. 
While an electron image is generally produced 

in image-multiplier television camera tubes in 
the above manner, it is converted into video or 
image signal outputs in several ways depending 
upon the species of camera tube employed. In 
that type of camera tube. known as the image 
"Iconoscope,' for example, the electrons released 
from the photocathode are focused electro 
Statically or electro-magnetically by means of an 
electron lens upon a mosaic surface remotely 
Spaced therefrom but usually located in a plane 
parallel to the photocathode. When the electron 
image is caused to impinge upon the mosaic as a 
relatively high velocity electron stream, it re 
leases Secondary electrons and so produces on the 
mosaic electrostatic charges which are stored 
and which are of magnitudes substantially pro 
portional to the light intensity of the initial 
image at an homologously related point. 
The mosaic is then scanned by a high velocity 

Cathode ray beam developed within the camera 
tube. The Scanning operation brings about the 
release of additional secondary electrons from 
the mosaic, with the number of additional sec 
ondary electrons released being dependent upon 
the magnitude of the electrostatic charge pos 
Sessed by the particular elemental area of the mo 
Saic being instantaneously scanned by the cath 
Ode ray beam. 
The mosaic electrode of the image “Iconoscope' 

is provided with a metallic signal coating or plate 
on the side thereof remote from that scanned by the cathode ray beam. The changes in capacity 
between the elemental areas of the mosaic and 
this coating or plate due to the scanning action 
above explained provide a changing voltage at 
the signal plate so that the signal output of the 
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camera, tube is obtained by connecting a load cir 
cuit thereto. 
In another type of television camera, tube 

known as the image “Orthicon,' the electrons re 
leased from the photocathode surface are drawn 
longitudinally of the tube under the influence of 
an accelerating field to impinge on one side of a 
mosaic electrode. The impacting electrons strik 
ing the mosaic at moderately high velocity cause 
Secondary electrons to be released from the mo 
Saic at the impacted areas, with the release of 
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electrons being proportional to the number of 
impacting electrons. The released secondary 
electrons are collected upon a screen electrode 
positioned adjacent the mosaic surface. The 
noSaic electrode is of a SOmewhat different vari 
ety from that utilized in the previously described 
image "Iconoscope.' One preferred form of 
mosaic structure is described in the copending 
application of Albert Rose, Serial No. 407,132, 
filed August 8, 1941, now U. S. Patent No. 
2,403,239. As set forth in the Rose application, 
the mosaic is, broadly speaking, a glass sheet of 
minute thickness which receives on One side the 
impacting electrons released from the photo 
cathode. The impacting electrons cause electro 
static charges representative of the optical image 
to be transmitted to be built up on the mosaic. 
The charges are then released by the scanning 

action of a cathode ray Scanning beam developed 
in the image "Orthicon,' which instead of scan 
ning that side of the mosaic electrode impinged 
by the electrons emitted from the photocathode, 
as in the image “Iconoscope' above referred to, 
Scans the reverse side of the mosaic. The scan 
ning beam electrons, traveling at a relatively low 
velocity, impinge on this reverse side of the mo 
Saic and restore each elemental mosaic area, to 
an equilibrium state by neutralizing the negative 
charge deficiency existing thereon. The number 
of scanning beam electrons collected at any in 
stant depends on the magnitude of the negative 
charge deficiency possessed by the particular 
Surface area of the mosaic being instantaneously 
scanned by the cathode ray beam. Due to the 
differences in the amounts of positive charge ac 
quired by the various elemental areas of the mo 
saic surface, the total number of electrons pres 
ent in the scanning beam is not always required 
to neutralize a particular mosaic area. The “ex 
cess' beam electrons, or, in other words, those 
not collected by the mosaic, are returned toward 
that portion of the camera tube in which the 
Scanning beam is developed, where they are col 
lected. The currents which are caused to flow 
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in a connected load circuit as a result of Such col 
lection of the electron stream constitute the Sig 
nal output of the tube. 
Each of the particular camera, tube types above 

referred to accordingly is so designed that elec 
trons emitted from a photocathode electrode in 
response to the illumination thereof by a light 
image are caused to impinge on a mosaic elec 
trode which is Spaced apart from the photo 
cathode. In passing between the photocathode 
and mosaic, the electrons are in the form of an 
electron image representative of the optical 
image. This electron image must be preserved 
Substantially without change in order to avoid 
distortion in the optical image reproduced by the 
television receiver. 
The scanning cathode ray bean, which is de 

veloped in each of the particular types of camera, 
tube above referred to, is periodically defected 
horizontally at a relatively high rate in order to 
scan the mosaic electrode. Each scanning nove 
ment of the cathode ray bean occurs (for a 525 
line image raster repeated 30 times per second) 
within a time interval of 1/15,750 of a second, and 
part of this time interval (usually less than 2.0%) 
is used to return the scanning beam to the start 
ing point of the next scanning trace. While the 
line defection (usually horizontal) of the cathode 
ray bean may be produced by electroStatic means, 
it is also frequently accomplished electro-mag 
netically, in which case a split horizontal deflec 
tion coil is placed across the neck of that part of 
the camera tube in which the cathode ray Scan 
ning beam is developed. A sawtooth Wave of cur 
rent, flowing through this deflection coil, produces 
an electromagnetic field which, by varying linear 
ly with time, effects the desired linear line deflec 
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tion traces of the cathode ray beam relative to - 
the impacted tai'get. 
Both of the camera tube types discussed above 

are customarily proportioned. So that the line or 
horizontal deflection coil is located in close proX 
inity to the 'image' section of the camera tube, 
or, in other words, to that section of the camera, 
tube containing the photocathode and mosaic 
electrodes. This design of the camera tube is 
made necessary in part by limitations on the 
physical lengths of the paths traversed by the 
electron image and the cathode ray Scanning 
beam, as the difficulty of controlling an electron 
path usually increases with an increase in the 
length of the path. 
Due to the high rate at which the current in 

the line or horizontal deflection coil changes in 
value, and due also to the proximity of this de 
flection coil to the “image' section of the camera, 
tube, the magnetic field surrounding the line or 
horizontal deflection coil has a detrimental effect 
on the accuracy with which the stored electro 
static charges on the mosaic are caused to repre 
sent an electron image corresponding point-for 
point to the optical image focused on the photo 
cathode. This results from the fact that the vary 
ing magnetic field produced by the deflection Coils 
gives rise to a corresponding varying lateral dis 
placement of the electron image emitted from the 
photocathode prior to the impingement of this 
electron image on the mosaic. This high rate of 
lateral oscillation, or 'jiggling,' of the electron 
image during a frame sequence calises the repro 
duced optical image viewed at the receiver to be 
blurred, since the electrons in the electron image 
representing a single elemental light area of the 
optical image not only inpinge on that One par 
ticular elemental mosaic surface area correspond 
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4. 
ing to the single light area, but also on the ele 
mental mosaic surface areas contiguous to that 
One particular elemental mosaic area. This 
brings about a condition in which each elemental 
light area of the optical image is, in effect, en 
larged on the mosaic so that adjacent elemental 
areas overlap one another. Consequently, the 
resolution of the camera tube is adversely affected, 
and the quality of the reproduced optical image 
at the receiver correspondingly lowered. 
Attempts have been inade to overcome the effect 

of the scanning field on the “image' section of an 
inage-multiplier television camera tube by shield 
ing the defection coil. While this expedient is 
satisfactory under certain circumstances, it has 
been found that in many instances, especially in 
the case of Small image “Orthicon' tubes, no 
practical shielding will provide adequate isolation 
of the electron image from the Scanning field. 
According to a feature of the present invention, 

means are provided for overcoming the effects on 
the “image' section of an image-multiplier tele 
vision camera, tube of the magnetic field produced 
by the line or horizontal defection coil. Further 
Imore, the means of the present invention elimi 
nates the necessity for employing any shielding 
between these parts of the camera tube assembly. 
One object of the present invention, therefore, 

is to provide a method and means for improving 
the resolution of a television camera, tube of the 
image-multiplier type. 
Another object of the present invention is to 

improve the accuracy with which the electrostatic 
charges on the nosaic electrode of an image 
multiplier television caraera tube are caused to 
represent an electron image corresponding point 
for-point to the optical image focused on the 
photocathode of the camera tube. 
A still further object of the present invention 

is to provide a method and means for overcoming 
the effects on the “image' section of an image 
multiplier television camera, tube of the electro 
magnetic field produced by the line or horizontal 
defection coil associated therewith. 
An additional object of the invention is to elim 

inate the necessity for shielding the line or hori 
Zontal deflection coil associated With an image 
multiplier television camera tube from the "im 
age' section of the tube. 
Other objects and advantages will be apparent 

from the following description of preferred forms 
of the invention and from the drawings, in which: 

Fig.1 illustrates schematically one form of the 
present invention as applied to an image-multi 
plier television camera tube of the type wherein 
a high velocity Scanning beam is utilized, such, 
for instance, as in the well known "Iconoscope'; 
and, 

Fig. 2 illustrates schematically one form of 
the present invention as applied to an image 
multiplier television camera tube of the type 
wherein a low velocity Scanning beam is utilized, 
such, for instance, as in the well known “Orthi 
con. 

Referring first to Fig. 1, there is shown an 
image-multiplier television camera tube f) of the 
high velocity scanning beam type, such as the 
“Iconoscope.' Many of the component parts of 
camera tube 0 for developing a video signal out 
put are known in the art, and hence will not 
herein be described in detail. However, tube 0 
will be understood to include a photocathode 
electrode 2 on which an optical image of an 
object 4 is focused by means such as a lens 
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6. Illumination falling on photocathode 2 
causes an emission of electrons from the inner 
Surface thereof, such emission, as is well known 
in the art, being in the form of an electron image 
each point of which substantially corresponds 
in density to the intensity of the illumination on 
the corresponding point of photocathode 2. 

Electrons thus emitted from the inner surface 
of photocathode 2 are focused by means such 
as an electron lens 8 on one surface of a mosiac 
electrode 20, as is known in the art. When the 
electrons, released from photocathode 2 in 
pinge on mosiac 20, they release secondary elec 
trons from the mosiac, and so form a charge de 
ficiency on the mosaic. The secondary electrons 
are collected by a collector anode (not shown) 
which may be a metallic coating on a portion of 
the inner wall of tube 0. 

In another section of camera tube fo, and 
Spaced apart from the photocathode 2 and lens 
8, is an electron gun 22 which may be of any 
suitable type. Gun 22 develops a cathode ray 
scanning beam indicated in the drawing by the 
reference character 24. The cathode ray beam 
24 scans the mosaic electrode 20, releasing from 
the latter additional secondary electrons. The 
variations in electrostatic charge on the mosaic 
20 as a result of the scanning operation above 
Set forth are capacitively transferred to a signal 
plate or metallic coating 26 on the side of mosaic 
20 remote from that scanned by the cathode ray 
beam 24, and separated therefrom by a suitable 
dielectric layer. The effects of the potential 
changes on the signal plate 26 are then trans 
ferred over an output conductor 28 to an ap 
propriate load circuit (not shown) to constitute 
the video signal Output of the camera tube 0. 
The cathode ray scanning beam 24 is deflected 

at a relatively high rate in order to effect a line 
by-line scanning of the mosaic 20. A similar de 
flection is brought about in a mutually perpen 
dicular direction to produce the field deflection 
so that the complete image raster is traced. This 
is not shown for reasons of simplicity and be 
cause it is well understood in the art. 
The means for producing this line or hori 

zonta deflection includes a deflection coil 30 con 
nected to a line or horizontal deflection generator 
32. Deflection coil 30 is generally of the split 
or two-section type, and is usually disposed rela 
tive to the neck of that portion of the camera, 
tube 50 containing the electron gun 22 so that 
the longitudinal axis of the split coil is substan 
tially perpendicular to the normal centered or 
undeflected position of the cathode ray beam 24. 
The current output of generator 32 has a wave 

form of Substantially sawtooth configuration, as 
indicated by reference character 34. This cur 
rent, flowing through the deflection coil 30, pro 
duces an electro-magnetic field, which, by vary 
ing substantially linearly with time, effects the 
desired linear deflection of the cathode ray beam 
24. 
The cyclically varying magnetic field associated 

With the deflection coil 30, however, causes the 
electron image emitted from the photocathode 
2 to deviate from its normal path as explained 

above. This condition is overcome in the present 
invention through the use of a neutralizing coil 
36 connected to the deflection generator 32 in 
series with the cathode ray beam deflection coil 
30. The neutralizing coil 36 preferably has rela 
tively few turns compared to the deflection coil 
30, and is arranged to produce an electro-mag 
netic field, which, in the vicinity of the “image' 
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Section of camera, tube 0, is in opposition to 
the magnetic field created by the line or hori 
zontal cathode ray beam deflection coil 30. By 
proper design and positioning of the neutraliz 
ing coil 36 relative to the “image' section of 
camera tube 0, the auxiliary electro-magnetic 
field produced by the coil 36 may be made of 
equal strength and in opposition to the line or 
horizontal deflection field. Accordingly, the 
electro-magnetic fields of the two coils 30 and 
36 will effectively cancel one another in that sec 
tion of camera tube 0 traversed by the electron 
image emitted from photocathode 2. The 
strength of the electro-magnetic field produced 
by the neutralizing coil 36, however, is insuffi 
cient to have any appreciable effect on the deflec-r- 
tion of the cathode ray beam 24 due to the ac 
tion of the line or horizontal deflection coil 30. 

Fig. 2 shows one form of the present invention 
as applied to an image-multiplier television 
camera, tube 50 of the low velocity scanning beam 
type, such as that known in the art as the 
“Orthicon.' This type of tube, like the high 
beam velocity species referred to above, includes 
a photocathode electrode 52 on which an optical 
image of an object 54 is focused by means of a 
lens or lens system 56. Illumination falling on 
photocathode 52 causes an emission of electrons 
from the inner surface thereof in the form of 
an electron image similarly to the production of 
the electron image by the photocathode 2 of the 
camera tube 0 illustrated in Fig. 1. 
The velocity of the electrons thus emitted from 

the surface of photocathode 52 is increased by 
an accelerating electrode 58toward a mosaic elec 
trode 60. The various electrodes of tubes 0 and 
59 in Figs. 1 and 2 respectively are maintained 
at their proper operating potentials by any Suit 
able type of power supply, which has been omitted 
from the drawing for the sake of clarity of illus 
tration. A television camera, tube of the low 
velocity type which is similar in many respects 
to the camera tube 50 of Fig. 2, and including 
means for maintaining the proper operating po 
tentials of the tube electrodes, is described in a 
copending application of Robert R. Thaliner, Se 
rial No. 593,153, filed May 11, 1945, now U. S. 
Patent No. 2,451,640, and the structure of the 
mosaic electrode may be as disclosed in the above 
mentioned Rose application. 
The electron image impacting mosaic 60 causes 

secondary electrons to be released therefrom. 
These secondary electrons are collected by a 
screen 62. The release of secondary electrons 
by a particular elemental area of mosaic 60 leaves 
such area with a positive charge, the value of 
which is dependent upon the density of the elec 
tron image at that particular point. 
The side of the positively charged mosaic 60 

opposite to that impacted by the electrons re 
leased from photocathode 52 is then scanned by 
means of a low Velocity cathode ray Scanning 
beam 64 produced by an electron gun 65 at the 
opposite end of tube 50 from the photocathode 52. 
The structure of the electron gun 66 may be of 
any suitable type known in the art. 
As the cathode ray beam 64 Scans the side of 

mosaic 60 opposite to that impacted by the elec 
trons released from photocathode 52, electrons 
from the Scanning beam 64 neutralize the posi 
tively charged mosaic elements, the scanning 
beam supplying Sufficient electrons to make up 
the negative charge deficiency existing on each 
elemental mosaic area. If a particular mosaic 
element is not positively charged, or, if such posi 
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tive charge is small enough so that all of the elec 
trons available in the scanning beam during the 
instant of passage are not required to make up 
the negative charge deficiency on that mosaic ele 
ment, then the remaining electrons in the Scan 
ning beam, or, in other words, those not en 
ployed to neutralize the electrostatic charge rep 
resenting each image point or element, are caused 
to return along a path substantially parallel to 
the scanning beam 64 toward the end of Camera, 
tube 50 from which they were emitted. Upon ar 
riving at the end of tube 50 containing the elec 
tron gun 66, the returned electrons are collected 
by a signal plate 68 forming a part of the tube 
output circuit 79. 
The cathode ray scanning beam 64 of Camera. 

tube 50 is deflected to scan mosaic 60 line-by 
line and also more slowly in a mutually perpandic 
ular path in Substantially the same manner as 
is the Scanning bean 24 of camera, tube in Fig. 
1. The line or horizontal deflecting means in 
Fig. 2 includes a line or horizontal deflection coil 
2 mounted externally of tube 5 and located be 
tween mosaic 60 and the electron gun 66. The 
line or horizontal deflection coil 2 may be split 
into two sections as illustrated, and is usually 
so positioned that the longitudinal axis of the 
coil is substantially perpendicular to the normal 
centered or undeflected position of the cathode 
ray Scanning beam 84, in a manner analogous 
to the positioning of the coil 30 in Fig. 1. A 
focusing coil (not shown) may be employed, if 
desired, to create an axial electro-magnetic field, 
so that the amplitude of deflection of the cathode 
ray bean 64 is proportional to the magnitude and 
axial length of the electro-magnetic field of the 
deflection coil 72, and inversely proportional to 
the magnitude of the axial electromagnetic field 
produced by the focusing coil. 

Cyclically varying current for the line or hori 
zontal deflection coil 72, having a waveform of 
Substantially Sawtooth configuration such as in 
dicated by the reference character 74, is sup 
plied by a line or horizontal deflection generator 
76. A neutralizing coil 8 is also connected to 
the line or horizontal deflection generator 6 in 
Series with the line or horizontal deflection coil 
72. The neutralizing coil 8 is located exterior 
of the cannela tube so, and adjacent to the 'in 
age' section thereof. The position of neutral 
izing coil 8 is so arranged relative to the envel 
ope of camera tube 5 that the electro-magnetic 
field produced by the coil 8 is substantially in 
opposition to the electro-magnetic field produced 
by the cathode ray beam deflection coil 72 in 
the vicinity of the “image' section of the tube 50. 
The electro-magnetic field of the neutralizing 
coil 8, however, does not have any appreciable 
effect on the deflection of the cathode ray beam 
64 due to the action of the line or horizontal 
defection coil. 2. 
In order to completely neutralize or cance the 

oscillatory or 'jiggling' effect of the electro 
magnetic field of the deflection coil 2 on the 
electron image emitted from photocathode 52, 
the electro-magnetic field of the neutralizing coil 
78 in the vicinity of the "image' section of cam 
era tube 53 must not only be in opposition to the 
electro-magnetic field of the scanning coil 72, 
but it must be equal thereto in strength. In or 
der to premit a variation in the strength of the 
electro-magnetic field produced by the neutral 
izing coil 8, so that the field may be made equal 
to the electro-magnetic field established by de 
flection coil 72 in the vicinity of the “image' sec 
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8 
tion of tube 50, an adjustable resistor 80 is pro 
vided in parallel with the neutralizing coil 78. 
By varying resistor 80, the strength of the 
counter-deflecting electro-magnetic field pro 
duced by the neutralizing coil 78 may be made 
equal to the strength of the electro-magnetic field 
produced by the deflection coil 12 insofar as its 
effect on the electron image emitted from photo 
cathode 52 is concerned. Complete lateral sta 
bility of the electron image is thus brought about, 
and the resolution of camera tube 50 is material 
ly improved as well as the quality of the optical 
image reproduced at the television receiver. 

It will be clear that, if desired, an adjustable 
resistor element, such as indicated by the refer 
ence character 80 in Fig. 2, may be employed in 
parallel with the neutralizing coil 36 in Fig. 1. 
This permits adjustment of the strength of the 
electro-magnetic field produced by the neutral 
izing coil 36 in the same manner that the resistor 
80 regulates the strength of the electro-magnetic 
field of the neutralizing coil 78 in the circuit of 
Fig. 2. 

Having thus described my invention, I claim: 
1. In a television system including a camera, 

tube of the type having a photocathode adapted 
to release electrons in response to the reception 
thereby of light from an optical image, said elec 
trons, in the form of an electron image cor 
responding point-for-point in density to said-op 
tical image, being then caused to impinge upon a 
mosaic electrode within said camera tube, said 
System also including means for developing and 
electro-magnetically deflecting a cathode ray 
beam within said tube to scan said mosaic elec 
trode to thereby produce an output signal from 
Said tube representative of Said optical image, 
the combination of neutralizing means adapted to 
produce an electro-magnetic field, means for 
energizing Said neutralizing means Synchronously 
With said cathode ray beam deflecting means and 
means for positioning said neutralizing neans 
relative to said camera, tube so that the electro 
magnetic field produced by said neutralizing 
means will tend to oppose the electro-magnetic 
field of said cathode ray beain defecting means 
substantially only in that portion of said camera, 
tube between and including said photocathode 
and Said mosaic electrode. 

2. A television System in accordance With 
claim 1, in which said cathode ray beam deflect 
ing means includes at least one coil positioned 
adjacent said camera tube and means for caus 
ing cyclically varying current to flow through said 
coil to thereby produce a periodically varying elec 
tro-magnetic field surrounding said coil which 
acts to deflect said cathode ray beam, in which 
Said neutralizing ineans also includes at least one 
coil, and in which said positioning means includes 
means for positioning the coil of said neutraliz 
ing means adjacent said camera tube and so 
arranged with respect to the coil of Said cathode 
ray beam deflecting means that the varying elec 
tra-magnetic field produced by the coil of said 
neutralizing means in response to the Synchronous 
energization of both said coils will tend to oppose 
the varying electro-magnetic field produced by 
the coil of said cathode ray beam deflecting means 
Substantially only in that portion of Said camera, 
tube between and including said photocathode 
and said mosaic electrode. 

3. In a television System, a camera tube of 
the type in which electrons are released from a 
photocathode element to impinge on a mosaic 
electrode which is then scanned by an electron 
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beam developed within said tube, said electron 
beam being deflected to scan said mosaic electrode 
by the action of an electro-magnetic field pro 
duced as a result of cyclically varying current 
flowing through a first coil positioned exterior of 
and adjacent to that portion of said camera tube 
in which said electron beam is developed, a second 
coil positioned exterior of and adjacent to that 
portion of said camera tube traversed by the elec 
trons released from said photocathode element 
in passing to said mosaic electrode, means for 
causing at least a portion of the cyclically vary 
ing current flowing through said first coil to also 
flow through said second coil, and means for so 
positioning the said coils that the electro-mag 
netic fields of the coils in that portion of Said 
camera tube traversed by the electrons released 
from said photo.cathode are substantially in 
opposition. 

4. In television apparatus, the method which 
comprises producing an electronic current image 
representative of a subject, focusing the produced 
electronic current image upon a target area, there 
to develop a charge image under the control of the 
electronic current image, developing an electron 
beam and directing it toward the charge image on 
the said target area, developing a first electro 
magnetic field to deflect the electron beam ac 
cording to a selected scansion pattern to scan the 
charge image and thereby to release signals rep 
resentative thereof to an output circuit, and de 
veloping a second electro-magnetic field concur 
rently with the first electro-magnetic field and of 
equal strength and opposite phase thereto in the 
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region wherein the electronic current image flows 35 
so that the effect of the said first electro-magnetic 
field upon the electronic current image is neu 
tralized and nullified. 

10 
5. In television apparatus, the combination of 

means for producing an electronic current image 
representative of a subject, means for focussing 
the produced electronic current image upon a tar 
get area, there to develop a charge image under 
the control of the electronic current image, means 
for developing an electron beam and for directing 
it toward the charge image on the said target 
area, means for developing a first electro-mag 
netic field to deflect the electron beam according 
to a selected scansion pattern to Scan the charge 
image and thereby to release signals representa 
tive thereof to an output circuit, and means for 
developing a second electro-magnetic field con 
currently with the first electro-magnetic field and 
in the region wherein the electronic current image 
flows so that the effect of the said first electro 
magnetic field upon the electronic current image 
in that region is neutralized and nullified. 

GEORGE C. SZKAI. 
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