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1

My invention relates to television transmitting’

tubes, and systems, and to methods of developing
television sighals and is: particularly directed to
such tubes and systems utilizing low velocity elec-
tron scahning beams,

" Tubes of the low velocity beam type,; whether
they be of the magnetic deflection type described
by Parnsworth in his U. S. Patent 2,087,683 or cf
the electrostatic deflection type described in my
U. 8. Patent 2,213,174, utilize a longitudinal mag-
netic field over substantially the entire length
of the electron beam path to cause the electrons
to follow pre-determined path between the elec-
tron source and the scanned target and to like-
wise. direct -electrons not reaching the target
along g return path to a collecting electrode.

Such tubes are difficult te -construect hecause for-

ideal operation the electron begm must be di-
rected longitudinally of the magnetic field to pre-
vent imparting to the beam g radial component
of velocity which produces a helical heam motion.
Furthermore, as pointed cut in my Jjoint patent
with Harley A. Tams, U. 8. 2,213,175, the pro-
vision of any electrostatic electrode structure with-

in the tube capable .of developing electrostatic #

fields into which the beam is suddenly directed
likewise produces g helical motion of the beam
and consequent distortion and loss of resolution
in the recreated television image replica. Thus
in tubes of the prior art it is often difficult to
provide substantially perfect electron gun align-
ment, and for certain applications particularly
when it is desired to multiply the electrons not
reaching the target by secondary emission, it is
desirable to use additional electrods
which may introduvce such helical beam motion
and consequently produce a loss m image reso~
lution.

It is an object of my invention to'provide a tube
and system developing a low velocity electron
beam wherein difficulties arising from inaccu-
racies of electrode alignment with g longitudinal
magnetic field are ‘minimized or substantially
eliminated. It is'another object to provide a tube

of the type described and a method of developing i

signals with a low veloeity electron heam wherein
undesired helical motion of the besam may be
neutralized. It is a further object to provide a
method of neutralizing the distortion producing
interaction of a magnetic field with an electron
beam directed transversely within such a field.
It is a still further ohject to provide g tube of the
low velocity type utilizing secondary electron mul-
tiplication wherein" inherently produced distor-
tions may be neutralized. These and other ch-
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jects, features and advantages of my invention
will become apparent when considered in view of
the following description and the accompanymg
drawings wherein:

Figure 1 is a sectionalized longltudmal view of
a . transmitting tube and system incorporating
my invention;

Figure 2 is a cross-section of the tube shown in
Figure 1 taken along the line 2—2;

Figure 3 is a view similar to Flgure 1 showing'
2, modification of ‘the tube of Figure 1. particu-
larly suitable for secondary eleciron multlphca-
tion;

Figure 4 is a cross-section of the tube shown in

5 Figure 2 taken along the lines 4—4, and

Pigures 5, 6, and 7 are schematic representa=
tions-of electron beam paths when subjected to
magnetic fields of different form.

Considered broadly, the apparatus of my in-

3 vention comprises-an evacuated envelope having

a target preferably of the mosaic type at one end
and-an electron gun surrounded by an electron
collecting . electrode ‘or electrodes at the oppo-
site end-of the tube. The target, if of the mosaic
type, is provided on its front surface with an ex-
tremely large number of mutually - insulated
photo-electrically sensitized particles, and it is
so positioned that it may be scanned by an elec-
tron beam from the gun and that it may have
focused thereon an optical image of the object of
which g picture is to be transmitted.  In opera-
tion the potential between the electron gun and’
target is so adjusted that the electron beam is
projected at relatively low velocity and directed
upon the target at extremely low or substantially
zero velocity, that is, with g velocity approaching
zero at the point of impact therewith. In opera-

- tion, elemental areas of the mosaic electrode ac-
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quire electrostatic potentials of & value depend-
ent upon the intensity of the incident light, thus,
particles of the mosaic which are more highly il-
luminated acquire the more positive electrostatic
charges with respect to the lower illuminated par-
ticles, and these positive charges which represent
an electrostatic image of a picture to be transmit-
ted -are neutralized by the low velocity electron
scanning beam, Intermediate and preferably ex-
tending wholly between the electron gun anhd
target electrode I provide g uniform axial mag-
netic field "and ‘means within or partially sur-
rounding the-axial field to deflect the beam: over.
the--target without- producing : undemra.ble de=
flection or distortion effects. :

Referrmg specifically to Figure 1; whlch shows
one modification of my tube and electrode struc-
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" ture, the evacuated envelope I encloses at one end
a target or mosaic electrode 2 and at the cppo-
site end an electron gun assembly adapted to pro-
ject electrons toward the mosaic electrode.

The electron gun assembly is of the conven-
tional type and comprises a thermionic cathode

3 from which electrons may be drawn, an aper-’

tured cold electrode, such as a control electrode
4 connected to the usual biasing batfery and a
first anode 5 maintzained positive with respect to
the cathode 3. The electron stream leaving the
first anode 5 is accelerated at relatively low ve-
locity and further accelerated and directed upon
the front surface of the target or mosaic elec-
trode by a second ancde 8 which is preferably an
apertured tubular member partially surround-
ing the first anode 5. The first anode 5 and the
second ancde 6 are maintained at the desired
positive potentials with respect to the cathods
by a battery 7. The anodes 5 and § are not for
the purpose of focusing the electron beam, in fact,
any electrostatic focusing of the beam is detri-
mental in the presence of the magnetic field de-
scribed later which maintaing the heam in a
focused condition because such electrosiatic
focusing imparts transverse velocity to the elec-
trons, thereby introducing defocusing effects,. To
. avoid this difficulty the anodes § and 6 may be
operated at the same potential or only one of
these anodes may be incorporated in the struc-
ture.  Closely adjacent the electron gun and be-
" tween the anode €& and the target I provided a
centrally apertured electron collecting electrode
8 to which the electrons of the beam not reach-
ing the target are directed through the slofted
shield 8a.
The mosaic electrode 2 which faces the electron
gun in accordance with cne teaching of my in-
ention comprises a substantially transparent
sheet of insulation such as the mica sheet 9 hav-
ing on its front surface the photosensitive mosaic
particles if and on its rear surface a translucent
or semi~transparent electrically conducting sig-
nal plate or film (9. The mica sheet is supported
by the metal frame 12 electrically connected to
the signal plate through which an image of an
object 28 is formed for purposes of transmission.
The manufacture of  such electrodes is well-
known in the art. The conducting film (8 in the
structure of Figure 1 is connected to the input
electrode of a translating device {4 and to the
battery 7 through the impedance {5 so that the
potential of the conducting film i0 may be main-
tained - substantially at cathode potential. If,
however, signals of an opposite polarity are de-
sired, the translating device 14 and output im-
pedance 5 may be similarly connected in the
circuit of the collecting electrode 8 to ground.
The electron beam developed by the electron
gun may be deflected either electrostatically or
electromagnetically but as shown in Figure 1 is
deflected in one direction over the mosaic elec-
trode by a pair of deflection plates 18—18, pref-
erably formed as described in my sbove-men-
tioned joint patent. the plates being connected
to a seurce of deflection potential and to ground
through a center-tapped resistor of from 1 to 10
megohms. The electrostatic field produced be-
tween the plates I8 in combination with a co-
~axial or longitudingl magnetic field deflects the
electron heam over the mosaic electrode 2 in a
direction nerpendicular to the plane of the draw-
ing of Figure 1.. The coaxial magnetic field is
preferably generated by a magnetic coil 17 which
is of slightly larger diameter than the envelope
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4
{ and preferably extends over and heyond the
mosaic electrode 2 and terminating to the front
of electrode 2. Deflection of the eclectron heam
in a .direction normal to that proposed by the
plates i€ may be accomplished by a pair of de-
flection coils {818, this latter deflection prefer-
ably being the frame or vertical deflection since
in-standard television systems the frame deflec-
tion is at lower frequency and the horizontal line
deflection produced by the plates 16 should pref-
erably be at the higher of the two frequencies.
Electrons from the electron gun are thus scanned
in two mutually perpendicular directions and are
accelerated by the ancdes and the accelerating
electrode or wall coating 13. However, since the
signal plate or fiim {8 is operated at or near cath-
ode potential, the electrons of the beam are de-
celerated and approach the mosaic with substan-
tially zero velocity. It will be understood that my
invention is not limited to this particular type of
low velocity electron beam scanning tube but that
other types such as those utilizing full magnetic
deflection of the electron beam as shown in Fig-
ure 2 may be utilized. *

If the electron beam developed by the cathode
3 is not directed along the longitudinal axis of
the magnetic field developed by the coil 17, the
radial velocity of the beam is converted into a
velocity: of helical motion so that the beam fol-
Jows a helical path whose diameter is propor-
tional to the component of beam velocity normal
to the magnetic field and inversely proportional
to the magnetic field strength. The presence
of such helical beam motion makes further con-
trol and focus of the beam difficult and reduces
the capable resolution of the tube. Referring to
Figure 5, the electron beam is shown entering
2 magnetic field H with a longitudinal velocity
component Vo and a velocity component Vn nor-
mal to the field H. TUnder such conditions the
electron beam follows a new path but describes a
path which is helical as shown. The radius of
this helix is

eg" cms. (1)

where

e/m=178x10" e.m.u./gram,

Vn=velocity in cms./sec. of beam normal to mag-
netic field,

H==magnetic field in gausses,

In accordance with my invention, I neutralize
the undesired radial or normal component of ve-
locity which causes a helical motion of the elec-
tron beam by developing a magnetic field acting
upon the beam to produce a second radial or nor-
mal component, of velocity in a direction opposite
to and in an amount equal to this original radial
or normal component of beam velocity., Refer-
ring again to Figure 1, T have shown the electron
gun comprising the electrodes 3—5 as misaligned
with the longitudinal axis ¢f the tube and con-
sequently misaligned with the longitudinal mag-
netic field developed by the coil {7. The showing
in Figure 1 is slightly exaggerated merely for the
purpose of explanation. it being understood that
all of the electrodes of the gun or only one or
more of these electrodes may be misaligned,
thereby causing a similar action. Thus as the
electrons are emitted and directed into the longi-
tudinal magnetic field developed by the coil {7,
the heam acquires a path as shown in Figure 5.
In accordance with my invention, however, I .de-
velop & magnetic field transverse to the longi-
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tudinal magnetic field such as by oppositely dis-
posed coils’ 19, the position of these coils being
determined by the direction of misalignment of
the electron gun. For example, as shown in Fig-
ure 1, for a misalignment wherein the electron
gun electrodes direct the beam in the plane of
the tube and longitudinal magnetic fielg axis but
tilted upwardly, the position of the coils 19 may
be as shown, although for misalignment where-
in the axis of these electrodes is out of the axial
plane, that is, the plane of the drawing, the coils
18 would he shifted circumferentially to compen-
sate for the helical motion produced by such mis-
alignment. In the tube of Figure 1 utilizing elec-
trostatic deflection in one coordinate it is desir-
able to immerse the deflection plates wholly with-
in the longitudinal magnetic field developed by
thecoil 17, and conversely it is desirable to provide
the coils 19 at a position where the longitudinal
field is relatively weak. Consequently, the coils
#8 have been shown as overlapping the coil 17
so that they are effective over weaker fringing
portions of the longitudinal field.

The action of such a compensating transverse
magnetic field may be understood by reference
to Figure 6 wherein the initial magnetis Reld K
is bent or sharply kinked as shown at H’ and
again directed axially as shown at H’' and where-
in the electron beam is normally parallel with the
initial portion of the field H.
beam in such a uniform magnetic field H encoun-
ters a sharp chanse of angle of the magnetic
field, its motion will be a helical motion along the
new direction of magnetic field with a helical
radius proportional to the component of velocity
of the electron beam which is normal to the new
direction of field. Such a sharp change of direc-
tion of a magnetic field is, however, physically
impossible. It does, nevertheless, serve to define
the upper limit of transverse velocity which a
beam may acquire due to a change in direction
of magnetic field. When a magnetic field chanzes
direction, it does so over a finite region of curved
magnetic lines. Any actual change of direction
is therefore characterized by a radius of curva-
ture of the magnetic field lines and & strength of
magnetic field in the curved portion. As a re-
sult of passing into a cured section of magnetic
field the beam acquires a helical motion whose
radius is approximately

v
12 5, OmS.

(2)
where

=initial beam velocity in volts,
H=magnetic -field of the curved section in
gausses,
r=radius of curvature of the magnetic field lines
in cms.

If the beam performs an integral number of hel-
ical revolutions in the inclined section H’, it will
emerge at the second kreak with all of its veloc-

ity directed along the axis, that is, with no heli-’

cal motion. Now, if the beam in the .inclined
section of field is considered to be the given
beam with helical motion, it is evident that the
distortion of magnetic field at the second brealk
introduces a helical component which together
with the given helical component adds algebra-
ically to give a helical component of zero ampli-
tude.
revolutions or orders of focus means that the
helical components must be added in the proper
phase. Thus, a helical component may be con-

If an elactron &
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The condition of an integral number of -

6

sidered 'to be a vector which rotates about the
average beam path with an angular velcecity de-
termined by the magnetic field. “If this vector is
to be added to another vector to give zero ampli-
tude, the phase must be so chosen that the two
vectors are of equal amplitude and are oppositely
directed along the same line.

As indicated above, magnetic deflection means
may be utilized in place of the deflection plates
16, Figure 1, for deflecting the beam in the ver-
tical coordinate across the surface of the tar-
get 2, although magnetic means for hoth ver-
tical a,nd horizontal deflection cause the elec-
trons not reaching the target to retrace the orig-
ina] scanning paths in a direction toward the
apertured electrode 8. Unless some means is pro-
vided to prevent these electrons from passing
through the aperture, the electrons may ap-
proach. the cathode and then return to the tar-
get, thereby causing distortional effects.  Since
the: target collects ‘electrons from the beam only
over the illuminated areas in proportion to illumi-
nation intensity, electrons not reaching the tar-
get are therefore representative of the picture im-
age infensity. - Consequently such an arrange-
ment utilizing full magnetic deflection is of par-
ticular: advantage where secondary electron in-
tensification of the returning electrons is desired
to provide a higher signal cutput. To prevent the
returning electrons from being directed through
the aperture in the electrode 8, I provide a pair
of electrodes 28 and 2{ as shown in Figures 3
and 4 on opposite sides of the electron beam path
which develop lines of force transverse to the lon-
ditudinal magnetic field and lift the electron
beam slightly from its normal longitudinal axis:
Following such lifting action, the electron beam
is deflected over the surface of the target by the
combined vertical and horizontal deflection coils
22 so that the beam not reaching the target re-
turns ‘over substantially the same path as the
electrons approaching the target. As the re-
turning electrons enter the electrostatic field
developed between the plates 20—21, these re-
turning electrons are additionally  lifted so as.
to be incident upon the electrode 8 over its non-
apertured ares. Somewhat similar beam lifting
structures and their mode of operation are dis-
closed by Tams in his U. 8. Patent 2,213,177.
Furthermore, the electrons not reaching the tar-
get are accelerated to a velocity corresponding
to the potential applied to the electrode 8 and
when- incident thereon liberate secondary elec-
trons which. are collected by the plate 29. To

-provide this mode of operation the plate 28 is

maintained slightly positive with respect to elec-
trode 8 and may be connected to the most posi-
tive point on the battery T through an output
impedance 23. Since the electrons returning
from the target and incident on the electrode 8
are representative of the elemental electrostatic
charges on the target over successive periods of
time determined by the rate of scanning, second-
ary electrons liberated by the electrode 8 in direct
proportion thereto are likewise representative of -
the ‘electrostatic picture charge. Consequently;
the signals developed across the impedance 23
may be amplified in a thermionic device such as
the tube 24, whereupon the signals may be fur-
ther amplified and applied to a transmitting net-
work as well known in the art.

I have found that the electrons of the beam
when suddenly subjected. to an electrostatic field
such as developed between the plates 20-—21 ac-
quire radial - components . of velocity, thereby
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causing these electrons to follow helical paths.
This condition of beam motion is shown in Fig-
ure 7 wherein a beam directed parallel with a
magnetic field H is suddenly subjected to an elec-
trostatic field developed between the plates P!
and Fi, the beam acquiring a component of ve-
locity normal to its original velocity and parallel
with the plates. If an electron beam moving in
a uniform magnetic field is suddeniy subjected
%0 such an electrostatic field normal to the mag-
netic field, the beam will describe a helical path
whose projection on a plane normal to the mag-
netic field is a cycloid. It is possible by deliber-
ste design to bring the electron keam ocut of the
influence of the electric field with a transverse
component of velocity ranging from ZzZero elec-
tron volts to 113 (E/H)? electron volts. The
atter.value is the maximum possible energy of
cycloidal moticn. The low value of transverse
velocity is approached by arranging the length
of the deflection field to be an integral number
of orders of focus, path I, Figure 7 or by taper-
ing the electrostatic deflection field at the en-
trance and exit portions over an axial length of
at least one order of focus. Structures incor-
porating both of these features are disclosed in
my joint Fatent U. 8. 2,213,175, The maximum
value of transverse velocity is approached by de-
partures from these conditions as shown in path
II, Figure 7, the maximum radius of helical mo-
tion is
3.3 E
e ®

where B is the electric field in volts/cm. and H
is the magnetic ficld in gausses.

In accordance with a further teaching of my
invention, I provide means to develop a trans-
verse magnetic fleld preferably in the region of
and between the plates 20—2{ to impart an equal
and opposite radial component of velocity to the
heam electrons with respect to that developed
by the plates 26—21{, thereby substantially can-
celling the effect of the plates in developing heli-
cal motion of the electron beam. Such means
may comprise 2 pair of oppositely disposed coils
{9¢ corresponding to the coils 19 shown in Fig-
ure 1 to provide this compensating transverse
magnetic field. Preferably these coils as well as
coils 18 are supplied with direct current to main-
tain 2 transverse magnetic field of constant in-
tensity, the polarity of the field being adjusted
to substantially cancel the -effects causing the
spira! heam motion. The intensity of this mag-
netic field as well as its most effective pesition
may be determined during tube operation. For
example, the tube may be operated as a television
transmitting tube, the signal developed across
the impedance 23 being utilized to create a pic-
ture replica of the object 20, whereupon the po-
sition of the coils 19 or 19a as well as the mag-
netic field strength developed by these coils may
he adjusted to provide maximum resolution in
the recreated picture replica. I have found that
the maximum beam current collection on the
frame #2 surrcunding the mosaic occurs for an
adiustment of minimum beam spiraling so that
the coils 18 or $% may be adjusted to give s
‘maximum current collection to the target frame
i2 as determined by a meter in the connection
between the target and the battery T.

I have not shown an exaggeraled misalign-
ment condition of the electron gun structure in
Figure 3, it being appreciated that such an elec-
trode structure may have inherent misalignment
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8

as a result of conventional manufacturing tech-
nigue, but it will be appreciated that by utilizing
an guxiliary transverse magnetic field the spi-
raling motion imparted to the beam by reason of
such misalignment may be counteracted by prop-
er location of the coils iSa which may be dis-
tributed over the periphery cof the tube to ob-
tain maximum cancellation of the helical bear
motion producing effects. Furthermore, a plu-
rality of such cocils may be provided, or instead
of using one or more sets of such coils, the trans-
verse magneiic field or fields may be produced
by permanent magnetic means similarly located
about the ncermally spirajing electron beam.

It will be appreciated from the above consid-
erations of interacting magnetic and electro-
static field effects upon an electron beam that
helical bsam motion magnetically produced, such
as by misalignment of the electron gun struc-
ture, may be magnetically neutralized and that
such motion slectrostatically produced, such as
by the plates 28—2f, may be magnetically neu-
tralized. Furthermore, I. have also shown that
such motion produced by a combination of a
transverse magnetic field and an electrostatic
feld may be neutralized magnetically. The con-
verse of these statements is likewise true. For
example, the helical motion introduced magneti-
cally such as by gun misalignment may be neu-
tralized electrostatically. Referring again. to
Figures I and 2, the helical beam motion such
for example as produced by the misalighment of
one or more of the electrodes 3—& in the pres-
ence of the longitudinal magnetic field developed
by the ceoil 17 is, in accordance with my inven-
tion, neutralized by electrostatic fields between
the plates 25—28. These plates are preferably
located along the beam path adjacent the means
inherently producing the helical beam. motion.
Thus as shown in Figure 1, the plates 25—28 are
adjacent the electron gun 3—§. The plates 25—
28 are supblied with direct current potentials
such as from the battery 29 through the poten-
tiometer 28 and 31, By varying the potentials
on these plates the combined electrostatic field
may be rotated and controlled in magnitude in
the same manner and for the same purpose as
rotation and control of field strength of the coils
19 gnd 28. - When utilizing the plates 25—28, the
coils I8 may be omitted or one or both means
may be utilized to remove the objectionable heli-
¢al motion from the electron beam,

In view of the above description, it will ke ap-
parent that I obtain improved operation where-
in transverse or radial velocity is inherently im-
parted to an electron bheam, thereby causing the
beam to follow a helical path by imparting sub-
stantially simultanecusly therewith an egual and
opposite transverse or radial velocity to the beam
to substantially cancel ths effects causing the
helical motion. Thus while I have described
several types of television transmitting tubes
capable of being operated in accordance with
my wmethod, this identical method may likewise
Furthermore,
my invention is of particular importance in tube
structures incorporating target electrodes of the
photovoltaic type or image grid type such as dis-
closed by Iams in U. 8. Patent 2,213,179 wherein
the electrostatic charge on such a grid controls
the passage of an electron beam through the
target. Any helical beam motion in such a tube
is exceedingly detrimental in that the beam is
not controlled over the entire target area in ac-
cordance with the electrostatic charges. There-
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fore while I have indicated the preferied embodi~
ments of my invention and have indicated several
specific applications for which my invention may
ke employed, it will be apparent that it is by
no means limited to the use indicated or to the
exact forms illustrated, but that many variations
may be made in the particular structure and its
mode of operation without departing from the
scope thereof as set forth in the appended claims.

I claim:

1. The method of reducing distortion: in a
television transmitting tube of the low velocity
electron beam type comprising the steps of de-
veloping an electron beam having a helical path
in a Iongitudinal magnetic field, developing g
field of constant magnitude having lines of force
transverse to the axis of said helical path and
orienting said field to a position at which the
radius of said helical path is a minimum and
approaches a substantially straight path.

2. The method of reducing distortion in a
television transmitting tube of the low velocity
electron beam type comprising the steps of de-
veloping an electron beam, directing said beam
along a magnetic field inherently causing said
beam to follow g helical path, developing a field
of constant magnitude having lines of force
transverse to said magnetic fleld, and rotating

10
transverse to the axis of said helical path to
neutralize the forces causing said beam to follow

. said helical path, and rotating said transverse
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said transverse field to a position at which the .

radius of said helical path is a minimum and ap-
proaches a substantially straight path.

3. 'The method of developing an electron scan-
ning beam comprising the steps of developing an
electron beam following a helical path of finite
helical radius in a longitudinal magnetic field,
developing a magnetic field having lines of force
transverse to said longitudinal field and to the
axis of said helical path, and orienting said trans-
verse fleld to a position at which the radius of
said helical path is a minimum and said beam
follows a substantally straight path.

4. The method of developing an electron scan-
ning beam comprising the steps of developing an
electron beam, subjecting said beam -to forces
causing said beam to follow & helical path, sub-
jecting said beam to a magnetic field transverse
to the axis of said helical path, rotating said
transverse magnetic field about said axis until
the radius of said helical path is a minimum
and thereafter maintaining said f{ransverse field
substantially constant.

5. The method of developing an electron scan-
ning beam comprising the steps of developing an
electron beam, directing said beam along a path
into an electrostatic field immersed in a mag-
netic field having lines of force substantially
parallel to said path thereby causing said beam
to follow a helical path, subjecting said beam to a
maghetic field transverse to the axis of said
helical path, rotating said transverse magnhetic
field about said axis until the radius of said
helical path is a minimum and thereafter main-
taining said transverse field substantially con-
stant.

6. The methed of operating a television trans-
mitting tube of the low velocity electron beam
scanning type comprising developing anh elec-
tron beam, subjecting said ‘beam to an electro-
static field immersed in a longitudinal magnetic
fleld inherently causing said beam to follow &
helical path, developing an electrostatic image
of an optical image of which a replica is to be
transmitted, utilizing a portion of said beam to
neutralize said electrostatic image, developing a
constant magnitude field having lines of force
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field about said axis in accordance with the neu-
tralization of said electrostatic image to a posi-
tion at which the utilized portion of said beam is
a8 maximum. :

7. The method of developing television signals
representative of a picture replica of high reso-
lution comprising the steps of developing an elec-
tron beam, subjecting said beam to a longitudinal
magnetic field inherently causing said beam to
Tollow a helical path, developing an electrostatic
image of an optical image of which representa-
tive television signals are to be developad, utiliz-
ing a portion of said beam to develop- television
signals, developing with said signals a picture
replica -of sald optical image, developing a mag-
netic fleld fransverse to said longitudinal mag-
netic field and transverse to said helical path,
and rotating said transverse field about the axis
of said helical path to a position at which the
resolution of said picture replica is a maximum.

8. In a low velocity electron beam tube whersin
an electron beam is subjected to forces producing
& helical beam path in a longitudinal magnetic
fleld, means to develop a field of constant mag-
nitude transverse to said longitudinal magnetic
field in the region of the origin of said helical
path the magnitude of said transverse field being
sufficient to. substantially neutralize the forces
producing said helical path. . |

9..In a low velocity electron beam tube wherein
an -electron beam is subjected to electrostatic
forces producing a helical beam path in a longi-
tudinal magnetic field, means to develop a mag-
netic field of constant intensity transversé to said
longitudinal ‘magnetic field in the region of the
origin of said helical path said magnetic field
being of sufficient intensity to substantially neu-
tralize the forces producing said helical path.

10. Cathode ray apparatus having o  target
adapted to be scanned with a low velocity electron
beam, an electron source oppositely disposed from
said target, a magnetic coil surrounding said tube
to develop a. magnetic fleld having lines of force
extending: substantially longitudinally of said
tube and normal to the surface of said target,
means inherently directing electrons from said
source toward -said: target along helical beam
paths, and means between said electron source
and saig target to develop a field of constant
magnitude having lines of force transverse to the
field developed by said coil to neutralize the forces
causing said helical beam paths and direct said
beam along a path substantially parallel to the
field developed by said coil;

11. Cathode ray apparatus comprising a tube
having oppositely ‘disposed. electron beam pro-
ducing means and target means, means to pro-
duce a magnetic field having lines of force ex-
tending over the major portion of the space sepa-
rating said beam producing and target means,
means between said beam producing and target
means inherently causing said.beam to follow a
helical path of finite radius, and means closely
adjacent said last-mentioned means to develop a
magnetic field transverse to the axis of said heli-
cal path to neutralize the forces causing said
beam to follow said helical path and to cause said
beam to follow a path substantially parallel with
the magnetic field extending over the space be-
tween said beam producing and target means.

12, Cathode ray apparatus comprising a tube
having a target adapted to be scanned by a low ve-
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lgcity electron beam,an electron source oppositely
disposed from said scurce, means to develop a lon~
gitudinal magnetic field extending cver the major
porticn of the space between said target and said
source; means to direct electrons as a beam from
said source toward said target, said means being
misaligned with said lcngitudinal magnetic field
and causing said beam to follow a helical path in
said longitudinal magnetic field and means to sub~
ject said beam to & magnetic field of substantially
constant magnitude extending transversely to the
said longitudinal field to substantially neutralize
the forces causing said beam to follow said helical
path. .

13. Cathoede ray apparatus comprising o target
electrode adapted to be scanned by a low velocity
glectron beam to develop television signals, an
electron source oppositely disposed from  said
target to liberate electrons, a magnetic coil ex~
tending over the major portion of the space be-
tween. said source and said target to develop a
longitudinal magnetic field having line of force
substantially normal to said target electrode, a
plurality of electrodes to develop a beam of the
electrons liberated from said source, said- elec-
trodes being inherently misaligned with respect
to said longitudinal magunetic field, thereby caus-
ing said electron beam to follow a helical path,
and means to develop a magnetic field transverse
to said longitudinal field and in the region of said
electrodes said transverse fleld being of sufficient
magnitude and being oriented to fores said beam
to follow .a substantially straight path paraliel
to said longitudinal magnetic field.

14, Cathode ray apparatus comprising a target
electrode adapted to be scanned by a low velocity
electron heam to develop television signals, elec-
tron beam developing means oppositely disposed
from said target, a magnetic coil extending over
the major portion of the space between said beam
developing means and sdid target to develop a
longitudingl magnetic field, means subjecting said
electron beam to forces causing said eleciron
beam to follow a helical path, means to develop
an electrostatic field of constant magnitude trans-
verse to said longitudinal field to force said beam
to follow a substantially straight path parallel to
said longitudinal magnetic field and means to
scan said electron beam in mutually perpeadic-
ular directions over said target electrode.

15. Cathode ray apparatus having a target
adapted to be scanned with. a2 low velocity electron
bean, an electron source and ancde oppositely
disposed from said target to develop an electron
beam and direct said beam along & path toward
said target, a magnetic coil surrcunding said tube
to develop a magnetic field having lines of force
extending substantially longitudinally of said tube
and normal to the-surface of said target, electro-
static means immersed in said magnetic field.to
displace said keam in a direction normal to its
path said electrostatic means causing said beam
to be directed toward said target along helical
beam paths, and means adjacent said electro-
static means to develop a magnetic field trans-
verse to the field developed by said coil to neu-
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tralize the forces causing said helical beam paths
and direct said beam along a path substantially
parallel to the field developed by said coil.

18, Cathode ray apparatus of the low velocity
electron beam type comprising a tube having
oppositely - disposed electron beam producing
means and target means, means to produce a
magnetic field having lines of fcrce .extending
over the major portion of the space separating
said beam producing and target means, magnetic
means to deflect said.beam in two mutually per-
pendicular directions over the surface of:said tar-
get, electrostatic means between said beam pre-
ducing and target means to lift the electron beam
and the electrons of said beam not reaching said
target in a direction normal to the beam. path
said electrostatic means in combination with said
msgnetic field inherently causing said beam to
follow a helical path of finite radius, magnetic
means: closely adjacent ~said last-mentiened
means to develop a magnetic field transverse to
the -axis of said helical path to neutralize the
forces causing said beam to follow said helical
path and to cause said beam to follow a path sub-
stantially paraliel with the magnetic field extend-
ing over the space between said beam producing
and target means, and means to scan said beam
in two mutually perpendicular  directions over
the said target means. )

17. In an electron beam tube, means to produce
an electromagnetic field, means to project a beam
of electrons into the axis of said electromagnetic
field with a velocity component normal thereto
znd means to distort said electromagnetic field
at the entrance point of said beam thereinto to
eliminate the velocity component of said beam
normal to said axis ot said entrance point.

18. In an electron beam tube, means to produce
an electromagnetic field, means to project a beam
of electrons into said electromagnetic field with
a, velocity component normal thereto and means
to produce an electromagnetic field having an
axis transverse to the axis of the first field and
adapted to neutralize-the velocily component of
said beam normal to the first-mentioned field at
the entrance point of said beam thereinto.

19, In an electron beam: tube, means to pro-

uce a focusing electromagnetic field, means to
project a beam of electrons through said electro-
magnetic field with a velocity component normal.
thereto and means to produce a. compensating

lectromagnetic field having an axis transverse
to the axis of .said focusing electromagnetic field
and adapted to eliminate the velecity component
of said beam normal to the axis of said focusing
electromagnetic ficld.

20. In an electron beam tube, means to produce
an electromagnetic field, means to project a beam
of electrons into the axis of said electromagnetic
field with a velocity component normal thereto
and means to neutralize the velocity component
of said beam normal to the axis of said electro-
magnetic field at the entrance point of said beam
thereinto.
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