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Our invention relates to television transmitting
tubes and is particularly directed to tubes utiliz-

~ing low velocity electron scanning beams.

S

10

15

20

26

30

40

45

- . cordance with one teaching of our invention the

Television transmitting tubes of the low velocity
electron beam scanning type have been made
in which a combination magnetic-electrostatic de-
flection system including electrostatic plates
wholly immersed in a uniform axial magnetic field
shifts the beam in a plane parallel fo the plates.
Tubes of this type produce a distortion or de-

focusing effect evidenced in the image recreated

cn a viewing tube by unequal resolution at the
center and at the edges of the recreated televi-
sion image. The resolution at the center can be

made very high, but decreases with increasing dis- -

tance from the center. The cause of this distor-
tion or defocusing effect was unknown until we
found by exhaustive research, mathematical
analysis and the construction of mechanical
models representing the motion of electrons in

such a combination field, that this defocusing -
effect was due to an interaction of the electro--,

static and magnetic fields which increases the
amplitude of the helical paths of the electrons
while under the influence of the two fields, and

only after our discovery of the cause of this dis-~ :

tortion could - a . satisfactory solution be ap-
proached.

The principal obJect of our mventlon is to pro-

vide a television transmitting tube having a com-~ -

bination electrostatic-magnetic deflection field
which will transmit an optical replica of a picture
without the introduction of electronic defocusing

difficulties. It is a further object of our invention

to provide a tube of the type described for the
transmission of an optical image replica wherein
- the replica can be transmitted with equal fidelity
over its entire area. Another object of our in-
vention is to provide low velocity electron beam
scanning tube having substantially the same reso-
lution over the entire picture area.

In accordance with our invention, an electro-
static image corresponding in electrostatic energy
distribution to the light distribution of an optical
image is formed on a target or mosaic electrode
which is scanned by a low velocity electron beam
from an electron gun, the scanning being ac-
complished in a combination magnetic-electro-~
static field without inftroducing large amplitude
components of deflection transverse to the nor-
mal path of the beam. More particularly in ac-

electron beam is directed through an electrostatic

~field which uniformly increases over a portion of

i1

the beam path with increasing distance from

(CL 250—158)

the gun and over & further path which uniformly
decreases in field intensity with increasing dis-
tance from the gun, these increasing and decreas-
ing electrostatic fields being wholly immersed in
an axial magnetic field. In accordance with fur-
ther teaching of our invention the electron beam
is suddenly subjected to and suddenly removed
from a .constant electrostatic field wholly im-

mersed in an axial magnetic field, the axial dis- -

tance traveled by the beam in the constant field

being of predetermined length.

A better understanding of our invention will
e obtained and other objects, features and ad-
vantages will appear from the following descrip-
tion taken in connection with the accompanying
drawing in which:

Fig. 1 is a longitudinal sectional view of a tele-
vision transmitting tube embodying our inven-
tion,

Fig. 2 is a cross section of the tube shown in
Fig. 1 taken along the line 2—2,

Fig. 3a is a longitudinal cross section of cer-
tain structure shown in Fig. 1, -

Fig. 3b is a graph showing the electrostatic
field distribution of the structure of Fig. 3a,

Fig., 4a is a modification of the ‘electrostatic
deflection structure shown in Fig. 1, and

Fig. .4b is a graph showing the electrostatic
field distribution of the structure of Fig. 4a.

Considered broadly, the apparatus of our-inven-
tion 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 opposite
end of the tube. The target, if of the mosaic type,
is provided on its front surface with an extremely
large number of mutually insulated photoelec-
trically sensitized particles, and it is so positioned
that it may be scanned by an electron beam from
the gun and that it may have focused thereon an
optical image of the object of which a picture
is to be transmitted. 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 a
velocity approaching zero at the point of impact
therewith. In operation, elemental areas of the
mosaic electrode acquire electrostatic potentials
proportional to the intensity of the light incident
thereon; thus, particles of the mosaic which are
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more highly illuminated acquire the more posi- -

tive electrostatic charges with respect to the unil-_

luminated particles, and these positive charges
which represent, an electrostatic image of a pic-

b5



> separated photosensitive particles 1.
ing the mosaic electrode we make the mica sheet.

2

ture to be transmitted are neutralized by the low
velocity electron scannirig beam. Intermediate

and extending wholly between the electron gun

and target electrode we provide a uniform axial

magnetic field and means within the axial field’

to generate an electrostatic field to scan the beam
over the target without producing undesirable
deflection or distortion effects.

Referring specifically to our -tube structure

shown in the drawing, the tube comprises an:

evacuated envelope I -enclosing at one end a tar-
get or mosaic eleétrode 2 and at the opposite end
an electron gun assembly ada.pted to project elec-
trons toward the mosaic electrode.

The electron gun assembkly is of the conven-
tional type and comprises a thermicnic cathode
3 from which electrons may be drawn, an.aper-

tured cold electrode, such as a control electrode .

4 connected to the usual biasing battery and a
first. anode 5 maintained positive with respect to
the cathode 3. The electron stream leaving the
first anode 5 is accelerated at relatively low veloc-
ity and concentrated into an electron scanning
beam focused on the front surface of the target
or mosaic electrode by a seécond anode 6 which
is preferably an apertured tubular member par-
tially surrounding the first anode 5. 'The first
anode 5 and the second anode § are maintained
at the desired positive potentials with respect to
the cathode by a battery 1. Closely adjacent the
electron gun and between the ancde 6 and the
target we provided a centrally apertured electron
collecting or shield electrode 8 to which the elec-
trons of the beam not reaching the target are
directed and collected, the aperture being pro-
vided to allow an unimpeded electron flow be-
tween the electron gun and target. )
The mosaic electrode 2 which faces the electron
gun preferably comprises a substantially trans-
parent sheet of insulation such as the mica sheet
9 having on its rear surface a translucent or semi-

transparent electrically conducting film {0, the.

opposite surface of the mica sheet being provided
with an exceedingly great number of mutually
In mak-

9 of the desired area having 2 uniform thickness
of approximately .002 inch and as a first step coat

_one side of the sheet with a film of metal of suffi-
- clent thinness as to be substantially transparent

so that an optical image such 'as represented by
the arrow 12 may be focused on the photosensi-
tive particles {1 by 2 lens system 13." The mosaic
of mutually separated particles may be made by

depositing on the front surface of the mica sheet.

9 finely divided silver oxide which is reduced to.
provide a surface of individually separated silver
particles or globules .1l which dre subsequently
oxidized and sensitized with caesium or other
alkalli metal during the evacuation process. Such
an electrode structure and a method of sensitiza-

tion is disclosed by S. F. Essig in U. S, Patents

2,020,305 and 2,065,5'70. The conducting film 10
is connected to the input electrode of 'a translat-
ing device 14 and to the battery T through the
impedance 15 so that the potential of. the film 10
may be maintained substantially at cathode
potential. If, however, signals of an opposite
polarity are desired, the translating device 14 and
output impedance 15 may be similarly connected

in the circuit of the collectlng electrode, 8 to

ground.

In accordaunce with our invention we browde
between the collecting electrode 8 and the mosaic
electrode deflection plates such as the plates
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16—17 having a particular formation, as later
described, which are connected to a source of de-
flection potential and to ground through a center
tapped resistance of 1 to 10 megohms. The elec-
trostatic field produced between the plates in
combmatlon with an axial magnetic field ‘deflects
the electron beam over the mosaic electrode 2 in
a direction perpendicular to the plane of the
drawing of Fig, 1. The axial magnetic field is
preferably generated by a magnetic coil (8 which
is of slightly larger diameter than the envelope |{
and extends over and beyond the space between
the collecting electrode 8 and the mosaic elec-
trode 2. Deflection of the electron beam in a
direction normal to that produced by the plates
16—IT in the field produced by the coil 18 is ac-
complished by a pair of deflection coils 19—29.
This deflection is preferably the frame or vertical
deflection, since In standard television systems
the frame deflection is of lJower frequency than
the horizontal line deflection and the magnetic

deflection coils 19—208 should preferably be oper-.

ated at the lower of the two frequencies.

‘We have found, as a result of considerable re-
search and by the construction and test of a
large number of tubes that with the use of an
electrostatic deflection field in combination with
a uniform axial magnetic field it is desirable to
have the electron beam leave or emerge from the
deflection plates with only its. original axial veloc~
ity and with no components pf velocity transverse
to the axis-other than that resulting from the
initial transverse .emission velocity from the
‘cathode. The axial magnetic field causes the
electrons which are emitted by the cathode with
initial transverse velocities to follow helical paths
of small amplitude. The length of the path of a
single helix or the pitch of the helix along the

" tube axis may be varied by varying the strength
. of the magnetic field. or ky varying the axial

velocity of the electrons, that is by varying the

. potential difference applied between the cathode

and the other electrodes at ground potential.
Howevér, if the beamn emerges from the deflection
plates with some transverse velocity acquired
from the plates, the helices along the path of
the beam from the plates to the target have in~
creased amplitude, and this action results in dis-
tortion, decrease in focus aud consequent loss of
resolution. The path of a beam suddenly receiv-
ing transverse velocity components from the de-

flection plates upon entering the combination-

magnetic-electrostatic field is such that its helical
path projected on a plane normal to the axis of
“the tube is a series of cycloidgs. The axial length
of these cycloids is equal to the length or pitch
of the individual helices as defined above. The
average transverse velocity of drift of the elec-
trons produced by suddenly subjecting the elec-

- trons to the electrostatic field is proportmna; to

E

H

where E is the strength of the electrostatic field

" and H the strength of the magnetic field, and
the instantaneous transverse velocity of: the elec-.

trons varies from zero to
2F,,
H

However, with the gradual increase of E, as the
electrons enter the field whose maximum value
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- and decrease gradually. The curvature of the .
end portions may therefore vary from that of a
true hyperbola without materially increasing the .

65

70

(]

2,913,175

is Em the electron drift tends to assume the
average velocity of

En

H
with no fiuctuation between zero and

2E.,
H

We have found that the reverse action takes place
Wwhen the electrons emerge from an electrostatic
field which gradually decreases along a portion
of the beam path with increasing distance from
the electron gun so that no increased amplitude is
imparted to the emerging electrons other than
that possessed by reason of the initial emission
transverse velocity. ’

Therefore, in accordance with one teaching
of our invention, the deflection plates used in
combination with an axial magnetic field are so
shaped as to provide, when energized by deflec-~
tion potentials,gradiially increasing and decreas-
ing entrance and exit electrostatic fields. Refer-

ring to Figs. 3a¢ and 3b, the deflection plates

{6—117, as also shown in Fig. 1, are flared out-
wardly from the axis of the tube at the opposite
ends of the plates so that the electrostatic deflec-
tion field at the leading ‘edges of the plates, such
as at point A, produces substantially no electro-
static field, the shape of the plates being such that
the field gradually increases as the beam pro-
ceeds from the electron gun and toward the cen-
tral portion of the plates, point B. With .further

travel of the beam through the plates {6—I7,

such as from points C to D, it passes through a
gradually decreasing field. With such an ar-
rangement, substantially none of the transverse
velocity- acquired by the electrons of the beam
while under the infiuence of the plates is retained
by the beam upon leaving the plates. This mode
of action is true only in a combination magnetic-
electrostatic field because if the magnetic field is
absent, the desired function of the electrostatic
plates as used in conventional electrostatically
deflected tubes is to introduce transverse velocity
of the electrons of the beam, which is retained by
the electrons upon leaving the electrostatic field.
In contrast to the above and in accordance with'
our invention, the transverse velocity acquired
by the electrons int the region of the plates is re-
duced to substantially zero upon leaving the
plates. i '

We have found that the end portions of the
blates; that is, from points A to B and points C
to D should have the profile of a hyperbola, the
plates from points C to D likewise being of hyper-
bolic curvature. We have found,showever, as the
Jesult of tests made on tubes constructed in ac-
cordance with our invention that the conditions
of operation may be closely approximated if the
curvature of these plates is not truly hyperbolic,
as long as the entrance and exit fields increase

transverse velocity of the electrons in the emer-
gent beam. .

It is not necessary to have the curvature of the
blates shown in Fig. 3 continuous; thus, the points

B and C may be separated by any desired dis--

ta,lgfe depending upon the other parameters of
the tube such as the size of the target, the veloc-
ity of the beam through the deflection plates and
the maximum deflecting potentials applied tothe.

3

-portions of the plates, such as from points A to

B and C to D, are preferably maintained equal to
an integral number of cycloids or pitch distances
in the path of the heam between these respective
points. For this condition the length from A to
B and from C to D along the axis of the tube
would be equal so as to encompass an integral
number of cycloids or pitch distances. The
length of the plates over which they are fiat, that
is, from points B to C, is not critical. Since the
field generated in -this portion of the system is
uniform, this length may be varied irrespective
of the number of cycloids over this portion of
the beam. The length or pitch of the helices in
the axial magnetic field and the length of the
cycloids in the combination field may be deter-
mined by the expression

i

where K is a constant equal to approximately 21,

when V- represents the axial velocity of the elec~
tron beam in volts, and H represents the strength .

of the field in gausses. We have found that the
desired separation between the plates 16—I17 at
their point or points of closest approach to each
other, such as at all points hetween Band C, is a
function of accuracy of alignment of the axis
of the electron gun and plates with the tube axis,
but it is not critical. The ‘width of the plates
16—17, that is, the dimension in a direction per-
pendicular fo the plane of the drawing should be
al least as wide as the mosaic electrode 2 taken
in the same direction if the entire width of the
mosaic electrode is to be utilized. Thus, the
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width of the plates should equal or exceed the

width of the optical image focused on the mosaic
_eelctrode. ’

As pointed out abové, the instantaneous trans-

verse velocity of electrons suddenly subjected to
an electrostatic field varies from zero to
B

. . ’m ,

We have found that if the electrons emerge
from an electrostatic field at a time when the
instantaneous transverse velocity is zero, the
electrons will have no increase of transverse
velocity other than that possessed by the elec-
trons upon enfrance into the field. Therefore,
in accordance with a further teaching of our in-
vention, the electrons may be made to enter and
leave the electrosiatic fleld at a time when their
instantaneous transverse velocity is zero, neg-

lecting the initial transverse velocity received at

their. points of origin. Thus, the entrance and
exit flelds may be so located with respect to the
cycloidal phase of motion of the electrons that
the electrons upon emerging from the electro-
static field have no appreciable transverse veloc-
ity, and this coadition may be made uniform
for any position. of the beam at which it leaves
the electrostatic field. )

Referring to Figs. 4¢ and 4b which showa cross
section and the fleld distribution of a deflection
system constructed in accordance with this sec-

ond teaching of our invention, the plates 16—IT

may be similar to those shown in Figs, 1 and 3a.
Within the space separating the plates 16—17
of Fig. 3a we provide two pairs of plates 21—22
and 23-—24 which are maintained at the average

- potential of the deflection plates 16i-17 which

is preferably ground potential or the same poten-
tial which is applied to the anode 6 and the col-
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plates. Furthermore, the length of the curvedlector electrode 8 of Fig. 1. The two pairs of b6
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. to the target or
paths whose amplitude is dependent only upon

4

plates 21—22 and 23—24 are in telescopic rela-
tion with the plates 16-—17 and are separated
along the tube axis by a predetermined distance
@ as shown in the drawing, and by a distance b
normal to the axis. Furthermore, the plates. 21
and 23 and the plates 22 and 24 are preferably
coplanar. Since in accordance with the further
teaching of our invention it is desired to subject
the electrons of the beam to the electrostatic
field of the plates 16—17 at a time when the in-
stantaneous transverse velocity of the electrons
is zero and to remove the electrons from this
deflection field under similar conditions of zero
instantaneous transverse velocity, the separation
@ along the axis should contain an integral
number of cycloids. If this condition is fulfilled,
the electrons may be made to enter and leave the
clecirostatic deflection field at a time when their
transverse velocities are Zero by adjusting the
potential applied to the cathode by the battery 1.
The separation b of the blates 21—22 and 23—24
normal to the tube axis determines the fringing
fields existing adjacent the beints E and T, whith
fields exteng slightly within the plates 21—22
and 23—24. The separation b should therefore
be made as small as possible, and we have found
that this separation is preferably no greater
than % the length of the cycloids or spirals. If
these conditions are fulfilled, the electrons of the
beam enter the electrostatic feld produced hy
the plqtes {6—I17 at a point at which this field is
a maximum such as indieated in Fig. 4b at E.
Similarly, the electrons suddenly leave the elec-
trostatic field broduced between the plates 16—11
as shown at point F, Fig. 4b.

It will be clear from the above that our con-
structiqn of electrostatic deflection plates as
shown. in Fig. 4, when used in combination with
an axial magnetic fleld, will impart no trans-
verse velocity to the electron beam which is
retained by the beam after it passes out of the
-electrostatic field between the plates 15—11. As
2. consequence, the electron beam will proceed
mosaic electrode 2 along spiral

the ‘initial t}*ansverse velocity acquired by the
electrons of the beam at their source of origin.
We have found that it is very difficult, if not

impossible, to provide an. emission surface or .

Source of electrons in which all of the electrons
are liberated in an axia] direction. As a conse-
quence, the electron beam, while under the in-
ﬂu‘ence of the axial magnetic field, will follow
sp‘njaI. baths, but sinee the transverse velocity of
emission is very low, the amount of defocusing
or “distortion caused by the spiral motion of
the electrons is negligible,

In order to provide g static
free space, and by static we mean the condition
under zero deflection, in the region of the plates
16—17 of Fig. 1 and between all of the plates
shown in the structure of Fig. 4a, we provide
an electrode 25 between the plates 16—I17 and the
mosaic electrode 2. The electrode 25 is provided
with a slot 26 having a width equal to or slightly
greater- than the minimum separation of the
plates [6-—(1
slightly greater than the separation & as shown
in the. structure of Fig. 4. The elecirode 25
is connected to the same potential as the collect
Ing electrode 8 or to ground as shown in the
drawing. The electrode 25, as in the.casé of tha
,e_lectrode 8, may be termed a shield electrode
since it provides a shield to prevent the electro-
static field generated by the deflection potentials

electrostatic field

of Figs. 1 and 3 or equal to or

2,218,175

applied to the plates {6-—1T from frin_ging oub
toward the mosaic electrode. To obviate any

‘collection of electrons on the wall of the tube

between the collecting electrode 8 and the elec-
trode 25 or between the electrode 25 and the
mosaic electrode 2, which would introduce an
undesirable field in this space, we have found it
desirable to coat the inner wall between these
electrodes with a film 27 of electrically conduct-
ing material which is likewise connected to the
electrodes 8, 25 or to ground.

10

In operation of tubes made in accordance with

our invention we have found that the operating
parameters such as the size of the electrodes, the
separation of electrodes and operating poten-
tials, may be varied over wide limits. However,
to limit the structure to practical proportions we
have found that the potential applied between
the cathode 3 and the anode § is preferably be-
tween 50 and 250 volts. Tubes operating with
a potential below 50 volts have shown decreased
beam focusing properties, and the use of poten-

-tials below this value necessitates greater ac-

curacy in the alignment of the electron gun elec-
trodes and the deflection plates. Certain tubes
operating with potentials above 250 volts have

15

20

£

given unstable operation. The axial magnetic.

fleld is preferably between 50 and 150 gausses.
Below 50 gausses some distortion due to stray
electrostatic fields may be produced, and the use
of a field stronger than 150 gausses necessitates
increased deflecting power and use of heavier
coils and results in poorer focus of the electron
beam near the edges of the mosaic electrode.
The width of the target or mosaic electrode is
preferably made between 5 and 7 centimeters,
since the width of the plates must be of the

same or greater width and would necessitate a

tube of larger overall diameter. 'The length of
the deflection plates is preferably: between 10
and 20 centimeters, for when using a. length less
than 10 centimeters, some distortion and de-
focusing of the beam is produced. Lengths of
the deflection plates above 20 centimeters unduly
increase the tube length and the length of the
focusing coil.

While we have indicated the preferred embodi-
ments of our {dnvention of which we are now
aware and have indicated the specific applica-
tion as directed to cathode ray transmitting tubes
having target electrodes of the photosensitive mo-
saic type, it will be apparent that our invention
is by no means limited to the purpose of televi-
sion transmission, to the exact forms illustrated
or to its use in cathode ray tubes incorporating
target electrodes of the mosaic type, but that
many variations may be made in the particular
structure used, such as by replacing the mosaic
electrode with target electrodes of the fluorescent,
photoconductive, or photovoltaic type, without
departing from the scope of the invention as set
forth in the appended claims.

We claim: ]

1. A cathode ray tube having electron beam
generating means, a target in the path of the
electron. beam, beams extending over the space

‘between said beam generating means and said

target to generate a magnétic field having lines
of force parallel with the longitudinal axis ex-
tending between said beam generating means and
said target, and electrostatic deflection means
between said beam generating means and said
target proportioned to produce, when energized

" with beam deflecting potentials, an electrostatic

field which increases uniformly in intensity along
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I portlon of the beam path Wlth increasing dis-
tance from said beam generating means and
which decreases uniformly in- intensity along
another portion of the beam path with increasing
distance from said heam generating means,

2. A cathode ray tube having an electron

‘source, an oppositely disposed electron receiving
target, an apertured cold electrode adjacent said

. source through which the electrons flow as an
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electron beam toward said target, means to gen-
erate a magnetic field having lines of force paral-
lel with the axis between said cold electrode and
said target and extending over the space separat-
ing said cold electrode and said target, a pair of
apertured -shield electrodes in planes substan-
tially normal to said axis and separated one from

the other along the length of said axis and.elec-

trostatic means wholly immersed in said field and
between said shield electrodes to generate a de-
flection field which increases uniformily in inten-
sity with increased distance from said cold elec-
trode over a portion of the beam path and
decreases uniformly with increased distance from
said cold electrode over another port1on of the
beam path. .

3. A cathode ray tube having a thermionic
cathode to emit electrons, an apertured cold elec-
trode adjacent said cathode through which the
emitted electrons flow to.form a beam, a target
electrode in the path of said beam, means extend-

‘ing over the space between said anode and said

target to generate a substantially uniform axial

magnetic field, means including a pair of aper-’

tured shield electrodes between said anode and
said target to provide an electrost;atxc field free
space and a pair of electrostatic deflection plates
wholly immersed in said axial magnetic field and
within said electrostatic field free space, said
plates- being shaped so that their separation is

greater at the ends thereof adjacent said anode .

and said target than at points intermediate said

“ends to generate an electrostatic field which uni-

formly -increases and.decreases in intensity be-
tween. said plates with mcreased distance from
said anode.

4. A’ cathode ray tube having an evacuated

envelope, an electron gun and an oppositely
disposed target in said envelope, means surround-
ing the envelope to generate a substantially uni-

form magnetic field along the longitudinal axis
and extending between said gun and said target,

two apertured shield electrodes spaced one from

‘the other in planes normal to'the longitudinal

axis and between said gun and said target a pair
of oppositely disposed deflection plates between
said shield electrodes, one of said plates being on
each side of the longitudinal axis between said
gun and said target, each of said plates being
flared outwardly from said axis at the _opposite
ends thereof.

5. A cathode ray tube as clalmed in claim 4

wherein -both of the said deflection plates have.

end portions in the direction of the gun and
target whose profile is hyperbolic.

6. In combination . with - ‘a ‘cathade ray tube
hawgg means to generate a uniform magnetic
field, an electrostatic deflection structure. wholly

immersed in said field comprising a pair of plates.

having a uniform separation from one to the
other over a predetermined length of said field
and outwardly flared portions on either s1de of
said predetermined Iength

-7. In combination, a cathode ray tube having
means t0 generate a beam of electrons and
means {o genera.te a uniform magnetic field, an

2,218, 1'75

8

electrode structure wholly 1mmersed in said field -

and partially surrounding the path of said beam

of electrons comprising a pair of oppositely dis- -

posed and separated plates, a second pair of op-
positely disposed plates extending within the
space separating said first-mentioned pair and
a third pair of oppositely disposed plates extend-
ing within said first-mentioned pair and sepa-
rated from said second pair of plates, the plates
of said second pair and the corresponding plates
of said third pair being coplanar, said second and
third ‘pairs of plates- providing a field-free space
over the path of said beam exposed to said first
pair of plates in  the absence of beam deflection
potentials . applied between said first pair of
plates.

8. In combmatmn a ‘cathode ray tube having

10

15

a target of the mosaic type, means for developing

a beam of electrons directed at said target, an
electrode structure between said target and said
means comprising -a first pair of oppositely dis-
posed plates partially surrounding the path of
said beam adapted to receive deflection potentials
for deflecting said beam, two pairs-of mutually
‘separated plates extending within said first pair
of plates to develop a field-free space between the
plates of said first pair of plates in the absence
of deflection potentials applied to said first pair

of plates, the plates of one pair being coplanar

with the corresponding plates of the other pair,
the two pairs of plates being separated by 2
predetermined distance along the path of the
heam said predetermined distance being less than

‘the length of said ﬁrst pair of plates along the . .

path of the beam..

gc

86

9. A cathode ray tube havmg an envelope, an -

eléctron gun and an oppositely disposed target
electrode within said envelope, a magnetic coil
surrounding the space between said gun and said
target electrode to generate a magnetic. field
parallel with the axis between said gun and said
target electrode to direct electrons emitted from
said -electron gun with components of velocity

transverse to said &xis along helical paths toward

said target, a pair .of oppositely disposed deflec-
tion plates, one on either side of the said axis
to deflect the beam in a plane parallel with the
plates, two pairs of plates symmetrically disposed
with respect to said first pair, each pair extend-

‘ing within the space separating the plates of said
 first-mentioned pair -and spaced apart along the

said axis by a distance equivalent to the length

of an integral nummber of pitch revolutions of the -

beam along the helical paths.

10. In a cathode ray tube system, a tube hav-
ing a cathode to emit electrons, an anode to
accelerate the electrons emitted from said cath-
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ode, a targgg; in the path of said electrons, a pair

of oppositély disposed deflection plates, one on
either side of the lohgitudinal axis between said
cathode, anode, and target, and -two pairs of
plates in telescopic relation with said first pair

a0

of plates, the two pairs of plates being separated

along the said axis by a predetermined distance,
means fo generate a magnetic field extending
over the space separating said anode and said
target having lines of force parallel with the said

axis to cause electrons emitted from said cath-

ode with velccities transverse to said axis to
follow helical paths toward said target and means

‘to apply a difference of potential between said
_cathode and said anode such that the electrons
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‘of the beam describe an integral number of pitch -

revolutions along the helical paths while passing.

(]
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between the predetermined distance separating
the said two pairs of plates.

11. In a cathode ray tube system, a tube hav-
ing a cathode to emif electrons, an anode to ac-
celerate and form the electrons into a beam, a
target oppositely disposed from said cathode and
anode to receive electrons, a pair of oppositely
disposed deflection plates, one on either side of
the longitudinal axis between said cathode, anode
and target, and two additional pairs of plates
in telescopic relation with said first pair of plates
separated one from the other by a predetermined
distance along the said axis, means to apply a
difference of potential to said cathode with re-
spect to said anode and target and means to gen-
erate a uniform axial magnetic field between
said anode and said target of sufficient intensity
to cause electrons emitted by said cathode with
velocities transverse to said axis to follow a heli-
cal path and an integral number of pitch revolu-

tions along the helical path between said pre-

determined distance between the said two pairs
of plates.

12.In a cathode ray tube system, a tube hav-
ing an electron gun to form a beam of electrons,
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a target oppositely disposed from and in axial
alignment with said gun, a pair of oppositely
disposed deflection plates, one on either side of
the path followed by the electron beam between
said gun and target, two pairs of plates in tele-
scopic relation with said first pair, each of the
plates being separated from the other plates of
the respective pairs by a distance b, means to
generate an axial magnetic field extending over
the space separating said gun and said target

.to cause the electrons of the beam to follow a
helical path toward sdid target and a source of

electric potential connected between said cathode

10

and said plates sufficient to cause the pitch of

the helical path within said two pairs of plates
to be no greater than 10 times the distance b.
13. A cathode ray tube as claimed in claim 4
wherein the aperture of said shield electrode
nearer said target is elongated and having a

“width in the direction of the separation of said
deflection plates substantially equal to the mini-

mum separation between said deflection plates.
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