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My invention relates to- electron beam *tubes
and covers an electron-optical system-adapted to
be applied to the cathode of:-such tubes.

Tt-is an object of thisinvention to provide-an
improved electron -optical system-for an €electron
beam. tube.

A further object is to provide a cathode system
capable of producing a large ‘emission -current
which - can: be-adjusted- by - controll.ng ‘the - cur-
rent through the -cathode.

These -and other objects -of the mvenmon will
be apparent from the: following description, the
appended claims, and the drawings, in ‘which

Figs. 1 and 2-show conventional:electron beam .
) 45

tubes ‘of ‘the ‘travelling-wave type;

Fig. 3. shows -the -distribution -of - the electrlc
field of the cathode structure. -shown in Fig: 2
under :certain--opérating. -conditions; and ’

Figs. 4 through 6-show three embodlmeni;s -of
my impreved: electron. optical systerm:-

The -drawbacks of the known' cathodes- w111
be explained with- reference- 0 Figs. 1 and 2
which:illustrate known electrornn beam-‘tubes be-
longing to the-class-of travelling-wave-fubes-with
a transverse magnetic field, to-which my-ihven~
tion-cax be advantageously althoughinot exclu—
sively applied.

In Figs. 1 and 2, a travellmg-wave tube, con-
tained in a straight casing V, comprises:in’ a
known manner a helical-shaped- retardation line
H with its-input ‘gt -E- and-its .output at. S,-a
cathode C, an electrode Z-which-is located:op-~
posite the retardstion line and which:israised to
a: suitable potential for -producing.an electric
field between Z-and H, and a.collector K-raised
to a positive potential. The whole arrangement
is placed. in: a' transverse -magnetic ﬂeld B.set
up by a suitable:coil ‘andcore.

The cathodes used in these tubes may be: elther
flat-shaped oxide cathodes, or. filament-shaped
cathodes . made ..of metal such as -tungsten.or
tantalum. They areusually raised to a potential
that corrésponds :to the distribution of same-in
the region -between H and Z:4n which ‘they are
located, so:as-not to disturb the shape.of. the
static lines of:force.

‘Fig. 1 shows for example.an: ox1de cai:hode 10-
cated .at the level of -the electrode Z and raised
to the same potential as sgid electrode Z. Fig. 2
also shows by-way- of example a metal cathode
which is: located in: the space between Z and H
and.is raised-1o an intermediate potential: be=
tween these two ‘electrodes according tothe po-
tenfial- qrop . up .l:0 the reglon occupled by the
cathode.: - ;

10

20

25

30

35

40

45

50

“In‘the “first case (0x1de cathode) ‘the emission
current cannot - ‘be- adjusted’ by -acting on- the

heating, and-furthermore-such cathodes cannot

be used if “the anode"vdltage"iS"'higher than a
certain ‘maximum  vglue. ' In -the -second--case
(metal cathodes) “the-emitting -area is small and
the emission current -is “limited by - the -space
charge: The emission could be-increased’ by de~
forming the electric fiéld*around- the - cathiode

in sucdh s manner-that a greater ‘portion ‘of the

lines of-force are-directed towards the -cathode
Gin-which case- the- increased -field ~density ad-
jaceritthe cathode ‘would prevent the formation
of g space charge), for example -by placing ‘the
cathode -as "in-Pig; ‘2 ‘but-raising 4t to a lower
potential than- -that ‘which- ‘corresponds to its
position in-the-field -between H -and-Z. - Fig. 3
shows “the: distribution-of * ‘the -electric -field -in
the case” i which ‘the” cathode -is- placed as “in
Fig. 2 but is’ raised to ‘the: same* potentml as-the
electrode Z.

TFIoOWever; . ‘this “grrangement’ 'has the-effect -of
mﬁuehcmg the shape eof ‘the static-characteristic
of the tube, that shows'the-current-im-the ‘helix
as a function of the field B, since in this case-said
current gradually -decrease§ ‘a$’ B increases in-
stead of suddenly dropping to-zero-when a-certain
critical ‘value B¢ is-excesded-as-is’ requlred for
the efficiency of- the tube:

These difficulties are obviated hy my invention
which enables 5 cathode to be constructed that
combines the advantages -of “the flat oxide-cath~
ode - (1nterr\a1 emission ~and+good--static - char-
acteristic) withthose of-thie‘metal eathode(-emis-
ston that can be-adjusted by means-of the heat~
ing and no- llmltat10n~ of the value ‘of the anode
voltage).

According to tne 1nvent10n Wrth Q cathode of
cyhndmcal shape is associated -an-electron-optical

ystem - comprising’ 2~ s likewise -cylihdrical -anode
that “surrounds -the-cathode,- and . a - mernber
adapted to connect the field distribution round
the cathode to the fiéld distribution between-the
vetardation line and the clectrode «which: is-lo~
cated opposite said line:

The invention will ‘be- more: clearly ~understood
by Teferring to Figs. 4 16 -6 “which show. by way
of -example nonlimitative. embodiments:thereof.

According to Fig. 4;in'which the:same elements
as in Figs. 1 'and 2 are designated by the: same
reference-letters, ‘an electron: béam tube; - for ex~
ample of the travelling=wave type with.g trans-
verse magnetic field and:of straight.structure, is
provided .with a-cylindrical:.cathode C:which:is

5 located at the level of the:élestrode :Ziand which
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is raised to the same negative potential as said
electrode Z. According to the invention, said
cathode is surrounded by an anode A which is
raised to the same positive potential as the helix
H and the collector K and the cross-sectional
shape of which. comprises a circular portion ab
concentric. to the cathode and a straight portion
be which progressively merges the outlet end of
the anode cylinder. with the inlet of the space
between the electrodes Z and H, through which

space the beam is adapted to pass.. By means of ~

10

this arrangement an intense field is produced ad-- -

jacent the cathode, without disturbing. the ho-.

mogeneous distribution of the fleld in all direc- -

tions as in Fig. 3, since it can be seen that within

the limits of the sector ab almost all the lines of

force e extend radially up to the cathode, so that
the density of the field adjacent the cathode

surface is high, whereby the magnitude of the:

space charge is decreased and the cathode cur-
rent is increased. On the other hand, the
hbmogenen;y of the field.in almost all directions
enables a good static characteristic to be ob-
tained. . It is therefore possible to use a metal
cathode’ and take advantage ‘of its inherent ad-
vantages, to .which are furthermore added the
advantages which were heretofore possessed only
by.oxide cathodes. ...

But it is.also. poss1b1e to apply the invention
in the case in Whrch an: ox1de cathode is used,
which  may advantageously be made of cylin-
drical shape- which is easier to fit when mount-
ing the electrodes than a flat cathode and which
moreover is the only shape that gives satisfactory
results as regards manufacturing technology in
the case of a thorium oxide cathode.

The radius Da of the circular portion is deter-
mined by taking into account that the electrons
do not touch the anode, such radius being variable
and a function. of the magnetic field applied, of
the anode voltage and of the distarnce D=, be-
tween the electrodes Z and H, at which the mem-
ber A is connected to the point ¢. The length be
should preferably be equal to several times the
distance Da.

Fig. 5 shows the apphcatmn of the arrange-

ments.of Fig. 4 to ‘a travelling-wave tube with a
transverse magnetm field and of circular struc-
ture. It does not require further explanations
since the reference letters are the same as in
Fig. 4.
_. Fig. 6 shows the apphcatxon of the prmciples of
the invention to the case in which the cathode
is raised to an mtermed1ate potential between Z
and H and is. arranged as in Fig..2. In this case,
at the level of the cathode C is placed an auxiliary
electrode C’ raised to the same potential as C, the
member A surrounding the cathode as in Fig. 4,
and . the dimensioning rules being applied with
respect to the electrode C’ as they were previous-
ly with respect to .the electrode Z. In other re-
spects,. the figure does not require further ex-
planations, since the reference letters are the
same as in Fig. 4.

The invention is not restncted to the examples
which have been described and illustrated, but
on the contrary may be subjected to any modifi-
cation'that may be within the scope of the expert,
without changing its principle. Thus, for ex-
ample, it is not necessary for the cathode to be a
linear filament. It is also possible to use a wound
filament, :particularly when it is desired to have
a cathode of large area: In that case, account
must be taken of the. d1ameter of the cathode m
dimensioning: the system. ’
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The application of the invention to travelling-
wave tubes with a transverse magnetic field has
only been described by way of a non-limitative
example and it is to be understood that the in-
vention can also be applied to travelling-wave
tubes without a fransverse field, and more gen-
erally to any electron beam tube in which it is re-
quired to direct in a desired manner a beam
emitted by a cylindrical cathode.

I claim:

1. In an electron tube structure, a cathode for
emitting electrons, an electrode connected to said

-cathode and- extending substantially radially
-therefrom, an electron collector spaced from said

cathode, an:anode having a cylindrical portion

- partially surrounding said cathode with the lat-
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ter positioned at the axis of revolution of said

‘eylindrical portion so that the electric field sur-
rounding said cathode is substantially radial,

said anode having a substantially rectilinear ex-
tension extending adjacent said electrode, and
means producing a magnetic field extending
parallel to the axis of revolution of said anode
cylindrical portion for causing electrons leaving
said cathode to flow in a stream between said
anode extension and said electrode toward said
collector.

2. An electron tube structure as deﬁned in
claim 1 wherein means is provided for setting up
an electric field extending between said electrode
and said  anode extension and substantially
transversely of both said electron stream and
said magnetic field. . )

3. An electron- tube structure comprising a
cathode, a substantially .cylindrical :anode sub-
stantially surrounding said -cathode and -posi-
tioned with the latter at its axis of revolution for
urging electrons radially therefrom in substan-
tially all directions, said anode serving to produce
a dense electric field adjacent the cathode where-
by the magnitude of the space charge is main-
tained low and the cathode current is relatively
substantial, an electron collector; and an elec-
trode connected with and extending substantial-
ly radially from said cathode.and maintained at
cathode potential, said anode having an exten-
sion located adjacent to bubt spaced from said
electrode for confining the electrons between the
extension and said electrode.

4. A tube structure as defined in claim 3 where-
in means are provided for setting up a trans-
verse maghetic field -for causing the electrons to
form a stream flowing from said cathode and
longitudinally through -the space between said
electrode -and said anode extension toward said
collector.

5. Electron tube~~structure comprising a cath-
ode, an electrode extending radially from said
cathode, a substantially cylindrical hollow anode
surrounding said cathode and extending into the
proximity of said electrode, said cathode being
positioned along the axis of revolution of said
anode whereby electrons are caused to diverge
from said cathode in substantially all directions,
an electron collector spaced from:said cathode,
a retardation line located between said cathode
and said electron collector adjacent the flight
path of electrons moving toward said cocllector,
said electrode also extending bhetween said cath-
ode and said collector adjacent the flight path of
the electrons, said electrode being maintained at
substantially cathode potential while said retar-
dation line-is maintained at substantially anode
potential, means for establishing a magnetic field
transversely of the flight path of said electrons,
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the potential difference existing between said
electrode and said retardation line cooperating
with said magnetic field to cause said electrons
to flow from the cathode to the collector without
collecting either upon the electrode or the said
retardation line.

6. Electron tube structure as defined in claim
5 wherein said anode is provided with a substan-
tially straight portion positioned for directing
the electrons into the space between said elec-
trode and said retardation line.

7. In combination, a cathode, a cylindrical
anode substantially surrounding said cathode
with the latter positioned along the anode axis
of revolution for producing a substantially uni-
form radial electric field around said cathode,
said anode having an opening therein, and an
electrode extending from said cathode through
the opening in said anode, said anode being pro-
vided with an extension a flattened surface some-
what spaced from and opposed to one surface of
said electrode for cooperating with said electrode
to guide electrons therebetween.

8. An electron tube structure comprising a
cathode, an anode having a cylindrical portion
substantially surrounding said cathode with
the latter positioned along the axis of revolution
of said anode cylindrieal portion for producing a
substantially uniform radial electric field around
said cathode, said anode having an opening
therein, an electrode extending from the region
of said cathode through the opening in said
anode, an electron collector, a retardation line
located between said cathode and said electron
collector adjacent the flight path of electrons
moving from said cathode to said collector, said
retardation line having one end adjacent to the
opening in said anode, said tube structure having
a magnetic field extending substantially trans-
versely of the flight path of electrons and means
for providing an additional electric field substan-
tially perpendicular to the axis of said retarda-
tion line and coextensive therewith.

9. The apparatus of claim 8, wherein said elec-
tric field providing means comprises an extension
of said electrode and a source of potential con-
nected between said electrode and said retarda-
tion line. :

10. The apparatus of claim 8, wherein said
electric field providing means comprises an auxi-
Hary electrode and a source of potential con-
nected between said auxiliary electrode and said
retardation line, and wherein the electrode which
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extends from said cathode is maintained at a:
potential intermediate the potential of said
auxiliary electrode and the potential of said re-
tardation line.

11. The apparatus of claim 8, wherein said
anode is provided with g flattened extension
having a surface spaced from and opposed to one
surface of said electrode.

12. The apparatus of claim 11, wherein the
portion of said additional electric field adjacent
said electrode and said anode extension is sub-
stantially parallel to the electric field produced
between said electrode and said anode extension
by -said anode and said cathode.

13. The apparatus of claim 8, wherein said re-
tardation line is in the form of a partial annulus.

14. The apparatus of claim 8, wherein said re-
tardation line extends in a substantially straight
line.
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