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1

The present invention relates to electronic dis-
charge devices and particularly discharge devices
which provide for successive secondary electronic
emissions.

A defect generally encounfered in electronic
discharge devices of this type is the appearance
of interfering background noise in the output cir-
cuit. After careful research it has been discovered
that this background noise is due to the fact
that electrons leave the main beam paths and
disperse across the structure, often dropping di-
rectly upon the collecting electrode or upon sec-
ondary emission electrodes which are removed
from the electrode where these electrons origi-
nated. Moreover, in structures using a magnetic
field disposed transversely to the electronic paths,
an effect of the “magnetron” type may be pro-
duced which interferes with the grid control of
the beams and is harmful to their homogeneity.
As a result, the efficiency of the device is impaired:

1t is therefore an object of the present inven-
tion to provide for sharp separation of the pri-
mary and secondary electronic beams at each sec-
ondary emission electrode.

Another object of the invention is to correctly
concentrate the electronic beams upon emitting
electrodes arranged in sequence. i

I accomplish these and other objects of the
invention, as will become more apparent herein-
after, by a novel and advantageous arrangement
.of elements and parts. In brief, ac¢ording to one
feature of the invention a magnetic field is dis-
posed parallel to the méan direction of the elec-
trons so as to insure sharp focussing of the vari-
ous electronic beams.

According to another feature of the mvention,
one or more transverse electric fields are pro-

vided. The latter are electrostatically created by.

deflecting plates and serve to insure the deflection
of the beams and the separation of the paths of

the primary and secondary electrons at each of.
In order to.
obtain a still greater deflection of the electronic .
beams from one target to the next, one or more
magnetic fields are perpendicularly disposed to~
the mean direction of the electrons at points of .

the emitting electrodes or targets.

the structure located outside the operative region
of the deflecting electric field or fields. Said mag-

netic fields act upon the electronic beams to pro- .

duce the desired deflection. According to a fur-
ther feature of the invention, a zero electric po-.
tential gradient region is created to allow the
orthogonal deflecting electric field (or deflecting

electric fields) to deflect the electrons accelerated |
by the accelerating electric potential gradient ex+
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" tards the electrons approaching the same.

1st1ng in the vicinity of the emitting electrodes. .
However, this electric potential gradient has ac-
celerating effect only upon the electrons leaving
an electrode, its direction being such that it re-
Ac-
cording to still another feature of the invention,
control and focussing grids are provided in the.
vieinity of the various emitting electrodes for the,
control of the electronic beams.. . .
The present invention is fully explained in the
following description and illustrated, by way of
example, In the accompanying drawings, in.
which-— .
Fig. 1 is a diagram 1llustrat1ng the action of a’
magnetic field on electronic paths directed in the
same direction as the lines of force of the field;
Fig. 2 is a diagram illustrating the action of a
pair of deflecting plates on an electronic path di-

_rected in the same direction as the lines of force.
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of a magnetic field in which the plates are im-.
merged;

Pig. 3 is a diagram illustrating the action of
two. pair of deflecting plates on an electronic.
path directed in the same direction as the lines
of force of a magnetic field in which the plates’
are immerged;

Fig. 4 is 4 diagrammatic view of a device using
successive secondary electronic emissions and in-
corporating the novel features of the present in-
vention;

Fig. 5 illustrates another embodlment of the
present invention using successive secondary elec-
tronic emissions;

Pigs. 6 and 7 illustrate, respectwely, two modi~

5 fications of the device according to Fig. 5; and

Fig. 8 illustrates a modification of the structure
according to Fig. 4.

Fig. 1 illustrates the spiral paths i, 2 of elec-.
trons at initial speeds issuing from an emitting
surface, such as a thermionic or photo-electric’
cathode or a secondary emission électrode (not.
shown). At these initial speeds, paths {, 2 form.
a relatively small angle with the direction of the.
lines of force of a magnetic field H. Due to mag-

5 netic field H, electrons following paths | and 2

about imaginary cylinders 3 and 4 (whose axes
are parallel to the lines of force of field H) are
focussed and concentrated. As a result of this:
focussing or concentratxon, the electrons fall on
a following emitting or collecting electrode, in a.
beam which reproduces nearly in the same size,
the image of the surface emitting these ‘electrons.

This image depends primarily upon the speed of
the electrons, the strength of the magnetic fleld

9 H and the dlmensions of any electron-optic lenses
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arranged in the vicinity of the electrodes in order
to accelerate the electrons, which are driven by
the magnetic field, at their departure, or retard
same at their arrival.

If the pair of electrostatic deflection plates 5,
6, shown in Fig. 2 is immerged in magnetic field
H and an electric potential gradient, indicated
by electric field E, is established between plates §,

6 at right angles with respect to the direction of -

magnetic fleld H, the electronic paths are de-
flected by the electric field ‘when the  electrons

10

pass between the plates, as shown at 7in Fig. 2. -

Nevertheless, focussing of the electronic beam is
always insured by the longitudinal magnetic field
H. Instead of one pair of plates 5, 6, two pair of
orthogonal plates 5, 6 and 8, 8 may be used as
shown in Fig. 3. These two pair of plates furnish,
respectively, orthogonal electric deflecting fields

15

E and E’ in the region surrounded by them. If-.

plate pairs §, 6, 8, 9 are immerged in longitudinal
magnetic field H, the eleéctronic paths such as 10,
which cross this region will be deflected spatially.
If desired, the two pair of plates 5, 6, 8, 8 may he
replaced by two series of plate pairs being orthog-
onal between themselves and of different poten-
tials. These potentials may for instance increase
successively 5o as to modify the deflection of the
beam during its travel between the plates. The
value of deflection in every case is a function of
the speed of the electrons at the input of the de-
flecting plates; it is inversely pronortional to the
strength of magnetic fleld H and is a function,
moreover, of the value of the electrostatic poten-
tial gradient or gradients established between the
plates. -

The phenomenon of focussed electrons, as a re-
sult of a magnetic field disposed parallel to their
directions, and the phenomenon of electron de-
flection due to the application of transversal .elec-
trostatic fields are utilized in the various embodi-
ments of the present invention shown in Pigs.
4 to 8.

In Fig. 4, the emitting electrode structure com-
prices a primary cathode (1, of the photo-electrie
or thermionic type. Elements 12, 13 and .| 4
represent electrodes having good secondary elec-
tronic emission properties. Element 15 is a col-
lecting electrode producing no secondary emis-
sion.
cylindrical electrodes 16 to 20, respectively, act-
ing as focusing cylinders for the electrode with
which they are associated. Electrodes 20’ serve
to accelerate the electrons leaving the respective
emitting surfaces, to shoot them at an appreci-
able speed into space comprised between the two
electrostatic deflection plates 21, 22. " Electrodes
16 to 20 create a retarding potential gradient for
the incident electrons striking secondary emis-
slon surfaces 12 to 14 at a speed of between 500
and 700 volts, corresponding in general to the
maximum secondary electronic emission. It will
be clear, of course, that instead of simple focus~
ing cylinders more complex electrode structures,
performing the same functions, may be used.

A control grid 23 may be associated with the
primary cathode and with other emitting elec-

trodes of the structure in order to control the:

flow of electrons. 'This arrangement may be used
for example if it is desired to have the device
operate as an amplifier, as indicated by the input
circuit of grid 23 which is the usual amplifier
connection type, ' )

The output circuit of the device is likewise
shown as the usual typé of resistance-capacity
connecting circuit. The potential applied to the

Electrodes {1 to {5 are surrounded by
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various electrodes 11 to 20 may be taken from a
single potentiometer 24, as shown. A magnetic
field H is provided which is adapted to act in the
direction of the paths of the mean directions of
electrons coming from one of the emitting elec~
trodes 11 to (4. An electric field E (Fig. 8) is
created between deflection plates 21 and 22.

" ‘The primary electrons emitted by cathode (§
are controlled by grid 23 and then accelerated by
€lectrode 20°. The electrons are driven by mag-
netic fleld H without deflection until they enter

“between deflecting plates 21 and 22. Between de-
~flecting plates 21,22, the electrons are deflected,

as shown, and directed towards secondary emis-
slon €lectrode 12. However, upon leaving plates
21, 22, and before arrival at electrode 12, the

“electrons are retarded by focusing cylinder (T and

consequently fall on electrode 12 at a speed sub-
stantially corresponding to the maximum extrac-
tion of secondary electrons from electrode 12,
The secondary electrons emitted by electrode
12 are accelerated thereupon and travel the same
path as the primary electrons until they enter
between plates 21 and 22. ‘The secondary elec-

. trons are then deflected towards the right, where-

by separation of the primary and secondary
beams is obtained, and directed towards electrode
13, where the process is repeated. The secondary
electrons emitted by the last secondary emission
electrode 14 are gathered by collecting electrode

- 20. '
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Secondary emission electrodes 12, 13, (4 may be
brought to the same potential. Similarly, focus-
ing cylinders 11, i8, and {9 associated with these
electrodes may be brought to the same potential
(by means of potentiometer 24). The reason for
this is that the secondary emission electrodes
need not have increasing potentials because elec-
tronic beam control, i. e. the deflection of the
beams from one electrode to the next, is accom-
plished by a different means, to wit: by electro-
static plates 21, 22. Moreover, electrostatic
plates 21, 22 may be broken up, if desired, into
several pair of plates raised to different poten-
tials; the emitting electrodes are then spaced to a
greater or lesser extent, depending upon the de-
flections produced by these successive plate pairs.

Since electrodes 12 to 14 may all be brought to
the same potential, they may be made of a single
conductive support, or of two supports to facili-
tate mounting. These supports may consist, for
instance, of flat conductive plates, but preferably,
are given the shape of eylinders or cylinder por-
tions. The focusing electrodes may then be re-
placed by a grid common to all the electrodes;
if the emitting electrodes are formed on cylin~-
der portions, it becomes convenient to use a
cylindrical grid electrode. These variations are
Incorporated in the embodiment shown in Fig. 5.

In Fig. 5, electrodes 12 and {4 are formed on
the inner surface of a conductive cylinder portion
25 and electrodes 13 and I5 on the inner surface
of another conductive cylinder portion 26, prefer-
ably of the same radius of curvature as portion

25, The two cylindrical portions 25 and 26 are

arranged so as to have the same axis, which
serves as the general axis of the entire structure.
A single grid electrode 21, formed by a spiral
conductive wire winding, is arranged coaxially

. within cylinder portions 25 and 26. This grid 21

serves the purpose of focusing cylinders 1T to
20 of Fig. 4. ‘
Deflecting plates 21 and 22 are arranged with-
in grid 27. According to a further feature of the
invention, a solid conduyctive and non-magnetic
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eylinder 28 is preferably arranged coaxially with
grid 27 between grid 27 and electrostatic de-
flection plates 21 and 22. The purpose of cyl-
inder 28 is to serve as an electric screen between
the region near grid 2T and the region of the
electrostatic plates 21, 22. As a matter of fact,
focussing and control of the beams by means
of magnetic field (H in Fig. 4), on the one hand,
which is furnished by a permanent magnet or
electromagnet 28 and the electrostatic deflection
field, on the other hand (which is created by
the potential gradient between plates 21 and 22)
will be impaired if same are subjected in the de-
flection region to the influence of a gradient of
electrical potential directed in the same direc-
tion as the magnetic field. Such combined ac-
tion would entail distortions of the electronic
beams and direct passages of interfering ions or
electrons from one end of the structure to the
other, with the result that interfering currents
and a substantial obscuring current would be
produced.

Suitable openings such as 30, 31, et¢., are pro-
vided in grid 27 for the passage of the electronic
beams, in front of electrodes fi to 15, and, if
cathode {i is a photo-electric cathode, an open-
ing may be provided in cylinder portion 25 in

“order to permit passage of the light beam con-
trolling the electronic emission of cathode fI.

Cathode Il is independent of the other elec-
trodes and may be associated with any electron-
optic system accelerating and controlling the
flow of electrons. For example, Fig. 5 shows an
accelerating ring 32 and a control grid 33 as-
sociated with photo-cathode 11.

" The various. connections and supports of the
electrodes in insulating vessel 34 are omitted in
Fig. 5 in order to simplify the drawing.

Instead of using a single electrostatic deflec-
tion, through a pair of plates (or a series of pairs
of plates), spatial deflection may be obtained by
means of two plates or a series of orthogonal
plates. As an alternative, a series of orthogonal
platés 35, 36 and 237, may.be arrarged between
plates 21 and 22, as shown in Fig. 6. Plates 3§,
36 and 37 are brought to increasing potentials
along the structure.  Such an arrangement al-
lows better adjustment of the gradient and of
the direction of the successive deflections of the
electronic beams. ]

One or more cylindrical grids may also be add-
ed in the structure shown in Figs. 5 and 6, same
being disposed coaxially with grid 271. These
eylindrical grids may perform divers functions.
Specifically, instead of being provided with open-
ings in front of electrodes I{ to 15, they may be
shaped at these points so as to constitute to-
gether electron-optic systems insuring accelera-
tion (or retardation) and focussing of the elec~
tronic beams. Alternatively, they may be coat-
ed at these points with a substance having good

secondary emission properties, and thus serve to’

increase the amplification of current in the de-
vice, their forms assuring a suitable passage of
the sécondary electrons emitted from one grid
to the next and to the external electrode. As

shown in Fig. 7, these grids 38, 39, may for in-’
stance be provided only at one end of the struc-.

ture, opposite collecting electrode 15. It will be

clear that such an arrangement may also be used 7

in the structure according to Fig. 4. -
An additional deflection of the electronic
beams, facilitating the spacing of the various a¢-

tive electrodes of the structure, may be obtained’

by means of supplementary magnetic fields di-
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rected perpendicularly to the general paths of
the electronic beams outside the electrostatic:
deflection region. Fig. 8 shows an embodiment
of the invention providing for such additional
magnetic deflection. The device according to
Fig. 8 corresponds to that of Fig. 4-except that
it is provided with auxiliary deflecting plates 35,
36 and 31, as in the case of Fig. 6. Emitting elec-
trodes Ii to 14 and collecting electrode-I5 are
spaced from electrostatic plates 8, 9 and 35, 36,
31. Two pair of coils 40, 41 and 42, 43 are pro-
vided around the respective ends of vessel 34, as
shown. These coil pairs create deflecting mag-:
netic fields Hi and H2 disposed at right angles
to the mean paths of the electrons in the spaces
comprised between the emitting electrodes and
the electrostatic plates. 'The paths of the beams
are then such as indicated by the dotted lines
shown in Pig. 4. The primary and secondary
beams of each electrode separate only between
the electrostatic plates. Thereafter, they follow:
the same path in the region between the elec-
trode and the plates, joint deflection being ob-
tained over this path by magnetic field Hi or
H2. The positions of coil pairs 40, 41 and 42, 43
may be adjusted at will around vessel 34. If de-
sired, a single coil pair, producing a single addi-
tional deflection may be used.

It will be clear that many changes may be
made in the foregoing embodiments of the pres-
ent invention without departing from the spirit
and scope of the same. I therefore do not wish
to be understood as limiting myself to the de-
tails of construction and arrangement shown and
described herein.

I claim:

1. An electron discharge device comprising a
primary electrode for emitting electrons, a plu-
rality of secondary electrodes for emitting sec-
ondary electrons, said electrodes being arranged
in sequence, said secondary electrodes being ar-
ranged to receive incident electrons emitted from
a preceding electrode and to emit secondary elec-
trons to a following electrode in an adjacent path

5 directed paralle] with and opposite to the path of

the incident electrons, a collecting electrode for
receiving secondary electrons, means arranged
about said electrodes for producing a magnetic
field parallel to the mean direction of said par-
allel paths for focusing incident and emitted
electrons in said parallel paths, and means for
deflecting the emitted from the incident elec-.
trons in the severa]l parallel paths into distinctly

separate paths.

&
7
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2. The device claimed in claim 1, in which said
electrodes are arranged along =2 substantially
spiral path on which electrons pass from the path
originating from the primary electrode to the
path originating from the first secondary elec-
trode along an arc of a spiral, and from the path
originating from said secondary electrodes will;
pass along another arc to the path originating:
from the second secondary electrode and so forth
until the last emitted secondary electrons are re-
ceived upon said collecting electrode.

3. The device claimed in claim 1, in which said
primary electrode is provided with a control grid.

4. The device claimed in claim 1, in which said
primary electrode and at least one of the second-
ary electrodes are each provided with an accel-
erating electrode, same serving to project the
electrons leaving the emitting surfaces of said
electrodes into the space between said electro-
static fields. :

5. The device claimed in claim 1, comprising a
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plurality of retarding electrodes, one for each of
said primary, secondary and collecting electrodes,
whereby electrons approaching the emitting sur-
faces of said primary, secondary and collecting
electrodes are retarded. . )

6. The device claimed in claim 1, in which said
electric means consists of a. pair of deflecting
plates disposed parallel to each other, said elec-
trostatic field produced by said plates extending
uniformly over said paths and disposed per-
pendicularly to said magnetic field.

7. The device claimed in claim 1, in which said
secondary electrodes are interconnected and
adapted to be brought to the same potential.

8. The device claimed in claim 1, comprising
a plurality of retarding electrodes, one of said re-
tarding electrodes being associated with each one
of said primary, secondary and collecting elec-
trodes, whereby electrons approaching the emit-
ting surfaces of said primary, secondary and col-

lecting electrodes are retarded and conductive

means interconnecting said retarding electrodes,
the latter being adapted to operate at the same
potential. . ' :

9. The device claimed in claim 1, comprising a
plurality of retarding electrodes, one of said re-
tarding electrodes being associated with each one
of said primary, secondary and collecting elec-
trodes, whereby electrons approaching the emit-
ting surfaces of said primary, secondary and col-
lecting electrodes are retarded; and conductive
means interconnecting said retarding electrodes,
the latter being adapted to operate at the same
potential; said secondary electrodes being inter-
connected and adapted to be brought to the same
potential.

10. The device claimed in claim 1, in which said

electric means consists of a pair of deflecting-

blates disposed parallel to each other, said elec-
trostatic- field produced by said plates being dis-
posed perpendicularly to said magnetic field and
a plurality of electrostatic control plates, same

being disposed parallel to one another, between,

and at right angles to said deflecting plates, said
control plates aiding in the deflection of said elec-
tron beams.

-11. The device claimed in claim 1, in which said

electric means consists of a plurality of pairs of
deflecting plates.

12. In an electron discharge device, the combi-~ -

nation of a primary electrode, a plurality of sec-
ondary electrodes, a collecting electrode, means
for supplying a plurality of different potentials to
said primary and collecting electrodes, respective-
ly, conductive means connecting said secondary
electrodes to one another and to said supply
means, a retarding electrode associated with each
one of the aforementioned electrodes, said re-
tarding electrodes acting as focusing cylinders,
the retarding electrodes associated with said pri-

mary and collecting electrodes, respectively, be-_’
ing separately connected to said supply means,’
said retarding electrodes associated with said sec-

ondary electrodes being connecteéd to one another
and said supply means, a plurality of accelerat-
ing electrodes associated with said primary and
control electrodes and selected secondary elec~
trodes, and a control grid associated with said
primary eelctrode, an input resistance-capacity

circuit connected to said control grid; and an out-

but resistance-capacity circuit connected to said
collecting electrode, means for producing a mag-
Detic field, the latter being disposed parallel to
the mean speed direction of the emitted electrons,
a-pair of electrostatic plates disposed paralle] to
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each other and producing an electrostatic field
disposed perpendicularly to said magnetic field,
whereby said magnetic field concentrates the
emitted electrons in sharply focussed electron
beams, while said electrostaic plates deflect said
beams, electrons being projected by said primary
electrode to the first secondary electrode and sec-
ondary electrons travelling from the latter to-the
next following secondary electrode and so forth,
the last secondary electrons emitted being pro-
jected onto the collecting electrode.

13. The system claimed in-claim 12, in which
all said eelctrodes are disposed in spaced relation
to each ofher along = substantially spiral path. -

14, The system claimed in claim 12, in which
said secondary electrodes are made in one piece
and provided with a plurality of individual emit-
ting surfaces.

15. The system claimed in claim 12, in which
said electrodes are disposed in spaced relation
to each other along a substantially spiral path,
and the said secondary and collecting electrodes
are disposed in substantially two planes along said
spiral path, said secondary electrodes in the first
plane being made of one piece and forming a
first electrode unit and said secondary and col-
lecting electrodes in the second plane being made
of one piece and forming a second electrode unit,
each of said electrode units being shaped like a
Pbortion of a cylinder mantle,

16. The system claimed in eclaim 12, in which
said electrodes are disposed in spaced relation to
each other along a substantially spira] path, and
the sald secondary and collecting electrodes are
disposed in substantially two planes along said
spiral path, said secondary electrodes in the first
plane being made of one piece and forming g first
electrode unit and said secondary and collecting
electrodes in the second plane being made of one
piece and forming a second electrode unit, each of
said electrode units being shaped like a portion
of a cylinder mantle, a conductive non-magnetic
cylinder surrounding said electrostatic plates, a
cylindrically wound wire surrounding said con-
ductive non-magnetic cylinder and being disposed
within said electrode units, an envelope contain-
ing the aforesaid electrodes and electrostatic
plates; said magnetic field producing means be-
ing disposed without said envelope.

17. The system claimed in claim 12, in which
said electrodes are disposed in spaced relation to
each other along a substantially spira] path, and
the said secondary and collecting electrodes are
disposed in substantially two planes along said’

' spiral path, said secondary electrodes in the first

plane being made of one piece and forming a first
electrode unit and said secondary and collecting
electrodes in the second plane being made of one’
piece and forming a second electrode unit, each
of said electrode units being shaped like a portion
of a cylinder mantle, a conductive non-magnetic
cylinder surrounding said electrostatic plates, a
cylindrically wound wire surrounding said con-
ductive non-magnetic cylinder and being disposed
within said electrode units, an envelope contain-
ing the aforesaid electrodes and electrostatic
plates; said magnetic field producing means be-
ing disposed without said envelope and auxiliary
means for producing an auxiliary magnetic field,
said means being disposed outside said envelope
with the auxiliary magnetic field arranged per-
pendicularly to the magnetic field produced by
said first means.

18. The system claimed in claim 12, in which
~said electrodes are disposed in spaced relation to
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‘each other along a'substantially spiral path, and
"the’ said secondary ‘and collecting electrodes are
disposed in substantially two planes slong said

spiral path, said secondary electrodes in the first

plane being made of one piece and forming a first °

electrode unit and said sécondary and collect-
:ing electrodes in the second plane being made of
one piece and forming a second electrode: unit,

each of said electrode units being-shaped like a |

portion of a cylinder mantle, 2 conductive non-
magnetic cylinder surrounding sald electrostatic
plates, a cylindrically iwound: wire surrounding
Said conductive non-magnetic cylinder and being
‘disposed within said -electrode units, an-envelore
icontaining the aforesaid electrodes and electro-
'static plates; said magnetic field producing imeans
being disposed without said envelope; the. said
electrode units being.provided with an electron
‘emitting surface, each representing an individual

electrode, said conductive non-magneti¢: cylinder -

and cylindrically wound wire being provided with
apertures registering with said-individual :emit-
ting surfaces; said primary electrode beitig formed
by electron-optic means and said cylindrically
wound wire and conductive non-magnetic cylin-~
der each having an opening registering with said
primary electrode to admit a beam of light there-
to.

19. An electronic discharge device, a primary
electrode emitting electrons in one path, a first
secondary emitting electrode adapted to receive
primary electrons and emit secondary electrons
in an adjacent path directed parallel with and
opposite to said first path, at least one further
secondary electrode separated from the first sec-
ondary electrode and adapted to receive elec-
trons from a preceding path and emit secondary
electrons in a subsequent adjacent path extend-
ing in g direction parallel with and opposite to

said preceding path, a collecting electrode

adapted to receive secondary electrons from a
preceding path, the potential difference between
cooperating secondary electrodes being substan-
tially zero, means for producing a magnetic field
parallel to the mean direction of the electrons
emitted by said emitting electrodes to focus the
primary and secondary electrons in said parallel
paths, and means for deflecting the electrons in
the several parallel paths into distinctly separate
paths.

20. An electronic discharge device, g primary
electrode emitting an electron beam, a first sec-
ondary electrode adapted to receive said beam
and emit secondary electrons in an adjacent path
of parallel and opposite direction to the path of
the recelved beam, at least one further second-
ary electrode separated from said first secondary
electrode and adapted to receive a preceding beam
and emit an adjacent beam in a path parallel with
and opposite to the direction of the path of the
received beam, a collecting electrode adapted to
receive electrons from g preceding beam, the po-
tential diffierence between cooperating second-
ary electrodes being substantially zero, means for
producing a magnetic fleld parallel to the mean
direction of the electrons emitted by said emitting
electrodes to focus the primary and the second-

. ary electrons in said parallel paths, and means
for generating an electrostatic field uniformly ex-
tending over said adjacent beams and substan-
tially perpendicular thereto to deflect the elec-
trons in the several parallel paths into distinctly
separate paths.

21. An electronic discharge device, a primary
¢lectrode having an emitting surface adapted to
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“emit electrons in one path, a series of secondary

electrodes separated from each other each having
an emitting surface adapted to receive electrons

from g preceding emitting surface and to emit

secondary electrons in an adjacent path paraliel

"with and opposite to that from. the preceding

emitting' surface, a’ coliecting electrode adapted
to receive electrons emitted from the last emit-

‘ting surface, the potential difference between sec-

ondary electrodes of said ‘series being substan-
tially zero, means for producing a magnetic field
parallel to the mean direction ‘of emiited elec-
trons to focus the incident and emitted electrons
into sharply defined parallel paths, and means for
producing a plurality of electrostatic fieids per-
pendicular to said beams to deflect incident elec-
trons from emitted electrons in the several par-
allel paths into distinetly separate paths.

22, An electronic discharge device, end elec-
trode means including a primary electrode to
start electrons on & winding path and a collec~
tor-electrode to receive electrons therefrom, a se-
ries of intermediate electrode means arranged
along said path separated from each other and
each adapted 1o receive electrons from and to
emit electrons in said paths, said means includ-
ing secondary electrodes having a potential dif-
ference between each other which is substantial-
ly less than that existing between one of said end
electrodes and said secondary electrodes, and
means for directing electrons received at and
emitied from & secondary electrode to pass, for at
least part of their way, in adjacent separate
paths of parallel and opposite directions.

23. An electronic discharge device, end elec-
trode means including a primary electrode to
start electrons on a winding electron path and a
collector electrode to receive electrons therefrom,
a series of intermediate electrode means arranged
along said path separated from each other and
adapted to receive electrons therefrom and to
emit electrons therein, said means comprising
substantially equipotential secondary electrodes,
the paths of the received and emitted electrons
being substantially parallel adjacent the said in-
termediate electrode means, means arranged
about sald intermediate electrode means for fo-
cusing said received and emitted electrons in said
parallel paths, and means for separating the
emitted from the incident electrons in the several
paralle]l paths and for deflecting the emitted elec-

-§rons into the sald winding path.

24, A device as claimed in claim 22, comprising
a magnetic field parallel to said paths to separate
said electrons.

25. A device as claimed in claim 23, compris-
ing a magnetic field parallel to said paths to sep-
arate said electrons.

26. A device as claimed in claim 28, compris-
ing an electrostatic field to deflect said paths
equally and perpendicularly to the direction of
electron emission.

27. A device as claimed in claim 23, compris-
ing a number of electrostatic fields, each deflect-
ing electrons from one path to an adjacent path
of similar direction.

28. A device as claimed in claim 23, in which
primary and secondary electrodes are arranged
opposite, and displaced with respect to, each
other, said primary electrode emitting electrons
to be received by one of said secondary electrodes
which emits secondary electrons in a parallel path
of opposite direction.

29. A device as claimed in claim 23, in which
sald primary and secondary electrodes are ar-
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ranged opposite, and displaced with respect to,
each other, said primary electrode emitting elec-
trons to be received by one of said secondary elec-
trodes which emits secondary electrons in a par-
allel path of opposite direction, a further number
of secondary electrodes each arranged opposite,
and displaced with respect to, the immediate
preceding secondary electrode to receive electrons
therefrom and to emit further secondary elec-
trons in g parallel path of opposite direction, and
a receiving electrode arranged opposite, and dis-
placed with respect to, the immediate preceding
electrode to receive electrons therefrom.

30. A device as claimed in claim 23, in which
said intermediate electrode means include means
for accelerating the electrons.

31. A device as claimed in claim 23, in which
said intermediate electrode means include means
for focusing the electrons.

32. A device as claimed in claim 23, in which
said secondary electrodes.are provided on the in-
ner surface of a conducting cylinder surrounding
said electron path.
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33. A device as claimed in claim 23, in which
said secondary electrodes are provided on the in-
ner surfaces of a number of co-axial cylinders.
' . MAURICE ARDITI.
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