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1 .

My invention relates to improved electric dis-
charge devices and systems therefor, and par-
ticularly to improved phase modulation discharge
devices and systems.

In a known system of phase modulation a poly-
phase carrier wave is employed for energizing
two sets of control electrodes which together with
suitable focusing electrodes produce a disk of
electrons having a ruffled edge. 'The ruffle or
deflection at the edge of the disk is essentially
sinusoidal in form. Due to the polyphase ener-
gization of the system of electrodes the sinusoidal
wave advances around the electron disk at the
carrier frequency. An appropriate electron col-
lecting electrode system receives the electrons of
the disk selectively in accordance with the pro-
gression of the sinusoidal wave at the edge of
the disk to produce an output voltage at the car-
rier frequency. This voltage is modulated by a

modulating magnetic field perpendicular to the

plane of the disk of electrons to advance or re-
tard the sinusoidal wave at the edge of the disk
with respect to its unmodulated position. As
will be readily appreciated by those skilled in

the art, an alternating modulating signal is effec- 2:

tive continually to advance and retard the phase
position of the sinusoidal wave at the edge of the
electron disk.

An object of my invention is to provide such a
phase modulating electron discharge device hav-
ing certain operating advantages and which, in
addition, is less difficult to manufacture.

In accordance with an important aspect of my
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In the drawings, Fig. 1 is an elevational view
of an electric discharge device embodying my in-
vention; Fig. 2 is an enlarged view, in section, of
a portion of the electric discharge device shown
in Fig. 1 showing in detail the electrode assem-
bly; Fig. 3 is a sectional view taken along the
line 3—3 of PFig. 2; Pig. 4 is a sectional view
taken along the line §4—4 of Fig. 2; Fig. 5 is a
development of one of the electrodes of the de~
vices shown in Figs. 1 to 4; Figs. 6 and 7 illus~
trate schematically. the electron pattern under
certain operating characteristics of the device;
Fig. 8§ illustrates diagrammatically a frequency
modulating system embodying my invention; and

3 Pig. 9 is a development of a three-phase collect-

" ing electrode system.
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invention, the polyphase carrier voltage supply .

is provided with a neutral terminal and the dis- g

charge device is provided with one set of control
electrodes for energization from the polyphase
carrier voltage supply, and with a relatively sim-
ple control electrode structure for energization in

. accordance with the voltage of the neutral ter-
minal of the carrier voltage supply.

It is an object of my invention to provide a
new and improved electric discharge device and
system.

It is another object of my invention to provide
a new and improved electric discharge device for
producing phase modulation of a carrier wave.

It is a still further object of my invention to
provide a new and simple electrode structure for
discharge devices of the type described above.

Further objects and advantages of my inven-
tion will become apparent from the following de-
scription when taken in connection with the ac-
companying drawings and its scope will be point-
ed out n the appended claims.
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Referring now to Figs. 1 to 4 of the drawings,
I have shown my invention embodied in an elec-
tric discharge device including an evacuated en-
velope | to the lower end of which is secured a
conventional base 2 including a plurality of con-
tact prongs 3 and an orientation protuberance 4.
The electrode assembly of the discharge device
which is supported from the stem press (not vis-
ible in the drawing) by lead-in conductors § will
now be described with particular reference to the
enlarged views of Figs. 2 to 4. The assembly in-
cludes a pair of concentrically arranged anode
or collecting electrode members 6 and T which
are clamped between a pair of mica washers 8
and 9 by the planar marginal portions of a pair
of focusing and modulating electrode elements 10
and 1{. The electrodes 10 and {i and washers 8
and 9 are clamped together at spaced points by

 suitable connecting links 12, which are secured

at opposite ends to angle members i3 which are,
in turn, secured to the marginal portions of the
electrode members 10 and ({. The members {0
and il are formed of a material of reasonably
high permeability such as steel, and comprise
blanar marginal portions and centrally located
circular flange portions {4 and I8 defining cen-
tral openings of gradually decreasing diameter.
The members 19 and 11 are assembled with the
flange portions 14 and 5 directed inwardly to
provide a control gap between the inner ends
thereof.

A polyphase control electrode assembly is posi-
tioned in the opening defined by the flange por-
tion i4 of electrode 10 by means of a mica washer
18 supported from the lower side of the electrode
{0 by three supporting members 1T, which are
welded or otherwise secured to the flange por-
tion 14 and which are provided with projections
I8 bent over against the outer surface of the
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washer (6. The electrode assembly includes a
hoillow cylindrical focusing electrode {9 having a
flanged lower end portion 28 clamped to the inner
surface of the washer 16. Surrounding the focus-
ing electrode is an assembly of control electrodes,
which, in the specific embodiment illustrated, in-

cludes thirty-six wire-like elements 21 supported

in a circular array about the focusing electrode
and supported by an insulating cylinder 22. Each
of the wire-like electrodes includes a radially ex-
tending control portion, which is positioned on
the upper end of the insulating cylinder 22.. An
end portion of each of the conductors 21 is hent
downwardly over the inner edge of the insulating
cylinder to position the electrodes, while the other
end of each conductor extends downwardly along
the outer surface of the cylinder 22,

The particular tube illustrated is d951gned for

energization from a three-phase carrier voltage
supply and the electrode members 21 are, there-

fore, arranged in. three sets, with the individual ~

conductors each conductively connected together
and mutually insulated with respect to the con-
ductors of the other sets. In order to accomplish
this electrical connection,. each of the conductors
21 is provided with a radially ‘extending portion
for connection with a conducting disk. As iilus-
trated in the drawing, every third conductor is
connected. with a conducting apertured disk 22.
The conductors adjacent these conductors on onie
side are connected .with a.second conducting disk
24 and the remaining conductors are connected
with ‘a third disk 25. These disks are insulated
from. one. another and from the electrode {{ by
suitable insulating disks 28.- The disks 23, 24 and
25, each provides a common -terminal for the
respective set -of conductors, there heing three
sets. These disks and the respective sets of con-
duectors, which are mutually insulated, are con-
nected with different ones of the lead-in con-
ductors 5 by conductors 27, 2§ and 28, respsctively.
The radially extending por*lons cf electrodes 24
connected with the different treminal disks 23,
24 and 25 are located at diffsrent levels so that
the stacked arrangement of terminals illustrated
is provided.

CAn electrode assembly is sapnorted from the
unper electrode 1f in a manner similar to that
just described in connection with the lower elec-
trode 0. The upper assembly includes a support-
ing mica washer 36 to which is secured a cylindri-
cal focusing electrode 31, which is identical with
the focusing electrode lS of the lower assembly.
The washer 30 is supported from the disk 1! by
suitable members 32, which may be of the same
construction as the members {¥. In the upper
assembly a single planar electrode 33 of annular
form and having a surface substantially co-ex-
tensive with that occupied by the radial portions
of the wire-like electrodes. 21 is provided. This
electrode is supported concentrically; and in in-
sulated relation, with respect to  the focusing
electrode 31 by means of a plurality of supporting
wires 34 (three in the illustrated embodiment),
which are secured to an upwardly extending collax
35 on the electrode 83, and which are bent over at
their upper ends to engage the upper surfsce. of
the mica washer 80. The wires 34 clamp the
clectrode 33 against the lower surface of an in-
sulating washer 28, which is held in position on
the focusing electrode 31 by collar 37 secured to
the outside of the focusing elchrode 3f. The
washer 3§ centers the focusing electrode 31 and
the control electrode 33 with respect to the elec-
trode 8. A supply connection for the control

. tend from the lower end thereof.

4
electrode 33 is provided by a conductor 38 which
extends through the upper washer 30.

A source of electrons is provided in the region
between the inner ends of the focusing elec-
trodes 18 and &1 to radiate electrons outwardly
radially between the upper ends of the control
clectrodes 21 and the planar clectrode 33 to form
a disk of electrons. This source is nrovided by
an indirecily heated cathode sleeve 39, which is
supported concentrically within the focusing
electrodes 1§ and 31 by means of the insulating

“washers 16 and 3.

The cathods may be provided with an oxide
cooﬁ“mg _and ‘heated by an insulated heater ele-
ment received within the sleeve 28 and provided
withh terminal conductors 48 and 44, which ex-
The terminal
conductors 43 and &1 are connected with separate

" ones of the lead-in wires § and the cathode sleeve
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is connected by conductors 42 to one of these lead-
ins. . .

Upper focusing electrode 31 -is connected with
lower focusing electrode 19 and to a lead-in con-
ductor 8 by conductors 42 and 44 shown in Fig, 1.
The upper planar control-electrode 33, which in
operation is -connected with the neutral of the
polyphase carrier supply voltage, is connected to
a lead-in conductor 5 by a conductor 45, shown
in Fig. 1, which connects with conductor 38.

The hp cer and lower focusing and modulating
electrodes 18 and {1 are electrically connected to-
gether by the links i2 and fo a lead-in conductor
5 by a conductor 49 secured to one of the angle
members (3. : ) o

A cylindrical shield 47 of substantially the di-
ameter of the lower supporting washer I8 is se-
cured to the lower elsctrode i1 and electrically
connected thereto. The member 47 shields the
conductors 27, 28 and 2% which are adapted to be
energized from the polyphase carrier supply volt-
age from the output connection which are con-
nected respectively.with the anodes or colieciing
electrode rnembevs §and 1,

In Fig. 1 only the supply conductors 27 and ?3
connected wx_th the polyphase electrode system are
visible, and only conductor 48, which is.connected
with the collecting electrode 8, is shown on the

xterior of the shield member. It will be under-
stood that the conductor 48 of Fig. 2 connects the
collecting electrode 7 with a separate lead-in con-
ductor § and that the conductor 28 is connected
with a lead-in conductor.

The modulation of the output Vo‘tage appearmc
across the collecting electrodes §-and 7 is effect-
ed by a magnetic field produced between the op-
posed end porticns of the flanges {4 and {§ of
themodulating and focusing electrodes i6 and 1.
Ag ‘indicated earlier in the specification, these
members are formed of a material of high perme-
ability and provide a magnztic circuit for a modu-
lating coil 80 which surrounds the envelope of
the device in the region. of the outer edges of the
electrodes i and 1. They serve to carry the mag-
netic flux of coil 58 inward and o concentrate.it
at right angles to the. electron dise in a cireular
region just outside of and between the peripheries
of planar electrode 33 and the electrode assembly
21, 22.

In order that the electrons may be coﬂected
selectwely by the electrodes § and T in accor dance
with the deflections produced by the various
electrodes of the control system, the inner col-
lecting electrode 6 is pr0V1ded with two. setb 5
and 52 of substantlally ractangular -0penings.
As indicated in the drawing, the openings of both
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sets are of equal size and are staggered with re-

spect to each other on opposite sides of 2 median
line. The spacing between adjacent openings in
each set is equal to the width of the openings so
that each opening .of one set is opposite a spacz
between adjacent openings of the other sef.
The manner in which the electric discharge de-
vice of the illustrated embodiment of my inven-
tion operates to phase modulate a carrier voltage
wave will now be briefly described. The electrons
emitted from the central portion of the cathode
sleeve 39 pass radially outwardly between the op-

posed ends of the cylindrical focusing members {9

and 31 and through the region bounded on one
side by the annular planar electrode 32 and on
the opposite side by the polyphase system of con-
trol electrodes including the wire-like control
members 24, "The electrons next pass between the
opposed ends of the focusing and modulating
electrodes 10 and {{ and continue to the collecting
electrodes § and 1. The first focusing electrodes
18 and 31 assist in neutralizing the space charge
around the cathode and also tend to confine the
electrons to a relatively narrow region in an axial
direction. With the control electrodes 21 con-
nected to provide a three-phase system, & rotating
electrostatic field is produced in the region be-
tween the radial portions of these electrodes and
the face of the annular electrode 33, which latter
electrode is adapted to be connected to the neutral
of the carrier voltage supply and which may
therefore be termed a neutral plane electrode.
This field is effective to produce a deflection of the
electrons in an axial direction and provide a
sinusoidal ruffle at the edge of the electron disc
having a space distribution determined by the
space distribution of the control electrodes 21.
With the thirty-six electrodes provided in the
illustrated embodiment, the edge of the disc takes
the form of a sinusoidal rufile made up of twelve
complete cycles. A diagrammatic representation
of the electron disc is shown in Fig. 6 in which
the wall bounding the opening in the center
represents the surface of the cathode 39 and the
control electrodes 21 are indicated diagrammatic-
ally by a circumferential array of equally spaced
dots 21’. The ruffled disc is brought to a relatively
thin edge by the electrostatic focusing'action of
the electrodes i8 and f1.

The manner in which the electrons are selec-
tively received by the collecting electrodes 6 and 7
will be readily understood from a consideration of
Pig. 5 in which a portion of the electrode 6 has
been developed.

Referring to Fig. 5, two sinusoidal waves 53
ahd 54 having the spacial distribution of the wave
at the edge of the electron disc have been repre-
sented with respect to the developed portion of
the electrode §. The wave 53 represents the edge
of the electron disc at an instant when essen-
tially all of the electrons pass through the open-
ings 51 and 52. Under these conditions. the volt-
age of the collecting electrode T is a maximum and

the voltage of the electrode 6 2 minimum. The

dotted curve 54 represents the edge of the disc
displaced 180 degrees with respect to the edge of
the disc represented by the curve §3. It will be

noted that with this displacement essentially all.

the electrons are collected by the electrode 6 and
that none of the electrons passes through the

openings 5! and 52 to be collected by the elec-
trode 1. -Under these conditions, the voltage of’

electrode 6 is a maximum and the voltage of
electrode T & minimum. From this description it

will be apparent that the number and size of the

10

15

20

25

30

35

40

50

55

60

65

70

75

6

opénings 5{ and 52 are correlated directly with"
the number of control electrodes of the poly-
phase electrode system and the number of phase
groups in which they are arranged. The dotted
curve 54 represents the edge of the disk at an
interval of time later than the curve 53 corres-
ponding to a half cycle at the carrier frequency.
In other words, the voltage of each of the con-
trol electrodes 2!’ positioned opposite the crests
of the waves as illustrated in Fig. 6 have changed
from a positive maximum fo a negative maximum
during the interval of time during which the edge
of the disc has charnged from the configuration
represented by curve 33 to that represented by
curve b4. )

. In addition to the change in shape of the elec-
trons at the edge of the disc due to the rotating
field produced by the polyphase system of elec-
trodes and the neutral plane electrode 33, the
wave at the edge of the disc may be advanced or
retarded by the application of voltage to the modu-
lating coil 88 which preduces a magnetic field be-.
tween the opposed ring-like edges of the focusing
and modulating electrodes {8 and fi. As will be
understood by those skilled in the art, an axial
magnetic fleld will deflect the electrons tangen-
tially. A diagrammatic representation of the
effect on the electron disc of a unidirectional
magnetic. field of predetermined magnitude is
illustrated in Fig. 7 where the edge portion has .
been rotated in a clockwise direction with respect
to the electrons making up the inner portion of
the disc. It is apparent, therefore, that the dis-
tribution of the electrons collected by plates 6 and
1 in this instance is dependent, not only upon the
electrostatic field produced by the polyphase sys-
tem of control electrodes 21 and the planar elec-
trode 33 but also on the modulating electromag-
netic field produced between the opposed edges of
the focusing and modulating electrodes 10 ang 1.
It will be understood by those skilled in the art
that an alternating modulating voltage applied
to the coil 58 will cause a continual advance and
retard of the wave at the edge of the electron disc
with respect to that which it would occupy in the
absence of a magnetic field, with the overall result
that both phase and frequency modulation of the
voltage appearing between electrodes § and 7 are
produced. However, since a unidirectional volt-
age of constant magnitude applied to modulating
coil 50 produces pure phase modulation of the
output voltage between electrodes § and 7, the
tube is essentially a phase modulation tube.

In Fig. 8 I have illustrated a frequency modu-
lating system embodying my invention. In the
system shown in Fig. 8 the discharge device 55 is
8 diagrammatic representation of the device de-
seribed previously in connection with Figs. 1 to 7.
Electrode 87 corresponds to the outer collecting
electrode 7; electrode 58 corresponds to the inner.
collecting electrode 6; the three sets of electrodes
21"’ correspond to the three-phase system of
control electrodes provided by the wire-like con-
trol members 21, every third one of which is con-
nected to the same phase conductor; electrode
33’ corresponds to the neutral plane electrode
33; electrodes 61 and 62 represent the focusing
and modulating electrodes 10 and 11, while the
electrodes 63 and €4 correspond to the inner
focusing electrodes (8 and 3i. A cathode €8
corresponds to the cathode 39. A coil §5, which
cooperates with the electrodes 61 and 62, corre-
sponds to the modulating coil 50 shown in Fig, 1.

The dlscharge device as described above is con-
nected m a frequency modulation system in the
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foliowing manner. A voltage supply for main-
taining the various. electrodes at appropriate
direct current voltages is provided by voltage
dividing resistors 57, 68, 69, 70. and 7{ connected
in series between a ground connection 712 and.the
positive conductor 73 of a- source of direct current
voltage.  High frequency by-pass capacitors. 14
are connected between one terminal of each of
the voltage dividing resistors and ground. -As
illustrated in the drawing, the cathode 65 is con-
nected-to the direct current ground. The inside
focus electrodes 63 and 64 are connected to -the
positive terminal of resistor 61:which may be at-a
positive voltage of the order of 10 volts,.and the
outside focusing and modulating electrodes &f
and 62 are connected to the positive terminal of
resistor 68 and may be maintained at a voltage
of 59 volts. The neutral plané electrode 33’ is
connected to the positive terminal of voltage
dividing resistor §3 which may be 70 volts positive,
for- example. The positive terminal of voltage
dividing resistor 78 is connected to the neutral
terminal of the polyphase carrier supply voltage
by conductor 79’ to provide a direct current volt-
age differential between the neutral plane elec-
trode 31’ and the polyphase system of electrodes
21’’, which are energized by the three-phase
carrier voltage supplied by a single-phase to
three-phase conversion circuit 75. The conver-
sion circuit T8 as illustrated is energized by the
output of a single-phase- crvstal cscillator illus-
trated diagrammatically at 76.

The collecting electrodes 57 and 58 are con-
nected fogether by a center-tapped outpuu coil
11, which forms the primary winding of an output
transformer 18 having a secondary winding 79
connected to a frequency multiplier and amplifier
circuit, illustrated diagrammatically at 88, which
supplies the modulated carrier to an antenna 81.
The primary winding 77 is shunted by a capacitor
82 to provide an oscillatory circuit resonant at the
carrier frequency. The mid-point of the trans-
former 17 is connected to the positive terminal of
the volfage dividing resistor 74, which may be at
a suitable voltage, such as 250 volts, _

In order to suppress secondary emission of
electrons by the electrode 57, a self-biasing circuif
including a parallel resistor 83 and a capacitor 84
is connected in the circuit with the inner collect~
ing electrode 58 to maintain it at a substantial
negative direct current voltage with respect to
the outer collector electrode 571. The modulating
coil 68 is energized from a suitable source .of sig-
nal voltage, such as the output of an audio

amplifier indicated dlagrammatlcany by the nu- 53

meral 85.

The operation of the system i]lusu‘ated inFig. 8
is believed to follow directly from the detailed
description of the operation of the discharge de-
vice of Figs. 1 to 4. The utilization of a carrier
supply having a neutral terminal and a discharge
device employing a neutral plane electrode ren-
ders it possible to interpose a direct current
voltage between these two electrode systems so
that the undefliected edge of the electron disc may
be lined up with the line separating the two
groups of openings 51 and 52 of the inner collect-
ing electrode, thus producing symmetrical alter-
nating voltage belween the output electrodes 57
and 58. )
- It will be apparent that the present invention,
in addition to affording the advantages just de-
scribed in connection with the system of Fig. 8,
provides a tube with many advantages over the
prior art, particularly from the standpoint of

H-
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. staggered with respect to the openings 88.
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simplicity . of  construction. . Some of the im-
portant features contributing to the simplicity
are the.use of the neuiral plane electrode and the
compact.-assembly in accordance with which the

~ mner focusing and control electrodes are sup-

ported from ‘the outer focusing and modulating
electrodes 40 and !l as shown ih Fig., 2. The
assembly of the ‘polyphase electrodes and asso-
cigted termingl dlscs provided is also a feature of
theinvention.

.-The eollecting electrodes.of the discharge devxce
may ‘e ‘constructed to provide a three-phase out~
put. In Fig. 9 cylindrical electrodes of this type
have been developed inte a planar view.. The
inner electrode, designated by the numeral 6°, is
in general similar to the inner collecting electrode
6 as shown in Fig. 2. However, instead of twelve
obenings in each set, the structure includes three
sets.of three each electrically displaced from the
preceding set by a distance corresponding to 120
electrical degrees or two-thirds of the width of
onhe of the openings. Since the displacement pre-
cludes the possibility of using. twelve openings,
the total number of openings is reduced to nine,

s and a portion. of the cylinder is accordingly un-

used. As shown in Fig. 9, the collecting electrode
includes. in the first phase group three openings
86 above the center of the electrode and three
openings 87 below the center of the electrode and
As in
the case of electrode 8, the width of the openings
is equal to the space between them. The second
set of openings, corresponding to the second
phase of the output, are displaced 120 electrical
degrees with respect to the openings 86 and 87.
As indicated, the frst opening of the upper set
88 of the second group is displaced from the last
opening 87 of the preceding phase group. In a
similar manner, the first opening of the upper
set of openings €9 of the third phase group is
displaced 120 degrees with respect to the last
opening of the lower set 89 of the second phase
group. The lower openings of the third group
are designated by the numeral 84. In order thas
the displaced voltages may be collected and sup-
plied to separate output terminals, the collectmg
electrode corresponding to the outer electrode 1

of Fig. 2, for example, is formed in three sections

. located respectively hehind the three groups of

60

85

75

- displaced openings.

These sections, designated
by -the numerals 92, 83 and 54, are indicated by
dotted lines in Fig. 9. It will be understood that
three output circuits will be provided for the
electrode system of Fig, 9 with one terminal of
each circuit connected to the common electrode
61, and the other terminal of each of the cir cuits
connected to the three electrode sections 92, 83
and 94.

Whlle I have shown and described a partlcular
embodiment of my invention, it will be obvious to
those skilled in the art that. changes and modi-
fications may be made without. departing from
my.invention in its broader aspects, and I, there-
fore, aim in the appended claims to cover all such
changes and modifications as fall within the true
spirit.and scope of my invention.

‘What.I claim as new and desire fo secure by
Letters Patent of the United States is:

1. An electric discharge device comprising g
source of electrons including means for confining
said electrons in a generally planar region, said
means including electrede means positioned on
opposite sides of said region, a plurality of confrol
electrodes. supported in mutually spaced and in-
sulated relation in a plane on one side of said
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region and parallel thereto, a substantially planar
control electrode Iying in a plane on the opposite
side of said region snd in opposed relation to said
plurality of control electrodes, and a-pair of
collecting electrodes for selectively collecting
electrons emitted by said source in accordance
with the energization of said control electrodes.

9. An electric discharge device comprising a
source of electrons including means for confining
said electrons in a generally planar region, said
means including electrode means positioned on
opposite sides of said region, a plurality of con-
trol electrodes supported in mutually spaced and
insulated relation in a plane bounding one side of
said region, a substantially planar electrode lying
in a plane bounding the opposite side of said
region and in opposed relation to said plurality
of control electrodes, and collector electrode
means, said control electrodes being supported

between said source and said collector electrode.

means. .

3. An electric discharge device comprising a
source of electrons including means for confining
said electrons in a generally planar region, said
means including electrode means positioned on
opposite sides of said region, a plurality of con-
trol electrodes supported in mutually spaced and
insulated relation on one side of said region, &
substantially planar control electrode supported

on the opposite side of said region abutting said-

plurality of control electrodes, a pair of collecting
electrodes for selectively collecting electrons
emitted by said cathode in accordance with the
energization of said control electrodes. -

4. An electric discharge deévice comprising an:

elongated cathode, a plurality of electrodes sup-
ported in mutually spaced and insulated relation
in a circular array concentric with said cathode
and lying in a plane substantially perpendicular
to the axis of said cathode, a substantially cir-
cular electrode stipported concentrically with said
cathode and spaced longitudinally of said cathode
with respect to said plurality of electrodes, and
collector electrode means surrounding said cath-
ode and said control electrodes. o

5. An electric discharge device comprising an
clongated cathode, a plurality of confrol elec-
trodes supported in mutually spaced and insulated
relation in a circular.array concentric with said

cathode, a substantially circular. electrode sup- ¢

ported concentrically with’' said cathode and
spaced longitudinally of said cathode with respect
to said plurality of electrodes, and collector elec-
trode means surrounding said cathode and said
control electrodes. )

6. An electric discharge device comprising an
elongated cathode, a plurality of radially extend-
ing control electredes supported in mutually
spaced and insulated relation in a circular array

concentric with said cathode and lying in a plane 4

substantially perpendicular to the axis of said
cathode and providing a polyphase electrode
system, a substantially annular electrode -sup-
ported concentrically with  said cathede and
spaced longitudinally of said cathode with respect
to said plurality of electrodes, and collector elec-
trode means surrounding said cathode and said
control electrodes.

7. An electric discharge device comprising a
substantially cylindrical collector electrode, a pair
of members of magnetic material each including
2 marginal planar portion and a central flange
portion defining an opening of gradually decreas~
ing diameter, said members being supported at
opposite ends of said electrode with said flanges
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directed inwardly and terminating in spaced re-
lation, a cathode supported centrally in the open-
ings defined by said flanges, and a coil surround-
ing said members for producing a flux in the gap
between said flanges to control the electrons
emitted by said cathode. .

8. An electric discharge device comprising a
substantially cylindrical collector electrode, a pair
of members of magnetic material each including
2. marginal planar portion and a central flange
portion defining an opening of gradually decreas-
ing cross section, said members being supported
at opposite ends of said electrode with said flanges
directed inwardly and terminating in spaced
relation, a cathode supported centrally in. the
openings defined by said flanges, and a pair of
control electrode assemblies supported respec-
tively in the openings defined by said members
and between said cathode and said collector
electrode. ‘

9. An e¢lectrode assembly comprising g -disk-
like member of magnetic material having a cen-
trally ‘located aperture defined by 2 flange of
gradually decreasing diameter, an electrode as~
sembly supported from said member and extend-
ing within said opening including a cylindrical
electrode, an insulating spacer member surround-
ing said cylindrical electrode and engaging the
inner wall of said flange, and a disk-like elec-
trode secured in engagement with said insulating
spacer and in concentric relation with said cy-
lindrical electrode.

10. A polyphase electrode assembly comprising
an. insulating cylinder, a plurality of wire-like

s electrode elements each element including a

radial portion extending across a portion of one
end of said cylinder and an axial portion lying
along the outer surface of said cylinder, said

-elements being supported in uniformly 'spaced

relation with the longitudinal portions of ad-
jacent elements extending along the surface of
the eylinder at- different distances, said conduc-
tors being arranged in symmetrical groups hav-
ing longitudinal portions of equal lengths, a
plurality of conductive washers surrounding said
cylinder and supported in spaced insulated re-
lation, the conductors of each group béing con-
nected with a different one of the washers.

. ~11, An electric discharge device system com-
prising cylindrical collector electrode means in-
cluding mutually insulated complementary col-
lecting surfaces, a source of electrons including
means for confining said electrons in & relative-
Iy narrow region in the direction of the axis
of said cylinder, a polyphase deflecting elec-
trode system supported on one side of said region
from said source and said collector electrode
means, an electrode supported on the opposite
side of said region, a polyphase supply of
carrier voltage including a neutral connection,
and means energizing said polyphase electrode
system with the phase voltage of said supply and
said electrode with the voltage of said neutral

connection.

12. An electric discharge device system com-
prising cylindrical collector electrode means in-
cluding mutually insulated complementary col-
lecting surfaces, a source of electrons including
mesns for confining said electrons in a relative-
Iy narrow region in the direction of the axis of
said cylinder, a polyphase deflecting electrode
system supported on one side of said region and
petween said source and said collector electrode
means, an electrode supported on the opposite
side of said region, a polyphase supply of car-




2,461,250

. 1 1.
rier voltage -including a neutral connection,
means energizing said polyphase electrode sys-
tem  with ‘the phase. voltages-of said supply and
said electrode with the voltage of said neutral
connection, and means comprising a unidirec-
tional bias voltage between: sald neutral connec-
tion and said electrode.

-13. In combination, cyhndrlcal collector elec-
trode means ihcluding mutually ‘insulated com-
plementary collecting surfaces, a source of elec-
trons- including means for confining -said elec-
trons in a relatively narrow region in the direc-
tion of the axis of said cylinder, a polyphase de-
flecting electrode system supporied between said
source and said collector electrode means- for
producing a repetitive deflection of ‘electrons pro-
vided by said source from one of said surfaces
to-the other, and a self-biasing circuit connected
with one of said surfaces to maintain it at a
substantial negative voltage with respect to the
other of said surfaces.

* 14, An-electric discharge device comprising a
pair of concentrically arranged: cylindrical col-
lecting electrodes, a pair of apertured disks of
insulating - material positioned respectively on
opposite ends of said electrodes, a pair of mem-
bers of magnetic materiai, each of said mem-
bers comprising a marginal planar portion and a
central flange portion defining a central opening,

said members being assembled on said disks with -

said flanges extending inwardly through the aper-
tures of said disks and terminating in spaced
relation to provide a central gap; and a cath-
ode suppor ted thhm the openmg deﬁned by saxd
flanges.

15.- An electric discharge device comprising a’

pair of concentrically arranged cylindrical col-
lecting electrodes, a pair of apertured disks of
insulating material positioned respéctively on
opposite ends of said electrodes, a pair of mem-
bers of magnefic material, each of said members
comprising a marginal planar portion and gz
central flange extending substantially perpen-
dicular to said marginal portion and defining o
central opening, said members being assembied
respectively on said disks with said marginal
portions in parallel relation and said flanges ex-
tending inwardly through the apertures in said
disks and terminating in spaced relation, a cath-
ode "supported centrally within the opening
defined by said flanges, control electrode means
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positioned between said cathode and said flanges
for producing a defiection of the electrons emitted
by said cathode and in an axial direction with
respect to said cylindrical electrodes, and means
cocperating with said members of magnetic ma-
terial for producing a magnetic field between the
ends of said flanges.

16. An electric discharge device comprising a
pair of concentrically' arranged cylindrical col-
lecting electrodes, a pair of members of magnetic
material, each of said members comprising a
marginal planar portion and a central fiange ex-
tending generally perpendicular to said marginal
portion and defining-a-central opening, said mem-
bers - being assembled “respectively on opposite
ends of said cylindrical collecting electrodes with
said marginal portions in parallel relation and
with said-flanges extending inwardly and ter-
minating in spaced relation to provide a control
gap, a cathode supported within the opening
defined by said flanges, and control electrode
means positioned between said cathode and said
flanges for producing a deflection of the elec-
trons emitted by said cathode and in an axial
direction” with respect to said cylindrical elec-
trodes.

17. A three-phase cylindrical electrode system
for collecting electrons selectively in accordance
with a repetitive displacement of the electrons
in an axial direction comprising a cylindrical
electrode  having three sets of openings with
each opening having a width ecorresponding to
180° at-a predetermined frequency and with the
first opening of the second and third groups dis-
placed a distance corresponding to 120 electrical
degrees at said frequency with’ respect to the
last opening of the preceding group, and three
mutually insulated electrode means supported
outside of said cylindrical electrode.

- FRANCIS M. BAILEY
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