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1
This invention relates generally to high current
electran gun devices and systems and more par-
tienlarly to the comhination of such devices in

- apparatus such :as -psgillaters, amplifiers, mod-

ulators and mixers wherein the density of an

electron beam is varied, that is, the beam is con-

centrated and dispersed by variations of .space

charge neufralization and with negligible ac-

companying electron velocity variations.

In applying eleetron guns to microwave devices
and their associated eircuits, it has been most de-
sirable in the past that the electron beam be
fing, ‘dense -and concentrated. These .qualities
have been semewhat improved by the use. of
various electron focussing devices and partic-
ular forms of fleld-free arrangements, none of
which. are similar, individually er in combina-
tion, with the methods and apparatus disclosed
herein :and set forth in the appended claims.
U..8. Patent 2,111,940 discloses, for example, a
focussed eleetron heam in a metal envelope that
burperts to establish a field-free .space. The
beam is shielded from extraneous fields only by
the:metal envelope, as in-.a wave-guide structure,
butit is definitely stated that “the ionization poO-
tential.of the gas filling” is “net reached” (lines
20,.21, column 1, page 3). The space hetween
electrode § and chamber wall 2 in this: patent is,
therefore, not field-free in that the beam itself
produces 2 field as it consists.of charged particles.
In . 8. Patent 1,565,873, is .disclosed the neu-
tralization of the space charge throughout the
whale general space through which passes “a
pexiod of cathede rays.” There is no.suggestion
in. this patent that a heavy current beam, that
is being focussed at a point, is .concentrated by
the trapping.of ions within the beam itself. Fur-
“thermore, in the-devices disclosed herein the gas
pressures are not critical.

However, in: neither .of the reference patents
cited.is.there disclosed the -concentration of the
beam and the dispersion of the beam as .a step
in -the method -of using the phenomenon ;of ion
trapping for new and useful purposes .of gener-
ating; modulating, amplifying, and- mixing -of
. cwyents. Likewise, the patents cited -do net dis-
cloge: the structures deseribed and claimed here-
n..

Icopending application filed on December 31,
1948, .in the name of Ernest:G. Linder, Serial No.
-~ 68,605, there is disclosed and claimed the method
of and @pparatus-for:controlling ‘the density of an
electron beam and the :combination of the .con-
trolled beam:with microwave oscillator and med-
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This control of the density of the beam is-.ac-
complished by establishing a. field-free region in
the medium through which the beam passes,
whereby the ions, formed by the ionization of
the residual atoms in the gas of the medium by
collisions with the electrons of the ‘beam, are
trapped within the beam and neutralize the space
charge therein. Control is thereby had of the
size.of the beam. It may be reduced or dispersed
at its approaches the apertures in the resonant
cavity of an oscillater or the aperture in the col-
leeting structure of a modulator or amplifier.
Means is also provided in said copending system
for employing a magnetic field to assist in .con-
centrating the beam.

When the improved beam device is. combined
in @ structure, such as an -oscillator, the effi-
ciency of the system is increased by the improved
beam eoncentration, thus providing for a larger
bercentage of the electrons to pass through the
restricted aperture in the resonant cavity of the
ascillator. Also, dispersion in the drift space .of
the -oscillator is reduced, with attending .decrease
in debunching. When the improved beam. .de—
vice is combined ‘with & modulator or amplifier
struecture, the efficiency .of the device is increased
because the heam is denser and finer and smaller
apertures may be used. With such apertures and
fine beams, ;& small dispersion results in ., large
bropertion of the .electrons not passing through
the aperture, which is a measure .of. the efficiency
of the .device as an amplifier or modulator.

‘The present, invention. is an imprevement over
that.disclosed in the said -application in that thexe
isprovided herein a separate -electrode to vary or
control the space .charge heutralization provided
by drapping the positive ions in the electron
beam and hence the degree of fineness- or -¢is-
persion of the beam. Were an -accelerating elec-
trode used for this purpose, as -diselosed in -said
application, the currents in the ‘varying or mod-
ulating -cireuit would be larger and there would
be less freedom -of choiee in the selection of the
varioeus voltages for -different -geometries of con-
struetion and arrangements -of the ‘involved de-
vices.

In this application the invention is also dis-
closed in combination with the structures of
amplifiers, oscillators and mixers of currents of
different frequencies, to obtain a eurrent of an
intermediate frequency. In the latter -embodi-
ment-of the invention there is provided ‘the com-
Bination in. the .one device of two methoeds of
bBeammedulation by the use-of two separate elec-
trodesito-accomplish mixing, one of the electrodes
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being a control grid adjacent the cathode, and
the other electrode providing control of space
charge neutralization within the field-free space.
Among the objects of the invention is to pro-
vide a method of and apparatus for producing a
high current density electron beain. i ‘
Another object of the invention is to provide
a method of and apparatus for controlling the
density of an electron beam. :
Another object of the invention is to provide a

field-free space in the region of an eleéctron beam.

to neutralize the space charge within the beam.
Another object of the invention is to control

Faraday cage 8, which is connected to suitable
conventional indicating instruments, not shown,

. to observe the currents of the beam passing

«
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the density of an electron beam as it approaches:

an aperture, to control the proportion of elec~
trons that pass therethrough and thereby ac-
complish current modulation.

Another object is to provide 1mprox}ed methods

of and means for controlling the space charge
neutralization of an electron beam device and
system. :

" A further object is to provide improved methods
of and means for generating, amplifying or mix-
ing or modulating electric currents by controlling
space charge neutralization in an electron beam
device or system.

Another object is to provide improved methods
of and means for controlling space charge neu-
tralization in an electron beam device with neg-
ligible accompanying electron velocity variation.

Another object of the invention is to control
the density of an electron beam in accordance
with the frequency characteristics of two electric
currents and thereby accomplish the mixing of
the currents to produce a current of an inter-
mediate frequency.

Other objects will be apparent from the de-
seription of the invention as hereinafter set forth
in detail and from the drawings made a part
thereof in which Figure 1 is a diagrammatic
sketch of arrangement of the basic elements of

the invention; Figure 2 is a diagrammatic sketch -

of the elements of Figure 1 applied to a reflex-
klystron; Figure 3 is a diagrammatic sketch- of
another embodiment of the invention applied fo a
modulator structure; Figure 4 is a diagrammatic
sketch showing the application of modulation to
the arrangement disclosed in Figure 1; Figure 5
is a plot showing the relation of (1) values of the
ratio of collected current to heam current to (2)
the values of the beam current in the circuit set
forth in Figure 3; Figures 6, 7 and 8 are associ-
ated characteristic curves of the arrangement
shown in Figure 3; Figure 9 is a diagrammatic
sketch of a further embodiment of the invention
applied to a signal mixer; Figures 10 and 11 are
associated characteristic curves of the arrange-
ment shown in Figure 9; and Figures 12a, 12, 12¢,

12d and 12e are associated characteristic curves
" 60

of the arrangement shown in Figure 9. -
_ Similar reference characters are applied "to
similar elements throughout the drawings.
Referring to Figure 1, numeral { represents a
spherical cathode, as a source of a focussed elec-
tron beam. Additional focussing may be obtained
by a focussing ring or electrode 2 positioned near.
the periphery of cathode | and maintained at an
appropriate negative potential, in any conven-
tional manner.

The electrons in the beam are projected to-

wards and accelerated by electrodes 3, 4 and 5,
which are maintained at positive potentials Vs,
V. and Vs respectively, by electric source 6. In
the center of electrode 5, and in the axis of the
beam, is aperture 1. Aligned with aperture Tis.a

20

25

30

35

40

45

50

70,

75

collected by Faraday cage 8.

through aperture 1. The device may be ground-
ed as at 8. .

In operation, electrons in the beam are ac-
celerated by the electrodes 3, 4 and § toward the
aperture T and after passing therethrough are ’
The -amount of
current collected under the influence of the vari-
ous potentials placed upon electrodes 3, 4 and §
is o measure of the fineness or the density of the
beam or its dispersion.

The spherical cathode | and focussing electrode

"2 should produce a beam converging at aperture

1 into o fine focus. However, a space charge is

puilt- up within.the beam due fo the like charges

of the electrons constituting the beam and the
beam electrons collide with the residual molecules
of the medium causing ionization of molecules of
the medium and thereby creating additional elec-
trons. The electrons created: by the ionization
of the medium are of relative low velocity, are
repelled by the electrons in the beam, and drift.
away from the beam. The ions, being charged -
positively, are attracted to and trapped within
the beam where they neutralize the space charge
created by the charges of electrons in the beam
itself. : ’ -
Without the electrode 4, the field outside the
substantially field-free space between electrodes
3 gnd 5 would extend through the aperture or
window in-electrode 3, causing ions in the field-

-free space to drift towards the cathode 1.. The-

presence of electrode 4 with its positive poten-
tial effectively closes the aperture in- electrode 8
insofar as field penetration from without and ion
drift from within. the free-field space is con=_
cerned. A grid structure across the aperture in-
electrode 3 would -operate similarly, but--would
have the disadvantage that considerable grid cur-
rent would result, whereas electrode 4 -draws -
negligible current.’ o

There: is thus provided a field-free region
through which the beam passes without the dis- -
persion that would otherwise occur and with
negligible change in the velocities of the elec-
trons. It is apparent, then, that with variations
of the forces establishing the field-free space, the
configuration of the said space may be varied and
thus the density of the beam may be varied. - The
beam may thus be concentrated to its optimum’
fineness or dispersed and thereby control may be
had of the proportion of the electrons of the beam
that pass through aperture 1. Modulation or
amplification is thus provided. -

The embodiment of the invention in various
structures to obtain ‘the desired results will be
disclosed hereinafter, including the embodiment
of the invention to provide the mixing of currents
of different frequencies-to obtain a current of an
intermediate frequency. T ] )

In practice, it is preferable in general that the-
potential placed on eléctrode 3 should be higher
than that on electrode 5-and the potential placed
on electrode 4 shotild be less than that on elec-
trode 5. The magnitudes of these potentials,
however, depend on the geometry of the device.
Tn the arrangement tested, the potentials onelec-
trodes 3,5 and 4 were: V3=300 volts, V5=290
volts and V=280 volls, = IR
_ Referring to Figure 2, the invention is com-
bined with. a reflex-klystron structure. Here,
the electrode 5 of Figure 1.has added to it the
side wall 5a to form the resonant cavity.: Elec»
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trodes 3a and 4a are added to create a fleld-free-
drift space between wall 5 of the resonant cavity'

and repeller electrode 10, which is connected to
a source of negative potential (—Vr), and is sub-
stituted for the Faraday cage 8. Electrode 4 con-
trols the field penetration at the aperture in
electrode 8 and therefore controls the configura-
tion of the field-free region, as previously de-
seribed.

The modified reflex-klystron operates in the
conventional manner, as is well known in the
art, but with greater efficiency because the elec-
tron beam is not dispersed by the otherwise pres-
ent space charge, especially in the drift space
where debunching is prevented.

Referring to Figure 3, the invention is incor-
porated into a modulator structure. Hére, the
electron beam is supplied by cathode { and the
electrons thereof are accelerated by electrode 3,
which is in the form of a grid and is positioned.
in the axis of the beam. The electrons are also
accelerated by electrodes 4 and 5. The electrons
pass through aperture T in electrode 5 and are
collected by the electrode 10. Load resistance i1
and electric source 12 are connected in series with
each other between electrode 10 and ground 9.
Modulating electrode 4 is connected to one termi-
nal the secondary of transformer 13, the primary
of which is connected to the source (4 of the
modulating. current. The other terminal of the
secondary of transformer i3 is connected through
source 6 to ground 9. Electrodes 3 and 5 are
connected to source 6. Electrode 4 is biased as
to electrodes 8 and 5 by connecting electrodes
3 and 5 to the end positive pole of source 6 and
electrode 4 is connected to an intermediate posi-

tive pole of source 6. The potentials of electrodes.
- 3 and & above ground is designated as Va and the

bias potential of electrode 4 below electrodes 3
and § is designated as Vo. The electric potentials
induced in the secondary of transformer i3 are
designated as es sin otf. :

In operation, if the potential on electrode & be
held constant, biased as to electrodes 3 and 5

- by Vb, the beam would be maintained at its opti-

mum density. However, when the potential on
electrode 4 is varied by the potentials applied
from source {4 through transformer 13, the beam
is concentrated and dispersed according to the
characteristics of source 14. This results in g
modulated current being collected by electrode
10, It is apparent that the same effect on the
keam could be had by varying. the potential.on
grid 8 with respect to the potential on- electrede

5. This may be accomplished by connecting the:

secondary of transformer i3 between grid 3 and
source §. It is also apparent that with this latter
arrangement, a comparatively weak signal im-
bressed upon electrode 3 may control the density
of the beam and provide an amplification of the
signal through the load resistance 11.

The arrangements shown in Figure 4 are the
same-as those in Figure 1 except. that electrode
4 has impressed upen it the modulating voltage
es-sin i through transformer i3 and a load cir-
cuit, including load resistance i1, electric source
12:and ground 9, is substituted for Faraday cage
8. and- associated indicating instruments, not
shown, as heretofore described.

.. The construction and circuit arrangements of
Figure 4 are similar to those in Figure 3 except
that the aperture in electrode 3 in Figure 4 is
open ‘whereas electrode 3 in Figure 3 is in. the
form of a grid. There is thus provided inh Fig~
ure 4 a new type of amplifier which depends in:
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6

its-operation on controlling the density of: a com= -
paratively large beam current by a small ¢urrent
that affects the spaee charge in a region bounded
by an open electrede with aperture at the point
of entrance of the beam into the said region and
by & restricted aperture in the electrode at the
exit point of the region.

The operating characteristic curves are shown
in Figures 5, 6, 7 and 8. In Pigure 5 is plotted
the relation between (1) the ratio of current
flowing to collector 18 (Ic) to the total beam cur-
rent (In) to (2) the total beam current (In). The
solid line in Figure 5-shows this relation when
Vi=V3=V;5 and the dotted line in Figure 5 shows
this relation where Vs-is less than V3 and Vs.

It will be noted from these curves that the ratio
of Ic to I» decreases for increases of Ip. -This is
apparently due to a decrease in effective trap-
ping.

When' the potential cn electrode 4 is reduced
with respect to electrodes 3 and 5, the region
through which the beam passes is less field-free
and the positive ions, created by ionization of the
medium, are swept out of this region, with at-
tending building up of space charge, which in
turn causes the beam to be dispersed.

The coincidence of the solid curve with the-
dotted curve at low values of In, when the beam
dispersion due to space charge is negligible, indi-
cates that the focussing of the electron optical
system is not disturbed by the variations of po-
tentials placed on electrode 4.

In Figure 6 is plotted the relation between the
current collected by electrode 18 (Io) to differ-

- ences in potentials between electrode 4 and elec-

trodes 8 and 5 (Va) for the two beam currents
I: and Is, Figure 5. The value of I. for It (dotted
curve) in Figure 6 is practically constant over the
complete range of Vg, which indicates that the
defocussing of the beam is negligible, as there
are no space charge limitations. The solid curve
(I2) indicates the actual change in current den-
sity due to the variations in the potentials placed
on electrode 4 relative to the potentials placed on
electrodes 3 and 5.

The effect of applying a signal voltage (es sin
wt) on electrode 4 is shown graphically by Fig-
ures 6, 7 and 8, the ordinate axis of Figure 6 be-
ing aligned with the ordinate axis of Figure 7 and
the abscissa axis of Figure 6 being aligned with '
the abscissa axis of Figure 8. Values of the vary-
ing voltage (es sin wi), biased by the value Vb
(Figure 7); are projected by projection lines 21
onto Figure 6 and the corresponding value of Ie
are projected onto Figure 8 (I versus time) to
obtain the modulated values, In.

Referring to Figure 9, the invention is shown
incorporated into a mixer or an arrangement for
converting currents of two frequencies to a. dif-
ferent frequency, called the intermediate fre-
quency. Here, a focussed electron beam is pro-
duced by spherical cathode 1, with supplementary
focussing electrodes 2, as previously diseclosed.
The beam passes through control grid ¢;: and ac-
celerating grid ge, through the cavity formed by
electrode §, and through the aperture 7 of elec-
trode 6. The electrons are collected by electrode
10. The load circuit consists of primary of trans--
former 15, electric source 12 and ground 9. A
capacitor 16 is connected in parallel with source
12 to by-pass the radio frequency currents. The
output of the device is the secondary of trans-
former 1I5.

Control grid ¢ is biased above ground or neu-
tral potential by electric source 11 and has im-




18 of the first frequency current. Electrode 5 has

from source 8, varying potentials from the source
tial from source 20, which biasses grid g2 with re-

21 is connected in parallel with source 6 to by-pass
the radio frequency currents.
sources 12 and '8 are substantially equal to each
other.

The operation of the device is explained graph-
ically by the characteristic curves in Figures 10,
11; 12¢, 12b, 12¢, 12d, and 12e. The effect of
potential changes on grid ¢: alone is observed by
maintaining constant the potential on grid ge.
There being no change in potential of source §,

constant.

A varying potential e:, that of the first fre-
quency current source 18, is placed upon grid g1,
with a biasing potential from source 7. The
value of the current in the beam passing between
the grid g2 and the electrode 5, Ik, is determined
by the usual relation Aixk=GmiAes, where Gmi
is the transconductance of the device. The plot
of this relation is shown in Figure 11. The re-
lations between the values of the current Ix and
the current collected by electrode 18, Ic, is ob-
served and is plotted in Figure 10. It is thus pos-
sible to obtain the values of current I. for varia-
tions of ez by projecting (lines 2{) correspond-
ing values of Ix determined from the curve in Fig-
ure 11 to equal values of Ix in Figure 10, to obtain
the corresponding values of I.. 'The curve i,
Figure 10, indicates the instantaneous or time (2)
values of Ie.

constant, the value of Ix is constant and the effect
of placing a varying potential (e2 sin »f) on grid
g2 can be determined as disclosed with refer-
ence to Figures 6, 7 and 8, for individual values of
Ix. A series of curves can, therefore, be plotted,
as in Figure 12¢, for the constant values of Ix,
of Ci1, Cz and Cs, respectively.

A composite group of curves may then be plot-
ted, as in Figures 12q, 12b, 12¢, 12d. and 12e, in
which the biased instantaneous values of em

Figure 12¢ to obtain instantaneous values of Ik.
The biased values of eg2 (Figure 12b) may be pro-
jected by lines 21 onto Figure 12a. By selecting
the individual curve of Figure 12a, correspond-
ing to the instantaneous value of Ik obtained
from Figure 12¢, the instantaneous values of

ted as in Figure 12e.
It will be apparent that the control grid g1

the constructions and circuits shown in Figures
2, 3 and 4 by placing grid g1 in effective control
position in relation to cathode { in the said fig-
ures as is shown in Figure 9. The arrangements
thus combined provide other mixing circuits.

There is thus disclosed a'method of and appa-

ratus for establishing a field-free region in micro--
wave devices and neutralizing the space charge.

of the region by trapping the positive ions within
the region to concentrate or sweep out the ions
to “‘accomplish current modulation amphﬁcatmn
or mixing.

I claim as my invention:

1. A reflex-klystron device including a source

pressed upon it varying potentials from the source -

impressed -upon it 2 positive potential from elec- -
tric source 6.. The potentials impressed upon ac- :
celerating grid ¢z includes a positive potential .

19 of the second frequency current and a poten-.
spect to electrode 5 and collector 10. A capacitor -

The potentials of

the bias of grid g2 with relation to electrode §is-

When the potential on grid g: is maintained

(Figure 12d) may be projected by lines 21 onto ¢

the intermediate frequency current may be plot-_

and its associated circuit may be combined with,
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of electrons, means for prov1d1ng a focussed beam -
of electrons therefrom, a resonant ca.v1ty,areﬁect-.»
ing electrode, and a plurality of accelerating elec-
trodes that define boundaries of a substantially
field-free region in said medium surrounding said
ca.v1ty each of said accelerating electrodes having.
an aperture therein the centers of which aper-
tures are in the axis of said beam, and means for.
controlling the ‘density of said beam comprising
means for imposing electric potentials upon said
region .in the vicinjties of the said apertures,
whereby the configuration of said field-free region
in ‘the vicinities of said apertures are controiled.

‘2. A reflex-klystron device including a source
of electrons, means for pr0v1d1ng a focussed beam
of electrons therefrom, & resonant cavity, a re-
ﬁectmg électrode, and a plurality of accelerating
electrodes that define boundaries of a substan~
tially field-free region in said medium surround-
ing sald cav1ty each of said acceleratmg electrodes
having an aperture therein the centers of which
apertures are in the axis of said beam, and means
for varlably controlling the density of said beam
comprising means for imposing -varying -electric
potentlals upon said region in the vicinities of the
said apertures, whereby the configuration of said
field-free region in the vicinities of said aper-
tures are variably controlled.

3. Apparatus for mixing two currents of dif-
ferent frequency characteristics to obtain a cur-
rént of an intermediate frequency comprising:
means f01 prov1d1ng a focussed electron beam in
a- gaseous medium having -a field-free region,
means-for varying the density of said beam in one
region of said medium in accordance with the first
of said currénts, means for projecting said beam
through a second and substantially field-free re-
gion of said medium whereby the space charge
within the beam is neutralized, a restricted aper-
ture device, means for projecting the said beam
through said restricted aperture, means for col-
lecting the electrons of the beam that pass
through the said aperture, and imeans for varying
the confizuration of the said second region in
accordance with the second of said currents,
whereby the said beam is concentrated and dis-
persed as the said beam approaches said aper-.
ture and the portion of the electrons in said
beam passing through said aperture is varied in
accordance with the characteristics of the second
of said currents.

4. Apparatus for mixing two currents of dlf-
ferent frequency characteristics to obtain a cur-
rent of an intermediate frequency comprising:
means for providing a. focussed electron beam

5 in a medium having a field-free region, means

for providing an electric field in a first region‘in
the path of said beam, means for varying the
said electric field in accordance with the charac-
teristics of the first of said currents, means for

projecting the said beam through a second and -

substantially field-free region of said said medium
whereby the space charge within the beam is
neutralized, a restricted aperture device, means
for passing the said beam through said restricted
aperture, means for collecting the electrons of
the beam that pass through the said aperture,
and means for varying the configurations of the
said second region in. accordance with the char-
acteristics of the second of said currents where-
by the said beam is concentrated and dispersed
as the said beam approaches said aperture and
the portion of the electrons in said beam passing
through said aperture is varied in ‘accordance
with the charactenstms of the second of sa.ld

5 currents,
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5. Apparatus for ‘mixing two currents of dif-
ferent frequency characteristics to obtain a cur-
rent. of an. intermediate frequency comprising:
means for providing a focussed electron beam in

8. medium having a field-free region, means for -

- varying the density of said beam in one region
of said medium in accordance with the frequency
characteristics of the first of said currents, means

for ‘projecting the said beam through a second

and substantizglly field-free region of said me-

tlum, the entering boundary of said second region
being .a grid and the exit boundary thereof be-
Ing a restricted aperture, means for impressing
position potentials on said boundaries, the grid
boundary being biassed positive with respect to
said aperture boundary, means for superimpos-
ing on said grid a potential varying in accord-
ance with the frequency characteristics of the
second of said currents, whereby the said beam
is concentrated and dispersed as it approaches
said aperture in accordance with the frequency
characteristics of the second of said currents,
and means for collecting the electrons that pass
through said aperture as the current of said in-
termediate frequency.

6. An electron device including: an electron
beam source and a focussed electron beam emitted
thereby, a series of electrodes consisting of three
apertured electrodes and s solid electrode juxta-
posed said beam. the centers of the apertures in
sald apertured electrodes and the center of said
solid electrode being positioned in the axis of the
beam, whereby an uninterrupted path for the
electrons of said beam is provided from said source
to said solid electrode, means for impressing
positive electric potentials on said apertured elec-
trodes. whereby a substantially field-free region
is established between said apertured electrodes,

and means connected to said solid electrode for

collecting the electrons in said beam that pass
through said apertured electrode.

7. An electron device including: an electron
beam source and a focussed electron beam emitted
thereby, a series of electrodes consisting of
three apertured electrodes and a solid electrode
juxtaposed said beam, the centers of the apertures
In said apertured electrodes and the center
of the said solid electrode being positioned in the
axis of the beam, whereby an uninterrupted path
for the electrons of said beam is provided from
said source to said solid electrode, means for im-
pressing positive electric potentials on said ap-
ertured electrodes, whereby a substantially field-
free region is established between said apertured

electrodes, the potentials on the electrodes near- ;:

est the said source and the said solid electrode,
respectively, being positive and substantially
equal to each other, the potential on the inter-
mediate apertured electrode being positive and
of a less potential than the potentials of the other
apertured electrodes, and means connected to
said solid electrode for collecting the electrons
in said beam that pass through said apertured
electrode.

8. An electron device including: an electron
beam source and a focussed electron beam emitted
thereby, a series of electrodes consisting of
four apertured electrodes and a solid electrode
juxtaposed said beam, the axis of the apertures
in said apertured electrodes and the axis of the
said solid electrode being positioned in the axis
of the beam, whereby an uninterrupted path for
the electrons in said beam is provided from said
source to said solid electrode, means for impress-
ing positive electric potentials on said aperfured

10

electrodes whereby a substantially field-free

- region is established between said apertured elec-
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trodes the potentials on the electrode nearest the
said source and the electrode nearest said solid
electrode, respectively, being substantially equal
to each other, the potential on the two interme-
diate apertured electrodes being positive and of
a less potential than those of the other apertured
electrodes, a resonant cavity positioned between
the two said intermediate electrodes and means
connected to said solid electrode for reflecting
the electrons in said beam that pass through said
apertured electrodes in a reverse direction into
said cavity, whereby electric oscillations are pro~
duced in said cavity.

9. An electron device including: an electron
focussed beam source and an electron beam
emitted thereby, a series of electrodes consisting
of three apertured electrodes and a solid electrode
juxtaposed said beam, the centers of the apertures
in said apertured electrodes and the center of
the said solid electrode being positioned in the
axis of the beam whereby an uninterrupted path
for the electrons of said beam is provided from
sald source to said solid electrode, means for im~
pressing positive electric potentials on said aper-
tured electrodes whereby electric fields are
established between said apertured electrodes,
means for supplying a modulating current, means
for impressing potentials on said intermediate
apertured electrode in accordance with the fre-
quency characteristics of the said modulating
current, and means connected to said solid elec-
trode for collecting the electrons in said beam
that pass through said apertured electrodes,
whereby the said collected electrons constitute
a current the frequency characteristics of which
correspond to those of the said modulating cur-
rent.

10. An electron device including: an electron
beam source and a focussed electron beam emitted
thereby, a series of electrodes constituted of three
apertured electrodes and a solid electrode juxta-
posed said beam, the centers of the apertures in
the said apertured electrodes and the center of
the solid electrode being positioned in the axis of
said beam and the apertures of the two aper-
tured electrodes nearest the said source being in
the form of grids, means for supplying a current
of a first frequency, means for supplying a cur-
rent of a second frequency, means for impressing
on the said apertured electrode closest to said
source a constant positive potential and super-
imposed thereon potentials corresponding to said
first frequency current, means for impressing on
the said apertured electrode next closest to said
source a constant positive potential and super-
imposed thereon potentials corresponding to said
second frequency current, means connected to
said solid electrode for collecting the electrons of
said beam reaching said solid electrode whereby
the collected electrons constitute a current of said
intermediate frequency, and means for utilizing
said collected current.

11. A gaseous medium electron device includ-
ing a source of electrons, a plurality of accelerat-
ing electrodes which define boundaries of a sub-
stantially field-free region in said medium, said
elecirodes having coaxial apertures therein,
means for focusing electrons from said source into
a beam coaxial with said apertures, means for
accelerating said beam to pass through said elec-
trode apertures, means for applying potentials to
sald boundaries of said region to establish said
fleld-free region thereby creating ions in said
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" region by collisions of said ‘electrons with the
molecules of said medium and hence trapping
said ions within said beam within said region to

_neutralize the space charge in said beam in said
region, and means for imposing an electric ‘po- -

tential upon the boundaries of said region in the
vicinity of the said aperture closest to said source
. for controlling the density of said electron beam
passing through said region. i

: ) JOHN H. COLEMAN.
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