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1 2
This invention relates to thermionic tubes of be understood that a magnetic field is necessary

the pencil beam type.

Recent developments in pencil beam type tubes
have indicated the versatility of the tubes of this
type, and the possibility of using this type of tube
not only as ultra-high frequency power and volt~
age amplifiers, but also as ultra-high frequency
oscillators. The most recent application of the
pencil beam type tubes (hereafter referred to as
beam tubes) to the ultra-high frequency tech-
nigques is currently known as “traveling wave
tubes” which may be used as ultra-high fre-
guency amplifiers, The latter application of the
beam tubes has especially accentuated the im-
portance of these tubes because of the previously
sncountered difficulties with the amplification of
any ultra-high frequencies. Moreover, the ver-
satility and the high degree of usefulness of the
heam tubes in the ultra-high frequency field has
become especially apparent after the development
of the multiplex amplifier circuits which render
the beam tubes useful as ultra-high frequency
amplifiers for complex multi-channel signals.

It has become apparent in the course of the
development of the traveling wave amplifiers that
optimum results and high power outputs are most
easily obtainable with hollow electron beams,
which are in the form of hollow circular cylin-
ders, and have high electron current density in
the beam. In the prior beam tubes it has been
difficult to obtain high current density in the
beams because of the configuration of electrodes
and cathodes; in the beam tubes now in use the
emissivity of the cathodes and the space charge
within the sgun electrodes, or space charge of the
heam have been the most serious limiting factors
in obtaining high current density in the beams.
Qince the power output of the beam tubes de-
pends upon the cathode-anode current, and the
latter is a direct function of the electron density
in the beam, it is obvious that maximum elec-
tron beam density is necessary if one is to obtain
high power output from the tubes of this type.

This invention discloses hollow pencil beam
tubes in which higher beam electron current
densities in parallel beams are obtainable than
in the tubes of this type now in use by construc-
ing specially shaped electrodes for producing ac-
celerating electrostatic fields, and by combining
its action with the action of a strong magnetic
field, the two producing a hollow electron beam
with high current density. The increased density
is obtained in such a manner that the cathode
surfaces do not act any longer as g limiting fac-
tor in obtaining high current densities, which
is the case in the hollow beam tubes currently
in use. In the disclosed tubes the only substan-
tial ultimate limiting factor upon the current
density in the beam at a given acceleration po-
tential is the electron space charge in the beam,
and the concomitant interelectron repulsive
forces. Because exceptionally high electron cur-
rent densities, of the order of 1 to 4 amperes
per square centimeter, are being discussed, it must
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to maintain the focus of the beam.

1t should be noted that in the prior art high
beam current densities have been obtained, which
are even higher than 4 amperes per square centi-
meter. However these higher densities exist only
at the focal points of the converging beams, and,
as such, are not applicable or suitable for the
purpose at hand since only parallel, and prefer-
ably hollow-beams can accomplish any useful
purpose in the traveling wave tubes. Accord-
ingly, hereafter, when electron beams are spoken
of it will be understood that only electron beams
of substantially uniform cross section along their
axes are being spoken of, or beams which are
equivalent to a parallel beam of light, being de-
void of focal peints, or scalloping.

T.eon Brillouin, in an article appearing in Phys.
Rev. 67, 260-265, (1945), entitled “A theorem of
Larmor and its importance for electrons in mag-
netic fields” (see also L. M. Field, Reviews of
Mod. Fhys., vol. 18, #3, July 1946, page 361, “High
current electron guns’”) has suggested the use
of an ordinary non-oscillating magnetron inter-
action space without an end hat on the cathode
as a source of hollow electron beam. In his pro-
posal a portion of the rotating electron cloud is
forced out of the open end of the interaction
space primarily by mutual repulsion of the elec-
trons. This mutual repulsion force due to elec-
trostatic field ereated by the electrons, and minor
electrostatic field fringe effects tending to im-
part to the electrons axial acceleration, is in-
sufficient for producing high currenit density
peam and this force has been neglected in the
electron guns disclosed in this application. In
the guns disclosed here the beam, and its high
density, are obtained by utilizing properly di-
rected electrostatic and magnetic fields which
produce the necessary large axial acceleration
of electrons. The greater the axial acceleration
of the electrons in this invention, the greater
the current density obtainable in the beam before
the beam space charge limits the current.

It is therefore an object of this invention to
provide hollow beam electron tubes with high
current density in the beam, the maximum ulti-
mate density at a given acceleration potential
being limited only by the electron space charge in
the beam and the resulting inter-electron re-
pulsive forces.

It is an additional object of this invention to
produce hollow electron beam tubes with high
beam current density, which enhances the power
capabilities of such tubes, this high density being
cbtained by providing special electron-extract-
ing, beam-forming, electron-accelerating and
beam-focusing electrodes, and by combining the
action of these electrodes with the properily di-
rected magnetic field so that the beam is the end
product of the simultaneous action of the electro~
static and magnetic fields upon the electrons.

It is still another object of this invention to
provide hollow electron beam tubes with high
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heam current densities in which this high density
is obtained by combining the action of the elec-
trostatic and magnetic fields on electrons in the

ptimum manner and by creating an interaction
between the combination of these two fields and
the electrons emanating from a large electron-
emitting surface.

It is an additional object of this invention to
provide hollow electron heam ftubes in which the
electron beam is of uniform cross section, thus
being equivalent to a parallel beam of light, and,
therefore is devoid of any detrimental “scallop-
ing” and node points, which are often present in
the known beam fubes.

It is also an object of this invention to apply
the electron guns of the ahove type to a traveling
wave tube.

These and other objects will hecome apparent
from the description of the foliowing figures in
which:

Pigure 1 is a vertical iscmeiric, partially cross~
sectioned view of a traveling wave tube;

Figure 1-A is a vertical cross-sectioned view of
a detail clarifying the reiative positions of some
of the elements at the top end of the tube illus-
trated in Fig. 1;

Figure 2 is an enlarged side view, partly in see-
tion, of the cathode of the electron-~exiracting
and heam-foriming electrode and of the accel-
erating electrode used in the tube of Fig. 1;

Figure 3 is a vertical, cross-sectional view of
the structure illustrated in Fig. 2;

Figure 3-A is an enlarged vertical cross-sec-
tional view of the elements of Figure 3, but with
a modified cathode end-hat structure;

Figure 4 is a vertical, cross-sectional view ¢f a
nicdified type of the electron-extracling and
beam-forming electrode surrounding the cen-
trally mounted and indirectly heated cylindrical
cathode;

Figure 5 is a vertical, cross-sectional view of
another modification of the electron-extracting
and beam-forming electrode surrounding the
centrally mounted cathode;

Figure 6 is a vertical, cross-sectional view of a
centrally located electron-exiracting and heam-
forming electrode surrounded by an inverted
cylindrical cathode above which is mounted an
electron accelerating and beam-focusing elec~
trode;

Figure 7 is a vertical, cross-sectional view of
the cathode, eleciron-extracting and beam-
forming, accelerating electrode, and a masznetic
field concentrator and shaper mounted within
the tube;

Figure 8 is the same vertical, cross-sectional
view as that in Fig. 5 with the direction of the
magnetic flux illustrated in this figure; and,

Figures 9 and 10 are vertical cross-sections of
the cathode-electrode combination used in the
tube illustrated in Fig. 1.

Referring to Figs. 1, 2, and 3, they disclose an
electron pencil beam tube comprising an evacu-
ated glass vessel {8 cemented to a base (2
equipped with prongs i4, {5, {5, and {7 for mak-
ing the necessary connections with the heam-
forming eiectrodes of the tube. The upper por-
tion of the glass vessel iG is provided with a
hollow target-anode {8, and a conventional giass
seal 20 between the targef-anode {8 and the glass
vessel 18, this seal interconnecting these two ele-
ments so that the target-ancde is supported by
the glass vessel 15,

The outer protruding portion 22 of the target-
anode is provided with an end-washer 24 which
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is soldered to the outer protruding portion 22
of the anode. Washer &4 is provided with two
openings which are used for inseriing two pines
28 and 28 through the washer and into the hollow
portion of the ancde. These pipes are normally
connected to & water supply which is used for
cooling the target-anode. The bhottom portion
of the glass vessel {& is provided with the usual
glass press 30 which terminates in a glass cross-
shaped member 32 provided with four extensions
which are used for supporting and siabilizing all
of the hkeam-forming electrodes of the tubs.
od by means of
and ithe ver-

horizontal straps 34, 3
tical insulaiing tuhes

 oa

4 and £#; the insulating
tubes themselves ars supporied by metbaliic rods

41 and 42 which extend throush these tubes.
Reds 41 and 42 are alse used for supplying the
potentials to an electron-exiracting and heam-
forming electrode 25 and an eleciron-accelerat-
ing and keam-focusing electrode &5 respectively.
These elecirodes are illustraited cn an enlarged
scale in Fig. 2. The electron-extracting and
beam-forming electrode 44§ reprzsents & right,
hollow, truncated metaliic cone. 'The ¢one angle
of electrode 43 has an ophiraum value of be-
tween 30° and 60°; the reason for this is ex-
plained later in the descripiion of operation of
the tube. Electrodzs 4% swirounds a cylindrical,
indirectly heated catneds 47 which is provided
with the usual heater element 4¢, the latter heing
connected to the secondary 8: of a transformer
€2, the primary §3 of which is connected to an
alternating source of poteniiai. Since one end
of the heater coil £% is connected to the cathode
cylinder, the closed circuit of the heater is: cen-
trally mounted rod 8¢, jumper #3, hester coil 48,
metallic cylinder &7, cathode hat 45, and second-
ary 8! of transiormer €i. The same circuit is
also illustrated in Fig. i. The outer surface of
this eylindrical cathode is coated with an elec-
tron-emitbing mixturve of the oxilss of barium
and strontium. While the use of well-known
barium and strontium oxides, accordmg to well
known techniques, is mentioned here, other
oxides and composite surf ol misre recent
origin also may be used with corresponding in-
crease in the ultimate maximum beamr current
density with the aceelerating voltage boing suf-
ficiently high to prevent heam space ot arge limi-
tation. Similarly, at a given beam current the
relative emission density of the cathode can b2
made lower with the concomiiant incresse in the
life of the cathode. The new electren-amitting
surfaces, to mention g few of them, are thorig,
molybdenum-and-thoria powder mix, and tung-
sten~and-thoria powder niiz. Ths lower portion
of the cathode is provided with a hat 42 which
consists of an imveried, cup-shaved, metallic
member with the Aat portion his cup acting
as an electron-repelling element wihich prevents
drifting of the electrons into the space surround-
ing the lower level of the caihode and cleclrode
35, Hat 48 maey compiise a mietailic continu-
ation of the cathode cylinder 47 so that, in this
type of construction, the hat and the cathode
are at the same potentisl. However, hat 49 may
also be insulated from the cathode cylinder 47
and connecied to a negative socurce of potential
with respect to cathode 27 as is shown in Figure
2-A in order to accentuate the electron-repeliling
properties of hat £8. The accelerating electrode
43 is mounted directly above, and in coaxial rela-
tionship with, the continuation of the coinciding
axes of the cylindrical cathode 47 and cone-

o8
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shaped electrode 45. Electrode 48 comprises a
hollow, metallic cylinder connected through lead
78 to ground, and therefore to the positive side
of a source of relatively high D. C. potential 51
which may be in the order of one thousand or
twelve theusand volts. The value of the cath-
ode-anode voltage depends primarily on the
geometry of the electrodes 45 and 4%, the mag-
netic fAeld strength, and only to a secondary
extent on the size of cathode 47. The accelerat-
ing electrode, besides accelerating the electrons,
exerts an electrostatic, beam-focusing action.
The glass vessel 18 of the beam tube is sur-
rounded by the segmented solenoids 78, 5, and
16, which are connected to two sources of direct
current potential 58 and B55. These solenocids
furnish the necessary magnetic field for produc-
ing and maintaining the previously mentioned
hollow beam.

The tube disclosed in Fig. 1 is especially useful ¢

as a “traveling wave tube” in which the elec-
tron beam is velocity-modulated by longitudinal
electric fields, a component of which is parallel
to the axial component of the direction of travel
of the electrons.
with the traveling wave tubes, a wave guide or
other input circuit, including a portion of a
helix, are used for velocity-modulating the elec-
tron beam within the tuke. This wave guide

constitutes an input circuit for the tube, the 3

connections of the wave guide to the tube in-
cluding a helix inserted within the tube, this
helix surrcunding the electron beam. Only a
few turns of the helix are shown in Fig. 1 due
to lack of space. The actual number of turns
is of the order of from 50 to 500, and the length
of the small diameter portion of the tube is
of the order of 5 to 10 times the length of the
larger diameter portion. The number of helix
turns per centimeter length, and all other linear
tube dimensions, such as diameter of the helix,
total length of the tube, the dimensions of the
wave guide input-output circuit, and the gun
dimensions, can not be specified since they all
depend on the wave length, or the mean wave
length of the band width of wave lengths prop-
agated along the input wave guide. Propor-
tioning of the above dimensions is known in
the art and need not be discussed in this speci-
fication. The input wave guide is placed in the
proximity of the accelerating electrode 86 and
the helical coil within the tube extends from
that region to the region which is in the vicinity
of the target-anode 18, where a similar wave
guide output circuit is connected to the helix.
The operation of the traveling wave tubes is
xnown in the art and may be summarized
priefly as follows: The radiation propagated
along the input wave guide velocity-modulates
the slectron beam with the concomitant bunch-
ing of the electrons in response to the ultra-
high frequency intellizence signal propagated
along the input wave guide. The modulation
of the electrons by the intelligence signal ex-
tends somewhat beyond the immediate region of
the wave guide to the region of several initial
turns of the helix positioned within the tube
where i is gradually attenuated so that it does
not have any effect on the electron beam ifrom
then on. Throughout the modulation region,
the velocity-modulated electron beam gradually
begins to be bunched by the input signal ap-
pearing on the helix. This region occupies ap-
proximately the lower third of the helix length.
Trom then on the velocity-modulated electron

As is known in connection 2
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beam acts as an ultra-high freguéncy generator
and a source of ultra-high frequency with re-
spect to the remaining portion of the helix,
and there is a transfer of energy from the beam
to the helix with gain in power level of the
intelligence signal. This region will be called
the amplification region of the helix, and con-
sists of approximately the upper two-thirds of
the length of the helix. The velocity-modu-~
lation region of the helix is often electrically
separated from the amplification region by a
coating of aquadag 29, 38, and 31 on a plurality
of helix supporting rods 26, 27, and 28. This
coating is several inches long, and introduces
very high electrical attenuation to the energy
propagated along the helix, electrically isolating
the input from the output. The output por-
tion of the helix is coupled to the output wave
guide so that the same intelligence signal ap-
pears in the output wave guide but in an
amplified form. The intellisence signal may
be either a simplex or multiplex signal.

The above structure is disclosed in Fig. 1 with
the input proper of the input wave guide sur-
rounding that portion of the tube which is
directly above the accelerating electrode 48.
The wave guide 53 is provided with a coupling
transformer comprising an outer ring 58, con-
nected to wave guide 53, and an inner ring §8.
Ring 58, which is in coaxial relationship with
ring 38, is approximately of the same length or
height as ring §8. This length is approzimately
one quarter of the free-space wave length of
the wave propagated along wave guide. The
end of the wave guide is closed or short-cir-
cuited by a metallic member §8, and the physical
length of the wave guide extending beyond the
center line of the tube is in the order of

Ag
4

where \¢g is the wave guide length of the propa-
gated signal. 'The ends of the rings 5§ and
58 are aligned s¢ as to produce only a relatively
narrow gap between the inner surface of ring
58 and the outer surface of ring 58, this gap
being filled by the glass envelope of the tube
{6. These two rings constitute the ultra-high
frequency transformer, the inner ends of the
rings, i. e., the ends nearer to the wave guides,
being effectively short-circuited, and high volt-
age point appearing at that end of ring 8§86
which is nearest to the accelerating electrode
48. The extension 62 of the wave guide beyond
the longitudinal axis of the tube constitules a
step-up transformer of the wave guide since its
electrical length is made substantially equal to
A

R, - . i (ewman

Therefore, high R. F. voltage appears a quarter
wave length away from the closed end §8; this
portion of the input wave guide may thus be
considered as “the open end” of this trans-
former, this “open end” electrically coinciding
with the center line of the tube; therefore, if
the input portion of helix 64 is placed in that
region, effective coupling and transferring of
energy from the wave guide to the helix will
take place, which is indeed the case. Since
helix 84 is placed coaxially with respect fo the
longitudinal center line of the tube, and ifs innex
diameter is made approximately equal to the
outer diameter of the hollow electron beam, a
very effective coupling will exist between the
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helix- and the beam with the resulting: velocity-
modulation of the electron. beam and effective
transfer of the intelligence signal from the
wave guide to the electron beam. At some stage
along the length of helix 84, the effect of the

input signal upon the beam wiil cease and. from:
then on the velocity-modulated heam will begin.

to transfer the intelligence signal back onto
heiix 64 but the transfer signal will have a

higher energy level than the level found in wave

guide, this gain Being furnished by the local

source of direct current potentiai 5, which is

the eathode-anode potential of the tube. Some
energy, of course, will be contributed alsc by

the direct current potential connected to the
feeusing and aeccelerating electrodes 43 and 63
as well ag the heat energy communicated to the
cathode, as is well known in connection with
conventional radio or video ampiifiers.

The oufput circuit of the velocity-modulation 2

tube is identical to 5, but 5 18
the reversal of the former, i. e., an output trans-
former, including an inner ring &5 and an outer
ring §3, is. cennected to: an cutput wave guide
180 which propagates the radiation impressed

.
%
the input cirenit,

upon' it by- the output- transformer. The lon-
gitudinal dimensions of the helices, the im-

pedances of the transformer and the spacing
between the wave guides are so adjusted that
the heliz behaves, under optimum conditions, as
a flat line with the concomitant minimum loss
“through-

- of energy from

out the entire process of tran:
one wave guide to the other.

The operation of the beam tube is as follows:
A source of potential is connected {o a heater
element 48 with the resulting hsating of the cy-
lindrical cathode 471 and electron~-emitting ox-
ides, which are anchored to the cuter surface of
cylinder 47. A positive terminal of a direct
source of potential §f, having & value which is
somewhat lower than the direct cuvrent poten-
tial' connected to the accelerating-electrode 46
and the target-anocde (8, is connected to elec-
trode 45. Sclenocids T4 and 735 are connected to
a source of direct potential 54 with the result-
ing proguction of substantially uniform mag-
netic field throughout the length of the smaller
diameter portion of the tube.

Solenoids 74 and 15 -are separated cnly in or- ;

der to leave a space for the input wave guide 54.
The spzace between these two solencids is small
compared to their outer diameter, so that the
magnetic field is substantially uniform through-
out the regicn within the small diameter portion
of the tuke. Solenoid 78 is connected to a source
of direct current potential §5. Ry means of the
two independent direct current potentials 54 and
£5, the magnetic field strength in the region of
the helix 64 may be adjusted independent of the
fleld strength in the region of the electron gun
within the solencid 76. A magnetic fleld inten-
sity of the order of 800 gauss is reguired for the
electron gun while a scmewhat lower field
strength, of the order of 500 gauss, is reguired
for the region of the helix, where the strong
radial electrostatic fields are not present. The
electron-extracting and beam-forming electrode
45 accelerates the electrons simultaneously out-
warély from the surface of the cathode in an
approximately radial direction, and alse in an
axial direction, i. e, toward the apex of the
cone due to the axial component of the electro-
static field.. This is illustrated in Fig. 3. This

axial component exists because of the conical
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shaping of electrode 85. If it were not for the
magnetic field, the electrons would reach elec-
trode 45 essentially along the paths 388, Fig. 3,
where the configuration of the electrostatic field
between the cathode and electrode 45 is illus-
trated by a. plurality of lines 308. (For con-
venience the lines 388 have arrows which show
a direction opposite to the conventional direction
of electric field, since the direction of force on
electrons is opposite to the electric field. This
same reversal of convention is used in Figs. 4, 5,
and 6. Thus the tube would operate essen-
tially as an ordinary diode. 'The magnetic field
and the potential redistribution due to the pres-
ence of the space charge, however, cause the
electrons to assume essentially circular paths
cehicentric with the axis of the cathode. Due
to the axial compenent of the electric field thess
circulating elsctrons receive an axial accelera-
tion toward the apex of the cone, causing the
electrons to assume helically directed paths of
progressiveiy increasing pitch toward electrode
46, which, because of the higher positive poten-~
tial impressed upon it, gives an additional axial
acceleration to the electrons. The initial axial
acceleration of electrons within the electrods 43
may be increased by increasing the axial com-
nenent of the electron field. This may be dons
by insulating the end hat, 49, and biasing it
negatively with respect to the cathode as shown
in Pigure 3-A. Because of this biasing of the
hat the heater circuit of cathode 47 is now in-
sulated from the hat. This is accomplished by
ingerting an insulating plug 393 into the cath-
ode cylinder 4% and hat 49, this plug acting as
a mechanical means for interconnecting and
holding together hat 43 and the cathode cylin-
der 41, The heater is supplied with the neces-
sary heaat currvent through a transformer 304,
the primary of which is connected to two con-
Guctors 885 and 836; which complete the cireuit
of the heater. As illustrated in the drawing, one
of the lower ends of the heater coil is connected
to the inner wall of the cathode cylinder 47 by
means of a jumper 337, which enables one to
use one of the heater conductors, namely con-
ductor 585, for biasing the cathode cylinder with
respect to the hat. This is accomplished by
means of a conductor §28, which is connected to
the lower end of conductor 335 at one end and
te a battery tap %28 at the other end. From the
illustrated conneetions, it Tollows that battery 51
supplies all the necessary potentials, except the
heater potential supplied by transformer 304;
hat 43 is at the lowest potential, or most nega-
tive potentinl; the ecathode cylinder 47 is at
somewhat higher pesitive potential with respect
to hat 48, the beam-forming and electron-ex-
tracting electrode 43 is at a much higher posi-
tive potensial with respect to the cathode cylin-
der 47 (see conductor 78), and electrode 48 is at
2 still higher potential with respect to electrode
45 and also with respeet to the cathode cylinder
1. The latter connection is ochtained hy
grounding electrode 45 through condusctor 78 and
by grounding the positive terminal of the source
of petential 514, he position and shape of elec-
trode 48 in relation to the upper end of electrode
45 1s alsc designed to producs the breviously
mentioned, well known electroststic focusing
action on the electrons, as they pass from the
end of electrode 43 through elecirode 46, vy
means of the so-called “electrostatic lens of the
bi-potential concentric cylinder type.” This
type of electronic lens is commonly used in heam
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tubes such as cathode ray tubes and storage
tubes. It is important that the top end of the
cathode 47 be located somewhat below the top
end of electrode 45 to prevent the otherwise pres-
ent electrostatic defocusing fields between the
cathode and electrode 46 from nullifying the
previocusly deseribed focusing aection of electrode
48. The hollow cylinder 58, and the helix 84
are ab ground peotential, being connected through
lead 38 to electrode 48 which is grounded
throuch leads 42 and 78 of Fig. 1. Because of
the presence of the magnetic field in the space
between the accelerating electrode 46 and the
target-anode 18, the electrons will continue heli-
cal paths of enlarged but uniform pitch until
they reach anode 8. In this region the piteh
of the electron paths is of the order of 5 to 15
times the diameter of the beam, depending on
the potentials of electrodes 48, 45, and the in-
tensity of the magnetic field. When the elec-
trons reach the target-anode {8 they are col-
lected. The secondary electrons are suppressed
by o potential difference of about 300 volts he-
tween the hollow cylinder helix termination &6
and the target-anode 18, supplied by a source
of direct voltage 71. It is possible fo cbtain a
hollow beam of electrons by means of the com-
hined effects of the magnetic and electrostatic
fields upon the electrons only when proper di-
rect current potentials and the intensity of the
magnetic fields are selected for operating the
tube. This does not mean that the cathode-an-
ode voltage and magnetic field parameters are
critical. The variation of the two may be of
the order of 100-200 percent, with any given
geometry.

In one of the embodiments of the gun portion
of the invention (Fig. 1) the following parameters
were found 1o be very satisfactory for producing
a hollow electron beam %'’ outer diameter and
1,7 inner diameter with no scallops:

Beam CUrrent. e ma__ 400
Cathode diameter_ ..o inch.. .125
Small inner diameter of electrode 45
inch.. .250
The angle of cone 45— degrees_.. 40-60
"The axial length cf the cathode.._-inch__ 5
The inner diameter of accelerator 46
inch.. .375
The axial length of accelerator 46_.do_.- N5
Potential of electrode #5_ -~ volts.. 800
Potential of electrode 46 .- do____ 2000
Magnetic field strength in the electron
EUN e — e gauss_. 800
Magnetic field strength between electrode
86 and the target - gauss_.. 500

mlectrode 45 has an optimum angle mentioned
above because if the angle were too large the
elestron-extracting fields would be too small to
extract many electrons from the cathode in the
region near the end hat 48, while if the angle
were too small the axial component of the elec-
trostatic field would be too small, and conse-
quently the axial acceleration of the electrons
would be too small.

T the prior art the known techniques of gener-
ating either sclid or hollow electron heams con-
sisted of button-type, concave or flat emitting
surfaces heated by thermal radiation from a
heater placed directly back of the button, the
other side or the concave side of which is coated
with emissive material. This button-type cath-
ode may also be heated by electron bombard-
ment from an electron-emitting filament on the
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convex or non-emitting side of the button. The
beam-forming electrostatic fields are often fur-
nished by cylindrical electrodes, one of which
surrounds the button-type cathode, and the other
one being placed above the first electrode. From
this it follows that the electron-emitting capacity
of the beam tube of this type is limifed to a
relatively small concave surface of the cathode,
and the configuration of the electrostatic fields
in the tube of this type are less favorable to the
production of high density electron beams than
in the disclosed tube. 'This is reflected at once
in the electron density found in the beam tubes
of this type; a typical high value is of the order
0.5 ampere per square centimeter when thoria
is used as an electron emitter. The beam densi-
ties cbtainable with an experimental model of the
disclosed tube are in the order of two amperes
per square centimeter with barium and strontium
oxides acting as the electron emitter, which are
less effective than thoria. Since thoria is more
effective as an electron emitter than the barium-
strontium oxides in the ratio of approximately
two to one, it would he only reasonable to expect

o5 that a cathode made of thoria in the disclosed
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tube would have ultimate maximum beam cur-
rent densities in the order of four amperes per
square centimeter so long as higher anode volt-
ages are provided. Thus, the current density in
the disclosed tube can have an eight to one ratio
as compared to the densities now obtainable with
the known beam tubes.

The above figures compare the density of a solid
electron-beam with the hollow electron beam ob-
tainable with the disclosed tube. The density
comparisons between the disclosed tube and the
tubes capable of producing hollow electron beams
would enhance the above mentioned ratios by
several fold in favor of the disclosed tube since
the known hollow electron beam tubes are known
to be notoriously inefficient in producing high
density hollow beams.

It should be mentioned here parenthetically
that, as it has been stated previously, the use of

. the hollow electron beams in connection with

the traveling wave tubes is known in the art,
and it is also known in the art that the hollow
electron beam is much more efficient in trans-
ferring the energy from the input wave guide
to the output guide. This is because the inner
diameter of helix 64 is proportioned so as to be
as close to the cylindrical outer locus of the
beam as possible without resulting in parasitic
interception of the electrons from the beam.
TWith this type of coupling between the beam and
the helix, the electric fields produced by the
helix, which are strongest next to the turns of
the helix and weak at the longitudinal axis of
the tube, are obviously most effective at the inner
surface of the helix. Therefore, it is most ad-
vantageous to use a hollow electron beam so that
the beam electrons would be under the infiuence
of the strongest electric field for optimum inter-
change of energies between the field and the
electrons in the input portion of the tube. The
same is true for the cutput portion of the helix
except that in the latter case the transfer of
energy is from the velocity-modulated electrons
to the helix. It is known in the pencil beam
tube art that when the above mentioned optimum
conditions are replaced with a solid electron
beam, the inner electrons form a space charge
which not only repels the outer electrons radially,
but it also depresses the potential inside the
beam so that for high density beams the inner
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electrons slow down to the point of actual stop-
page. These stationary electrons form a sta-
tionary space charge which limits the amount of
current flow. Thus the electrons in the central
portion of the beam produce simultaneously two
detrimental effects: They defocus the beam, and
they act as an electron-decelerating means for
the entire beam.

To summarize the advantages of the disclosed
tube, it discloses a most desirable type of electren
beam, i. e., a hollow beam, and the density of
this beam is many times higher than the density
currently available with the beams of this type.

Figs. 2, 3 and 3-A disclose the use of a high
permeability pole-piece 101 for shaping the path
of the magnetic flux. This enables one to obtain
a2 magnetic flux which also furnishes the radial
component acting on the electrons. Therefore
with the pole-piece 701, the resultant radial
component consists of the electrostatic as well
as the magnetic vectors. This is described more
fully in connection with Figs. 7 and 8.

Tig. 4 discloses a modified form of the electron-
extracting and beam~forming electrode 45. In
Fig. 4 the cathode 47 is identical to the similarly
numbered cathode in Fig. 2, so that the modifica-
tion is restricted solely to the electron-extracting
and heam-forming electrode. The latter consists
of g plurality of thin-walled hollow cylinders, or
metallic rings 468 through 424 of equal diameters
and which are in concentric relationship with re-
spect to the cathede and are equidistantly space
along the axis.of the tube. The rings are made
of any suitable sheet metal such as nickel or
tantalum. The electrical -circuits petween ihe
cathode and the rings, as illustrated in the fig-
ure, consist-of a conductor 486 connecting tha
cathode to the negative terminal of a source of
potential £8% and a plurality of tapped connec-
ticns between the successively higher positive
potential terminals of source 403 and the rings
so that ring 484 is at the lowest positive potential
with respect to the cathode and ring 423 is at
the highest, with positive potential increments
existing between adjacent rings as one progresses
from ring 484 to ring 49%9.

In the absence of a magnetic field parallel to
the axis of the cathode, the electrons emitted
from the cathode would follow paths approxi-
mately the same as the lines of electric field
iNustrated in Fig. 4 which reach from the cathode
to the ancde rings. Thus, without the ragnsatic
field the tube would act 2s a diode. The mag-
netic field, however, causes the electrons, which
are initially accelerated approximately along the
radial paths toward the rings, to assume helical
paths concentric ahout the axis of the cathods,
and, in combination with the electrostatic fleld,
cause them to assume a helical path of progres-
sively increasing pitch toward ring 425 and slec-
trode 48. This is especially so because of %
longitudinal ccmponent of electrostatic fiels
caused by the incressing gradient of potential
from ring 464 to.428. Electrode 46, which is the
electron-accelerating and electrostatic-focusing
electrode, is at a higher potential than ring 408,
Flectrode 48, therefore, accelerates the electrons
which emerge in the axial direction from ring 403,
causing the electrons to continue their helical
motion but with a, much greater pitch. The posi~
tion and shape of electrode 45 in relation to
ring 483 is also designed to preduce the previ-
cusly mentioned, well known electrostatic focus-
ing action on the elecirons as.they pass from ring
400 through elecirode 46 by means of the so-
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called “electro-static lens of the bi-potentizl
concentric cylinder type.” This type of electronic
lens is commonly used in beam tubes such as
cathode ray tubes and storage tubes. By using
a plurality of rings 408 to 684 with successively
higher potentials applied to the rings, essentially
the same shape of electrostatic field is obtained
as by the use of tapered electrode 65 in Pig. 2.
Thearefore these two types of hollow electron
L:eam sources, shown in Figs. 2 and 4, are essen-
tially alike in their ability to produce hollow
electron beams. Therefore the advantagss of the
hollow beam source of Fig. 2 over conventional
hoillow beam sources also apply to the source
illustrated in Fig. 4.

Fig. 4 illustrates the heater ccil 42 centraily
mounted within the cathede cylinder 47, this con-
struction being identical to the one illustrated in
all previous figures. The figure also illustrates
hat 49 which in this particular instance, is not
insulated from the cathede cylindsr hut con-
stitutes a direct metallic continuation of the lat-
ter. Therefore, the relationship of the hat with
respect to the cathode and the heater circuit for
the heater coil 48 in Fig. 4 correspond in the con-
struction and operation of the same elements in
Fig. 2. This being the case, the heater circuit
has not been illustrated in this figure.

In the description of the modifications of the
beam tube illustrated in Figs. 1 through 4 it has
heen stressed that the electrostatic field includes
a, radial vector and a vector parallel o the lon-
gitudinal axis of the tuke. The radial vector
produces the radial aceeleration of the electrons
and the magnetic field converts it into the cir-
cular motion. The axial veector, which is par-
allel to the longitudinal axis of the tube, con-
verts this circular motion into a helical motion
50 that the electrons eventually emanaie from
the interaction space between the cathode and
the electren-extraciing and bheam-forming elec-
trode. The magnitudes of the two vectors and
of the magnetic field must be properly propor-
tioned to obtain the desired helical paths since,
if the radial vector is made too lerge and ihe
axial vector, in an extreme case, is suppressed al-
together, the interaction space is converted into
that of a conventicnal magnetron. If the axial
vector only is present, the acceleration of the
elecirons by the axial vector is parailel to the
magnetic field. No special difficulties have ever
been encountered in the prior art in creating ex-
tremely powerful radial fields which are cur-
rently used, to mention one example, in high
power magnetrons. Iowever, available geome-
tries for the creation of the radial and axial elec-
trostatic fields tend to favor the radial field ab
the expense of the axial field. To overcome this

it hecomes necessary to resort to the electrode

configurations where the desired magnitudes of
the two vectors are in the desired ratio of their
magnitudes. Fig. 5 illustrates this configuration.
Only the centrally mounted cathode 47, the elec-
tron-extracting and beam-forming electrode, and
the accelerating and focusing electrode 48 arc
fllustrated in this figure. The modification re-
sides solely in the construction of thz electron-
extracting and heam-forming electrede which is
similar to the electrode of Fig. 4 except that the
rings 480 through 404 of Fig. 4 have been re-
shaped into a plurality of axially spaced, holiow,
truncated cones 500 through 584. The elec-
trical connections to these cones are analogous
to the electrical connections to the rings shown

in Fig. 4. The only difference in actions between
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the electrodes of Fig. 5 and the electrodes of Fig. 4
is that the inner cone surfaces increase the axial
component of the electrostatic field, as illustrated
by the plurality of lines §i9. The axial com-
ponent of the electrostatic field in Fig. 4 is ob-
tained solely by introducing the potential differ-
ences between the successive rings. In Fig. 5
the axial component is obtained by having the
potential differences between the cones E04—588
and also by slanting the electrode surfaces. The
operation of the tube illustrated in Fig. 5 is iden-~
tical to the operation of the tube illustrated in
Pig. 4 except that a greater axial acceleration of
the electrons exists in Fig. 5 due to the greater
longitudinal component of the electrostatic field.

The heater circuit for the electron gun ilius-
trated in Fig. 5 is identical to that illustrated in
Figs. 1 and 2. However, if so desired, it can be
replaced with the arrangement illustrated in Fig.
3-A. If the latter is the case, then the hat is
insulated from the cathode cylinder and the heat-
er coil circuit is completed by means ¢f two con-
ductors such as conductors 285 and 368 and the
secondary of transformer 394 illustrated in Fig.
3-A.

Tigs. 4 and 5 also disclose the use of the pole-
piece 18! for shaping the path of the magnetic
fAield. As stated previously, this feature is de-
scribed more in detail in connection with the de-~
scription of Figs. 7 and 8.

In all prior figures the cathode is an axially
mounted element with the electron-extracting
ciectrodes surrounding the cathode. It is known
in the thermionic tubes art that the electron-
emmissive area can be increasad still further by
reversing the position of the elements, i. e., s0
that the cathode is the external cylindrical mem-
ber, emitting electrons from its inner surface,
and the other electrode is located inside the cath-
ode. This disposition of the elements increases
the emissive surface by several fold. The nsces-
sary electrostatic field is furnished by means of
the axially positioned electrode, the area of which
may be made rather small before introducing any
limiting factors. This is illustrated in Fig. 6
where the electron-extracting and beam-forming
electrode 608 is in the center and has the shape
of an inverted cone. An electron-emitting sur-
fzce 831 consists of & thin hollow metallic cylin-
der 682, the inner surface of which has been
painted with an electron-emissive material. This
cylinder fits inside a hollow ceramic cylinder
§02, the inner diameter of which has been
threaded to receive a heater winding 684. For
the sake of the simplicity of the drawing, the cir-
cuit of the heater coil §94 has not been illus-
trated. This circuit is of conventional nature
and for this reason needs no additional descrip-
tion or illustration.

The electron-extracting and beam-forming
electrode 883 hag the shape of an inverfed cone
with the base of the cone being somewhat below
the plane defined by the upper end of the cathode
cylinder 682. The remaining elements of the
tube are identical to those of Pig. 1 with elec-
trode 48 being the accelerating and focusing elec-
trode which performs the same function as elec~
trode 46 of Fig. 2. Cathode 22 is connected to
the negative side of a source of high direct cur-
rent potential 687 by the conductor &38. Elec-

rode 885 is connected through lead 888 to an in-
termediate positive voltage tap on the scurce of
potential 687 and the high positive potential
side of the voltage source 8§87 is grounded and is
therefore connected to electrode 4% through a
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erounded lead 78. The electric field appearing
between the cathode 682 and electrode 685 is
illustrated by a plurality of lines. The electric
field has both a radial and a longitudinal com-.
ponent, as in Fig. 1. With the exception of the
initial direction of the electron flow being in-
ward toward the axis of the tube in Fig. 6 in-
stead of outward as in Fig. 1, the operation of
the tube disclosed in Fig. 6 is identical to the
operation of the previously disclosed tubes. It
is preferable to have the upper end of cone 695
terminate somewhat below the upper end of cath-
ode 862 in order to avoid the presence of any
strong electric fields between the upper end of
the cone and the accelerating electrode 48, since
they would have a disruptive effect upon the
beam. Accordingly the configuration of the en-
tire end zone invclving the plane defined by the
upper end of the cathode, the upper end of elec-
trode 685, and the position of electrode 4% are
such that the usual focusing and electron ac-
celerating properties dominate this region.

The main advantage of the beam tube illus-
trated in Fig. 6 is that it possesses a large elec-
tron-emitting surface. For 2 given diameter of
the beam, the current densities produced in Fig. 6
are of the order of two or three times higher
than the current densities obtainable with the
electron guns disclosed in Figs. 1 through 5, as-
suming, as before, that proper anode potentials
are provided for atiaining such densities.

Figs. 1 through 6 have been described thus far
as having the radial component furnished by the
electrostatic feld. As indicated in the same fig-
ures, by an element 781, the radial coxaponent
may be furnished also by the magnetic field in
addition to the electrostatic field, as will be de-
seribed more fully in connection with the de-
seription of Fig. 7.

Fig. 7 disclosss a modification in which the
magnetic field is not parallel fo the axis of the
fube any longer, which is especially true of the
lower portion of the interaction space. The con-
figuration of the magnetic field is illustrated di-
agrammatically in Fig. 8 by the magnetic lines
888. A pole-piece T8¢, made of ferro-magnetic
material, is placed directly in the path of the
magnetic field within the tube. This pole-piece
is in a form of a solid truncated cone, with the
axis of the cone coinciding with the axis of
the tube. The pole-piece, as shown in Fig. 7,
extends upward as far as the end hat of the
previous figures, and, since it is connected to the
cathode emitting surface, it performs the same
electrostatic function as the end hats of the pre-
vious figures besides concentrating and shaping
the magnetic feld. Since the permeability of
this pole-piece is muech higher than that of vacu-
um, the fiux will follow this path of least reluc-
tance, as illustrated in Fig. 8. The resulting mag-
netic field, emanating from the pele-piece, di-
verges in the directicn away from the cathode
and hat 48.

According to Faraday’s law, the combined effect
of the electrostatic field and of that vector of the
magnetic field which is parallel to the longitu-
dinal axis of the tube wili force the electrons to
follow circular orbits which are in the plane per-
pendicular to the axis of the tube. However ihe
magnetic field now also has a radial component
pecause of the presence of the pole-piece 784 with
the result that, according to the same Faraday’s
law, the electrons moving along the orbital paths
will react with the radial component of the mag-
netic field and will be deflected upwardly, toward
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the accelerating electrode 48. Therefore, in Fig.
7, in the interaction space bebween the “athoé
47 and the elecirode 43, the c e'cnu i) of ths
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- {llustrated above, satisfactory modulations are ob-
tainable.

It has been also mentioned previously in this
specification that one of the advantages of the
disclosed tube iz that, in spite of the fact that
especially high beam current densities are ob-
tained, the hollow beam is devoid of any scallop-
ing effects. Therefore, the outer locus of the beam
is a cylindrical surface. It has been established
experimentally that this desirable absence of the
scalloping persists over wide operating condi-
tions even when the electrode voltages are varied
over a range of the order of 200%, and when the
magnetic field is varied over a range of the order
of 200%. The above percentages can be increased
even further, if so desired, and the upper limit of
such variations is reached when there is an in-
crease in the cathode-electrodes current. The
latter begins to increase when the electrode volt-
ages are increased by several thousand. volts.
During the normal operation of the tube the

_ratio of the beam current to the electrodes cur-
rent is of the order of 100 to 1, which bespeaks
very well of the geometry of the disclosed tube.
It is to be noted here in connection with the pos-
sible limits of variation of the electrode voltages
that since the electron path is determined by the
magnitude of the two vectors, i. e., the electrical
and magnetic vectors, it is obvious that the
limits of the variations of the electric vector are
to be considered in terms of the magnitude of the
magnetic vector with the latter remaining fixed
while the electric vector is varied. OCnce the
limits have been established, the value of the
magnetic vector can be altered in any desired
manner.

The invention described in the foregoing speci-
fication and in the claims may be manufactured
and used by or for the Government for govern-
mental purposes, without the payment to me of
any royalty thereon.

I claim:

1. An electron gun comprising a cathode hav-
ing an elongated electron-emissive surface; an
electron-extracting and beam-forming means,
said means comprising an electrode in spaced,
coaxial, coextensive relationship with respect to
said cathode to form an interaction space there-
between and means including said electrode for
establishing a potential gradient between said
electrode and cathode which varies axially over
the length of said interaction space fo thereby
producs an electrostatic "field having radial
and substantial axial components substantially
throughout said interaction space for accelerat-
ing the electrons emitted by said cathode along
a path determined by the direction of the electro-
static field; and means comprising a source of
magnetic flux furnishing a magnetic field for
said interaction space for modifying the direc-
tion of said path into a spiral thereby producing
2 hollow electron beam emanating in. an axial
direction from said interaction space, said beam
having a longitudinal axis in substantial coinei-
dence with the continuation of the longitudinal
axis of said cathode.

2. An electron gun as defined in claim 1 which
also includes an accelerating electrode connected
to a source of direct potential to place thereon
a sufficiently higher positive potential than on
said coextensive electrode for imparting further
axial acceleration to said hollow electron beam
against the decelerating effect of the space
charge.

3. An electron gun as defined in claim 1 where-
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in said source of magnetic flux includes a means
for introducing a radial component to said mag-
netic field for increasing the electron-extracting
force acting on said electron-emissive surface.

4. An electron gun for generating an electron
beam including a cathode having a cylindrical,
electron-emitting surface; an electron-extracting
and beam-forming means; said means compris~
ing an electrode in spaced, coaxial and coexten-
sive relationship with respect to said surface de-
fining an interaction space between said electron-
emitting surface and said electrode and means
including said electrode for establishing a po-
tential gradient between said electrode and said
surface which varies axially over the length of
said interaction space to thereby produce a re-
sultant electrostatic field having radial and sub-
stantial axial components substantially through-

out said interaction space; and means comprising

a source of magnetic field for imparting a helical
path to electrons in said beam.

5. A combination as defined in claim 4 in which
said electrode comprises a plurality of metallic
rings axially spaced along the axis of said cylin-
drical surface, and a source of direct potential
connected between said cathode and said rings
for furnishing positive potentials to the succes-
sive rings of progressively higher values, whereby
there is an increment of positive potential be-
tween adjacent rings.

6. A combination as defined in claim 4 in which
said electrode comprises a plurality of hollow,
metallie, truncated cones in spaced coaxial rela-
tionship with respect to said cylindrical surface
and uniformly spaced from each other along said
axis, and a source of direct potential connected
between said surface and said cones for furnish-
ing positive potentials to the successive cones of
progressively higher values whereby there is an
increment of positive potential hetween adjacent
cones.

7. In an electron beam tube, a cylindrical cath-
ode, an electron-emitting layer on one of the
surfaces of said cathode, a first, cone-shaped,
electron-extracting and beam-forming electrode
in spaced, coaxial and coextensive relationship
with respect to said cathode, means for connect-
ing said first electrode to a source of direct voltage
to render said first electrode positive with re-
spect to said cathode for establishing an electro-
static field having axial and radial components,
a second beam-focusing and accelerating elec-
trode, said eathode and said second. electrode
having a common longitudinal axis with said
secend electrode being positioned along said axis
and in spaced relationship with respect to said
cathode and said first electrode, and a source
of magnetic field for producing a magnetic field
having radial and axial components and extend-
ing through the space defined by said first and
second electrodes. :

8. In an electron beam tube as defined i
claim 7 in which said cathode is a centrally
mounted member with said first electrode sur-
rounding said ecathode.

9. In an electron beam ftube as defined .in
claim 7 in which said first electrode is a cen-
trally mounted element with said cathode sur-
rounding said first electrode and said electron-
emitting layer being on the inner surface of said
cathode.

10. In an electron beam tube, a cathode having
an electron-emitting surface, an electron-ex-
tracting and beam-forming electrode, said cath-
ode and said electrode being in spaced, coaxial
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and coextensive relationship with respect to each
other, the space between said electrode and said
electron source comprising an interaction space,
a source of direct potential connected across
said cathode and said electrode for establishing,
through said interaction space electric field hav-
ing axial and radial components, a magnetic fiux
source furnishing magnetic field for said inter-
action space, and a ferro-magnetic member in
spaced, coaxial relationship with respect to said
cathode and said electrode for imparting to said
magnetic field a direction having axial and radial
components whereby the electron path 1n said
beam is a helical path.

11. An'electron gun for generating an electron
beam ‘and including a cathode having sn elec-
tron-emitting surface, in the form of a surface
of revolution about an axis, in which lines nor-
mal to said surface intersect said axis, an elec-

tron-extracting and beam-forming electrode in

spaced, coextensive and coaxial relationship with
respect to said surface and defining an inter-
" action space between said cathiode and said elec-
trode, a source of direct potential connected be-
tween said cathode and said electrode for estab-
lishing an electrostatic field in said interaction
space, and a source cf magnetic field furnishing
a8 magnetic field for said interaction space, said
source having a magnetic circuit producing axial
and radial components for imparting a helical
" path to the electrons in said beam. = °

‘12." A traveling wave tube including an evacu-
ated glass vessel, a cathode mounted at one end
of said glass vessel, said cathode having an elec-
tron-emitting layer in the form of a surface of
revolution about an axis, in which lines normal
to said surface intersect said axis, an electron-
extracting and a beam-forming first electrode
In ‘spaced coaxial and coextensive relationship
‘with respect to said surface, an accelerating sec-
ond electrode in an axially spaced relationship
with respect to sald first electrode, a first sole-
‘noid surrounding said glass vessel and said first
and second electrodes, a source of direct potential
connected to said first solenoid to produce from
said first solenoid a magnetic field furnishing
lines of force substantially parallel to said axis
which permeate the space confined by said first
‘and second electrodes, a target anode at the
opposite end of said glass vessel, input and out-
put wave-guides connected to said tube and posi-
tioned hetween said second electrode and said

“target anode; a helical coil interconnecting said
wave guides, sald coil being positioned within
- sald glass vessel, and a second solenoid surround-
ing said glass vessel and said helical coil, a source
of direct potential connected to said second sole-
noid to produce from sald second solencid a
magnetic field furnishing lines of force substan-
tially parallel to the longitudinal axis of said
helical coil.

13. A traveling wave tube as defined in claim 12
in which said cathode is an axially mounted, indi-
rectly heated, hollow, metallic cylinder with an
electron-emitting layer on the outer surface of
said eylinder and said first electrode is a hollow,
metallic, truncated cone in spaced, coaxial rela-
tlonship with respect to said cathode.

14. An electron beam tube as defined in claim
12 in which said cathode is an axially mounted
cylindrical member and said first electrode com-
prises a plurality of metallic rings axially spaced
and surrounding said cathode, and a source of

“direct potential connected between said cathode
and said rings for furnishing positive potential
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to the successive rings of progressively higher
value whereby there is an increment of positive
potential between adjacent rings.

15, An electron beam tube as defined in claim
12 in which said cathode is an axially mounted
cylindrical member and said first electrode com-
prises a plurality of hollow, metallic, truncated
cones in spaced coaxial relationship with re-
spect to said cathode and a source of direct
potential connected between said cathode and
said cones for furnishing positive potential to
the successive cones of progressively higher
values whereby there is an increment of higher
potential between adjacent cones.

16. An electron beam tube as defined in claim
12 which also includes a low reluctance element
coaxially disposed with respect to said cathode
for introducing radial components to said mag-
netic field for increasing the electron-extracting
force of said field.

"~ 17. An electron gun as defined in claim 1 which
also includes a metallic element having a disc-

“'shaped surface of larger cross section than said
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cathede and disposed coaxially therewith, said
metallic element connected to said cathode and
partially closing off said interaction space at the
end obposite to the end from which said beam

emanates.

18. An electron gun as defined in claim 1 which
also includes a metallic element having a disc-
shaped surface of larger cross section than said
cathode and disposed coaxially therewith, said
metallic element partially closing off said inter-
action space at the end opposite to the end from
which said beam emanates, and a source of
biasing potential connected between said eathode
and said metallic element for repelling the elec-
trons from said metallic element and the region
in the vicinity of said metallic element.

19. An electron gun as defined in claim 1 in
which said cathode and said first electrode both
have the shapes of truncated cones.

JOSEPH F. HULL.
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