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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 
niques is currently known as "traveling Wave 
tubes' which may be used as ultra-high fre 
quency amplifiers. The latter application of the 
bean tubes has especially accentuated the in 
portance of these tubes because of the previously 
encountered difficulties with the amplification of 
any ultra-high frequencies. Moreover, the ver 
satility and the high degree of usefulness of the 
beam 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. 

t 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 gun electrodes, or Space charge of the 
)earn have been the most serious limiting factors 
in obtaining high current density in the beams. 
Since 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 beari 

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 a 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 bean, 
and the concomitant interellectron 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. 
It 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 points, or Scalloping. 

Leon 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 created by the electrons, and minor 
electrostatic field fringe effects tending to im 
part to the electrons axial acceleration, is in 
sufficient for producing high current density 
beam 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 
bearn current density, which enhances the power 
capabilities of Such tubes, this high density being 
obtained by providing special electron-extract 
ing, bean-forming, electron-accelerating and 
beam-focusing electrodes, and by combining the 
action of these electrodes with the properiy 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 

  



2,632,130 
3 

beam current densities in which this high density 
is obtained by combining the action of the elec 
trostatic and magnetic fields on electrons in the 
optimum 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 electroin beam tubes 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 bean tubes. 

It is also an object of this invention to apply 
the electron guns of the above type to a tiraveling 
Wave tube. 
These and other objects will become apparent 

from the description of the following figures in 
Which: 

Figure 1 is a vertical isometric, partially ci'OSS 
Sectioned view of a traveling Wave tube; 

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

Figure 2 is an enlarged side view, partly in Sec 
tion, of the cathode of the election-extracting 
and beam-forming electrode aind of the accel 
erating electrode used in the tube of Fig. 1; 

Figure 3 is a verticai, croSS-Sectional view of 
the structure illustrated in Fig. 2; 

Figure 3-A is an enlarged vertical ci'oss-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 of a 
modified type of the election-extracting and 
bean-forming electrode Su-1''Ouding 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 bealm-forning electroda Surrounding te 
centrally mounted cathode; 

Figure 6 is a vertical, croSS-Sectional view of a 
centrally located electron-extracting and beam 
forming electrode Sui'i'Ouinded by an inverted 
cylindrical cathode above which is rounted an 
electron accelerating and beaia-focusing elec 
trode; 

Figule 7 is a vertical, cross-sectional view of 
the cathode, electron-extracting and bealin 
forming, accelerating electilode, and a magnetic 
field concentrator and Shapei' 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 coiniiilation used in the 
tube illustrated in Fig. 1. 

Referring to Figs. 1, 2, and 3, they disciose an 
electron pencil beam tube comprising an evacu 
ated glass vessel 8 ceileinted to a base 2 
equipped with prongs ii., 5, 5, and for mak 
ing the 1heceSSary connections With the hearl 
forming electrodes of the tube. 'he upper poi'- 
tion of the giaSS veSSei is is provided with a 
hollow tai'get-anode 28, and a conventional giaSS 
Seal 20 between the target-anode 53 and the glass 
vessel S, this Seal intel'connecting these two ele 
ments So that the target-anode is Supported by 
the glaSS WeSSel . 
The outer protruding portion 22 of the target 

anode is provided With an end-Washer 23 which 
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4 
is soldered to the outer protruding portion 22 
of the anode. Washer f3 is provided with two 
openings which are used for inserting two pipes 
23 and 28 through the Washel' and into the hollow 
portion of the anode. These pipes are normally 
connected to a water Supply which is used for 
cooling the target-anode. he botton portion 
of the glass vessel 5 is provided with the usual t 

glass preSS 39 Which telliiinates in a glass ci'oss 
Shaped inheabei 33 provided with four extensions 
which are used for Supporting and stabilizing all 
Of the beam-for;ining electrodes of the tube. 
Ti These ei ec{(i'Ode5 2i'e also suppo!'$$ed ity Yieams of 
horizontal Sürajps 33, 3 , and üliine ver 
tical insulating tuies 33 
tubes then Seives are supported iy metalic rods 
fi and 32 which extend through these tubes. 
RCdS 5 and is are also used for supplying the 
potentials to an electro-extracting and beam 
forizaing electrodie is and an electron-accelerat 
ing and bean-focusing eiectrode ; ; respectively. 
These eiectrodes are illustrated on an enlarged 
Scale in Fig. 2. Eihe eiection-exti'acting and 
beari-forming electrode 4.3 represents a right, 
hollow, truncated inetaic cone. The cone angle 
Of electrode 35 has an optirinum value of be 
tWeen 30° and 63°; ithe reason foi this is ex 
plained later in the description of operation of 
the tube. Electrode i3 Surrounds a cylindrical, 
indirectly heated cathode 3; which is provided 
With the usual heater element (, tine latter being 
Connected to the secondary 3: of a transformer 
32, the primary 53 of which is connected to an 
alternating Source of potentiai. Since one end 
Of the in eater coil fig is connected to the cathode 
cylinder, the closed circuit of the heater is: cen 
trally mounted rod 34, junpei 25, heater coil 48, 
metaliic cylindier ?i, cathGdie hat fi $, and second 
a'y 3 of tranSfoirminer 8. ii ?le Saine circuit is 
also illustrated in Fig. i. The outer surface of 
this cylindrical catinode is coated with an elec 
trOn-emitting inix Sui'e of the oxies of barium 
and Strontiurn. While the use of well-known 
baliurn and strontium oxides, according to weii 
known techniques, is mentioned here, other 
Oxides and composite si sile recent 
Origin also may be used with corresponding in 
Crease in the ultimate taxinlun bean cirrent 
density with the accelerating voitage boing slf 
ficiently high to pi'event bean space charge ini 
tation. Similarly, at a given bean current the 
relative emission density of the cathode can be 
made lower with the concoiniant increase in the 
life of the cathode. The new electron-eraitting 
Surfaces, to mention a few of thein, are thoria, 
molybdenium-and-thoria po%der mix, and tung 
Sten-and-thoria, powdei, iiii:. . he ower portion 
Of the Cathode is girovided with a hat : 3 which 
Consists of all iii Vei'ted, cup-shapel, metallic 
member with the flat portion E3 of this cup acting 
as an electron-repelling element winich prevents 
drifting of the electrons into the space surround 
iing the lower level of the Cathode and eiectrode 
*ë. Fiat 49 mäy comprise a metailic continu. 
ation of the cathode cylindier 3; so that, in this 
type of construction, the hat and the cathode 
are at the Saile potential. However, hat ig may 
also be insulated from the cathode cylinder 47 
and connected to a negative source of potential 
With respect to Cathode (g as is shown in Sigure 
8-A in Order to accentuate the electron-repelling 
properties of hat 9. The accelerating electrode 
ÉG is mounted directly above, and in coaxial rela 
tionship With, the continuation of the coinciding 
axes of the cylindrical Cathode 4 and cone 
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shaped electrode 45. Electrode 46 comprises a 
hollow, metallic cylinder connected through lead 
3 to ground, and therefore to the positive side 

of a source of relatively high D. C. potential 5 
which may be in the order of one thousand or 
twelve thousand volts. The value of the cath 
ode-anode voltage depends primarily on the 
geometry of the electrodes 45 and 46, the mag 
netic field strength, and only to a Secondary 
extent on the size of cathode 3. The accelerat 
ing electrode, besides accelerating the electrons, 
exerts an electrostatic, beam-focusing action. 
The glass vessel of the beam tube is Sur 
rounded by the segmented solenoids if, 5, and 
26, which are connected to two sources of direct 
current potential 5:3 and 55. These Solenoids 
furnish the necessary magnetic field for produc 
ing and maintaining the previously mentioned 
holloW bearn. 
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. As is known in connection 
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 tube. This wave guide 
constitutes an input circuit for the tube, the 
connections of the Wave guide to the tube in 
cluding a helix inserted within the tube, this 
helix surrounding the electron beam. Only a 
few turns of the helix are shown in Fig. 1 due 
to lack of Space. 
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 imput 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 36 and 
the helical coil within the tube extends from 
that region to the region which is in the vicinity 
of the target-anode 8, where a similar Wave 
guide output circuit is connected to the helix. 
The operation of the traveling Wave tubes is 
known in the art and may be summarized 
briefly as follows: The radiation propagated 
along the input wave guide Velocity-modulates 
the electron beam with the concomitant bunch 
ing of the electrons in response to the ultra 
high frequency intelligence 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 it is gradually attenuated So that it does 
not have any effect on the electron beam from 
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. 
From then on the velocity-modulated electron 

The actual number of turns : 
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6 
beam acts as an ultra-high frequency 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, 30, and 3 on a plurality 
of helix Supporting rods 26, 2, 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 intelligence signal may 
be either a simplex or multiplex signal. 
The above structure is disclosed in Fig. i with 

the input proper of the input wave guide sur 
rounding that portion of the tube which is 
directly above the accelerating electrode 6. 
The Wave guide 53 is provided with a coupling 
transformer comprising an outer ring 56, con 
nected to Wave guide 53, and an inner ring 58. 
Ring 58, which is in coaxial relationship with 
ring 53, is approximately of the same length or 
height as ring 58. This length is approximately 
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 6, and the physical 
length of the Wave guide extending beyond the 
center line of the tube is in the order of 

Ag 
4 

where Ag is the wave guide length of the propa 
gated signal. The ends of the rings 56 and 
53 are aligned so as to produce only a relatively 
narrow gap between the inner surface of ring 
56 and the outer Surface of ring 58, this gap 
being filled by the glass envelope of the tube 
it. 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 56 
Which is nearest to the accelerating electrode 
46. The extension 62 of the wave guide beyond 
the longitudinal axis of the tube constitutes a 
Step-up transformer of the wave guide since its 
electrical length is made substantially equal to 

??. 
SSSSSS á bæ. 

Therefore, high R. F. voltage appears a quarter 
Wave length away from the closed end Se; 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 64 is placed coaxially with respect to the 
longitudinal center line of the tube, and its inner 
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 68, the effect of the 
input signal upon the beam will cease and firon 
then on the velocity-modulated beain will begin 
to transfer the intelligence signal back onto 
haix 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 Si, which is 
the cathode-alnode potential of te te. Some. 
energy, of course, Will be contribuite di also by 
the direct current potential connected to the 
focusing and accelerating electrodes 433 and 43 
as well as the heat energy comiYunicated to the 
cathode, as is Well known in coilinection. With 
conventional radio or video apifiers. 
The output. circuit of the Velocity-modulation 

tube is identical to the input circuit, but it is 
te revel'Sal of the folnei”, i. e., an Otput t’a S 
former, including an inner ring 35 and ain oute 
ring 33, is connected to all output Wave guide 
i which propagates the raiation iringressed 
upon it by the output. transfoile'. The ion 
gitudinal dinensions of tile helices, the in 
pedances of the transforminen' and the Spacing 
between iIæ Wave gt ides a10 SO adjUSiet that, 
the heižK behaveS, liet Optii:trªn COnditionS, aS 
a fiat line With the coinco2 initant inimirnun loss 
of energy in the transfer ci-Cit, itSeif through 

of energy from out the entire process of t'2.h3ier 
ole Wave guide to the othe:. 
The operation of the beais) tube is as follows: 

A source of potential is connected to a heater 
element 48 with the resulting heating of the cy 
lindrical cathode 4 and electron-reinitting ox 
ides, which are anchored to the Outer Surface of 
cylinder 47. A positive terminal of a direct 
source of potential 5 , having a value which is 
Somewhat lower than the direct current poten 
tial connected to the accelerating-electrode 6 
and the target-anode 3, is collected to elec 
trode 45. Scienoids. A and 5 are connected to 
a source of direct potential 5 with the result 
ing p1"O€uctiO?n of St:bStarntial!y uinifO1"Iin irha.g- 
netic isld throughout the length cf the Smaller 
diameter polition of the tube. 

Solenoids 4 and S. are separated Gly in ol' - 
der to leave a space for the input Wave guide 54. 
The space between these two Solenoids is Small 
corinpared to their outer diameter, so that the 
rinagnetic field is substantially unifoli in through 
out the l'eglich Within the Sinal diañYeter pOl' tiO2). 
of the tube. Solenoid is is connected to a Source 
of direct current potential 55. By means of the 
two independent direct current potentials 54 and 
55, the magnetic field strength in the region of 
the helix 6 may be adj USted independent Of the 
field Strength in the region of the electron gun 
within the Solenoid 76. A magnetic field inten 
sity of the older of 800 gauss is 'equired for the 
electron gun while a son lewhat lower field 
strength, of the order of 500 gauss, is required 
for the region of the helix, where the strong 
ladial electicostatic fields are not present, The 
electron-extracting and bean-forning electrode 
45 accelerates the electrons sign ultaneously out 
wardly f'Onn the Surface Of the cathode in an 
approximately radial direction, and also 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 

20 

30 

75 

8 
Shaping of electrode 45. If it were not for the 
magnetic field, the electrons would reach elec 
trode 45 essentially along the paths 330, Fig. 3, 
where the configuration of the electrostatic field 
betwee; the cathode and electrode 45 is illus 
trated by a plurality of lines 300. (For con 
Venience the lines 339 have arrows which show 
a direction opposite to the conventional direction 
of electric field, since the direction of force On 
elect1'ons is opposite to the electric field. This 
Saline level'sal 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 
eithce. Of the Space charge, however, cause the 
electrons to assurghe essentially circular paths 
CGilcentric. With the axis of the cathode. Tue 
to the axial cornponent of the electric field these 
circulating elections receive an axial accelera 
tion toward the apex of the cone, causing the 
electi’Oins to assuine helically directed paths of 
progreSSiVeiy incl'easing 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 
acceleratici of electrons within the electrode 45 
Iilay be increased by increasing the axial coin 
pollent of the electron field. This may be done 
by iiiSulating the end hat, 43, and biasing it 
inegatively with respect to the cathode as shown 
in Figule 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 
inserting an insulating plug 393 into the cath 
Ode cylinder 4 and hat 49, this plug acting as 
a mechainical means for interconnecting and 
hoiding together hat 39 and the cathode cylin 
der 3. The heater is supplied with the neces 
Saly heat culient through a transformer 394, 
the primary of which is connected to two con 
ductor's 385 and 833, which complete the circuit 
of the heater. As illustrated in the drawing, one 
of the iower ends of the heater coil is connected 
to the innel' wall of the cathode cylinder 47 by 
fileans of a junpei' 337, which enables one to 
use one of the heater conductors, namely con 
ductor 335, for biasing the cathode cylinder with 
reS2ect to the hat. This is accomplished by 
Tileans of a conductor 3:8, which is connected to 
the lower eind of conductor 335 at one end and 
to a battery tap 333 at the other end. From the 
illustrated connections, it follows that battery 5 
Supplies all the necessary potentials, except the 
heater potentiai supplied by transformer 304; 
hat 49 is at the lowest potential, or most nega 
tive potential; the cathode cylinder AI is at 
Somewhat higher positive potential with respect 
to hat 48, the beam-forming and electron-ex 
tracting eiectrode 35 is at a much higher posi 
tive potential with respect to the cathode cylin 
del 3 (See conductor 3), and electrode 4S is at 
a still higher potential with respect to electrode 
85 and also with respect to the cathode cylinder 
4. The latter connection is obtained hy 
grounding electrode 46 through conductor 3 and 
by grounding the positive terminal of the source 
of potential 83. The position and shape of elec 
trode 46 in relation to the upper end of electrode 
45 is also designed to produce the previously 
imentioned, well known electrostatic focusing 
action. On the electrons, as they pass from the 
end of electrode 45 through electrode 46, by 
means of the So-called “electrostatic lens of the 
bi-potential concentric cylinder type.' This 
type of electronic lens is commonly used in bean 
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tubes such as cathode ray tubes and storage 
tubes. It is important that the top end of the 
cathode 4 be located Somewhat below the top 
end of electrode 45 to prevent the otherwise pres 
ent electrostatic defocusing fields between the 
cathode and electrode 36 from nullifying the 
previously described focusing action of electrode 
46. The hollow cylinder 58, and the helix 64 
are at ground potential, being connected through 
lead 33 to electrode 46 which is grounded 
through leads 42 and 8 of Fig. 1. Because of 
the presence of the magnetic field in the Space 
between the accelerating electrode 46 and the 
target-anode 8, the electrons will continue heli 
cal paths of enlarged but uniform pitch until 
they reach anode 8. In this region the pitch 
of the electron paths is of the order of 5 to 15 
times the diameter of the beam, depending on 
the potentials of electrodes 46, 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 a potential difference of about 300 volts be 
tween the hollow cylinder helix termination 66 
and the target-anode 8, supplied by a source 
of direct voltage 7. It is possible to obtain a 
hollow beam of electrons by means of the Com 
bined 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 foliowing parameters 
were found to be very satisfactory for producing 
a hollow electron beam A' outer diameter and 
4’’ inner diameter with no scallops: 
Beam current----------------------ma.-- .400 
Cathode diameter----------------- inch-- .125 
Small inner diameter of electrode 45 

inch. .250 
The angle of cone 45----------- degrees-- 40-60 
The axial length of the cathode----inch-- 5 
The inner diameter of accelerator 46 

inch. .375 
The axial length of accelerator 46-do---- 75 
Potential of electrode 45---------- ??1?S. - 800 
Potential of electrode 46---------- do---- 2000 
Magnetic field strength in the electron 
8th -------------------------- gauss-- 800 

Magnetic field strength between electrode 
66 and the target-------------- gauss- 500 
Electrode 45 has an optimum angle mentioned 

above because if the angle were too large the 
electron-extracting fields would be too small to 
extract, many electrons from the cathode in the 
region near the end hat A9, 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. 

II, the prior art the known techniques of gener 
atting either solid or hollow electron beams Con 
sisted Gf 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 limited 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 obtainable 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 
strontiun oxides in the ratio of approximately 
two to one, it would be only reasonable to expect 
that, a Cathode made of thoria, in the disclosed 
tube Would have ultimate maximum bean 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 

9 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 di SclOSed 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. 
With 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 
Wantageous to use a hollow electron beam so that 
the bean electrons Would be under the influence 
of the strongest electric field for optimum inter 
change of engrgies between the field and the 
electrons in the input portion of the tube. The 
same is true for the output 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 
bean, 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 bean. 
To summarize the advantages of the disclosed 

tube, it discloses a most desirable type of electron 
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 70 for shaping the path 
of the magnetic flux. This enables one to obtain 
a magnetic flux which also furnishes the radial 
component acting on the electrons. Therefore 
With the pole-piece it, 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. 

Fig. 4 discloses a modified form of the electi’Oil 
extracting and beam-forming electrode 5. In 
Fig. 4 the cathode 47 is identical to the similarly 
numbered cathode in Fig. 2, So that the illodifica 
tion is restricted solely to the electron-extracting 
and beam-forming electrode. The lattel consists 
of a plurality of thin-walled hollow cylindel's, O: 
metallic rings 4G6 through 404 of equal diameter's 
and which are in concentric relationship with l'e- 
spect to the cathode and are equidistantly Space 
along the axis of the tube. The rings are rhade 
of any suitable sheet metal such as nickel Cr 
tantalum. The electrical circuits between the 
cathode and the rings, as illustrated in the fig 
ule, consist of a conductor 496 connecting the 
cathode to the negative terminal of a soul:'ce of 
potential 49 and a plurality of tapped connec 
tions between the successively higher positive 
potential terminals, of Source 03 and the ringS 
so that ring 494 is at the lowest positive potential 
with respect to the cathode and ring 43 is at 
the highest, with positive potential increments 
existing between adjacent rings as one progreSSeS 
from ring 434 to ring 499. 
In the absence of a magnetic field parallel to 

the axis of the cathode, the electrons efinitted 
from the cathode would follow paths approxi 
mately the same as the lines of electiic field 
illustrated in Fig. 4. Which reach for the cathode 
to the anode rings. Thus, Without the 12tagnetic 
field the tube would act as a diode. The aag 
netic field, however, causes the electrons, which 
are initially accelerated approxiinately along the 
radial paths toward the rings, to assulme helical 
paths concentric about the axis of the cathode, 
and, in combination with the electrostatic field, 
cause them to assume a helical path of progres 
sively increasing pitch toward ring 483 and siec 
trode 46. This is especially so because of the 
longitudinal component of electrostatic field 
caused by the increasing gradient of potentia: 
from ling 4 to 42. Electrode 46, which is the 
electron-accelerating and electrostatic-focusing 
electrode, is at a higher potential than ring it. 
Electrode 46, therefore, accelerates the electrons 
which emerge in the axial direction from ring 488, 
causing the electrons to continue their helical 
motion but with a much greater pitch. The posi 
tion and shape of electrode 35 in relation to 
ring 49 is also designed to produce the previ 
ously mentioned, well known electrostatic focus 
ing action on the electrons as they pass from ring 
400 through electrode 46 by means of the so 
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12 
called “electro-static lens of the bi-potential 
concentric cylinder type.' This type of electronic 
lens is conimonly used in beam tubeS Such as 
cathode ray tubes and storage tubes. By using 
a plurality of rings 400 to 404 with Successively 
higher potentials applied to the rings, essentially 
the same shape of electrostatic field is obtained 
as by the use of tapered electrode 5 in Fig. 2. 
Therefore these two types of hollow electron 
beaim Sources, shown in FigS. 2 and 4, aire eSSemi 
tially alike in their ability to produce hollow 
electron beans. Therefore the advantages of the 
hollow beam source of Fig. 2 over conventional 
hollow beam sources also apply to the Source 
illustrated in Fig. 4. 

Fig. 4 illustrates the heater coil 33 centraliy 
mounted Within the cathode cylinder 4, 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 cathode cylinder but 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 heate1' 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 
been stressed that the electrostatic field includes 
a radial vector and a vector parallel to the lon 
gitudinal axis of the tube. The radial vector 
produces the radial acceleration of the electrons 
and the magnetic field converts it into the cir 
culalº motion. The axial vector, which is palº 
allel to the longitudinal axis of the tube, con 
verts this circular motion into a helical notion 
So that the electrons eventually einanate frO3) 
the interaction space between the Cathode aid 
the electron-extracting and beam-for-Ying elec 
trode. The magnitudes of the two vectO1’S and 
of the magnetic field must be properly propo'- 
tioned to obtain the desired helical pathS Since, 
if the radial vector is made too large &nd the 
axial vector, in an extreme case, is suppressed al 
together, the interaction space is converted into 
that of a conventionai magnetron. If the axia. 
vector only is present, the acceleration of the 
electrons by the axial vector is parallel 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. However, available geome 
tries for the creation of the radial and axial elec 
trostatic fields tend to favor the radial field at 
the expense of the axial field. To overcome this 
it becomes necessary to resort to the electrocie 
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 nounted cathode it, the elec 
tron-extracting and beam-forming electrode, and 
the accelerating and focusing electrode 66 are 
iilustrated in this figure. The modification re 
sides solely in the construction of the electro:- 
extracting and beam-forming electrode which is 
similar to the electrode of Fig. 4. except that the 
rings 40 through 404 of Fig. 4 have been re 
shaped into a plurality of axially Spaced, inolioW, 
truncated cones 500 through 504. The elec 
trical connections to these coines 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 3; 3. The axial corn 
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 594-508 
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 
Fig. 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 
ær COil Circuit is COliapletted by i Heans Of two Con 
ductor's Such as conductors 35 and 338 and the 
Secondary of transformer 34 illustrated in Fig, 
3--A. 

FigS. 4 and 5 also disclose the use of the pole 
piece for shaping the path of the magnetic 
field. 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 
electrodes surrounding the cathode. It is known 
in the thermionic tubes all'it that the eiectron 
emissive area can be increased still further by 
reversing the position of the elements, i. e., so 
that the cathode is the external cylindrical men 
icer, 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 neces 
Sary electroStatic field is furnished by means of 
the axially positioned electrode, the area of which 
ilay be made rather smail before introducing any 
limiting factors. This is illustrated in Fig. 6 
Where the electron-extracting and beam-forming 
electrode 683 is in the cerater and has the shape 
of an inverted cone. An electron-emitting sur 
face 6 consists of a thin hollow metallic cylin 
der 662, the inner surface of which has been 
painted with an electron-emissive raterial. This 
cylinder fits inside a hollow ceramic cylinder 
683, 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 893 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 693 has the shape of an inverted cone 
With the base of the cone being somewhat below 
the plane defined by the upper end of the cathode 
Cylinder 62. The remaining elements of the 
tube are identical to those of Fig. 1 with elec 
trode 68 being the accelerating and focusing elec 
trode which performs the same function as elec 
trCde is of Fig. 2. Cathode 332 is connected to 
the negative side of a source of high direct cur 
rent potential 637 by the conductor 636. Elec 
ti'Ode 685 is connected through lead 688 to an in 
termediate positive voltage tap on the source of 
potential 533 and the high positive potential 
Side of the voltage source 697 is grounded and is 
therefore connected to electrode 46 through a 
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grounded lead i8. The electric field appearing 
between the cathode 682 and electrode 65 is 
illustrated by a plurality of lines. The electric 
field has both a radial and a longitudinal Con 
ponent, as in Fig. 1. With the exception of the 
initial direction of the election 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 coine 695 
terminate somewhat below the upper end of cath 
ode 662 in order to avoid the presence of any 
strong electric fields between the upper end of 
the cone and the accelerating electrode 6, Since 
they would have a disruptive effect upon the 
beam. Accordingly the configuration of the el 
tire end zone involving the plane defined by the 
upper end of the cathode, the upper end of elec 
trode 65, and the position of electrode 36 are 
such that the usual focusing and electron ac 
celerating properties dominate this region. 
The main advantage of the beam tube illis 

trated in Fig. 6 is that it possesses a large elec 
tron-emitting surface. For a given diameter of 
the beam, the current densities produced in Fig. 6 
are of the order of two or three tirines 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 attaining such densities. 

Figs. 1 through 6 have been described thus far 
as having the radial component furnished by the 
electrostatic field. AS indicated in the Sale fig 
ures, by an element i ? !, the 1'a-dial component 
may be furnished also by the magnetic field in 
addition to the electrostatic field, as Will be de 
Scribed more fully in connection with the de 
Scription of Fig. 7. 

Fig. 7 discloses a modification in Which the 
magnetic field is not parallel to the axis of the 
tube any longer, which is especially true of the 
iOWeir portion of the interaction Space. The con 
figuration of the magnetic field is illustrated di 
agrammatically in Fig. 8 by the Yagnetic lines 
899. A pole-piece it, made of ferro-Inagnetic 
material, is placed directly in the path of the 
magnetic field within the tube. This poie-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 field. Since the permeability of 
this pole-piece is much higher than that of vacu 
um, the flux will follow this path of least reluc 
tance, as illustrated in Fig. 8. The resulting mag 
netic iield, eimanating irom the pole-piece, di 
Werges in the direction 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 wii force the electrons to 
follow circular orbits which are in the plane per 
pendicular to the axis of the tube. However the 
magnetic field now also has a radial component 
because of the presence of the pole-piece 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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- illustrated above, satisfactory modulations are ob 
tainable. 

It has been also mentioned previously in this 
specification that one of the advantages of the 
disclosed tube is 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 bean 
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. Once the 
limits have been established, the value of the 
magnetic vector can be altered in any desired 
ale. 
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 haW 

ing an elongated electron-emissive surface; an 
electron-extracting and bean-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 to thereby 
produce an electrostatic field having radial 
and Substantial axial coinponents 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 
a hollow electron bean emanating in an axial 
direction from said interaction Space, Said beam 
having a longitudinal axis in substantial coinci 
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, 
metallic, truncated conesin 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 between adjacent 
COile:S. 

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 cathode and said second electrode 
having a common longitudinal axis with Said 
Second 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 in 
claim 7 in Which said cathode is a centrally 
mounted member with said first electrode Sur 
rounding Said cathode. 

9. In an electron beam tube 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 fux 
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 in said 
beam is a helical path. 

11. An electron gun for generating an electron 
beam and including a cathode having an 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 of magnetic field furnishing 
a 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 said 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 between said second electrode and said 
target anode, a helical coil interconnecting said 
wave guides, said coil being positioned within 
said 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 Said second Solenoid a 
magnetic field furnishing lines of force substan 
tally parallel to the longitudinal axis of Said 
helical COil. 

13. A traveling wave tube as defined in claim 2 
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 cylinder and said first electrode is a hollow, 
metallic, truncated cone in spaced, coaxial rela 
tionship 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 con 
prises a plurality of metallic rings axiallyspaced 
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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cathode and disposed coaxially therewith, said 
metallic element connected to said cathode and 
partially closing off said interaction space at the 
end Opposite 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 cathode 
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. 

JOSEPHE HULL. 
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