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This invention relates to electron discharge 
devices and more particularly to electron guns 
for producing a concentrated stream of electrons 
for use in Klystrons, electron microscopes, cath 
Ode ray, Wacuum tubes and similar electron dis 
Charge devices. 
In electron guns for producing beams of finite 

Sizes, it is frequently desirable to form a con 
Centrated rectilinearly-moving beam of elec 
trons. Rectilinear motion of electrons traveling 
between a cathode-emissive surface and an anode 
occurs when the potential distribution has a 
component of Zero gradient normal to the paths 
of electrons of the beam. Under such conditions, 
the magnitudes of the fields at corresponding 
points inside and outside the beam are equal. 
Stated differently, there is no tendency for elec 
trons in passing between the electrodes of the 
electron gun to deviate from paths normal to 
the electron-emissive surface if the fields out 
Side the beam satisfy Laplace's equation and, 
Over the boundary of the beam, are consistent 
With Solutions of the Space charge equations in 
Side the beam. 
The obtaining of a suitable potential distribu 

tion conducive to rectilinear electron motion has 
been achieved in the prior art by providing 
Special electrodes surrounding and extending be 
yond the path of the electrons. These special 
beam-forming electrodes have opposed surfaces 
of complex configuration and critical location 
With respect to One another and the other elec 
tron gun electrodes, including the electron-emis 
Sive Surface. The precise configuration and lo 
cation of the beam-focusing Surface electrodes 
have been largely determined by the electrolytic 
tank method, which is described in U. S. Patent 
2,268,165. In addition, some attempt has been 
made to define the shape of part of such sur 
faces, as described in U. S. Patent 2,268,196. 
One disadvantage of the known beam-forming 

electrodes is the difficulty of their fabrication 
and the incident cost aSSociated therewith. An 
other disadvantage Consists of the necessity for 
determining the electron gun configuration by 
the electrolytic tank method. 
The present invention achieves the proper 

potential distribution to insure rectilinear mo 
tion of electrons by providing means defining 
two conductive edges or two line conductors lo 
cated between the emissive surface and the 
anode. The two edges are spaced progressively 
outwardly from the periphery of the emissive 
surface and progressively toward the anode, 
respectively. Thus, for instance, the two edges 
for use in conjunction. With a circular electron 
emitting surface may be provided by a circularly 
apertured disk and a circular cylinder, the upper 
edge of the aperture of the disk constituting a 
first edge and the inner edge of the cylinder 
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constituting a second edge. According to the 
present invention, the position of the two edges 
in relation to the cathode is effective for pro 
viding the desired potential distribution. 
An object of the present invention is to proa 

vide an improved electron gun having predeter 
mined electrical characteristics. - 
A further object of the present invention is 

to provide an improved electron gun wherein 
rectilinear notion. Of electrons is insured. . 
Another object of the present invention lies 

in the provision of an improved electron beam 
producing assembly wherein the potential gra 
dient has a component normal to the boundary 
of the electron beam equal to Zero. 
Another object of the present invention is to 

provide in an electron gun a desired voltage 
gradient by means of two suitably positioned 
line conductors or edges. 
A further object of the present invention is 

to provide an electron gun of predetermined 
electrical characteristics having easily fabricated 
beam-forming electrodes. 
A still further object of the instant invention 

is to enable the design of an improved electron 
beam forming assembly without recourse to the 
electrolytic method. 
Other objects and advantages of this inven 

tion will become apparent from the specification, 
taken in connection with the accompanying 
drawings wherein the invention is embodied in 
concrete form. 

Fig. 1 is a diagrammatic representation, sym 
metrical about the electron beam axis, of one 
form of the improved anode-grid type electron 
gun of the present invention, together with a 
partial schematic Wiring diagram; 

Fig. 2 is a similar representation of the grid 
less-anode type improved electron gun; 

Fig. 3 is a perspective view partly in cross 
section of the electron gun corresponding to the 
diagrammatic representation of Fig. 1; 

Fig. 4 is a perspective view partly in cross 
Section of an alternate form of the electron gun 
structure of Fig. 3; and 

Figs. 5 and 6 are cross-section elevational 
views of alternate types of field-forming struc 
tures. 

Similar characters of reference are used 
throughout the figures to indicate corresponding 
parts. 

Referring now to the drawings, the diagram 
matic representation shown in Fig. 1 is useful for 
describing the principles and illustrating one form 
of the structure of the present invention. The 
electron gun is formed as a figure of revolution 
about its longitudinal axis with the cathode 
2 having a spherically concave electron-emissive 

Surface f3. The center of sphericity of the elec 
tron-emissive Surface 3 is point P toward which 
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liberated electrons converge as they travel in the 
direction of the anode 14. By maintaining the 
accelerating electrode or the anode 4 at a posi 
tive potential with respect to the cathode 2 elec 
trons, which have been liberated fron the Surface 
13 by means of a suitable heater element (not 
shown), are attracted toward the anode 4. The 
requisite accelerating potential is provided by 
means of a source of voltage, such as battery 6, 
connected by leads 7, 8 to the cathode 2 and 
the anode 4, respectively. 
The anode 4, which is symmetrical about the 

electron gun axis , has a centrally-disposed grid 
9 which is arranged normal to the axis . To 
enable the anode 4 to extend preferably at right 
angles to the boundary or edge 2 of the electron 
beam, the anode f4 is formed in two portions, an 
inner sloping portion 22 and an outer portion 23. 
For convenient fabrication the outer portion 23 
may be planar and oriented perpendicularly to 
the axis f. m 
To insure a suitable potential distribution be 

tween the cathode 2 and the anode 4 of the 
electron gun, means are provided for defining a 
pair of field-forning electrodes consisting of first 
and second conductive edges 24, 26, respectively. 
Thus, the part or parts providing the desired 
edges 24, 26, which are operated at zero bias with 
respect to the cathode 2, may be fabricated, 
gauged and accurately mounted in the electron 
gun. With ease. 

In operation, electrons emanating from the 
electron-emissive surface 3 of the cathode 2 are 
attracted toward the grid 9 in substantially rec 
tilinear paths. As shown in Fig. 1, the electron 
beam in the region between the Surface 3 and the 
grid 9 has a frusto-conical configuration, as de 
fined by the boundary 2 of the electron beam. 
The apex of the cone including the frusto-conical 
shaped beam is the point P, toward which elec 
trons in their flight intermediate the Surface 3 
and the grid 9 tend to converge. 
The proper potential distribution for insuring 

rectilinear motion of electrons is provided by 
means of the Zero-biased Suitably positioned edges 
24, 26, which may be connected electrically to the 
cathode 2 to prevent their disturbing the poten 
tial distribution by the accumulation of charge. 
Along the electron beam boundary 2 the normal 
gradient of the Voltage field, as indicated by a 
field line 27, is zero. Moreover, within the frusto 
Conical beam along any line extending perpen 
dicularly to the emissive surface 3, such as nor 
mal line 28, the voltage field, similarly, has a nor 
mal component equal to zero. Accordingly, along 
field line 29, which is oriented at right angles to 
the normal line 28, the Voltage gradient is equal 
to zero. Electrons traveling in rectilinear paths 
between the surface 3 and the grid 9 follow such 
Straight lines, as normal line 28 and the line de 
fining the beam boundary 2, which latter line 
Similarly extends normal to the Surface 3. After 
electrons pass through the grid 9 they are no 
longer exposed to the specially-maintained poten 
tial distribution and, consequently, deviate from 
rectilinear motion. 
Before discussing the manner in which the 

present invention achieves the desired potential 
distribution, there are certain general considera 
tions pertaining to the construction and opera 
tion of electron guns which are of particular in 
terest in connection. With the instant invention. 
These include the following: 

(a) The cathode should be operated fully space 
charge limited. 
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4. 
(b) The cathode emission current density 

should be maintained below a value consistent 
with the life expectancy, of the electron-remissive 
surface of the particular cathode employed. 

(c) Under space charge limited operation the 
cathode should preferably be operated with uni 
form current emission density along the electron 
emitting surface. If this condition is not Satis 
fied, the maximum operating voltage is limited 
by the region in the beam having the maximum 
current density in order to satisfy condition (b). 
Moreover, to obtain a given magnitude of total 
current a non-uniform emissive surface generally 
must be larger than a uniform Surface, and, as a 
result, requires greater heater power. 

(d) In many applications it is essential that 
the cathode-anode capacitance be maintained 
below a specified value. 
As discussed in preceding paragraphs, struc 

ture has been provided in the prior art for insur 
ing a zero voltage gradient normal to the edge of 
an electron beam. Such structure consisted of a 
pair of opposed surfaces of complex configuration 
which were costly to fabricate and difficult to 
position in an electron gun assembly With the re 
quired precision. 
By virtue of the present invention the desired 

result is achieved merely by two edges which may 
be provided by a wide variety of structure, which 
include, for instance in the case of a circular 
cathode, concentric cylinders, apertured disks, 
wire rings, a bored cup, etc. Accordingly, a great 
degree of latitude is present in the Selection of 
the electrode structure suitable for providing the 
field-forming means of the instant invention. 

In the various types of electron gun configu 
rations discussed herein each of the field-form 
ing electrodes constitutes from an electrical 
standpoint a series of points or a geometric line 
provided by a conductive material. The term 
“line conductor,' among others, has been em 
ployed to describe Such electrodes. 

Theoretically, the problem of determining the 
ideal electron gun structure stems from consid 
erations of electrons passing between infinite 
parallel planes, concentric spheres, etc. In con 
structing a practical finite electrode System, an 
attempt has been made to approach the ideal 
condition by maintaining in the region laterally 
beyond the electron beam a potential distribu 
tion approximating that which Would occur if 
this region were to contain electrons. In the de 
sign of practical electron guns having predeter 
mined electrical characteristics laborious calcu 
lations were customarily prepared to determine 
the potential distribution along the edge of the 
beam in the direction of electron travel. These 
calculations were then employed with the elec 
trolytic tank method to determine the configura 
tion and orientation of opposed surfaces of com 
plex shape which would provide a zero voltage 
gradient normal to the beam edge. 
According to the present invention, the posi 

tion of two line conductors or edges, such as 
edges, 24, 26 may be determined with ease for 
a grid-anode type electron gun of desired elec 
trical performance. Such guns are constructed 
for a selected semi-angle 0, in degrees, of the 
electron beam and a perveance K, where 

I 
K-F in X106 

In the above expression I, in microamperes, is 
the total electron beam current and V, in volts, 
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is the accelerating voltage maintained between 
the cathode 2 and the anode 4. 
Along a line extending normally to the edge 

of the electron-emissive surface 3, the distances 
from point P to the inner sloping portion 22 of 
the anode 4 and the surface 3 are designated 
Ra and Rc, respectively. 
The perveance may be expressed in terms of 

a relationship described by Langmuir and Blogett, 
“Currents limited by space charge between con 
centric spheres,’ Physical Review, vol. 24, pp. 
49-59, 1924. This relationship may be restated 
to give another expression for perVeance, as foll 
IOWS: 

K=A sin2 (9/2) 
where A is a Langmuir-Blogett type function of 
Ra/RC. 
The angle of inclination is useful for deter 

mining the location of the two edges 24, 26 in 
terms of predetermined values of perVeance and 
beam semi-angle, where in degrees is given 
by the empirical relationship 

50-8(RC/RG-1) -6 
For convenience, it is possible to express the 

angle of inclination directly as a function of the 
perweance and Semi-angle of the beam by con 
sidering the ratio Ric/Ra, equal to the inverse 
function g of A, as follows: 

50-set to-1-0 
In Fig. 1 a, rectangular coordinate System is 

arranged in a plane including the axis and any 
given point on the periphery of the electron 
emissive surface 3. Thus, the ac-axis extends 
radially and normal to the axis, With ac increaS 
ing positively in a direction outwardly from the 
axis f. The y-axis is oriented at right angles 
to the ac-axis and extends parallel to the axis 
and through the given point, With g increasing 
positively in the direction of the anode 4. In 
terms of the rectangular coordinate System the 
given point on the periphery of the surface 3, 
consequently, has 0,0 coordinates. The posi 
tion of the first and second edges 24, 26 may be 
designated all, g1, and ac2, y2, respectively. Thus, 
the location of the second edge 26 is given substan 
tially by the following expressions: 

ac2=(0.8--8) sin (Rc-Ra) 
g2s (0.8-1-8) cos ly--8 (Rc-Ra) 

where 8 may vary between 0.0 and 0.3 
ac1= (0.10-6) ace 
gi= (0.12-6) g2 

where B may vary between 0.0 and 0.1 
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It is useful at this point to refer briefly to Figs. 
5 and 6, which are described more fully below, 
as illustrative of types of structure suitable for 
providing the field-forming electrodes. 

In the event that the two edges 24, 26 are pro 
vided by a cylinder and apertured disk arrange 
ment, such as ShoWin in Fig. 5, Which for Con 
venience may be designated the apertured-cyl 
inder or A-C type, the position of the lower edge 
24 is given substantially by 

The lower edge 24 may be located algebraically 
independently of the upper edge 26 substantially 
aS follows: 

a1=(0.09 sin y) (Re-Ra) 
gl= (0.11 cos ) (Ric-Ra) 

60 

S. 
Where two cylinders are employed, which may 

conveniently be termed the cylinder-cylinder or 
C-C type, such as that shown in Fig. 6, the posi 
tion of the lower edge 24 is given substantially by 

as O.15ace 
gl=0.20y2 

Similarly, the lower edge 24 of the C-C type 
may be located in an expression independent of 
the coordinate of the upper edge 26 substantially 
aS follows: 

ai=(0.14 sin y) (Re-Ra) 
g|2= (0.20 cos ) (RC-Rd.) 

In both the A-C, C-C and other structural types 
for providing the two edges 24, 26, the axial dis 
tance of the outer portion 23 of the anode f4 from 
a plane Oriented normal to the axis and in 
cluding any of the points on the periphery of the 
electron-emissive surface 3 should be greater 
than the distance along the boundary 2 of the 
beam between the emissive Surface 3 and the 
anode 4. Stated in terms of the rectangular co 
Ordinate System shown in Fig. 1, the minimum 
distance between the outer portion 23 and the 
ac-axis, g3 min, may be expressed substantially, as 
follows: 

2/3 min. 1.0< 
Preferably, the minimum axial distance of the 
outer portion 23 of the anode 4 from the edge of 
the emissive surface 3 should be larger, accord? 
ing to the following expression: 

3 1.2 if 
While the outer portion 23 of the anode f4 

has been shown to be planar and oriented normal 
to the electron gun axis , this particular cona 
figuration is not essential to the Successful opera-. 
tion of the instant invention. However, this ar-, 
rangement is advantageous in many applications 
in that it simplifies manufacture. Moreover, 
While the sloping portion 22 of the anode 4 has. 
been shown Oriented at right angles to the bean: 
boundary 2 and having a smooth surface, all: 
that is required is that the anode 4 extend nor 
mal to the beam boundary 2 for a Small distance: 
in Order to ensure the proper voltage field dis 
tribution. The region where the anode 4 ap 
proaches the beam boundary 2 may conveniently 
be termed the critical region. Departure from: 
the preferable perpendicular relationship in the 
critical region may be tolerated within hi0 with 
the deviation reducing the efficiency of the elec 
tron gun. 

In other words, the sloping portion 22 of the 
Outer portion 23 of the anode 4 need not have 
Smooth Surfaces. Furthermore, in some applica 
tions of the instant invention the anode 4 has 
been formed without distinct portions 22, 23. In 
Such designs the entire Surface of the anode 4 
Smoothly extends from the grid 9 to the en 

5 COSing side Wall of the electron gun. 

70 

5 

Preferably the sloping portion 22 of the anode 
4 should extend infinitely close to the beam 
boundary 2. In practice owing to manufactur 
ing tolerances the diameter of the aperture of 
the portion 22 has been selected to be slightly 
greater than the diameter of the adjacent circu 
lar cross-section of the electron beam. This pro 
cedure is followed to prevent electrons impinging 

n -the innermost region of the sloping portion 
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While the grid 9 is shown planar, it may be 
formed as a concave spherical-section member 
with the center of sphericity the point P. Such 
an arrangement, while it tends to approach more 
closely the condition of electrons moving between 
concentric spheres, is unlecessary in a practical 
electron gun design. 

It is, of course, understood that the invention 
may be employed over a wide range of electron 
beam semi-angles, including preferably the range 
from 0 to 35 degrees. With beams having zero or 
relatively Small angle the anode 4 may beformed 
normal to the axis i? over its entire extent. Under 
such conditions the anode 4 will approach the 
beam boundary 2. Substantially at right angles. 
When dealing with a semi-beam angle 8 equal 

to zero, the expressions which have been given. 
for determining the electron gun design are 
equally applicable. Under such conditions, the 
value of the ratio Ra/Rc. becomes unity and A, 
which is a Langmuir-Blogett type function of 
this ratio, becomes infinite. Thus, the point P in 
Fig. 1 is infinitely removed from the surface. 3. 
and anode 4 and the surface. 3 becomes planar. 

In Fig. 2 there is shown another embodiment of 25. 
the instant invention for a gridless-anode type, 
electron gun. This diagrammatic representation 
is similar to Fig. 1 with the following exceptions. 
The gridless-anode 3, which is Symmetrical about 
the axis , is formed with an outer portion 32, 
Which for convenience may be planar and normal. 
to the axis of the gun. The...inner or tapered 
portion 33 of the anode 3 has an angle of taper. 
which is not critical to the operation of the 
electron gun. The position of the junction 34 of 
the outer portion 32 and the tapered portion 33 
has an effect upon-the-electrical performance of 
the electron gun; however, the diameter of the 
aperture of the outer pertion 32 may vary over 
an appreciable-range. To illustrate:the similarity. 
between the electron guns of Figs. 1 and 2, a hypo 
thetical curved surface, represented by line 36, 
is shown extending to the junction 34. The 
curved surface is Spherically concave in outlife 
about the point P. 
The operation of the gridless-anode electron 

gun is similar to that described in connection with 
Fig. 1. While the grid 9 is effective for co 
fining the potential distribution to the region be 
tween the cathode-2 and the anode 4-in the well- 5th 
known manner, the voltage field will extend bies 
yond the curved surface:36 and within the tapered. 
portion. 33. However, the two line-conductors or 
edges 24, 26 when properly positioned will ensure 
a suitable potential distribution conducive to receiji 
tilinear motion of electrons; 
To prevent spreading of the electronbeam after 

it traverses the hypothetical surface 36, it is found 
advisable to taper the portion 33 inwardly toward 
the axis . 

In the case of the gridless-anode type of elec 
tron gun the axial spacing of the outer portion 
32 of the anode 3 from the electron-emissive 
surface f3 markedly affects the perveance of thies 
gun. This is in contrast to the grid-type-shown (5 
in Fig. 1, where the axial separation of the outer 
portion 23 of the anode 4 from the surface- 3 
may vary over a wide range: without infiltencing 
the perveance. 
Owing to the construction of the gridless-type to 

electron gun, electrons' emanating from the 
vicinity of the center of the emissive surface" f3. 
may not experience the same accelerating poten 
tial, applied from battery 6; as in the case of the 

40 

grid type. This effect may be compensated for as 

6) 
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8 
by providing the electron-emissive surface 3 with 
a Somewhat flatter surface. To this end, the 
center of Sphericity for the surface 3 may be 
IOCated beyond the point P, toward Which elec 
trons between the cathode 2 and the hypo 
thetical Surface 36 tend to converge. 
Thus, With regard to the gridleSS-anode type 

of electron gun the present invention dispenses 
With the necessity of employing opposed electrode 
Surfaces having uneven and critical configura 
tions. As pointed out in preceding paragraphs, 
such known surface electrodes were difficult and 
costly to manufacture and not easily mountable 
in an electron gun. The edges 24, 26 of the grid 
less-type anode gun may be fabricated with the 
same degree of freedom discussed in connection 
with Fig. 1. 
The location of the line conductors or edges 

24, 26 to achieve the proper potential distribution 
may be determined by an electron gun having 
adjustable electrodes or by the electrolytic tank 
method. 
In Fig. 3 there is shown a grid-type electron 

gun corresponding to the diagrammatic repre 
sentation of Fig. 1. A heater element 37 is sur 
rounded by the cylindrical sleeve 38 of the cathode 
?2. To energize the heater element 37 suitable 
leads are connected to a source of electrical 
energy, such as cell 38, First and second conduc 
tive annular members 39, 4, respectively, con 
stituted of an axially-extending portion and a 
radially-extending portion, provide the first and 
second line conductors or edges 24, 26, respec 
tively, along their inner line of juncture. To en 
Sure the Zero-biased condition of the edges 24, 26 
lead 35 interconnects annular members 39, 4 
with the cathode 2. 

Fig. 4 shows a modification of the instant 
invention useful in an electron gun designed to 
form a wedge or rectangular-shaped beam of 
electrons. The cathode 42 is formed with a strip 
type electron-emissive surface 43, which insection 
is Spherically concave about a point located above 
the grid 44. A Suitable heating element 46 posi 
tioned adjacent the emissive surface 43, is ener 
gized by a cell 4. The anode 48 is formed to 
cooperate with the emissive surface 43 and is 
constituted of an outer portion 49 and an inner 
portion 5, the inner portion 5f extending normal 
to the boundary of the electron beam. Straight 
conductive members 52, 53 provide the edges 54, 
56 in the same manner as described in connec 
tion with Fig. 3. 
Thus, by considering Fig. 1 as a figure of trans 

lation rather than as a figure of revolution, Fig. 1 
defines a diagrammatical elevational cross-sec 
tional view of the electron gun of Fig. 4. Simi 
larly, Fig. 2 is useful in the same manner for 
considering a modification of the device of Fig. 4, 
in which the grid 44 is omitted from the anode 
48. Consequently, all of the constructional de 
tails, possible modifications, and operation dis 
CuSSed in connection with Figs. 1-3 are appli 
cable to the device of Fig. 4. 
Unless Special precautions are taken in the 

construction of the ends of the electron gun of 
Fig. 4, Some departure from ideal-operation will 
occur. This condition may be minimized, how 
ever, by rounding the ends of the emissive surface 
43 and forming the edges 54, 56 to cooperate 
therewith 

In Fig. 5; there is; shown a conductive cylinder 
57 open at one end and having a disk-like portion 
partially enclosing the other end. Such a device 
is illustrative, of structure suitable for providing 
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the beam-forming edges 24, 26 and constitutes an 
aperture-cylinder or A-C type as discussed in 
connection with Fig. 1. In addition, the A-C 
type of beam-forming electrodes shown in Fig. 5 
may be positioned in the device of Fig. 3. The 
cylinder 57 is supported by a supporting cylinder 
59 concentric about the tube axis , which in 
turn is supported by the tube base 6. A Spher 
ically concave electron emitter 62, having an oxide 
coated surface 63 is mounted by positioning 
member 64, which is supported by the tube base 
6. To further position and support the cylinder 
57, a dielectric ring 66 extends to the enclosing 
Wall 67 of the device. For energizing the electron 
emitter 62 a heating element 68 is provided. 
While the A-C type of beam-focussing electrode 
has been shown in Fig. 5 as formed of a single 
continuous part, it is of course understood that 
the cylinder and disk may be joined, as by Weld 
ing, to constitute the bean-forming electrodes. . 

Fig. 6 is illustrative of an alternate construc 
tion of the device of Fig. 5 and has been desig 
nated in connection with Fig. 1 as the cylinder 
cylinder or C-C type. Two conductive cylinders 
69, 7 provide the edges 24, 26 to maintain the 
desired potential distribution. 
In the instant invention two edges or line COn 

ductors are found most convenient for simplified 
manufacture. However, three or more suitably 
positioned line conductors may be employed. 
While circular and strip electron emitting Sur 

faces have been shown to illustrate the present 
invention, it is understood that rectilinear motion 
of electrons emanating from cathodes having 
different configurations may be achieved. For 
instance, a hollow cylindrical beam of electrons 
could be produced according to the instant inven 
tion by considering Fig. 1 as symmetrical about 
an axis external to and parallel with axis f. 
As many changes could be made in the above 

construction and many apparently Widely differ 
ent embodiments of this invention could be made 
without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not 
in a limiting Sense. - 

I claim: 
1. A concentrated electron beam forming de 

vice comprising a cathode having an electron 
emissive surface, an anode aligned therewith and 
spaced therefrom, means for maintaining a po 
tential difference between said cathode and said 
anode, and field forming means for providing in 
the presence of complete Space charge an elec 
trical field having all components perpendicular 
to every line extending normal to said electron 
emissive surface equal to zero, said field forming 
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means including Substantially only first and Sec 
Ond line conductors, said first line conductor 
being located in a direction outwardly of said 
Surface and toward Said anode, and Said. Second 
line conductor being located in a direction out 
wardly of said first conductor and nearer said 
anode than said first conductor. 

2. An electron gun aligned along an axis for 
electron discharge devices comprising a concave 
spherical - Section electron - emissive surface 
formed as a figure of revolution about said axis, 
an anode member Symmetrical about said axis 
and having a centrally-disposed electron-perme 
able grid, field forming means providing in the 
presence of complete space charge a zero Voltage 
gradient normal to the edge of the beam of said 
electron gun, said field forming means including 
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means defining first and second circular interior 
edges; Said Surface, said first edge and Said sec 
Ond edge being located in axial consecution in the 
direction of Said anode member and having pro 
gressively larger diameters, said first and second 
edges being further located in axially-spaced 
plane perpendicular to said axis. 

3. Apparatus for producing a concentrated 
frusto-conical stream of electrons along an axis, 
comprising a concave spherical-section cathode 
having an electron-emitting surface formed as a 
figure of revolution about said axis, an anode 
member Symmetrical about said axis and having 
a centrally-located grid, said member in the vil 
cinity of Said grid being formed normal to the 
edge of Said beam and further having a fiat por 
tion arranged perpendicularly to said axis, first 
conductive means defining a first circular in 
terior edge of diameter greater than the circular 
diameter of Said cathode, said first circular in 
terior edge being concentrically situated in a 
plane perpendicular to Said axis between said 
cathode and said anode surface and being nearer 
to said cathode than to Said anode surface; sec 
ond conductive means defining a second circular 
interior edge of diameter greater than the diam 
eter of said first circular interior edge, said sec 
Ond circular interior edge being concentrically 
Situated in a plane perpendicular to Said axis be 
tween the plane of said first circular interior edge 
and Said cathode Surface. 

4. Apparatus for producing a frusto-conical 
beam of electrons along an axis, comprising a 
cathode having a concave spherical-section elec 
tron-emitting Surface formed as a figure of revo 
lution about said axis, an anode member sym 
metrical about said axis and having a centrally 
disposed grid, Said anode member being formed 
in the vicinity of said grid to extend normally 
to the edge of said beam and further having a 
planar portion disposed normally to said axis, the 
apex of the cone including said frusto-conical 
beam being displaced along Said edge of said 
beam from Said anode and said cathode surface 
by distances Ra and Rc, respectively, the perve 
ance (K) and semi-angle of said beam (6) being 
related according to 

Ks. A sin () 
where A is a Langmuir-Bogett type function of 
Ra/Rc, any point on the periphery of said elec 
tron-emitting Surface defining the Origin of a rec 
tangular coordinate System, first and Second 
edges, said system being located in a plane in 
cluding said axis and said first (ac1, y1) and sec 
ond (ac2, 2) edges with gy increasing axially in the 
direction toward said anode and ac increasing in 
the direction normal to and away from Said axis, 
the position of said edges being given approxi 
mately by 

12= (0.8-1-8) sin (Rc-Ra) 
ac2=(0.8--8) cost--81 (Re-Ra) 

where 6 varies between 0.0 and 0.3 and in de 
grees is given by 

50-8(Rc/Ra-1)-0 
and 

acts (0.10-8) ace 
gji= (0.2-1-6) ga 

where 8 may vary between 0.0 and 0.1, and the 
axial distance between said planar portion of 
said anode and the ac-axis of Said coordinate SyS 
tem being greater than Ric-Rd. 
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5. Apparatus as in claim 4, where may 
vary 2. 

6. Electron beam producing apparatus for 
forming a beam of electrons having a given per 
yeance and semi-angle, comprising a cathode 
With an electron-emitting surface, Said Surface 
having an edge, an anode having an electron 
permeable grid spaced from said cathode Sub 
stantially a distance D, means defining a first 
jine conductor adjacent said edge, means defin 
ing a second line conductor, each point of said 
second conductor being Spaced from a COrre 
sponding point on Said edge outwardly of Said 
surface by a distance approximately equal to 

(.8-8) sin D 
and toward said anode a distance approximately 
equal to 

(.8--8) cos --82D 
where 5 varies between 0.0 and 0.3 and it is the 
inclination function of said given perveance and 
Semi-angle. 

7. Apparatus for producing a tapered electron 
beam having a given semi-angle (0) and aligned 
along an axis comprising an electron-emitting 
surface, an anode having a grid, and Spaced 
axially from said surface by a distance RC-Rd, 
the apex of the continuation of said tapered beam 
being spaced axially from said anode a distance 
Rat, the axial distance from said apex to Said 
Surface being designated RC, means providing a 
first circular conductive interior edge positioned 
above and outwardly of Said Surface, means pro 
viding a second conductive interior edge located 
axially toward Said anode and from a plane 
oriented perpendicularly to said axis and includ 
ing a given point on the periphery of said surface 
a distance approximately equal to 

(.8-6) sin (Rc-Ra) 
and located normally from said axis and from a 
plane oriented parallel to said axis and including 
said point a distance approximately equal to 

(.8--8) cost--8 (Rc--Ra) 
where 8 varies between 0.0 and 0.3 and p in de 
grees is given by 

50-8(Rc/Ra-1)-0 
8. Apparatus for producing a concentrated 

electron beam, in which the individual electron 
paths of said beam are parallel comprising an 
emitter having a substantially planar electron 
emissive surface, an anode spaced from and 
registering with said surface, said anode having 
an electron-permeable grid and a planar portion 
which is parallel to said electron-emissive sur 
face in the vicinity of said grid, means defining a 
first line conductor electrode which is adjacent 
the periphery of said surface and positioned out 
Wardly of Said periphery and toward said anode, 
and means defining a second line conductor elec 
trode which is spaced from said first electrode 
and positioned outwardly of said first electrode 
and closer to Said anode than said first electrode, it 
whereby rectilinear motion of electrons travelling 
between said surface and anode is provided. 

9. An electron gun aligned along an axis for 
producing a concentrated electron stream, com 
prising a cathode symmetrical about said axis 
and having a substantially flat circular electron 
emitter portion extending normal to said axis, an 
anode member having a centrally-located elec 
tron-permeable grid, said grid being symmetrical 
about Said axis, said member having a planar 
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portion arranged normal to said axis and Sur 
rounding said grid, and conductive means de 
fining first and second circular interior edges 
which are concentrically situated about Said axis 
and spaced from said emitter portion in Succes 
sive respective planes perpendicular to Said axis 
and intermediate said emitter portion and said 
anode member; said emitter portion, said first 
and second edges having progressively larger 
diameters, whereby in the presence of complete 
space change substantially rectilinear notion in 
parallel paths of electrons of said stream is pro 
vided. 

10. Apparatus for producing a tapered beam 
of electrons along an axis, comprising a cathode 
having a circular electron-emissive surface which 
is spherically concave in section and formed as 
a figure of revolution about said axis, a gridless 
anode member symmetrical about said axis and 
having outer planar and inner tapered portions, 
said outer portion being located in a plane nor 
mal to said axis, said inner portion extending 
away from said surface and tapering toward Said 
axis in the direction of electron flight; conduc 
tive means providing first and second circular 
line conductors located in Succession from said 
electron-emissive surface, respectively, in planes 
which are intermediate Said electron-emissive 
surface and said anode member and normal to 
said axis; said electron-emissive surface, said 
first conductor and Said second conductor having 
progressively larger diameters; whereby rec 
tilinear motion of electrons of Said beam is pro 
vided. 

11, Apparatus for producing a concentrated 
Stream of electrons along an axis, comprising an 
electron-emissive surface spherically concave in 
Section and formed as a figure of revolution about 
Said axis, a gridless anode member symmetrical 
about said axis and spaced from said surface, 
and electric field-forming means providing in the 
presence of complete Space charge electric field 
lines Substantially having only components of 
value greater than Zero extending normal to Said 
Surface, said field-forming means including first 
and Second circular line conductors concent 
trically positioned in planes which are normal to 
Said axis and intermediate said surface and said 
anode member, Said first conductor having a 
diameter greater than that of said surface, and 
Said first and Second line conductors having pro 
gressively larger diameters. 

12. Apparatus having a longitudinal axis for 
producing a concentrated stream of electrons, 
comprising a cathode having a strip-type elec 
tron-emissive Surface, an anode spaced from and 
registering with said Surface, and first and sec 
Ond line conductor means, said surface being 
Spherically concave in a plane extending normal 
to said axis, said first line conductor means being 
located in Said plane outwardly from the pe 
riphery of said surface and toward said anode, 
Said Second line conductor means being located 
in Said plane outwardly of said first line con 
ductor means and nearer said anode than said 
first line conductor means. 

13. Apparatus having a longitudinal axis for 
forming a wedge-shaped beam of electrons, com 
prising a cathode having an electron-emitting 
Surface with elongated edges extending parallel 
to Said axis, an elongated anode cooperating with 
Said Surface, said anode having outer portions 
situated in a plane parallel to a plane including 
points located on the periphery of said surface, 
Said anode further having inner portions which 
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extend normal to the longitudinal beam bound 
alry, said anode further having an elongated elec 
tron-permeable grid joining said inner portions, 
Said surface being spherically concave in ver 
tical Section about a point located beyond Said 
grid, and conductive means defining first and 
second pairs of rectilinear interior edges extend 
ing parallel to said longitudinal axis, said first 
pair of interior edges being located outwardly 
of said elongated edges of said surface and to 
Ward said anode, said second pair of interior 
edges being located outwardly of said first pair of 
interior edges and nearer to said anode than Said 
first pair of interior edges. 

14. An electron gun having a longitudinal axis 
for producing a concentrated stream of electrons, 
comprising an elongated electron-emissive sur 
face, an elongated anode cooperating therewith, 
and means defining first and second elongated 
interior edges; Said electron-emissive Surface 
being spherically concave in elevational Section 
taken normal to said longitudinal axis, Said anode 
member in said section having a centrally-dis 
posed electron-permeable grid, said anode mem 
ber in said section in the vicinity of said grid 
being formed normal to the edges of Said beam 
and further having outer flat portions arranged 
perpendicularly to the vertical axis of said Sec 
tion, said first and second edges being located in 
said section intermediate said surface and said 
anode, said first edge being located in said Section 
outwardly and toward said anode, and Said Sec 
ond edge being located in said section outwardly 
of said first edge and nearer said anode than Said 
first edge, whereby said section defines a figure 
of translation for said electron gun. 

15. An elongated electron gun for forming a 
wedge-shaped beam of electrons, comprising an 
elongated electron-emissive surface, an elongated 
anode spaced therefrom and registering there 
with, means for maintaining a potential differ 
ence between said surface and said anode, and 
field-forming means for providing in the pres 
ence of complete space charge and electric field 
having all components perpendicular to substan 
tially every line extending normal to said elec 
tron emissive surface equal to zero, said field 
forming means including pairs of first and Sec 
ond line conductors, said first line conductor pair 
being located in a direction outwardly of said 
surface and toward said anode, and said second 
line conductor pair being located in a direction 
outwardly of said first conductor and nearer said 
anode than said first conductor. 

16. An electron gun for producing a tapered 
beam of electrons along an axis, comprising a 
circular electron-emissive surface spherically 
concave in Section and formed as a figure of 
revolution about said axis, an apertured disk-like 
member forming an anode and having planar Sur 
faces arranged normal to said axis; and Conduc 
tive means providing first and Second circular in 
terior edges located in succession respectively in 
the direction of said anode, and further being 
located in axially-spaced planes perpendicular to 
Said axis and intermediate said surface and Said 
anode; Said Surface, said first edge and said sec 
Ond edge having progressively larger diameters. 

17. A concentrated electron beam forming de 
vice comprising a cathode having an electron 
emissive surface, an accelerating electrode aligned 
therewith and spaced therefrom, and field-form 
ing means for providing in the presence of space 
charge an electrical field having all components 
perpendicular to every line extending normal to 
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4 
said electron-emissive surface equal substantially 
to zero, said field forming means including Sub 
stantially first and second conductors, said first 
conductor being located in a direction radially 
outwardly of said surface and toward said a,c- 
celerating electrode, and said second conductor 
being located in a direction radially outWardly 
of said first conductor and nearer said accelerat 
ing electrode than said first conductor. 

18. Apparatus as in claim 17 wherein said elec 
tron-emissive Surface is substantially planar, and 
a grid is substantially-centrally disposed in said 
accelerating electrode. 

19. An electron gun aligned along an axis for 
producing a frusto-conical beam of electrons hav 
ing a semi-angle (6), comprising an electron 
emissive surface spherically concave and formed 
as a figure of revolution about Said axis, an anode 
member having a centrally-located grid and Sym 
metrical about said axis, the apex of the cone in 
cluding said frusto-conical beam being Spaced 
from said anode and said cathode surface by dis 
tances Ra and RC respectively, and means defin 
ing first and second interior edges, any point on 
the periphery on said surface defining the Origin 
of a rectangular coordinate system said system 
being located in a plane including said axis and 
said first edge (a1, y1) and said second edge (ac2, 
g2) with y increasing in the direction toward said 
anode member and ac increasing in the direction 
normal to and away from Said axis, the position 
of Said edges being given approximately by 

a'2={(8-1-6) sin y) (Rc-Ra) 
y2= (.8--8) cos --8l (RC-Ra) 

Where 6 Waries between 0.0 and 0.3 and 
ac1=IC0.09-6) sin J (Rc-Ra) 
y1= f(0.11--6) cos ) (Rc-Ra) 

where 6 may vary between 0.0 and 0.1 and p in 
degrees is given by 50-8 (RC/Ra-1)-0. 

20. An electron gun aligned along an axis for 
forming a concentrated beam of electrons in 
Which the individual electrons travel in substan 
tially parallel paths, comprising a planar elec 
tron-emissive surface arranged normal to said 
axis, an anode member aligned therewith and 
Spaced therefrom an axial distance D and hav 
ing a centrally-disposed grid, and means defin 
ing first and Second circular interior edges 
formed concentrically about said axis and in 
planes situated perpendicularly to said axis, each 
point of Said Second edge being spaced outwardly . 
from a corresponding point on the periphery of 
Said Surface by a distance substantially equal to 

I(0.8-1-6) sin 50D 
and toward said anode member a distance sub 
stantially equal to 

(0.8--5) cos 50--8?ID 
Where 6 varies between 0.0 and 0.3. 

21. Electron beam producing apparatus aligned 
along an axis for forming a beam of electrons 
having a given perVeance and semi-angle equal to 
Zero, comprising a cathode formed as a figure of 
revolution about Said axis and having a planar 
electron-emitting surface arranged perpendicu 
larly to Said axis, an anode having a centrally 
disposed electron-permeable grid spaced from 
Said Surface Substantially a distance D, means 
providing first and Second circular conductive in 
terior edges positioned intermediate Said surface 
and Said grid and concentrically situated about 
Said axis, any point on the periphery of said 



2,564,748 
5. 

electron-emitting surface defining the origin of a 
rectangular coordinate system, said System being 
located in a plane including said axis and Said 
first edge (a1, y1) and said second edge (ac2, 22) 
with y increasing axially toward said anode and 
ac increasing normal to and away from said axis, 
the position of said edges being given approxi 
mately by 

ac2 = (0.8-1-8) sin 501D 
y2=(0.8--8) cos 50--51D 

where 6 varies between 0.0 and 0.3 and by 
ac1st (0.10-6) ac2 
y1=(0.12-6) liga 

where B may vary between 0.0 and 0.1. 
22. An electron gun aligned along an axis for 

forming a tapered electron beam, comprising a 
cathode having an electron-emitting Surface 
spherically concave and formed as a figure of 
revolution about said axis, an anode member 
spaced therefrom and symmetrical about said 
axis, and field-forming means providing in the 
presence of complete space charge a Zero voltage 
gradient normal to the edge of said beam of Said 
electron gun, said field-forming means including 
first and Second circular interior edges COICen 
tric with said axis and positioned in axial Spaced 
planes normal to said axis and between said Sur 
face and said anode member, said first edge defin 
ing a boundary of an area, which is larger than 
that of said Surface, and said Second edge defin 
ing a boundary of an area which is larger than 
that of said first edge. 

23. Apparatus for producing a concentrated 
electron stream with the paths of the individual 
electrons thereof substantially parallel, compris 
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ing a substantially planar electron-emissive Sur 
face, an anode Spaced from Said Surface and haW 
ing an electron-permeable grid registering With 
said surface, said anode further having a Substan 
tially planar portion disposed parallel to Said 
electron-emissive surface in the vicinity of Said 
grid, means defining a first line conductor posi 
tioned relative to a geometric plane perpendicu 
larly located with respect to Said electron-emis 
sive surface radially outward from the periph 
ery of Said Surface and axially toward Said anode, 
and means defining a second line conductor posi 
tioned relative to Said geometric plane radially 
outward from said first conductor defining means 
and closer to said anode than said first conduc 
tOr defining means. 

CHAO C. WANG. 
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