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12 Claims. 
My invention relates to a device utilizing elec 

tron emission, and especially one that can be used 
for the production of a space current in a vacuum 
tube, as for the amplification of electrical im 
pulses. - 

Such devices are now in quite general use in 
connection with radio systems, and sound record 
ing or reproducing systems, as well as for relays, 
for magnifying the effects of comparatively mi 
nute impulses of any character; and as well for 
cathode ray oscillograph tubes. 
These usually take the form of an evacuated 

WeSSel, as of glass, in which several electrodes are 
Sealed. One electrode is a cathode for emitting 
the electrons; for example a heated filament. 
These electrons are received upon a plate or anode 
Spaced from the filament and maintained at a 
potential positive with respect to the cathode. 
The electron stream thus formed between these 
two electrodes forms the 'space current'. The 
anode and cathode are joined by an external cir 
cuit to complete the path for the space current, 
Said external circuit, including the Source of po 
tential difference for maintaining the anode at 
a positive potential. 

It has been found that the volume of electron 
flow can be readily controlled by the aid of a 
third electrode, usually termed a control elec 
trode or grid, which is interposed between the 
other two electrodes. Furthermore, in order to 
confine the stream of electrons more closely to the 
anode, Sometimes a directing anode is used. This 
anode, in prior devices, takes the form of a tube 
Coaxial with the stream of electrons and main 
tained at a potential positive with respect to the 
Cathode either at the same potential as the main 
anode or lower. Such directing anodeshave been 
used in connection with tubes operating at com 
paratively high anode voltages, such as in the 
well-known Braun tubes. These tubes are usually 
evacuated to almost a perfect vacuum. Although 
Such a tubular directing anode serves to some ex 
tent, to confine the stream of electrons, yet in 
actual practice it has been found that this stream 
disperses transversely, due to their mutual repul 
Sion, and are not confined to any restricted area, 
on the plate. 

It is one of the objects of my invention to make 
it possible to focus a stream of electrons to a re 
stricted area at great concentration, and in spite 
of the tendency of electrons, due to their mutual 
repulsion, to fan out. 
My invention can be utilized in connection with 

either a highly evacuated tube or a tube in which 
55 there is a Small residual gas content. Some 
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times this gas content is purposely placed in the 
tube; as for example, one of the inert gases such 
as nitrogen, or any one of the noble monatomic 
gaSeS. 
When a controlling electrode or grid is inter 

posed between the anode and the cathode, the 
device can be utilized for amplification, rectifica 
tion, or detection. In some instances the grid 
can be dispensed with, and accordingly my inven 
tion is not to be restricted to any definite arrange 
ment of supplemental or control electrodes. 
In a gas filled tube, as for cathode ray oscillo 

graph uses, the main anode can be dispensed 
With, and in its place a regular fluorescent screen 
could be used, as one formed by calcium tung 
state. - - 

I accomplish this object by providing a direct 
ing anode of Such construction that the tend 
ency for dispersion of the electron stream is mini 
mized. This can be produced by providing a path 
through the directing anode for the electrons that 
is convergent toward the center of the anode. 
Accordingly it is another object of my invention 
to provide an electronic emission device in which 
there is a directing anode providing a converging 
path for the stream of electrons toward the an 
Ode. 
My invention possesses many other advantages, 

and has other objects which may be made more 
easily apparent from a consideration of several 
embodiments of my invention. For this purpose 
I have shown a few forms in the drawing accom 
panying and forming part of the present specifi 
cation. I shall now proceed to describe these 
forms in detail, which illustrate the general prin 
ciples of my invention; but it is to be understood 
that this detailed description is not to be taken 
in a limiting sense, since the scope of my inven 
tion is best defined by the appended claims. 

Referring to the drawing: 
Figure 1 is a diagrammatic sectional repre 

sentation of a vacuum tube embodying my in 
vention, and its associated circuits; 

Fig. 2 is a plan view of the electron-emitting 
electrode, taken along 2-2 of Fig. 1; 

Fig. 3 ShoWs diagrammatically a modified form 
of vacuum tube embodying my invention; 

Fig. 4 is a plan view of the cathode shown in 
Fig. 3, and taken along plane 4-4 of this figure; 

Fig. 5 is a diagrammatic section of a still fur 
ther modification of my invention; and 

Fig. 6 is a section taken along plane 6-6 of 
Fig. 5. 
In Fig. 1 there is shown an evacuated vessel 
in which the various electrodes comprising my 
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2 
device can be sealed. For example, a re-entrant 
stem 2 is shown at One end of the tube which 
serves as a Support for a rod 3 sealed in the stem 
2 and supporting the anode 4. At the other 
end of the tube a similar re-entrant stem 5 is 
shown for supporting the leading in wires 6 and 

for the filament or cathode 8. 
This filament f8 is shown as heated by the pas 

sage of an electric current through it, and Sup 
plied from a source 9. The anode 4 is con 
nected to the cathode 8 as by a conductor 2. 
A source of plate potential 2 is included in this 
connection. A translating device 22 also can be 
interposed in this external circuit. This trans 
lating device represents a general class of devices, 
which can utilize or transmit the space current 
variations; for example a transformer or the 
like. 
Interposed in the space between the electrodes 

4 and 8 there is a directing anode structure 23. 
This structure is such that it converges the Strea?in 
of electrons from the cathode 8 toward the cen 
ter of the plate or anode 4. To facilitate this 
effect the cathode 8 is shown as annular in 
form. The plane Of the cathode is Substantially 
perpendicular to the axis of the electron Stream. 
In the present instance the cathode is shown as a 
ribbon with its edge disposed toward the anode 
4. Close to and conforming with this edge, an 
annular Space 24 is formed between the two 
truncated hollow cones 25 and 26 which comprise 
the directing anode structure 23. It is also de 
sirable to include a shield 2 between members S 
and 23, and which could be used as a controlling 
grid. It can be either negative or positive with 
respect to the cathode 8. In this instance. I 
show it used with a negative bias, as by being 
joined to the negative terminal of the heating 
battery 9, and the connection including an input 
coil or transformer 38. 
The truncated cones 25 and 26, being arranged 

to converge toward the anode 4, provide a con 
tinuous annular space through which the elec 
trons travel toward plate 4. I have indicated 
by the dotted lines 28 the path of these electrons 
under ideal conditions. In practice, however, 
there is still some divergence from the true coni 
cal form, due to the mutual repulsion effect be 
tween the electrons. However, the converging 
path 24 materially restricts the electrons against 
Spreading out, and the result is that an electron 
stream of comparatively large concentration is 
obtained. 

It is apparent that other types of converging 
anodes could be utilized in place of the structure 
23. For example, in the form illustrated in 
FigS. 3 and 4, I show a directing anode structure 
29 similar in general to the structure 23, but 
utilizing more than two truncated cone elements. 
Thus there are defined no less than four annular 
Spaces, 30, 3, 32, 33, which direct the streams 
of electrons from a cathode or filament or filament 
structure 34. This filament structure as shown 
most clearly in Fig. 4, comprises a series of con 
centric circular elements, each conforming to its 
associated Space 30, 3, 32, 33, so that it is directly 
opposite that space. The shield structure 35 is 
similar to the structure 27, especially in that it has 
a series of circular openings corresponding to the 
configuration of the cathode structure 34. 
In both forms described it is seen that a large 

length of Cathode structure is spaced substantial 
ly uniformly from the anode 4. This induces 
Substantially uniform emission from the whole 
length of the cathode, and especially since this 

2,085,628 
active surface is closely spaced to the directing 
anode and conforms thereWith. 
The anode structures 23 and 29 form con 

tinuous annular paths for the electron stream. 
However, Substantially the same result could be 
obtained by a discontinuous annular path, as 
ShoWn in FigS. 5 and 6. In this instance, the 
directing anode structure 36, instead of being 
formed Of concentric conical tube elements, 
utilizes an annular series of cylindrical tubes 37 
(Fig. 6) which slant toward the axis of the stream 
of electrons. These serve as directing tubes pre 
venting material spread of the electron stream. 
I claim: 
1. An electron emission device, comprising a 

cathode and anode for generating a stream of 
electrons, and a directing anode between the 
cathode and anode, the directing anode having a 
pair of Spaced Walls providing a path between 
the walls for the stream of electrons, and the 
cathode having its active length conforming to 
the cross-section of the space defined by said 
Walls. 

2. An electron emission device comprising a 
cathode and anode for generating a stream of 
electrons, and a directing anode between the 
cathode and anode, the directing anode having 
walls providing for the electron stream an an 
nular path between the walls that causes the 
stream to converge at the anode. 

3. An electron emission device comprising a 
cathode and anode for generating a stream of 
electrons, and a directing anode betWeen the 
cathode and anode, the directing anode having 
a pair of spaced Walls providing a converging 
path between the walls for the electron stream, 
and the cathode having its active surface con 
forming in contour and magnitude to the CrOSS 
section of the space defined by said Walls. 

4. An electron emission device comprising a 
cathode and anode for generating a stream of 
electrons, and a directing anode between the 
cathode and anode, the directing anode providing 
a converging annular path for the electron 
stream, defined between a pair of annularly 
spaced walls, and the cathode having its active 
surface opposite the path and conforms in Con 
tour and magnitude to the cross-section of the 
path. 

5. The combination as set forth in claim 1, 
with the addition of a control electrode interposed 
between the cathode and the directing anode, 
said control electrode having a slot conforming 
With the shape of the cathode. 

6. An electron emission device comprising a 
cathode and anode for generating a stream of 
electrons, and means forming a continuous an 
nular space including walls converging toward the 
anode for directing the electron stream between 
these electrodes in a converging path. 

7. An electron emission device comprising a 
cathode and anode for generating a stream of 
electrons, and a directing anode between the 
cathode and anode, said directing anode having 
a pair of walls between which walls an annular 
space is formed for the electron flow, and said 
cathode being spaced opposite the Said annular 
space and conforming in shape thereto. 

8. An electron emission device comprising a 
cathode constituted of a concentrically looped ele 
ment, an anode, and a directing anode constituted 
of a plurality of coaxial tubes defining annular 
spaces conforming in contour with the cathode 
loops. 

9. An electron emission device comprising a 
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cathode constituted of a concentrically looped 
element, an anode, and a directing anode con 
stituted of a plurality of converging tubes de 
fining coaxial converging annular spaces, the 
openings at one end of the directing anode regis 
tering with the cathode loopS. 

10. An electron emission device comprising a 
cathode and an anode for generating a stream 
of electrons, and a directing anode between the 
anode and the cathode, Said directing anode pro 
viding a narrow path for the electrons, said nar 
row path being formed between a pair of Spaced 
walls of the directing anode, and the cathode be 
ing opposite the path and having a configuration 
conforming in contour and magnitude to the path 
to direct electrons mainly into the path. 

3 
11. The combination as set forth in claim 10, 

with the addition of a control electrode interposed 
between the cathode and the directing anode, said 
control electrode having an opening conforming 
with the shape of the cathode. 

12. An electron emission device, comprising a 
cathode and anode for generating a stream of 
electrons, and a directing anode between the 
cathode and the anode, the directing anode hav 
ing a plurality of spaced Walls providing a plu 
rality of coaxial annular paths converging at the 
anode for the stream of electrons, and the cathode 
having its active length conforming to the cross 
section of the space defined by Said Walls. 
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