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7 Claims. 

My invention relates broadly to electron tube 
Systems and more particularly to an amplifying 
relay System. 
This application is a division of my application 

Serial No. 690,907, filed September 25, 1933, now 
Patent Number 2,096,653, and entitled Electron 
tube System. 
One of the objects of my invention is to pro 

Wide an electron tube System Operative to in 
crease the amplitude of electrical currents in ex 
tremely large ratioS. 
Another object of my invention is to provide 

an electron tube System operative in conjunction 
with a balanced electrical circuit for effecting 
high amplification of feeble electrical currents 
for effecting the control of electrical circuits and 
wherein a large amplification factor per stage is 
obtainable. 

Still another object of my invention is to pro 
wide an electrical control circuit in which a shaped 
bean of electrons, is angularly deflected over a, 
prearranged plate assembly connected in differ 
ent electrical circuits and in which the plate as 
Sembly comprises elements, the effective plane 
areas of which are varied with respect to each 
Other for effecting a division in output current 
in circuits electrically connected with the ele 
ments of the plate assembly. 
A further object of my invention is to provide 

an electronic discharge device including a plate 
assembly formed by a multiplicity of target ele 
ments which are preformed with respect to each 
other, so that the effective plane area of one 
element decreases while the effective plane area, 
of an adjacent element increases, whereby a di 
vision in output current is effected by sweeping 
of the plate assembly by an electron beam. 
A still further object of my invention is to pro 

Wide improved means for deflecting the path 
of an electron beam in an electronic discharge 
device above or below a central axis in accordance 
With the character of the input control current. 

Still another object of my invention is to pro 
vide an improved electronic control system 
Wherein improved magnetic means are employed 
for controlling the angular movement of an elec 
trotic beam over a preformed plate assembly. 
A further object of my invention is to provide 

an improved electronic control System wherein 
improved electrostatic means are employed for 
Controlling the angular movement of an elec 
tronic beam over a preformed plate assembly. 
A still further object of my invention is to pro 

Wide a balanced circuit arrangement wherein the 
output is taken from two complementary ele 

(C. 19-1) 
ments of a plate assembly in an electron dis 
charge tube. 
Other and further objects of my invention re 

side in the amplifying relay system described in 
the specification hereinafter following, and by 
reference to the accompanying drawing, in 
Which: 

Figure 1 is a Schematic diagram of the tube 
structure of my invention and the balanced elec 
trical circuit connected therewith: Fig. 2 is a lon 
gitudinal Sectional view taken through the elec 
tron stream deflection type tube on line 2-2 of 
Fig. 1; Fig. 3 is a cross sectional view of the tube 
Structure of my invention taken on line 3-3 of 
Fig. 1, showing in elevational view, the plate as 
Sembly; Fig. 4 illustrates the flange and core 
assembly employed with the coil shown in Fig. 6, 

5 

O 

15 

showing the means of mounting the magnetic 
control means on opposite sides of the tube when 
a magnetic core structure is used; Fig. 5 shows 
One form of the formative anode having a rec 
tangular aperture therein which serves to form 
the electron beam and direct it towards the plate 
assembly in the tube structure of my invention; 
Fig. 6-shows the coil used in the magnetic control 
means; Fig. 7 is a diagrammatic illustration of 
the electroStatic control means used in lieu of 
the magnetic control System; and Fig. 8 illus 
trates a modified form of plate anode assembly 
which may be employed instead of the arrange 
ment shown in Fig. 3. 

Referring to the dra Wing in detail, the ann 
plifying Irelay System of my invention employs an 
electron tube comprising an envelope shown at f, 
of suitable material, preferably of glass and ex 
hausted to a high degree of vacuum or filled with 
a gas or vapor of a composition generally en 
ployed in the art; a cathode element at 2, with 
heating means shown as a filament at 3, and a 
Source of potential at 4; a formative and directive 
anode shown at 5, acting to pass a beam of elec 
trons indicated at f, of rectangular cross sec 
tion in an essentially central line with respect 
to the plate assembly shown at 8; and magnetic 
control elements at 7 and 7, shown externally 
of the envelope . 
The plate assembly shown at 8 comprises four 

Separate elements disposed as shown in Fig. 3. 
Two of the elements, shown at 9 and 0, are in 
the form of right triangles, and are mounted to 
form a rectangle along the diagonal of which is 
a gap bounded by each hypoten use, as shown at 
2. That is to say, the effective plane area of 
element 9 decreases while the effective plane area, 
of element 0 increases in one direction, and the 
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2 2,129,710 
effective plane area of element 0 decreases while 
the effective plane area, of element 9 increases in 
the opposite direction. Adjacent the ends of the 
rectangle thus formed, and Separated Slightly 
therefron, are the other two elementS Of the 
plate assembly, shown at 4 and 5, which are 
rectangular in shape. Elements numbered 4 
and 5 are connected respectively to elements 
is umbered 3 and of the plate assembly; that is, 
the rectangular piate on one end is connected to 
the triangular plate whose adjacent portion is 
the apex of the triangle and not the base. This 
cross connection serves to equalize the electro 
static field when one set of plates becomes of 
ihigher potential than the other, the plate area.S 
charged by the different potentials being substan 
tially equal as regards any division thereof with 
"Cespect to the middle of the plate assembly. 
The circuit shown in Figs. 1 and 2 comprises an 

Input circuit consisting of the magnetic control 
coils and 7' connected in parallel, and an Output 
circuit consisting of connections at 6 and from 
the plate assembly 8 to resistance elements at 8 
and 9, respectively. The other terminals of re 
sistance elements 8 and 9 are connected to 
gether and to the positive terminal of a Source of 
direct current shown as a battery 20. The nega 
tive terminal of the battery at 20, is connected to 
the cathode through connection 2. The forma 
tive anode is energized from the positive terminal 
of a source of potential, shown as a battery 23, the 
negative terminal of which is connected to the 
Cathode 2. As the input is conducted through the 
coils at 7 and , the electron beam is bent above 

5 or below the normal central position according to 
the character of the input energy. In varying 
above and below normal, the beam of electrons 
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traverses an appreciable arc on the plate assembly 
8. In the normal central position, equal portions 
of the beam fail on each of the triangular plates 
9 and 6 of the plate assembly 8; but if the bean 
is bent upwards, more electrons fall on plate 
numbered 0 and fewer electrons fall on plate 
numbered 9; resulting in an increased Current 
through the resistance at 9 and a decreased Cur 
rent through the resistance at 8. The changes of 
current result in changes in the potentials of the 
terminals at 24 and 25, raising the potential of the 
terminal at 24 and lowering the potential of the 
terminal at 25. Thus a wide variation of potential 
is possible. The output is taken from terminals 
24 and 25. Impedances or transformers may also 
be employed in positions 8 and 9. 
The formative and directive anode shown in 

perspective in Fig. 5, has a rectangular channel 
member shown at 6, projecting at 90° from the 
main plate structure at 5, which plate structure 
serves to shield the far end of the tube from all 
electrons emitted from the cathode at 2 except 
those electrons guided through the channel at 6. 

Fig. 6 shows the coil employed in the magnetic 
control feature of my invention. The Winding at 
27 is supported by the circular form 28 having an 
opening at 29 of sufficient diameter to receive the 
core element shown at 30 of Fig. 4. The flange, 
shown at 3 in Fig. 4, on the core is shaped to pro 
duce a magnetic field of uniform intensity and of 
such shape as to embrace efficiently the electron 
beam. In Fig. 4 the magnetic yoke 22 is shown 
embracing the tube and provided with removable 
pole tips 33, over which the cores 30 of magnetic 
control elements are mounted. The coils are of 
impedances congruant with the expected input 
and may be selectively varied in number and elec 
trical values. To facilitate this interchangeability 

of coils, the core pieces may be permanently at 
tached to the exterior of the tube in position to 
control the electron beam, and selected coils in 
terchangeably mounted thereon. The return 
magnetic circuit through yoke 22 insures maxi 
mum effectiveness of the magnetic control means. 

Fig. 7 illustrates the electrostatic control means 
which may be employed in the System of my in 
vention in cases where current sufficient to pro 
duce a magnetic field is lacking. The rectangular 
metal plates shown at 36 and 37 which constitute 
the electrostatic control means are Supported 
Within the tube envelope in close proximity to 
the electron beam. The input is connected direct 
ly to the two elements of the electrostatic control 
means. The rest of the circuit is similar to that 
described in Fig. 1 or Fig. 2. 

I may employ triangular shaped plates 59 and 
60, as illustrated in Fig. 8, separated by a gap 6. 
The fact that the effective area of plate 59 de 
creases as the area of plate 60 increases, and Vice 
versa, produces the required distribution of cur 
rent through the electron Stream. 
In the magnetic control system, I have ShoWn 

the control coils mounted upon a magnetic core, 
but I do not desire to have my invention limited 
to the use of magnetic cores, as I may provide the 
control coils with air cores thereby enabling the 
coils to readily function at high frequencies. 
Furthermore, it is not essential that the control 
coils be connected in parallel, as shown, for the 
coils may be disposed in series as Well as in paral 
lel. The structure of the tube of my invention is 
such, that the tube may function under control 
of currents of relatively large amplitude and the 
tube is not limited for Operation under Control 
of feeble currents. It is also advantageous in 
some forms of my invention, to employ a grid 
structure in lieu of the formative anode. Such a 
grid structure may control the electron stream 
more efficiently than is the case with the forma 
tive anode. 
The voltage amplification possible With mag 

netic or electrostatic control of an electron beam 
far exceeds the amplification obtainable from 
any device yet, made. The currents from the two 
piates produce voltages across two impedances. 
The one voltage goes up while the other goes 
down, thus producing large output Voltages. 
Employed as amplifiers in line Wire, radio Or 

public address systems, the system of niny inven 
tion is adaptable for response to high or iOW fre 
quency alternating or pulsating current or steady 
direct currents, by the use of either the electro 
static or magnetic control means, as Set forth in 
the foregoing Specification. 
Although I have described my invention in Cer 

tain of its preferred embodiments, desire that 
it be understood that my invention is not to be 
limited thereby, but may be modified in ar 
rangment, and no limitations are intended other 
than are imposed by the scope of the appended 
claim.S. 
What I claim as new and desire to secure by 

Letters Patent of the United States is as follows: 
1. An amplification System compirising an elec 

tron tube device having a cathode, a directive 
anode, and a receptive anode assenbly compris 
ing a pair of triangularly shaped plates arrange 
adjacent each cither in the Sane plane and a 
pair of rectangularly shaped plates Opositely 
disposed adjacent the triangularly shaped plates 
and in the same plane, the rectangular plates pe 
ing connected respectively to the triangular plate 
of less adjacent airea, so that the electroStatic field 
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between said triangularly shaped plates is main 
tained substantially equalized, said cathode and 
Said directive anode adapted to form a beam of 
electrons of substantially rectangular cross-sec 
tion received by said anode assembly within a 
rectangular area, along a diagonal of which ex 
tend the adjacent edges of said triangularly 
shaped plates, means for deflecting said electron 
beam; Said triangular plates being so arranged 
With respect to each other that upon deflection of 
the electron beam the amounts of electrons re 
ceived by said plates vary inversely, the total 
annount of electrons received by said plates be 
ing constant; and an output circuit connecte 
With said plates. 

2. An amplification System, comprising an elec 
tron tube device having a cathode, a directive 
anode, and a receptive anode assembly complis 
ing a pair of triangularly shaped plates arranged 
adjacent each other in the same plane and means 
fol' maintaining the electrostatic field equalized 
between said adjacent plates, said cathode and 
Sajid diregitive anode adapted to form a beam of 
electrons of substantially rectangular cross-sec 
tion received by Said anode assembly within a 
rectangular area, along a diagonal of which ex 
tend the adjacent edges of said triangulary 
shaped plates, means for deflecting said electron 
bean; Said plates being so arranged with respect 
to each other that upon deflection of the electron 
beam the amounts of electrons received by said 
plates vary inversely, the total annount of elec 
trons received by said plates being constant; and 
an output circuit connected with said plates. 

3. An amplification system comprising an elec 
tron tube device having a cathode, a directive 
anode, and a receptive anode assembly compris 
ing a pair of triangularly shaped plates arranged 
adjacent each other in the same plane and 
In eans for maintaining the electrostatic field 
equalized between said adjacent plates, an out 
put circuit connected with said plates; said cath 
Ode and said directive anode adapted to produce 
a beam of electrons of substantially rectangular 
cross-section directed towards said receptive 
anode assembly, and means for deflecting said 
electron beam, said plates being so arranged with 
respect to the cross-section of Said electron beam 
that current flows in Said output circuit in ac 
cordance with the deflection of said beam by vir 
tue of the differential properties of the adjacent 

t 

triangularly shaped plates of said anode assen 
bly. 

4. An amplification system as described in 
claim 3 wherein said means for deflecting Said 
electron beam comprise electromagnetic devices 
mounted adjacent the normal path of said beam 
and energized by the impressed signal energy. 

5. An amplification System as described in 
claim 3 Wherein said means for deflecting said 
electron beam comprise electrostatic devices 
in Ounted adjacent the normal path of Said beam 
and energized by the impressed signal energy. 

6. An amplification system comprising an elec 
tron tube device having a cathode, a formative 
anode, and an electrostatically balanced plate 
anode assembly including separate pluralities of 
electrically connected plate elements interposed 
adjacent each other in the same plane, a pair of 
impedance devices, one of said impedance devices 
connected at one end to a plurality of said ele 
Inents, the other of Said impedance devices con. 
nected at one end to a second plurality of Said 
elements, an output circuit fed from said inned. 
ance devices; a source of potential having the 
positive terminal thereof connected in coin mon 
to the other ends of said impedance devices, and 
the negative terminal thereof connected to said 
Cathode; a second source of potential having the 
positive terminal thereof connected to said form 
ative anode, and the negative terminal thereof 
connected to said cathode; means for controlling 
the path of electrons emitted from said cathode, 
and input terminals connected to said means. 

7. An amplification system comprising an elec 
tron tube device having a cathode, a forinative 
anode, and an electrostatically balanced plate 
anode a SSembly including separate pluralities of 
electrically connected plate elements interposed 
adjacent each other in the same plane, an out 
put circuit Connected with the separate pluralities 
of plate elements, said cathode and said forma 
tive anode adapted to produce a bean of elec 
trons of substantially rectangular cross-section 
directed towards said plate assembly, and means 
for deflecting said electron beam, said plate ele 
ments being so arranged with respect to the 
CrOSS-Section of Said electron beam that current, 
flows in said output circuit in accordance, with 
the deflection of said beam. 
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