
May 6, 1930. H. M. STROEBEL 1,757,345 
RADIO TUBE 

Filed Sept. 20. 1928 

BY 

Z2, 

  



Patented May 6, 1930 

UNITED STATEs 

1,757,345 

PATENT ?FFICE 
How ARD M. STROBEL, OF OAK PARK, ILLINOIS 

RADIO TUBE 

Application filed September 20, 1928. Serial No. 307,159. 

My invention relates to tubes for use in 
wireless communication of the type common 
ly known as radio tubes, and it consists in the 
combinations, constructions, and arrange 

5 ments herein described and claimed. 
An object of my invention is to provide a 

tube which may be used in several different 
ways, such as a detector, an amplifier, a static 
eleminator, etc., due to the fact that pro 

10 vision is made whereby the characteristics of 
the tube may be changed to effect the result 
desired. 
A further object of the invention is to pro 

vide a tube of the character described in 
15 which the changes mentioned above may be 

effected, without any change in the relative 
positions of the elements in the tube itself, by 
applying currents of varying potentials or 
different polarities to certain elements of the 

20 tube. 
A further object is to provide a tube in 

which a filament is employed and deflector 
elements, and in which the plate element is 
constructed of a plurality of parts So ar 

25 ranged that a deflection of the beam from the 
filament will produce a corresponding change 
in the plate current without necessitating a 
relative movement of the elements them 
selves. 

Other objects and advantages will appear 
in the following specification, and the novel 
features of the invention will be particularly 
pointed out in the appended claims. 
My invention is illustrated in the accom 35 panying drawings, forming part of this ap 

plication, in which 
Figure 1 is a plan, view showing the rela 

tive arrangement of the elements, 
Figure 2 is a face view of the plate mem 

40 bers, NA 
Figures 3, 4, and 5 are modified views of the 

plate elements, 8 O 
Figure 6 is a view showing a typical cir 

cuit with which the tube may be used, and 
Figure 7 is a modified form of circuit. 
Referring now particularly to Figure 1, 

I have shown therein a tube constructed ac 
cording to my invention. This consists of a 
casing 1 in which is disposed a filament 2. 

50 Around this filament is a metal cylinder 3, 
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preferably of nickel, having an outlet 4 for 
the beam 5, as will be explained later. On 
opposite sides of the beam are grids or fences 
6* and 6”, respectively. The plate element 
consists of two portions, which I have indi- 55 
cated at 7 and 8, respectively. These elle 
ments are insulated from one another and 
may be curved, as shown in Figure 1, or may 
be arranged in parallel relation, as shown at 
7” and 8” in Figures 6 and 7. 
As will be seen from Figure 2, the plate elle 

ment 7, which is nearest the filament, may 
be provided with a substantially diamond 
shaped opening 9. The outlet slot or open 
ing 4 of the cylindrical shield 3 is of such a 65 
length that the beam 5, under certain condi 
tions, will just be received on the major axis 
of the diamond, as shown in Figure 2. 
The whole theory upon which the tube 

works is that the variation of the electron 70 
beam received by that plate nearest the fila 
ment, which for sake of a better term I have 
called the “live” plate, and the plate 8 to the 
rear, which I term the “dead” plate, gives rise 
to conditions which effect a change of plate 75 
current. The change in the effective electron 
beam reaching the two plates is caused by the 
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shifting of the beam through the medium of 
the grids or fences. In Figure 2 the beann is 
shown in the central position marked A. In 80 
this position the two fences 6* and 6Y are neu 
tral and the entire beam passes through the 
opening 9 and impinges on the dead plate 8. 
If, however, the left fence 6* is made positive 
or the right fence negative, either separately 85 
or together, the result would be to swing the 
electron beam to the left, causing it to strike 
the live and dead plates at B. It is possible 
to increase the fence potentials further to 
cause the beam to swing entirely free of the 90 
opening 9 onto the live plate. 
This property gives rise to many possibili 

ties. From an inspection of Figure 6, it will 
be observed that the dead plate 8" which cor 
responds to the plate 8 of Figure 2, is put at 95 
a positive potentialby a separate battery lead 
of its own. Therefore, it will take any elec 
trons that have not struck the live plate and 
will prevent them from returning to the liye 
plate. In this way the space within the tule 100 
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is kept clear of free electrons and space charge effects, thus preventing the “mushing” 
actiºn of the five plate. The live plate is also 
at a positive potential, and the external cir 
cuit may be used to operate an amplified tube, 
as showni? Figure 6. N 9 

Referring again to Figure 2, it will be seen 
that at the position A there is no live plate 
current but full current in the dead plate cir 
rcuit. At position, B half the total beameur, 
rent is in each plate circuit, while at C all 
the beam current is in the live plate circuit. 
The plate current in one plate circuit in 
creases only as the current in the other plate 
circuit decreases. This characteristic of the 
output of the tube may be used to produce an 
accumulative effect in the secondary of a cou 
pling transformer. If the tube is, operated 
by applying radio frequency oscillations to 
one of the fences, the other being neutralor 
is so connected to the radio frequency oscilla 
tion coil or condenser as to always have a 
charge opposing that on the other fence, then 
for eachalternation of the radio oscillations, 
the beam will be deflected onto the live plate, 
negative charges of the alternations swinging 
the beam to the right when the left fence has 
a negative charge, while positive alternations 
swing it to the left. It will be observed that 
though the fences are excited with radio os 
cillations, that each alternation tends to in 
crease the plate current above neutral posi 
tion. 

If the right fence is biased negative suffi 
ciently so as to deflect the beam to the position 
B and radio oscillations are impressed on the 
left fence, then positive alternations will tend 
to increase the plate current of the live plate 
7 by swinging the beam toward position C, 
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while negative alternations will tend to de 
crease the live plate’s current by swinging 
the beam toward the neutral position. Dur 
ing this, of course, the negative bias on the 
right fence is constant. The resulting live 
plate current is a direct current pulsating at 
radio frequency. Used in this way, the tube 
may serve as an amplifier. N 

In order to enable the tube to operate over 
a wider range as an amplifier, the opening 
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maybe half diamond shape, as shown at 9º 
in Figure 5. 
The live plate may be so cut that for regu 

lar fence voltage variations there will also be 
a regular corresponding plate current vari 
ation. It is possible to so cut the plate that 
“straight” fence voltage increases or decreases 
will cause a logarithmic increase or decrease 
in plate current. . 
To cause the plate current to increase more 

than in direct proportion to a given fence 
voltage increase, the point or space on the live 
plate where the beam falls, for that given 
fence voltage, is made sufficiently large to 
give the extra plate current desired. To de 
crease the plate current at that point of the 

and connected to the tuned circuit. 
will then have the same charge, be it positive 
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live plate, the plate area would be correspond 
ingly reduced. Thus, by properly cutting the 
plates, tubes having sp?ciaI characteristic 
curves for special purposes rnay be accurately 
made. I have already mentioned that a plate 
cut as in Figure 5 would be a perfect ampli 
fier, having no distortion. Defects of the 
tube, such as ionization and increased elec 
tron flow at certain fence voltages, or uneven 
deflections of the beam for. even voltage va 
riations, may likewise be neutralized by prop 
erly designing the plate, thus still retaining 
the plate curve perfect. 

In Figure 4 I have shown the form of the 
cut of the live plate 7º which is best suited as 
a static eliminator, for it will be observed 
that when the beann moves to the end of the 
cut 9”, there will be no more plate current va 
riations as long as the beam is not deflected off 
of the live plate. It is merely a question of 
extending this live plate to prevent the beam 
from passing off the end. Thus it will be seen 
that excessive variations, such as those pro 
duced by static impulses, will to a large ex 
tent be eliminated. 

In Figure 6 I have shown a typical circuit 
connection in which the plate connections are 
made to a transformer T having a center tap 
so that when the current inçreases in one half 
of the transformer coil and decreases in the 
other half, the corresponding fields will pro 
duce an accumulative effect in the transform 
er secondary. In this Figure it will be ob 
served that the fences 6* and 6Y are connected 
one on each side of the condenser Z of the 
tuning circuit. Consequently, when the up 
per condenser plate is charged positive, the 
fence 6* is also positive, while the opposite 
fence will be negative. Therefore, the fence 
charges, as well as the frequency, depend 
upon the oscillations received in the tuned 
circuit. 

In Figure 7 both fences are joined together 
Both 

or negative. When the fences are positive, 
they will cause the beam of electrons to 
spread out fanwise or diverge, thereby in 
creasing the cross sectional area of the beam 
by decreasing the electron density. When the 
fences are charged negatively, the opposite 
effects as to cross sectional area and density 
are produced. The tube thus provides a 
means for varying the cross sectional area of 
the beam, even though the total plate current 
is the Same. Consequently, since a variation 
of the cross sectional area of the beam varies 
the portion of the beam impinging on the live 
plate, the current in the live plate circuit is 
caused to vary as the fence charges and po 
tentials. 

I claim : 
1. A radio tube comprising a casing, a filla 

ment within the casing for emitting elec 
tronic rays, means for directing the rays to 
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form a beam, means for deflecting the beam, 
and a plate element for receiving the beam, 
said plate element consisting of a pair of 
plates spaced apart and insulated from one 
another, one of said plates having an elon 
gated opening to permit a portion of the 
beam to impinge on the other plate, a portion of Said opening having converging edges 
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whereby the shifting of the beam toward the 
narrower end of the opening will cause more 
of the electrons to impinge on the plate hav 
ing the opening and less on the other plate. 

2. A radio tube comprising a casing, a fila 
ment within the casing for semitting elec 
tronic rays, a shield for said filament having 
an outlet opening for directing the rays to 
form a beam, means for deflecting the beam, 
and a plate element consisting of a pair of 
plates spaced apart and insulated from one 
another, the plate nearer the filament having 
an opening, said opening having edges con 
verging toward an apex disposed in the cen 
tral major axis of the opening whereby, 
when the beam is deflected along said major 
axis, the number of electrons impinging on 
the plate having the opening will increase 
and the number on the other plate will de 
C’ESE. 

3. A radio tube comprising a casing, a fila 
ment within the casing for emitting elec 
tronic rays, a cylindrical metallic shield dis 
posed around said filament and having a slot 
on one side for directing the rays to form a 
beam, a deflecting plate on each side of the 
path of the beam, and a plate element con 
sisting of a pair of parallel plates disposed 
substantially at right angles to the path of the 
beam, the plate nearer the filament having an 
elongated opening provided with converging 
edges at its opposite ends, the central portion 
of the opening being in the normal central 
axis of the beam whereby the shifting of the 
beam laterally in either direction along the 
major axis of the opening will cause a greater 
number of electrons to impinge on the plate 
having the opening and a Îless number to im 
pinge on the other plate. 
4. A radio tube comprising a casing, a ca 

thode within the casing for emitting elec 
tronic rays, means for directing the rays to 
form a beam, means for deflecting the beam, 
and means for receiving said beam compris 
ing. Spaced apart plates disposed substan 
tially at right angles to the path of the beam, 
the plate nearest the cathode here called a 
live plate, acting as a screen to vary the 
amount of projection of said beam upon the 
plate farthest away from the said cathode 
and here called the dead plate, whereby a de 
flection of the beam from the neutral position 
will cause, the current received by said live 
plate to either decrease, increase or remain 
constant, dependling respectively on whether 
the area of Said live plate that is struck by 
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the beam decreases, increases or remains con 
stant. 

Signed at Chicago, in the county of Cook 
and State of Illinois, this 15th day of Sep 
tember, A. D. 1928. 

HOWARD M. STROBEL. 70; 
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