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My invention relates to electron discharge de 
vices, more particularly to so-called beam tubes 
in which an electron beam can be deflected by 
one or more sets of deflecting electrodes for pro 
viding various novel results. 

It is the principal object of my invention to 
provide an electron discharge device of the beam 
type, particularly Suitable for measuring quan 
tities including the phase angular displacement 
between electric oscillations and voltage power 
and for other plurposes. Another object of my 
invention is to provide such a device. in Which 
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: the output current can be used to maintain a 
specific condition or conditions governed by 
phase angular displacement. Another object of 
my invention is to provide such a tube which 
can be used for frequency multiplication and 
for controlling one or more circuits depending 
upon the phase angular displacement between 
two different electric oscillations in the form of 
voltage or current. 

In a simple form of the preferred embodiment 
of my invention a straight thermionic cathode 
is enclosed by and placed at the axis of a cylin 
drical electrode provided with a narrow longi 
tudinal slot parallel to the cathode. Positioned 
between the slot and the cathode are beam 
forming elements and beam deflecting elements. 
The beam is directed to an output electrode or 
electrodes and passes between a pair of arcuate 
Shaped deflecting electrodes positioned on oppo 
Site sides of the beam and shielding the beam 
between the output electrode or electrodes and 
the slotted cylindrical electrode surrounding the 
cathode. 
Each pair of deflecting electrodes, when the 

electron discharge device is used in a work cir 
cuit, is connected to a different source of voltage 
whereby the in-phase operation and phase angle 
difference operation of the applied voltages to 
the deflecting electrodes produces different 
results in the output of the tube. The pair of 
deflecting electrodes between the slotted elec 
trode and the output electrode can affect the 
beam only while it passes through the aperture 
in the slotted cylindrical electrode and if volt 
ages applied to both sets of deflecting electrodes 
are in phase the beam Will strike an output elec 
trode at a point directly opposite the aperture. 
If the voltage applied to the second pair of de 
flecting electrodes is out of phase the degree to 
which the beam is deflected by the second pair 
of deflecting electrodes may be used to shift the 
output current from one output electrode to 
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the output electrode to points to the right or 
left of a midpoint on the output electrode. If 
a plurality of output electrodes are used each may - 
be connected to the same or different circuits for producing frequency multiplication or for 
controlling the operation of separate circuits. 
which in turn may be used to control the input 
circuits and thus control the deflection of the 
beam. 
The novel features which I believe to be char-, 

acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference 
to the following description taken in connection 
with the accompanying drawings in which Fig-- 
ure i is a perspective view partially in section 
to show details of construction of an electron 
discharge device made according to my inven 
tion, Figure 2 is a longitudinal cross section. 
of the tube showing the position of the various 
electrodes of the mount of the tube shown in . 
Figure 1; Figures 3, 4 and 5 are transverse cross 
Sections of modifications of electron discharge 
devices made according to my invention and 
Figures 6 and 7 are schematic diagrams showing 
the application of tubes made according to my. 
invention in associated circuits useable with suc 
tubes. ... 

Referring to Figures 1 and 2 an electron dis 
charge device made according to my invention 
comprises the evacuated envelope C provided 
With a reentrant stem and press upon which 
the mount is supported between the insulating 
Spacers 2 and 3, which may be, for example, 
of mica. - 
The indirectly heated cathode 4 which may. 

be of rectangular cross section is provided along 
One face With an emitting coating 5. Sur 
rounding and Coaxial With the cathode is the 
cylindrical electrode 6 provided with the narrow 
slot 6' through which the beam of electrons 
from the cathode 4 may be directed, the beam. 
being formed by beam forming rods 7 and de 
flected by control rods 8. The beam is nor 
mally directed to an output electrode f9 on oppo 
Site sides of Which beam are arcuate shaped de 
flection electrodes 20 which serve not only the 
purpose of deflecting the beam after its passage 
through the slot 6' but also shields the beam 
from external influences. 
An alternating voltage is applied to the con 

trol electrodes f8 to deflect the beam across the 
aperture or slot 6 so that the beam passes to . 
the output electrode 9 only during a smallpor 

another or may be made to shift the beam from 55 tion of the cycle of the applied voltage. A sec 
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ond alternating voltage is normally applied to 
the deflecting electrodes 23. The second pair 
of deflecting electrodes can affect the beam of 
electrons only between the apertured electrode 
6 and the output electrode 9, the amount of 

the deflection of the bean depending upon the 
difference in phase of the voltage applied to the 
control rods A8 and the arcuate shaped beam 
deflecting electrodes 2. 
In operation the narrow bean of electrons 

from the cathode receives a double defiection, 
first back and forth across the Siot 3 in the 
electrode 6 and a second deflection after it 
emerges from the aperture to the region beyond. 
The first deflection may be caused by a voltage 
V1 sin wt and impressed between the rods 8, and 
the Second deflection may be caused by a Voltage 
V2 sin (at-6) between the deflecting nineinbers 23, 
the second voltage between the two plates differ 
ing in phase from the first voltage between the 
two rods by the angle 0. Electrodes 23 are active 
in deflecting the beam only part of the time, that 
is When the electrons pass throligh the aperture 
in the region containing the deflecting electrodes 
29. This instant of time occurs when V1 sin cot is 
equal to Zero or for a short angle pits or ninus 
and is of a short duration depending upon the 
Width of the aperture in the electrode 6 and 
the narrowness of the bean. At this instalt a 
voltage -- V2 sin G is effective in deflecting the 
bean in the region beyond slotted electrode 8 so 
that the beam will arrive at the electrode 9 in 
either of two positions to the right or left of the 
center point, except when 0 equals zero, that is 
When there is zero phase angle between the Volt 
ages V1 and W2. The beam is then in the ceiter, 
Thus the point of contact of the electron bean 
and hence the annount of deflection of the bean 
is a function of V2 Sin 0 and Serves as a nea.Sie 
of this quantity. The electrode 9 may be of a 
translucent or transparent base coated with jiu 
orescent material So that it can be used for indi 
cating purposes or can be so constructed that 
output can be used for different operations of 
electrical devices in accordance with the amount 
of the deflection of the bearin. Obviously, if the 
angle 0 is great no current Will flow to the elec 
trode 9. 
Another form of Inay invention which permits 

the use of the device in controlling a plurality of 
circuits depending upon the phase angular dis 
placement of the beam is shown in Figure 3. 
This device may also be used to provide frequency 
multiplication under certain conditions. 
Here again the bean is formed by the cathode 

f is and electrodes , the first deflection being ap 
plied by electrodes i3. However, instead of pro 
viding only one output electrode, three electrodes 
are shown registering with the apertures in the 
shield or electrode 2 positioned at different ain 
gular positions with respect to the slot in elec 
trode ES. These output electrodes 22, 23 and 22 
are in back of and register with the slots in the 
electrode 2. Thus when the voltages applied to 
control electrodes 3 and deflecting electrodes 2' 
are in phase the bean Will pass through the Cen 
ter aperture to the output electrode 22. After the 
phase angular displacement reaches a predeter 
mined value, such as indicated by dotted line b, 
then the output current is deflected to the output 
electrode 23. If a still further phase displace 
ment takes place as indicated by dotted line C, 
then the output current inay be dilected to the 
output electrode 2 is. Thus electrodes 23 and 2. 
may be connected to different circuits to be coin 
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trolled under different phase angular differences 
in the applied voltages. Also by connecting elec 
trodes 22 and 23 to the same side of the output 
circuit it is possible to obtain other effects if in a 
Single Swing between the midpoint indicated by 
the dotted line d. and a deflection to either side 
of this midpoint as far as that indicated by the 
deflection b, each of the electrodes 22 and 23 re 
ceives current during a single cycle of the applied 
Voltages to the tWO Sets of deflecting electrodes. 
The action above described is controlled and can 
be varied by varying the slot Width and biases of 
the control or deflecting electrodes. 
A simpler form of Figure 3 is shown in Figure 

4. Here the output electrodes comprise the ele 
ments 25, 28 and 27, forming in effect successive 
ly positioned electrodes. In-phase Voltages will 
cause current to flow only to electrode 27. If a 
phase angle is sufficiently different current will 
shift to electrodes 25 and 26, which may be con 
Ilected to different circuits or may be connected 
to the sane circuit for frequency multiplication 
or for push-pull operation. 

In Figure 5 a still further rhodification Cf the 
Output electrodes is disclosed. in this modifica 
tion one of the output electrodes 29 lies in the 
Surface of a cylinder which would be generated 
in Continuing the arcuate shaped elements 28', 
thlS providing a pair of siots 3 between cut ut 
electrodes 29 and deflecting electrodes 28'. A 
further output electrode 3 may be positioned in 
back of the output electrode 29. 
The application of the tube in Figure 4 to a 

circuit is shown in Figure 6. The beam foining 
electrodes 7 are connected by means of a con 
ductor 25 to a supply vicltage 36 negative to the 
Cathode, While the electrode is provided with slot 
6' is at a positive potential with respect to the 

Catilode. Input circuits 38 and 39 are connected 
to deflecting electrodes 8 and 23 respectively. 
Under in-phase conditions only circuit 4 i con 
nected to output electrode 2A is energized where 
as under other conditions of phase angular dif 
ference the push-pull circuit A () is energized. 

i; While this is shown as a push-pull circuit, if 
both of the electrodes 25 and 26 were connected 
to the Sane Side of the primary transformer 
double the frequency would result since the cir 
cuit would receive two shocks in the same direc 
tion for each cycle of the applied voltage. 

In Figure 7 is shown the application of tie 
tube shown in Figure 5 to a different kid of 
Circuit. Fiere clectrode 23 is connected to one 
Output circuit & for applying a D. C. voltage 
Which ca) be used for control purposes. This 
electrode receives current when voltages applied 
to the input 33 and 33 are in-p}lase. If the 
applied voltages are sufficiently out of phase, 
then electrode 3 du'aws current wiiich can be 
applied as a D. C. voltage if desired to the out 
put circuit (). If in circuits 43 and 4 the 
resistors are replaced by transformers, steep 
Voltage forms can be obtained from the trans 
formers. 
While I have indicated the preferred emodi 

ments of niny invention of which I am now aware 
and have also indicated only one specific ap 
plication for which my invention inay ice en 
ployed, it will be apparent that my invention is 
by no means limited to the exact forms illus 
trated or the use indicated, b13t, that many 
variations may be made in the particular struc 
ture used and the purpose for which it is en 
ployed without departing from the scope of my 
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invention as set forth in the appended claims. 
What I claim as new is: 

. . An electron discharge device having 3in 
envelope containing a thermionic Cathode, a 
cylindrical electrode surrounding and coaxial 
With said cathode and provided With a longi 
tudinal slot parallel to said cathode, means for 
forning the elections fron said cathode into a 
beam passing through the slot in said cylindrical 
electrode and means betWeen Said Slot and Said 
cathode for deflecting the beam of electrons 
acroSS said slot, an output electrode for receiv 
ing the beam of electrons and a pair of deflecting 
electrodes positioned on opposite sides of the 
beam for deflecting the beam after it emerges 
through the slot in said cylindrical electrode 
and Shielding the bean between the output elec 
trode and said slot. 

2. An electron discharge device having an 
envelope containing a thermionic cathode, a 
cylindrical electrode surrounding and coaxial 
With said cathode and provided with a longitu 
dinal slot parallel to said cathode, means for 
forming the electrons from Said cathode into 
a beam paSSing through the Slot in said cylin 
drical electrode and means between said slot and 
Said cathode for deflecting the beam of electrons 
acroSS said slot, a pair of deflecting electrodes 
positioned on opposite sides of the beam for 
deflecting the beam after it emerges through 
the slot in said cylindrical electrode, an electrode 
in the path of said beam and provided with a 
plurality of apertures at different angular posi 
tions with respect to the slot in said cylindrical 
electrode and output electrodes positioned in 
registry with said apertures on the opposite side 
of Said apertured electrode from said cylindrical 
electrode, said deflecting electrodes being of 
arcuate shape and extending from said slotted 
cylindrical electrode to said electrode having a 
plurality of apertures for Shielding Said beam. 

3. An electron discharge device having an 
envelope containing a thermionic cathode, a 
cylindrical electrode Surrounding and coaxial 
With said cathode and provided with a longitudi 
nal slot parallel to said cathode, means for form 
ing the electrons fronn Said Cathode into a bean 
passing through the slot in Said cylindrical elec 
trode and means between said slot and said 
cathode for deflecting the bean of electrons 
across said slot, Successive output electrodes posi 
tioned in the path of Said beam and each having 
a Surface exposed to the beam at a different 
angular position with respect to the slot in the 
cylindrical electrode, a pair of deflecting elec 
trodes positioned on opposite sides of the beam 
and extending between the cylindrical electrode 
and said output electrodes for deflecting the 
beam after it emerges through the slot in said 
cylindrical electrode and serving to shield the 
bean between the output electrodes and Said 
slot. 
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3 
4. An electron discharge device having an 

envelope containing a thermionic cathode, a 
Cylindrical electrode Surrounding and Coaxial 
With said Cathode and provided with a longi 
tudinal slot, parallel to said cathode, nineans for 
forming the electrons from said cathode into 
a bean passing through the Slot in said cylin 
drical electrode and neans between said slot and 
Said cathode for deflecting the bean of elec 
trons across said slot, a pair of deflecting elec 
trodes of arcuate shape positioned on opposite 
sides of the beam for deflecting the bean after 
it emerges through the slot in said cylindrical 
electrode, an output electrode lying in the same 
cylindrical surface Which Would be generated 
by the continuation of said arcuate shaped 
deflecting electrodes, whereby a pair of parallel 
longitudinal slotS is provided between the 
arcuate shaped electrodes and said output elec 
trode and a second electrode positioned outside 
of said cylindrical Surface and overlapping the 
slots between said output electrode and arcuate 
shaped deflecting electrodes. 

5. An electron discharge device having a 
cathode for supplying electrons and means for 
forming said electrons into a beam, an electrode 
surrounding said cathode and provided with a 
slot registering With said beam and deflecting 
means for deflecting said beam across said slot, 
and an electrode element in the path of the 
beam and provided . With a plurality of aper 
tures at different angular positions With respect 
to the slot in the slotted electrode and a sepa 
rate output electrode in registry with each of 
the apertures and On the other side of said 
apertured electrode element from said cathode, 
and deflecting electrodes positioned between 
said slotted electrode and said apertured elec 
trode, said pairs of deflecting electrodes and 
said deflecting means for deflecting the beam 
in the Sale plane, said electron discharge de 
Vice having no other deflecting electrodes posi-. 
tioned between said apertured electrode and 
Said slotted electrode. 

6. An electron discharge device having a 
Cathode for emitting electrons, means for form 
ing Said electrons into a beam, output elec 
trodes lying in the Surface of a cylinder for 
receiving said electrons, an electrode positioned 
between the cathode and the output electrodes 
and provided With a slot through Which the 
bean from Said cathode passes, and deflecting 
electrodes on each Side of the slotted electrode 
for deflecting the bean of electrons in the same 
plane and a second arcuate shaped electrode 
having apertures registering with said output 
electrodes and positioned between said output 
electrodes and said cathode, Said pairs of deflect 
ing electrodes being the only deflecting elec 
trodes between the cathode and the output 
electrodes. 

HERBER. M. WAGNER. 
  


