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My invention relates to electron discharge de 
ViceS and particularly to such devices for use at 
high frequencies wherein the Oscillating circuit 
of the tube is built in the envelope of the tube. 
The object of my invention is to provide an 

improved electron discharge device particularly 
Suitable for use at high frequencies. 
The short-wave tube according to the inven 

tion, wherein the produced frequency is deter 
inined by a more or less closely screened oscil 
lating circuit, whose housing is disposed in con 
Centric-symmetry with the internal conductor 
like inductance, is provided inside the oscillating 
circuit With a discharge system arranged in such 
a manner that the emitting layer is positioned 
directly or indirectly along a larger part of the 
inductance and that the other electrodes are ar 
ranged co-axially thereWith. 
The present invention has a number of advan 

tages. Energy cannot be radiated away either 
through the electrode systein or through the 
OScillating circuit. The operating potentials can 
be Supplied in neutral planes or Zones rendering 
superfluous a choking of the lead-in lines. 
A further advantage occurs, When use is made 

of the tube under consideration as a magnetron. 
If correctly dimensioned with respect to ohmic 
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conductivity, skin effect and so forth, poorly ra 
diating oscillating circuits exhibit selectivities 

J/wattless current 
TJ/energy current 

of about 300 or more So that a resonance current 
of about 100 amperes may be obtained with an 
exciting current of about 3 ampere. This cur 
rent flows through the conductor-like inductance 
which is at the axis of the Symmetrically devel 
oped oscillating circuit and produces a circular 
Symmetrical magnetic field that controls the mag 
nitude of the discharge current leaving the cath 
ode in such a manner that with small values of 
the oscillating current the electrons can go to 
the plate while in the case of large values they 
are bent back. The relationship between cur 
rent intensity J for the production of the mag 
netic field, plate potential Ua, diameter of plate 
D and of cathode d is given by Hull's formula: 

DY2 U= 0188 F(log2) 
Ua is that plate potential at which there just ap 
pears a noticeable plate current for the calculated 
J. For 

D = 10 and Jes=100 Amperes 
the plate potential is according to the calcula 
tion=200 volts. By increasing the time Of Stay 
of the electrons near the inductance L, the re 
quired size of the control current can be mate 
rially reduced still further. Suitable means for 

trons is of no decided importance. 
cited circuits the phase difference between cur 

(C. 250-27.5) 
this purpose are magnetic fields of constant in 
iversity and direction, generated exteriorly or in 
teriorly of the oscillating circuit, for example by 
a direct current made to flow through the induc 
tance, if necessary separatedly from the other 5 
Current. The stay of the electrons in the vicinity 
of the current-carrying inductance can however 
also be increased in its duration by the generation 
of artificial or genuine Space discharge phe 
Olena. 
It has been previously proposed by the prior 

O 

art to control the current distribution in a mag 
netron having several plates by means of a cir 
cular-Symmetrical alternating magnetic field. 
Tile present invention differs therefrom in that 15 
the current between the Cathode and anode is 
controlled in its size. The use of an emission 
Current control has the advantage that the cath 
gde. Surface can Without difficulty be made rela 
tively large with the result that a desired high 20 
output can easily be insured with standard cath 
Odes and cathode materials. Cathode and anode 
have, in a tube according to the invention, prac 
tically the same axial expanse. Hence, the emis 
sion current density per mm2 of cathode surface 
can be kept Within normal limits. 
A tube made according to the invention can 

be operated in feed-back coupling (self-excita 
tion) or as amplifier (master excitation). It 
may also be utilized for frequency-doubling. In 
Such case however, no Supplementary magnetic 
fields may be made use of Since then two maxima, 
and therefore two minima of the emission current 
do not occur per Oscillation of an alternating 
current. 
In master-excited circuits (amplifiers and fre 

quency nultiplierS) the transit time of the elec 
In Self-ex 
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rent and potential necessary for the continuous 40 
excitation of OScillations must be equalized with 
the aid of the plate continuous potential as known 
in the prior art. 
The novel features which I believe to be chair 

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 drawing in which Figs. 1-3 are 
Schematic diagrams of different modifications of 50 
tube constructions according to my invention and 
Figs. 4-6 circuit arrangements which may be 
used with the tubes made according to my inven 
tion. In Fig. 1 the discharge vessel or envelope W 55 
contains the OScillating circuit consisting of the 
straight, tubular or leader-like inductance L, and 
the mutual capacity C1, C2 of hollow, semi 
spherical or cup-shaped conducting parts G. The 
open ends of parts G are positioned to face each 60 
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2 
other to form a symmetrical housing around the 
conductor L. The discharge System proper is 
disposed inside the oscillating circuit L-G-C- 
C2-G. The emitting layer Sch is for instance 
applied to a metallic sleeve B which may be sup 
ported by tubular conductor L with insertion of . 
an insulating layer O. The heating element H, 
Whose electric center point Hm is connected With 
the emitting layer Sch, may now be disposed as 
shown. Within conductor Li. The Wires of heating 
element H are suitably wound bifilarly so that the 
magnetic field of the heating current cannot act 
upon the discharge action. The halves of the 
Screening housing G of oscillating circuit L-G- 
C1-C2-G are spaced at their rims So that a 
plane passing through the space is at right angles 
to conductor Li approximately at the center of 
the Synnetrical oscillating circuit. In this elec 
trically neutral plane are disposed the leads Za 
which connect the positive side of the plate po 
tential Source --Ua with plate A, and leads Zik 
which conduct the heating potential to heating 
element H and connect beside the emitting layer 
Sch. With the negative pole of plate potential 
Source -Ua. 

Fig. 2 shows a modification. While housing G 
is again Separated electrically in the Centerplane, 
it is however fully closed capacitatively by the 
ends of housing parts G which interleave with 
each other, the interleaved parts providing capac 
ity C. This form shows the plate potential con 
nected through supports St and above all, which 
is more important, through Conductor L. This 
has the result that the emission current, varying 
in high-frequency rhythm, flows through a part 
of the Oscillating circuit L-G-C and excites the 
latter to self-oscillations. Thus there can be 
built with this tube a self-excitated circuit 
Scheme. In order to prevent movement of the 
electrons directly to conductor L, guiding shields 
Rz are attached to the sides of sleeve B support 
ing the emitting layer Sch. The heating poten 
tial is Supplied through the interior of conductor 
L by means of a lead Zk which is suitably twisted 
so that the magnetic field produced by the heat 
ing current can have no effect on the discharge 
action proper. This heater wire H is connected 
at Him to the sleeve B and coating Sch. 

Fig. 3 shows a tube similar to Fig. 1 with the 
difference that the energizing emission current Je 
must flow partly only through inductance L and 
this prior to its reaching the Cathode and not 
through the heating circuit (not shown) which 
in this case is electrically insulated from the elec 
trodes. Oscillating current JoL, which at reSO 
nance is a multiple of energizing current Je 
traverses of course the entire Oscillating circuit 
LC, exactly as in the example of Fig. 2. 
In Fig. 4 is shown a master control circuit ar 

rangement, making use of a tube made according 
to the invention. Under the assumption that no 
magnetic field is present, which traverses the dis 
charge path, there appears in output circuit Y 
the double frequency f2 of the control frequency 
f1 which is sent by control sender X through in 
ductance L. The reason for this frequency 
doubling effect is due to the fact that there occur, 
per oscillation of the fundamental frequency, f, 
two maxima of the circular alternating magnetic 
field Mz produced by current in conductor L and 
accordingly, two minima in emission current J 
that excites output circuit Y. If no doubling of 
frequency is to Occur, care must be taken to 
establish a constant magnetic “advance field' 
which must be greater than the peak value of the 

2,130,124 
alternating magnetic field. The useful output 
may be brought to a receiver of any type, Rn, for 
instance inductively. 

Fig. 5 represents a self-excited circuit arrange 
ment. Emission current Je must, on its way to 
the emitting layer Sch of the cathode, flow partly 
through conductor L, and accordingly energizes 
OScillating circuit IC in high-frequency rhythm. 
A magnetic field generated by magnets N-S, 
whose lines of force have a course parallel to in 
ductance I, causes the produced frequency to 
coincide numerically with the control frequency. 
A radiator in form of a dipole D is coupled ca 
pacitively with the Oscillating circuit. 
Although in the description mention has been 

made so far. mostly of magnetrons, this shall not 
mean that the tube according to the invention 
can be operated only in magnetron-circuit ar 
rangement. - The main advantages cited in the 
beginning, that is the complete freedom from 
radiation and the possibility of feeding the oper 
ating potentials in simple manner in neutral 
zones, appear also if for instance the tube is ener 

0. 

gized in a standard feed-back coupling arrange- 1 
ment. 

Fig. 6 shows a circuit arrangement of this type. 
Conductor L is at its ends electrically Seperated 
from the housing by insulating intermediary 
layers O. Plate A is connected with the One half 
of the housing, Grid P with the other half. The: 
reaction coefficient can be chosen at will by the 
suitable selection of taps on the shell of the hous 
ing or on the conductor I. 
In order to assure sinusoidal character and to 

prevent an irregular current distribution the 3: 
housing of the Oscillating circuit is Suitably Con 
structed in the manner that its generatrix shows 
no non-uniformities, aside from the separating 
Sean at right angle to conductor L. The paSSage 
from housing G to conductor L. may be made in 
a manner to insure the gradual change of the 
Wave resistance. 
The invention is not limited to only the em 

bodiments by way of example here cited and 
illustrated. Any desired electric and magnetic, 
modulation methods may for instance be used. 
The electrodes proper may be provided with ar 
rangements for cooling and with devices for 
increasing heat radiation. 
While I have indicated the preferred embodi 

ments of my invention of which I am now aware 
and have also indicated only One Specific appli 
cation for which my invention may be employed, 
it will be apparent that my invention is by no 
means limited to the exact forms illustrated or 
the use indicated, but that many variations may 
be made in the particular structure used and the 
purpose for which it is employed without depart 
ing from the Scope of my invention as set forth 
in the appended claims. 
What I claim as new is: 
1. An electron discharge device having an en 

Velope Containing an elongated conducting mem 
ber, oppositely disposed hollow conducting mem 
bers each open at one end and supported on said 
elongated conducting member with the open ends 
facing each other and forming a symmetrical 
housing around said elongated conducting mem 
ber, and a plurality of electrodes including a 
cathode Surrounding and coaxial with said elon 
gated conducting member and positioned within 
Said housing, Said cathode being supported on 
Said elongated conducting member. 

2. An electron discharge device having an en 
Velope containing an elongated conducting mem 
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2,180,124 
ber, a pair of like oppositely disposed hollow 
conducting members open at one end and elec 
trically connected to and supported on said elon 
gated Conducting member, the open ends of said 
hollow conducting members facing each other 
and forming a Symmetrical housing around said 
elongated conducting member, the open ends of 
Said hollow conducting members overlapping but 
Spaced from each other, a cathode and an anode 
Surrounding and coaxial with said elongated con 
ducting member and positioned within said hous 
ing, 

3. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped 
Conducting members supported on said tubular 
conducting member, the open ends of said cup 
Shaped conducting members being spaced from 
each other and facing each other and forming a 
Symmetrical housing around said tubular con 
ducting member, a cathode supported around 
Said tubular conducting member and an anode 
CoaXial With Said tubular member said cathode 
and anode being Within said housing and a heat 
er for said cathode positioned within said tubular 
conducting member. 

4. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like Oppositely disposed cup-shaped 
Conducting members supported on said tubular 
conducting member, the open ends of said cup 
shaped conducting members facing each other 
and forming a Symmetrical housing around said 
tubular conducting member, the open ends of 
said cup-shaped member being spaced from each 
other in a plane at right angles to said tubular 
member, a cathode supported around and coaxial 
with said tubular conducting member and an 
anode coaxial with said tubular conducting mem 
ber Said Cathode and anode being Within Said 
housing and a heater for said cathode positioned 
Within said tubular conducting member, and 
leads for said heater extending through the 
Space between Said cup-shaped members and a 
lead for said anode extending through said space 
between said cup-shaped members. 

5. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped 
conducting members supported on said tubular 
conducting member, the open ends of said cup 
shaped conducting members facing each other 
and forming a Symmetrical housing around said 
tubular conducting member, the open ends of said 
cup-shaped members being spaced from each 
other, a cathode supported around and coaxial 
With said tubular conducting member and an 
anode coaxial With Said tubular conducting mem 
ber, said cathode and anode being within said 
housing and a heater for said cathode, positioned 
Within said tubular conducting member, the mid 
point of the heater being electrically connected 
to said cathode. 

6. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped 
conducting members Supported on said tubular 
conducting member, the open ends of Said cup 
shaped conducting members being spaced from 
each other and facing each other and forming 
a Symmetrical housing around Said tubular con 

3 
ducting member, a cathode supported around and 
Coaxial With said tubular conducting member and 
an anode coaxial With said tubular conducting 
member said cathode and anode being within said 
housing, a heater for said cathode, positioned 
Within said tubular conducting member, and 
shields mounted at the ends of said cathode 
transverse to said cathode and said tubular con 
ducting member. 

7. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped 
conducting members supported on said tubular 
conducting member, the open ends of said cup 
shaped conducting members being spaced from 
each other and facing each other and forming 
a Symmetrical housing around said tubular con 
ducting member, a cathode supported around 
and coaxial With said tubular conducting member 
and an anode coaxial With Said tubular conduct 
ing member Said cathode and said anode being 
Within said housing and a heater for said cathode 
positioned within said tubular conducting mem 
ber, and a grid positioned between the cathode 
and the anode. 

8. An electron discharge device having an en 
velope containing an elongated conducting mem 
ber, a pair of like open-ended oppositely dis 
posed hollow conducting members supported on 
Said elongated conducting member, the open ends 
of Said hollow conducting members facing each 
other and forming a symmetrical housing around 
Said elongated conducting member, the open ends 
of said hollow conducting members overlapping 
but Spaced from each other, a cathode and an 
anode coaxial with said elongated conducting 
member and positioned Within Said housing, said 
anode being Supported from one of said hollow 
conducting members. 

9. An electron discharge device having an en 
Velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped con 
ducting memberS Supported on said tubular con 
ducting member, the open ends of said cup 
shaped conducting members being spaced from 
each other and facing each other and forming 
a Symmetrical housing around said tubular con 
ducting member, a plurality of electrodes posi 
tioned around and coaxial With Said tubular con 
ducting member within said housing, one of Said 
electrodes being electrically connected to said 
tubular conducting member, and a lead con 
connected to said tubular conducting member. 

10. An electron discharge device having an en 
velope containing a tubular conducting member, 
a pair of like oppositely disposed cup-shaped 
conducting members Supported on Said tubular 
conducting member, the Open ends of Said cup 
shaped conducting members being Spaced from 
each other and facing each other and forming 
a symmetrical housing around Said tubular con 
ducting member, a cathode supported around and 
coaxial with said tubular member and an anode 
coaxial with said tubular member Said cathode 
and anode being within said housing and a heat 
er for said cathode positioned Within Said tubul 
lar conducting member, and leads for said heater 
non-inductively wound to prevent inductive in 
terference within the discharge device by heat 
ing current in said leads. 

KAR FRITZ. 
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