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Mily invention relates to electron discharge de 
vices, particularly to such devices suitable for 
use at high frequencies. 
The present application is a division of my 

application which issued as United States Pat 
ent 2,237,878 on April 8, 1941. 

It is well known that conventional tubes be 
come inoperative at very high frequencies. The 
principal difficulties which prevent operation at 
high frequencies are due chiefly to the following 
factors, that is, the finite electron transit time 
producing abnormal loading of the input cir 
cuit and loss of transconductance of the tube, dif 
ficulty in obtaining necessary small eoupling be 
tween the output electrode and the input elec 
trode which results in regeneration or excessive 
loading of the output circuit due to the reflected 
input losses and the consequent loss of power 
output and efficiency, and increased losses in the 
circuit due to the presence of large circulating 
currents at high frequencies and due to an in 
crease in effective resistance of the circuit. 
The principal object of my invention is to pro 

vide an improved electron discharge device par 
ticularly suitable for use at high frequencies. 

fore particularly it is an object of my inven 
tion to provide an electron discharge device in 
which electron transit time is not critically re 
lated to the period of Oscillation, which will func 
tion satisfactorilly at frequencies at Which con 
Ventional tubes fail to operate, and in which 
high frequency losses are minimized. 
A further object of my invention is to provide 

an electron discharge device particularly suitable 
for use as an amplifier at very high frequencies. 
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 
ures 1 to 4 inclusive are schematic diagrams ill 
lustrating the principles of my invention, Figure 
5 is a simplified diagrammatic representation of 
an electron discharge device made according to 
Any invention, and Figures 6 to 11 inclusive are 
longitudinal sections of electron discharge devices 
made according to my invention, the associated 
voltage sources being shown in Figures 6 and 7. 
A better understanding of my invention can be 

had by discussing the principle involved. To ill 
lustrate the principle involved in electron dis 
charge devices made according to my invention 
reference is had to Figures 1 to 4 inclusive. In 
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schematic section of a quarter wave concentric 
line tank circuit comprising an inner tubular con 
ductor 20 which may be cylindrical in cross Sec 
tion, and a hollow outer tubular conductor 2 
concentric with the inner conductor 20 and elec 
trically connected to the inner conductor 20 by 
the conducting plate 22. A second tubular con 
ductor 26 which may be referred to as the aper 
ture extension is coaxial with the conductor 20 
and spaced a Kially from the conductor 20 to pro 
vide a gap 25. This tubular conductor 24 and the 
outer conductor 2 are connected by the con 
ducting plate 23. This arrangement provides 
a quarter Wave concentric tank circuit. If a 
negatively charged body 26 is projected axially 
through the inner conductor 2 from left to 
right, the conditions of the charge distribution 
on the circuit as the body 26 is moved along the 
interior of conductors 20 and 23 is indicated in 
Figures 1 to 3 inclusive. As shown in the fig 
lures, there is a positive charge, equal to the nega 
tive charge induced on the inside of the inner 
conductor near the body. However, initially no 
charge appears On the outer surface of the in 
ner conductor 20. The induced charge moves 
with the charged body along the inner surface of 
conductor 29 until the end of the inner conduc 
tor 26 is reached. During the passage of the 
charged body across the gap 25, the charge is 
partially imaged on the end of the inner conduc 
tor 2 and partially on the outer conductor 28 
as shown in Figure 2. The passage of the 
charged body beyond the gap 25 into the conduc 
tor 24 causes the induced charge all to appear on 
the inner surface of the conductor 2 as shown 
in Figure 3. The induced charge in transferring 
from the end of the inner conductor to the con 
ductor 23 flows back over the Outer surface of the 
inner conductor 20 and the inner Surface of con 
ductor 2, thus constituting a current flow in the 
quarter Wave tank circuit. If charged bodies are 
projected past the gap in proper phase and fre 
quency relationship with respect to the resonant 
frequency of the tank circuit, the circuit may be 
made to oscillate vigorously merely by the pas 
sage of the charged bodies past the gap. 

Figure 4 illustrates the configuration of the 
electric and magnetic fields within the resonant 
space of the tank circuit when the latter is ex 
cited. The solid lines 27 represent the electric 
field distribution and the circles 28 represent the 
magnetic lines of force. The dashed lines 29 
represent the equi-potential surfaces in the gap. 
Along the major part of the length of the tank 

Figure 1 is schematically shown the longitudinal 55 circuit the direction of the electric field is sub 
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stantially radial. However, at the gap 25 the 
electric field has an axial component. The elec 
tric field does not penetrate very far inside the 
open end of the inner, conducting member 20 or 
inside the conductor 24, but is confined effectively 
to the space defined approximately by the limit 
ing equipotential lines 29 shown in the figures. 
The space inside the inner conductor 20 and in 
side the conductor 24 is essentially field free, 
therefore no work will be done on a charge nov 
ing inside the inner conductor 20 by the electric 
field until the charge reaches the gap 25. If the 
charge traverses the gap at the instant when the 
electric force is in the direction from 20 to 24, 
the charge will be decelerated, its energy being 
given up to the tank circuit. A charge crossing 
the gap during the opposite half cycle when the 
field is reversed will be accelerated and absorb 
energy from the circuit. If, however, the num 
ber of charges traversing the gap during the first 
half cycle is greater than during the second, the 
net effect will be that energy is supplied to the 
tank circuit. 
Thus, the tank circuit may be excited by pass 

ing groups of electrons at the proper frequency 
across the gap between the conductors 20 and 
24. The motion of the electrons in the interior 
of the inner conductor 20 has no effect on the 
current in the tank circuit. Also high frequency 
electromagnetic fields which will be generated 
Within the resonating space of the tank circuit 
penetrate but a short distance inside the con 
ductor 26 and conductor 24 which act as a screen 
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electrode so that the electrons will be influenced . 
by these fields only during their passage across 
the gap. 

In Figure 5 is shown schematically in section 
an electrode arrangement of a tube embodying 
my invention and operating on the principle de 
scribed above. Mounted within the inner con 
ductor 2 is a conventional cathode 30 and a 
grid 3, which supply the pulses of electrons 
in the proper phase relation necessary to excite 
the tank circuit. A collector electrode 32 may 
be placed beyond the screening electrode or 
aperture extension 24'. If now a high poten 
tial is applied between the cathode and the tank 
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circuit including electrodes 20 and 24' and also 
between the collector 32 and cathode 30, a stream 
of electrons from the cathode will flow toward 
the collector. If a high frequency voltage is ap 
plied between the control grid and the cathode, 
fhe electron stream will be periodically modu 
lated in intensity. Pulses of electrons traversing 
the gap 25. will induce high frequencv currents 
between the electrodes 20 and 24”. If the ex 
citation frequency is adjusted to the resonant 
frequency of the tank circuit a high impedance 
will exist across the gap 25 at this frequency. 
The induced currents, therefore, will produce 
a high radio frequency voltage across the gao 
25. The phase of this voltage at or near res 
onance will be such as to decelerate electrons 
traversing the gap during the half period of 
maximum intensity of the electron current in 
the stream. 
The energy lost by the electrons is transformed 

by the tank circuit into the energy of the elec 
tromagnetic field within the resonating space 
between the inner and outer conductors and 
then may be conveyed to the useful load by 
means of a coupling loop such as, for example, 
33 extending through an aperture in the outer 
tubular conductor 2 of the tank circuit, 
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The high frequency electromagnetic field ex 

isting in the resonant space of the tank circuit 
penetrates only a short distance inside the tu 
bular electrode 20 and inside the tubular screen 
electrode 24. Therefore, by positioning the con 
trol electrode 3 at a suitable distance from 
the gap 25 the coupling between the input, elec 
trodes 30 and 3 and the output electrodes 20 
and 24' can be reduced to a negligible value. 
The collector electrode is also placed at an ade 
quate distance from the gap to minimize cou 
pling between it and the tank circuit. This re 
Sults in a reduction of the losses caused by 
the absorption of radio frequency energy from 
the tank circuit by the collector. - 
To minimize the transit time effect the elec 

trodes 20 and 24' can be operated at suitable 
high potentials with respect to the cathode. The 
adjustment of these potentials is not critical 
because the functioning of the tube does not de 
pend critically upon the electron transit time. 
This is because the electrons are effective in 
exciting the output circuit only during the short 
period of time that they pass through the field 
extending through the gap 25. The current col 
lecting electrode 32 can be operated at a much 
lower potential than the conductors 20 and 24 
and in order to obtain a high efficiency it is 
usually operated at a potential just sufficient 
to collect all decelerated electrons. To improve 
the functioning of the device an electrostatic or 
magnetic focusing of the electron stream can 
be utilized to prevent electrons from impinging 
On the high potential electrodes 20 or 24. Thus 
these electrodes will not dissipate energy and all 
of the power generated in the tube will be sup 
plied by the low voltage collector power supply. 
In Figure 6 is shown a tube în longitudinal 

Section and made according to my invention. 
The main body of the tube, which constitutes 
a guarter wave concentric line output tank cir 
cuit includes a pair of tubular coaxial members 
or electrodes 35 and 36 separated axially by 
a gap 37 and electrically connected to a con 
Centric outer cylinder or tubular member a by 
eans of end plates 39 and 40. Mounted within 

the tubular member 35 is an indirectely heated 
cathode 4, the heater of which is not shown, 
and a grid 42. These electrodes may be disc 
or rectangular shaped. Electrons Supplied by 
the cathode 4f are projected axially within the 
cylinders 35 and 36 to a collecting electrode 43 
preferably of carbon. The glass Cup members 

and 45 close the ends of the tubular members 
35 and 36 to provide with the member 38 an 
envelope for the electrodes, the Cup-shaped mem 
ber 44 being sealed to the tubular member 35 
and the cup-shaped member 45 being sealed to 
the electrode 36 which will be referred to as a 
Screening electrode. The solenoid 4s may be 
provided for focusing the electrons from the 
cathode 4 into a well defined beam along the 
axis of the tubular electrodes 35 and 36. The 
electrodes and 42 are suitably supported by 
means of the conductors 47 and 48. A parallel 
wire transmission line is attached to these con 
ductors. This line forms the input circuit which 
is tuned by the bridging member 49 provided 
With the by-passing condenser 50. A loop 5 
Serves to couple the input circuit to a driver. 
To permit the tank circuit to be coupled to a 
load, an aperture 38' is provided in the Outer 
tubular member 38, surrounded by an extension 

a 5 or collar 38'. A reentrant glass portion 53 sup 





44 
connected between the heater and cathode leads. Radio frequency coupling between the transmis 
sion line conductor 79 and 80 and the grid and 
the focusing electrodes is due to the inherent 
capacity between these conductors and the insul 
lated loads, within the hollow conductor tubes. 
If necessary, additional condensers for capacity 
coupling can be provided between the conductor 
tubes and the leads. 
One sample of a tube made according to my 

invention has an external member 62 of a length 
of 6' and diameter of 2', the inner tubular men 

2,293,387 
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 including a 

cathode and grid for supplying a modulated 
stream of electrons and a collecting electrode for 
receiving said modulated strean of electrons, and 
a quarter wave concentric line output tank cir 
cuit having a pair of coaxial tubular members 
axially spaced to provide a gap and surrounding 
the discharge path between the cathode and 

bers BD and 6 having a diameter just sufficiently, 
large to permit slipping the concentric line unit 
over the end of the envelope 66 having an outside 
diameter of 14''. The gap between the inner 
tubular member 60 and 6 was of the Order of 

. The accelerating electrode 7 f with a width 

anode whereby electrons from the cathode to the 
anode traverse the gap between said pair of co 
axial tubular members, and accelerating means 

5 including a pair of electrodes surrounding the 
path of the beam between the cathode and the 
collecting electrode. 

of 'A' was spaced 2' from the accelerating elec 
trode 7 having a width of 1', the focusing elec 
trode being spaced '' from the edge of the ac 
celerating electrode 70. The collecting electrode 
72 has an outside diameter of 2' and a depth of 
2'. It is of course understood that these dimen 
sions could be changed or varied for different fre 
quencies and for different power outputs. . . . 
The tube was operated under the following con 

ditions: At a frequency of 450 megacycles, power 
output of 110 watts, was obtained, the driving 
power being about 10 watts and the efficiency 
about 35%. The accelerating voltage applied to 
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2. An electron discharge device including an 
envelope containing a cathode and grid for Sup 
plying a modulated stream of electrons and an 
electrode for collecting electrons in said stream, a 
tank circuit surrounding said envelope and in 
cluding a pair of coaxial tubular members spaced 
axially to form a gap therebetween surrounding 
the discharge path between the Cathode and the 
collecting electrode, and electromagnetic means 
surrounding said tubular members for focusing 
the electrons from the cathode to the collecting 
electrode into a well-defined beam. 

3. An electron discharge device including an 
envelope containing a cathode and grid for Sup electrode 70 and T. was of the order of 6000 volts 

and the collector electrode voltage of the order of 
2000 volts. The collector current was approxi 
mately 150 milliamperes. The extremely low loss 
in the accelerating electrodes 70 and is shown 
by the fact that less than .1 rhilliampere was the 
current to these electrodes. This performance 
which is readily obtained with a tube made ac 
cording to my invention contrasts sharply with 
tubes and circuits of conventional design when 
an attempt is made to operate them at the higher 
frequencies. 
Thus in a tube made according to my invention 

electron transit time effects are minimized by 
utilizing electrons of high velocity. This is ac 
complished without increasing dissipation and 
loss in efficiency by separating the functions of 
the output electrode and current collecting elec 
trode and by making use of electron focusing. 
The output-input coupling is reduced to a neg 
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ligible value by screening and separation of the 
electrodes and circuits. The high frequency losses 
due to high frequency voltages are minimized by 
current carrying electrodes of large periphery. 

In addition to the above advantages high eff 
ciency results due to collection of the electrons at 
low velocity and high power output is attained 
because the collector may be made of adequate 
size without influencing the performance of the 
output circuit. A non-regenerative amplification O 

is Enade gossible through the reduction of the 
output-input coupling to a negligible value. 
Other uses to which my invention Inay be plat 

are for example frequency multiplication and 
generation of oscillations. 
While I have indicated the preferred embodi 

ments of any invention of which I am now aware 
and have also indicated only one specific applica 
tion 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 
surpose for which it is employed without depart 
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plying a modulated stream of electrons and an 
electrode for collecting electrons in said stream, 
an accelerating means within said envelope and 
including a pair of electrodes surrounding the 
path of the electrons between the cathode and 
collecting electrode, a tank circuit surrounding 
said envelope and including a pair of coaxial tu 
bular . members spaced axdally to . form i a , gap. 
therebetween surrounding the discharge path be 
tween the cathode and the collecting electrode, 
and electromagnetic means surrounding said co 
axial tubular members for focusing the electrons 
from the cathode to the collecting electrode into 
a well-defined beam, and a conductor bridging 
the gap and overlapping but out of contact with 
the adjacent ends of the coaxial tubular mem 
bers and movable transversely of the coaxial tu 
bular members to change the capacity coupling 
between said coaxial tubular members. 

4. An electron discharge device including an 
envelope having a cathode and grid for supply 
ing a modulated stream of electrons and an elec 
trode for collecting electrons in said stream, and 
accelerating means within said envelope and in 
cluding a pair of electrodes surrounding the path 
of the stream between the cathode and the col 
lecting electrode, a pair of coaxial tubular mem 
koers spaced axially to form a gap therebetween 
surrounding the discharge path between the cath 
ode and the collecting electrode, a conducting 
plate member secured to each of said coaxial tu 
pular members intermediate the ends of the tu 
bar members and electrically connected at their 
peripheries by a conducting cylindrical member 
to Form a tank circuit and a conductor bridging 
the gap and overlapping but out of contact with 
the adjacent ends of the coaxial tubular members 
and movable transversely to the coaxial members to change the capacity coupling between said 
members to vary the frequency at which the tank 
circuit will oscillate. 

5. An electron discharge device including an 
envelope containing a cathode and grid for sup 
plying a modulated stream of electrons and an 
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electrode for collecting said electrons, a hollow 
tank circuit surrounding said envelope and hav 
ing a gap lying in a plane transverse to the 
stream of electrons and between the grid and 
collecting electrode, Said tank circuit being spaced 
from Said envelope to provide a passageway be 
tween the envelope and the tank circuit, and 
Imeans for directing a cooling medium between 
the envelope and the tank circuit. 

6. An electron discharge device including an 
envelope containing a cathode and grid for Sup 
plying a modulated stream of electrons, and an 
electrode for collecting the electrons in said 
stream, an elongated hollow tank circuit Sur 
rounding Said envelope and including a pair of 
Coaxial tubular memberS Spaced axially to form 
a gap therebetween Surrounding the discharge 
path between the cathode and the collecting elec 
trode, Said tubular members being spaced from 
said envelope to provide a passageway between 
the envelope and the tubular members, and means 
for directing a cooling medium between the en 
Velope and the tubular members into the interior 
of the tank circuit through said gap, said last 
means including extensions on opposite ends of 
said tank circuit and enclosing a space around 
the envelope, said space communicating with the 
Space between the tank circuit and envelope and 
having inlets for introducing the cooling medium. 

7. An electron discharge device including an 
envelope containing a cathode and a grid for 
Supplying a modulated stream of electrons, and 
an electrode for collecting the electrons in Said 
strean, a hollow tank circuit surrounding said 
envelope and including a pair of coaxial tubular 
memberS Spaced axially to form a gap therebe 
tween Surrounding the discharge path between 
the cathode and collecting electrode and a con 
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ducting member Surrounding Said coaxial tubular 
members and secured and electrically connected 
to each of Said coaxial tubular members, said 
coa Kial tubular members being spaced from the 
envelope to provide an annular paSSageWay be 
tween the envelope and the tubular members, in 
let (neans for directing a cooling raedium be 
Ween the envelope and the inner tubular mem 
bes through said gap into the interior of said 
tank circuit, said conducting member surround 
ing said tubila members being provided With an 
aperture through which the cooling medium can 
gaSS to the exterior of the tank circuit. V 

8. An electron discharge device including an 
envelope containing a cathode and grid for sup 
plying & modulated stream of electrons and an 
electrode for collecting the electrons in said 
stream, accelerating means within the envelope 
&nd including a pair of electrodes surrounding 
the gath" of the electrons between the cathode 
Sagad the collecting electrodes, a, tank circuit sur 
to inding Said envelope and including a pair of 
coaxial tubular members spaced Exially to form 
& gag there between surrounding the discharge 
S2:Ša :eetween the cathode and the collecting elec 
FCäse SIXa? & Conducting Inember surrouYadixig saic, 

1302.5ial tollar member and secured as elec 
Ricely connected to each of said coaxial tubus 
3r&ge's, S.2d electromagnetic means surround 
ing the conducting nenber for focusing electrons 
303, the Cathode to the collecting electrode into 
8, "VA7e3-a decífiaedi &beaYa. 

9. ÅR), electron, discharge device including an 
eRVeiope having a cathode and grid for supply 
ing & Onodulated Strean of electrons and an elec 
Scds of Collecting electrons in Said stream and 
Eccelerating means within said envelops and in 
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5 
cluding a pair of electrodes surrounding the path 
of the beam between the cathode and the collect 
ing electrode, a tank circuit surrounding said en 
velope and including a pair of coaxial tubular 
members spaced axially to form a gap therebe 
tween Surrounding the discharge path between 
the cathode and the collecting electrode and a 
conducting plate member secured to each of said 
Coaxial tubular members intermediate the ends 
of the tubular members and electrically connect 
ed at their peripheries by a conducting cylindri 
cal member, and a conductor bridging the gap 
and overlapping but out of contact with the ad 
jacent ends of the coaxial tubular members and 
movable transversely of the coaxial members to 
change the capacity coupling between said mem 
bers to vary the frequency at which the tank cir 
cuit will oscillate, and electromagnetic means 
Surrounding each of the coaxial tubular members. 

10. An electron discharge device including a 
Cathode and grid for supplying a modulated 
stream of electrons, and a collecting electrode for 
collecting electrons, in said stream, and a hollow 
tank circuit surrounding said stream of electrons 
and including a pair of coaxial tubular members 
Spaced &Xially to form a gap therebetween sur 
rounding the discharge path between the cathode 
and Collecting electrode and a conducting plate 
member secured to each of said coaxial tubular 
members intermediate the ends of the tubular 
members and a conducting member electrically 
Connecting said plates at their peripheries, and 
electromagnetic means surrounding said tubular 
members for focusing the electrons projected 
from the cathode to the collecting electrode in 
& Well-defined beam, said conducting member 
electrically connected to the peripheries of the 
conducting plate members having an aparture 
and a reentrant extension of insulating material 
extending within said aperture and sealing said 
tank circuit, and a conducting loop extending 
Within the teentrant insulating extension for cou 
pling the electron discharge device to an output 
circuit. 
1. An election discharge device having a 

cathode for Supplying a stream of electrons and 
means for collecting said electrons, a hollow tanks 
circuit having a passageway extending there 
through through which the electrons from the 
Cathode pass to the collecting means, said 28S 
Sageway having a gap surrounding the discharge 
path between the cathode and the collecting 
resins, an insulating means closing one end of 
the passageway to provide with the hollow tank 
circuit an envelope for the cathode, said holoty 
Anak circuit having an aperture extending 

?hrough the oute surface thereof, and an insulat 
ing closure member supported within said aper. 
être and Sealing Said aperture in said hollow 
{&nk circuit, 2nd a conducting coupling member 
extending within the hollow tank circuit through 
Said, 823rtage. 

2. An election discharge device having a 
cathode for Sugglying & stream of elections and 
resis or collecting said electrons, a hollow tants 
circuli? hEB7ing II, III:ssageway Extending there 
through through which the electrons irona Zae 
C8thode pass to the collecting means, said pas 
Sagery having a gap surrounding the discharge 
patih betö7eeza the cathode and the collecting 
eas, 8 insulating Eneans closing one end of 

the passageway to provide with the hollow tank 
circuit an envelope for the cathode, said hollow 
?83k circuit naving an aperture €?éà???? 
????otí5% ???? ?????????? ??t;$f????? ????????? ???? (? GSS-a 
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tension around said aperture, and an insulating 
closure member Supported by said extension and 
sealing said aperture in said hollow tank circuit, 
and a conducting coupling member extending 
through the extension within the hollow tank 
circuit. 

13. An electron discharge device having a 
cathode and grid for supplying a modulated 
stream of electrons and means for collecting 
said electrons, a hollow tank circuit having a 
passageway extending therethrough through 
which the electrons from the cathode pass to the 
collecting means, said passageway having a gap 
surrounding the discharge path between the 
cathode and the collecting electrode, and insulat 
ing means closing one end of the passageway to 
provide with the hollow tank circuit an envelope 
for the cathode and grid, said hollow tank circuit 
having an aperture extending through the outer 
Surface thereof and an extension around said 
aperture and insulating material supported by 
said extension and sealing said aperture in said 
tank circuit and a conducting coupling member 
extending through the extension within the hol 
low tank circuit. 

14. An electron discharge device having a tank 
circuit comprising a hollow body formed by a 
surface of revolution and having a resonant fre 
quency and having a passageway extending 
through Said hollow body, said passageway hav 
ing a gap extending entirely around said pas 
Sageway and in a plane transverse to Said pas 
sageway, a cathode for supplying electrons axially 
of said passageway past said gap, and means for 
collecting the electrons after the passage of elec 
trons past said gap, insulating cup-shaped mem 
bers closing the opposite ends of said passageway 
and providing with said hollow body an envelope 
for said cathode and collecting electrode, the 
outer surface of said hollow body being provided 
with an aperture and a reentrant extension of 
insulating material extending within said aper 
ture and sealing said hollow body, and a con 
ducting coupling member extending within the 
reentrant insulating extension and said hollow 
body. 

. 15. An electron discharge device including a 
hollow output tank circuit having a pair of co 
axial tubular members spaced axially to form a 
gap and a conducting member surrounding said 
tubular members and conductively secured to 
said coaxial tubular members, a cathode and 
grid positioned adjacent one end of one of said 
coaxial tubular members for supplying a modiu 
lated stream of electrons axially of said coaxia 
tubular members across said gap and a collecting 
electrode adjacent an end of the other tubular 
Chember for receiving the electrons from the 
cathode after passage across said gap and cup 
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shaped insulating members closing the opposite 
ends of the coaxial tubular members to form 
with said hollow output tank circuit an envelope 
for said cathode, grid and collecting electrode, 
and a reentrant extension of insulating material 
extending within said aperture and said hollow 
Output tank circuit and Sealing said tank circuit, 
and conducting coupling means extending with 
in the reentrant insulating extension. 

16. An electron discharge device having a 
cathode for Supplying a stream of electrons and 
means for collecting said electrons, a hollow tank 
circuit having a passageway extending there 
through through which the electrons from the 
cathode pass to the collecting means, Said pas 
Sageway having a gap surrounding the discharge 
path between the cathode and the collecting 
means, means closing one end of the passageway 
to provide with the hollow tank circuit an enve 
lope for the cathode, said hollow tank circuit 
having an aperture extending through the outer 
surface thereof, and a cup-shaped insulating 
closure member extending within said aperture 
and Sealing said aperture in said hollow tank 
circuit, and a conducting coupling member with 
in the hollow tank circuit extending through 
Said.aperture. 

17. An electron discharge device having a 
Cathode for supplying a stream of electrons and 
means for collecting said electrons, a hollow 
tank circuit having a passageway extending 
therethrough through which the electrons from 
the cathode pass to the collecting means, said 
passageway having a gap surrounding the dis 
charge path between the Cathode and the col 
lecting means, insulating means closing one end 
of the passageway to provide with the hollow 
tank circuit an envelope for the cathode, said 
hollow tank circuit having an aperture extend 
ing through the Outer surface thereof, and a 
reentrant insulating closure member extending 
within said aperture and sealing said aperture 
to said hollow tank circuit, and a conducting 
Coupling member within the hollow tank cir 
cuit extending through said aperture. 

18. An electron discharge device having a 
cathode and grid for supplying a modulated 
Stream of electrons and an electrode for col 
lecting said electrons, a hollow tank circuit sur 
rounding said stream of electrons and having a 
gap lying in a plane transverse to the stream 
of electrons and between the grid and collecting 
electrode, and a pair of accelerating and screen 
ing electrodes positioned between the grid and 
the collector electrode, one of the accelerating 
and screening electrodes being positioned on 
each side of Said gap, 

ANDREW W. HAEFF, 


