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UNITED STATES PATENT OFFICE 
ELECTRON DISCHARGEDEVICE 

Andrew W. Haeff, Washington, D.C., assignor to 
Radio Corporation of America, a corporation 
of Delaware 

Application May 29, 1941, serial No. 395,709 
13 Claims. (CI. 250-27.5): 

My invention relates to electron discharge de 
Vices and associated circuits having improved op 
erating characteristics and particularly suitable 
for use at ultra-high frequencies. 
The present application is a continuation in 

part of my copending application, Serial No. 
375,029 filed January 18, 1941, and assigned to 
the same assignee as the present application. 

It has been demonstrated that tubes utilizing 
conventional grids for controlling current are 
well adapted for operation at ultra-high frequen 
cies and retain their characteristic advantage of 
possessing high transconductance. However, one 
of the difficulties encountered in operating am 
plifying tubes at ultra-high frequencies is the 
presence of considerable loading in the input cir 
cuit which results in an excessive amount of 
power being required to drive the tube. This 
decreases the effective power gain of the tube 
when operated as an amplifier. 
The fundamental causes of high input loading 

are (1) ohmic and radiation resistance losses due 
to high circulating currents in electrodes and 
leads; (2) electron loading which results from the 
interaction of the electron stream with the cir 
cuit, including degenerative or regenerative ef 
fects caused by leadinpedance. w 
In order to reduce ohmic resistance losses it is 
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ures 3 and 4; Figures 7 and 8 are diagrammatic 
representations of tubes and circuits made accord 
ing to my invention for practicing my invention; 
Figure 9 is a longitudinal section of an electron 
discharge device made according to my invention 
and Figure 10 is a longitudinal section of a modi 
fication of an electron discharge device mad ac 
cording to my invention. 

In order to understand better the effect of elec 
tron loading, the mechanism of interaction be 
tween the electron stream and the electrodes to 
which circuits may be connected will be reviewed. 
Consider a system of two electrodes 0 and if 
as shown in Figure 1. Assume that electrons 
travel from the electrode fo, which may be a 
cathode, to the electrode it, which may be an 
anode. During electron transit an image charge 
appears on the electrodes equal in magnitude to 
the total charge present at any moment within 
the interellectrode space. The division of theim- - 
age charge between the two electrodes depends, 
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necessary to use internal leads and external con 
ductors made of high conductivity material and 
having large peripheries. In addition inter-elec 
trode capacitances must be reduced as much as 

30 

possible in order to minimize circulating cur 
rents. To reduce radiation losses a thoroughly 
shielded circuit of conventional design or closed 
type 'cavity' resonators must be used. 
The principal object of my invention is to pro 

vide an electron discharge device and associated 
circuit having means for substantially reducing 
or completely neutralizing electron loading when 
the device is used at ultra-high frequencies, 

It is also an object of my invention to provide 
an electron discharge device having means for 
minimizing ohmic and radiation resistance losses 
when the device is used at ultra-high frequen 
cies. 
The novel features which I believe to be chair 

acteristic of my invention are set forth with 
particularity in the appended claims, but the in 
vention itself will best be understood by refer 
ence to the following description taken in con 
nection with the accompanying drawings in which 
Figures 1 and 2 are diagrammatic representa 
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tions of electrodes and the movement of elec 
trons between the electrodes; Figures 3 and 4 are 
diagrammatic representations of conventional 
tubes and methods of operating the same; Figures: 
5 and 6 are curves representing the relationship 
of the electron loading (conductance) and the 
transit time of the electrons of the tubes in Fig 60 

in general, upon the instantaneous distribution 
of charges moving within the interelectrode. 
space and upon the configuration of the elec 
trodes. The current induced in an electrode due 
to motion of a charge is equal to the rate of time 
variation of the induced image charge on the 
electrode due to the moving charge. The total 
instantaneous current induced in the electrode 
by the electron stream will be found by summing 
the individual currents induced by all charges 
moving within the interelectrode space. If a 
voltage exists between electrodes to and the 
displacement current due to the interelectrode 
capacitance must be also taken into account. 
Consider now a three-electrode system formed, 

for example, by a cathode 0, a control grid 2 
and the plate of a triode. Two Spaces have 
to be considered. The total current induced in 
the intermediate electrode 2 (Figure 2) is con 
tributed by moving charges in both spaces, O-12 
and 2-f , and the total current is equal to the 
vector sum of the two currents. The power gen 
erated or absorbed by the electron stream. Within 
the spaces 0-2 and 2-f f depends upon the 
respective current, voltage and the phase angle 
between the current and voltage in each Space. 
Thus the power generated or absorbed within the 
spaces fo-f2 and 2-, will be: 

W10-12=il.0-12 V10-12 cos p10-12 
W12-11=i12-11 V12-11 cos p12-11 

In a more general case, such as a low-u. triode, 
when there may exist considerable penetration 

55 of the electric fields from space 2-f into space 
0-2, one must also consider, direct interac 

tion between electrodes f-f 0, so that a power 
W10-11=il.0-11 V10-11 cos. p10-11 also must be taken 
into account. . 

In order to reduce the electron loading the 

  



total power must be reduced to a minimum. This 
can be accomplished by choosing currents, volt 
ages and their respective phases in such a Way 
that for the general case the total power 

W= W1-2-W2-3--W3-1-- . . . 
is a minimum. 
In a conventional negative grid tetrode oper 

ated at low frequencies the input electrode load 
ing will be negligibly small if the driving voltage. 
is applied in a conventional manner between the 
grid and the cathode so that the voltage also ap 
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pears between the control grid G and the screen . . 
S. (See Figure 3.) The R.-F. electronic current 
passing in the G-S space is very nearly equal 
and opposite in phase to the current in the C-G 
space so, that the total driving, power is very 
nearly Zero . . 

(W = Wo-g- iVols as 0) 

However, in a circuit shown in Figure 4 where 
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the driving. Voltage is applied between the grid . 
and the Cathode only, but does not appear be 
tween the grid and the screen, the loading will 
be very severe at low frequencies. This loading 
is due to the fact that even though a current, 
equal to C-G space current, flows in the G-S 

25; 

Space, no voltage is present in this region - and, 
hence. no negative power is developed in the 
G-S space to balance the power absorbed in the 
C-G space. 
As the driving frequency is increased the cir 

cuit of Figure 3 will exhibit electron loading 
which initially will increase with the frequency. 
This loading is due to the fact that with increas 
ing electron transit time compared to a period of 
the applied voltage frequency the amplitudes and 
phases of currents in the C-G and G-S spaces 
change in such a manner. that the amounts of 
power absorbed and generated in the two spaces 
no longer balance each other. For the case of a 
high-p control grid when the Spacings and D.-C. 
voltages are such that the G-Selectron transit 
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time, is negligible compared to C-G transit time. 
an analysis shows that the electron loading (con 
ductance) Will vary with transit time as shown 
in Figure 5. Here the ordinates of the curve rep 
resent the ratio G/Gimo where G-conductance 
of the grid G due to electron motions and 
Gmosetransconductance of the Grid G at very low 
or -zero frequency, that is when the transit time 

45. 
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of the electron is negligible in comparison to ther 
time of One cycle of the frequency of the applied 
voltage. The abscissae represent the ratio T/T 
that is the ratio of the transit time of the elec 
tron to the period of oscillation of the applied al 
ternating Voltage. The electron loading increases 
rapidly with transit time, reaches a maximum at 
the value of transit time t equal to 0.85 of the 
Oscillation period T and then, under ideal condi 
tions, passes through Zero and becomes negative. 
In the case of circuit shown in Figure 4 the vari 
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ation of electron loading with transit time will . 
be as shown in Figure 6. Starting With its maxi 
mum value at low frequency the loading decreases 
with increasing frequency. 
These curves indicate that for certain values of 

electron transit angle, that is for certain values 
of the ratio of 

T - transit time 
T period of oscillation 

the loading Will be small even for conventional 
input circuits. 
and operating voltages for these optimum condi 

However, the values of frequency 
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tions frequently lie outside the useful operating 
range of the tube. The tubes could be designed 
for this optimum condition but, in general, this 
may necessitate a compromise, So that high 
transconductance may be partly sacrificed. The 
present invention provides means for neutraliz 
ing electron loading for a wide rainge of fre 
quencies and Operating voltages without any sac 
rifice of the useful characteristics of the tube, 
Such as high transconductance. 
A general scheme is that in addition to the 

driving Voltage applied between the cathode and 
grid, a voltage is developed between the control 
grid and the Screen of such a magnitude and 
phase as to generate power in the grid-screen 
space and this power is fed back into the cathode 
grid circuit, so that it will balance the power ab 
sorbed in the cathode-grid space. 
A schematic diagram of such a circuit is repre 

sented in Figure 7. An impedance Z2 is intro 
duced between the screen S and the grid G of 
such magnitude and phase angle that the current 
ic-s will produce a voltage W.2 across this im 
pedance. The power, W2=ig-SV2 cos (id-SV2) 
generated in the G-S space is then fed to the 
grid-cathode circuit Z1 by means of a coupling 
circuit Zo. The impedances Z1 and Z2 usually 
take the form of tuned circuits and the coupling 
impedance Zo may be the inter-electrode capaci 
tance or an auxiliary coupling element. Figure 8 shows schematically the input load 
ing neutralization circuit in combination. With 
an inductive type output circuit. Here the out 
put circuit Z is connected between the two 
screening electrodes S1 and S2. The Suppressor 
and current collecting electrodes, represented re 
spectively by. S3 and coll., are also shown. In 
the above circuit diagrams only the eSSential 
R.-F. circuits are indicated. Blocking, ground 
ing and by-passing condensers which are used for 
providing isolation of electrodes for D. C., so that 
different D. C. voltages can be applied to differ 
ent electrodes, are not shown. 
One practical embodiment of my invention in 

corporated in a so-called "inductive output tube' 
is shown in-detail in Figure 9. “Inductive output 
tubes' and their operation are described more 
fully, in my Patent 2,237,878 issued April 8, 1941 
and assigned to the same assignee as the present 
application, Briefly this.tube comprises a cath 
ode for supplying a beam of electrons and a col 
lector for receiving the electrons. A modulat 
ing grid is placed adjacent the cathode for mod 
ulating the beam of electrons which paSSes to 
the collector. Surrounding the beam path is a 
resonant cavity circuit comprising a hollow mem 
ber having a passageway extending therethrough 
through which the beam passes. The passage 
way is provided with a gap lying in a plane 
transverse to the beam path. As the modulated 
beam of electrons passes acroSS this gap, energy 
is transferred from the beam to the resonant 
cavity circuit which provides the output circuit 
for the tube and which can be coupled to a radia 
tor. or to an amplifier. 

Referring to Figure 9, the electron discharge 
device includes the elongated tubular cathode 
O provided with an emitting coating 0' and 

surrounded successively by concentric electrodes 
including the control grid consisting of lon 
gitudinally extending parallel rods Secured to 
a disc if', the first screen electrode 2 compris 
ing a plurality of radially positioned slat-like 
electrode elements and a second screen electrode 
i3 consisting of radially positioned slat-like elec 



2,898,499. 
trode elements aligned with the elements of the 
grid 2 followed in turn by the water-cooled col 
lector 4 having a water jacket 5 and an in 
take 6 and an outlet 7, a baffle 8 being pro 
vided for insuring circulation of the water 
throughout the Water jacket. 
The cathode is an indirectly heated cathode 

and is provided with a coil heater 2 having one 
end connected to the lead-in and support 20, 
the other lead being provided by the tubular 
member f 9 supporting the cathode and Surround 
ing the lead 20. The tubular member 9 is sur 
rounded in turn by the tubular member 22 sup 
porting the grid, the tubular members being 
capacitatively closed at their free end by means 
of ring-like member 23 to form a concentric line 
tank circuit. This concentric line arrangement 
serves as the input tank circuit between the cath 
Ode O and the control grid . 
The output tank circuit is of the resonant 

cavity type. Extending from the opposite ends 
of the slat-like screen electrodes are the tubular 
members 24, 24' and 25, 25'. These concentric 
and coaxial tubular members are electrically 
closed at their ends by ring-like members 26 and 
26 for providing an output tank circuit. 
The control grid-Screen grid resonant cavity 

tank circuit is provided by means of concentric 
tubular member 27 capacitively coupled with 
member 25 and closed at the end by ring-like 
member 28. The other end of the resonant cav 
ity tank circuit connected to the screen grid elec 
trodes is provided with extension 29 between 
which and member 24' there is a gap, the exten 
SiOn 24' being closed by the transverse disc 30 
to form a cup-shaped cavity, the open end of 
extension 29 being closed by re-entrant insulat 
ing portion 3 which also serves as a Seal. A tun 
ing condenser in the form of a plunger 32 is pro-. 
vided which can be moved longitudinally of the 
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tubular members 24, 24' across the gap for tun 
ing the output tank circuit. The collector elec 
trode 4 is insulatingly supported with respect 
to the other electrodes by means of the cup 
shaped closure member 33 connected between 
the Water jacket of the collector and the leads 
for the other electrodes and by the collar 34 seal 
ing the water jacket of the collector and the 
closure member 26 so that the space occupied 
by the electrodes may be evacuated to provide 
an evacuated envelope for these electrodes. 
Coupling between the cathode-control grid cir 

cuit (Z) and control grid-screen grid tank (Z2) 
may be controlled by means of the coupling loop 
35 (Zo). The input is coupled to the cathode 
grid space by coupling loop 36 and the load cou 
pled to resonant cavity output tank circuit be 
tween the screen grid electrodes by means of cou 
pling loop 37. 
The cathode heater voltage is supplied by 

transformer 38 and grid bias by voltage 38', the 
positive voltage for the collector 5 being sup 
plied by voltage source 39 and for the tank cir 
cuit by voltage source 40. 
In operation the electrons emitted by the cath 

Ode pass through the control grid where they are 
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closed by ring shaped member 64. 

3. 
first screen electrode 12 so that energy from the 
screen electrode-control grid space is fed back 
into the control grid-cathode space, the amount 
of feedback being controlled by means of the 
coupling loop 35, which couples the field within 
the cathode-control grid space and the field in 
the control grid-Screen electrode space. Tuning 
of the output tank circuit can be accomplished 
by means of tuning condenser 32. By means of 
the arrangement disclosed the desirable charac 
teristics Sought are obtained. 

It will thus be apparent that by means of the 
construction shown in Figure 9 that losses due 
to the electron loading effects in the input cir 
cuit are reduced to a minimum by my invention. 
Ohmic and resistance, losses due to high cir 
culating current in electrodes and leads are re 
duced to a minimum due to the fact that con 
centric lines and resonant cavities used are of 
high conductivity material and large diameter 
and due to the effective by-passing of the radio 
frequency currents. Radiation losses are reduced 
to a minimum because of the shielded circuits. 
Thus all three objects contemplated by my in 
vention are practiced to provide a tube particu 
larly suitable for use at ultra-high frequencies 
at high efficiencies. : 

In Figure 10 is shown a modification of the 
device ShOWn in Figure 9. The indirectly heated 
cathode 50 is provided with the heater coil 5 
and is Surrounded in turn by control grid 52, first 
screen electrode 53, second screen electrode 54 
and collector 55, the electrodes being of substan 
tially the same construction as that shown in 
Figure 9. except for the collector which is of dif 
ferent form and is provided with the in-take 
member 56, and outlet member 57 for permit 
ting circulation of the cooling medium through 
the collector. The cathode heater and grid elec 
trodes are supplied with leads extending through 
and sealed into a cup-shaped member 50' and 
electrically connected to the tubular extensions 
58 and 59 which form together a coaxial line in 
put tank circuit, this tank circuit being tuned 
by tuning condenser 60 in the form of a collar 
surrounding hollow conducting member 58 and 
movable by means of rod 6 longitudinally of the 
coaxial line tank circuit. One of the heater leads 
and conductor 62 lie within the tubular member 
58. The Screen and accelerating electrodes are 
provided with tubular extensions 63 and 64, which 
are concentric and coaxial and are electrically 

The other 
ends of the Screen and accelerating electrodes 
are provided with hollow like extensions 63' and 
64', to which side walls 65 and 65 having a 
resonant cavity tank circuit are connected. The 
resonant cavity tank circuit is closed at the outer 
peripheries of the wall by ring shaped member 
66. Thus the Screen electrodes and associated 
elements provide the output resonant cavity for 

modulated and formed into radial beams after 
which they enter into the space between the 
Screen electrodes where the modulated electrons 
are subjected to the high frequency field of the 
output tank circuit connected to the screen elec 
trodes in such phase that energy is extracted 
from the modulated beams to excite the tank 
circuit before they are collected by the collector. 
Coupling exists between the control grid f f and 

the tube. Tuning of this resonant cavity is ac 
complished in Substantially the same manner as 
in the tube shown in Figure 9. An extension 67 
is provided spaced by means of a gap from tubu 
lar member 63 closed by means of the trans 
verse disc-like member 68. Extending within the 
tubular members 67 and 63 is re-entrant portion 
70 of the closure and sealing member 69. To 70 

75 

provide a screen electrode-control grid resonant 
cavity a cup-shaped member 72 is supported on 
the tubular members 59 and Surrounds and is: 
coaxial with the tubular member 59, capacitive 
coupling existing between this member and 
shielding member 73 electrically connected to the 
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lar member 59, cup-shaped member 2, shielding 
member 73 and wall 65 of the tank circuit and 
collar 63 electrically, connected to the Screen grid. 
Tuning of this resonant cavity is accomplished by 
member 74 slidable longitudinally of the circuit 
by means of rod T5. Input coupling is provided 
by means of loop TT and output is obtained from 
the tank circuit by means of coupling loop 8 
mounted within re-entrant insulating Seal 9. 
Heating potentials are is applied from voltage 
source 80 and biasing potentials for the grid by 
source 80'. Potentials for the tank circuit are 
obtained from voltage source 8 and for the col 
lector from voltage source 82. 
The tube operates in substantially the same 

manner as the tube shown in Figure 9, coupling 
between the control grid-cathode circuit and the 
control grid-screen grid circuit being had by 
means of coupling loop 6. 

It will be apparent from the above discus 
sion and description that I have provided an 
electron discharge device particularly suitable 
for use at ... ultra-high frequencies since both 
ohmic and radiation resistance losses due to high 
radio frequency circulating currents in elec 
trodes and leads have been substantially elimi 
nated, and because electron loading, which re 
sults from interaction of the electron stream 
and the circuit, including regenerative or de 
generative effects caused by lead impedance, has 
also been substantially neutralized. This is ac 
complished by means of leads and external con 
ductors of highly conducting material and large 
diameter. The radiation losses are reduced to 
a minimum by thoroughly shielded circuits Com 
prising closed type cavity resonators. 
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 variaions may 
he 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 Clains. 
What I claim as new is: 
1. An electron discharge device having a cath 

ode electrode for supplying a stream of electrons 
and a collector electrode for collecting said elec 
trons and Surrounding. Said cathode, a control 
electrode surrounding said cathode and inter 
mediate said cathode electrode and Said collector 
electrode and a screen electrode Surrounding Said 
cathode and control electrodes and intermediate 
said control electrode and collector electrode, a 
first impedance including a hollow body forming a 
resonant cavity tank circuit connected between 
said cathode and control electrode, and a second 
impedance including a hollow member forming 
a second hollow resonant cavity tank circuit cou 
pled between the control electrode and Screen 
electrode, said electron discharge device having 
means electrically coupling said tank circuits to 
gether. 

2. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cath 
ode for collecting said, electrons, a control elec 
trode intermediate said cathode electrode and 
Said collector electrode and surrounding said 
cathode, and a screen electrode, Surrounding said 
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wall 65 of the resonant cavity. The control grid 
first screen grid tank circuit then comprises tubu 

cathode and control electrodes and intermediate 
said control electrode and collector electrode, a 
first impedance including a concentric line tank 
circuit connected between said cathode and con 
trol electrode, and a second impedance including 
a hollow conducting member forming a resonant 
Cavity tank circuit connected between the con 
trol electrode and screen electrode, and means 
electrically coupling said impedances together, 
and a Second resonant cavity tank circuit inter 
mediate said Screen electrode and said collector 
electrode for inductively extracting energy from 
the electron stream as it moves from said cath 
ode to Said collector. 

3. An electron discharge device having a cath 
Ode electrode for supplying a stream of electrons. 
and a collector electrode surrounding said cath 
Ode for collecting said electrons, a control elec 
trode Surrounding Said cathode electrode and 
intermediate Said cathode electrode and said col 
lector electrode for modulating said stream of 
electrons and a pair of successively positioned 
Screen electrodes Surrounding said cathode and 
control electrodes and intermediate said control 
electrode and collector electrode, a concentric 
line tank circuit connected between said cathode 
and control electrode, and a hollow conducting 
member electrically coupled between the control 
electrode and one of Said screen electrodes and 
forming a resonant cavity tank circuit, said elec 
tron discharge device having means electrically 
coupling Said tank circuits, and a resonant cav 
ity tank circuit electrically coupled between said 
pair of Successively positioned screen electrodes 
and Surrounding the path of said electron stream 
between the control electrode and the collector 
electrode for inductively abstracting energy from 
Said electron stream during operation of said 
electron discharge device. 

4. An electron discharge device having a cath 
Ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cath 
Ode electrode for collecting said electrons, a con 
trol electrode intermediate said cathode elec 
trode and Said collector electrode and surround 
ing said cathode electrode, and a screen electrode 
Surrounding Said, cathode electrode and control 
electrodes intermediate said control electrode 
and collector electrode, a tubular member elec 
trically coupled to said cathode electrode, a first 
conducting member electrically coupled to said 
control electrode and coupled to said tubular 
member and forming with said tubular member 
a tank circuit, a second conducting member elec 
trically coupled to said screen electrode and cou 
pled to Said first conducting member and pro 
Viding with Said first conducting member a sec 
Ond tank circuit, and coupling means coupling 
Said tank circuits together. 

5. An electron discharge device having a cath 
Ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cath 
Ode: electrode for collecting said electrons, a 
control electrode Surrounding said cathode elec 
trode and intermediate said cathode electrode 
and Said collector electrode, and a pair of suc 
Cessively positioned Screen electrodes intermedi 
ate Said control electrode and collector electrode, 
a tubular member electrically coupled to said 
Cathode electrode, a Second tubular member sur 
rounding Said first tubular member and electri 

75 

cally coupled to Said control electrode and form 
ing with the first tubular member a first tank 
circuit, a third tubular member surrounding and 
electrically coupled to said second tubular mem 
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ber and one of said screen electrodes and pro 
viding with said second tubular member a second 
tank circuit, and means coupling Said tank, cir 
cuits together, and a hollow resonant cavity tank 
circuit electrically connected between said Screen 
electrodes. w 

6. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode. Surrounding Said cath 
ode electrode for collecting said electrons, a grid 
electrode surrounding said cathode electrode and 
intermediate said cathode electrode and said col 
lector electrode, and a pair of successively posi 
tioned screen electrodes intermediate said grid 
and collector electrodes, a first tubular conduct 
ing member electrically coupled to Said cathode 
electrode, a second tubular conducting member 
electrically coupled to said grid and surrounding 
said first tubular conducting member and form 
ing therewith a tank circuit, a third conducting 
member electrically coupled to One of said Screen 
electrodes and Surrounding said second tubular 
conducting member and providing therewith a 
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second tank circuit, and coupling means coupling 
said tank circuits together, and concentric tubul 
lar members extending from opposite ends of said 
screen electrodes and electrically closed at their 
free ends providing an output resonant cavity 
for inductively extracting energy from said elec 
tron stream as it passes between said cathode and 
said collector electrode. 

7. An electron discharge device having a cath 
Ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said Cath 
ode electrode for collecting said electrons, a con 
trol electrode intermediate Said cathode elec 
trode and said collector electrode and Surround 
ing said cathode electrode, and a screen electrode, 
surrounding said cathode electrode and control 
electrode and intermediate said control electrode 
and collector electrode, a first impedance includ 
ing a concentric line tank circuit connected be 
tween said cathode electrode and control elec 
trode, and a second impedance comprising a hol 
low conducting member forming a resonant cav 
ity tank circuit connected between the control 
electrode and screen electrode, and means elec trically coupling said impedances together, and 
an Output circuit connected to said electron dis 
charge device. 

8. An electron discharge device having a cath 
Ode for supplying a stream of electrons and a col 
lector electrode Surrounding said cathode for col 
lecting said electrons, a control electrode sur 
rounding said Cathode and intermediate said 
cathode electrode and collector electrode, a pair 
of successively positioned screen electrodes Sur 
rounding said cathode and control electrode and 
intermediate said control electrode and collec 
tor electrode, and an electrically resonant hollow 
body connected between said cathode and con 
trol electrode and providing an input circuit and 
a hollow conducting member electrically coupled 
between the control electrode and one of said 
screen electrodes and forming a resonant cavity 
tank circuit, said electron discharge device having 
means electrically coupling said electrically reso 
nant hollow body and said tank circuit together, 
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and a resonant cavity tank circuit electrically cou 
pled between said pair of successively positioned 
screen electrodes for inductively abstracting en 

70 

ergy from said electron stream during operation. 
of said electron discharge; device. 

9. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 5 

5 
and a collector electrode surrounding said cath 
ode electrode for collecting said electrons, a con 
trol electrode surrounding said cathode electrode 
and intermediate said cathode electrode and said 
collector electrode, and a pair of successively po 
sitioned screen electrodes, each of said screen 
electrodes comprising a plurality of radially posi 
tioned slat-like grid elements, the elements of one 
of the screen electrodes being aligned with the 
elements of the other screen electrode, said screen 
electrodes, being intermediate said control elec 
trode and collector -electrode, a first tubular 
member electrically coupled to said cathode elec 
trode, a second tubular member surrounding said 
first tubular member and electrically coupled to 
said control electrode and forming with said first 
tubular member a tank circuit, a third tubular 
member surrounding and electrically coupled to 
said second tubular member and one of said screen 
electrodes and providing with said second tubular 
member a second tanks circuit, means coupling 
said tank, circuits together, and a hollow reso 
nant cavity tank circuit electrically coupled be 
tween said screen electrodes. . . . . . . 

10. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cathode 
electrode for collecting the electrons, a grid elec 
trode surrounding said cathode electrode and in 
termediate said cathode electrode and said col 
lector electrode for modulating said electron 
stream, and a pair of successively positioned 
screen electrodes intermediate said grid electrode 
and collector electrode, a first tubular conduct 

; ing member electrically coupled to said cathode 
electrode, a second tubular conducting member 
electrically coupled to said grid electrode and sur 
rounding said first tubular conducting member 
and forming therewith a tank circuit, a third 
conducting member electrically coupled to said 
Screen electrodes and Surrounding said Second 
tubular conducting member and providing there 
With a second tank circuit and coupling means 
coupling said tank circuits together, and concen 
tric tubular members extending from opposite 
ends of said screen electrodes and electrically 
closed at their free ends for providing an output 
tank circuit for inductively abstracting energy 
from the modulated electron stream as it passes 
between the cathode and said collector electrode, 
one of said screen electrodes being provided with 
a cup-shaped element at one end thereof and a 
tubular extension connected to the other screen 
electrode registering with said cup-shaped mem 
ber and Separated therefrom by means of a gap, 
and a tuning plunger movable longitudinally be 
tween the cup-shaped member and the tubular ex 
tension fortuning the output tank circuit. 

11. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cath 
ode electrode for collecting the electrons, a grid 
electrode surrounding said cathode electrode and 
intermediate said cathode electrode and said col 
lector electrode for modulating said electron 
stream, and a pair of successively positioned 
screen electrodes intermediate said grid electrode 
and collector electrode, a first tubular conduct 
ing member electrically coupled to said cathode 
electrode, a second tubular conducting member 
electrically coupled to said grid electrode and sur 
rounding said first tubular conducting member 
and forming therewith a tank circuit, a third con 
ducting member electrically coupled to said screen 
electrode and surrounding said second tubular 
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conducting member and providing therewith a 
second tank circuit and coupling means coupling 
said tank circuits together, one of said screen 
electrodes being provided with a cup-shaped ele 
ment at one end thereof and a tubular extension 
on the other screen electrode registering with said 
cup-shaped member and separated therefrom by 
means of a gap, and a tuning plunger movable 
longitudinally between the cup-shaped member 
and the tubular extension, and a radially posi 
tioned cavity resonator at the other end of said 
screen electrodes and having one Wall electrically 
connected to one of said screen electrodes and 
having another wall electrically connected to the 
other screen electrode. 
- i. 12. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cathode 
electrode for collecting electrons, a grid electrode 
surrounding said cathode electrode and intermedi 
ate said cathode electrode and Said collector elec 
trode, and a pair of successively positioned screen 
electrodes intermediate said grid electrode and 
collector electrode, a first conducting member 
electrically coupled to said cathode selectrode, a 
tubular conducting member electrically coupled 
to said grid electrode and surrounding said first 
conducting member and forming therewith a 
tank circuit, concentric tubular members extend 
ing from opposite ends of said screen electrodes 
and electrically closed at their free ends for pro 
Viding an output tank circuit for inductively ab 
Stracting energy from the electron stream as it 
passes between the cathode and said collector 
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electrode, and a cup-shaped member electrically 
coupled to one of said screen electrodes and to 
the grid electrode providing a cavity resonator be 
tween the screen electrodes and the grid elec 
trode, and a coupling loop coupling said last 
resonant cavity with the tank circuit electrically 
coupled between the grid electrode and the cath 
Ode electrode. - - - - 

13. An electron discharge device having a cath 
ode electrode for supplying a stream of electrons 
and a collector electrode surrounding said cathode 
electrode for collecting the electrons, a grid elec 
trode surrounding said cathode electrode and in 
termediate Said cathode electrode and said col 
lector electrode for modulating said electron 
stream, and a pair of successively positioned 
screen electrodes intermediate said grid electrode 
and collector electrode, a first tubular conduct 
ing member electrically coupled to said cathode 
electrode, a second tubular conducting member 
electrically coupled to said grid electrode and sur 
rounding Said first tubular conducting member 
and forming thereWith a tank circuit, a third 
tubular member electrically coupled to one of 
Said Screen electrodes and surrounding said sec 
ond tubular member and providing therewith a 
Second tank circuit, and coupling means coupling 
Said tank circuits, and a radially positioned cav 
ity resonator at one end of said screen electrodes 
and having one Wall electrically connected to said 
One screen electrode and the other wall electrically 
connected to the other screen electrode. 

ANDREW W. HAEFF. 


