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UNITED STATES PATENT OFFICE 
2,407,297 

ELECTRON DESCHARGEAPPARATUS 
Alibert A. Skellett, Madison, N. Y., assignor to 

Bell telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 

Application October 11, i941, Serial No. 414,630 
(CI. 250-36) 18 Claims. 

This invention relates to electron discharge 
apparatus and more particularly to oscillation 
generators including electron discharge device 
of the beam type. 
One general object of this invention is to en 

able the generation, electronically, of high fre 
quency oscillations. More specifically, objects of 
this invention are to: 

Attain a high operating efficiency for electronic 
Oscillation generators: 

Enable the generation of oscillations over a 
Wide band of frequencies including frequenci3S 
corresponding to wave-lengths in the centimeter 
range; 
Simplify the construction of electronic OScilla 

tion generatol'S, and 
Enable the generation of high power OScilla 

tions. 
In accordance with one feature of this inven 

tion, an electron stream is controlled to produce 
a periodic bunching or grouping of the constit 
uent electrons thereof, the electron bunches Cr 
groups are accelerated and are then projected at 
constant average velocity through a time gra 
dient of alternating potential and along a path 
adjacent which one or more oscillating electrodes 
are mounted, in such manner that the direct cur 
rent potential energy of the electrons is coinvert 
ed into high frequency energy. 
In one specific embodiment of this invention, 

the accelerated electron stream is projected to 
ward a positive target electrode through a pair 
of coaxial cylindrical electrodes mounted in end 
to-end relation and between which the oscil 
latory circuit is connected, the coaxial and target 
electrodes being maintained at successively 
higher positive potentials with respect to the 
source of the stream, and the cylindrical elec 
trodes are made of such length relative to the 
operating frequency and the accelerating poten 
tial effective upon the electrons that the electrons 
deliver energy to the coaxial electrodes altel 
nately and that at the time the electrons cross 
the gap between the coaxial electrodes these 
electrodes are at substantially the same instan 
taneous potential. 
The invention and the above-noted and other 

features thereof will be understood more clearly 
and fully from the following detailed description 
with reference to the accompanying drawings in 
Which: 

Fig. 1 is a view, partly schematic, of an elec 
tronic oscillation generator illustrative of one 
embodiment of this invention; 

Fig. 2 is a diagram showing the time-potential 
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2 
relation for the cylindrical oscillating electrodes 
in the electron discharge device illustrated ill 
Fig. 1; 

Figs. 3, 4 and 5 are circuit diagrams illustrat 
ing several modifications of the Oscillation gener 
ator shown in Fig. 1; 

Figs. 6 and 7 show electronic oscillation gen 
erators illustrative of another embodiment of this 
invention and wherein the discharge device com 
prises a single, oscillating cylindrical electrode; 

Fig. 8 illustrates another embodiment of this 
invention wherein the first cylindrical electrode 
is effective to produce a bunching of the electrons 
in the stream passing therethrough; 

Fig. 9 is a diagram showing the time-poten 
tial relation for the cylindrical electrodes in the 
oscillation generator shown in Fig. 8: 

Fig. 10 is a detail view in section illustrating a 
form of oscillatory circuit particularly Suitable 
for use in Oscillation generators constructed in 
accordance with this invention and operable at 
extremely high frequencies, for example fre 
quencies corresponding to wave-lengths in the 
centimeter range; and 

Figs. 11, 12 and 13 illustrate other embodi 
ments of this invention wherein velocity varia 
tion is utilized to effect the bunching of the elec 
trons in the Stream. 

Referring now to the drawings, the Oscilla 
tion generator illustrated in Fig. 1 comprises an 
electron discharge device including an evacuat 
ed enclosing vessel 5 housing a Cathode 6, 
which may be of the equipotential indirectly 
heated type and circular as shown, a control 
electrode or grid 7 and an accelerating electrode 
or grid 8 parallel to and coaxial with the cath 
ode 6, a cup-shaped collector or target electrode 
i9, and a pair of cylindrical electrodes 20 and 2 
mounted in end-to-end relation and coaxial with 
the cathode 6. 
The accelerating electrode 8 is maintained at 

radio frequency ground potential and at a posi 
tive direct current potential with respect to the 
cathode 6 by a suitable source, Such as a bat 
tery 22. The control grid T is connected to the 
cathode f through the grid leak resistor 24, 
shunted by the condenser 25, and the input re 
sistor 26; the control grid is thus biased by the 
grid leak-condenser method. The cylindrical 
electrodes 20 and 2 and the collector or target 
electrode f9 are maintained at Successively 
higher direct current potentials with respect to 
the accelerating grid 8 by a suitable source, such 
as a battery 27, connected across the resistors 28, 
29 and 39. In a particular embodiment, the re 
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Sistances 28 and 39 may be equal and half as large 
as the resistance 29. - 

Connected between the cylindrical electrodes 
20 and 2 is an oscillatory circuit comprising a 
condenser 3 , which may be variable as shown, 
and a pair of equal inductances 32 connected to 
opposite plates of a blocking condenser 33 which 
is of large capacity relative to the condenser 3 
to allow maintenance of the cylindrical elec 
trodes 29 and 2 at different direct current po 
tentials. The cylindrical electrode 2 is connect 
ed to the control grid by way of a condenser 
34 so that the alternating current potentials of 
the two are in phase, the connection by Way cf 
the condenser 34 providing feedback of some of 
the oscillating energy from the oscillatory circuit 
to the control grid. 

For reasons which will appear hereinafter, the 
cylindrical electrodes 20 and 2? are made of the 
same length, given by the relation 

- 

2.98x10 W. . . . . (1) 

where f is the oscillating frequency desired in 
cycles per second, 2) is the potential of the ac 
celerating grid 8 relative to the cathode 6 in 
volts, and L is the length of each of the cylin 
drical electrodes in centimeters. 
The device will be set into oscillation upon ap 

plication of the direct current potentials to the 
electrodes thereof. The mode of Operation will be 
understood from the following considerations 
With particular reference to the time-potential 
relation illustrated in Fig. 2. When the device is 
oscillating, because of the connection by way of 
the condenser 34, the alternating potential of the 
control grid 7 varies in phase with that of the 
cylindrical electrode 2. The alternating poten 
tial of the cylindrical electrode 28 is 180 degrees 
out of phase with that of the control grid T and 
the electrode 2. The accelerating grid 8, as 
noted heretofore, is at alternating current ground 
potential. - 

Because of the positive potentials upon the 
electrodes 9, 20 and 2A, the electrons flowing by 
the accelerating grid 8 will have potential energy 
equal to We, where W is the potential of the bat 
tery 27 and e is the electron charge. Inasmuch 
as, as noted heretofore, the control grid f modu 
lates the electron stream, the electrons emanat- 5 
ing from the cathode 6 will flow by the accelerat 
ing grid 8 more or less in bunches or groups and 
the maximum electron current will flow when the 
Control grid f is at its highest potential. At this 
time, indicated at T1 in Fig. 2, the cylindrical elec 
trode 29 is at its lowest potential and at the same 
potential as the accelerating grid 8. Hence the 
electrons enter the cylindrical electrode 29 with 
no appreciable change in their velocity. 
The electrons projected into the electrode 2) 60 

traverse this electrode while its potential, and 
theirs, is increasing gradually, as indicated in 
Fig. 2, and at the time T2 reach the gap between 
the electrodes 20 and 2. In thus traversing the 
electrode 22, the electrons, because of their in 65 
ductive coupling to the electrode 20, deliver a por 
tion of their energy to the electrode 20 and hence, 
to the Oscillatory circuit 3A, 32. The electron 
transit time of the electrons through the electrode 
20 is equal to a half cycle of the oscillatory fre- 70 
quency. J 

At the time T2, as indicated in Fig. 2, the elec 
trode 20 is at its maximum instantaneous poten 
tial and the electrode 2 is at its minimum in 
stantaneous potential, the two potentials being 75 

5 

4 
equal. Consequently, the electrons in crossing 
the gap between the electrodes 29 and 2 suffer 
no appreciable change in Velocity. The electrons 
then traverse the electrode 2 while its potential 
is increasing and deliver some of their energy to 
the electrode 2 and thus to the oscillating cir 
cuit. In traversing the electrode 2, the elec 
trons have their potential increased to a value, 
at time T3, equal to that of the target or co 
lector electrode 9 and, hence, subsequently flow 
to the target or collector electrode with no ap 
preciable change in Velocity. This action is re 
peated by each group of electrons so that energy is 
delivered alternately to the two electrodes 20 and 
2 whereby oscillations are generated in the cir 
cuit 3, 32. 

It will be noted that the electrons in the device 
move through a time gradient of potential 

So that they do not experience any acceleration 
nor any change in their kinetic energy. Hence, in 
the production of oscillations, the direct current 
potential energy of the electrons is converted or 
transformed into oscillating energy at the elec 
trodes 25 and 2. It will be noted also that be 
cause of the phase relationships noted above, 
When the potential of the electrode 2 is increas 
ing that of the electrode 20 is decreasing and 
When the potential of the former electrode 
reaches its maximum value, at time T3, the poten 
tial of the latter electrode is at its lowest value 
at a time One cycle later than the time T1, and at 
which, due to the in-phase variation in potentials 
of the electrode 2 and grid 7, the next group of 
electrons enters the cylindrical electrode 2). It 
Will be noted further from Fig. 2 that the direct 
Current potentials on the electrodes 22 and 2 
are of Such magnitude that the direct current 
potential difference between them is substan 
tially equal to twice the maximum value of the 
alternating potential appearing on the electrodes 
20 and 2. The direct current potential differ 
ence between the accelerating grid 8 and the 
electrode 2) and between the electrodes 2 and 9 
is Substantially equal to the maximum amplitude 
of the alternating potential appearing on the . 
electrodes 20 and 2. 
The generation of oscillations by conversion of 

the direct current potential energy into high 
frequency has baen found to be highly efficient. 
It Will be apparent, furthermore, from Equation 1 
that the invention enables generation of oscilla 
tions throughout a wide range of frequencies and 
at exceedingly high frequencies, by correlation 
of the accelerating potential and the length L 
of the cylindrical electrodes. Also, it will be ap 
preciated that this invention enables the efficient 
generation of Oscillations with an electron dis 
charge device of simple construction and enables 
the production of oscillations of high power. 
In some cases a magnetic field along and par 

allel to the axis of the enclosing vessel f 5 may 
be utilized to concentrate the electron stream. 
Alternatively, an electron gun designed to pro 
duce and project a highly concentrated electron 
stream may be employed in place of the cathode, 
Control grid and accelerating grid construction 
illustrated in Fig. 1. 

In the modification, illustrated in Fig. 3, of the 
embodiment of this invention shown in Fig. 1 and 
described hereinabove, the several resistances 28, 
29 and 38 for producing the requisite potential 
differences between the positive electrodes are 
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connected directly between these electrodes and 
blocking condensers 35 are connected between 
the Oscillatory circuit and the electrodes 2 and 
2, which circuit is grounded at the mid-point of 
the inductance 32. Hence, the blocking con 
denser, Such as the condenser 33 in Fig. 1, is elim 
inated from the Oscillatory circuit. 

In another modification, illustrated in Fig. 4, 
of the embodiment of this invention shown in 
Fig. 1, the condenser 34 is omitted and energy is 
fed back inductively from the Oscillatory circuit 
3. , 32 by way of a coil 3S inductively coupled to 
his circuit. 
In a further modification illustrated in Fig. 5, 

a tunable circuit 37, 38, inductively related to 
the oscillatory circuit 3, 32 is connected to the 
control grid 7 and the requisite negative bias for 
this grid is provided by a battery 39. It will be 
understood, of course, that Such a battery may 
be utilized also in place of the grid leaks shown 
in Figs. 1, 3 and 4. 
Although in the oscillation generators illus 

trated in Figs. 1, 3, 4 and 5 a pair of oscillating 
electrodes and 2 has been shown, a number 
of pairs of such electrodes may be employed, one 
group of alternate electrodes being connected to 
One side of the oscillatory circuit and the re 
mainder to the other side, the various electrodes 
being biased at successively higher positive po 
tentials toward the collector electrode 9 and of 
Such relative magnitudes that when the electrons 
cross the gap between adjacent electrodes such 
adjacent electrodes are at Substantially the same 
instantaneous potential. 
In the Oscillation generators illustrated in FigS. 

6 and 7, a single cylindrical electrode is eimployed 
and the oscillatory circuit is coupled to the coin 
trol grid either inductively, as shown in Fig. 6, 
or directly, as shown in Fig. 7. As in the gen 
serators described hereinabove, the control grid 7 
is biased negative and the accelerating grid 8 is 
maintained at radio frequency ground potential 
and at a positive direct current potential relative 
to the cathode. The electron groups emanating 
from the cathode are accelerated by the positive 
grid S and projected into the cylindrical elec 
trode 2 at a tine when the instantaneous poten 
tial of the electrode 2 is at its minimum Wallie, 
equal to that of the accelerating grid, and rising, 
so that the electrons suffei no Substantial change 
in their velocity or kinetic energy. In traversing 
the cylindrical electrode 2, the electrons deliver 
energy thereto by virtue of the inductive action 
of the stream upon the electrode 2, whereby the 
direct current potential energy of the electrons 
is converted into high frequency energy. After 
leaving the electrode 2, the electrons flow to the 
target, or collector electrode 9 with no appreci 
able change in Velocity. 

In the oscillators described thus far the bunch 
ing or grouping of the electrons is obtained by 
the use of the negatively biased control grid . 
This may be effected also in other ways, one of 
Which is illustrated in Fig. 8. As illustrated in 
the latter figure, the control grid is omitted and 
the cylindrical electrode 2a is twice as long as 
the cylinder 21, for reasons which will be appar 
ent from the description hereinafter, the cylin 
drical electrode 2 being of the length given by 
Equation 1. The oscillating circuit 3, 32 is con 
nected between the cylindrical electrodes 2a and 
2 through the blocking condensers 35 and the 
electrodes 2 and 9 are maintained at Succes 
sively higher positive potentials by the battery 
27a. The accelerating electrode 8 is at radio 

O 

5 

25 

30 

35 

40 

6 
frequency ground potential and is maintained at 
a positive direct current potential with respect to 
the cathode 6 by the battery 22. The cylindrical 
electrode 2d. is biased negatively with respect to 
the accelerating grid 8 by the battery 4 and at 
such a value that the maximum instantaneous 
potential of the cylindrical electrode 2 (a during 
CScillation of the device is substantially equal to 
the potential of the accelerating grid, as indi 
cated in Fig. 9. The direct current potential of 
the cylindrical electrode 2 is such that, as indi. 
cated in Fig. 9, the minimum instantaneous po 
tential of the electrode is substantially equal to 
the maximum instantaneous potential of the 
electrode 2d so that electrons crossing the gap 
between the electrodes 2d. and 2. Suffer no in 
Crease in velocity. 
When the device is Oscillating, electrons enter 

the cylindrical electrode 20d, when the potential 
of the latter is at its maximum value at a time, 
indicated at T in Fig. 9, and traverse this elec 
trode in one cycle during which the potential of 
the electrode 20a, first decreases to its minimum 
Value and then increases to its maximum value, 
so that no conversion of the potential energy of 
the electrons occurs. The electrons are projected 
into the electrode 2 at the time T and then 
traverse this electrode until time T5, while its po 
tential is rising whereby the electrons deliver 
energy to the electrode 2. It will he noted that 
because of the magnitude of the direct current 
potential upon the electrode 2a and the length 
of this electrode, electrons will be projected 
through the electrode in groups or bunches so 
that groups or bunches of electrons are projected 
periodically and in the proper phase relation into 
the electrode 2. When the instantaneous po 
tential of the electrode 2a is appreciably nega 
tive with respect to the accelerating grid 8, pro 
jection of electrons into the electrode 2d. is pre 
vented. As in the other embodiments of this in 
vention described hereinabove, in the oscillator 
shown in Fig. 8 the electrons traverse the cylin 
drical electrodes with Substantially no change in 

45 Velocity or kinetic energy and Oscillations are 
produced by conversion of the direct current po 
tential energy of the electrons into high fre 
quency energy. 
In Oscillation generators operable at extremely 

50 high frequencies, the oscillating circuit prefer 
ably is in the form of a cavity resonator. A Suit 
able construction for Such a resonator is illus 
trated in Fig. 10 and comprises a pair of Con 
plementary semitoroidal halves A. having annu 

55 lar peripheral flanges 42 between which a di 
electric member 43 is disposed, the two halves be 
ing joined at their inner edges to the electrodes 
2 and 2. In order to maintain the alternating 
current potentials at the opposite ends of each of 

60 the electrodes 20 and 2? substantially equal, the 
halves of the cavity resonator may be provided 
With apertures 44 to allow some leakage of the 
alternating current field from Within the reso 
nator. This is particularly desirable in cases 

65 where the electrodes 2 and 2 are of fairly large 
length relative to their diameter in which, be 
cause of the Wave guide character of these elec 
trodes, the alternating current potential between 
the juxtaposed ends of the two electrodes may be 

to considerably higher than that between the outer 
ends of these electrodes. 
The bunching or grouping of the electrons pro 

jected into the cylindrical electrode 20 may be ef 
fected also by velocity variation of the electrons 

75 emanating from the cathode f6, in conjunction 
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with a drift space between the gap at which the 
velocity variation is produced and the inlet end of 
the electrode 29. Two illustrative constructions 
are shown in Figs. 11 and 12. In Fig. 11, a toroidal 
cavity resonator 45 is provided with juxtaposed 
central reticulated portions defining a velocity 
Variation gap 46 across which the electrons ema 
nating from the cathode 6 are projected. Con 
nected to the resonator 45 are the accelerating 
grid 8 and a cylindrical electrode 47 which is 
coaxial with the electrodes 20 and 2 and defines 
a drift Space through which the electrons are 
projected. The drift space electrode 47 is made 
half as long as the electrodes 2) and 2 so that 
the electrons are bunched or grouped at the gap 
between the electrodes A and 2) and the bunches 
are Substantially one cycle apart in time relation. 
The oscillating circuit, which is of the construc 
tion shown in Fig. 10, is connected between the 
electrodes 20 and 2 and energy is fed back from 
the circuit to the resonator 45 by way of coaxial 
lines 48 and 49. 
In the construction illustrated in Fig. 12, an 

additional cylindrical electrode 59, coaxial with 
the electrodes 47, 20 and 2 ?, and an additional 
grid 5 , connected directly to the electrode 42 are 
provided. During operation of the device, the 
electrode 4 is operated at a high direct current 
potential and the electrode 50 is operated at a 
low direct current potential as by a battery 55. ; 
For example, the electrode 47 may be operated 
at of the order of 1000 volts positive and the elec 
trode 50 at of the order of 50 volts positive. The 
electrons emanating from the cathode 6 are ve 
locity varied at the gap 36, projected at high po 
tential through the electrode 4, slowed down, 
from 1000 volts to 50 volts in the specific example 
given, and then speeded up, from 50 to 1000 volts 
in the specific example given, and projected into 
the electrode 20. This action upon the electrons 
produces a very highly concentrated bunching 
thereof, which bunching is maintained during the 
flow of the electrons through the electrodes 28 
and 2 and to the target or collector electrode 9. 
The potential energy of the electrons is converted 
at the electrodes 20 and 2 in the manner de 
scribed herein above whereby Oscillations are gen 
erated. 

In the Oscillation generator shown in Fig. 13, 
which is generally similar to that shown in Fig. 1 
except that the control grid 7 is omitted, the 
electron stream is velocity varied at the gap be 
tween the accelerating grid 3 and the cylindrical 
electrode 20 in such manner that most of the elec 
trons pass through the electrode 2 during the 
half cycle in which the potential of the electrode 
2 is increasing so that the electrons give up 
energy to this electrode. The electrons are, in 
effect, segregated in time so that most of them 
are phased correctly to deliver energy to the elec 
trode 2 f. 
Although several specific embodiments of this 

invention have been shown and described, it will 
be understood that they are but illustrative and 
that various modifications may be made therein 
without departing from the scope and Spirit of 
this invention as defined in the appended claims. 
What is claimed is: 
1. An electronic oscillation generator compris 

ing a target electrode, means including a source 
and control means in cooperative relation there 
with for projecting periodically groups of elec 
trons toward said target electrode, means main 
taining said target electrode at a positive poten 
tial relative to said Source, and means for Con 
verting the direct current potential energy of 
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8 
said electrons into high frequency energy, Said 
last means including an output electrode inter 
mediate said source and said target electrode and 
adjacent the electron path to said target elec 
trode, means biasing said output electrode at a 
positive potential lower than the potential of 
said target electrode relative to said Source, an 
oscillatory circuit coupled to said output elec 
trode, and feedback means coupling Said circuit 
and said control means. 

2. An electronic oscillation generator compris 
ing a target electrode, means including a Source 
for projecting an electron stream toward Said 
target electrode, means maintaining said target 
electrode at a positive potential relative to said 
source, and means for producing a grouping of 
the electrons in said stream and increasing the 
potential of said electrons at a region intermedi 
ate said source and said target electrode, With 
out substantially altering the velocity of said 
electrons in said region, said last means includ 
ing an output electrode at said region in induc 
tive relation to said electron Stream, means bias 
ing said output electrode at a positive potential 
lower than the potential of Said target electrode 
relative to said source, a control means adjacent 
said source, and an oscillatory circuit connected 
to said output electrode and coupled in feedback 
relation to said control means. 

3. The method of generating electrical oscilla 
tions which comprises producing a stream of elec 
trons, accelerating the electron stream, succes 
sively increasing the potential of the electrons in 
said stream in a pair of regions traversed thereby 
while maintaining the velocity of said electrons 
substantially constant, extracting energy from 
said stream alternately at said regions, and feed 
ing back a portion of the energy thus extracted 
to said stream adjacent the region of accelera 
tion thereof. 

4. An electronic oscillation generator compris 
ing a target electrode, means including a Source 
for projecting a stream of electrons toward said 
target electrode, means for producing along the 
path traversed by said stream a direct current 
electric field increasing positively with distance 
away from said source and for producing also 
along Said path a time gradient of electric po 
tential, Said last means comprising an output 
electrode adjacent said path, means biasing said 
output electrode and said target electrode at 
positive potentials with respect to said source and 
an oscillatory circuit connected to said output 
electrode, and means coupled to said Oscillatory 
circuit for cyclically varying said stream adja 
cent Said Source. 

5. An electronic oscillation generator compris 
ing a cylindrical electrode, an oscillatory circuit 
connected to said cylindrical electrode, a target 
electrode opposite one end of said cylindrical 
electrode, means opposite the other end of said 
cylindrical electrode for projecting periodically 
groups of electrons into said cylindrical electrode 
and toward said target electrode, said means in 
cluding a cathode, means for controlling the elec 
trons emanating from said cathode and an ac 
celerating grid, means maintaining said acceler 
ating grid, cylindrical electrode and target elec 
trode at Successively higher positive potentials 
With respect to said cathode, and alternating cur 
rent coupling means between said oscillatory cir 
Cuit and said controlling means. 

6. An electronic oscillation generator compris 
ing a target electrode, means for projecting a 
Stream of electrons toward said target electrode, 
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means for successively increasing the potential of 
the electrons in said stream at a pair of spaced 
regions along the path traversed by Said Strealin, 
Said means including a pair of electrodes at Said 
regions and direct current potential means bias 
ing said electrodes at different potentials positive 
With respect to said first means, the biasing po 
tential of the One of said electrodes furthest 
along said path being greater than the biasing 
potential of the other of Said electrodes, an oscil 
latory circuit connected between said electrodes, 
and control means for said stream coupled to Said 
OScillatory circuit, 

7. An electronic OScillation generator compris 
ing a target electrode, means for projecting an 
electron stream toward said target electrode, and 
means for producing along the path traversed by 
Said stream a direct current potential increasing 
with distance toward said target electrode and 
for producing along Said path a time gradient of 
electric potential, Said last means including a pair 
of coaxial hollow electrodes mounted in end-to 
end relation along said path, direct current bias 
ing means for said hollow and target electrodes 
and an oscillatory circuit connected between said 
hollow electrodes. 

8. An electronic oscillation generator compris 
ing means for producing an electron Stream, 
means for cyclically varying the intensity of Said 
stream, means for accelerating the varied 
stream, means for producing a direct current elec 
tric field along which the accelerated Stream is 
projected and increasing positively in the direc 
tion of projection of said stream, Said last means 
including a pair of cylindrical electrodes mounted 
in end-to-end relation and traversed by Said 
stream, a target electrode for receiving Said 
stream and means for impressing direct current 
potentials upon Said cylindrical and target elec 
trodes, an oscillatory circuit connected between 
said cylindrical electrodes, and means coupling 
said circuit to Said Stream Varying means. 

9. An electronic oscillation generator compris 
ing a target electrode, means including an elec 
tron Source for projecting an electron Stream 
toward said target electrode, a first electrode be 
tween said source and said target electrode and 
adjacent the electron path between Said Source 
and said target electrode, a Second electrode be 
tween said first electrode and Said target elec 
trode and adjacent said path, means malntaining 
sald first, second and target electrodes at Suc 
cessively higher positive potentials with respect to 
Sald source, an oscillatory circuit connected be 
tween said first and second electrodes, and means 
for controlling said electron Stream coupled to 
Said oscillatory circuit. 

10. An electronic oscillation generator compris 
ing a cathode, a control electrode and an ac 
celerating electrode in cooperative relation. With 
said cathode, a target electrode, a pair of coaxial 
cylindrical electrodes mounted in end-to-end 
relation between said cathode and Said target 
electrode, means biasing said control electrode 
negatively, means capacitively connecting Said 
control electrode to the cylindrical electrode 
furthest removed from said cathode, means bias 
ing said accelerating electrode, said cylindrical 
electrodes, and said target electrode at positive 
potentials with respect to said cathode succes 
sively higher in accordance with their positive 
relation to said cathode, and an oscillatory cir 
cuit connected between said cylindrical electrodes. 

11. An electronic oscillation generator compris 
ing a cylindrical electrode, a target electrode op 
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10 
posite One end of said cylindrical electrode, means 
Opposite the other end of Said cylindrical elec 
trode for projecting an electron stream there 
through and comprising a cathode, a control 
means and an accelerating electrode, an oscilla 
tory circuit connected to said cylindrical elec 
trode, a feedback coupling between said circuit 
and said control means, means maintaining said 
accelerating and target electrodes at positive 
direct current potentials with respect to said 
cathode, said cylindrical electrode being of the 
length given by the relation 

2.96X10've --- 
where L is said length, is the direct current 
potential of said accelerating electrode and f is 
the Operating frequency, and means biasing said 
cylindrical electrode at a potential such that the 
minimum instantaneous potential thereof is sub 
Stantially equal to the direct current potential of 
Said accelerating electrode. 

12. An electronic oscillation generator compris 
ing a pair of coaxial cylindrical electrodes 
mounted in end-to-end relation, a target elec 
trode opposite one end of one of said cylindrical 
electrodes, means opposite the other end of the 
other of said cylindrical electrodes for projecting 
an electron stream thereinto, said means includ 
ing a cathode and an accelerating electrode, an 
Oscillatory circuit connected between said cylin 
drical electrodes, and means applying positive 
direct current potentials to said accelerating, 
Cylindrical and target electrodes such that the 
minimum instantaneous potential of said one 
cylindrical electrode is substantially equal to the 
maximum instantaneous potential of said other 
cylindrical electrode and the minimum instan. 
taneous potential of said other cylindrical elec 
trode is substantially equal to the direct current 
potential of said accelerating electrode. 

13. An electronic oscillation generator in ac 
cordance with claim 12 wherein said cylindrical 
electrodes are each of the length given by the 
relation 

2.96X107.V v. 
- f 

Where L is the length, is the direct current 
potential of said accelerating electrode and f is 
the operating frequency. 

14. An electronic oscillation generator in ac 
cordance with claim 12. Wherein said other cylin 
drical electrode is of twice the length of said one 
cylindrical electrode and said one cylindrical elec 
trode is of the length given by the relation. 

L2.96X 107W 
-- I - 

where L is the length, ) is the direct current 
potential of Said accelerating electrode and f is 
the Operating frequency. 

15. An electronic OScillation generator compris 
ing a cylindrical electrode, a target electrode op 
posite one end of said cylindrical electrode, means 
opposite the other end of said cylindrical elec 
trode for projecting periodically groups of elec 
trons thereinto, said means comprising a cathode 
and means for Welocity varying the electrons 
emanating therefrom, an oscillatory circuit con 
nected to said cylindrical electrode, means cou 
pling said Oscillatory circuit to said velocity vary 
ing means, and means biasing Said cylindrical 
electrode at a positive potential with respect to 
said cathode and applying a higher positive direct 
current potential to said target electrode, 

L 
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16. An electronic oscillation generator compris 
ing a pair of coaxial cylindrical electrodes 
mounted in end-to-end relation, a target elec 
trode opposite one end of one of said cylindrical 
electrodes, means opposite the other end of the 
other of said cylindrical electrodes for projecting 
periodically groups of electrons thereinto, said 
means comprising a cathode, means in coopera 
tive relation therewith for velocity varying the 
electrons emanating therefrom and means de 
fining a drift space into which the velocity varied 
electrons are projected, an oscillatory circuit con 
nected between said cylindrical electrodes, means 
coupling said oscillatory circuit to said velocity 
varying means, and means applying positive 
potentials, successively higher, to said other cylin 
drical electrode, said one cylindrical electrode 
and said target electrode. 

17. Electron discharge apparatus comprising a 
pair of coaxial cylindrical electrodes mounted in 
end-to-end relation, a target electrode opposite 
one end of one of said cylindrical electrodes, 
means opposite the other end of the other of Said 
cylindrical electrodes for periodically projecting 
groups of electrons thereinto, said means com 
prising a Cathode, a control means and an ac 
celerating anode, a resonant circuit connected be 

O 
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12 
tween said cylindrical electrodes, and means ap 
plying successively higher positive potentials rela 
tive to said accelerating electrode to said other 
cylindrical electrode, said one cylindrical elec 
trode and said target electrode, such that the 
minimum instantaneous potential of said one 
cylindrical electrode is substantially equal to the 
maximum instantaneous potential of said other 
cylindrical electrode and the minimum instan 
taneous potential of said other cylindrical elec 
trode is substantially equal to the direct current 
potential of said accelerating electrode, each of 
said cylindrical electrodes being of a length. Such 
that the electron transit time therethrough, is 
substantially equal to one-half the periodicity of 
projection of said electron groups. 

18. The method of generating electrical oscil 
lations which comprises producing a stream of 
electrons, accelerating the electrons constituting 
said stream, projecting said electrons through an 
electric field, maintaining a substantially field 
free space adjacent the path traversed by said 
electrons in flowing through said electric field, 
and extracting energy from said electrons at a 
region in said path without substantially altering 
the kinetic energy of Said electrons. 

ALBERT M. SKELLETT, 


