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1. 

This invention relates to electron discharge 
apparatus and more particularly to electronic 
ultra-high frequency oscillation generators. 
One general object of this invention is to en 

able the facile and efficient generation of ultra 
high frequency oscillations. More specific ob 
jects of this invention are to: 

Enable the generation, electronically, of ultra 
high frequency oscillations by apparatus requir 
ing but relatively low voltages for operation;i 

Expedite the control and adjustment of ultra 
high frequency electronic oscillation generators; 

Simplify the construction of electron discharge 
apparatus and particularly of electron discharge 
devices adapted for use as generators of ultra 
high frequency oscillations; 
Improve the operating stability of electronic 

QScillation generators; 
Reduce the radiation, and other losses in ultra 

ihigh frequency oscillation generators and thereby 
to improve the efficiency thereof; and 

Enable the generation of ultra-high frequency 
oscillation, within a fairly wide range of fre 
quencies with a single electron discharge device. 
In one illustrative embodiment of this inven-- 

tion, electron discharge apparatus comprises a 
Space discharge device of the velocity variation 
type and including a pair of electrodes defining 
a gap and having cooperatively associated there 
With conductive members constituting a resonanti 
System with the electrodes, the device including 
also an electron gun for projecting an electron 
stream across the gap and an auxiliary electrode 

2 
electrode and a concentration of the reflecte 
electrons is effected. 
In accordance with a further feature of this 

invention, the resonant. System is of the cavity 
resonator type and lies within the enclosing ves 
sell of the electron discharge device, the cavity 

; being bounded by the gap defining electrodes and 

O 

a portion of the enclosing vessel of the device. 
The invention and the above-noted and other 

features thereof Will be understood more, clearly 
and fully from the following detailed description 
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With reference to the accompanying drawing in 
Which: 

Fig. 1 is a view mainly insection of an electron 
discharge device illustrative of one embodiment 
of this invention; 

Fig. 2 is a view in Section of the electrongun 
included in the device shown in Fig. 1; 

Fig. 3 is a circuit diagram illustrating the use 
of the device shown in Fig. 1 as a constant fre 
quency oscillator; and 

Fig. 4 is a view in Section of an eiectron dis 
charge device illustrative of another embodi 

30 

for affecting the electrons in the stream after 
they have crossed the gap and have been sub 
jected to velocity variation thereat. - 
In accordance with one feature of this inven 

tion, the resonant system is utilized as both the 
input and output element of the apparatus. 
More specifically, in accordance with one feature 
of this invention, the electrodes of the electron 
discharge device are so constructed and arranged 
and are operated at such potentials that the 
electrons in the stream after traversing the gap 
and suffering a velocity variation are reflected 
in bunches and again projected across the gap 
in Such manner as to deliver energy to the reso 
nant system. - 

In accordance with another feature of this in 
Vention, the portions of the electrodes defining 
the velocity variation space, and the reflecting 
electrode are shaped and related so that substan 
tially uniform electron transit times are realized 
in the space between the gap and the reflecting 
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ment of this invention. 
Referring now to the drawing, the electron 

discharge device: illustrated in Fig. 1 comprises 
an evacuated enclosing vessel 0, for example of 
vitreous material, having at opposite ends there 
of inwardly extending aligned stems and 2. 
Supported from the stem is an electron gun 
designated generally as 3 which, as shown more 
clearly in Fig. 2, comprises a cathode including 
a cylindrical metallic shell fi to one end of which 
there is secured a circular metallic member 5, 
5the outer surface of which, i. e. the Surface away 
from the stem ill, is coated with a material 
having good thermionic emission characteristics. 
The shell 4 encompasses a closely wound heater 
filament 6, for example of tungsten wire coated 
with an insulating material. The cathode is en 
compassed by a cylindrical beam forming elec 
trode 7, which is coaxial with the cathode and 
has an end portion 8 of increased diameter ex 
tending from the plane of the periphery of the 
cathode member 5. The electron gun includes 
also an accelerating anode coaxial with the 
cathode and the beam forming electrode, the 
anode comprising a cylindrical portion 9 and a . 
reticulated or grid end portion 20 dished or 
curved toward the cathode member 5 and con 

i. Centric thereWith. 

55 

The several electrodes constituting the elec 
trongun are mounted and maintained in coaxial 
-relation by a metallic foundation member 2 hav 
ing a pair of cylindrical walls 22 and 23 about 
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one, 22, of which the portion 7 of the beam 
forming electrode is fitted and to the other, 23, 
of which there are secured rigid, Small diameter 
wires 24 afixed to the cathode shell f4. The 
cylindrical portion 9 of the accelerating anode 
is provided with a flange 25 extending between 
a pair of insulating washers 26, the anode being 
secured to the foundation member 2 by an an 
nular clamping bracket 27 affixed to the men 
ber 2. 
The electron gun, it will be noted, constitutes 

a unitary assembly which is supported from the 
stem by a plurality of rigid wires 28 embedded 
in the stem, and to which wires the foundation 
member 2 is attached by rigid tie wires 29. 
Mounted opposite the electron gun and co 

axial therewith are a pair of electrodes, desig 
nated generally as 30 and 3, one, 30, of which 
includes a central cylindrical portion 32 integral 
with an annular disc 33 extending through the 
wall of the enclosing vessel 0 and hermetically 
sealed thereto, and includes also a dished reticu 
lated or grid end portion 34. The other elec 
trode, 3, includes a central cylindrical portion 
35 integral with an annular disc 36 extending 
through and hermetically sealed to the wall of the 
enclosing vessel 0, and includes also a dished 
reticulated or grid end portion 37 conforming to 
and immediately adjacent the grid portion 34 of 
the electrode 30. 
A dished circular reflecting electrode 38 is 

mounted opposite the electrode 3 and coaxial 
therewith and is supported from the stem 2 by a 
leading-in conductor 39. 
Associated with the electrodes 30 and 3 and 

coaxial therewith are a pair of coaxial cylindrical 
conductors 40 and 4 which are joined at One 
end by an annular metallic spacer 42 and are 
slidably engaged intermediate their ends by an 
annular conductor 43 or plunger the position of 
which may be adjusted by a drive screw 44 se 
cured thereto and threaded to the metallic Spacer 
42. The inner coaxial conductor 40 engages and 
may be secured to the annular disc portion 36 of 
the electrode 3. The outer coaxial conductor 4 
is connected to the annular disc portion 33 of the 
electrode 30, as by way of metallic annuli 45 
clamped to this disc portion and against the con 
ductor 4 by clamping members 46 and 47 
threaded to each other. 
The electrodes 30 and 3 together with the co 

axial conductors 40 and 4 define a resonant 
cavity which may be tuned to a desired frequency 
by adjusting the position of the plunger 43. 
Power may be taken from the cavity through a 
conductor 48 having a looped inner end as shown 
and extending through a cylindrical conductor 
49 carried by the clamping member 47. 
During operation of the device, the accelerat 

ing anode 9 is maintained at a positive poten 
tial With respect to the cathode and the reflecting 
electrode 38 is maintained at a negative poten 
tial with respect to the cathode. The electrodes 
30 and 3 are maintained at the same positive 
potential with respect to the cathode. In one 
particular embodiment, operable in the 10 centi 
meter wave-length range, the accelerating anode 
9 may be operated at the order of 330 volts pos 

itive, the electrodes 30 and 3 may be operated 
at the order of 250 volts positive, and the re 
flecting electrode 38 may be operated between 
80 to 100 Volts negative or between 22 to 32 
Volts negative, all with respect to the cathode. 
The electrons emanating from the cathode 4, 

15 are maintained in a substantially parallel 
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4. 
beam by the beam forming electrode 7, 8 and 
are accelerated toward the gap between the grid 
portions 34 and 37 of the electrodes 30 and 3, 
respectively, due to the positive potential of the 
accelerating anode 9. In passing across the 
gap between the grid portions 34 and 3, the 
electrons receive a velocity variation and the 
velocity varied electron stream then passes into 
the space between the electrodes 3 and 38, 
wherein a bunching of the electrons occurs and 
the velocity variations are converted into density 
variations. Because of the negative potential 
upon the reflecting electrode 38, the bunched 
electrons are reversed in direction and again 
cross the gap between the grid portions 34 and 
37 of the electrodes 30 and 3, respectively, trav 
eling toward the cathode, and deliver energy to 
the resonant cavity. The device, therefore, is 
Self-excited and operates to generate Oscillations, 
which are of extremely low wave-lengths, for 
example, of the order of a few centimeters, de 
pending upon the electrical parameters of the 
System. 
The electrode 38 is so spaced with respect to 

the gap and is operated at such potential that 
the drift time, that is the total time an electron 
in the stream is in the space between the elec 
trodes 3 and 38, considering both its motion 
from the gap toward the reflector electrode and 
in the reverse direction, is substantially equal 
to (n-A) cycles of the operating frequency, 7. 
being an integer, so that the returning electrons 
Cross the gap in the proper phase to deliver en 
ergy to the resonant cavity. In practice, the res 
onant cavity is tuned to the desired operating 
frequency, by adjusting the position of the plung 
er 43, and the voltage upon the electrode 38 is 
then varied until the power output derived from 
the output loop 48 is a maximum. 
The propriety of the requirement that the drift 

time for the condition of sustained oscillations 
shall be equal to (n-A) cycles of the operating 
frequency may readily be verified by considering 
the history of electrons crossing the gap at var 
ious phases of the electric field in the resonant 
cavity. For convenience, consider an electron 
(Which Will be referred to as the reference elec 
tron) that crosses the gap at the instant when 
the electric field is changing from the direction 
Which produces electron acceleration to the direc 
tion which decelerates an electron. The Speed 
of the reference electron is substantially the same 
upon leaving as upon entering the gap. The elec 
tron will travel a certain distance, d say, toward 
the reflector before being halted and will reach 
the gap again after traveling a total distance 
equal to 2d. Such electrons as may have crossed 
the gap shortly ahead of the reference electron 
had their speed increased by the action of the 
electric field in the gap and hence penetrated 
further into the reflecting field than does the 
reference electron. Traveling a distance equal 
to more than 2C, the Speedier electrons will tend 
to return to the gap at substantially the same 
instant as the reference electron. Similarly, such 
electrons as may cross the gap shortly after the 
reference electron will be slowed down, will pene 
trate a smaller distance into the reflecting field, 
and, traveling a total distance equal to less than 
2d, will tend to return to the gap at substantially 
the same instant as those that started earlier. 
Thus it will be seen that the reference electron 
may be regarded as the center of an electron 
group. In order that the group may contribute 
energy to the electric field to offset the natural 



5 
damping-in-the-resonator, the group should return 
to the gap at an instant when the: electric field 
is opposed to the motion of the electrons in the 
group and is of maximum intensity. Such an 
instant occul's Substantially three-quarters of a 
cycle after the reference electron above described 
first crossed the gap and this and other such 
instants occur at the times determined by the 
value of (n-A) cycles of the operating frequency. 
Some of the electrons traveling in the reverse 

direction, that is from the space between the 
electrodes. 3 and 38 toward the gap between the 
grids 34, and 3, will be collected by the elec 
trodes 30 and 3. However, a large percentage 
of the returning electrons will cross the gap, 
deliver energy to the resonant cavity and pass 
through the grid 34, continuing thereafter toward 
the electron gun 3. In the vicinity of or within 

: the gun, such electrons will again have their 
direction of motion reversed and be directed back 
across the gap. These electrons thus again re 
versed in direction of motion have Substantially 
random velocities and also are debunched, SO that 
in again crossing the gap they deliver little energy 
to the resonant cavity. Effectively they inter 
mingle with and act similarly to the electrons 
enlanating from the cathode of the electron gun. 

It has been found that this reflection effect and 
double reversal of the direction of motion of the 
electrons is augmented by the form of the grid 
portions 34 and 37 and of the electrode 38, that 
is the dished form thereof, with the inner or 
concave surface thereof toward the electron gun 
and that thus shaping these elements reduces 
the magnitude of the current which must be 
drawn from the Cathode to enable the attain 
ment of a particular output power. The dished 
form of the electrodes, furthermore, results in 
uniforin electron transit times in the region be 
tween the electrodes 3 and 38. 

It will be noted that in One sense the device 
shown and described is a velocity variation device 
wherein a single resonant cavity is utilized for 
both input and output. The transit time in the 
space between the gun and the electrode 30 is 
not critical. Furthernore, it will be appreciated 
that the device is susceptible of simple operation 
inasmuch as only one tuning adjustment and 
one potential adjustment, that of the electrode 
38, is necessary to effect variation of the oper 
atting frequency over a fairly wide range. For 
example, in the specific construction shown and 
described, Oscillations Over the raiage of 8 to 13.4 
centimeters have been obtained and, operating 
with a second mode in the cavity, oscillations of 
5 centimeter's Wave-length have been obtained. 
With the resonant cavity tuned to a particular 
frequency, the oscillator frequency may be varied 
by 20 to 30 megacycles by varying the potential of 
the electrode 38. 

It may be noted also that the coupling con 
ductor 48 need not have any direct current con 
nection to the cavity. Hence, the cavity need not 
he grounded and the device can be energized 
from a supply having a negative ground, such, 
for example, as the Supply for an intermediate 
frequency amplifier. Also, it will be appreciated 
that but relatively low voltages, in comparison 
With the Voltages employed in Velocity variation 
devices of known construction, are necessary upon 
the electrodes of the device, this being due in 
part to the grid portions 34 and 37 utilized in 
the-electrodes. 39 and 3. 
The frequency of oscillation can be varied over 

a fairly wide range with but little resultant 
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6 
change in the output obtainable from the device, 
so that the device is suitable for use for fre 
quency modulation purposes. For example, if 
the device were used for frequency modulation, 
an element would-be inserted in the connection 
between the electrode 38 and the potential source 
therefor, for varying the potential of the elec 
trode 38 in accordance with the signal to be 
modulated. As a specific illustration, such ele 
ment could be "the secondary Winding of an out 
put transformer the primary winding of which 
was in circuit with a -transmitter or microphone. 
Inasmuch as the frequency of OScillation is Con 

trollable by the potential of the electrode 38, the 
devices disclosed is particularly suitable for use 
as a beating: Oscillator' with automatic tuning, in 
which case the electrode 38 would be appropriate 
ly associated with an automatic tuning circuit 
effective to maintain the potential of the electrode 
38 at the value requisite for the generation of 
oscillations of the desired frequency to thereby 
maintain the correct relation between the beating 
Oscillator and signal frequencies. 
High frequency stability or, stated in another 

way, constant frequency operation of the device 
shown in Fig. 1, may be realized in one way ill 
lustrated in Fig. 3. In the circuit illustrated in 
this figure, the oscillator device O is associated 
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with a high Q circuit, such as a resonant cavity 
defined by a cylindrical conductive member 70 the 
frequency of which cavity may be adjusted ac 
curately by a screw 7. Mounted adjacent one 
Wall of the member 70 are a pair of identical recti 
fier: elements 72a and 7.2b which are connected to 
Opposite ends of a resistance 73 in turn connected 
"acroSS the input terminals of a direct current 
amplifier 4, the mid-point of the resistance 73 
being connected to the member 70. 
The resonant cavity of the device is cou 

pled to the resonant cavity 70 by a coaxial line 
75 having a loop end 75a within the cavity 70, 
the line also connecting the first-mentioned cav 
ity to two loops 76a and 16b in turn connected 
to the rectifier elements 72d and T2b respec tively. 
In Operation, the accelerating anode 9 and 

the electrodes 30 and 3 have applied thereto 
appropriate positive potentials, as by battery TT, 
as described heretofore in connection with Fig. 1, 
‘and the cavity of the device:f 0 and the potential 
of the electrode 38, supplied by a battery 78, are 
adjusted so that the device oscillates at the desired 
frequency. The resonant cavity TO also is ad 
justed to this frequency. 
When the discharge device O oscillates, energy 

is conveyed by the line 75 to the two loops 76a 
and 6b. Also, electromotive forces will be pro 
duced in these loops, opposite in phase as applied 
to, the rectifier elements 72a and 7.2b, due to the 
currents induced in the cavity 70 by the loop 
5a. When the frequency of oscillations produced 

in the device O is the same as that to which the 
cavity 70 is tuned, the voltages produced at the 
rectifiers 72a and 7.2b by the line 75 directly and 
by the loop 75a through the cavity 79 will be 
equal and substantially equal rectified voltages 
Will be produced by the rectifier elements. 
Hence, Substantially zero voltage exists across the 
resistance 73, and no voltage change occurs at 
the output terminals of the direct current ampli 
fier 4. 

However, if the frequency of oscillations gen 
erated by the device iO changes from that to 

75 
which the cavity 70 is tuned, due for example to 
temperature effects in the discharge device - or 
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fluctuations in the voltages supplied to the elec 
trodes thereof, the alternating current voltages 
appearing across the rectifier elements 72a and 
T2b will be unequal and consequently the recti 
fied voltages will no longer balance so that a di 
rect current voltage will appear across the in 
put of the amplifier 74. Hence, an amplified 
direct current voltage will be impressed across 
battery 78, in Such direction as to change the 
potential of the electrode 38 in the manner req 
uisité to bring it to the value whereby the fre 
quency of oscillations generated by the device 

will be that to which the cavity 70 is tuned. 
In the electron discharge device illustrated in 

Fig. 4, the enclosing vessel comprises a metallic 
cylinder 50 having an internal annular shoulder 
portion 5, and metallic annular end portions 
52 and 53 having sealed thereto insulating mem 
bers 54 and 55, respectively. Within the vessel 
are mounted an electron gun f3 and electrodes 
30, 3 and 38 which may be of the same gen 
eral construction as the corresponding elements 
in the device shown in Fig. 1 and described here 
inabove. The annular disc portion 33 of the elec 
trode 30 is seated against one end of the inter 
nal annular portion 5 of the enclosing vessel and 
has bearing thereagainst a cylindrical metallic 
Snacel 56 against which there is seated in turn 
the annular disc 36 of the electrode 3. The 
electrodes 30 and 3 and the spacer 56 are fit 
ted slidably within the cylinder 50 and may be 
clamped in position by a cylindrical sleeve 57 fit 
ted within the metal cylinder 50. 
In this construction, the resonant cavity is en 

tirely within the enclosing vessel, being defined 
by the electrodes 30 and 3, the spacer 56 and 
the portions of the cylinder 50 between the discs 
33 and 36. Energy may be taken from the cav 
ity through the conductor 59 which extends 
through an eyelet 58 secured to the cylinder 50 
and is hermetically sealed to the eyelet by a glass 
or other insulating bead. The cavity may be 
tuned through a coaxial line 60 of adjustable ef 
fective length in shunt with the cavity, the in 
ner conductor of the coaxial line being con 
nected to the disc 33 and the outer conductor of 
the coaxial line contacting and being secured to 
the metal cylinder 50. 
The device illustrated in Fig. 4 may be operated 

in the same manner as the device shown in Figs. 
1 and 2 as described heretofore. 
A particular feature of the construction illus 

trated in Fig. 4 resides in the fact that the cav 
ity does not include any joints so that power 
loSSes due to contact, resistance losses in such 
joints or to radiation losses through gaps therein 
are avoided. Furthermore, the cavity is free 
from insulating material So that losses due to in 
Sulation in other constructions are avoided as are 
also extraneous capacities of such insulators. 
Also, it will be noted that this construction en 
ables the very accurate alignment and spacing 
of the electrodes so that the construction of de 
vices for operation at very high frequencies, at 
which accurate alignment and spacing of the 
electrodes is very important, is facilitated. 
Although Specific embodiments of the inven 

tion have been shown and described, it will be 
Understood that they are but illustrative and that 
Various modifications may be made therein with 
out departing from the scope and spirit of this 
invention as defined in the appended claims. 
What is claimed is : 
1. Electron discharge apparatus comprising a 

pair of spaced electrodes having juxtaposed retic 
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8 
ulated portions defining a gap, an electron gun 
opposite One of said electrodes and in alignment 
With said gap, and a reflecting electrode oppo 
site the other of said electrodes and in alignment 
With Said gap, said reticulated portions being 
dished in the direction away from said electron 
gll. 

2. Electron discharge apparatus in accordance 
With claim 1 wherein the face of said reflecting 
electrode toward said gap is dished in the direc 
tion away from said electron gun. 

3. Electron discharge apparatus in accordance 
With claim 1 wherein said electron gun includes 
an accelerating electrode having a reticulated 
portion opposite said one electrode and dished 
in the opposite direction to the reticulated por 
tion of said one electrode. 

4. Electron discharge apparatus comprising 
a pair of coaxial electrodes having juxtaposed 
grid portions defining a gap, an electron gun op 
poSite One of said electrodes and coaxial there 
with, and a reflecting electrode opposite the other 
of Said electrodes and in alignment with said gap, 
said grid portions being concavo-convex and uni 
formly spaced with the concave Surface thereof 
toward said electron gun, and the surface of Said 
1'eflecting electrode toward said other electrode 
being concave and uniformly spaced from the 
grid portion of said other electrode. 

5. Electron discharge apparatus comprising an 
enclosing vessel having a cylindrical metallic por 
tion provided with an internal annular shoulder, 
an electrode having an annular portion seated on 
Said shoulder and having a central electron per 
meable portion, a Second electrode having an 
Outer annular portion and a central electron per 
meable portion in juxtaposition to said first elec 
tron permeable portion, a cylindrical metallic 
Spacer member engaging Said annular portions 
of Said electrodes and bounding therewith a res 
onant Cavity, an electron gun opposite one of said 
electron permeable portions, an auxiliary elec 
trode opposite the other of said electron perme 
able portions, Said annular portions and said 
spacer member being slidably fitted within said 
metallic portion of said vessel, and means secur 
ing said portions and Spacer member against said 
shoulder. 

6. Electron discharge apparatus in accordance 
With claim 5 comprising a variable coaxial line 
Coupled to Said Cavity. 

7. Electron discharge apparatus comprising an 
enclosing Wessel having a cylindrical metallic por 
tion, a pair of electrodes within said vessel and 
defining a resonant cavity with a section of said 
metallic portion, said electrodes having inner re 
ticulated portions in juxtaposition and defining 
a gap and having also outer portions conduc 
tively connected to said metallic portion, an elec 
tron gun Opposite one of said electrodes, and a 
reflecting electrode opposite the other of said 
electrodes, said reticulated portions being con 
CaVO-convex and having the concavo face thereof 
toward said electron gun, 

8. Electron discharge apparatus in accordance 
With claim 7 wherein the surface of said reflect 
ing electrode opposite said other electrode is co 
axial With and curved in the same direction as 
the reticulated portion of said other electrode. 

9. Electron discharge apparatus comprising a 
pair of electrodes having juxtaposed grid por 
tions defining a gap, means cooperatively asso 
ciated with Said electrodes defining a resonant 
cavity therewith, an electron gun including a 
cathode opposite one of said grid portions, a re 
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flecting electrode opposite the other of said grid trodes at a positive potential with respect to said 
portions, said grid portions being dished and cathode, and means for maintaining said reflect 
having the inner faces thereof toward said elec- ing electrode at a high negative potential relative 
tron gun, reflecting electrode having a dished to said cathode. 
surface facing the grid portion to which it is is JOHN R. PIERCE. opposite, means for maintaining said pair of elec 


