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This invention relates to an electron velocity 
modulation discharge tube, and more particularly 
to the utilization in such a tube of a cathode 
which is capable of supplying large peak Value:S 
of current. Heretofore Such electron velocity 
modulation tubes have had difficulties associated 
With the cathode. The cathode Used has been 
limited in its ability to supply large peak values 
of current. Also its life has been short, par 
ticularly when Subjected to increased loads and 
Severe ion bombardment, 
An object of this invention is to produce an 

electron velocity modulation tube in which a 
limited amount Of thermionic emission is pro 
duced, and in which a large part of the emission 
from the cathode is Supplied by causing electrons 
to return to the cathode with sufficient energy 
to release secondary electrons. 
Another object is to produce a cathode adapted 

for the foregoing use which shall have long life 
and relatively high efficiency, 
The foregoing and other objects of this inven 

tion will be best understood from the following 
description of exemplifications thereof, reference 
being had to the accompanying drawing, where- ;2 

Fig. 1 is a vertical CrOSS-Section of a tube em 
bodying my invention; 

Fig. 2 is an enlarged top view of the cathode 
illustrated in Fig. 1; 

Fig. 3 is a top view of an alternative form 
Of Cathode; and 

º Fig. 4 is a cross-section taken along line 4—4 
of Fig. 3. 

In the arrangement as shown in Fig. 1, the 
tube consists of an envelope i of Some suitable 
material, Such as glaSS, containing a cathode 2, 
a focusing electrode 3, an electron velocity modu 
lating grid structure 4, and an electrode 5. 

In accOrdance With my im Vention, I conStruct 
the cathode so as to Supply a limited amount of 
thermionic emission, and also to Supply relatively 
large amounts of secondary emission which may 
carry whatever peak current the tube is called 
upOn to deli Ver. 
may be constructed in a satisfactory form, as 
shown, for example, in Figs. 1 and 2. This ca 
thode consists of an outer cylinder 6 of a metal, 
such as tantalum, nickel or the like. A short 
distance below the top of the cylinder 6 is sup 
ported a transverse wall member 7, leaving an 
upper relatively shallow cup. In this cup is in 
Serted a ribbon 8 of Some Suitable refractOry 
metal, such as tantalum, molybdenum or tung 
sten. The material which I prefer to use is 

For this purpose the cathode. 
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tantalum. The ribbon 8 is coated With electron 
emitting oxides, and then rolled up into a tight 
spiral and inserted snugly within the shallow cup 
in the top of the cylinder 6. The coating on 
the ribbon 8 may initially consist of a mixture 
of barium-strontium carbonates in a Suitable 
binder, and baked in air at a temperature of 
about 400º F., So as to produce a Strongly ad 
herent coating consisting largely of the oxides 
of barium and strontium. The coating is scraped 
off the eXposed surfaces of the ribbon 8, leav 
ing coating 9 between the adjacent turns of the 
Spiral. Thus the upper edges of the ribbon 8 
are substantially bare of the coating while the 
coating material itself is exposed to the dis 
charge Space between the adjacent turns of the 
spiral. I prefer to construct the cathode so that 
the major portion of the surface thus exposed is 
substantially bare tantalum, and a minor por 
tion of the surface thus exposed comprises elec 
tron-emitting oxides. The transverse wall mem 
ber 7 forms a lower chamber within the cylinder 
6 in which is inserted a heater spiral i ) of some 
suitable refractory wire, such as tungsten. The 
spiral 10 has one end ! I thereof fastened to the 
inner wall of the cylinder 6, and the other end 
connected to a central lead 12. The cylinder 6 
is provided with a lower transverse shield 3 
having a central opening through which the lead 
2 projects. The , entire cathode structure is 
supported by a pair of conducting standards i 
Sealed in a, stem i 5 formed in the envelope i. 
The lead 2 is likewise Sealed through, Said Stem 
5. 
The cathode structure, as described above, pos 

sesses the property of being an excellent Sec 
ondary electron emitter, particularly from the 
Scraped tantalum surfaces, as well as a good 
thermionic emitter from the eXposed oXide Suur 
faces. The tantallum has a tendency to reduce 
the barium oxide liberating small amounts of 
barium on the surface of the coating which tends 
to give excellent electron emission. Also the 
barium so liberated tends to coat the bare Suur 
faces of the tantalum, making them excellent 
secondary electron emitters. Even without any 
barium coating, tantalum in itself is a good sec 
ondary emitter. 
The electrons emitted from the upper i Surface 

of the cathode 2 are preferably concentrated into 
a beam by means of the focusing electrode 3. 
This electrode is in the form of a ring, and is 
supported by a conducting standard 6 likewise 
sealed in the stem 5. 
The electrode 4 is preferably in the form of 
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a hollow annular ring having a portion cut ollut 
of its inner central region to provide openings 
through the center of the electrode 4 through 
Which the electron beam may paSS. ridS i 
and 8 of relatively fine wire and wide spacing 
may be placed across the openings, although 
these grids may be omitted if desired. The proper 
potential may be impressed upon the electrode 
4 by means of a lead-in conductor i 9 sealed 
through a wall of the envelope . Oscillations 
which are generated in the grid electrode 4 may 
be supplied to a suitable external circuit. through 
a coupling loop 20, one end of which is fastened 
to the inner wall of the grid electrode º 4 * and the 
other end of which is connected to a lead - 2. 
Surrounding the lead 2 , is a. pipe 22 fastened 
to an opening in the outside of the grid electrode 
4. The pipe 22 is sealed through the , wall of 
the envelope , and the conductor 2 passes 
through a suitable seal 23 within the pipe 22. 
The seal i 23 is preferably at a node of voltage, 
- so si as to - reduce the losses at this point. The 
pipe 22 and lead -2 i form a concentric "transmis 
sion line which readily passes the ultra high fre 
quencies generated by the tube described. 
*The electrode 5 functions to refect - electrons 

back through the i electron velocity i modulating 
grid * 4. It is preferably curved so as to direct 
the º reflected -electrons toward the opening 
through said grid 4, and is slikewise supported 30 
onº a lead "24 sealed throtagh :: the wall of the "en 

* velope - f. 
En some instances I prefer to use coils 25 and 

26 surrounding the tube for the purpose of set 
ting up a longitudinal magnetic field which 3 
assistS in focusing the electrom beam issuing from 
the cathode 2. 

* The tube described above, may be connected in 
some suitable circuit such as illustrated,. for ex 
ample, in Fig. 1. In this circuit "the heating filla 
ment 40 is supplied with heating current from 
the secondary winding 27 of a heating trans 
former i 28 º having a primary winding * 29. Which 
may be connected to il some "suitable source of 
alternating current. A source of biasing poten 
tial * 30 may be connected between the focusing 
electrode 3 and the cathode 2 with such a polarity 
a.s. to make. the electrode 3. slightly negative with 
respect to the cathode. If desired, noWever, the 
electrode 3 could be connected i directly to the 
cathode 2. A high-voltage.source 3 f, which may 
be, for example, of the Cirder of 1000 volts, is 
connected between the cathode 2 and the grid 4. 
The electrode. 5. is, connected through a Wariable 
bia,Sing. Voltage. arrangement. 32 to the cathode 2. 
The arrangement 32 may. : consist of a battery 
across which is connected a voltage-dividing. re 
sistance provided with. an adjustable tap. The 
tap is connected to the lead 2ás and the proper 
terminal of the battery is connected to the 
cathode lead - i 3 so as to make the electrode 5 
slightly negative with.respect to the cathode. If 
desired, the electrode - S could be connected di 
rectly to the cathode 2. In operation the magni 
stude of the Voltage bias on 5. may be adjusted 
to give a maximum output for the device. The 
coils 25 and 26 are connected in series and may 
bei „Supplied with currents from a suitable source 

-, 33 through a control switch 34. 
En starting the i operation of the i device, the 

. cathode is heated to a ; temperature , at which 

...Slifficient thermionic emission occurs to initiate 
the operation, such emission ordinarily i being 

3 much : less , than :: that required to supply; either 
the normal current requirements or the peak 

0 , 

:befinitiated therein. These oscillations impart 
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current requirements of the tube. The electrons 
ermitted from the cathode are formed into a beam. 
by the focusing electrode 3, and are accelerated 
under the action of the voltage applied to the 
electrode 4. The accelerated beam of electrons 
thereupon enters the region between the edges 

: ’ , and 8t.of-the grid † 4. The themal agitation 
of the electron atmosphere which is thus created 
within the grid 4 sets up variations in voltage in 
said grid structure which causes oscillations to 

voltage differences to the edges 7 and 8 which 
accelerate some of the electrons and decelerate 
others. The velocity differences thus imparted 
to the electrons cause faster clectrons to catch 
up with slower electrons and produce bunching. 
"The bunching usually occurs after the electrons 
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leave the electrode 4. As the electrons approach 
the electrode 5, they are reflected by it Since it is 
substantially at cathode potential or low Jer. The 
reflected electrons preferably re-enter the grid 
lg - in bunched-condition. These eiectronsº prefer 
tably have such a time phase relation that thaley 
enter the electrode 4 when the grid i 8 is negative 
and the grid ºi? is positive. Under these condi 
tionas the eiectrons are accelerated and have im 
parted to them an additional i velocity to that 
which they possessed upon entering" the electrode 
structure * 4. In thus accelerating the electrons, 
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the oscillating i electrode structure º 3 impartS 
energy thereto. The electrons i thus accelerated 
leave the electrode 4, pass the grid T at relatively 
high speeds, and travel to the cathode With. Suffi 
cient energy to impinge. upon, the upper Surface 
of the cathode and liberate secondiary electrons, 
particularly from the bare tantalum surfaces, as 

- described above. The bunching action is Sub 
stantially completed by the time the electrons 
reach the cathode. Therefore i secondary elec 
trons in increased numbers are - liberated from 
the cathode surface each time a bunch of pri 
mary. eiectrons collide, with said cathode...as de 
scribed above. It. will be seen, therefore, that the 
secondary selectrons - are , like Wise emitted , in 
bunches, and will proceed toward the electrode: 4 
under, the action of the voltage impressed on said 
electrode. The bunched secondary. :electrons Will 
enter the structure of the electrode -4 when :: the 
grid 8 is negative and the grid i li is ' positive. 
Under, these, conditions the electrons Which" are 
travelling at relatively high speeds move - against 
the action of the electrostatic field created: be 
tween the grids i and 8, and thus I give ' Up 

- energy, to the electrode structure - 4. This energy 
is of proper. phase and frequency. to, reinforce öle 
initial oscillations and cause the device i t0 gen 
erate , sustained oscillations at considerable 
amplitude. The electrons , which i thus impart 
energy to the electrode-structure 4. may leave "said 
structure through the grid 8 with relatively-low 
-speeds, -avad fall i upon the outer i surfaces of the 
eiectrode, 4, which in this way acts as a collector 
of these-electrons. 

In order: that the time phase relationships-de 
scribed aboWe shall occitur, the elect l'odes: should 
be spaced: relative to each other in a predeter 
mined relationship. The distance between the 
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emitting surface of the cathode i 2 and the grid 
i should be equal to 

ND 
2 

where. N is an integer and D is the distance be 
tween electron bunches. This, distance. D may be 
çalculated approximately from the values of Volt 
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age impressed on the tube and the frequency at 
which the device is intended to be operated. The 
distance between the reflecting surface of the 
electrode 5 and the grid !8 should be 

N’D 
4 

where N’ is an odd integer. If the actual Spacing 
in a device differs Somewhat from these relation 
ships, the effect will still be produced but to a 
reduced eXtent. However, as long as the action 
described occurs to a substantial degree, the 
operation of the device will be improved to that 
eXtent. * :: 
The relationships as described above, whereby 

amplified operation of the device is secured, may 
be affected by the voltage impressed on the elec 
trode 5. This affords a convenient way of modu 
lating the oscillations generated. For this pur 
pose a modulating voltage source 40 may be con 
nected in Series with the electrode 5, preferably 
through a coupling transformer 4. 
Under Some conditions where it is difficult to 

set the system oscillating, the voltage of the elec 
trode 5 may be varied through a relatively wide 
range, enabling a condition to be reached which 
may be more favorable to the initiation of such 
oscillations. Once oscillations have been started, 
the voltage of the electrode 5 may be restored to 
any desired value. 

Instead of using a cathode structure, as illus 
trated in Figs. 1 and 2, a simplified cathode ar 
rangement can be used advantageously in my in 
vention. An example of a simplified form of 
cathode is illustrated in Figs. 3 and 4. This cath 
ode consists of a disk 35 of a suitable Secondary 
electron-emitting material. For example, this 
material may be a magnesium silver alloy which 
when placed within the tube and subjected to 
activating operations therein becomes an eXCell 
lent secondary electron emitter. The disk 35 is 
provided with a central opening 36 in which is 
received a filament 37. This filament 37 is a 
good thermionic electron emitter, and may be of 
the thoriated tungsten or of the oxide-coated 
type. The ends of the filament 37 are supported 
on leads 38. The disk 35 may be supported from 
one of the leads 38 by a supporting wire 39. 
When the cathode illustrated in Figs. 3 and 4 is 
substituted for the cathode 2 in Fig. 1, the opera 
tion is substantially that as described above in 
connection with said Fig. 1. 

In the arrangement as shown at Fig. 1, the 
electrode 5 may also be made of material, such 
as that described in connection with Figs. 3 and 
4, which is a good secondary electron emitter. 
Under these conditions, the parameters of the 
device are so selected that electrons are permitted 
to fall upon the surface of the electrode 5, with 
sufficient energy to liberate increased secondary 
electrons. These emitted electrons proceed from 
the electrode 5 toward the electrode 4, substan 
tially as described in connection with the i elec 
trons reflected from the electrode 5. Liberation 
of secondary electrons from the electrode 5 like 
wise may increase the amount of power which 
may be derived from an arrangement such as 
herein described. 
Of course it is to be understood that this inven 

tion is not limited to the particular detailis as 
described above, as many equivalents will sug 
gest themselves to those skilled in the art. " For 
example, the electron velocity modulating grid 4 
may take a wide variety of forms, including var 
ious shaped hollow chambers as well as straight 
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device : comprising a cathode : having an ; active 
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cylindrica electrodes. Also devices of this i kind 
may be made to function as amplifiers and detec 
tors as - well as oscillators. Likewise. the modu 
lating effect exerted by the variation of voltage 
on the electrode 5 may be utilized where electrons 
are not returned to the cathode but are permitted 
to pass back through the grid 4 and fall upon its 
outer surface adjacent the grid T. In this case 
the cathode need not be made a . Secondary elec 
tron emitter. It will be seen, therefore, that the 
various features of "my º invention * aS : described 
above are capable of a wide variety of embodi 
ments as º many other equivalents will suggest 
themselves to those skilled in the art. - - - 
What is claimed is: : . . 
1. An electron i velocity modulation - discharge 

device comprising a cathode having a substantial 
thermionic emission, less than that required to 
carry the peak current of said device, an electron 
velocity modulating grid interposed in the path 
of electrons emitted from said cathode for im 
partingº velocity modulation to electrons passing 
through said grid, and i electrode i means inter 
posed in the path of the electrons passing through 
said grid for reflecting said electrons back onto 
said cathode with sufficient energy and in suffi 
cient numbers to liberate secondary electrons in 
sufficient numbers to i produce... a total electron 
emission capable of carrying said peak current. " 

2. An electron. I velocity modulation discharge 
device comprising a plurality of electrodes in 
cluding a cathode having an active surface which 
liberates secondary electrons readily, an electron 
velocity modulating electrode structure compris 
ing a pair" of electrode i elements through which 
an electron path from said cathode passes, the 
electrons emitted from said cathode forming an 
electron stream along said path, said electrode 
elements being connected to each other by a cav 
ity resonator having a sufficiently high resonant 
frequency to impart i bunching to the electron 
stream in said path, and electrode means för 
directing electrons onto said cathode with suffi 
cient energy and in sufficient numbers to liberate 
secondary electrons which form part of said elec 
tron stream. : 

3. An electron velocity modulation discharge 
device comprising a plurality of electrodes in 
cluding a cathode having an active surface which 
liberates secondary electrons readily, an electron 
velocity modulating electrode structure compris 
ing a pair of electrode elements through which 
an electron path from said cathode passes, the 
electrons emitted from said cathode forming an 
electron stream along said path, said electrode 
elements being connected to each other by a caV 
ity resonator having a sufficiently. high resonant 
frequency to impart bunching to :: the electron 
stream, in said path, i, and electrode : means for 
reflecting said electron stream after it has passed 
through i said electrode structure back onto" said 
cathode with sufficient energy to liberate second 
ary electrons which then form part of said elec 
tron stream. " : : ' , , 

4. An electron velocity modulation i discharge 

surface which liberates secondary electrons read 
ily, an electron " velocity i modulating electrode 
structure comprising a pair, of electrode elements 
through which an electron path from said cath 
ode passes, the electrons emitted from said cath 
ode forming an electron stream, along said path, 
said electrode elements being connected to each 
other by a cavity resonator having a sufficiently 
high resonant frequency to impart bunching *to 
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threeelectron stream iraisaid: path.andant adf?i 
tionab, electrodèFonetheeoppositersides of said:elec 
trodestructure; from said:cathode:andka adapted 
to:Treffect said:electronistreant;back throughsaid 
elleetrode structure:orator;said:cathode-with suffi 
cient energy to . liberates: secondary electronas 
whichtherförma partof said electronistream. 

53. An eil?ctron ; velocity º modúllationart discharge 
devicercomprising a cathoideë; anteleetronrivelocity 
modtrieätinrg-eiectrodestructurer comprisiraga pair 
off electrode::elements throughcxwhich an electron 
pathu from said: cathodes passes, said i electrode 
eiertentS; i being, contrrected to each other; by a 
cavity resorator: ' having. a3, sufficiently high 
resonant frequency to impart, bunching tor, the 
electifon:streamy in:" said:path, whereby; the elec 
trons of said i streama; i are º concentrated. into 
bunchesstravelling through i said: device ar prede 
termined distance: apart, andelectrode:means for 
refecting said:electrom streama afterithas: passed 
throughsaidt telectrode-structuree.back. ontot said 
Gathode, said cathode.: being spaced from: said 
electrode structurce: acidistance: which is substan 
tially 

Whrere N is Garn integerand:D iš:the-distancerºbe 
tWeereieet:Orbaches. 

6: An electron: velocity” modulation, discharge 
devicercomprising ar cathrode; an electron velocity 
modulating'electrodestructure comprising: a pair 
of electrode elements: through which an electron 
path.from: said: cathode passes, said: elleetrode-ele 
ments being: connected to-each other by, a cavity 3 
resonator. haviaga-sufficiently high resonant. fre 
quency to impartbunchingtos thre-electronstream 
insaidh path, whereby;the eiectrons- of said stream 
are-conceratirated intorbrachestravelling through 
said, devicera: predetermained. distance, apart, and 
an: additional electrodes on the opposite, side. of 
said i electrode, structure, from. said. cathode... and 
adapted: to. I refect 8 said. electron 3. stream. back 
through. said, electrode.structure, said cathode.be 
ing;; spaced from said electrode.structure: a dis 
tance which is substantially 

NEJ, 
2 

tween electronblanches; said "additional-electrode 
being spaleed from:said electrodestructure, sub 
stantially" s 

4 
where N isan odtdiinteger. 

73. An eléctronº velocity moduliation discharge 
deWiceicomprisinga:cathodehavingan active-sur 
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being "spaced from: said electrode structurera dis= 
tance which is substantially 

NID 
2 

Where N is an integer and D is the distance be 
tween electron bunches. 

8. An i electron i velocity modulation discharge 
device comprising a cathode having an active 
surface: which liberates secondary electrons 
readily, an electron velocity: modulating electrode 
structure comprising: a pair of electrode. elements 
through which an electron path from i said 
cathode passes, said electrode elements being 
Gonnected. : to. each: other by . a. cavity. resonator 
having. a-sufficiently: high resonant. frequency to 
innparti bunching, to the electron º stream in said 
path, whereby theº, electrons of said: stream, are 
Concentrated into: bunches travelling., through 
said device-a, predetermined distance: apart, and 
ant, additional. electrodes on the opposite: side of 
said electrode: structure.from said cathode. and 
adapted. : to. I reflect. I said electron. stream back 
through said. electrode structure with sufficient 
energy to liberate secondary electrons whichthen 
fórml. part ...of...said, electron. stream, said. cathode 
being-spaced from said electrode.structure. a. dis 
tance.which is.substantially 

NID 
2 

Where N is an integer and D is "the distance be 
tWeen electron bunches, said additional electrode 
being Spaced from "said i electrode structure.subs 
stantially 

NAD 
4: - 

- where N' isan oddi integer. 

45 

wheres N is anº integer, and ID is -the-distance be- ? 

9: In an. electrical system, an electron velocity 
modulation discharge, device º comprising. a. plu 
raiitytº of?electrodes, including: a. cathode,. an, elec 
tront velocity modulating electrode structure com 
prišing: af: pair of electrode : elements through 
whichFan: electron path from said cathode passes, 
Said Celectroder elements being connected to each 
otheribya: cavity. Tresonator" havinga sufficiently 
highi resonant7: frequency. to impart bunching to 
the electronistream in said: path, and an addi 
tiona? electrod? on the opposite side of said elec 
trodestructure : from said i cathode, and adapted 
to refléct saidi electron stream: back through said 
electrode Structure, whereby. Said device is 
adapted to operate with high frequency: currents 
in said:electrode-structure, and means: connected 

face:which liberates:secondary:"electronsfreadily, 
antelectronEvelocity:modul?ting electrodestruc 
türes comprising: "a pair; of: elèctrode: elements 
through: whicht ani; 3 electron: path; from: , said 
cathode passes, said electrode elements: ; being 
comected to each otherby: a : cavity? resonator iš 
hawingia: sufficiently high. resonant" frequency; to 
impartbunchingito-the-electronistream ini said 
path, whereby the electrons of Said. Stream are 
concentrated: into * bunches', travelling. I through 
said:devicea, predetermined. distancesapart, and 
e?eetrode“ means - for: reflecting i said: electron 
stream after: it hast passed throughsaid-electrode 
structure-back: ontos-said: cathode with sufficient 

- efterEgyptor:liberate-seconday?el?ctrons whichthen 

70 

to : said: additional: electrode for i varying the 
voltage on-said:additiona?: electrode with respect 
to:Tsaid :cathode for, varying" said high frequency 
currents: 

10. In an electrical system, an electron - velocity 
modli?ation1:3 discharge devices- comprising. ar plu 
rality: ofi-electrodes:including a cathode having an 
active: surfacer - which , liberates secondary; elec 
trons - readily; an electron : velocity. I modulating 
electrodestructure comprising a pair, of electrode 
elements... through which: an - electron path, from 
Said. cathode passes, said electrode elements being 
connected to- each other by a cavity resonator 
having a sufficiently high resonant frequency to 
impart... bunching. to the, electron stream, in said 
path;. and an additional. electrode... on the opposite 
side of said electrode structure from said cathode 
and adapted to: reflect. said, electron stream back 
through, said electrode i structure onto said 
cathodës, withi sufficient-energy to. liberate second 

form: part of; said electronistream, said. cathode 75 ary, electrons. which.then form part of said elec 
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tron stream, whereby said device is adapted to 
operate with high frequency currents in said 
electrode structure, and means connected to said 
additional electrode for varying the voltage on 
said additional electrode with respect to said 
cathode for varying said high frequency currents. 

11. In an electrical system, an electron velocity 
modulation discharge device comprising a cath 
ode, an electron velocity modulating electrode 
structure comprising a pair of electrode elements 
through Which an electron path from said cath 
ode passes, said electrode elements being con 
nected to each other by a cavity resonator having 
a sufficiently high resonant frequency to impart 
bunching to the electron stream in said path, 
Whereby the electrons of Said Streamh are concen 
trated into bunches travelling through said device 
a predetermined distance apart, and an addi 
tional electrode on the opposite side of Said elec 
trode structure from said cathode and adapted 
to reflect said electron stream back through said 
electrode structure, Whereby said device is adapted 
to operate With high frequency currents in said 
electrode structure, said cathode being Spaced 
from said electrode structure a distance which 
is substantially 

NID 
2 

Where N is an integer and D is the distance be 
tween electron bunches, Said additional electrode 
being Spaced from Said electrode structure Sub 
stantially 

NPD 
4 

where N’ is an odd integer, and means connected 
to said additional electrode for varying the volt 
age on said additional electrode with respect to 
said cathode for varying said high frequency 
currentS. 

12. In an electrical system, an electron velocity 
modulation discharge device comprising a cath 
ode, an electron velocity modulating electrode 
structure comprising a pair of electrode elements 
through which an electron path from said cathode 
passes, said electrode elements being connected 
to each other by a. cavity resonator having a 
sufficiently high resonant frequency to impart 
bunching to the electron stream in said path, 
Whereby the electrons Of Said Stream are con 
centrated into bunches travelling through said 
device a predetermined distance apart, and an 
additional electrode on the opposite side of said 
electrode structure from said cathode and adapted 
to reflect said electron stream back through said 
electrode structure, whereby said device is adapted 
to operate with high frequency currents in said 
electrode structure, said cathode being spaced 
from said electrode structure a distance which is 
substantially 

ND 
2 

Where N is an integer and D is the distance be 
tween electron bunches, said additional electrode 
being Spaced from said electrode structure sub 
stantially 

where N'” is an odd integer, and means connected 
to said electrodes for varying the relative poten 
tials on Said electrodes with respect to said cath 
ode for altering said relationships and thereby 
varying said high frequency currents. 
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13. An electron velocity modulation discharge 

device comprising a cathode, said cathode having 
a Surface portion of a good thermionic emissive 
material and another surface portion of a good 
Secondary electron-emissive material, an electron 
Velocity modulating electrode structure compris 
ing a pair Of electrode elements through which 
an electron path from said cathode passes, said 
electrode elements being connected to each other 
by cavity resonator having a sufficiently high 
resonant frequency to impart bunching to the 
electron Stream in Said path, and electrode means 
facing said cathode for reflecting electrons 
emitted from Said cathode back onto Said cathode 
With sufficient energy and in Sufficient numbers 
to liberate secondary electrons from the second 
ary electron-emissive portion of the cathode, 
Which electrons form part of said electron stream, 

14. An electron velocity modulation discharge 
deVice comprising a cathode having an active sur 
face which liberates secondary electrons readily, 
and having a substantial thermionic emission less 
than that required to carry the peak current of 
Said device, an electron velocity modulating elec 
trode Structure comprising a pair of electrode 
elements through which an electron path from 
said cathode passes, said electrode elements being 
connected to each other by a cavity resonator 
having a Sufficiently high resonant frequency to 
impart bunching to the electron stream in said 
path, and electrode means on the opposite side 
of Said electrode Structure from said cathode for 
reflecting said electron stream after it has passed 
through said i electrode structure back onto said 
cathode With Sufficient energy to liberate Second 
ary electrons in sufficient numbers to produce a. 
total electron emission capable of carrying said 
peak current. 

15. An electron velocity modulation discharge 
device comprising a cathode, said cathode having 
a surface portion of a good thermionic emissive 
material and another Surface portion of a good 
secondary electron-emissive material, an electron 
Velocity modulating electro de Structure compris 
ing a pair of electrode elements through which 
an electron path from said cathode passes, said 
electrode elements being connected to each other 
by a cavity resonator having a sufficiently high 
resonant frequency to impart bunching to the 
electron stream in said path, and electrode means 
on the opposite side of Said electrode structure 
from Said cathode for reflecting Said electron 
stream after it has passed through said electrode 
Structure back onto Said cathode with Sufficient 
energy to liberate secondary electrons from said 
latter portion, which electrons form part of said 
electrOn stream. 

CHARLES G. SMITH. 
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